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The new racks are designed and analyzed in accordance with Section

I11, Divisien 1, Subsection NF of the ASME Boiler and Pressure
Vessel Code. The material procuremert and fabrication of the rack
modules conforms to 10CFR 50 Appendix B requirements.

The present and anticipated refueling schedule for the LSCS Unit
1 pool contemplates a normal batch size of 256 assemblies
discharged at 18 month cycles.

The proposed reracking campaign (ca, 1993) will increase the number
of storage locations to 4029 (including contreol rod storage
locations), which will provide over 18 years of refueling
discharges vhile maintaining the full core discharge capability.

This Licensing Report documents the design and analyses performed
by the Contractors, Heltec International of Cherry Hill, New
Jersey, and Sargent & Lundy Engineers of Chicage, Illincig, teo
demonstrate that the new spent fuel racks satisfy all governing
regquirements of the applicable codes and standards, in particular,
"OT Position for Review and Acceptance of Spent Fuel Storage and
Handling Applications", USNRC (1978) and 1979 Addendum thereto.

The safety assessment of the proposed rack modules involved
demonstration of its hydrothermal, criticality and structural
adequacy. Hydrothermal adequacy reguires that fuel cladding will
not fail due to excessive thermal stress, and that the steady state
pool bulk temperature will rewain within the limits prescribed for
the spent fuel poel. Demonstration of structural adequacy primarily
involves analyses shuwing that, under the postulated seismic

events, the primary stresses in the module structure will remain
below the ASME Code allowables. The structural qualification also
includes analytical demonstration that the subcriticality of the



stored fuel will be maintained under accident scenarios such as
fuel assembly drop, accidental misplacement of fuel outside a rack,
etc.

The criticality safety analysis presented in Section 4 of this
report shows that the neutron multiplication factor for the storud
fuel array is bounded by the USNRC limit of 0.95 under assumptions
of 95% probability and 5% confidence. Consequences of the
inadvertent placement of a fuel assem’ iy are also evaluated as part
of the criticality analysis. The criticality analysis also sets
the requirements on the length of the B-10 gcreen and the ares] B~
10 density.

The thermal~-hydraulic, criticality, seismic and mechanical accident
analyses were performed by Holtec International using ite computer
codes which have been used in numerous rerackin_ applications.
Likevise, radiological and pool structural eva Jations were
performed by Sargent & Lundy Engineers using methods and procedures
which have been applied in several dockets.

This Licensing Report contains documentation of the analyses
performed to demonstrate the large margins of safety with respect
to all USNRC specified criteria.

The analyses presented herein clearly demonstrate that the rack
module arrays possess wide margins of safety from all three -
thermal-hydraulic, criticality, and structural - vantage points.
The No Significant Hazard Consideraticn evaiuation presented along
with this licensing report 1is based on the descriptions and
arialyses :,hopsized in the subsequent sections of this report.

This document has been prepared for submiegsion to the U.S. Eu¢’ ~ar
Regulatery Commission for securing requlatery approval =i .ne
modification of the LSCS-1 pool as proposed herein.



2.0 MODULE LAYOUT AND RERACKING OPERATION
2.1 Meodule lavout .

This section provides general information on the new storage
modules for the La Salle County Station Unit 1 spent fuel pool. The
infoermation presentad in this and the next section provide the
basis for the detailed criticality, thermal~hydraulic and seismic
analyses presented in the subsequent sections of this report.

The La Salle County Station Unit 1 high density spent fuel storage
racks consist of individual cells with 6.05" (nom.) inside square
dimension, each of which accommodates a single Beiling Water
Reactor (BWR) iuel assembly. The fuel assembly can be stored in
the storage locations in channelled or unchannelled configuration,
Table 2.1.1 gives the essential storage cell cdesign cata.

As mentioned in the preceding section, the reracking of the La
Salle County Station Unit 1 pool is expected to begin in March,

1992 four scheduled completion in late 1993.

The rack modules proposed to be emplaced in the pool are in twenty-
one discrete modules, denoted as Modules A, B, C, D, F, ¥, L, M,
N, P, Q. R, §S and T, respectively. Table 2.1.2 gives the rack
mocdule data.

As indicated in Tahle 2.1.2, the proposed rerack will provide 4029
stirace locations in the spent fuel pool, including 4 for storing
control rod guide tubes/defective fuel containers, and 43 cells for
contreol rods and other miscellaneocus items. Figure 2.1.1 shows the
module layout for the enhanced storage. The module prismatic
nominal dimensions and weights are presented in Table 2.1.3.



The nev modules for the La Salle Countv Station Unit ) fuel pool
are gualified as quati-ilp?ctinq freestanding racks, i.e., each
module ‘s freestanding and is shown to undergo minimal kinematic

d.splacements during the postulated seismic events. Thus, rack=-
to-rack impacts are limited to the baseplate region or to the top
of the racks. Impact between the racks in the cellular region
containing active fuel is not permissible.

The rack module support legs are of remotely adjustable type.
Figure 2.1.2 shows a typical new rack module for the La Salle
County Station Unit 1 fuel poecl.

2.2 Heavy Load Consideration for the Proposed Reracking Operation

The existing LSCS~1 racks are of the low density unpoisoned tyje
which are anchored to the pool floor and laterally supported from

the walls. At the start of the reracking operation, all nuclear
fuel stored in the Uni. I poel will be transferred over to the Unit
2 poel (which commur icates with the Unit 1 pool through a transfer
canal). Thus, there will be no active fission products source in
the Unit 1 spent fuel pool during the rack change-out operation.

CECc has developed a "“defense-in-depth"™ approach to execute the
LSCS-1 reracking which places a strong emphasis on eguipment

redundancy, personnel training and proceduralized execution.

A remotely engagable lift rig, meeting NUREG-0612 stres> criteria,
will be used to lift the empty modules. The rig designed for
nandling tne La Salle racks is identical in its physical attributes
to the rigs utilized to rerack Millstone Point Unit One (1988),
Vogtle Unit Two (1989), Indian Point Unit Two (19%0), Ulchin Unit
Two {1890), Hope Creek (1990), Lagun. Verde Unit One (19%0), and
Kuosheny (1991). The rig consists of independently loaded lift
r2ds with a "cam type" 1lift configuration which ensures that
failure of one traction rod will not result in uncontreolled

=2
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i11) Safs load paths have been develop nOVi! the
. old and new racks in the Reactor B The "gla’
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Anaiyses show that the maximum load due to the rack drop event is
well below the cumulative impact load produced during the seismic
event. Thus, the pocl structure integrity analyses performed in
support of this submittal and documented in Section & of this
report bound the rack drop scenario.

The "old" racks will be "hydrolased® while underwvater in the pool,
and approved for shipping per the requirements of 10 CFR71 and 49
CFR 171~178 before being brought to the Reactor Puilding Trackway.
They will be housed in special shipping containers, and
transported to a processing facility for volume reduction. Non-
decontaminatable portions of the racks will be handled 1.
accordance with 10CFRé61.

All phases of the reracking activity will be conducted in
accordance with written procedures which will be reviewed and
approved by the Commonwealt“ Ecison Company.

Our proposed compliance with the cbjectives of NUREG-0612 follows
the guidelines contained in section 5 of that document. The
guidelines of NUREG-0612 call for measures to "provide an adequate
defen~e-in-depth for handling of heavy loads near spent fuel..."™.
The NUREG-0612 guidelines cite four major causes of load handling
accidents, namely,

i. operator errors

ii. rigging failure

iii. lack of adequate inspection
iv. inadequate procedures

The l.a Salle rerack program ensures maxinmum emphasis to mitigate
the potential load drop accidents by implementing measures to
eliminate shortcomings in all aspects of the operation including
the four aforementioned areas. A summary of the measures
specifically plann2d to deal with the mejor causes is provided
below.



Qperator errors: As mentioned above, CECo plans to provide
comprehensive training to the installation crew for the rerack

project.

Rigging fajlure: The lifting device designed for handling and
installation of the racks in the lLa Salle fuel pool has
redundancies in the lift legs, and lift eyes such that there are
four independent load paths. PFailure of any one load bearing
member would not lead to uncontrolled lowering of the lcad. The
rig complies with all provisions of ANSI 14.6 - 1978, including
compliance with the primary stress criteria, load testing at 150%
cf maximum lift lcad, and dye examination of critical welds.

The La Salle rig design is similar to the rigs used in the rerack
of numerous other plants, such as Hope Creek, Millstone Unit 1,
Indian Point Unit Two, Ulchin II, and Laguna Verde.

: The designer of the racks will
develop a set of inspection peints which have proven to have
eliminated any incidence cf r. k or erronecus installation in
numerous prior rerack projects.

inadequate procedures: CECo plans procedures to cover the entire

yanut of operations pertaining to the rerack effort, such as
mobilization, rack handling, upending, 1lifting, installation,
verticality, alignment, dummy gage testing, site safety, and ALARA
compliance.

The series of procedures planned for the La Salle rerack are the
successor of the procedures impledented successfully in other
preiects in the rast.

In addition to the above, - complete inspection of the fuel
handling crane and relubrication of its moving parts in accordance
with station procedures before the start of reracking is planned.

Safe load paths have been daveloped as required by NUREG-0612.

Table 2.2.1 provides a synopsis of the requirements delineated in
NUREG-0612, and our intended compliance.

In summary, the measures implemented in La Salle reracking are
similar to those utilized in the most recent successful rerack

projects (such as Indian Point Unit 2, concluded in Cctober, 19%0
and Hope Creek concluded in March, 1992).
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Table ¥.1.2 é
MODULE DATA FOR RERACKING

ML AL A Total Total No.
N-§ L-W Cells of Cells
Direc~ Direc~- Per for This
Aalda QLY. tien tieon Rack Rack Type
A 1 17 is 285 258
B < i4 15 210 840
c b 8 17 13 221 221
D 4 14 13 182 728
F 2 14 18 252 5C4
K 1 9 18 162 162
L i 17 18 242 242 (17x18-4x16)
M 1 17 18 231 231 (17xX15-4x6)
N - § 12 15 201 201 (12x15+21)
P 1 12 18 192 192 (12x15+12)
Q i 12 13 138 138 (9x13+21)
R . 12 i3 138 138 (9x13+21)
S 1 a3 13 169 169
T 1 2 4 8 8
TOTAL: 21 e — e 4029

Including 47 cells for failed fuel containers, control rods
and contrecl rod guide tubes.
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MODULE DIMENSIONS AND WEIGHT FOR NEW RACKS

DIMENSION (1nchcl)
Nerth-South East-West

106.76
87.92
106.76
87.92
87.%2
56.52
106.7
106.7€
105.6
105.6
75.36
75.36
81,64

23.25

Nominal rectangular planform dimensions.

94.2

94.
8l.
81.
113.
113.
113,

9‘.

94

94

81.
81.
8l.
43.

2

64
64
04
04
04

2

.2

.2

64
64
64

15

Shipping Weight
—al Pounds

26800
22500
23200
20000
26500
17800
25400
24300
24200
23000
15000
15000
17800

2400



Takle 2.2.1
HEAVY LOAD HANDLING COMPLIANCE MATRIX (NUREG-0612)

Sriterion compliance

1. Are safe load paths defined for ies
the aovement of heavy loads to
minimize the potential of impact,
if dropped on irradiated fuel®

2. Will procedures be developed to Yes
cover: identification of reguired
equipment, inspection and acceptance
criteria reguired beforec movement
of load, steps and proper seguence
for handling the load, defining the
safe load paths, and special
precautions?

3. Will crane operators be trained Yes
and qualified?

4. Will special lifting devices meet Yes
the guildelines of ANSI 14.6-19787

$. Will non-custom lifting devices Yes
be installed and used in accordance
with ANSI B30.9~1971?

6. Will tie cranes be inspected and Yes
tested prior Lo use in rerack?

7. Does the crane meet the intent ouf Yes
ANSI B30.2~1%76 and CMMA-707
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PICTORIAL VIEW OF FUEL RACK MODULE
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3.0 BACK FABRICATION AND APPLICABLE CODES

The purpose of this section is to provide a comprehensive resune
of the concepts and features underlying the design of the racks for
the La Salle County Station Urit 1,

3.1 Design Oblective

The central objective governing the design of the new high density
storage racks for the La Salle County Station Unit 1 fuel pool is
defined in the follewing six criteria:

(1) The rack module is fabricated in such a manner that there
is ng wveld splatter on the storage cell surfaces which
wouid come in contact with the fuel assembly. Weld
sj.atter on the lateral surface of the storage cell,
which can come in contact with fuel assembli~s, can be
detrimental to its structural integrity.

(ii) The storage locations are der‘gned and constructed in

such a wvay that red ndant flow paths for the coolant are

: available in case the main designated flow path is
blocked.

(1ii) The fabrication process based on tha rack design invelves
cperational sequences which permit immediate and
convenient verification by the .nspection staff to ensure
that the "poison" panels are correctly installed.

(iv) The storage cells are connected to each other by
autogenously produced corner welds which leads to a
honeycomb lattice construction. The extent of welding
is selected to "detune" the racks from the ground motion
such that the rack displacements are minimized.

(v) The baseplate provides a conformal contact surface for
the "nose" of the fuel assembly.

(vi) The module design affords puilt~in flexibility in the
fabrication process sc as to maintain the desired cell
pitch even if certain "boxes" are slightly oversize.

The foregoing objective is fully realized in the module design for
the La Salle County Station Unit 1 racks as described in the
following.




3.2 Anatomy of the Rack Module

The new high density rack module design employs storage cell
locations with a single poison panel sandwiched between adjacent
austenitic steel surfaces.

A complete descript.on of the rack geometry is best presentel by
first introducing its constituent parts. The principal parts are
denoted as: (1) the storage box subassembly (2) the baseplate (3)
the neutron absorber material, (4) picture frame sheathing, and (5)
supporc legs.

Each part is briefly described below with the aid of sketches.

(1) Storage cell box subassenbly: The so-called "boxes" are
fabricated from two precision formed channels by seanm
vela.ng them together in a seanm welding machine equipped
with copper chill bars, and pneumatic clamps to minimize
distortion due to wvelding heat input. Figure 3.2.1 ghows
the "box".

The minimum weld penetration is 80% of the box metal gage
which is 13 gage (0.09" thick). The ©boxes are
manufactured to €.05" nominal I.D. (inside dimension).

As shown in Figure 3.2.1, each box has a minimum of two
lateral holes punched near its bottom edge to provide
auxiliary flow holes. In the next step, ¢ picturs frame
sheathing is press formed in a precision die. The
sheathing is shown attached to the box in Figure 3.2.2.
The sheathing is made to an offset of 0,&.9" to ensure
an unconstrained installation of Beral plates. The
*picture frame sheathing" is attacheg to each side of the
box 7ith the poison material (Boral'™) installed in the
sheathing cavity. The top of the sheathing is connected
using a smooth continuous fillet weld near the top of the
box. The edges of the sheatlhing and the box are welded
together to form a smooth lead-in edge. The box with
integrally connected sheathing is referred to as the
"composite box".



(2)

(3)

(4)

The “composite boxes" are arranged in a checkerboard
array to form an assemblage of storage cell locations
(Figure 3.2.3). The inter-box welding and pitch
adjustment is accomplished by small longitudinal
austenitic stainless connectors shown as small cirvlies
in Figure 3.2.3.

An assemblage of box assemblies thus prepared is welded
edge to edge as shown in Figure 13.2.3 resulting in a
honeycomb structure with axial, flexural and torsicnal
rigidity depending on the extent of intercell welding
provided. Figure 3.2.3 shows that two edges of each
interior box are connected to th: contiguous boxes
resulting in a well defined path fcor "shear flow".

Baseplate: The baseplate, 3/4 inch thick, provides a
continuous horizontal surface for supporting the fuel
al,cnblioa. The baseplate has a concentric hole with a
45", 1/4" deep chamfer in each cell locatioen to provide
a conformal contact seating surface for the nose of the
fuel assembly.

The baseplate is attached to the cell assemblage by
fillet welids.

The baseplate projects beyond the cellular region of the
rack modules by 3/16" (nominal). These baseplate
projections serve as the designated impact locations for
the racks in the event that the modules undergo kinematic
movements during a seismic event.

The neutron absorber natcrinl:1aor|17“ is used as the
neutron absorber material. Boral'™ is manufactured by AAR
Brooks and Perkins of Livonia, Michigan. Mcore on this
material follows in the next section.

Picture Frame Sheathing: The sheathing is a part of the
“"composite box assembly"” described earlier. The sheathing
serves as the locater and retainer of the poison
material. As such, it is made in repeatable precise
dimensions. This is accomplished by press-forming
stainless sheet stock in a specially high tolerance die.

Figure 3.2.4 shows three storage cells in elevation with
the fuel assembly shown in phantom in one cell. The
poison screen extends over 150" vertical distance,
straddling the active fuel length of all fuel assemblies
to be used 'n the La Salle County Sta.ion Unit 1
reactors.




! Support Legs: As stated earlier, all support legs are
the adjustable type (Figure 3.2.5). The top (female)
position is made of austeritic steel material. The
bottom part is made of 17:4 Ph series stainless steel to
avoid galling.

The support leg is equipped with a socket to enable
remote leveling of the rack after its placement in the

pool.

| The fabrication details for the La Salle rack modules are similar
| to those of other recently reracked BWR pools such as J.A.
| FitzPatrick and Kucsheng Units 1 and 2.

3.3 Materials of Construction

The principal material of construction utilized in the fabrication
of the La Salle County Station Unit 1 high density racks is
austenitic stainless steel (ASME 240 and 479~2304). One notable
exception is the support spindle material which is made out of a
special high strength (precipitation hardened) stainless steel
(AS64-630) .

In addition to the structural and non-structural stainless
material, the racks employ Boral™, a patented product of AAR
Brooks and Perkins, as the neutron absorber material. A brief
description of Boral™ and a list of fuel pools in which it is used
tollows.

Boral™ is a thermal neutron poison material composed of boron
carbide and 1100 alloy aluminum. Boron carbide is a compound having
a high boron content in a physically stable and chemically inert
form. The 1100 alloy aluminum is a light-weight metal with high
tensile strength which is protected from corrosion by a highly
resistant oxide film. The two materials, boron carbide and
aluminum, are chemically compatible and ideally suited for long-
term use in the radiation, thermal and chemical environment of the
spent fuel pool.



Boral's use in the spent fuel pools as a preferred neutron
absorbing material can be attributed to the following reasons:

(1) The content and placement of boron carbide provides
a very high removal cross section for thermal
neutrons.

(44) Boron carbide, in the form of fine particles, is
hoaoqcnouslxﬂatnporsod throughout the central layer
of the Bora panels.

(441) The boron carbide and aluminum materials in Boral™

are not detrimentally affected by long~term exposure
to gamama radiation.

(iv) The neutron absorbing central layer of Boral™ is
clad with permanently bonded surfaces of aluminum.

(v) Boral™ is stable, strong, durable, and corrosion
resistant.

poral™ i{s manufactured under the control and surveillance of a
Quality Assurance/Quality Control Program that conforms to the
requirements of 10 CFR 50 Appendix B, "Quality Assurance Criteria
for Nuclear Power Plants".

As indicated in Table 3.3.1, Boral™ has been licensed by the USNRC
for use in numerous BWR and PWR spent fuel storage racks.

Boral™ Material Characteristics

Aluminum: 1100 alloy aluminum is the metallic ingredient of
Boral™. The excellent corrosion resistance of the 1100 a:.oy
aluninum is provided by the protective oxide film that develops on
its surface from exposure to the atmosphere or water. This film
prevents the loss of metal from general corrosion or pitting
corrosion and the film remains stable between a pH range of 4.5 to
8.5.



Boron Carbide: The boron carbide contained in Boral™ is a
fine granulated powder that conforms to ASTM C-750-80 nuclear grade
Type I1I. The particles range in size between 60 and 200 mesh and
the material conforms to the chemical composition and properties
listed in Table 3.3.2.

A large body of test data and plant operating experience data is
available in the publications in the public domain by Boral's
manufacturer.

3.4 Codes, Standards, and Practicus for the Spent Fuel Fool
Medification

The fabrication of the rack mcdules is performed under a strict
guality assurance program which meets 10 CFR 50 Appendix B
regquirenents.

The following codes, standards and practices were used for all
applicable aspects of the design, construction, and assembly of the
spent fuel storage racks. Additional specific references related
to detailed analyses are given in each section.

a. Resign Codes

(1) AISC Manual of Steel Construction, 8th Edition, 1980
(provides detailed structural criteria for linear

type supports).

(2) ANSI N210~-1976, "Design Objectives for Light Water
Reactor Spent Fuel Storage Facilities at Nuclear
Pover Stations" (contains guidelines for fuel rack
desinr; .

(3) American Society of Mechanical Cngineers (ASME),
Boiler and Pressure Vessel C le, Section III, 1986
Edition.

(4) ANSI/AISC-N690~1984 - Nuclear Facilities - Steel

Safety Related Structure for Design, Fabrication
and Erection
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ASNT-TC=1A June, 1980 American Soclety for
Nondestructive Testing (Recommended Practice for
Personnel Qualifications).

b. Material Codeg - Standards of ASME or ASTM. AS NOTED:

(1)

(2)

(2)

(4)

(5)
(6)

(7)

(8)

(9)

(10)

(11)

(12)

E165 +~ Standard Nethods for Liguid Penetra.t
Inspection

SA240 ~ Standard Specification for Heat-Resisting
Chromium and Chromium~Nickel Stainless Steel Plate,
Sneet and Strip for Fusion-Welded Unfired Pressure
Vessels

A262 ~ Detecting Susceptibility to Intergranular
Attack in Austenitic Stainless Steel

SA276 -~ Standard Specification for Stainless and
Heat~Resisting Steel Bars and Shapes

8A479 -~ Steel Bars for Boilers & Pressure Vessels

€750 =~ Standard Specification for Nuclear-Grade
Boron Carbide Powder

€992 ~ Standard Specification for Boron-Based
Neutron Absorbing Material Systems for Use |in
Nuclear Spent Fuel Storage Racks

SA312 ~ Specification for Seamless and Welded
Austenitic Stainless Steel Pipe

SAS64 ~ Specification for Hot Rolled and Cold-
Finished Age~Hardening Stainless and Heat Resisting
Steel Bars and Shapes

American Society of Mechanical Engineers (ASME),
Boiler and Pressurv Vessel Code, Section ll-Parts
A and C, 1986 Edition.

ASTM A262 Practices A and E - Standard Recommended
Practices for Detecting Susceptibility to
Intergrannular Attack in Stainless Steels

ASTM AJ80 =~ Recommended Practice for Descaling,
Cleaning and Marking Stainless Steel Parts and

Equipment



c.  HWelding Codes

(1)

(2)

ASME Boiler and Pressure Vessel Code, Section IX =«
Welding and Brazing Qualifications, 1886 Edition.

AWS D1.1 ~ Welding Standards

d. Quality Assurance. Cleanliness. Packaging. Shirping,
Receiving, Steorage. and Handling Requirements

(1)

(2)
(3)

(4)

(%)

(6)

(7)

(8)

(9)

NQA~2~Part 2.2 1983 +~ Packaging, Shipping,
Receiving, Storage, and Handling of Items for
Nuclear Power Plants (During Construction Phase)

NQA-1~1983 ~ Basic Requirements and Supplements

ASME Boiler and Pressure Vessel, Section V,
Nondestructive Examination, 1986 Edition.

ANSI - N45.2.11, 1974 Quality Assurance Regquirements
for the Design of Nuclear Power FPlants.

ANSI =+« N45.2.6 =~ Qualifications of Inspection,
Examination, and Testing Perscnnel for Nuclear Power
Plants (Regulatory Guide 1.58).

ANSI Né5.2.13 = Quality Assurance Reguiremants for
control of Procurement of Equipment Materials and
Services for Nuclear Power Plants (Regulatory Guide
1.,123).

ANSI Né5.2.23 - Qualification of Quality Assurance
Program Audit Personnel for Nuclear Power Plants
(Regulatory Guide 1.146).

N45.2.9 -~ Requirements for Collection, Storage and
Maintenance of Quality Assurance Records for Nuclear
Power Plants - 1974

N45.2.10 = Quality Assurance Terms and Definitions
- 1973

e. Governing NRC Design Documents

(1)

(2)

"OT position for Review and Acceptance ¢f Spent Fuel
Storage and Handling Applications," dated April 14,
1978, and the modifications to this document of
January 18, 1979,

NRC Standard Review Plan Rev. 3, 1981, NUREG 0800 =
9.1.2, Spent Fuel Storage




Review

Nevw }§




(3)

(4)
(%)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14,

RG 1.28 ~ (endorses ANSI N45.2) ~ Quality Assurance
Program Requirements, June, 1972.

RG 1.29 ~ Seismic Design Classification

RG 1.36 - (endorses ANSI N45.2.2) Quality Assurance
Requirements for Packaging, Shipping, Receiving,
Storage and Handling of Items for Water-Cooled
Nuclear Power Plants, March, 1973,

RG 1.44 ~ Control of the Use of Sensitized Stainless
Steel

RG 1.58 ~ (endorses ANSI N45.2.6) Qualification of
Nuclear Power Plant Inspection, Examination, and
Testing Personnel. Rev. 1, September, 1980

RG 1.64 -~ (endorses ANSI N45.2.11) Quality Assurance
Reguirements for the Design of Nuclear Power Plants,
October, 1973,

RG 1.74 =~ (endorses ANSI N45.2.10) Quality Assurance
Terms and Definitions, February, 1974.

RG 1.88 +~ (endorses ANSI N45.2.9) Collection,
Storage and Maintenance of Nuclear Power Plant
Quality Assurance Records. Rev. 2, October, 1976.

RG 1.92 =~ Combining Modal Responses and Spatial
Components in Seismic Response Analysis

RG 1,123 =+« (endorses ANSI N45.2.13) Quality
Assurance Reguirements for Control of Procurement
of Items and Services for Nuclear Power Plants.

NRC Regulatory Guide 3.41 Rev., May 1977 -~
Velidation of Caiculation Methods for Nuclear
Criticality Safety

NRC Regulatory Guide 1,26 Rev. 3, Feb, 1976, Quality
Group Classifications and Standards for Water, Stean
and Radiocactive Containing Components of Nuclear
Power Plants

Branch Technical Position

(1)
(2)

CPB 9.1~1 -~ Criticality in Fuel Storage Facilities

ASB 9~2 ~ Residual Decay Energy for Light-Water
Reactors for Long~Term Cooling




SRP 3.7.1 = Ssisnic Design Parameters
SRP 1.7.2 ~ Seisnic System Analysis
SRP 1.7.2 =~ Seismic Subsystem Analysis

SRP 3.8.4 =~ Other Seismic Category 1 Structures
(including Appendix D)

SRP 9.1.2 -~ Spent Fuel Storage

SRP 9.1.3 ~ Spent Fuel Pool Coecling and Cleanup
Systen

Qther

La Salle County Station updated Final Safety Analysis
Report (UFSAR)
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‘ Table 3.3.1

BORAL™ EXPERIENCE LIST (DOMESTIC AND FOREIGN)

Pressurized Water Applications

Vented

Construc~ Mfg.
Plant Utility tion Year
Bellefonte 1, 2 Tennessee Valley Authority No 1981
D.¢. Cook 1,2 Indiana & Michigan Electric No 1979
Indien Point 3 NY Power Authority Yes 1987
Maine Yankee Maire Yankee Atomic Power Yes 1977
Salem 1, 2 Public Service Elec & Gas No 1980
Seabrook New Hampshire Yankee No -
Sequoyah 1,2 Tennessee Valley Authority re 197¢
Yankee Rowve Yankee Atomic Power Yes
1964/1983
Zion 1,2 Commonwealth Edison Co. Yes 1980
Byreon 1,2 Commonwealth Ediscn Co. Yes 1988
Braidwonod 1,2 Commonwealth Edison Co. Yes 1988
Yaukee Rowve Yankee Atomic Electric Yes 1988
Three Mile Island GPU Nuclear Yes 1991
Unit One
Zion Commonwealth Edison Co. Yes 1991
Poiling Water Applications
Browns Ferry 1,2,3 Tennessee Valley Authority Yes 1980
Brunswick 1,2 Carclina Power & Light Yes 1981
Clinton Illinois Power Yes 1981
Cooper Nebraska Public Power Yes 1979
Dresden 2,3 Commonwealth Ediaon Co. Yes 1981
Duane Arncld lowa Elec. Light & Power No 1979
J.A. FitzPatrick NY Power Authority No 197¢
E.I. Hatch 1,2 Georgia Power Yes 1981
Hope Creek Public Service Elec & Gas Yes 1985
Humboldt Bay Pacific Gas & Electric Yes 1986
LaCrosse Dajiryland Power Yes 1976
Limerick 1,2 Philadelphia Electric No 1980
Monticello Northern States Powver Yes 1978
Peachbottom 2,3 Philadelphia Electric No 1980
Perry, 1,2 Cleveland Elec. Illuminating No 1879
Pilgrim Boston Edison No 1978
Shoreham Long Island Lighting Yes e
Susquehanna 1,2 Pennsylvania Power & Light o 1979
Vermont Yankee Vermont Yankee Atomic Power Yes
1978/1986
Hope Creek Public Service Elec & Gas Yes 1989
Shearon Harris Carolina Power & Light Co. Yes 1991
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Table 3.3.1 (continued)

Foreign Installations Using Boral™
France

12 PWR Plants Electricite de France
South Africa

Koeberg 1,2 ESCOM

Bvitzerland

Beznau 1,2 Nordostschweizerische Kraftwarke AG
Gosgen Kernkraftverk Gosgen-Daniken AG
Taiwan

Chin-Shan 1,2 Taiwan Power Company

Kuosheng 1,2 Taiwan Power Company

Mexico

Laguna Verde 1 & 2 Conmision Federal de Electricidad




Table 3.3.2

BORON CARBIDE CHEMICAL COMPOBITION, WEIGHT %+

Total boron

B isotopic content in
natural boron

Boric oxide
Iron

Total boron plus
total carbon

70.0 min.

18.0

3.0 max.
2.0 max.

94.0 min.

BORON CARBIDE PEYSICAL PROPERTIES

Chemical formula

Boron content (weight)
Carbon content (weight)
Crystal Structure
Density

Melting Point

Boiling Peoiin:

B,C

78.28%
21.72%
rombochedral

2450% - 4442'r

3500%-6332°F
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4.0 CRITICALITY SA:ETY ANALYSES

4.1 DEZ/GN BASES

The high density spent fuel storage racks for the La
Salle County Station are designed to assure that the neutron
multipli=cation factor (k,,) is less than 0.95 with the racks fully
«0aded vith fuel of the highest anticipated reactivity and the pool
fiooded with pure water at i temperature corresponding to the
highest reactivity. The design basis fuel for the storage rack is
an 8x8 BWR fuel rod assembly with a uniform enrichment of 1.75 wti
U«235 in the enriched zone. The maximum calculated reactivity of
the storage rack includes a margin for uncertainty in reactivity
calculations and in mechanical tolerances, statistically combined,
such that the true k., vill be less than 0.95 with a 954 probabili-
ty at a 95% confidence level. Reactivity effects of abnormal and
accident conditions have also been evaluated to assure that under
credible abnormal conditions, the reactivity wil) be less than the
limiting design basis valce.

Applicable codes, standards, and regulations, or
pertinent sections thereof, include the folilowing:

0 General Design Criterion 62, Prevention of Criticality in
Fuel Storage and Handling.

0 USNRC Standard Review Plan, NUREG-0B00, Section 9.1.2,
Spent Fuel Storage, Rev. 3, July 1981

(o} USNRC letter of April 14, 1¥78, to all Power Reactor
Licensees - OT Positicn for Review and Acceptance of
Spent Fuel Storace and Handling Applications, including
the modification letter dated January 1e¢, 1979,

0 USNRC Regulatory Guide 1.13, Spent Fuel Storage Facility
D =2ign Basis, Rev, 2 (proposed), December, 1981.



To assure

USNRC Regulatory Guide 3.41, Validation of Calculational
Me :hods for Nuclear Criticality Safety (and related ANSI
N16.9-1975).

ANS~8.17-1984, Criticality Safety Criteria for the
::ndllnq. Storage and Transportation of LWR Fuel Outside
actors.

the true reactivity vwill alvays be less than the

calculated reactivity, the following conservative assumptions were

made:

0

The reacks are assumed to contain the most reactive fusl
authorized to be stored in the Unit 1 pool.

Moderator is pure, unborated water at a temperature
corresponding to the highest reactivity (4°C).

Criticality safety analyses are based upon the k., of an
infinite radial array of storage cells, ie, no credit is
taken for radial neutron leakage (except as necessary in
the assessment of abnormal/accident conditions).

Neutron absorption in minor structural members is
neglected, i.e., spacer grids are replaced by water.



4.2 SUMMARY OF CRITICALITY SAFETY ANALYSES .

4.2.1 Normal Qperating Conditions

The storage racks are designed to accommodate an § x 8 GE
type fuel assembly of 3,54 average enrichment, including the tso 6~
inch natural U0, blankets, without gadelinium burnable poison. In
the 138 inch enriched zone, the uniform average enrichment is
3.743% U~2385, conservatively taken as 131.75 % U-235 for design
purposes. The basic calculations supporting the criticality safety
of the La Salle fuel storage racks are summarized in Table 4.2.1,
indicating a maximum k, in the storage rack of 0.943  (95% proba-
pility at the 95% confidence level) including all known uncertain-
ties. Thus, the fuel storage rack satisfies the design basis
reguirement of a maximum Kk, less than or equal to 0.95 without
credit for the gadolinjium burnable poison normally in the fuel.

The design basis criterion of a uniform enrichment of
3.75% without gadelinium burnabtle poison is very conservative,
With the gadolinium burnable poison loading usually contained in
BWR fuel, the actual reactivity vwill be considerably lower, even at
the peak in reactivity over burnup, vhere the gadoliniur is essen-
tially consumed. For this reason, the racks could safely accoa-
modate fuel of higher enrichments, with credit for the gadeolinium
burnable poieon that is normally contained in BWR fuel.

Calculations were made for fuel of 4.25% average enrichment
(4.6% enrichment in the 138-inch enriched fuel zone) with rods
containing 2% gadolinium (as GA,0,), although normally fuel assem-
blies of this enrichment would contain substantially more gadolini~
um, To illustrate trends, the calculations included fuel of 4.4%
enrichment, with both é and 8 gadolinium-containing rods in each

: k, is calculated for an infinite array, neglecting radial
neutron leakage.



assenmbly. The saiimum Xk, for the uniform 4.6% enriched case with
2% 64,0, was 0.9241, including uncertainties, corresponding to a k,
of 1.35% in the standard core geometry. It is evident that a
considerable margin exists belov the USNRC guideline on k_, (0.9%)
and that the racks could safely accommodate fuel of appreciably
higher enrichments. The maximum k, of 0.9241 includes a conserva~
tive allcwance of 0.0100 &k for possible differences in calcula~
tional results between a fuel vendor and those reported here.
Furthermore the use of a uniform enrichment is conservative with
respect to the distributed enrichments conventionally used in BWR
fuel.

4.2.2 Abnermal and Accident Conditions

None of the credible abnormal or accident conditions that
have been identified wil) result in exceeding the limiting react-
ivity (kg of 0.95). The effects on reactivity of credible
abnormal and accident conditions are summarized in Table 4.2.2. No
other credible accident events or abnormal configurations have been
identified that might have any adverse effect on the storage rack
griticality safety. The double contingency principle specifically
invoked in the definitive USNRC letter of April 14, 1978 precludas
the necessity of considering the occurrence of more than a single
unlikely and independent accident condition concurrently.

The standard core geometry is defined as an infinite array
of fuel assemblies on a 6~inch lattice spacing at 20°C, without any
control absorber or voids.



4.3 REFERENCE FUEL STORAGE CELL

4.3.1 Fuel Assesbly Design Specification

The deuign basis fuel assembly is a standard 8x8 array of
BYR fuel rods . ntaining U0, clad in Zircaloy (62 fuel rods with 2
water rods). For the nominal design case, fuel of uniform 3.75 wtt
U=235 enrichment was assumed, which, at §5% theoretical UO,
density, corresponds to 18.18 grams U~235 per axial centimeter of
fuel assembly. Design parameters are summarized in Table 4.2.1.

4.3.2 Storage Rack Cull Specificetions

The design basis storage rack cell consists of an egg~
crate structure, illustrated in Figure 4.3.1, with fixed neutron
absorber material (Boral) of 0.0238 q/cn‘ boron=10 areal density
(0.022 ¢ l-lO/al' minimum) positioned between the fuel assenmbly
storage cells., The storage cell design for analysis is conserva~
tively based upon a nominal center-to-center lattice spacing of
6.264 inches and a larger spacing would result in a lower reactivi~
ty. Manufacturing tolerances, used in evaluating uncertainties in
reactivity, are indicated in Figure 4.3.1. The 0.0%0~in. stain-
less~-steel box which defines the fuel assembly storage cell has a
nominal inside dimension of 6.05 in. This allows adeguate
clearance for inserting or removing the fuel assemblies, with or
without the Zircaloy flow liner. Boral panels are not needed or
used on the exterior walls of modules facing non-fueled regions,
i.e., the pool wvalls.



4.4 ANALYTICAL METHODOLOGY

Criticality analyses of the nigh density spent fuel
storage ra. Xs vere performed usinj both the CASMO-3 code''’ (a two-
dimensional multi-group transport theory code) and the KENO-S5a
code™ (a Monte Carle code), using the 27-group SCALE' cross-
section llbrary“’ vith the NITAWL subroutine for U-238 resonance
shielding effects (Nordheim integral treatment). CASMO-3 wvas also
used as a means of evaluating small reactivity increments associat-
ed with manufacturing tolerances.

Banchmark calculations are presented in Appendix A and
indicate a bias of 0.0000 ¢ 0,0024 for CASMO-3 and 0.0101 % 0.0018
(95%/95%) for NITAWL-KENO-S5a. These methods of analysis and the
benchmarking calculations have previvusly been used in the
evaluation of spent fuel storage racks that have been reviewed and
accepted by the USNRC.

In the gecmetric model used in the calculations, each
fuel rod and its cladding was described explicitly and reflecting
boundary conditions (zeroc neutron current) were used in the axial
direction and at the centerline of the Boral and steel plates
between storage cells. These boundary conditions have the effect
of creating an infinite array of storage cells in the X and Y
directions. In KENO~5a, the axial height of 150 inches (2
direction) was used with the top and bottom 6 inch natural U0,
blankets included.

" SCALE is an arronyn for Standardized Computer Analysis for
Licensing Evaluation, a standard cross-section set developed by
ORNL for the USNRC.

; J






4.5.2.2 Beral Width Tolerance Varjation

.

The reference storage cell design uses a Boral panel
width of 5.00 2 1/16 inches. For a reduction in width of the
maximun tolerance, the calculated positive reactivity increment is
+0.0019 #&k.

4.5.2 3 Storage C .l lattice Pitch Variation

The design storage cell lattice spacing between fuel
assemblies is 6.264 inch. For the manufacturing tolerance of 20.04
inch, the corresponding maximum uncertainty in reactivity is 2
0.0022 &k as detervined by differential CASMO-3 calculations.
Increasing the lattice pitch reduces reactivity, e.g., at a lattice
spacing of 6.304 inches, the reactivity would be 0.0022 ¢k lower.

4.5.2.4 Stpinioss Steel Thickness Tolerapces

The nominal thicknesses of the stainless steel box and
the steel backing plate are 0.090 inch and 0.035 inches respective-
ly. The maximum positive reactivity effect for a mean stainless
steel thickness tolerance (¢ 0.005 ‘nches) was calculated (by
CASMO~3) to be % 0.0010 é&k.

4.5.2.5 Fuel Enrichment and Density Variation

The nominal design enrichuent is 3.75 wt¥ U-235., CASMO-3
calculations of the sensitivity to small enrichment variations
yielded an uncertainty of 0.0029 ék for the estimated 20.05
tolerance on percent U-235 enrichment.

The design basis calculation assumed a UO, stack density
of 95% theoretical density, corresponding to a density of 10.412
g/cm{. Calculations were alsc made to determine the sensitivity to
a conservative tolerance in UO, fuel density of * 0.20 in density

4 - 8
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4.6 HIGHER ENRICHMENT FUEL

Higher enrichments were also considered, including fuel
of 4.4% enrichment with both € and 8 fuel rods containing 2 wtd
gadolinium oxide (Gd,0,) and fuel of 4.6% enrichment with 8 2% G4,0,
containing rods in the assenmblies. Burnup calculations were
performed with CASMP-3 which acccunts for the highly self-shielded
gadolinium cross-sections. The restart option in CASMO-1 was then
used to analytically place the spent fuel assemblies into the
storage rack or into the standard core gecmetry.

Figure 4.6.1 shows the reactivity variation with burnup
for both the 4.4% and 4.6% enriched fuel. In both cases, the peak
reactivity over burnup is substantially less than the rack design
basis enrichment without gadolinium. The peak reactivity of 0.8973
k, occurs at a burnup of 9 MWD/KgU. Adding the calculational and
manufacturing uncertainties, a correction for bulging of the
zirconium flow channel, an estimate 2f the potential uncertainty in

- depletion calculations and including a conservative allowance for

the possible difference between the calculations reported here and
the fuel vendor calculations, the results are listed below:

4.3 E 4.6% L

Calculated Reactivity at 0.8893 0.8%73
the peak over burnup

§k for Uncertainties (95%/95%) .0073

o
o
o
~3
w2
o

§k for bulging of the Zr channel 0 0050 0.0050
§k for depletion uncertainty 0.7045 0.0045

Allowance for difference 0.0100 0.0100
with vendor calculations

Maximum Xk, 0.9161 0.9%241
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Whether the assemblies contain 6 or 8 Gd-rods is of
little significance since the evaluation is perf~ormed at the peak
reactivity over burnup where the gadolinium is almost completely
consumed .

From the data presented above, it is evident that the:
is a considerable margin below the USNRC limiting criterion on k..
The racks are therefore capable of accepting fuel with enrichments
greater than 4.6%, particularly since fuel of the higher enrich-
ments will normally contain appreciable nore gadolinium burnable
poison than the modest assumption used for the present analyses.
Figure 4.6.2 illustrates the correlation between the reactivi-
ties in the rack and those in the standard core geometry. For the
4.6% enriched case, the maximum in reactivity in Figure 4.6.1 at ¢
MWD /KgU corresponds to a k, in the standard core geometry (20°C) of
1.332 with residual gadolinium included or 1,355 with residual
gadolinium set %o zero. Thus, any fuel which has a ¥, of 1.332 (or
1.355 with residual gadolinium excluded) or less at 20°C in the
standard core geometry and an average enrichment of 4.6% or less in
the enriched zone will be acceptable for storage in the Lasalle
Unit 1 spent fuel racks. There is alsc a reserve margin in
reactivity available which could be used in the future should the
need arise to qualify the racks for even higher enrichment.

" Individual rod enrichments may exceed 4.6%E as long as the
average enriched-zone enrichment is 4.6% or less.

4 - 11



ABNORMAL AND ACCIDENT CONDITIONS

4.7.1 Temperature and Water Density Effects

The moderator temperature coefficient of reactivity is
negative and a conservative moderator temperature corresponding to
the maximum water density (4°C) was assumed for the reference
design. This assures that the true reactivity will always be lower
than the calculated value regardless of temperature or water
density.

Temperature effects on reactivity have Leen calculated
and the results are shown in Table 4.7.1. Introducing veoius in the
water in the storage cells (to simulate boiling) decreased
reactivity, as shown in the table. Boiling at the submerged depth
of the racks would occur at approximately 252°F.

4.7.2 Abnormal Location of a Fuel Assembly

It is thecretically possibie to suspend a fuel assembly
of the highest allowable reactivity outside and adjacent to the
fuel rack, although such a condition is highly unlikely. Neutron
leakage, inherent along the module edge, significantly reduces the
reactivity consequences of an extraneous fuel assembly. Three
dimensional KENO-5a calculations show that the k.., with an
assembly outside and adjacent to a rack module, is less than the
design basis k, of an infinite radial array. Thus, the abnormal
location of a fuel assembly will have a negligible reactivity
effect.

4.7.3 Eccentric Fuel Assembly Positioning

The fuel assembly is normally located in the center of
the storage rack cell with bottom fittings and spacers that

4 - 12



mechanically restrict lateral movement of the fuel assemblies.
Nevertheless, calculations with the fuel assembly moved into the
corner of the storage rack cell (four-assembly cluster at closest
approach), resulted in a substantial negative reactivity effect.
Thus, the nominal case, with the fuel asseably positioned in the
center of the storage cell, yields the maximum reactivity.

4.7.4 Rxopped Fuel Assembly

For a drop on top of the rack, the fuel assembly will
come to rest horizontally on top of the rack with a nminimum
separation distance from the fuel of more than 12 inches which is
sufficient to preclude neutron coupling (i.e., an effectively
infinite separation). Maximum expected deformation under seismic
or accident conditions will not reduce the minimum spacing between

& = 13



fuel assembliez to less than 12 inches. Consequantly, fuel
assembly drop accidents will not result in a significant increase
in reactivity (<0.0001 ék) due to the separation distance.

4.7.5 Fuel Rack Lateral Movement

Normally, the individual rack modules in the spent fuel
pool are separated by a water gap. Lateral motion of a fuel rack,
postulated as a consegquence of the design basis earthguake, could
reduce or eliminate this water gap spacing. Since the exterior
walls of one of the modules along the gap contains Boral, closing
the gap would not result in any increase above the design basis
reactivity. Consequently, rack module movement would have
negligible reactivity consequences, and the reactivity would remain
below the design basis X,.

4 -~ 14



4.8 COMPARISON WITH RECENT BWR STORAGE RACK DESIGNS

The specification of 3.75% enrichment as a design basis,
without consideration of the gadolinium burnable poison present, is
very conservative. The La Salle storage rack design may be
compared with other recent BWR rack designs as shown in the
following tabulation:

Design Basis B-10 g/cnz
Blant Enrichment :
Lasalle County Station 3.75% 0.0238
Hope Creek 3.4% 0.0170
Fitzpatrick 3.3% 0.0137
Laguna Verde (Mexico) 3.15 0.012
Kuosheng (Taiwan) 3.15 0.012

4. = 18



4.9 LARGE STORAGE CELLS FOR EPECIAL RERACKED STORAGE NEEDS

The reracked La Salle fuel pool will contain four large
square cells of 11.5" inside dimension which are sized to store the
control rod drive tube or the defective fuel container. Calcula-
tions confirm that these cells are suitable for storing defective
fuel containers loaded with a fuel assembly, yielding a kw of
- 0.74 with fresh unburned fuel.

4 - 16
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Table . p

REACTIVITY EFFECTS OF ABNORMAL. AND ACCIDENT CONDITIONS

Accident/Abnormal Cendition Reactivity Effect
Temperature increase Negative (Table 4 1

™

1ing) Negative (Table 4.7.1

YAt A ‘/br\‘
Y Vasa A\ NS

-

Assembly dropped on top of rack Negligible

Movemer.t of rack modules Negligi

Misplacenent of a fuel assembly Negligible
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Table 4.3.1

FUEL ASSEMBLY DESIGN SPECIFICATIONS

A NEL ROR DPATA
Cladding ocutside diamete: in.
Cladding inside diameter, 1in. .4

Cladding material 2

U0, density (stack), g/cc
Tolerance

Pellet diameter, inch

Enrichment (Rack design basis
niform % 3

WATER ROD DAT2
Number of Water Rods
inside diameter, inch
Qutside dlanmeter

Material &l

oy P - .y 4 " ™
FUEL ASORMBLY DATA
Fuel rod array B

Number of fuel rods

Fuel rod pitch, inch
Fuel channel, material Z

Inside dimension, inch

Qutside dlimensi

O
>
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Table 4.5.1
Reactivity Uncertainties ' due to
Manufacturing Tolerances

Nominal
Quantity Value

oron Loading 0.0238 g/cm’

Boral width

spacing 5.264 inches D.040 i 5

.09 and
G35 inches

5%

combilnatlior

icercaintlies

independent
effect




Table 4.7.1

EFFECT OF TEMPERATURE AND VOID ON CALCULATE!
REACTIVITY OF STORAGE RACK
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2,0~ INTRORUCTION AND SUMMARY

The objective of this benchmarking study is to verify
both the NITAWL-KENO-5a'''?’ methodology with the 27-group SCALE
cross-section library and the CASMO-3 code'” for use in criticalit,
safety calculatione =»f high density spent fuel storage racks. EBEoth
calculational methods are based upsn transport theory and have been
benchmarked againct critical  xperiments that simulate typica:
spent fuel storage rack designs as realistically as possibie.
Results of these benchmark calculations with both methodologies are
consistent with corresponding calculations reported in the
literature.

Re~21ts of the benchmark calculations show that the
27=group (SCALE) NITAWL-KENO-5a calculations consistertly under-
predict the critical eigenvalue by +.0101 2 0.0018 &k (with a 95%
probability at a 95% contidence level) for critical experiments'®
that are as representative as possible of realistic spent fuel

storage rack configurations and poison worths.

Extensive benchmarking calculations of critical experi-
ments with CASMO-3 have alsc been reported®, giving a mean K,¢s Of
1,0004 * 0.0011 for 37 cases. With a K-factor of 2.14'® for 95%
probability at a 95% confidence level, and cecnservatively neglect-
ing the small overprediction, the CASMO-3 bias then becomes 0.0000
+ 0.0024. CASMO-) and NITAWL-KENO-5a intercompariscon calculations
of infinite arrays of poisoned cell configurations (representative
of typical spent fuel storage rack designs) show very goud
agreement, confirming that 0.0000 % 0.0024 is a reasonable bias and
uncertainty for CASMO~3 calculations. Reference 5 also documents
good agreement of heavy nuclide concentrations for the Yankee core
isotopics, agreeing with the measured values within experimental
error.
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B Additional benchmarking calculations were also made for
a series of French critical experirments'™ at 4.75% enrichment and
for several of the BNWL criticals with 4.26% enriched fuel.
Aralysis of the French criticals (Table 2) showed a tendency tc
overpredict the reactivity, a result also obtained by ORNL''Y', The
calculated k., values showed a trend toward higher values with
decreasing core size. In the absence u! a significant enrichment
effect (see Section 3 below), this trend and the overprediction is
attributed to a small inadeguacy in NITAWL-KENO-5a in calculating
neutron leakage from very small assemblies.

Similar overprediction was alsc observed for the BNWL
series of critical experiments''' which alsoc are small assemblies
(although significantly larger than the French criticals). In this
case (Table 2), the overprediction appears to be small, giving a
mean K, of 0.9990 % 0.0037 (1 ¢ population standard deviation).
Because of the small size of the BNWL critical experiments and the
absence of any significant enrichment effect, the overprediction is
also attributed to the failure of NITAWL-KENO-5a to adeguately
treat neutron leakage in very small assemblies.

Since the analysis of high-density spent fuel storage
racks generally does not entail neutron leakage, the observed
inadequacy of NITAWL-KENO~5a is not sigaificant. Furthermore,
omitting results of the French and BNWL critical experiment
analyses from the determination of bias is conservative since any
leakage that might enter into the analysis would tend to result in

overprediction of the reactivity.




3. GCASMO-3 BENCHMARK CALCULATIONS

The CASMO-3 code is a multigroup transport theory code
utilizing transmission probabilities to accomplish two-dimensional
calculations of reactivity and depletion for BWR and PWR fuel
assemblies. As such, CASMO-3 is well-suited tc the criticality
analysis of spent fuel storage racks, since general practice is to
treat the racks as an infinite medium of storage cells, neglecting
leakage effects.

CASMO~-3 is a modification of the CASMO-2E code and has beer
extensively benchmarked against both mixed oxide and hot and cold
critical experiments by Studsvik Energiteknik'®. Reported ana-
lyses'® of 37 critical experiments indicate a mean k,, of 1.0004 %
0.0011 (10). To independently confirm the validity of CASMO-3
(and to investigate any effect of enrichment), a series of
calculations were made with CASMO~-3 and with NITAWL-KENO-S5a on
identical poisoned storage cells representative of high-density
spent fuel storage racks. Results of these intercumparison
calculations’ (shown in Table 3) are within the normal statistical
variation of KENO calculations and confirm the bias of 0.0000 %
0.0024 (95%/95%) for CASMO-1.

Since two independent methods of analysis would not be
expected to have the same error function ‘7ith anrichment, resul’s
of the intercomparison analyses (Table 3) indicate that there ifs no
significant effect of fuel enrichment ovar the range of envich-
ments involved in power reactor fuel. Furthermore, neglecting the
French and BNWL critical benchmarking in the determinatiocon of bias
is a conservative approach.

‘Intercomparison between analytical methods is a technique
endorsed by Reg. Guide 5.14, "Validatiocn of Calculational
Methods for Nuclear Critica.ity Safety".

A~ 4
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Table 1

RESULTS OF 27-GROUP (SCALE) NITAWL-KENO-5a CALCULATIONS °*
OF B&W CRITICAL EXPERIMENTS

Experiment Calculated o
Number Reote
1 0.9922 $+ 0.0006
11 0.9917 + 0.0005
IIX 0.9931 ¢+ 0.000%
IX 0.9915 t 0.0006
X 0.9902 t 0.0006
XI 0.9919 ¢+ 0.0005
XII 0.9915 + 0.0006
XIII 0.9945 + 0.0006
X1V 0.9%02 + 0.0006
XV 0.9836 + 0.0006
XvI 0.9863 + 0.0006
XVII 0.9875 + 0.0006
XVIII 0.9880 t 0.0006
XIX 0.9882 + 0.0005
XX 0.9885 + 0.0006
xX1 0.9890 + 0.0006
Mean 0.9899 + 0.0007'"
Bias (95%/95%) 0.0101 + 0.0018

) Standard Deviation of the Mean, calculated from the k,, values.




Table 2

RESULTS OF 27~-GROUP (SCALE) NITAWL-KENO-5a CALCULATIONS
OF FRENCH and BNWL CRITICAL EXPERIMENTS

French Experinments

Separation Critical Calculated
Distance, cm Height, cm Kere
o] 23.8 1.0231 2 0.0036
2.8 24.48 1.0252 ¢ 0.0043
8:0 31.47 1.0073 2 0.0013
10.0 64.34 0.9944 * 0.0014

BNWL Experiments

Calculated

Case Expt. No. Kore
No Absorber 004 /032 0.9964 * 0.0034
SS Plates (1.05 B) 00% 0.9988 * 0.0038
SS Plates (1.62 B) 011 1.0032 * 0.0033
S Plates (1.62 B) 012 0.9986 * 0.0036
SS Plates 013 0.9980 ¢ 0.0038
§S Plates 014 0.99%3€6 * 0.0036
Zr Plates 030 1.0044 ¢ 0.0035

Mean 0.9990 & 00,0037



Table 3

RESULTS OF CASMO=-3 AND NITAWL~KENO-S5a
BFYICHMARK (INTERCOMPARISON) CALCULATIONS

Enrichment " K

Wt. & U-235 ¥ITAWL-KENO=-5a'? CASMO~3 | 6k |
2.5 0.8408 * 0.0016 0.8379 0.0029
3.0 0.8831 * 0.0016 0.8776 0.0088
3.5 0.9097 % 0.0016 0.90L9%0 0.0007
4.0 V.9334 % 0.0016 0.9346 0.0012
4.5 0.9569 * 0.0018 0.9559 0.0010
5.0 0.9766 * 0,0018 0.9741 0.0025

-

Mean 0.0023

AL Infinite array of assemblies typical of high~density spent fuel
storage racks.

@ g, from NITAWL-KENO-S5a corrected for bias.
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(iv) Evaluat.on of the t' me~to~boil if all heat rejection
paths froms the cooler are lost,

(v) Compute the effect of a blocked fuel cell opening on the
lo~al water and maxinum cladding temperature.
The following sections present a synopsis of the methods employed
to perform such analyses and final results.

5.2 Jeent Fuel Pool Cooling System and Cieanup System Description

The La Salle County Station Unit 1 Spent Fuel Pool Cooling System
(SFPCS) consists of two identical cooling trains. Each cooling

train consists of one 3000 gpm centrifugal pump and one 14.6 X 10*
Btu/hr tube~and~shell heat exchanger. The system takes suction from
the fuel pool and subsequently punps water through the filter~
denineralizer (cleanup) system and then to the heat exchangers.
Heat from the fuel pool water is rejected by the heat exchangers
to the Service Water System (SWS). The fuel pool water is cooled
and purified through the circulation., Neither the SFPCS nor the
cleanup system are Seismic Category I.

In the event of excessive heat load, the pool can be cooled by
means of spooling in suction and return lines to the Residual Heat
Removal (RHR) "B" loop pump and heat exchs -er ‘41.6 x 10" Btu/hr)
of the unit for supplementary cooling of .ae y..1l. The flow rate
ies approximately 7500 gpm through the R.* ne4: cichanger and back
¢o the RHR return in the fuel pool. All p'ves and valves to and
from the “B" loop of the RHR System are designed as . smic
Category 1 and can be isclated from the fuel pool cooling system,
thus providing a completely independent seismic designed system for
coeling the pool.

The lavel of the fuel pool is maintained through the use of makeup
to the pool. HNormal makeup is received from the cycled condensate
storage system of the unit, However, a Seismic Categr-y I fuel
pool emergency makeup system, whi‘h is capable of a makeup R L
300 gpm to the pool, is present should it be necessary to p ide



energency makeup. The emergency fuel pool makeup system is part
of the core standby cocling system equipment cooling vater systen
(CSCS~ECWS) which is alsc Seismic Category 1, thus ensuring a
reliable source of wvater, Redundant pumps are provided, Makeup
to the fuel pool during normal and abnormal conditions is provided
by redundant pumps, thus ensuring an adequate me.ns of maintaining
the fuel pool level,

5.3 Recay Heat load Calculations

The decay i.«at load calculation is performed in accordance with the
provisions of "USNRC Branch Technical Position ASB9-2, "Residual
Decay Energy for Light Water Reactors for Long Term Cooling", Rev,
2, July, 1981,

5.4 Rischarge Scenarics

The LSCS Unit 1 fuel pool cooling system is sized to comply with
the cooling capacity requirements implicit in the USNRC SRP 9.1.3.
Therefore, calculations validating the SRP compliance of the
cooling system are not presented. Instead, we present the
discharge scenarios which correspond to the actual La Salle
refueling practices.

Accordingly, two discharge scenarios are considered assuming the
poel is already filled with 12 refueling batches (256 fuel bundles
per batch) at 18 month cycles. Each discharge scenario consists
of one refueling batch of 256 assemblies and one full ore offload
of 764 assemblies to simulate the emergency full core offload
condition. The spent fuel pool is assumed to have a total »f 4026

storage locations. The assumed final discharges will result in a

total of 4092 fuel assemblies in the pool which bounds the actual
pool capacity. More fuel assemblies implies higher decay heat load,
Therefore, the bounding heat load in the pool will be calcu.ated
in the analyses. The two discharge scenarios are intended to




demonstrate that the Spent Fuel Pool Cooling System slone can
handle the emergency full core offload in gpite of the increased
fuel inventory in the fuel pool.

For the two dishcarge scenar.os, it is assumed that the normally
scheduled outage (Batch /13) occurs 18 months after the previous
outage and fuel discharge to the pool begins at the rate of 10
assenblies per hour, 100 hours afier reactor shutdown. The reactor
is restarted after 45 days of outage. Two spent fuel pool cooling
trains are assumed in operation during the discharges. No credit
is taker. for the additional cooling provided by the RHR heat

exchanger.

Case (I): Thirty days after restart of the reactor, the unit
experiences an unshceduled shutdown, and the core
is offloaded to the pool after 100 hours of decay
in the reactor.

Case (II): Reanalysis of the above case with 30 days replaced

with 60 days.

Figure 5.4.1 illustrates the above two scenarios, Table 5.4.1
provides the major input for the scenarios.

5.5 Bulk Pool Temperatures

The bulk temperature calculations are performed using a highly
conservative mathematical model. As shown in Figure 5.5.1, only
the cooling contiibution of the spent fuel cooler is considered.
The Residual Heat Removal heat exchanger, which is concurrently
cooling the water mass in the reactor cavity and the spent fuel
poe ., is not considered in this e#nalysis in the interest of
censurvatism,

fimilarly, in order to perform the analysis conservatively, the
heat exchangers are assumed to be fouled to their design maximum.
Thus, the temperature effectiveness, p, for the heat exchanger
utilized in the analysis is the lowest postulated value calculated
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where:
W,: Coolant flow rate, 1b./hr.
¢t Coeclant specific heat, Btu/lb.°*F.
p: Temperature effectiveness of heat exchangar,
T: Pool water temperature, °*F
t;: Coolant inle* temperature, °F

t,: Coolant outlet temperature, °*F

p is determined by the heat exchanger design basis performance.
Q(r) is specified according to the provisions of "“USNRC Branch
Technical Position ASB9~2, "Residual Decay Energy for Light Water
Reactors for Long Term Cooling®™, Rev. 2, July, 1961, Q(r) is a
function of decay time, number of assemblies, and in-c re exposure
time. During the fuel transfer, the heat load in the pool will
increase with respect to the rate of fuel transfer and eguals Q(r)
after the fuel transfer.

Qev is a non-linear function of pool temperature and ambient
temperature. Qgy contains the heat evaporation loss through the
pool surface, natural convection from the pool surface and heat
cenduction through the pool walls and slab. Experiments show that
the heat conduction takes only about 4% of the total heat loss

[5.5.1), therefore, it can be neglected. The evaporation heat and

natural convection heat loss can be expressed as:

Qegv *=m I A + he A 6 (5=3)
where:
m: Mass evaporation rate, lb./hr. ft.?
I Latent heat of pool water, Btu/lb.



¥ Pool surface area, ft.'

h! Convection heat transfer coefficient at ponl
surface, Btu/f%.? nr. *F

@ = T~t,: The temperature difference between pool water and
ambient air, *F

The mass evaporation rate m can be obtained as a non-linear
function of €. We, therefore, have

n = hb (.’ ‘“- - '.) (5~4)
wvhere:
Wyt Humidity ratio of saturated moist air at pool water
surface temperature T.
W,! Humidity ratio of saturated moist air at ambient
temperature t,
hp(0): Diffusior coefficient at pool water surface. h;, is

a non~linear function of @, lb./hr. ft.* °F

The ncn~linear single order differential equation (5~1) is solved
using Holtec's Q.A. validated numerical integration code "ONEPOOL".

The next step in the analysis is to determine the temperature rise
profile of the pool water if all forced indirect cooling modes are
suddenly lost.

If the cooling makeup water is added at the rate of G lb/hr and the
cooling water is at temperature, t_ ., tne governing enthalpy
balance eguation for this cundition can be written as

(C + G(G) (T ~ 1)) -—g- Poaw * QT #+ 1) + G (C) (tgu = T)

where water is assumed to have specific heat of unity (C = 1.0
Btu/lb.°F), and the time coordinate v is measured from the instant
of loss-of-cooling. r, is the time coordinate when the direct
addition (fire hose) cooling water apolication is begun. 71, is
the time coordinate measured from the instant of reactor shutdown



to the instant of loss~of~coeling. T is the dependent variable
(pool water.temperature). For conservatism, Quy 18 conservatively

assumed to remain constant after pool water temperature reaches and
rises above 170°F.

AQ.A., validated nunmerical guadrature code is used to integrate the
foregoing equi tion. The pool water heat up rate, time-to-boil, and
subsequent water evaporation-time profile are generated and
compiled for safety evaluation.

5.6 Leocal Pool Weter Temperature

In this sect.on, a summary of the methodology, calculations and
results for local pool water temperature is presented.

§.6,1 Bas's

In order to determine an upper bound on the maximum fuel cladding
temperature, a series of conservative assumptions are made. The
most important assumptions are listed below:

0 The fuel pool will contain spent fuel with varying time~
after-shutdown (f1,). Since the hsat emission falls off
rapidly with increasing r,, it is conservative to assume
that all fuel assemblies are from the latest batch
discharged simultaneocusly in the shortest possible time
and they all have had the maximum postulated years of
operating time in the reactor. The heat emission rate
of each fuel assembly is assumed to be equal and maximum.

0 As shown in the pool layout drawings, the modules occupy
an irregular floor space in the pool. For the
hydrothermal analysis, a circle circumscribing the actual
rack floor space is drawn (Fig. 5.6.1)., It is further

assumed that the cylinder with this circle as its base
is packed with fuel assemblies at the nominal layout
piteh,

(o] The actual downcomer space around the rack module group

varies. The nominal downcomer gap available in the pool
is assumed to be the total gap available around the

5~8



idealized cylindrical rack; thus, the maximum resistance
to downward flowv 16 incorporated inte the analysis (Figs.
5.6.2 and 5.6.3) (i.e. minimum gap betweeh the pool wall
and rack module, including seismic kinematic effect),

(o] No downcomer flow is assumed to exist between the rack
nodules.

(o} No heat transfer is assumed to occur between pool water
end the surroundings (wall, etc.)

0 The effect of the truncation of the sparger line in the
fuel pocl is appropriately accounted for by setting the
bottom plenum temperature equal to the spatial average
temperature of the pool.

5.6.2 Model Description

In this manner, a conservative idealized model for the rack
assemblage is obtained. The water flow is axisymwetric about the
vertical axis of the circular rack assemblage, and thus, the flow
is two-dimensional (axisymmetric three-dimensional). Fig. 5.:.2
shows a typical "flow chimney" rendering of the thermal hydraulics
model. The governing egquation to characterize the flow field in
the pocl can now be written. The resulting integral equation can
be solved for the lower plenum velocity field (in the radial
direction) and axial velocity (in-cell velocity field), by using
the method of collocation. The hydrodynamic loss coefficients which
enter into the formulation of the integral equation are also taken

from well-recognized sources (Ref. 5.6.1) and wherever
discrepancies in reported values exist, the conservative values are
consistently used. Reference 5.6.2 gives the details of

mathematical analysis used in this solution process.

After the axial velocity field is evaluated, it is a straight-
forwvard matter “J compute the fuel assembly cladding temperature.
The knowledge of the overall flow field enables pinpointing of the
storage location with the minimum axial flow (i.e, maximum water
cutlet temperatures). This is called the most "choked" location.
In order to find an upper bound on the temperature in a typical
cell, it is assumed that it is located at the most choked location.
Knowing the global plenum velocity field, the revised axial flow



through this choked cell can be calculated by sclving the
Ber.oulli's egquaticn for the flow circuit through this cell. Thus,
an absolute upper bound on the water exit temperature and maximum
fuel cladding temperature 1i1s obtained. In viev of these
aforementioned assumptions, the temperatures calculated in this
manner overestimate the temperature rise that will actually occur
in the pool., Holtec's earlier computer code THERPOOL based on the
theory of Ref. 5.6.2, automates this calculation. The analysis
procedure embodied in THERPOOL has been accepted by the Nuclear
Regulatory Commission on several dockets. The Code THERPOOL for
local temperature analyses includes the calculation of veid
generations. The effect of void on the conservation equation, crud
layer in the clad, and the clad stress calculation when a void
exists, are all incorporated in THERPOOL. The major inputs for the
local temperature analyeis are given in Table 5.6.1.

5.7 Cladding Temperature

The maximum specific power of a fue. array q, can be given by:
s = 9 F, (1)
where:

F, = radial peaking factor
q = average fuel assembly specific power

The maximum temperature rise of pool water in the most
disadvantageously placed fuel assembly is computed for all loading

cases. Having determined the maximum local water temperature in

the pool, it is now possible to determine the maximum fuel cladding
temperature. A fuel rod can produce F, times the average heat
emission rate over a small length, where F, is the axial rod peaking

THERPOOL has been used in qualifying the spent fuel pool
reracking of over 20 projects, including Enrico Fermi Unit 2 (1980,
Quad Cities I and II (1%81), Oyster Creek (1984), V.C, Summer
(1984), Rancho Seco (1983), Grand Gulf I (1985), Diableo Canyon I
and II (1986), St. Lucie Unit One (1987), Millstone Point Unit One
(1989), Hope Creek (19%0), TMI Unit One (1991), and others.
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factor. The axial heat distribution in a rod is genera'ly a maximunm
in the central region, and tapers off at its two extremities. The
peaking factors used for the La Salle County Unit 1 spent fuel pool
are shown in Table 5.7.1.

It can be shown that the power distribution corresponding to the
chopped cosine power enission rate is given by

n (& + x)
qg(x) = g, sin
1+ 2a
where:
l: active fuel length
at chopped length at both extremities in the power curve

x: axial coordinate with origin at the bottom of the active
fuel region

The value of a is given by
1z

am=
1 - 22

where:
1 1 1 2 "

" F, r F} n F, "

where F, is the axial peaking factor.

The cladding temperature T, is governed by a third order
differential egquation which has the form of

a@r a T ar
+ a - —— o f (X)
T R T R N

where a,, a, and f(x) are functions of x, and fuel assembly
geometric properties. The solution of this differential equation
with appropriate boundary conditions orovides the fuel cladding
temperature and local water temperature profile.









Table 5.4.1
DATA FOR DISCHARGE SCENARIOS

Number of assemblies in refueling batch: 256
Number of assemblies in full core: 764
Number of fuel pool coclers in parallel: 2
Fuel normal exposure time, hrs.: 39420
Fuel transfer rate, assemblies/hr.: 10
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Table 5.6.1

DATA FOR LOCAL TEMPERATURE

Type of fuel assembly

Fuel cladding outer diameter, inches
Fuel =ladding inside diameter, inches
Storage cell inside dimension, inches
Active fuel length, inches

Number of fuel rods/asseably

0p0tatgpq pover per fuel assembly
P, x 107, Btu/hr

Cell pitech, inches
Cell height, inches
Bottom height, inches

Plenum radius, feet

5«15

GE BxB
0.482

0.419

150

62

14.864

6.264
167.7%
6.75
26






Table 5.6.1

FUEL SPECIFIC POWER AND POOL CAPACITY DATA

Net water volume of pool, ft.’ 41780
Fuel pool thermal capacity, 10° Btu/°F 2.5
Av,uqc operating power of a fuel assenmbly,
10" Btu/hr 14.864
Do;ay heat load of "old" discharges,
10" Btu/hr 4.81
| Coclant (¥®)} inlet temperature, °F 9%
} Coolant (WS) flow rate, 10* lb/hr 2.0
|
|
|
|
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Table 5.8.4

MAXIMUM LOCAL POOI, WATER AND FUEL CLADDING TEMPERATURE
FOR THE LIMITING CASE (Case I1I)

Maximum Maximum
lLocal Local
Foel Fuel
Water CIndding
Tenp.. X Temp.. -F
No Blockage 163.2 210.7
50% Blockage 169.0 215.1
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6.0 STRUCTURAL/SEISMIC CONSIDERATIONS
6.1 lntroduction

This section contains analyses to demonstrate structural adequacy
of the high density spent fuel rack design under seismic loadings
postulated for the plant spent fuel pool. Analyses and subseqguent
evaluations are in compliance with the reguirements of the OT
Position Paper, Section IV [6.1.1], and follow the USNRC Standard
Review Plan (SRP) ([6.1.2). The dynamic analyses employ a
+ 'me-history simulation code used in previous licensing efforts
listed in Taule 6.1.1. <nis section provides details of the method
of analysis, modeling assumptions, numerical convergence studi.s
and parametric evaluations performed to establish the required
margins of safety.

Results reported herein show that the high density spent fuel
racks are structurally and kinematically adequate to meet
requirements defined in references (6.1.1], [6.1.2], and [6.1.3]
with large margins of safety.

6.2 Analysis Outline

A spent fuel rack is a seismic category I structure [6.2.1].
Furthe'zore, it is a free-standing structure consisting of
discrete storage cells which are loaded with free~-standing fuel
assemblie.. 2 a result, the response of a rack module to seismic
inputs is h.ghly uonlinear involvirg a complex combination of
motions (zliding, rwcking, twisting, and turning), resulting in
umpacts and friction effects. Linear methods such as modal
analysis and response spectrum technigues cannot accurately
simulate t's structural response of such a highly nonlinear
structure to seismic excitation. A correct simulaticn is obtained
only by direct integration of the nonlinear equations of motion
using actual pool slab acceleration time-histories to provide the
loading. Therefore, the initial step in spent fuel rack
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qualification is to develop synthetic time-histories for tnree
orthogonal directions which comply with the guidelines of USNRC
SRP [6.1.2). In particular, the synthetic time-histories must meet
the criteria of statistical independence and enveloping of the
design response spectra.

As stated above, a free-standing spent fuel rack, subject to a
seismic loading, executes non-linear motions ~ even when isolated.
The motion of an array of closely spaced racks in the spent fuel
pool involves additional interactions due to fluid coupling
between adjacent racks and between racks and adjacent walls.
Further mechanical interactions between racks occur if rack-to-
rack impacts “ake place during the event. Te demonstrate
structural qualification, it is required to show that stresses are
within allowable limits and that displacements remain within the
constraints of the contemplated design layout for the pool.

This implies that impacts between rack modules, if they occur,
must be confined teo locations engineered for this purpose, such as
he baseplate edge and the top perimeter of the rack, above the
. stive ‘uel region. Similarly, rack-to-pool wall impacts, if
. sginee.ed into the rack design, (not contemplated for these

scks) must be within stipulated limits. Accurate and reliable
assessment of the stress field and kinematic behavior of the rack
modules calls for a comprehensive and conservative dynamic model
which incorporates all key attributes of the actual structure.
This means that the model must feature the ability to execute
concurrent sliding, rocking, bending, twisting and other motion
forms available to the rack modules., Furthermore, the model must
osossess the . apability to effect the momentum transfers which
occur due to rattli.ug of the fuel assemblies inside the storage
cells and impacts of support pedestals on the bearing pads.
Finally, the contribution of the water mass in the interstitial
spaces around the rack modules and within storage cells must be
modeled in an accurate manner because erring in the gquantification
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of fluid coupling on either side of the actusl value is no

guarantee of conservatism. The Coulomb friction coefficient at
the pedestal-to-pcol liner (or bearing pad) interface may lie
within a rather wide range and a conservative value of friction
cannot be prescribed a’ priori. 1In fact, a perusal of results of
rack dynamic analyses in numerous dockets (Table 6.1.1) indicate
that an upper bound value of the coefficient of friction, u, often
maximizes the computed rack displacements as well as the
equivalent elastostatic stresses. Further, the analysis must
consider that a rack module may be fully or partially loaded with
fuel assemblies or entirely empty. The pattern of loading in a
partially loaded rack may alsc have innumerable combinations. In
short, there are a large number of parameters with potential
influence on the rack motion. A comprehensive structural
evaluation should deal with all of these without sacrificing
conservatism,

The 3-D single rack dynamic model introduced by Holtec
International in the Enrico Fermi Unit Two rack project (ca. 1980)
and used in some twenty rerack projects since that time (Table
6.1.1) tackles the ~bove mentioned array of parameters in a most
appropriate manner. The details of this classical methodology are
published in the permanent literature [6.2.2] and have been widely
replicated by other inaustry groups in recent years. Briefly
speaking, the single rack 3-D model handles the array of variables
as follows:

Lot ecs coeffici ¢ prict

Parametric runs are made with 1 mper bound and lower bound values
of the coefficient of friction. The limiting values are based on
experimental data.

Impact Phenomena

Compression-only gap elements are used to provide for opening and
closing of interfaces svch as the pedestal-to-bearing pad
interface.

€-3



mny Cp "Ry
Sl il nve:z&‘.n

assembliles are nserva
uslv exaggerates the
The different patte

the rack are simul

- the ansemblage

(
anter v




In the following, we summarize the sequence

>

model deve men?t
nd analysis steps that are¢ undertaken. Subsequent subsection:

provide model detail, limiting critaria for 8’

(o8

isplacement, and results of the analyses,

a. Prepare three-dimensional dynamic models i ndivid\

f i vidual
fuel racks which embody all elastostatic characteristics
and siructural nonlinearities f the plant specifi

free~standing rack modules,.

]

D Pex 1 d
ypes (from all those present n the spe
nd include various physical t

orm 3-D dynamic analyses o lmiting module geometry

.
v

®

s

coefficient of friction, exten:t of cells containing fuel
assemblies, and proximity of other racks).

Perform detailed stress analysis for the limiting case
of all the dynamic analysis runs made in the foregoing
steps. Demonstrate compliance with ASME Code Section
P ¢ P subsectior NF [6.1.3) limits o stress and
displacement.

d calculate hydrodynamic mass contributions based on a
model of the whole pool which incorporates all of the
rack-to-rack and rack-to-wall spaces. This fluid model
satisfies all regquired classical fluid mechanics
principles.

€ Prepare a whole pool multi-rack dynamic model which
includes all rack modules in the p . and includes all
fluid coupling interactions among them, ac¢ well as fluid
coupling interactions between racks and pool walls
This 3-D simulation is referred toc as a Whole Poc

ulti-Rack (WPMR) model.

Perform 3-D Whole Pool Multi-Rack WF MR analyses t¢
demonstrate that all kinematic criteria for the spent
fuel rack modules are satisfied nd that resultant
structure loads confirm the validity f the structural
qualificat.o>n. The princinal kinemat riteria are

+ pec d 1.1 rack-to-rack

no rack-to-pool wall impact, a
] 4

+ T " * = ~— 11 1l ar P
impact 1n the cCceliular reg
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6.3 Artificial Time-Histories
6.3.1 Time-History Generstion '

Section 3.7.1 of the SRP [6.1.2) provides guidelines for
establishing seismic time-histories. Subsection 3.7.1.7I.1.b gives
applicable criteria for generation of time-histories from design
response spectra,

A generated artificial time-history is acceptable if the response
spectrum in the free field at the specified level of the site,
obtained from the generated time-history, envelops the design
response spectrum at the same location for all damping values used
in the analysis.

The acceptance criterion for spectrum enveloping is that no more
than five points of the spectrum obtained from the time-history
fall below, and no more than 10% below, the design response
spectrum. The SRP states that an acceptable method of comparison
is to choose a set of frequencies such that each fregquency is
within 108 of the previous one. The nature of the spent fuel rack
structure is such that primary response is to excitations above 5-
8 BZ. Within the ©5-33BZ range, discrete check points are
established from the above 10% cuiterion.

Generated artificial time-histories must also be statistically
independent. Any two time~histories are considered to be
statistically independent if their normalized <correlation
coefficient is less than 0.15,.

Figures 6.3.1 - 6.3.6 show the three statistically independent
synthetic time-histories generated at the pool slab level for two
conditions, denoted for the La Salle plant as Levels B and C
seismic conditions. 2% damping is associated with the Level B
(UCBV) event and 4% damping is used for the Level C (FCBV) event
[6.3.1]. The notations UCBV and FCBV are those used by
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Commonwealth Edison in their Specification. The service Levels B and ¢
dynamic input motion fo the pool e&nd the racks have been obtained by
combining various SRV and LOCA spectra with the seismic OBE and SSE
in-structure spectra. Note that the Level B designation used at this
plant corresponds to Level B of [6.1.3) and that the Level C CECo
designation corresponds to Level D of [6.1.3]. GENEQ [6.3.2]) is used
to generate three synthetic, statistically independent time-histories
for two horizontal and the vertical directions, respectively, from the
given design response spectra. The comparisons of the original
response spectra and respunse spectra regenerated using the synthetic
time-histories are shown in Figures €.3.7-6.3.9 for the Level B event,
and in Figures 6.3.10-6.2.12 for the Level C event. It is noted that
the time-histories satisfy all USNRC bounding requiremente and are
therefore inherently conservative.

The normalized correlation coefficients Pij between time-histories i
and j are provided in Tables 6.3.1 and 6.3.2 and demonstrate
compliance with the statistical independence requirement for both the
CECo designated Level B (UCBV) and the CECo designated Level C (FCBV)
event.

The enveloping requirement on the derived spectra and statistical
noncoherence of artificial motions are satisfied.

6.3.2 Seoil Structure Interaction

In addition to the conservatism built in the synthetic time-~histories
described in the foregoing, the mother spectra themselves have a large
element of conservatism.

sefsmic soil structure interaction (SSI) has been an evolving state~
of-the-art during the last twenty years. The SSI analysis method used
for La Salle plant is consistent with the present methodology, except
that the control motion (seismic input motion in the free field) was



assumed at the foundat.on level. The assumption was according to
the criteria given in the the.,available edition of SRP 3.7.2.

It is currently recognized that the above definition of control
motion is a conservative criteria. During the NRC sponsored
Workshop on SSI at Bethesda in 1986 [6.3.3], the experts and the
panelists unanimously emphasized that the contrel motion should be
defined at the ground surface. This criteria was endorsed in the
ASCE Standard ASCE 4-86 [6.3.4] and also in the EPRI/NRC/TPC
Workshop on Seismic Soil-Structure-Interation Analysis Techniques
using data from Lotung, Taiwan, held at Palo Alto, California in
December 1987. Subsequently, SRP 3.7.1 and SRP 3.7.2, 1989,
adopted the control motion definition at the ground surface.

The La Salle soil site is such that if a surface definition of the
control motion is used in the SSI analysis, the foundation level
spectrum at the building's major contributing frequencies will be
lower than the foundation level design basis input spectrum. It
is conservatively estimated that this will result in about 25%
reduction ian the building response, i.e., the design basis in-
structure response spectra are about 25% conservative.

The abcve estimate is based on the results of a study documented
in Figures Q 130.23-2 of Amendment 49, May 1980 of La Salle FSAR.
In response to MNRC reguest, SSI analysis was also performed using
Compliance Function approach, in additien to design basis Finite
Element approach. By the time this study was done, it was
recognized that the control motion should be defined at the ground
surface, instead of the foundation level. Hence, in the Compliance
Function approach, the control motion was defined at the ground
surface (Plant grade level). Soil properties variation was also
considered in this study. The above referred figures show that
the design basis spectral amplitudes at the building foundation,
for the predominant building frequencies, are about 30% to 50%
higher than the results obtained from Compliance Function
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lﬁptbleh. From this comparison, it is conservatively estimated
that the design basis in-structure response spectra have 25%
conservatism built into them.

6.4 Rack Modeling for Dynamic Simulations
6.4.1 General Remarks

Spent fuel storage racks are Seismic Class I equipment. They are
required to remain functional during and after a CECo designated
Level C (FCBV) event. The racks are free-standing; they are
neither anchored to the pool floor nor attached to the sidewalls.
Individual rack modules are not interconnected. Figure 6.4.1 shows
a pictorial view of a typical module. The baseplate extends beyond
the cellular region enveloge ensuring that inter-rack impacts, if
any occur at the baseplate level, occur in an area that is
structurally qualifiable to withstand any large in-plane impact
loads. Not shown in Figure 6.4.1 is an additional impact
protection structure around the rack top (above the active fuel
region) that is added to provide additional structure to where
rack~to-rack impacts occur.

A rack may be completely loadad with fuel assemblies (which
corresponds to greatest <“~tal mass), or it may be completely
empty. The coefficient oi friction, u, between pedestal supports
and pool floor is indzterminate. According to Rabinowic:
(6.4.1], results of 199 tests performed on austenitic stainless
steel plates submerged in water show a mean value of M to be 0.503
with standard deviation of 0.125. Upper and lower bounds (based on
twice standard deviation) are 0.753 and 0.253, respectively.
Analyses are therefore performed for coefficient of friction
values of 0.2 (lower limit) and for 0.8 (upper limit), and for
random friction values clustered about a mean of 0.5. The bounding
values of y = 0.2 and 0.8 have been found to bracket the upper
limit of module response in previous rerack projects.
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Since free-standing racks are not anchored to the pool slab, not
attached .to the pool walls, and not interconnected, they can
execute a wide variety of motions. Racks may slide on the pool
floor, one or more rack support pedestals may momentarily tip and
lose contact with the floor siab liner, or racks may exhibit a
combination of sliding and tipping. The structural models
developed permit simulation of these kinematic evencs with
inherent built-in conservatisms. The rack models also include
corponents for simulation of potential inter-rack and rack-to-wall
impact phenomena. Lift-off of support pedestals and subsequent
liner impacts are modeled using impact (gap) elements, and Coulomb
friction between rack and pool liner is simulated by piecewise
linear (friction) elements. Rack elasticity, relative to the rack
base, is included in the model with linear springs representing a
beam like action. These special attributes of rack dynamics
reguire strong emphasis on modeling of linear and nonlinear
springs, dampers, and compression only gap elements. The term
"nonlinear spring®™ is a generic term to denote the mathematical
element representing the case where restoring force is not
linearly proportional to displacer nt. In the fuel rack
simulations, the Coulomb friction interface between rack support
pedestal and liner is typical of a nonlinear spring. The
mathematical development for these nonlinear springs is described
in Ref. [6.4.2).

3~D dynamic analyses of single rack modules require a key modeling
assumption. This relates to location and relative motion of
neighboring racks. The gap between a peripheral rack and adjacent
pool wall is known, with motion of the wall prescribed. However,
another rcack, adjacent to the rack being analyzed, is also free-
standiry and subject to motion during a seismic event. To conduct
the seismic analysis of a given rack, its physical interface with
neighboring modules must be specified. The standard procedure in
analysis of a single rack module is that neighboring racks move
180° out-of-phase in relation to the subject rack. Thus, the
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Seismic motion of a fnel rack is characterized by
random rattling of fuel assemblies in their
individual storage locations. All fuel assembl
are assumed to move in-phase within a rack. This
exaggerates computed dynamic loading on the rack
structure and therefore yields conservativ
results.

Fluid coupling between rack and fuel assemblies,

and between rack and wall, is simulated by
appropriate inertial coupling in the system kinetic
cnergy. Inclusion of these effects uses the
methods of [6.4.3) and [6.4.4) for rack/assembly
coupling and for rack-to-rack coupling,
respectively. Fluid coupling terms fo: p=rack
coupling are based on opposed phase motion of

adjacent modules.

In the dynamic analysis of the spent fuel racks,
the damping due to fluid interaction is
conservatively neglected. That is, in the damping
matrix (C + Cp), where C is the structural damping
assoclated with the rack and Cj is the effective
damping due to velocity drag effects of water, Cy
is assumed to be zero.

The above osssumption is reasonable for large gaps
between the racks. However, for very small gaps in
the case of reracking this assumption is overly
conrervative, Both analytical and experimental
results show that for small gaps the damping is not
small, The damping is estimated to be more than
5%, for the gap dimensions of La Salle reracking.
Hence, additional conservatisr has been introduced
in the rack dynamic analysis by neglecting this
damping effect. Because the hydrndynamic masses are
very large, the conservatis v introduced by
neglecting the damping due to f uid interaction is
expected to be substantial.

Sloshing is negligible at the top of the rack and
18 neglected in the analysis of the

Potential impacts between rack and fuel assemblies
are accounted for by appropriate “"compression only"
gap elements between masses involved. The possible
incidence of rack~to-wall or rack-to-rack impact is
simulated by gap elements at top and bottom of the
rack in two horizental directions. Bottom elements
are lcocated at the baseplate elevatior

- b5 3




9. Pedestals are modeled by gap elements in the
vertical direction and as *rigid links" for
transferring horizontal stress. Each pedestal
support is linked to the pool liner by two friction
springs. Local pedestal spring stiffness accounts
for floor elasticity and for local rack elasticity
just above the pedestal.

h. Rattling of fuel assemblies inside the storage
locations causes the gap between fuel assemblies
and cell wall to change é;on a maximum of twice the
nominal gap to a theoretical zero gap. Fluid
coupling coefficients are based on the nominal gap,
which too is known to produce conservative results
[6.‘03].

6.4.2.2 Model Details

Figure 6.4.2 shows a schematic of the model. Bi (4 ® 1..:4:8)
represent support locations, pj represent absolute degrees-of-
freedom, and qi represent degrees-cof-freedom relative to the slab. H
is the height of the rack above the baseplate. Not shown in Fig.
6.4.2 are gen elements used to model pedestal/liner impact locations
and impact .ocations with adjacent racks.

Table 6.4.1 lists the degrees-of-freedom for the single rack model.
Translational and rotational degrees-of-freedom 1-6 and 17-22 describe
the rack motion; rattling fuel masses (nodes 1%, 2%, 3%, 4*, 5% in
Fig. 6.4.2) are described by translational degrees-of-freedom 7-16.
Uj(t) represents pool floor slab displacement seismic time-history.

Figures 6.4.3 and 6.4.4, respectively, show inter-rack impact springs
(to track potential for impact between racks or between rack and
wall), and fuel assembly/storage cell impact springs at one location
of rattling fuel assembly mass.

Figures 6.4.5, 6.4.6, and 6.4.7 show the degrees-of-freedom and the
modeling technigque associated with rack elasticity. 1In each bending
plane a shear and bending spring simulate elastic effects [6.4.2].
Linear elastic springs coupling rack vertical and torsional degrees~
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of-freedom are also included in the model. Additional details
concerning fluid coupling and determination of stiffness elemerts
are provided below.

6.4.2.3 FEluid Coupling Details

The *"fluid coupling effect* [6.4.3),(6.4.4]) is described as
follows: If one body (mass m)) vibrates adjacent to a second body
(mass my), and both bodies are submerged in frictionless fluid,
then Newton's equations of motion for the two bodies are:

(my + Mjy) X3 + M1 X2 = applied forces on mass m) + O (xlz)
M21 X3 + (m2 + M22) X2 = applied forces on mass m3 + 0O (x22)

X), X denote ‘bsclute accelerations of masses m) and my,
.
respectively, and the notation 0(x2) denotes nonlinear terms.

Mii1, M12, M2, and My are fluid coupling coefficients which
depend on body shape, relative disposition, etc. Fritz [6.4.4)
gives data for Mj4 for various body shapes and arrangements. The
fluid adds mass to the body (Mj; to mass m;), and an external
force proportional to acceleration of the adjacent body (mass m3).
Thus, acceleration of one body affects the force field on another.
This force field is a function of interbody gap, reachiag large
values for sma.l gaps. Lateral motion of a fuel assembly inside a
storage location encounters this effect. For example, fluid
coupling is between nodes 2 and 2* in Figure 6.4.2. The rack
analysis also contains inertial fluid coupling terms which model
the effect of fluid in the gaps between adjacent racks. Terms
modeling effects of fluid flowing between adjacent racks are
computed assuming that all racks adjacent to the rack being
analyzed are vibrating 1800 out of phase from the rack being
analyzed. Thus, the modeled rack is enclosed by a hydrodynamic
mass computed as if there were a plane of symmetry located in the
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middle of the gap region. Rack-to-rack gap elements
have initial gaps set to 50% of the physical gag
symmetry.

6.4.2.4 Stifiness Element Details

The cartesian coordinate system assoc
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dhrinq transient .naly.io, the current value of N (either zero if
the pedestal has lifted-off the liner, or a compressive finite
value) is computed. Finally, support rotational friction springs
KR may be included to reflect any rotational restraint that may be
offered by the foundation. The rotational friction spring rate is
calculated using a modified Bousinesg eguation [6.4.2) and is
included to simulate resistive moment by the slab to counteract
rotation of the rack pedestal in a vertical plane. The
nonlinearity of these springs (friction elements 9, 11, 13, and 15
in Table 6.4.2) reflects the edging limitation imposed on the base
of the rack support pedestals and the shift in location of slab
resistive load as the rack pedestal rotates.

The gap element Kg, modeling the effective compression stiffness
of the structure in the vicinity of the support, includes
stiffness of the pedestal, local stiffnesz of the underlying pool
slab, and local stiffness of the rack cellular structure above the
pedestal.

The previous discussion is limited to a 2-D model solely for
simplicity. Actual analyses incorporate 3-D motions and include
all stiffness elements listed in Table 6.4.2.

6.4.3 thole Pool Multi-Rack (WPMR) Model
6.4.3.1 General Remarks

The single rack 3-D (22 DOF) model cutlined in the preceding

subsection is used to evaluate structural integrity, physical
stability, and to initially assess kinematic compliance (no rack-
to-rack impact in the cellular region) of the rack modules.
Prescribing the motion of the racks adjacent to the module being
analyzed is an assumption in the single rack simulations. For
closely spaced racks, demonstration of kinematic compliance is
further confirmed by modeling all modules in one comprehensive
simulation using a Whole Pool Multi-Rack (WPMR) model. In WPMR
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entire simulation in order to obtain rep:
the WPMR analysis can silmelate the effect { 11£¢
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6.4.3.4 Modeling Details
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configuration, a WPMR analysis yields time~histories of the motiocn

of each,rack, time-histories of the loads transmitted to the spent
fuel pool slab, and time~histories of the hydrodynamic pressures
applied to the walls.

6.5

6.5.1 Acceptance Criteria

There are two sets of criteria to be satisfied by the rack
modules:

a. Einematic Criteria

The rack must be a physically stable structure and it
must be demonstrated that there are no inter-rack
impacts in the active fuel region of the cellular
structure. The criteria for physical stability is that
an isolated rack in water exhibit no overturning
tendency when a seismic event of magnitude 1.1 x Faulted
condition event is applied [6.1.2].

b. Stress Limit Criteria

Stress limits must not be exceeded under certain load
combinations. The following loading combinations are
applicable [6.1.3) for La Salle Unit 1.

Loading Combinatd latviss Laval

D+ 1L Level A
D+1L+ Ty
D+L+Ty+E
+ - a -+ eve
D+L+ T, + Pg
+ + Tqg ¢+ E aulted condition
D+ L+ Fyq (maintain functional
capability)

Abbreviations are those used in Section 3.8.4 of the
Standard Review Plan and the "Review and Acceptance of
Spent Fuel Storage and Bandling Applications® section:

D = Dead weight-induced internal moments
(including fuel assembly weight)
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L - Liv.-Load (not applicable for the fuel rack,
since there are no moving obiscts in the rack
load path).

Fg = Force caused by the accidental drop of the
heaviest load from the maximum possible height
(see Chapter 7 of this report).

Pg - Upward force on the racks caused by postulated
stuck fuel assembly (see Chapter 7).

E - CECo designated UCBV Event
E’ - CECo designated FCBV BEvent

To ~ Differential temperature induced loads (normal
operating or shutdown condition based on the
most critical transient or steady state
condition).

Ta = Differential temperature induced loads ({the
highest temperature associated with the
postulated abnormal design conditions),

Ta and T, cause local thermal stresses to be produced. For fuel
rack analysis, only ovne scenario need be examined. The worst
situation is obtained when an isolated storage location has a fuel
assembly generating heat at maximum postulated rate and
surrounding storage locations contain no fuel. Heated water makes
unobstructed contact with the inside of the storage walls, thereby
producing maximum possible temperature difference between adjacent
cells. Secondary stresses produced are limited to the body of the
rack; that is, support pedestals do not experience secondary
(thermal) stresses. For rack qualification, Ty, T, are the same.

6.5.2 Stress Limits for Various Conditions

Stress limite are derived from the ASME Code, Section 1III,
Subsection NF [6.1.3). Parameters and terminclogy are in
accordance with the ASME Code.
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6.5.2.1 Nexmal and Upsel Conditions (level A or Level B)
a. Allowable stress in tension on a net section is:

Fy = 0.6 Sy (Sy = yield stress at temperature)

(Fy is equivalent to primary membrane stress)

b. Allowable stress in shear on « net Jsection is:

Fy = .4 Sy

c Allowable stress in compression on a net sectior
r 19 "
“ 1 | & -
| ] = = /2Ce Sy
‘ rd
F‘ B o —— T ———
5 kl kl 4 3
{{(===) * [3 (=) /BCo) = [/ 8C ~ 1)
3 r -
where: " )
{ ;‘rvn. h \ - /4
£ w | e ———— ]
-t ! i
B
Y
1 = unsupported length of component
k = length coefficient which gives influence
of boundary conditions; e.qg.
k = ] (simple support both ends)
= 2 (cantilever beam)
= 1/2 (clamped at both ends)
E = Young’s Modulus
r = radius of gyration of component
kl/r for the main rack body is based on the full
height and cross section of the honeycomb region.
d. Maximum allowable bending stress at the outermost

fiber of a net section, due to flexure about one
plane of symmetry is:

c f ~
Fp = C.§v Sy
(egquivalent to primary bending)




e, Combined flexure and compression on a net sectior
satisfiern:
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plane.
f Combined flexure and compressior or tension) on a
net section:
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The above requirements are to be met for bot}

direct tension or compression.
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6.5.3 Material Properties

Physical properties of the rack and support materials, obtained
from the ASME Boiler & Pressure Vessel Code, Section 111,
appendices, are listed in Table 6.5.1. Maximum poel bulk
temperature is less than 200°F; this is used as the reference
design temperature for evaluation of material properties. Stress
limits for Levels A and Faulted, corresponding to conditions in
Section 6.5.7 above, are evaluated using given yield strength
data.

6.6 Governing Eguations of Motion

Using the structural model for either a 22 DOF single rack
analysis, or for the entire set of fuel racks that comprise a
Whole Pool Multi-Rack model, equations of motion corresponding to
each degree of freedom are obtained using Lagrange’'s Formulation
[6.6.1]. The wsystem kinetic energy includes contributions from
solid structures and from trapped and surrounding fluid. The final
system of equations obtained have the matrix form:

(M] {9"} = {Q) + (G}

where:
[M] = total mass matrix (including structural and
fluid mass contributions);

{q) =~ the nodal displacement vector relative to the
pool slab displacement; (double prime stands
for second derivatives with respect to time);

{C} =~ & vector dependent on the given ground
acceleration;
{Q) = a vector dependent on the spring forces

(linear and nonlinear) and the coupling
between degrees-of-freedom

The equations can be rewritten as:

{q*) = M]~1 (Q) + M1~ (G)
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nis equation set is mases uncoupled, displacement pied at eac!
instant in time; numerical solution uses a central iifference
scheme built into the Proprietary, computer program "DYNARACK®
([6.6.2 =~ 6.6.5). As indicated earlier, this program has been used
in the licensing effort for a considerable numbe: f rerackir
pr ects
DYNARACK has been validated against exact s : ns experimental
data, and solutions obtained using alternate numerical s hemes
£.6.5]. These sclutions are chosen t erel se al features {
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the baseplate and for each pedestal cross sectior st be ¢}
baseplate. These are the critical sections w} h hist
develop the highest stresses due to the geometr f a £

structure. From the archived

results, time-histories of al ra

uid gaps, all rack-to-wall fluid gaps, and motion of an:
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inpact Analyvses

Ampact lLoading Between Fuel Assembly and

"o W e
S e “gcs

Local cell wall integrity is conservatively
estimated from peak impact loads. Plastic analysis
is used to obtain the limiting impact load. Table

€.7.39 gives the limiting impact load and compares
the limit with the highest value obtained from any

of the single rack analyses. The limiting load is
much greater than the lcad obtained from any of the
simulation reported in Tables 6.7.1 - 6.7.38.
This limiting load is based on the cell wall. The
actual impact loads, when ‘:onsidered as loads
applied to the fuel assembly structure, are much
lower than the load limits imposed by the fuel

manufacturer.

iapacts Between Adijacent Racks

No non-zerc impact loads are found for the rack-
to-wall elements; it is concluded at no impacts
between racks and walls are likely to occur during
& seismic event. This is confirmed by the Whole
Pool Multi-Rack analysis results in Section 6.8,

- NS

-~

.
+

Because of the «closely spaced racks, impact
protection 1s provided at the top corner of racks
at potential impact sites. While the nominal rack-
to-rack gap is used for calculation of hydrodynamic
effects, the gap elements at the corners of the
rack reflect the actual smaller gaps t!
present at the top corners and at t) e
level. These impact protection hard points ensure
that impacts, it they occur, will be above or below
the active fuel region. The results of the single
rack analyses, using the opposed phase motion of
adjacent racks, indicates that some rack-to-rack

impacts are to be expected. The whole pool
analysis confirms this. The design of these impact
protection sites 18 based on th highest
anticipated impact force from pre -ent and future
fue! loading scenarios and limits v.2 local stress
in the cell wall near the impact protection site tc

3
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6.7.1.2

Weld Stresscs

Weld locations subjected to significant seismic loading are at the
bottom of the sack at the baseplate-to-cell connection, at the top
of the pedestal support at .he baseplate connection, and at cell-
to~cell connrctions, Results from dynamic aiwlyses of single
racke are surveyed and maximum loading used to qualify the welds.

Welda

Reference [6.1.3] (ASME Code Section 111, Subsection NF)
permits, for the CECo FPaulted condition (FCBV) event, an
allowable weld stress t « ,42 Sy« A comparison of this
allowable value with the highest weld stress predicted
is given in Table 6.7.39. The highest predicted weld
Etress is less than the allowable weld stress value.

The weld between baseplate and support pedestal is
checked using limit analysiJ techniques [6.7.1). The
structursel weld at that location is considered safe if
the interaction curve between net force and moment is
such that:

G » runction(r/ry,u/ny) < 1.0

Fy, Hx are the limit load and moment under direst load
oxl¥ nd dire~t moment onll. These vaiues depend on the
configuration and on material yield strengths. ¥, M are
absolute values of actual force and moments applied to
the weld swction. The calculated valve of G for the
fodootal/bnscpluto weld is present.:| in Table 6.7.39 and
& less than the limit value of ..0. This calculated
value is conservatively based on instantaneous peak
loading, and veflects results obtained from bo:h single
end multi-rack analyses.

Cell-to-Cell Welds

Cell-to-cell connections are made by fillet welds along
the cell height. A total of 33* of lineal 1/16* fillet
weld in a maximum of seven connecting bars connect eacn
cell with its adjacent cell, Stresses in storage cell to
storage cell welds develop along the length due to fuel
assembly impact with the cell wall. This occurs if fuel
assemblies in adjacent cells are moving out of phase
with one another so that impact loads in twe adjacent
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cells are in opposite directions; this tends to separate
the two cells from each other at the weld. Table 6.7.39
gives results for the maximum allowable load that can be
transferred by these welds based on the available weld
area. An upper bound on the load reguired to be
transferred is also given in Table £.7.39 and is less
than the allowable load. This upper bound value is
obtained by using the highest rack-to-fual impact load
irom Table 6.7.2 (for any simulation), and multiplying
the result by 2 (assuming that two impact locations are
supported by every weld connection). Table 6.7.39 also
reports the stress in the lowest connecting bar which
develops due to the baseplate gross shear force.

6.8 Results fxom Whole Pool Multi-Rack Analyses

Tables 6.8.1 - 6.8.2 shov maximum corner abscolute displacements at
both the top and bottom of each rack in global x and y directions
(refer to Fig. 6.4.9) from two multi-rack runet., A random set of
t stion coafficients in the range of 0.2 - 0.4 with mean value of
0.5 are used. The input loadings are the governing earthguake
time~histories for Level C (UCBV), and for Level B (FCBV),
respectively. The maximum absolute displacement values are higher
than those obtained from single rack analysis. Thus, it appears
essential to perform Whole Pool Multi-Rack analyses to verify that
racks do not impact or hit the wall.

Figures €6.8.1 -~ 6.8.5 show the time-histories of rack-to-rack and
rack-to-wall gaps at typical locations (see Figure 6.4.9 for
locations). A survey of all rack-to-wall impact elements confirms
that there are no rack-to-wall impacts. Figures 6.8.3 - 6.8.5 show
typical gap time-histories around the wall. Figures 6.8.1 and
6.8.2 show typical rack-to-rack gap time-histories. The presence
of negative gaps is an indication of inter-rack impact at the top
corners. The maximum impact force values predicted by these impact
springs serves to size the impact protection plate. No real
physical meaning, other thin showing that the ipact has sccurred,
should be ascribed to the actual value of the negative
displacement.
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load does not exceed the American Concrete Institute [6.9.1) limit
on bearing pressures. Pedestal locations are set to avoid
overloading of leak chase regions under the slab. Time-history
22results from dynamic s‘mulations for each pedestal are used to
generate appropriate static and dynamic pedestal losds which are
then used to develop the bearing pad size.

Section 10 of [6.9.1] gives the design bearing strength .

fh = ¢ (.85 £.') €

where ¢ = .7 and f.' is the specified concrete strength for the
spent fuel pool. € = 1 except when the supporting surface is
wider on all sides than the loaued area. In that case, € =
(Ag/A;)‘s, but not more than 2. A; is the actual loaded area, and
A2 is an area greater than A; and is defined in [6.9.,1]. Using a
value of € > | includes credit for the confining effect of the
surrounding concrete.

Bearing , ds are sized so as to provide sufficient margin on
average bearing pressure. Table 6.9.]1 summarizes the limiting
result. Rack pedestal placement is such that no pearing pads
encroach on an existing leak chase. The result presented in Table
6.8.1 convcervatively reflects the instantane~~s peak pedestal
load. In reality, the ACI Code limits shou.i ' applied using
some lower “"effective static load defined by a time-averaging of
the dynamic load. Thus, our result has additional conservatism.

6.10 References for Section 6

(6.1.1) "OT Position for Review and Acceptance of Spent Fuel
Storage and BHandling Applications®, dated April 14,
1978, and January 18, 1979 amendment thereto.

[6.1.2] USNRC Standard Review Plan, NUREG-0BO00 (1981),

[6.1.3) ASME Boiler & Pressure Vessel Code, Section III,
Subsection NF, appendices (1989),.
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Table 6.3.2

CROSS~CORRELATION COBFFICIENTS OF THE SYNTHETIC
LEVEL C ACCELERATION TIME~HISTORIES FOR
LA SALLE UNIT 1 SPENT FUEL POOL SLAB

RESULTS OF COEFFICIENT OF CORRELATION
DATALl TO DATA2 = -4.453371E-02

DATAl TO DATA3 = ~1.967042E-02
DATAZ TO DATA3 = -4.879382E-03

NOTE: DATAL: LEVEL C SEISMIC ACCELERATION TIME-HISTORY IN
N~§ DIRECTION

DATA2: LEVEL C SEISMIC ACCELERATION /IME-HISTORY IN
E~W DIRECTION )

DATAl: LEVEL C SEISMIC ACCELERATION TIME-HISTORY IN
VERTICAL DIRECTION
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Table 6.4.)

DEGREES ~OF - FREEDOM
B!lp!lclﬂ.nt Rotation
Location Uy Uy U Oy by 6y
(Node )
M
1 P1 P2 P3 94 495 96
2 P17 P18 P19 g20 921 922

Point 2 is assumed attached to rigid rack at
the top most point.

2" P7 P8

3* P P10

¢ P11 P12

5* P13 P14

1t P15 P16

where:

Pi *  gi(t) + Up(t) i=1,7,9,11,13,15,17
= qi(t) + Ua(t) i=2,8,10,12,14,16,18
= qi(t) + Uz(t) i=3,19

Uj(t) are the 3 known earthquake displacements.
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Table 6.4.2 (continued)
NUMBERING SYSTEM FOR GAP ELEMENTS A%L FRICTION ELEMENTS

11. Exiction Elements (16 total)

Number = lNede Location Rescziption
1 Support §1 X direction friction
2 Support Sl Y direction friction
3 Support 82 X direction friction
4 Support 82 Y direction friction
5 Support 83 X direction friction
6 Support 83 Y direction friection
? Support §4 X direction friction
8 Support S§4 Y direction friction
9 8l X Slab moment
10 sl Y Slab moment
11 82 X S§lab moment
12 §2 Y Slab moment
13 83 X Slab moment
14 §3 Y Slab moment
15 sS4 X Slab moment
16 54 Y §lab moment
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Table 6.5.1

Young's Yield Ultimate
Modulus Strength Strength
Material E (psi) Sy (psi) S8y (pei)
304 8.8, 27.9 x 106 25,000 71,000
Section 111 Table Table Table
Reference 1-6.0 1«2.2 1«3.2
SUPPORT MATERIAL DATA (200°F)
Young'u Yield Ultimate
Modulus Strength Strength
Material E (psi) Sy (psi) Sy (psi)
SA-240, 27.9 x 108 25,000 71,000
Type 304
(upper part
of support
feet)
SA-564-630 27.9 x 106 106,300 140,000
(lower part
of support
feet; age
hardened at
1100°F)
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RESULTS OF SINGLE RACK ANALYSES

Table 6.7.1

List of All Runs

Holtec Rack ™ Fuel Fuel Loading —Selsmic Cosfflclent — WMotlsr™
Run 1.D. 1.D. I.D. Conditien Loading of Friction Mode
deiBXi7a.rf8 K GE #x8-C Fully Loaded Level ¢ 0.8 oppose

chan'led 255 cells phase
delsSxi7a.rf8 A GE 8x8~C Fully loaded Level ¢ 0.5 opposed
chan'led 255 cells phase
delSx17a.rf2 A GE 8x8~C Fully loaded Level C 0.2 opposed
chan'led 255 cells phase
delfxi7a.rh8 A GE Ax8~C Half loaded Level C 0.8 opposed
chan'led 127 cells phase
delSxl7a.rh8 A GE 8x8-C Half loaded Level C 0.5 opposed
chan'led 127 cells phase
delSx17a.rh2 A GE 8x8~C Half loaded Level ¢ 0.2 opposed
chan'led 127 cells phase
delSxl7a.re8 A GE 8x8~C * Empty * Level C 0.8 opposed
chan'led 15 cells phase
dclSxl7a.reS A GE 8x8~C " Empty * Level C 0.5 opposed
chan'led 15 cells phase
delbSxl7a.re2 A GE 8x8~C " Empty " Level C 0.2 opposed
chan'led 15 cells phase
delSxl7a.ufe A GE 8x8~C Fully Loaded Level C 0.8 opposed
uncha'ed 255 enlls phase
delSx17a.ufS A GE 8x8~C Fully loaded Level C 0.5% opposed
uncha‘ed 255 cells phase
delSxl7a.uf2 A GE 8x8~C Fully loaded Level C 0.2 opposed
uncha'ed 255 cells
delSxl7a.uh8 A GE ex8-C Half loaded Level C 0.8 opposed
uncha'ed 127 cells
dclSxl7a.uhS A GE 8x8~C Half loaded Level C 0.5 opposed
uncha'ed 127 cells
( to be continued )
6-42



Table 6.7.1 ( continued )

deiSxl7a.uh2 A GE 8x8~C Half loaded Level ¢ 0.2 opposed
uncha'ed 127 cells
declSxl7a.ue8 A GE 8x8~C " Empty * Level C 0.8 opposed
uncha'ed 15 cells phase
deilSxl7a.ueS A GE 8x8-C . llpt{ " Level C 0.8 opposed
uncha'ed 15 cells
deliSxi7a.ve2 A GE 8x8-C . lnpt{ . Level C 0.2 opposed
uncha'ed 15 cells
delsSxlef.rfe F GE 8x8~C Fully Loaded Level C 0.8 opposed
chan'led 270 cells phase
delSx16f.rfS F GE 8x8~C Fully loaded Level C 0.5 opposed
chan'led 270 cells phase
delSxief.rf2 F GE 8x8-C Fully loaded Level C 0.2 opposed
chan'led 270 cells phase
delSx18f.rh8 F GE 8x8-C Half loaded Level C 0.8 opposed
chan'led 135 cells phase
dulsSxlef.rhs F GE 8x8~C Half loaded Level C 0.5 opposed
chan'led 135 cells phase
delSx18f.rh2 F GE 8x8-C Half loaded Level C 0.2 opposed
chan'led 135 cells phase
dclSxl8f.red F GE 8x8-C " Enmpty " Level C 0.8 opposed
chan'led 15 cells phase
dclSxl8f.res F GE 8x8~C " Empty " Level C 0.5 opposed
chan'led 15 cells phase
declsxief.re2 F GE 8x8~C " Empty " Level C 0.2 opposed
chan'led 15 cells phase
dcoxlsk.rfs K GE 8x8~C Fully Loaded Level C 0.8 opposed
chan'led 162 cells phase
dco9x18k.res K GE 8x8-C Fully Loaded Level C 0.5 oppused
chan'led 162 ¢ lis phase
deoxlék.rfe K GE 8x8~C Fully Loaded Level C 0.2 opposed
chan'led 162 cells phase
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Table §.7.8

SUMMARY RESULTS OF 3~D SINGLE RACK ANALYSIS FOR RACK MODULE: Al1S5x17

Holtec Run 1.D.: deisxija.r
Fuel Assembly I.D. and Weight:
Fuel Loading: 127 cells loaded; Fuel centroid X, ¥Y:

ding: Level-¢
GE Bx8~C ]

eLlERIC
680.0 (1lbs.'
1.4,=26.7 (in.)

Coefficient of friction at the bottom of suppert pedestal: 0.2

SRevision: 3.46 §
Slogfile: Ci/racks/dynam0/dynam0.fov §
$Revision: 2.5 §
Slogfile: C:/racks/dynam0/dynasi.fov §
$Revision: 3.36 §
$logfile: C:/racks/dynam0/dynas2.fov §
DYNAMIC IMPACT LOADS (1bs.)
(1) Maximum total vertical pedestal load: 2423972.2
(2) Maximum vertical load in any single pedestal: 103189.2
(3) Maximum shear load in any single pedestal: 18945.1
(4) Maximum fuel-cell impact at one local position: 892.0
(5) Maximum rack-to-wall impact at baseplate: .0
(6) Maximum rack-to-wall impact at rack top: .0
(7) Maximum rack-to-rack impact at baseplate: .0
(8) Maximum rack-to-rack impact at rack top: .0
MAXIMUM CORNER DISPLACEMENTS (in.)
Location: X-direction Y-direction
Top corner: .0930 + 1923
Baseplate corner: L0468 1781
MAXTMUM STRESS FACTORS +
Stress factor: Rl R2 R} R4 RS R6 R7
Above baseplate: 036 012 . 081 083 121 <136 .014
Support pedestal: 218 049 «101 .082 .324 342 . 060

* See Section €.5.2.7 of the Licensing Report for definitiona.
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Table 6.7.11
SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: A15x17

Holtec Run I.D.7 dcisxida.res Selomic Loading! Level-t

Fuel Assembly I.D. and Weight: GE 8x.~C ! €680.0 (lbs.)
Fuel Loading: 15 cells loaded; FPuel centroid X,Y: +0,-50.2 (in.)
Coefficient of friction at the bottom of support pedestal: 0.2

SRevision:  1.4¢ %
$Logfile: Ci/racks/dynam0/dynam0.fov §
$Revisien: 2.5 §
Fuogtfile: C:/racks/dynan0/dynasl.fov §
SRevision: 3,36 §
$Logfile: C:/racks/dynam0/dynas2.fov §

“DYNAMIC IMPACT LOADS (1bs.)

(1) Maximum total vertical pedestal load: 52062.3
(2) Maximum vertical load in any single edestal: 25200.9
(3) Maximum shear load in any single pedastal: 5013.8
(4) Maximum fual-cell impact at one local position: 912.3
(5) Maximum rack-to-wall impact at baseplate: .0
(6) Maximum rack-to-wall impact at rack top: .0
(7) Maximum rack-to-rack impact at baseplate: 0
(8) Maximum rack-to-rack impact at rack top: .0
“MAXINUM CORNER DISPLACIMENTS (1n.)
Location: X-direction Y-direction
Top corner: 0344 . 0580
Baseplate corner: 0179 L0463
MAXIMUM STRESS TACTORS #
Stress factor: R1 R2 R2 R4 RS RE R7
Above baseplate: 008 003 021 .018 +037 042 . 003
Suppcrt pedestal:  .05)  ,014 ,026 .024 .080  .084 .016

* See Section 6.5.2.3 of the Licrnsing Report For definltions
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Table 6.7.12

SUMMARY RESULTS OF 3D SINGLE RACK ANALYSIS FOR RACK MODULE: Al15x17

Holtec Run 1.D.: deibxija . ufi “Selsmic Loading: Level=¢"

Fue!) Assembly I.D. and Weight: GE 8x8-~C } 600.0 (1lbs.)
Fuel Loading: 255 cells loaded; Fuel centroid X,Y: .0, «0 (in.)
Coefficient of friction at the bottom of support pedestal: 0.8

SRevision:  3.46 %

Slogfile: Ci:/racks/dynam0/dynamo.fov §
$Revision: 2.5 §

Slogfile: Ci:/racks/dynam0/dynasl.fov §
$Revision: 3,36 §

$Logfile: Ci/racks/dynam0/dynas2.fov §

~ DYNAVIC IMPACT LOADS (1bs.)

(1) Maximum total vertical pedestal load: 376328.0
(2) Maximum vertical load in any sirgle pedestal: 127294.1
(3) Maximum shear load in any single pedestal: 70796.3
(4) Maximum fuel-cell impact at one local pesition: 954.6
(5) Maximum rack-to-wall impact at baseplate: .0
(6) Maximum rack-to-wall impact at rack top: .0
(7) Maximum rack-to-rack impact at baseplate: .0
(8) Maximum rack-to-rack impact at rack top: .0
MAXTMUM CORNER DISPLACEMENTS (In.)
Locatior: X-direction Y-direction
Top corner: 1556 <1169
Baseplate corner: 0065 . 0041
MAXIMUM STRESS FACTORS #
Stress factor: R1 R2 R3 R4 RS Ré R7
Above baseplate: . 081 042 <120 +107 .190 2164 . 044
Support pedestal: 264 149 377 252 835 . 589 224

* See Section 6.5.2.3 ©f the Licensing Report for definitions.
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Table 6.7.34

SUMMARY RESULTS OF 3~D BINGLE RACK ANALYSIS FOR RACK MODULE: A15x17

Holtec Run 1.D.: dcisxi a.uf2 Seismic Loading: Leveli-C
Fuel Assembly I.D. and Weight: GE 8x8~C 3 600.0 (lbs.)
Fuel Loading: 255 cells lo wed; Fuel centroid X,Y: .0, .0 (in.)

Coefficient of fricticn at the bottom of support pedestal: 0.

$Revision: 43.46 §
$legfile: C:/racks/dynam0/dynam0.fov §
$Revisicn: 2.3 §
$Logfile: C:/racks/dynam0/dynasl.fov §
$Revision: 3.36 §
$Logfile: C:/racks/“ynam0/dynas2.fov §

DYNAMIC IMPACT LOADS (ibs.)

(1) Maximum total vertical pedestal load: 383149.6

(2) Maximum vertical load in any single pedmstal: 1208 :

(3) Maxinum shear load in any single pedestal: 23792.7

(4) Maximum fuel-cell impact at cne local position: 952.0

(%) Maximum rack-to-wall impact at baseplate: .0

(6) Maximum rack-to-wall impact at rack top: .0

(7) Maximum rack-to-rack impact at baseplate: .0

(8) Maximum rack-to-rack impact at rack top: .0
MAXIMUM CORNER DISPLACEMENTS (in.)

Lecation: X-direction Y-direction

Top corner: .1058 .1922

Basep :te corner: .0583 1226

MPXIMUM STRESS FACTORS w

Stress factor: Rl R2 R3 R4 RS R6 R7
Above baseplate: .052 .021 .114 .101 .186 «212 .024
Support pedestal: 251 . 067 «127 <114 «397- - .424 .075

* See Section 6.5.2.3 of the Licensing Report for definitions.
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‘SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: Al1S5x17

Table 6.7.1%

Holtec Run I1.D.: dciSxija.uhs —  Selsnlc Loading: Level-C

Fuel Assembly I.D. and Weight:

GE 8x8~C H

Fuel Loading: 127 cells loaded; Fuel centroid X,Y:

.Y (lbs.)

~<6.7 (in.)

Coefficient of friction at the bottom of support pedestal: 0.8

$Revision: 3.46 %

Slogfile: C:/racks/dynam0/dynam0.fov $
SRevision: 2.5 §

Slogfile: C:/racks/dynam0/dynasi.fov §
$Revision: 3.3¢ §

Slogfile: C:/racks/dynam0/dynas2.fov §

"DYNAMIC IMPACT LOADE (1bBs.)

(1) Maximum total vertical pedestal load: 207950.7
(2) Maxiasum vertical load in any single pedestal: 106936.1
(3) Maximum shear locad in any single pedestal: 618%92.6
(4) Maximum fue -cell impact at one local position: 952.9
(5) Maximum rack-to-wall impact at baseplate: .0
(6) Maximum rack-to-wall impact at rack top: .0
(7) Maximum rack~to-rack impact at baseplate: .0
(8) Maximum rack-to-rack impact at rack top: 171.6

MAXIMUM CORNER DISPLACEMENTS (1n.)
Location: X-direction Y-direction
Top corner: +1373
Baseplate corner: . 0098

MAXIMUM STRESS FACTORS #

Stress factor: Rl R2 R3 R4 RS R6 R7
Above baseplate: . 029 .038 .086 079 +119 «138 .020
Support pedestal: el 149 .256 .252 .559 .829 «152

* See Section 6.5.2.3 of the Licensing Report for definitions.
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Table 6.7.18

SUMMARY RESULTS OF 3~D SINGLE RACK ANALYSIS FOR RACK MODULE: Al5x1?

Holtec Run I.D.: dcibxija.ued “Seismic Loading: Levei=c
Fuel Assembly I.D. and Weight: GE 8x8~C } 600,0 (1bs.)
Fuel Loading: 15 cells loaded; Fuel centroid X, ¥Y: .0,-50.2 (in.)

Coefficient of friction at the bottom of support pedestal: 0.8

SRevision: 3.46 §
$Logfile: C:/racks/dynam0/dynam0.fov §
$Revision: 3«7 §
$lLogfile: C:/racks/dynam0/dynasl.fov §
$Revision: 3.36 §
$Logfile: Ci:/racks/dynam0/dynas2.fov §$

DYNAMIC IMPACT LOADS (lbs.)

(1) Maximum total vertical pedestal load: 53667.5
(2) Maximum vertizal load in any single pedestal: 38707.7
(3) Maximum shear load in any single pedestal: 23083.1
(4) Maximum fuel-cell impact at one local position: 967.8
(5) Maximum rack-to-wall impact at baseplate: .0
(6) Maximum rack-to-wall impact at rack top: .0
(7) Maximum rack-to-rack impact at baseplate: .0
(8) Maximum rack-to-rack impact at rack top: .0
MAXTMUM CORNER DISPLACEMENTS (in.)

Location: x-diriction Y-direction

Top corner: . 0685 .0801
Baseplate corner: .0057 . 0046

MAXIMUM STRESS FACTORS +

Stress factor: Rl R2 R3 R4 RS R6 7
Above baseplate: . 009 .008 .034 .028 .053 .061 .010
Support pedestal: .082 057 .089 . 096 .228 .254 .053

* See Section 6.5.2.3 of the Licensing Report for definitions.
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Table 6.7.23
SUMMARY RESULTS OF 3-D SINGLE

RACK ANALYSIS FOR RACK MODULE: K9x18

Holtec Run 1.D.: de9xl8k.rf2

Seismic Loading: Level=@

Fuel Assembly I.D. and Weight: GE 8x8~C { 680.0 (1bs.)

Fuel Loading: 162 cells loaded; Fuel centroid X,y: 9, .0 (in.)

Coefficient of friction at the bottom of support pedestal: 0.2

SRevision: 3.46 3§

$logfile: C:/racks/dynam0/dynam0.fov §
2.5 §

$Revision:

SLogfile: C:}rackl/dynanO/dynasl.fov S
$

SRevision: 3.36

$logfile: C:/racks/dynam0/dynas2.fov $

DYNAMIC IMPACT LOADS (1Bs.)

(1) Maximum total vertical pedestal load: 244480.7
(2) Maximum vertical load in any single pedestal: 100113.8
(3) Maximum shear load in any single pedestal: 19968.3
(&) Maximum fuel-cell impact at one local pesition: 871.2
(5) Maximum rack-to-wall impact at baseplate: .0
(6) Maximum rack-to-wall impact at rack top: .0
(7) Maximum rack-to-rack impact at baseplate: .0
(8) Maximum rack-to-rack impact at rack top: .0
MAXIMUM CORNER DISPLACEMENTS (1R

Locatien: X-directiecn Y-direction

Top corner: +1130 .1094

Baseplate corner: .0134 .0709%

MAXIMUM STRESS FACTORS *

Stress factor: R1 R2 R3 R4 RS R6E R7
Above baseplate: . 048 .020 154 .080 + 173 . 196 .023
Support pedestal: + 211 .050 . 104 .084 .31% -~ .338 .062

* See Section 6.5.2.3 of the

Licensing Report for definitions.
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 Table 6.7.25
SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS

FOR RACK MODULE: K9xi8

Holtec Run 1.D.: dcoxi8k.ThE “Seismic Loading: Level=c

Fuel Assembly I.D. and Weight: GE Bx8~C i 680.0 (1bs.)
Fuel Loading: 81 cells loaded; Fuel centroid X431 «0, 28.3 (in.)
Coefficient of friction at the bottom of support pedestal: 0.5
SRevision:  3.46 %
Slogfile: C:/racks/dynam0/dynam0. fov $
$Revision: ¢ $
SLogfile: C:/racks/dynam0/dynasl. fov $
SRevision: 3.36 §
$Logfile: C:/racks/dynam0/dynas2. fov $

~ DYNAMIC IMPACT LOADS [1Bs )
(1) Maximum total vertical pedestal load: 137211.9
(2) Maximum vertical load in any single pedestal:; 60458.1
(3) Maximum shear load in any single pedestal: 24744.2
(4) Maximum fuel=-cell impact at one local position: 875.6
(5) Maximum rack-to-wall impact at baseplate: .0
(6) Maximum rack-to-wall impact at rack top: .0
(7) Maximum rack~to-rack impact at baseplate: .0
(8) Maximum rack-to-rack impact at rack top: .0

MAXIMUM CORNEF DISPLACEMENTS [In. )
Location: X-direction Y-direction
Top corner: .1434 0847
Baseplate corner: .0032 .0026

MAXIMUM STRESS FACTORS #

Stress factor: R1 R2 R3 R4 RS Ré R7
Above baseplate: .02% .015 .099 .043 +106 «321 019
Support pedestal: 127 .044 <131 .074 244,267 .078

* See Section 6.5.2.3 of the Licensing Report for definitions.




Table ¢ 26
RY RESULT ; -D SINGLE RACK ANALSY FOR RACK MODUI Yoy
Holtec Run 1.D.: \.‘.:-r;..;r.l_ rhe Caging eV
Fuel ASS ly I.[ weight 2E BXxB~ 6 & }
Fue Loading 81l Cells loaded Fuel entroid X
efficient of friction at the botton { support pedestal
SRevision: 3.46 § '
SLOogTLfi1le 1 /racks/dyvnanm ivnan fov ¢
SRe 2. :
SLogfile . racks/dynanm 3y 1. fov 3
eLogfile: racks/dynan iynasz . foy S
"DYNAM] CT LOADS (1Dbs
Maximnum total vertical al ad ¢
p Maxinum vertica load any si le pedesta 4 .
M 1mum r load in ar single pedesta ] .
mum fui el Lmpact at e A DOS y
MaxXxinum racke-t wal.l ACT AL Dba A\t e
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Maximum r K=tOo=rack lmpact at i piate
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1 TMIM 2 . -
Stress factor ; R4 3 ' ;
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 Table 6.7.27

SUMMARY RESULTS OF 3-D SINGLE RACK ANALYSIS FOR RACK MODULE: K9x18

Holtec Run 1.0.: dcoxiBk.red ‘Selsmic Loading: Level-F
Fuel Assembly I.D. and Weight: GE 8x8~-C i 680.0 (lbs.)
Fuel Loading: 9 cells loaded; Fuel centroid X, ¥ 0, 83.4 (in.)

Cocfficient of friction at the bottom of support pedestal: 0.8

SRevision: 3.46 §

S$logfile: C:/racks/dynann/dynanm0,. fov §
$Revision: 2.5 §

$logfile: C:/racks/dynam0/dynasl.fov §
SRevision: 3.36 §

S$Logfile: C:/racks/dynam0,/dynas2.fov §

DYNAMIC IMPACT LOADS (1bs.)

(1) Maximum total vertical pedestal load: 32627.4
(2) Maximum vertical locad in any single pedestal: 16441.7
(3) Maximum shear load in any single pedestal: 11710.2
(4) Maximum fuel-cell impact at one local position: 902.8
(5) Maximum rack-to-wall impact at baseplate: .0
(6) Maximum rack~to-wall impact at rack top: .0
(7) Maximum rack-to-rack impact at baseplate: .0
(8) Maxirum rack-to-rack impact at rack top: .0
MAXTMUM CORNER DISPLACEMENTS [(1n.)

Location: X-direction Y-direction

Top corner: 0674 .C403
Baseplate corner: .0011 . 0011

——— e

MAXIMUM STRESS FACTORS +

Stress factor: Rl R2 R3 R4 R5 R6 R7
Above baseplate: .009% .004 .036 .016 .040 .046 . 0086
Support pedestal: .038 .022 . 063 . 037 100" .112 . 037

* See Section 6.5.2.3 of the Licensing Report for definitions.
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Table 6.7.28

SUMMARY RESULTS OF 3=D SINGLE RACK ANALYSIS FOR RACK MODULE: K9x18

Holtec Run 1.D.: dcoxi8k.res Seismic Loading: Level-C

Fuel Assembly I.D. and Weight: GE 8x8-C : 680.0 (1lbs.)

Fuel Loading: 9 cells loaded; Fuel centroid X,y: 0, 53.4 (in.)

Coefficient

of friction at the bottom of suppor® pedestal: 0.5%

$Revision:
SLogfile:
SRevision:
SlLogfile:
$Revision:
SLogfile:

3.46 §
C:/racks/dynam0/dynam0.fov §

2.5 §
C:/racks/dynam0/dynasl.fov $

3.36 §
C:/racks/dynam0/dynas2. fov $

(1)
(2)
(3)
(4)
(3)
(6)
(7)
(8)

Maximum
Maximum
Maximum
Maximum
Maximum
Maximum
Maximum

Maximua

DYNAMIC IMPACT LOADS (1ibs.’

total vertical pedestal load:

vertical locad in any single pedestal:
shear load in any single pedestal:
fuel-cell impact at one local position:
rack~to-wall impact at baseplate:
rack-to~wall impact at rack top:
rack-to-rack impact at baseplate:

rack-to-rack impact at rack top:

Location:

Top corner:
Baseplate corner: .0022 .0016

MAXIMUM CORNER DISPLACEMENTS (in.)

X=-direction Y-direction

.0622 .0384

MAXTIMUM STRESf FACTORS »

Stress factor: R1 R2 R3 R4 RS RE

Above baseplate: .009 . 006 .036 .014 .039 .044
Support pedestal: .036 .014 .03% .024 .071 .077

* See Section 6.5.2.3 of the Licensing Report for definitions.
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Table 6.7.39

COMPARISON OF CALCULATED AND ALLOWABLE LOADS/STRESSES
AT IMPACT LOCATIONS AND AT WELDS

_ Value
Item/Location Calculated Allowable
Fuel assembly/ 970. 3528.
cell wall impact,
lbs.

Rack/Baseplate weld 9204 29820
psi
Pedestal/Baseplate .845" 1.0
weld
(dimensionless
limit load ratio)
Cell/Cell welds 1940 lb. along 6588 lbs.
height for
impacts
2577 1b. for base
shear

Reflects limiting case of either single or multi-rack
analysis. Aiso, the result conservatively neglects effect of
pedestal gussets.
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Table 6.8.1

MAXIMUM ABSOLUTE DISPLACEMENTS OF RACK CORNERS

AT BOTH THE TOP AND BOTTOM OF EACH RACK
FROM WHOLE POOL MULTI RACK ANALYSIS

( 20 racks in the pool; cof.=random with mean=0.5;
Fully loaded with reg.fuel; Level-C seismic. )

rack uxt uyt uxb uyb
1 .5879E+00 .S602E+00 .2656E+00  .29931E+00
2 +4331E+00 «4335E+00 +1921E+00 .1645E+00
3 .4195E+00 .4719E+00 «2267E+00 +3792E+00
o .4037E+00 .3067E+00 +2637E+00 .2059E+00
5 .6641E+00 .4404E+00 +5063E+00 .4389E+00
6 .4858E+00 .33852E+00 +1764E+00 .2568E+00
7 .5589E+00 .6253E+00 +4927E+00 .5220E400
8 .5286E+00 «2956E+00 +3991E+00 . 1874E+00
9 +1196E+01 .5968E+00 +1202E+01 +6141E+00
10 .9648BE+00 .4538E+"0 .B878E+0Q0 +399BE+00
- 5§ . 7592E+00 .4347E+00 . 723BE+00 .4347E+00
12 . 7187E+00 .4705E+00 .6508E+00 .4343E+00
13 .7315E+00 .8103E+00 +4021E+00 + 7119E+00
14 .B767E+00 .4927E+00 .5160E+00 «3756E+00
15 .6008E+00 +3765E+00 .3907E+00 +.3201E+00
16 .5597E+00 «5122E+00 .4994E+00 .4628E+00
17 +7324E+00 .8415E+00 +4514E+00 . 7339E+00
18 .6161E+00 +3370E+00 .S0B7E+00 .2601E+00
19 .7499E+00 +7927E+00 .6522E+00 .6502E+00C
20 .6989E+00 .7682E+00 .4525E+00 .5690E+00
SRevision: 1.8 §
SLogfile: C:/racks/multirac/maxdisp.fov §
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MAXINUM PEDESTAL VERTICAL LOADS

Table 6.8.3

FROM WHLE POOL MULTI-RACK ANALYSIS

( Fully loaded vwith regular fuel;
Seismic: level-c; cof.=random.)

RACK AND MAX . FORCE TIME
PEDESTAL NO, lbs.
SATK=1:
i 1.482D+08 2.447D+00
2 1.525D+08% 1.178D+01
3 1.444D+08% 1.193D+01
K 1.337D+05% 7.099D+00
L 1.534D+058 B8.034D+00
RACK~2:
1 1.315D+98 1.235D+01
2 1.625D+08 1.193D+01
3 1.040D+05 3.541D+00
4 1.205D+08 1.223D+01
RACK=~13:
1 1.201D+08% 1.567D+01
2 1.515D+05 1.192D+01
3 1.2720+08 1.062D+01
B 1.356D+05 1,223D+01
RACK~4:
1 8.807D+04 1.227D+01
2 9.473D+04 1.193D0+01
3 1.377D+08% 1.089D+01
4 1.184D+05 1.602D+01
5 1.010D+08 1.177D+01
RACK=5:
i 1.327D+08% 1.587D+01
2 1,303D+05 1.193D+01
3 1,219D+08 8.032D+00
4 1.743D+08 1.108D+01
RACK~6:
1 1.428D+05 8.438D+00
2 1.049D+08 1.162D+01
3 1.054D+08 5.320D+00
B 1.517D+08 1,108D+01
RACK=7:
1 1.186D+05 8.435D+00
2 1.119D+08 1.389D+01
3 1.292D+05 $.314D+00
4 1.317D+05 1.108D+01



Table 8.8.3 (continued)




Table 6.8.3 (continued)

RACY ¢
(3 D+ ¢ !
[ 'Y ’
. i *0: .
i
1 10D+04 $
4 e D4D+0° . D+

RACH

\ BR2D+0 £ .
r [+ L:,, - " .
196D+0°F | . v
4 623D+0¢ 6D+

P } k
1.403D+0¢ i
, ER6D+( Y A D+
3 3 . |
15D+ . 6131
4 ’ '
4 ‘\,‘Al 4 ' B ] ’ »
RACK=19
. 1BOD+0" "<
A |
Fie\F 4
d A v A QLU+ V 4
’ 480D+ - 640 |
4 KT ! 4
“ 4 U+ 1 s .
RACK =2
VA & l'l’ ¢ (9 .
y 1 SOD+0F 1 D+
1.108D+0"
a 13 3 |
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a1
L« 4790D+0° ¢ ¢ '
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MAXIMUM PEDESTAL VERTICAL LOADS

Table 6.65.4

FROM WHLE POOL MULTI~RACK ANALYSIS

( Fully loaded with regular fuel;
Seismic: Level~B; cof.=random.)

. -

: < +ND MAX . FORCE TIME
’ﬁh .J“u ”o. 1”-
RACK-1:
1 9.686D+04 1.361D+01
2 1.045D+08 1.353D+01
3 6.598D+04 1.374D+01
4 9.513D+04 7.520D+00
5 7.327D+04 1.373D+01
RACK=-2:
1 9.074D+04 1,367D+01
2 9.027D+04 1.367D+01
3 6.196D+04 7.523D+00
4 8.161D+04 7.519D+00
RACK=3:
1 7.284D+04 7.433D+00
2 7.350D+04 1.528D401
3 8.828D+04 1.527D+01
4 1.004D+05% 7.515D+00
RACK~4:
1 6.5650+04 7.362D+00
2 7.058D+04 6.712D+00
3 6.768BD+04 6. 0OD+00
4 7.809D+04 7.:48D+00
S 6.3B1D+04 1.340D+01
RACK~S:
i B8.547D+04 1.J66D+01
2 8.342D+04 1.375D+01
3 6.844D+04 1.537D+01
4 6.821D+04 7.85818D+00
RACK~6:
1 7.319D+04 1.096D+01
b 9.705D+04 1.374D+01
3 $.901D+04 8.560D+00
4 6.715D+04 7.632D+00
RACK=7:
1l 7.273D+04 1.366D+01
2 7.139D+04 1.3730+01
3 7.469D+04 1.535D+01
4 8.307D+04 7.520D4+00
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Teable 6.8.4

6.951D+04
7.621D+04
5.936D+04
5.352D+04

1.039D+05
1.072D+05
9.073D+04
6.868D+04
6.570D+v "

1.163D+05
1.093D+05
7.961D+04
B8.397D+04

1.102D+05
7.821D+04
§.440D+04
9.227D+04

7.606D+04
8.254D+04
6.154D+04
5.875D+04

1.080D+08
8.591D+04
7.138D+04
7.941D+04

6.804D+04
9.156D+04
6.145D+04
5.908D+04

7.5495D+04
7.654D+04
6.452D+04
7.864D+04

1.366D+01
1.382D+01
6.759D+00
1.545D+01

1.361D+01
1.352D+01
8.082D+00
7.432D+00
7.432D+00

1.367D+01
1.353D+01
1.006D+01
1.414D+01

1.361D+01
1.354D+01
1.394D+01
7.520D+00

1.367D+01
1.373D+01
1.535D+01
7.354D+00

1.367D+01
1.367D+01
1.382D0+01
7.430D+00

1,360D+01
1.367D+01
1.538D+01
1.420D+0C1

1.367D+01
1.367D+01
8.762D+00
7.520D+00
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Table 6.9.1

AVERAGE BEARING PAD PRESSURE
COMPARISON OF CALCULATED AND ALLOWABLE STRESSES

STRESS (psll
Max. lLoad

Ead Size Aha) .  Salculated

Allowabls
15.0 x 15.0 217500

(no leak
chase)

(based on concrete
strength £, = 2000

psi)

factor € = 2
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7.4 Analvsis Of Welded Joints in Rack due to Isolated Hot
Cell

.

In this subsection, in-rack welded joints are examined under the
'ading conditions arising from thermal effects due to an isolated
hot c¢cell.

A maximum thermal gradient between cells will develop when an
isnlated storage location contains a fuel assembly emitting maximum
postulated heat, while the surrc\nding locations are empty. We can
nbtain a conservative estimate of wesld stresses along the length
of an isclated hot cell by considering a beam strip (a cell wall)
uniformly heated and restrained from growth along one long edge.
The strip is subject to a uniform temperature rise AT = 41.8°F.
The temperature rise has been calculated from the difference of the
maximum local water temperature and bulk water temperature in the
spent fuel pool. (see Tables 5.8.2 and £.8.4). Then, using a shear
beam theory, we can calculate an estimate of the maximum value of
the average shear stress in the strip (see Figure 7.4.1).

The final result for wall maximum shear stress, under conservative
restraint assumptions is given as [7.5.1):

E a AT

931
where a = 9.5 x 10® in/in °F and E = 27.9 x 10° psi.

Therefore, we cbtain an estimate of maximum weld shear stress in
an isolated hot cell as

Toma = 11900 psi



gince this is a secondary thermal stress, it is appropriate to
compare this to the allowacle weld shear stress for a faulted
event 1T < .428, = 29820 psi. In the fuel rack, this maximum stress
occurs near the top of the rack and does rnot interact with any
other critical stress.

7.5 References for Section 7

(7.3.1) "Strength of Materials", S.P. Timoshenko, 3rd
Edition, Part II, pp 194-197 (1956).

[7.5.1) "Seismic Analysis of High Density Fuel Racks,
Part III -Structural Design Calculations =
Theory", HI-89330, Revision 1, 1989,
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ANALXSIS OF SPENT FUEL POOL STRUCTURE
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cxiption of Spent Fuel Pool

@ La Salle spent - pol (SFP) is a stainless teel

3

1forced concrete ) in the La Salle Reactor Bu

Aad

tches of the pool ture are proviaed in Figures 8
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reinforced
both faces
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8.2 Codes. Standards and Specifications

The La Salle design basis codes were utilized in the analysis.
Consistent with the UFSAR [8.1), the concrete SFP structure was
evaluated using ACI 318-71 [8.2). ACI 349-85 [8.3) guidelines were
utilized for treatment of thermal effects.

The loads and load combinations used to evaluate the SFP and
supporting elements are consistent with the La Salle Design
Assessment Report [8.4) load combinations. In addition, the load
combinations meet or exceed the load combinations specified in the
La Salle UFSAR. Loads and load combinations are presented in
Section 8.5, and the resulting design margins are discussed in
Section 8.6.

8.3 Selsmic, Impact and Thermal Loads

Interaction between the high density fuel racks (HDFRs) and the SFP
is considered in the structural evaluation of the slab and walls.
The HDFRs may be completely or partially filled with spent fuel
assemblies to achieve the critical loading conditions. The loads
from the high density spent fuel racks based on dynamic time
history analyses, and the associated hydrodynamic loads, are used
to obtain pressure loads for the SFP static finite element
analyses.

The overall vertical and horizontal seismic and SRV loads on the
slab consider the effects of all pool contents including fuel
assemblies, racks and water. The seismic and SRV loads from the
water were determined by taking the water mass times the
appropriate vertical accelerations. The Level B and Level ¢
vertical response spectra are shown in Figures 6.3.9 and 6.3.12,
respectively. The vertical and horizontal forces acting on the
slab from the HDFRs were determined by taking the maximum value of
the sum of all pedestal forces at each time step in the pedestal

8-2



force time histories obtained from the whole pool

history analysis of the high density fuel racks.

ilcading on the slab is produced when al
loaded. The DYNARACK analysis method produces a
support pedestal/pool slab loadings i
pedestal lift-uff. These pedestal loads
ution of rack~to-bearing pad impact and therefore,
to apply empirical impact factors Other
involving partially loaded and empty racks re addres

Section 6.
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and the leak chase system. The liner, liner welds, and anchorages
have been assessed for the effects of horizontal forces from the

rack pedestals and have been found to be acceptable.

8.5 Loads and Load Combinations

Loads and load combinations for evaluation of the SFP are listed in
Table 8.3. These loads and load combinations envelop the crite
as delineated in the La Salle UFSAR [8.1) and the La Salle Design
Assessnent Report [8.4). Governing loads and locad combinations

re determined to calculate the controlling stresses. Thermal

wer
effects are considered in accordance with ACI 349-85, Appendix A

o

2

original design basis loads such as dead load, hydrostatic load,
and earthquake loads resulting from the overall selsmic analysis of
the Reactor Building were considered in the SFP evaluation. As
discussed in Section 8.3, hydrodynamic loads on the spent fuel pool

have been determined based on the lLa Salle design basls response

spectra. The dynamic loads were conservatively assumed to act in
phase when determining the maximum stresses 1in the pool. For

exanple, the peak rack seismic, pool water seismic and slab inertia

h
h

ects were all assumed to act downward on the pool slab at the

same Tim

]

8.6 Analygls Procedure

N

A Finite Element Method (FEM) analysis was utilized to investigate

the structural behavior of the entire pool A plot of the FEM
model 1s presented in Figure 8.5, The FEM analysis results were

used in concrete section analyses to determine reinforcing and

concrete stresses. These stresses were used to establish the

design margin in the pool and its

a
associated with the new high density fuel racks

(5
m

a




When excited by the various postulated dynamic events, the racks
are capable of producing vertical loads, horizontal friction loads
on the floor and horizontal fluid coupling forces on the walls.
The rack loads in the analysis wvere ireated as overall uniformly
distributed loads.

The local effect of the concentrated loads at the rack feet has
been determined to be within the allowable stresses for the
concrete fill slab.

The pocl temperatures of 128°F and 212°F vere considered as uniform
temperatures in the FEM analysis. Based on the guidel)ines of ACI
349-85, the cracked sc~tion properties of the Si™ walls were used
in the anal;ses. The effect of the thermal gradient through the
walls was then considered in the concrete section analyses.

Seismic shear forces in the pool walls were calculated in the
original La Salle design basis seismic analysis of the Reactor
Building. These shear forces have been included in the evaluation
of the SFP walls. Seismic input for the analysis of the Reactor
Building was based on the La Salle SSE ground motion acceleration
of 0.20g and OBE ground motion acceleration of 0.10g as specified
in the La Salle Updated Final Safety Analysis Report [8.1).

The FEM personal computer (PC) program, SAPS0 [8.6), was used for
the analysis of the SFP. SAP90 has been validated in accordance
with the appropriate quality assurance regquirements. Validation of
the program has shown that results produced by the program are
comparable to rssults from other FEM programs used to perform
safety~related finite element analysis of spent fuel pools. The
concrete SFP structure is modeled utilizing quadrilateral shell
elements.
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8.7 Conclusion

A finite element analysis has been performed to provide a
structural assessment to demonstrate that the spent fuel pool for
La Salle Station, Unit 1 can support new loads associated with the
installation of HDFRs. The stresses in the poel have been shown to
be well within the La Salle UFSAR allowables and the ACI J18~71
allowables demonstrating that the La Salle spent fuel pool is
capable of supporting the new rack and fuel loads.

8.8 References for Section 8

(8.1) La Salle Station Updated Final Safety Analysis
Report.

(8.2) ACI 318-71, "Building Code Requirements for
Rainforced Concrete," American Concrete Institute.

[8.3) ACT 349-8S, "Regquirements for Nucliear Safety~-
Related Structures," American Concrete Institute.

[8.4) La Salle Station Design Assessment Report, Revision
9, June 1981,

(8.5) "Dynanic Pressure on Fluid Containers", Nuclear
Rezctors and Earthguakes, TID-7024, U.S. Atomic
Energy Commission, August 1963.

[8.6) E. L. Wilson and A. Habibullah, "SAP90, A Series of
Computer Programs for the Static and Dynamic Finite
Element Analysis of Structures®, Computers and
Structures, Inc. Berkeley, California, July 1989.

(8.7) TEMCO/PC, Feinforced Concrete Sections Under
Eccentric Loads and Thermal Gradients, S&L Program
No. 03.7.255-1.0, dated June 1991.



TABLE 8.1
BUMNARY OF MAXIMUN RACK LOADS ON BFP

{ DEAD LOAD

; Submerged Rack and Fuel | 2.29 ksf
Assembly e e
VERTICAL LOAD ON SLAB e o T Ty -
Level S =t | 0.699 QF ‘
. evel B Spectrum e 02 697 KSF ) -
' Level C Spectrum N | 1.464 ksf

ad

| FRICTION ON SLAB

| Level B Spectrum | 0,74 ksf (N=S); 1.12 ksf (E-W)
R B —— e s S o e Vs A S

-~ o | o /%2 . \ ; : ry
_level C Spectrum | 1.19 ksf (N-S); 1.55 ksf (E=-W)
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FLUID COUPLING PRESSURE ON WALLS (MAXIMUM

e i« il S— i TR ———

Level B Spectrum | 0.43 ksf

— e —————————————— ———————————————
5 Level C S»Hectrum | 0.60 kst ,
TABLE 8.2
TEMPERATURE CONDITIONS

o= » SR I S T T LRI
| Normal Operating Temperature | 128°] |
| Sl <Gegipdie e —————— - T——
i \
| Accident Temperature | 212°F |
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TABLE 8.3
CRITICAL LOAD COMBINATIONS
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TABLE 8.4
SFENT FUEL POOL STRUCTURE
REINPURCEMENT TENPILE STRESS BUMMARY
FOR DESIGN BASIS LOAD COMBINATIONS

Bection Max Tensil gtress .ksi) ' _Dosiw: Kargin | Critical Load

(Note 4) Case ‘Wote 6)

. " - -

- See Figures 8.1 and 8.2 for section locations.
2. Tensile stress in horizontal steel for walls or in East-West
direction for steel in the SFP slab.

I 3. Tensile stress in virtical steel for walls or in North~-South
: direction for steel in the SFP slab.

4. Design Margin = Allowable Stress/Actual Stress

S, 2llowable stress in reinforcement = 0.90 Fy = 54 ksi

6. Sections 1 and 2 were controlled by load combinaticn 7

without thermal
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9.0 RARICOLOGICAL EVALUATION
.1 Fuel Handling Accident

ihe design basis fual handling accident (dropped assem:
described in Secticon 15.7.4 of the LSCS UFSAR The

o

involves a drop of a spent fuel assembly onto the reactor co:

the reactor vessel head is removed. Analysis of the Jn basis
fuel i based on the methodology giver il
o Y

NRC Standard Review Plan (SRP -

accordance with Regulatory Guide 1.25: a peaking factor of 1.¢

was appliled to the radionuclidic inventory of each damaged fuel

rod; 10% of the radiocactive iodine and 10% of the noble gasses 10%

for Kr-8¢ are assuned to be released from the damaged fuel rods
nt the poo water; 100% of the released noble gasses and 1 of
the released radiocactive iodines are assumed to exit the water and

become airborne in the secondary

within the secondary containment is released to the atmosphere over

<=hour perlod through the SGTS; SGTS exhaust filter removes 90%
°of the 1lodines. The number of fuel rods damaged Dy the dropped
issembly was calculated based on the kinetic energy of the falling

fuel assenmbly on the number of fuel assemblies impacted, and the
minimum impact energy reguired to result in cladding faillure

radiologica. consequences of the accident were determined to be
well withln 10CFR100 limits

Ir severit e raglological nsegquences 0f a fuel handling
iccident 1in the spent fuel storage poc rating a higrl
‘énsity storage configuration, would not exceed that due to the
JésSign Dbasls analysis addressed in Section 1 - f the LSCs
FSAF AS such, the fuel handling accident analvsis presented 1
che LSCS UFSAR remains valid




9.2 Gaseous Releases

The LSCS - 1 spent fuel racks are currently authorized to store
approximately one-and-a-half full cores. The proposed expanded
capacity racks can accommodate more than five full core loads. To
evaluate the radiological impact of the existing pool arrangement,
it is assumed to contain one full core of newly removed spert fuel
assemblies with the remaining storage spots (316) occupied by fuel
which has been stored for one year or more. The proposed new
storage zrrangement will permit the storage of fuel assemblies as
above, plus more fuel assemblies that are much older. Table 9-1
illustrates the age of the fuel assemblies that can be stored in
the current poo. vs. the new proposed pool arrangement with a
refueling discharge of 256 fuel assemblies per refueling.

It is important to note that the difference between the
radiclogical impact for the currently authorized storage pool
capacity and the expanded storage pocl capacity is attributable to
the presence of the additional aged spent fuel in the expanded
capacity racks.

The aged spent fuel in the expanded capacity racks will not contain
significant amounts of radiocactive iodine or short-lived gaseous
fission products, since these would have decayed during the storage
period. Based on the information in Reference 1, Krypton-85 that
might escape from defective fuel assemblies has been shown to do so
qu. ;kly (i.e., within a short time after discharge from the core).
Further, the residual Kryptcon-85 will be contained within the fuel
pellet matrix and hence, any leakage would occur at very low rates.

Based on this information, the only significant gaseous
radicnuclide remaining in the old spent fuel is Kr-85. The release
rate of this nuclide from old spent fuel is negligible. Therefore,



the addition of two or more vear old spent fuel to the po
expected To have any sicnificant impact on airborne releases

the station.

20414 Radvaste

& survey (Reference 2) of spent fuel storage pool experience,
lohnson, at Battelle Pacific Northwest Laboratories, has shown that

5

typical concentrations of radionuclides in spent fuel pool wate:

" ' 3
range from 10 wCi/ml, or  , 1( uli/mi with the higher value

assoclated with refueling operation. Ilsotopic measurements of the
nuclides confirz that a major fraction of the radionuclide activity
in the spent fuel pool water results from activated corrcsior
products dislodged from fuel element surfaces during refueling
perations or carried into the spent fuel pool water (with sone
Lission=product radionuclides) by mixing the pool water with

imary systenm wvater during refueling. These sources of storage
radionuclides depend upon the fregquency : refueliing
ions and are basicrlly independen*t of the total number of
fuel assemblies in storage.

»

Once fvel~handl’'ng operations are completed, the mixing ecf pool
water .JI1th pr.aary system water ceases and these sources of
radionuclides decrease significantly; only dissolution of fission-
products absorbed on the surface of fuel assemblies and low erosion
-evels °f corrosion product (crud) depositions remain. These,
nowever, are removed through the operation of the fuel pool cuwoling
and cleanup system. With aged fuel (5 or wore years of storage)

neicher of these latter Jources would be expected to contribute

icantly to the concentrations of radionuclides in the storage




This is further supported by measurements of the peincipal
radionuclide ~oncyitrations made in both Quad Cities (Q7) spent
fuel storage pocls during reactor operation (Reference 3). As
shown in Table 9~2, the pool vater radionuclidc concentrations are
not sig.ificantly affected by the number of spent fuel assenblies
stored in the pocl; over three (3) times as many spent fuel
assemblies are stored in the QC Unit 1 pool as in the QC Unit 2
peol, but both pools have essentially the same Cs~134, Cg=137 and
Co~60 radionuclide concentrations. This observation lends
credibility to the expected low contribution from aged spent fuel
ir storage,

Similar measurements made at the Dresden Unit 2 pool (which is
similar to the Quad Cities pool) indicated that the contribution,
if any, frow aged spent fuel will be very small or negligible in
comparison to the higher activity levels (especially during
refueling) of freshly discharged spent fuel assemblies, The
Dresden measurements also shev that the higher radionuclide
concentrations that are measured during refueling operations
drovped rapidly (within 2 mcnthe) ve near the pre~fueling levels
even ..aough the pool contained the veshly discharged spent fuel
removed from the reactor.

In view of the above, it is concluded that the additional storage
capacity of the expanded spent fuel pool will not measurably alter
the currently approved radiological impact or impose any
significant additional burden on the cleanup systens as a result of
corrosion~product radionuclides or fission-produc* carry-over from
the primary system during refueling operations.

Operation of the cleanup demineralizer system and freguency of
resin replacement is determined primarily by requirements for water
clarity rather than the loading of fission product radionuclides.






the poel would be less than 1| mrem/hr. For up to two weeks
following discharge, the dose rates in a fev areas around the pool
may be in the range of 1 t~ 2.5 wmrem/hr. Based on these
conservative calculations, the areas affected are: the storage
area north of the pool, access corridors west of the pool at
elevation 807 feet 0 inches and 820 feet 6 inches, and the
eguipment removal areas east of the pool at elevation 807 feet 0
inches and 820 feet 6 inches. The effect on personnel exposure is
expected to be negligible,

The dose rates above the pool due to direct radiation shine from
the stored spent fuel were calculated to be less than 1 x 10
mrem/hr.

Based on industry experience (Reference 2), LSCS~1 pool water is
expected to have a radionuclide concentration of approximately 10"
uCi/ee. The addition of two or more year old aged spent fuel
should have no significant impact on the radionuclide concentration
in the water. Therefore, the activity in the fuel poocl water due
to spent fuel storage within the expanded storage capacity will not
impact the dose rates in t o vieinity of the fuel pool.

It can also be concluded from the trend seen in Figure 9~1 that the
presence of additional spent fuel, which would be at least one-year
old, will have no significant impact on the dose rates to areas
surrounding the pool. Therefore, it is concluded that the
increased spent fuel storage capacity and new rack arrangements do
not have any adverse effects on the in-plant radiation ievels,







racks to the Unit 1 spent fuel storage pool and lover them into the
pool. When the storage racks are positioned and leveled in the
pocl, the final check and tests, if any, will be completed. The
Unit 1 spent fuel elements temporarily stored in the Unit 2 pooil
will then be transferred undervater through the spent fuel cask
storage pit and transfer canals to the Unit 1 pool, as desired.

For the purposes of estimating exposure, the reracking operation is
broken into three tasks. The first is the undervater
decontanination and disassembly of the existing racks. The secund
task is the packaging and preparation for shipment of the racks
removed from the pococl. The last task is the Installation of the
new racks. The dose received by workers transferring the spent
fuel assemblies to the 1 it 2 spent fuel pool and back inte the
Unit 1 pool is expected to be small because this operation will be
similar to a normal refueling operation.

The estimated exposure associated with the Unit 1 rerwcking for
high density storage is less than 10 men-rem., This es.imate is
based on the Unit 2 reracking, which resulted in a total exposure
of 11.1 man~renm (6.5 man~rem for undervater operations, 3.7 man~rem
for packaging and 0.9 man-rem for installation). The expoture
during Unit 1 reracking is expected tc be less than that acquired
during Unit 2 reracking, because experience gained from the Unit 2
reracking job will be incorporated into job planning for Unit 1
reracking. Additiunal measures are being taken to minimize the
dose which will result from Unit 1 reracking (e.g., the Unit 1
spent fuel storage pool was vacuumed in February 1992, in order to
reduce radicactive crud deposits).



9.6 References for Section 9
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TABLE §~-1

EXISTING VERSUS PROPOSED SPENT FUEL STORAGE POOL CAPACITY

Age of Fuel (Years) Existing Racks
0 764
1 256
2 60
3 -
4 -
5 -
6 -
7 -
I -
9 -
10 -
11 -
12 -
13 -

Total 1080
9=10

New Propogsed Racks

764
256
256
256
256
256
256
256
256
256
256
256
256
150

3986



TABLE 9+2

OBSERVED RADIONUCLIDE CONCENTRATIONS IN
SPENT FUEL STORAGE POOL WATER
(Both Units Operating)

AT

01
WAL
s ¥

Bpent Fuel
Asseanblies
Date Ab_Foel

QC Unit 1
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10.0 BORAL BURVEILLANCE PROGRAM

10.1 Eurpose

Boral™, the neutron absorbing material incorporated in
the spent fuel storage rack design to assist in controlling system
reactivity, consists of finely divided particles of boron carbide
(B,C) uniformly distributed in type 1100 aluminum powder, clad in
type 1100 aluminum and pressed and sintered in a hot-rolling
process. Tests simulating the radiation, thermal and chemical
environment of the spent fuel pool have demonstrated the stability
and chemical inertness of Boral (References 1 - 3). The accumu~
lated dose to the Boral over the expected rack lifetime is
estimated to be about 3 x 10 to 3 x 10" rads depending upon how
the racks are used and the number of full-core off-loads they may
experience. Based upon the available information, Boral is
considered a satisfactory material for reactivity control in spent
fuel storage racks and is fully expected to fulfill its design
function over the lifetime of the racks. Nevertheless, it is
prudent to establish a surve. 'lance program to monitor the
integrity and performance of Boral on a continuing basis and to
assure that slow, long-term synergistic effects, if any, do not
become significant. Furthermore, the April 14, 1978 USNRC letter
to all power reactor licensees (Reference 4), specifies that

"Methods for verification of long-term
material stability and mechanical integrity of
special poison materials utilized for neutron
absorption should include actual tests."

The purpose of the surveillance program, is %o
characterize certain properties of the Boral with the objective of
providing data necessary to assess the capability of the Boral
panels in the racks to continue to perform their intended function.

10 = 1
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The surveillance program should also be capable of detecting the
onset of any significant degradation with ample time to take such
corrective action as may be necessary.

The Boral surveillance program depends primarily on
representative coupon samples to monitor performance of the
absorber material. The principal parameters to be measured are the
neutron attenuation (to monitor for the continued presence of
boron) and the Boral thickness (to monitor for possible swelling).

Whilyv degradation is not expected, should the measured
parameters suggest possible degradaticn of the Boral, additional
coupons may then be tested. Should these additional tests confirm
degradation, an engineering evaluation will be undertaken to define
the magnitude of the problem, if any, and prudent corrective action
taken. Provision is also included to augment the coupon
measurement program by in-situ testing (Blackness Tests) as
required in the event significant degradation may be indicated by
the coupon measurenents.

10.2 COUPON SURVEILLLANCE PROGEAM

The coupon measurement program includes coupons suspended
in a high radiation area of the storage pool. Coupons will be
removed for testing on a predetermined schedule and certain
physical and chemical properties measured from which the stability
and integrity of the Boral in the storage cells may be inferred.
Each surveillance coupon (12 in number) will be mounted in
stainless steel jackets, simulating as nearly as possible the in-
service gecometry, physical mounting, and materials representative
of the environment of the Boral in the storage racks. 1) coupons
will be positioned axially within the central 8 feet of ‘“he fuel
zone where the gamma flux is expected to be reasonably uniform.

10 - 2




The coupon msasurenent

physical properties of the
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By locating the ccupons in an area of higher gamma flux,
the coupons will be exposed to a higher radiation dose than the
Boral in the racks. Evaluation of the coupons removed will provide
information of the effects of the radiation, thermal and chemical
environment of the pool and by inference, comparable information on
the Boral panels in the racks. Over the duration of the coupon
testing program, the coupons will have accumulated more radiation
dose than the expected lifetime dose for normal storage cells.

Some coupons may optionally be returned to the storage pool. They
will then be available for subsequent investigation of defects,
should any be found.

10.3 survelllance Coupen Acceptance Criteria

Of the measurements to be performed on the Boral surveil-
lance coupons, the most important are (1) the neutron attenuation
measurements (to verify the continued presence of the boron) and
(2) the thickness measurement (as a monitor of potential swelling).
Acceptance criteria for these measurements are as follows:

© The Boron~10 content, as determined by neutron
attenuation, shall not be more than 5% below
the design basis B-10 loading, including
analytical uncertainties. (The design basis
tolerance in the criticality analysis is 2
8Y) .

© An increase in thickness at any point shall
not exceed 10% of the initial thickness at
that point (ie, approximately twice the
tolerance in thickness).

Changes in excess of either of these two criteria reguires
investigation and engineering evaluation which may include early
retrieval and measurement of one or more of the remaining coupons

10 - 4



to provide corroborative evidence that the indicated change(s) is
real. If the deviation is determined to be real, an engineering
evaluation shall be performed to identify further testing or any
corrective action that may be necessary.

The remaining measurement parameters serve a supporting
role and should be examined for early indications of the potential
onset of Boral degradation that would suggest a need for further
attention and possibly a change in measurement schedule. These
include (1) visual or photographic evidence of unusual surface or
edge deterioration, (2) unaccountable weight loss in excess of the
measurement accuracy, or (3) significant change in the observed
specific gravity.

10.4 in=Service Inspection (Blackness Tests)

In-service inspection involves directly testing the Boral
panels in the storage racks by neutron loqqing' (sometimes called
"Blackness Testing"). This technigue is able to detect areas cf
significant boron loss or the existence of gaps in the Boral, but
cannot determine other physical properties such as those measured
in the coupon program.

Normally, Blackness testing should not be needed.
However, in the event that the surveillance coupon program shows a
confirmed indication of degradation, blackness testing may be one
of the technigues employed to investigate the extent of
degradation, if any, in the racks.

Neutron logging, is a derivative of well-logging methods
successfully used in the petroleum industry for many
years.

10 = §



10.5

(1)

(2)

(3)

(4)
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the "OT Position for Reviev and Acceptance of Spent Fuel
Storage and Handling Applications", April 14, 1978
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11.0 ENVIRONMENTAL COST/BENEFIT EVALUATION
11.1 intreoduction

This section addresses the NRC informational needs for an
environmental cost/benefit assessment, as is expressed within
Section V of the USNRC OT Position paper entitled "Review and
Acceptance of Spent Puel Storage and Handling applications",
transmitted via Generic letter dated April 14, 1978.

In addition, this section summarizee the evaluations and analyses
which were performed by Commonweal:h Edison prior to the selection
of reracking as the preferred option for expansion of the La Salle
Unit 1 spent fuel storage capacity. A discussion of the relative
merits associated with each category of technically viable spent
fuel storage alternatives is also presented below.

11.2 Need for Increased Storage Capacity
1..2:1 Historical Perspective

All domestic nuclear plants were originally designed and
constructed under the assumption that fuel reproucessing would
become available for commercially-generated spent nuclear fuel. As
a result, the s,ent fuel pools were designed to accommodate a very
limited inventory.

However, fuel reproceasing services did not become generally
available to the industry. As a result, the need toc expand wet
pool storage capacity arose, since it has only been in recent years
that the new dry storage technologies have emerged. Therefore,
many plants backfitted their spent fuel storage pools with
stainless steel racks containing no neutron absorbing materials,
but possessing a closer interspacing between individual spent fuel
storage cells.
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La Salle Station evaluations have indicated that on both a
programmatic as well as economic basis, the installation of high
density spent fuel storage racks within the La Salle Unit 1 pool is
by far the preferred option. Expansion of wet pool storage
capacity via high density rack .nstallation has for all practical
purposes become the industry convention. Wet storage of spent fuel
assemblies is certainly the most common method utilized by the
nuclear industry, and many years of operating experience have
demonstrated that wet storage provides excellent performance in
terms of long term fuel integrity. 1In addition, wet storage of
spent fuel reflects the least extent of fuel handling operations.

Furthermore, evaluations for La Salle Station have indicated that
the addition of high density spent fue) storage racks offers the
most favorable economic profile. The rerack of the La falle Unit
1 spent fuel pool will provide 2,949 more storage cells beynnd the
current capacity of 1,080 spaces. In terms of the egquivalent dry
storage capacity, this incremental increase of 2,949 storage spaces
corresponds t> approximately a) 54 vertical concrete silos or b) 56
extra large mital casks or NUHOMS horizontal concrete silo modules.
Overall the La Salle Unit 1 spent fuel pool rerack option is less
than cnu~third the cost oi the most econonical dry storage option.

In addit.on, we note that while an industry demonstration of BWR
fuel 10d c:oisolidation has not yet been completed, CECo economic
evaluations have projected these costs (the present value of
revenue requirements) are very nearly eguivalent to the cost of the
most economical dry storage option.

For La Salle Unit 1, the installation of free-standing high density
spent fuel storage racks with neutron absorbing materials is
clearly more economical than any other available option, given the
absence of both federal storage and commercial fuel reprocessing.
It is clearly the most prudent direction to take in order to expand
the at-reactor storage capability for La Salle Station. Storage
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proQilicno must be provided in order to avert unit shu.dovn, at a
cost of over $1 Million per day, as we.l as to resain eligibility
for the Federal laterim Storage Program urder NRC guidelines.

11.2.4 La _Salle-Specific Needs

La Salle Station was originally constructed with a combined sp: “t
fuel storege capacity of 2,160 assemblies to se-ve both La Sz2lle
Units 1 and 2. 1In 1987, the La Sall. Unit 2 spent fuel pool was
modified to feature high density racks with a storage capacity of
4,073 spaces. However, 63 cells near the periphery of the La Salle
Unit 2 pool are inaccessible due to physical interferences located
above then. Therefore, La Salle Unit 2 has a current usable
capacity of 4,010 available cells, and combined, the twe La falle
units currently have a total of 5,090 accessible spent fuel storage
cells.

Based upon the 192 average number of assemblies in ~eload for each
reactor core with an 18-month operating cycle basis, it is
projected, given the current usable storage capacity of ~ 090 cells
for the interconnected pools, that La Salle Station will lose full
core offload capsbility in the year 2002.

However, given that the La Salle Unit 1 fuel pool was originally
fitted with only 1,080 storage spaces, which was sufficient for the
first 7 1/2 years of operation, La Salle has been forced to store
Unit 1 spent fuel within the Unit 2 storage pool. The very limited
storage capacity in the Unit 1 spent fuel pool has led to
additional fuel handling operations to acrommodate the storage of
the Unit 1 fuel.

The La Salle Unit 1 rerack will provide a total of 8,059 spent fuel
storage spaces among the two La Salle spent fuel storage pools.
After the La Salle Unit 1 is fitted with the high density spent
fuel storage racks, it is projected that a loss of full core
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