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It is noted that the pioposed reracking effort will increase the
number of licensed storage locations to 3613 and, as indicated in
Table 1.1.2, will extend the date of loss of full core discharge
capability through the year 2008. Table 1.1.3 presencs key
comparison data for existing and proposed rack modules for Donald
C. Cook.

The new spent fuel storage racks are free-standing and self
supporting. The principal construction materials for the new
racks are SA240-Type 304 stainless steel sheet ard plate stock,
and SA564-630 (precipitation hardened stainlces steel) for the
adjust- able support spindles. The only non-stainless mater.al
utilized in the rack is the neutron absorber material which is
boron carbide and alurinum-composite sandwich available under the
patented product name "Boral".

The new racks are designed and analyzed in accordance with Section
I1I, Division 1, Subsaction NF of the ASME Boiler and Pressure
Vessel (B&PV) Code. The material procuremant, analysis, and
fabrication of the rack modules conform to 10CFR S50 Appendix B
requirements.

This Licensing Report documents the design and analyses performed
to demonstrate that the new spent fuel racks satisfy all governing
requirements of the applicable codes and standards, in particular,
*"OT Position for Review and Acceptance of Spent Fuel Storage and
Handling Applicat.»ns", USNRC (1978) and 1979 Addencum thereto.
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RACK MODUL

1TEM
Nuuber of cells

Number of modules
Neutron Absorber

(Nom.) cell pitch, inch

(Nom.) cell opening
size, inch

Table 1.1,

A\TA, EXISTING AND

3

EXISTING RACKS

2050
20
Boral

10.5"

8.884

1-9

*

-

0.124

PROPOSED RACKS

FROPOSED RACKS

*

3616

Include three triangular corner storage cells.

s



2.0 MORULE DATA
2} syncpsls of New Modules

The Donald C. Cook spent fuel pool consists of a 19'«] 9/16"
$8'«3 1/8" rectangular pit with a 10'«4" x 10'=6" srace designated
for cask handling operations. The pool is connected to the fuel
transfar canal through a weir gate on the West wall. This gate is
normally closed.

At the present time, the Donald C. Coock pocl contains medium

density racks with a 10.5" nominal assembly center-to-centet

pitch. There is a total of 2050 storage cells in the | le Thi
are two sizes of modules, 10x10 and 10x11. The 10x! rr
weighs 33,800 1lb. and the 10x11 module weighs 17,200 lb.

Figure 2.1.1 shows the module layout for the Donald C. Couk p
after the proposed reracking campaign. As shown in Figure 2

and tabulated in Table 2.1.1, there are twenty-thre. acks
containing a total of 3613 storage cells with a 8.97" norinai
piteh.

The essential cell data for all storage cells is given in Table
2.1.2. The physical size and weight data on the modules may be
found in Table 2.1.3. In summary, the present reracking
application will increase the licensed storage capacity of the
Donald C. Cock pool from 2050 to 3613 cells.

2.2 Mixed Zone Three Region Storage (MZTR):

The high density spent fuel storage racks in the Donald C. Cook
pool will provide storage locations for up to 3613 fuel
assamblies and will be designed to maintain the stored fuel,
having an initial enrichment of up to & wt% U~23%, in a safe,
coolable, and subcritical configuration during normal discharge

and full core offload storages and postulated accident conditions.



All rack modules for Donald C. Cook spent fuel poecl are of the so~
called "free-standing" type such that the modules are not attached
to the pool floor nor do they require any lateral braces or
restraints. These rack modules will be placed in the pool in
their designated locations using a specificilly designed lifting
device, and the support legs remotely leveled (using a telescopic
removable handling tool) by an operator on the fuel handling
bridge. The leveling operations are done when the support legs are
lifted off the floor. Except for the crane, no additional lifting
equipment is needed while leveling is being performed.

As described in detail in Section 3, all modules in the Denald C.
Cook pool are of "non-flux trap" construction. However, the module
baseplates extend out by 7/8" (nominal), such that the nominal gap
between the adjacent walls of two neighboring racks is 2" (nom.).
Thus, although there is a single screen of neutron absorber panel
between two fuel assemblies stored in the same rack, there are two
poison panels with a water flux trap (2" wide) between them for
fuel assemblies located in cells in two facing modules, Out of
these flux trap locaticns, and peripheral cell locations (cells
adjacent to pool walls) a certain number of storage cells are
designated for storing fresh fuel. 1In addition, as described in
Section 4, a certain number of interior cells in each rack are
designated for storing fresh fuel of 5% wt. U-235 (max.)
enrichment. In this manner, a sufficient number of locations
without any burnup restriction (Fegion I cells) are identified to
enable unrestricted full core offload of the Donald . Cook
reactor in the spent fuel pool. These so-called Region I cells are
identified in Section 4 of this report. The remaining storage
cells have &enrichment/burnup restrictions. Appropriate
restrictions on the enrichment/burnup of the stored fuel in Region
I1 and Region III cells are presented in Section 4.

2=2



Eazh rack module is supported by at least four legs which are
remctely adjustable. Thus, the racks can be made vertical and the
top of the racks can easily be made co-planar with nach other.
The rack module support legs are engineered to accommodate
variations of the pool floor. The support legs also provide an
under rack plenum for natural circulation of water through the
storage cells. The placement of the racks in the spent fuel pool
has been designed to preclude any support legs from being located
over existing obstructions on the pool floor.

The Donald C. Cook racks are subjected to mandated seismic
loadings per the plant UFSAR., The Design Basis Earthquake (DEE)
and Operating Basis Earthquake (OBE) seismic rosponse spectra are
proevided and synthetic time histories are generated. These
acceleration time histories are applied as inertia loads (see
Section 6.3).

Under these seismic events, the rack modules have four designated
locations of potential impact:

(1) Support leg to bearing pad

(ii) Storage cell to fuel assembly contact surfaces
(1i1) Baseplate edges

(iv) Rack top corners

The support leg to pool slab bearing pad impact would occur
whenever the rack support foot lifts off the pool floor during a
seismic event. The "rattling® o¢f the fuel assemblies in the
storage cell is a natural phenomenon associated with seismic
conditions. The baseplate and rack top corners impacts would
occur if the rack modules tend to slide or tilt towards each other
during the postulated DBE or OBE seismic events. Section 6 of this
report presents the analysis methodology and results for all three
locations of impact, and establishes the structural integrity of
the racks under the lcad combinations specified for plant

conditions required by the NRC.

2-3
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rardomly selected coupons ¢! Boral panels fromr production runs are
subjected to swelling test checks to preclude any possibility of
swelling of Boral.

Boral is manufactured by AAR Brooks & Perkins under the control
and surveillance of a computer-aided Quality Assurance/Quality
Control Program that conforms to the requirements of 10CFRSO
Appendix B, "Quality Assurance Criteria for Nuclear Power Plants
and Fuel Reprocessing Plants®". As indicated in Table 2.3.1, Boral
has been licensed by the USNRC for use in numercus BWR and PWR
spent fuel storage racks and has been extensively used in overseas
nuclear installations.

: Y abda

Aluminum: Aluminum is a silvery-white, ductile metallic element
that is abundant in the earth’'s crust. The 1100 alloy aluminum is
used extensively in heat exchangers, pressure and storage tanks,
chemical equipment, reflectors and sheet metal work.

It has high resistance to corrosion in industrial and marine
atmospheres, Aluminum has atomic number of 13, atomic weight of
26.98, specific gravity of 2.69 and valence of 3. The physical/
mechanical properties and chemical composition of the 1100 alloy
aluminum are listed in Tables 2.3.2 and 2.3.3.

The excellent corrosion resistance of the 1100 alloy aluminum 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 pHE range of 4.5 to 8.5.

2-6









seminar will wutilize videotaves of the actual
lifting and upending rigs on typicesl modules to
be installed in the pool. Every crew member will be
required to pase a written examination in the use
of lifting and upending apparatus adm/nistered by
the rack designer.

(ix) Referring to Figure 2.1.1, it is noted that the
fuel handling bridge crane cannot access storage
cells facing the east wall and several locations in
the scuthwest corner. Therefore, it will be
necessary to load the inaccessible celle with fuel
when the rack is staged a certain distance
(approximately 20 inches) from the pool wall.
Having loaded these cells, the module will be
lifted approximately 4 inches above the poul liner,
and laterally transported to its final designated
locations. A fuel shuffling and rack installation
sequence has been developed to ensure that all
heavy load handling criteria of NUREG-0¢12 are
satisfied. The rack handling rig is designed with
consideration of the rack mcdule weight along with
the contained fuel assembly mass.

The fuel racks wil. be brought directly into the Auxiliary
Building through the access door which is at ground level (609
elevation). This direct access to the building greatly facilitates
the rack removal and installation effort.

The "old" racks will be decontaminated to the extent practical on-
site and approved fcor shipping per the requirements of 10 CFR71
and 49 CFR 171-178, be housed in shipping containe-s, and
transported to a processing facility for volume reduction. Non-
decontaminatable portions of the racks will be shipped to a
licensed radiocactive waste burial site or returned to site for
storage if disposal access is unavailable. The volume reduction is
expected to reduce the overall volume of the racks to about 1/10th
of their original value.

All phases of the reracking activity will be conducted in

accordance with written procedures which will be reviewed and
approved by I&M.

2-9
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COMMON MODULE DATA

Storage cell inside dimension:

Storage cell height (above the osaseplate):

Baseplate thickness:
Support leg height:
Support leg type:
Number of support legs:

Taple 2.1.2

Remote lifting and handling provision:

Poison material:
Poison length:
Poison width:

Cell Pitch:

8.75" ¢ 0.0

168 ¢ 1/16"

0.75" (nominal)
5.25" (nominal)

Remotely adjustable legs

4 (minimum)
Yes

Boral

144"

1:9*

8.97" (nominal)

« VI






Table 2.3.1

BORAL EXPERIENCE LIST (Domestic and Foreign)

Pressurized Water Reactore

Plant

Bellefont 1, 2
Donald C. Cook
1' 2
Indian Point 3
Maine Yankee
alem 1, 2
Seabrook
Sequoyah 1,2
Yankes Rowe
Zien 1,2
Byron 1,2
Braidwood 1,2
Yankee Rowe
fhree Mile
Island I

Vent ad
Construc-
Utilivy tion
Tennessee Valley Authority No
Indiana & Michigan Electric No
NY Power Authority Yes
Maine Yankee Atomic Power Yes
Public Service Elec & Gas No
New Hampshire Yankee No
Tennessee Valley Authority No
Yankee Atomic Power Yes 1964
Commonwealth £dison C»o. Yes
Commonwealth Edison Co. Yes
Commonwealth Edison Co. Yes
Yankee Atomic Electric Yes
GPU Nuclear Yes

Boiling Water Reactors

Browns Ferry 1,2,3

Brunswick 1,2
Clinton

Cooper

Dresden 2,3
Duane Arnold
J.A. Fitzpatrick
E.I. Batch 1,2
Hope Creek
Humboldt Bay
LaCrosse
Limerick 1,2
Monticelle
Peachbottom 2,3
Perry, 1,2
Pilgrim
Shoreham
Susque¢hania 1,2
Vermont Yankee
Hope Creek

Tennessee Valley Authority Yes
Carolina Power & Light Yes
Illinois Power Yes
Nebraska Public Power Yes
Commonwealth Edison Co. Yes
Iowa Elec. Light & Power No
NY Power Authority No
Georgia Power Yes
Public Service Elec & Cas Yes
Pacific Gas & Electric Yes
Dairyland Power Yes
Philadelphia Electric No
Northern States Power Yes
Philadelphia Electric No
Cleveland Elec. Illuminating Ne
Boston Edison No
Long Island Lighting Yes
Pennsylvania Power & Light No

Mfg.
Year

981
1979

1987
1977
1980
1979
1983
1980
1988
1988
1988

1990

1980
1981
1981
1979
1981
1979
1978
1981
1988
1986
1976
1980
1978
1980
1979
1978

1979

Vermont Yankee Atomic TYower Yes 1978/1986

Public Service Elec & Gas Yes

-13
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Table 2.3.1 (continued)

Foreign Installations Using Boral

France

12 PWR Plants
South Africa
Koeberg 1,2
Switzerland

Beznau 1,2
Gosgen

Taiwan
Chin-8han 1,2

Kuosheng 1,2

Electricite de France

ESCOM

Nordostschweizerische Kraftwerke AGC
Kernkraftwerk Gosgen-Daniken AG

Taiwan Power Company

Taiwan Power Company

2-14



1100 ALLOY ALUMINUM PHYSICAL AND

Density

Melting Range
Thermal Conductivity
(77 deg. F)

Coef. of Thermal
Expansion

(68-212 deg. F)

Specific heat
(221 deg. F)

Modulus cof
Elasticity

Tensile Strength
(75 deg. F)

Yield Strength
(75 deg. F)

Elongation
(75 deg. F)

Hardness (Brinell)

Annealing Temperature

Table 2.3.2

0.098 lb/cu. in.
2.713 gm/cc

1190-1215 deg. F
643-657 deg. C

128 BTU/hr/sq ft/deg. F/ft
0.5 cal/sec/sq cm/deg. C/em

13.1 x 10-%/deg. F
23.6 x 10'6/dcq. C
0.22 BTU/1b/deg. F
0.23 cal/gm/deg. C

10x106 psi
13,000 psi annealed
18,000 psi as rclled

5,000 psi annealed
17,000 psi as rolled

35-45% annealed
9-20% as rolled

23 annealed
32 as rolled

650 deg. F
343 deg. C

2-15
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Table 2.3.3

CHEMICAL COMPOSITION (by weight) -« ALUMINUM

99.00% min. Aluminum
1.00%8 max. Silicone and Iron
0.05-0.20% max. Copper
+05% max. Manganese
.10% max. Zinc
+15% max. others each

2=16



BORON CARBIDE CHEMICAL COMPOSITION, Welght %
Total boron 70.0 min.

plo isotopic content in 18.0

natural boron

Boric oxide 3.0 max.

Iron 2.0 max.

Total boron plus 94.0 min.

total carbon

BORON CARBIDE PHYSICAL PROPERTIES

Chemical formula B4C

Boron content (weighi) 78.28%

Carbon content (weight) 21:72%

Crystal Structure rombohedral

Density 2.51 gm./ce~0,0907 1lb/cu.
Melting Point 24500 (44420F)

Boiling Point 35009 (63320F)
Microscopic thermal- 600 barn

neutron cross-section

2-17
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3.0 CONSTRUCTION OF RACK MODULES

The object of this section is to provide a description of rack
module construction for the Denald C. Cook spent fuel pool to
enable an independent appraisal of the adequacy of the design.
Similar rack structure designe have recently been used in previous
licensing efforts for Kuosheng Unite 1 L 2 (Taiwan Power Company);
J.A. FitzPatrick (New York Power Authority); Indian Point 2
(Consoclidated Edison Company of New York, Inc.); Three Mile Island
Unit 1 (GPU Nuclear); and Hope Creek 1 (Public Service Electric &
Gas Company). A list of applicable codes and standards is also
presented.

3.1 Fabrication Objective

The requirements in manufacturing the high density storage racks
for the Donald C. Cook fuel pool may be stated in four
interrelated points:

(1) The rack mecdule will be fabricated in such a manner that
there is pno weld splatter on the storage cell surfaces
which would come in contact with the fuel assembly.

(2) The storage locations will be constructed so that
redundant flow paths for the coolant are available.

(3) The fabrication procress involves operational sequences
which permit immediate verification by the inspection
staff,

(4) The storage cells are connected to each other by
austenitic stainless steel corner welds which leads to a
honeycomb lattice construction. The extent of welding
is selected to "detune"” the racks from the seismic input
motion of the Operating Basis Earthquake (OBE) and
Design Basis Earthquake (DBE).



3.2 Mixed Zone Two Region Storage

All rack modules designad and fabricatea for the Donaid C. Cook
spent fuel pool are of the so-called "nen-flux trap" type. In the
non-flux trap modules, a single scre2zn of the pecison panel is
interposed between two fuel assemblies. The poison material
utilized in this project is Boral, which does not require lateral
support to prevent slumping due to the inherent stiffness.
However, accurate dimensional control of the poison location is
essential for nuclear «criticality and thermal-hydraulic
considerations. The design and fabrication approach to reali:ze

this objective is presented in the next sub-section.

3.3 Anatomy of Rack Modules

As stated earlier, the storage cell locations have a single poison
panel between adjacent austenitic stainless steel surfaces. The
significant components of the rack module are: (1) the storage box
subassermply (2) the baseplate, (3) the thermal neutron absorber
material, (4) picture frame sheathing, and (5) support legs.

(1) The rack moduie manufacturing begins with fabrication of
the box. The "boxes" are fabricated from two precision
formed channels by seam welding in a machine equipped
with copper chill bars and pneumatic clamps to minimize
distortion due to welding heat input. Figure 3.3.1
shows the box.

The minimum weld penetration will be B80% of the box
metal gage which 1is 0.075" (14 gage). The boxes are
manufactured to 8.75" I.D. (nominal irside dimension).

The design objective calls for installing Boral with

minimal surface loading. This is accomplished by die
forming a “"picture frame sheathing® as shown in Figure

3-2



N N s -

(2)

(4)

3.3.2. This sheathing is 0.035" thick and is made to
precise dimensions such that the offset is .010" to
005" greater than the poison material thickness.

As shown in Figure 3.3.1, each box has four lateral 1"
diameter holes punched near its bottom edge to provide
auxiliary fliow heoles. The edges of the sheathing and the
box are welded tog-_her to form a smooth edge. The bcx,
with integrally « co.scted sheathing, is referred to as
the "composite box' .

The “"compocite bhoxes"™ are arranged in a checkerboard
array to form an assemblage of storage cell locations
(Figure 5.3.3). The inter-box welding and pitch
ad justment are accomplished by small longitudinal
conneciors. Further details are given later in this
section.

This assemblage of box assemblies is welded edge-to-edge
as shown in Figure 3...3, resulting in a honeycomb
structure with axial, flexural and torsional rigidity
dependiry on the extent of intercell welding provided.
It can be seen from Figure 3.3.3 that the edges of each
interior box are connected to the contiguous boxes
resulting in a well defined path to resist shear.

3 The baseplate provides a continu.us
horizontal surface for supporting the fuel assemblies.

The baseplate is attached to the cell assemblage by
fillet welds. The baseplate in each storage cell has a
5" diamet.r flow hole. Thé baseplate is 3/4" thick to
withstand accident fuel assembly drop loads postulated
and «.scussed in Section 7 of this report.

Lthermal neutron absorber material: As mentioned in

L@ preceding section, Boral is used as the thermal
neutron absorber material.

Picture Frame Sheathing: As described earlier, the

sheathirg serves as the locator and retainer of the
poison material. Figure 3.3.2 shows a schematic 2f the
sheathing.






3.4 Codes, Standards, and Practices for the Donald C. Cook Spent
Euel Pool Racks

The fabrication of the rack modules for the Donald C. Coock spent
fuel pool is performed under a strict guality assurance system
suitable for manufacturing and complying with the provisions of
10CFRS0 Appendix 8.

The following codes, standards and practices will be used as
applicable for the design, construction, and assembly of the spent
fuel storage racks. Additicnal specific references related to

detailed analyses are given in each section.

a. Codes and Standards for Design and Testing

(1} AISC Manual of Steel Construction, 8th Edition,
1980.

(2) ANSI N210-1976, "Design Objectives for Light Water
Reactor Spent Muel Storage Facilities at Nuclear
Power Stations'.

(3) American Society of Mechanical Engineers (ASME),
Boiler and Pressure Vessel Code, Section 1III,
Subsection NF, 1989.

(4) ASNT-TC=~1lA, June, 1980 American Society for
Nondestructive Testing (Recommended Practice for
Personnel Qualifications).

(5) ASME Section V - Nondestructive Examination

(6) ASME Section IX - Welding and Brazing
Qualifications

(7) Building C.de Requirements for Reinforced Concrete,
ACI318-89/ACI318R-89.



(8) Code Reguirements for Nuclear Safety Related
Concrete Structures, ACI 349-85 and Commentary ACI
349R-85

(9) Reinforced Concrete Design for Thermal Effects on
Nuclear Power Plant Structures, ACI 349.1R-80 .

(10) ACI Detailing Manual - 1980

(11) ASME NQA-2, Part 2.7 "Quality Assurance
Requirements c¢f Computer Software for Nuclear
Facility Applications (draft).

(12) ANSI/ASME, Qualification and Duties of Personnel
Engaged in ASME Boiler and Pressure Vessel Code
Section III, Div. 1, Certifying Activities, N626-3-
1977.

Material Codes

(1) American Society for Testing and Materials (ASTM)
Standards - A-240.

(2) American Society of Mechanical Engineers (ASME),
Boiler and Pressure Vessel Code, Section Il -~ Parts
A and C, 1989.

ASME Boiler and Pressure Vessel Code, Section IX-
Welding and Brazing Qualifications (1986) or later issue
accepted by USNRC.

: - St | Bandli ; .

(1) ANSI N4S5.2.2 =~ Packaging, Shipping, Receiving,
Storage and Handling of Items for Nuclear Fower
Plants.

(2) AKSI 45.2.1 =~ Cleaning of Fluid Systems and

Associated Components during Construction Phase of
Nuclear Power Plants.

3-6



(3)

(4)

(3)

(6)

(8)

(9)

(10)
(11)
(12)
(13)
(14)

ASME Boiler and Pressure Vessel, Section V,
Nondestructive Examination, 1983 Edition, including
Summer and Winter Addenda, 1983.

ANSI - N16.1-75 Nuclear Criticality Safety
Operations with Fissionable Materials Outside
Reactors.

ANSI -« N16.9-75 Validation of Calculation Methods
for Nuclear Criticality Safety.

ANSI - N45.2.11, 1974 Quality Assurance
Requirements for the Design of Nuclear Power
Plants.

ANSI 14.6-1978, “Special Lifting Devices for
Shipping Containers weighing 10,000 lbs. or more
for Nuclear Materials".

ANSI N45.2.6, Qualification of Inspez-tion and
Testing Personnel.

ANSI N45.2.8, Installation, Inspection.
ANSI N45.2.9, Records.

ANSI N45.2.10, Pefinitions.

ANST N45.2.12, QA Audits.

ANSI N45.2.13, Procurement,

ANSI 45.2.23, QA Audit Personnel.

(In the references below, RG is NRC Regulatory Guide)

(1)

(2)

(3

RG 1.13 - Spent Fuel Storage Facility Design Basis,
Rev. 2 (propnsed).

RG 1.123 = (endorses ANSI N45.2.13) Quality
Assurance Requirements for Control of Procurement
of Items and Services for Nuclear Power Plants.

RG 1.124 ~ Service Limits and Loading Combinations
for Class 1 Linear Type Component Supports, Rev. 1.
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4.0 CRITICALITY SAFETY ANALYSES

4.1 Design Basis

The high density spent fuel storage racks for Donald C. Cook
Nuclear Plant are designed to assure that the effective neutron
multiplication factor (k,,) is ecual to or less than 0.95 with the
racks fully loaded with fuel of the highest articipated reactivity,
and flooded with unkorated water at the temperature within the
operating range corresponding to the highest reactivity. The
maximum calculated reactivity includes a margin for uncertainty in
reactivity calculations including mechanical tolerances. All
uncertainties are statistically combined, such that the final k,,
will be equal to or less than 0.95 with a 95% probability at a 95%
confidence level.

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

o General Design Criteria 62, Prevention of Criticality in
Fuel Storage and Handling.

o USNRC Standard Review Plan, NUREG-0800, Secticn 9.1.2,
Spent Fuel Storage, Rcv. 3 = July 19881

° USNRC letter of 2pril 14, 1978, to all Power Reactor
Licensees ~ OT Position for Review and Acceptance of
Spent Fuel Storage and Handling Applications, including
modification letter dated January 18, 1979.

c USNRC Regulatory Guide 1.13, Spent Fuel Storage Facility
Design Basis, Rev. 2 (proposed), December 1%81.

o ANSI ANS-8.17-1984, Criticality Safety Criteria for the
Handling, Storage and Transportation of LWR Fuel Outside
Reactors.



To assure the true reactivity will always be less than the
calculated reactivity, the following conservative assumptions were
made:

o Moderator is assumed to be unborated water at a
temperature within the operating range that results in
the highest reactivity (determined to be 20 °C),.

° The effective multiplication factor of an infinite radial
array of fuel assemblies was used (see section 4.4.1)
except for the boundary storage cells where leakage is

inherent.

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

The design basis fuel assembly is a 15 x 15 (Standard) Westinghouse
containing UQ, at a maximum initial enrichment of 4.95 + 0.05 wt%
U-235 by weight. For fuel assemblies with natural UO, blankets,
the enrichment is that of the central enriched zone. Calculations
confirmed that this reference design fuel assembly was the most
reactive of the assembly types expected to be stored in the racks.
Three separate storage regions are provided in the spent fuel
storage pool, with independent criteria defining the hignest
potential reactivity in each of the two regions as follows:

o Region 1 is designed to accommodate new fuel with a
maximum enrichment of 4.95 * 0.05 wt% U-235, or spent
fuel regardless cof the discharge fuel burnup.

o] Region 2 is designed to accommodate fuel of 4.95% initial
enrichment burned to at least 50,000 MWD/MtU (assembly
average), or fuel of other enrichments witn a burnup
yielding an equivalent reactivity.

° Region 3 is designed to accommodate fuel of 4.95% lnitial
enrichment burned to at least 38,000 MWD/MtU (assembly
average), or fuel of other enrichments with a burnup
yielding an equivalent reactivity.



The wa:ier in the spent fuel storage pool normally contains soluble
boron which would result in large subcriticality margins under
actual operating conditions. However, the NRC guidelines, based
upon the accident condition in which all soluble poiscon is assumed
to have been lost, specify that the limiting K¢ ©f 0.95 for normal
stcrage be evaluated in the absence of scluble boron. The double
contingency principle of ANSI N-16.1~-1975 and of the April 1978
NRC letter allows credit for scluble boron under other abnormal or
accident conditions since only a single independent accide~t need
be considered at one time. Consequences of abnormal and accident
conditions have also been evaluated, where "abnormal" refers to
conditions which may reasonably be expected to occur during the
lifetime of the plant and "accident" refers to conditions which
are not expected to occur but nevertheless must be protected
against.
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the edge configuration being slightly lower . The bounding
criticality analyses are summarized in Table 4.1 for the design
basis storage condition (which assumes the single accident
condition of the loss of all soluble boron) and in Table 4.2 for
the interim checkerbcard locading arrangement. The calculated
maximum reactivity of 0.940 (same for both the normal storage
condition and the interim checkerboard arrangement) is within the
regulatory 1limit of a Kk, of 0.95. This maximum reactivity
includes calculational uncertainties and manufacturing tolerances
(95% probability at the 95% confidence level), an allowance for
uncertainty in depletion calculations and the evaluated effect of
the axial distribution in burnup. Fresh fuel of less than 4.95%
enrichment would result i1n lower reactivities. As cooling time
increases in long-term storage, decay of Pu=-241 results in a
continuous decgease in reactivity, which provides an increasing
subcriticality margin with time. No credit is taken for this
decrease in reactivity other than tc indicate conservatism in the
calculations.

The burnup criteria identified above (Figure 4-3) for acceptable
stecrage in Region 2 and Regicn 3 can be implemented in appropriate
administrative procedures to assure verified burnup as specified in
the proposed Regulatory Guide 1.13, Revision 2. Administrative
procedures will also be employed to confirm and assure the presence
of soluble poison in *he pool water during fuel handling
operations, as a further margin of safety and as a precaution in
the event of fuel mispl’acement during fuel handling operations.

The thick base-plate on the rack modules extend beyond
the storage cells and provide assurance that the
necessary water-gap between modules is maintained.



e

~

~

PR

o

[i8)

'h

"
>

~

et




| { ) : £ 4 i 5 <
£ i i 4 4 § 0 }
. T - 4
+ P . - H : 2 - 4
¢ . - .
- 4 - b ‘
. ’ - i i y ) 4 ’
. » = . . ‘
{ 5 y 'l 1 *
T d b4 i r =
' - . ‘ . X
) . £
4 i » * '
i N 't - 4
- 4 e > < i
4 4 b4
‘ r 3 . i ~ -
' - § ‘
hd Y ; 4
i . 1 . - ‘
i . ‘ i
. < > * . o4 ’ ; -
5 - { ' s v i
- v i C £ '
‘ - .
L 't 1
i } +
- - 4 2 - A ® 4
4 - ) 1 i i3 - $ 4 - :
’ ’ i 1 - i ’ . ‘4 i
" 4 . »- A 5
s . - 9 4 -
re + - i 1 4 )
- 3 s i 4 4 : i i
- -
- ). ol 4 d ) 3 é id 0
$ £ : - ¥ . i 8
4 A - " - Q
Y 4 . ‘ 1 )
f £ My { ry ‘
d m { k
- — 4 ' ' .
i - , . . 3 g
- ¢ ‘ -4 - L { L —t
’ - e 4 5
Y - 4 ) ‘
£ e 3 . . f 4 £
x 4 J . . .t 4
4 ) 4 ¢ —
P S - 3 ) 4 - 4
‘ . ad I
7 « A b i bd f i
) v i = g \
. 4 x 9 i
| ' . ad
4 4+ > - . \ . s 52
1 i W ) . ’ 4 s i . g 3
- o ) Q £ i3 - i ) ‘
4 1 ry £ - . : . i
e L ‘ .4 - B s
¢ 1 1 ) {
. b £ ) ) + i : 1 :
£ a ] £ . v ’ 4
) i . i
! | ¥ 1 . ,
’ - ; - 5 )
i .- A4 e B L3 & A -4 - i
- b (&9 L L 3 -t 3 4 2 Ld . w




i 3 Q@ - 4 -4 4 Q
4 ) = O (o1} + £
M W < Q@
s W 4 D
4 1
“ th e 5
e b r 14 . ~.;.
7 ! V& 0
s | »H | ¥ {
— O <. " 1 - W3 o 0 \L 4 - {
G g T o % O r e = -« L 0 U o
-r ' @ r m | 4 'S | 3 3 o4 9 o4 4 o4 Oy 9 Ty ot n 9 &
p 1 Y] . uh et ' 4 Y , Y« O o O 4 N i1 T4 4
cy o U - e 5 = . o v . s . s .
aQ M. O 14 | -t O ] 4 v r4 O e
3 Sy T rr ~ 2 3 ° Q
o Q9 -« 5 o ]
)
ke -« 9 7 o . {
e oy . - @ - |
X y e g - @ |
. @ 'Y L . o A r {
= 0 — L0 4 e v |
g o ¥ Y £ _
— “ oo~ 5 !
TaEH g ® e |
@ e w = & OO0 O o0 o O O
e ] 'S )
a g e O ] -y
- *u
k4 ] Q et ~ | 9
O ¢, 5 O . 2 > O |
n ) > ]
U_ ,rv Q mu. % D |
Ty 4 [ 21 .(. 0 a3 32 T .,
" -4 e n,. f) 8 b |
N P .‘L ~4 a {
» T ¥ o T 9T h
- wy¢ I~ o j = ]
= et i3 ) |
i B : |
¥ £ .4 0 oo+ |
4 9 g p ., 09
e i 0 L W W W) WY 0 )
-3 Q. o — o f . . . . - . h o, O
(7] k4 w = Aw -~ i N N ™~ ™ N ¥ .
T -4 & o | | e =
-t O /] A e Mu_ Lo N
s M OE & O 5
v - O p O T |
@ & v -G p | "
{ 4 - g
- ¢ ~ 8 & oo ., | < -~ @
= s 2 o T i b Lre 4
e o o O I g | O 0y~ O =2
L4 ~ o £ 3 s @ | 4l o
| @ £ = . £ i $ e e} - W i .
4 g Y «© M 0 ) - >
Q. a o P (31 - 4 _ (9 rv4 4 ] = 2 -4 1 -1
) ’ . ¥ | -
o, o 3 a 8 oE© & b o xx o= W MX X
- 2 2 ) ) : 4
" .»a hw % O -~ T O ‘ T lTs ¢ 0 i w
e’ P 0 Y @ U o ot - fre Fre v 4 4 iz T
T TS H - B8 D -~ -5 = .- ~M4
. o @ ; “ oo 4 2z =2 @ ZIB O < o
- 4 - 0 oL
N g 4 £ 0 4 o
@ < 4 0 >~ £ ©
. Lo b - -4 a4 - SN -
- B+ X D w0 g @







e

- z
i §
£ 4
L 3
4
[ = i
b2
5
O ) =
3 )
i
: i
g =
=
’ 4
E
: b4
U
" *
i O
F .
f
m +
b f
ty »
- Ov
| + >4
g )

v o »da
Es ;
4
" A -
o =
4

b
)
I1‘ -
é
J -
 §
¢ wil' -
4/ Ui
O ) £
@ a
4 [ &
- '
) 9
d

e )
{ i
44

: | )
: ¢

" 4
| ) h

>

!

|
e
;
e Y
i
"
+7 )
)
: )
4
£
N
(4] £
i
o
@ 4
gy D










.

£

C

>










4.5.2.2 Boral Width Tolerance

Thie reference storage cell design uses a Boral panel w

initial width of 7.50 % 0.06 inches. For tue maximum tolerance

0.06 inch, the differential CASMO-3 calculated reactivity
uncertainty is * 0.0009 §k.

4.5.2.3 Igolerances in Cell Lattice Spacing

The manufacturing tolerance on the inner box dimension, which
directly affects the storage cell lattice spacing between fue

assemblies, is t 0.06 inches. This corresponds to an uncertaint

in reartivity of ¢ 0.0015 6k determined by differ

calculations.

4.5.2.4 ' S i ess Teolerances

The nominal stainless steel thickness is 0.075 # 0.005%5 inch f«

inner stainless steel box and 0.035 * 0.0023 inch for the

cover plate. The maximum positive reacuivity effect of

expected stainless steel thickiress tolerances was calcu
(CASMO-3) to be + 0.0009 §k.

4.5.2.5 [Fuel Enrichment and Density Tolerances

The design maximum enrichment is 4.95 + 0.05 wt% U-235. Sep:
CASMO=-3 burnup calculations were made for fuel of the max
eni: ichment (5.00%) and for the maximum UO, density (10.50 gy
Reactivities in the storage cell were then calculated using
restart capability in CASMO~-3 and equivalent enrichments determ

for the reference fuel burnups of 38 and 50 MWD/KgU.
incremental reactivities between these calculations and

reference CASMO-3 cases, were conservatively taken as

e
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sensitivity to small enrichment and .unsity variations. For the
tolerance on U~235 enrichment, the uncertainty in k, is ¢ 0.0034 6%
and f.r fuel density is * 0.0035.

4.5.3 Water-gap Spacing Between Modules

The water-gap between modules constitute a neutron flux-trap for
the ocuter (peripheral) row of storage cells. Calculations with
KENO-5a were made for various water-¢ap spacings (Figure 4.7).
From thare data, it was determinud that the incremental reactivity
consecuence (uncertainty) for the minimum water-gap tolerance of #
1/4 inch is % 0.0045 ék. The racks are sconstructea with the base
plate extending beyond the edge of the cells. This assures that a
minimum spacing of 1.75 inch between storage modules is maintained
under all credible conditions.

4.5.4 Eccentric Fuel Pos tioning

The fuel assembly is assumed to be normally located in the center
of the storage raci cell. 1Infinite array calculations were ==4-
using KENO~-5a for a single .#ll «ith the fuel assemblies centered
and with the assemblietc assumed to be in the corner of the storage
rack cell (four-assembly cluster at closest approach). T T
calculations indicated that the reactivity uncertainty could be a.
much as ¢ 0.0019% &k.

4.6 Abnermal and Accident Conditions
4.6.1 Temperature and Water Density Effects

The moderator temperature coefficient of reactivity ic negative; a
moderator temperature of 20°C (68°F) was assumed for the reference
designs, which assures that the true reactivity will always be
lower over the expected range of water temperatures. Temperature

4~17






4.6.4 Abnormal Leocation of a Fuel Assembly

The abnormal location of a fresh unirradiated fuel assembly of 4,95
wt¥ enrichment could, in the absence of scluble poison, result in
exceeding the design reactivity limitation (k, of 0.95),. This
could occur if a fresh fuel assembly of the highest permissible
enrichrent were to be either positioned outside and adjacent to a
ntorage rack mcdule or inadvertently loaded into either a Region 2
or Region 3 storage cell. Calculations (KENO-5a) showed that the
highest reactivity, including uncertainties, for the worst case
postulated accident condition (fresh fuel assembly in Region 2)
would exceed the limit on reactivity in the absence of soluble
boron. Soluble boreon in the spent fuel pool water, for which
credit is permitted under these accident conditions, would assure
that the reactivity is maintained substantially less than the
design limitation. It is estimated that a soluble poison
concentration of 550 ppm boron would be sufficient to maintain Kk,
at the reference design value of 0.940 under the maximum postulated
accident condition. Approximately 450 ppm boron would be reguired
to limit the maximum reactivity to a k., of 0,95,

4.7 Exdisting Spent Fuel

As of May 1990, there were 1596 spent fuel assemblies in storage at
the Donald C. Cook plant, including those now in the reactor and
their projected burnups at discharge. Figure 4.8 superimposes the
enrichment-burnup combinaticn of these fuel assemblios on the
curves defiring the acceptable b.rnup domains. As nay be seen in
this figure, most of the spent fuel now in storage falls well into
the acceptable domain for the barrier fuel (Region 2). The number
of fuel assemblies meeting the enrichment-burnup criteria for
storage in Region 2 is 1390 which will nez "ly fill the 1447 Region
2 storage locations. Twelve fuel sssemrlies (discharged

4-19
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prematurely for various reasons) will need to be kept in a Region
1 storage location, and the remaining 194 assemblies may be stored
in Region 3 locations. Future discharge batches may reasonably be
expected to have a preponderance of highly burned fuel capable of
being stored in Region 2 (or in Region 3 once Region 2 is filled).
An appreciable number of spent fuel assemblies have enrichment-
burnup combinations well in excess of the design basis and this
provides further conservatism in the criticality safety of the
spent fuel storage rack design.









Table 4.2

SUMMARY OF CRITICALITY SAFETY ANALYSES
INTERIM CHECKERBOARD LOADING

AR T PSR ARTITY AR RN CLIAUCRISINT  LMESLTemeel, L
Design Basis burnups at 4.955% O in Region 1
¢ 0.05% initial enrichment 50 in Region 2

Region 3 =CHECKERBOARD
(FRESH FUEL AND EMPTY)

Temperature for analysis 20°C (68°F)
Reference k, (KENO=-5a) 0.9168
calculational bias, ék'" 0.0090

Uncertainties (Assumed same as the reference case)

Bias statistics (95%/95%) $ 0.0021

KENO-5a statistics (95%/985%) ¢ 0.0012

Manufacturing Tolerances + 0.0064

Wa<er-gap * 0.0045

Fuel enrichment * 00,0034

Fuel density t 0.0035

Burnup (38 MWD/KgU) NA

Burnup (50 MWD/KgU) $ 0.0047

Eccentricity + 0.0019

statistical combin&gion t 0.0108

of uncertainties

Axial Burnup Effect 0.0037
Total 0.9295 ¢ 0.0108
Maximum Reactivity (k,) 0.9%940

M

@ See Appendix A

Square root of sum of squares.
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Table 4.4

DESIGN BASIS FUEL ASSEMBLY SPECIFICATIONS

EVEL _RODR DATA

Outside diameter, in.

Cladding thickness, in.
ladding inside diameter, in.

Cladding material

Pellet density, % T.D.

stack density, g UQ,/cc

Pellet diameter, in.

Maximum enrichment, wt % U-235

FUEL ASSEMBLY DATA
Fuel rod array
Number of fuel rods
Fuel rod pitch, in.

Number of control rod guide and
instrument thimbles

Thimble © D., in. (ncminal)
Thimble I.D., in. (nominal)

0,420
0.024!
0.3734
2r=-4
5.0
10.29 £ 0.20

0.3659

4.95 £ 0.05

1S x 195
204
0.563
2l

0.533
0.49%



Table 4.5

Reactivity Effects of Manufacturing Tolerances

Iglerance

Boron~10 loading (£ 0.0045 g/cm%

Boral wWidth (¢ 1/16 inch)

Lattice spacing

Stainless

Thickness

Total

(¢ 0.04 inch)

(¢ 0.005 incn)

(statistical sum)

i+

+

0.

0061

. 0009

. 0015

0009

O

. 0064

|
\
|
|
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