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INDIANA & MicHican Power, CoMPANY

P. 0. BOX 18
BOWLING GREEN STATION
NEW YORK, N. Y. 10004

November 22, 1978
AEP:NRC:00105

Donald C. Cook Nuclear Plant Units 1 & 2
Docket Nos. 50-315 and 50-316

License Nos. DPR-58 and DPR-74

Spent Fuel Storage Capacity Expansion

Mr. Harold R. Denton, Director

O0ffice of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commission Eyqzmﬂlv”“r“”""ffr“’"v1w Ay
Washington, D.C. 20555 e L il et !

Dear Mr. Denton:

Indiana & Michigan Power Company hereby transmits, attached to'this
Tetter, the first part of its application to increase the Donald C. Cook
Nuclear Plant spent fuel storage capacity from 500 to 2050 fuel assemblies.

The proposed modification would remove all of the existing spent fuel
racks in the spent fuel pool and replace them with high density poison spent
fuel racks. The attached application provides a description of the proposed
modification, safety analysis and environmental considerations. The infor-
mation contained herein is presented in a format discussed with your staff
on October 31, 1978.

, Theureduired structural and thermal analyses will be transmitted to
you by December 11, 1978.

Unit 1 of the Donald C. Cook Nuclear Plant is scheduled to refuel in
the spring of 1979. Unit 2 is scheduled to refuel in the fall of 1979.
It is necessary to perform the proposed modification during a period of
time when neither of the two units is refueling since the spent fuel pool
is a facility shared by both units. In order to maintain a full core dis-
charge reserve at all times during the spent fuel rack change-out period,
" we plan to complete this proposed modification before the Unit 2 refueling
.which is scheduled to commence the first part of October, 1979. Work on
this modification is scheduled to commence on August 1, 1979. This
schedule will 'also keep' the occupational exposure as low as possible during
the replacement period.
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Mr. Harold R. Denton, Director

.‘

AEP:NRC:0Q105

Your immediate attention to this matter is requested,

Sworh-and subscribed to before
this 222'day of November, 1978
in New York County, New York

wo{
[

q@;ﬁf% aprf

L/
, r -
"y, NOLAry Public

e A HLEEN-BARRY
NOUX\\!YY%UBUC,L‘SI::!G g! New York
’ No. 41-4606792

‘o d in Cueens County
Qualified in Qr‘iow Yock Count§

sicato filed in
C%en':g:f:e:n lixpnrcs march 30, 1?7

cc: R. C. Callen
G. Charnoff
P.W. Steketee
R.J. Vollen
R. Walsh
D. V. Shaller-Bridgman
R. W. Jurgensen

Very truly yours,
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INDIANA & MICHIGAN POWER COMPANY

. DONALD C. COOK NUCLEAR PLANT UNIT NOS. 1 AND 2

DESCRIPTION AND SAFETY ANALYSIS
FOR THE

SPENT FUEL STORAGE CAPACITY EXPANSION PROGRAM

NOVEMBER 1978




LB

‘ EYy

1.1 -

1.2
1.3
1.4
1.5
1.6

2.1
2.2
2.3
2.4
2.5

© 2.6

2.7
3.

3.1

3.1.1
3.1.2

3.1.3

3.1.4
3.1.5

w
| . .

TABLE OF -CONTENTS

INTRODUCTION
History and Need for Replacement
General Description

Specific Needs'

' Construction Costs

Alternatives to Increasing the Storage Capacity
60Mmitéent of Material Resources

RADIOLOGICAL EVALUATION |

Solid Waste

Liquid Waste

Gaseous Waéte

Norma] Operation Dose Rates

Occupational Exposure.Due to Change-Out of
Spent Fuel Racks

Nonradiological Effiuents -~
Impacts on the Community
SAFETY ANALYSIS

Criticality Considerations
Criticality Criteria '
Calculational Methods

Design Base Fué1 Assembly Description

Storage Array Description

Results

Page

e w [t =) w W N

10 .
11

11
11
12
13 °
13 |

14
14

15
17



e

B N g ey}

TABLE OF CONTENTS (CONT'd)

Page
3.1.5.1 . Fuel Assembly Reactivity Calculations 17
3.1.5.2 Storage Array Reactivity Calculations 18
3.1.6 Systematic Uncertainties and Bench-

‘ mark Calculations E 19
3.2 Fuel Handling Copsidefations fl\ZQ
3.3 Cask Drop Consequences 29.
3.4 Material Considerations 29
3.4.1 Poison Verification Program 30
3.4.2 In-Pool Survei]Tance Program 30
3.5 Thermal Considerations,. ° S 31
3.5.1 Fuel Assembly Heat Removal ' 31
3.6 Mechanical Considerations 31
3.6.1 " Design Criteria , - 3]
3.6.2 Methods of Analysis 32
3.7 References ! | ' | 34



Table
Table
‘ Table
Table

Table
Table
Table

' Table

Table

3.1-1
3.1-2
3.1-3

3.1-4
3.1-5
3.1-6

3.1-7

3.1-8

. . . - . ¢ B AN ' R ’ \ B e
L A T LT VTR I T Ra X s | T I P R YL 5 e B

e e

LIST OF TABLES

Estimated Refueling Schedules
Fuel Assembly Parameters
Infinite Media Multiplication Factors

W__ 17 x 17 Fuel Assembly Reactivity U
Sensitivity (CCELL)

ﬁeactivity Calculations
Boron-Sensivity Reactivity Calculations

Calculated Kppp Values for Cylindrical
Rod Water Critical Lattices

Calculated Kgpp Values for ORNL Critical
Lattices

Calculated Kgffr Values for Bierman Critical
Lattices

iid

Page

21
22

23

24
25
26

27

28

Y DTN




+ Figure 1 - 1

Figure 1 - 2

" - Figure 1 - 3
/

-~

LIST OF FIGURES

Page

. Location of Spent Fuel Pool , 5

Typical High Density Poison Spent Fuel Modu]e’ 6

|
Typical Spent Fuel Storage Cell 7 |
'\\R

iv



1.1

.2

Introduction

In March 1978, the Nuclear Regulatory Commission published the
Draft Generic Environmental Impdct Statement on Handling and Storage
of Spent Light Water Power Reactor Fuel (NUREG-0404). The findings
of that report indicate that the technology of water pool storage is
well developed and that the storage of LWR spent fuels in water pools
has an insignificant impact on the environment. Also, the physical
security measures required for protection against sabotage of stored
spent fuel are essentially the same at both reactor and away-from-
reactor sites, hence, increased spent fuel storage at either location
has Tittle relative safeguards significance. The report also
identifies at-reactor compact storage as the most favorable economic
cost for providing additional time to develop a program for the final
disposal of high level wastes, while allowing for economic and safe
'nuclear electrical "generation.

History and Need for Replacement

Unit No. 1 of the Donald C. Cook Nuclear Plant achieved initial
‘criticality on January 18, 1975 and Unit No. 2 on March 10, 1978.
Unit No. 1 is currently in cycle 3 and Unit No. 2 is in its first
ccycle. The spent fuel storage pool was designed under the then valid
.assumption that yearly fuel cycles would be utilized requiring storage
‘of a single batch of spent fuel for less than one year in the spent
“fuel pool for each unit.

‘Due to the Government's decision to indefinitely defer the re-
.processing of nuclear fuel, we are forced to seek methods to solve the
:spent fuel storage crisis that is before us. Whatever alternative to
reprocessing is chosen, our customers will be affected by higher
telectricity cost. Replacing our current spent fuel storage racks is,

‘we ‘believe, the safest and ‘most economical means of serving our customers.

General Description

" “The spent fuel pool is a facility shared by both Unit No. 1 and
Unit No. 2 and is Tlocated in the Auxiliary Building between the two
{Containment Buildings. The general location of the spent fuel pool is

. <shown in Figure 1-1. The present storage capacity is 500 assemblies.

;Hnd1ana & M1ch1gan Power Company has entered into a contract with .
iExxon Nuclear Company, Inc. of Bellevue, Washington for the design,

. (andlysis, and fabrication of replacement spent fuel- storage racks

wihich will permit the storage of approximately 2050 fuel assembiies

iin :the spent -fuel pool. These replacement spent fuel -storage racks )

, WA prov1de .storage capacity. and allow. for ‘the continued.operation. of e e
tboth .Unit'No. 1 and Unit No. 2 until approximately the first part .of :
11992 .while still maintaining the capacity for a fu]] core discharge
treserve’(FCDR) of 193 Tocations. ‘ .

v






<

| ;_"" -2; ‘ "’

The replacement spent fuel storage racks are to be fabricated
primarily from type 304 stainless steel. The individual fuel
assemblies will be 'stored in square fuel storage cells fabricated
from stainless steel-clad Boral * material. The high dens1ty (poison)
spent fuel module construction is essentially a replica of ‘the design
used in the replacement racks for the Salem Nuclear Generating
Station, which the Commission staff is currently reviewing. The
module is shown in Figure 1-2.

The design utilizes a stiffened module base and an upper box
structure consisting of plate diaphragms and a top grid. The vertical
loads are carried by the module base. Horizontal seismic loads are
carried to the module base through the plate diaphragms. Tipping is
prevented by coupling adJacent racks through a bolted connection at
the top grid level.

The detailed design of the spent fuel storage cells is stlightly .
different from the design for the Salem Nuclear Generating Station.
Their basic function and construction, however, are similar.

Figure 1-3 illustrates the storage cell design for the Donald-C. Cook
Plant.” Each cell is a square cross-section formed from an inner

shroud of stainless steel, a center sheet of aluminum clad B,C, and

an outer shroud of stainless steel. This cell acts as a stogage space
and, in addition, provides sufficient neutron absorption by the boron
carbide contained in the Boral sheet to allow spacing of spent fuel in
a 10.5 inch by 10.5 inch array. The fuel weight is carried directly

on the module base. A flared guide and transition section is provided
at the top of each storage cell. This transition is designed to assure
ease of entry and to preclude fuel assembly hang up and" damage.

Specific Needs

. Indiana & Michigan Power has a contract with Allied-General
Nuclear Services (AGNS) for fuel reprocessing services. Currently,
however, no spent fuel can be sent to AGNS for reprocessing due to-
the December 23, 1977 NRC order terminating 11cens1ng proceedings for
the Barnwell fac111ty .

Presently, there are 129 spent fuel assemblies stored in the

. spent fuel pool. Sixty-five assemblies were discharged from Unit No. 1
»ihzdanuary, 1977. The remaining sixty-four assemblies were discharged

in April, 1978. One hundred and twelve burnable poison clusters are
contained in these assemblies and an add1t1ona1 thirty burnable poison
cTusters occupy .storage locations.

The total storage capacity expected to be utiTlized 1s;based‘on

'‘maintaining-a full core "discharge reserve'storage capability.  The' = ™

estimated refueling schedules and expected number of fuel assemblies to
be transferred into the spent fuel pool are given in Table 1-T.. From
this table, it can be seen that the existing storage capacity wou]d be
filled. by May, 1980 with FCDR.

\

* Trademark of Brooks and Perkins incorporated




. .
‘ ® :
. v !
1
-3- ®

i

The proposed modifications to the spent fuel pool do not affect
the rate of spent fuel generation or the total quantity of spent fuel
-generated during the anticipated operating lifetime of the facility.

Due to the Government's present position on spent fuel, this
: proposed expansion will not change the time period that spent fuel
- assemblies would be stored on-site since we have no place to ship
them at this time, and do not foresee shipping them off-site until
the early 1990's. The expansion will, however, allow operation of both
. units for -an additional thirteen years without shipping spent fuel off-
site.

"1.4 _Construction Costs

.The total cost associated with the project is expected to be
zapproximately $4.7 million.. This estimate includes the following items:

1. - Project management, design, quality assurance and

" Ticensing.
2. Materials, tooling, and hardware fabrication. .
:3. Removal, installation, transportation, and disposal
4.

Lay DX

.of the old racks.
Contingency allowance.-
Allowance for funds used during construction.

.
.

B
»
'™
~

1125 Alternatives to Increasing the Storage Capacity

_Currently, spent fuel is not being reprocessed on a commercial
1.basis in the United States. In addition, spent fuel storage at an off-
s$ite facility is not available at the present time nor is likely.to be
aavailable before 1981 when our present storage capacity will no longer
: be adequate. . ‘

>Shipping spent fuel to another reactor site is not possible since
tthe"American Electric Power-System has no other nuclear plants. With
tthe present situation in spent fuel storage capacity, we cannot rely
zon another utility to provide storage space for us.

; t Furthermore, both the Nuclear Fuel. Service's and the General

. - £Electric Company's reprocessing plants are in a decommissioned state.
TTheir fuel storage pools are available only in a very limited capacity
tto: a* few of their original customers. We do not have access to' this
sstorage. The Allied- Gulf  Nuclear Service-plant is not Ticensed to
ooperate, and cannot be depended upon:for receipt of spent fuel. due.to
ithe termination of the licensing proceedings for the plant:

v ¢ s-- o« -~Fhererare noindependent spent fuel storage facilities available
) sat’this' time. And due to the uncertainty of licensing such a facility,
P wweddo not foresee such a facility as being available in.the next ten
vyears. Even if an off-site storage facility were available, we project
it*to be more economical to store spent fuel on-site and find that there
.are no environmental benefits associated with off-site storage compared
vwithcour proposed action. . , ’ B
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If the reactors were unable to refuel due to the existing racks
being full, we would be forced to seek replacement of up to 2148
megawatts net electrical energy production. In the short term our -

‘system would have to increase utilization of more expensive generation

means along with seeking to purchase energy from outside the system.
In most instances,.we would not be able to purchase this large amount
of energy. Then we would have to eliminate or curtail service. This

. would have a severe adverse socio-economic impact on the customers and

communities we serve. If it were possible to purchase this energy, we
estimate that the additional cost to our customers would be approxima-
tely $1.5 million in today's dollars for each day that the reactors
.were not operating.

In the Tong term the energy prbduction would have to be replaced

‘with new generation facilities. Replacement generating units could not

‘be built and placed into service until 1986 at the very earliest. The
installed cost of a generating unit to replace the idle Donald C. Cook
.capacity time is projected to be .an investment of more than $2.1 b1111on.

Commitment of Material Resources

The proposed modification will utilize racks made of stainless
.Steel, boron carbide and aluminum. These materials are readily
available in abundant supply. ,

The material requirements for this one time installation are in-
ssignificant compared to the annual national use of these materials and
do not represent.a significant irreversible commitment of natural
resources.

Based on the evaluation of these alternatives and the commi tment
of resources, we have concluded that “increased on-site storage must be

- iprovided since there is no place available to ship spent fuel and

shutting down the facility would cause grave economic hardship. In
:addition, in, order-not to Tose FCDR capability, this modification to
the spent fuel rack must be completed dur1ng the summer of 1979, between’
the refuelings of- the two units. - :
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ﬁefue]ing . ﬁNumbeg 3%.Fue1
Date Assemblies Discharged
‘May 1979 64
May 1980 65
May 1981 64
May 1982 64
May 1983 65
May 1984 -; 64
May 1985 v 64
May 1986 65
May 1987 ) 64
May 1988 - 64
~ May 1989 65
May 1990 64
May 1991 64
May 1992 65

DONALD C. COOK NUCLEAR PLANT

-8-

Storage Limit

with FCDR

Unit No. 2
Refueling Number of Fuel
Date Assemblies Discharged
Oct. 1979 . 80
Feb. 1981 96
Oct. 1982 = 84
Feb. 1984 - 88
Oct. 1985 88
Feb. 1987 88
Oct. 1988 88
- Feb. 1990 88
- Oct. 1991 88
TABLE 1-1

Cumulative Number
of Fuel Assemblies

in SFP

129
273
338
498

© 646
7
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Radiological Evaluation

not-have any significant additional environmental impact.

- Liquid Waste:

* radioactive' Tiquid wastes which'are processed by the plant radwaste.

We have evaluated the potential radiological impact associated
with possible increased releases of solid, liquid and gaseous wastes
resulting from the proposed modifications to the spent fuel pit at
the Donald C. Cook Nuclear Plant and have found them to be environ-
mentally insignificant. Our findings are discussed below.

Solid Waste

Installation of additional spent fuel storage capacity in the
SFP will require additional: reshuffling of the assemblies, which could

- result in additional crud (corrosion product oxides) being dislodged
from the surface. While it is unlikely, storing additional decayed

spent fuel could result in some additional fission products being intro-
duced into the SFP water. At present the Donald C. Cook Nuclear Plant
Spent Fuel Pit Cooling System (SFPCS) has a maximum system flow rate
equal to twice the flow rate required to maintain purity of the pool.

The details of the present SFPCS are discussed in Section 9.4 of the
Plant's Final Safety Analysis Report. Additional spent fuel could
increase the amount of radioactivity accumulated in the filters and
demineralizer which are disposed of as solid waste. This increase, if

*any, should be minor because this modification increases only the

storage capacity and not the frequency or the amount of fuel to be
replaced for each fuel cycle. The amount of corrosion products re-
leased into the pool during any year would be essentially the same
regardless of storage capacity.

At-present we replace the filters in the purification and skimmer
systems about six or seven times a year. The demineralizer resins have
not. required changing to date. The resin and filter components are
changed on the basis of contact radiation levels, pressure drop,
chem1ca1 exhaustion or breakthrough. We do not expect any increase
in the amount of solid waste generated from the spent fuel pool cleanup .
system due to the proposed modification. :

The present spent fuel racks in the SFP will be disposed of as low
activity waste. The volume of the racks would be approximately 11,475
cubic feet. This disposal will occur once in the 1ifetime of the plant.

+ . Averaged over the lifetime of the plant, this would increasé the total

waste volume shipped from the facility by less than 19.%. This would

Normal operation of the SFP purification system generates some-

treatment system. In any case since the amount of radioactive liquid
waste generated by the storage facility fuel is minor compared to the.
total volume of Tiquid waste generated by plant operations, the proposed
mod1f1cat1on should add no significant amount of liquid wastes. : ;

»
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The effect of crud buildup on the wall was investigated by taking
dose rate measurements at the middie and at the edges of the pool.
No- s1gn1f1cant difference was observed in the readings. Based on
this, it is evident that the crud buildup on the wall has 1ittle or

. o contribution to the radiation levels.

Pool Teakage is handled by the Spent . Fue] Teak protection system
Any leaking water is routed to the 587' Tevel of the Auxiliary Bu11d1ng
so that observations can be made to determine any leaks. Water is ,
channeled to the Auxiliary Building Sump, then to the radioactive
liquid waste hold up tank, and finally, to the waste evaporator.
Acceptable Tiquids are re1eased and the 'solids are sent off-site for
disposal. This modification should not increase any.liquid wastes
generated by the leak protection system.

A table showing most recent gamma 1sotop1c analysis of SFP water
1dent1fy1ng the principal radionuclides and their respective concen-
trations is shown below:

Isotope ) u Ci/ml

Co-57 2.24 E-5

Cs=134 1.94. E-3

Cs-137 2.63 E-3 R
Cs-58 1.70 E-3

Mn-54 8.65 E-5

Co-60 2.47 E-3

Gaseous laste

" “Note: that. the only daseous release data available are for batch

Data by year, for thé-last two years, for KR-85 measured from the
auxiliary building ventilation system are given below.

1976 last half’ - 10.01- Ci Kr-85
1977 first half 161.40 Ci " Kr-85

~last half 13.05 Ci Kr-85
1978. first half = 124.40 Ci Kr-85

releases which include.gas decay tankS“and containment releases.

- Given. below is a-table.of recent analyses made- to determine the.’
pn1nc1pa1 airborne radionuclides. and their respective concentrat1ons
innthe: SFP. area.

vt

- Isotopes . Ci/cc.’
Voo121310 - £9788 E-15
\ Xe-135 £1.49 E-8 |
\ Xe-133 £5.73 E-8 !
~ Kr-85 £7.44 E-6
Kr-85m £1.71 E-8 }
Kr-88 < 4.89 - E-8 ,
Kr-87" <3.,99 E-8 ;
Xe-133m . £1.25 E-7 :
!
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Normal Operation Dose Rates .

In 1978 the filter was changed six times with a total exposure
of 0.324 man-rem. An increase in the frequency of filter changes
would increase the exposure proportionately.. No estimates for
exposure during resin replacements are available since none have
been performed so far. These will be done remotely so exposures
should not be significant.

A recent measurement of dose rate above the pool indicates a
reading of 1 to 3 mR/hr at one foot away from the pool surface.

Occqpational Exposure Due to Change-Qut of Spent Fuel Racks

We have reviewed our plans for removal, disassembly and off-site
.shipment of the old racks and installation of the new racks. This
operation is expected to last for a short period of time, no more
than 20 weeks. The occupational radiation exposure for this operation
is estimated to be about 20 Man-rem. We consider this to be a con-
'servative estimate. This exposure is of the same magnitude as those
:expected from other special maintenance operations which are to’
:occur periodically during the facility Tifetime. Since this is a
-one-time exposure, it is not directly comparable to the annual doses
iduring normal operation of the SFP.

The increment on on-site occupational dose resulting from the
iproposed increase in spent fuel storage capacity has been estimated
by using realistic assumptions for occupancy times and radioactivity
:of ‘the spent fuel assemblies themselves. This modification should
thave a negligible effect on the dose rates in the pool area because
©of the depth of water shielding the fuel. The occupational radiation
iexposure resulting from the proposed action represents a negligible
:burden. Based-on present and projected operations in the spent fuel
pool area, we estimate that the ‘proposed modification will 'add less
‘than 7% -to the total annual occupational radiation exposure burden
at this facility. The small increase in radiation exposure will not
-affect our ability to maintain individual occupational doses as low

as ‘reasonably-achievable and within the 1limits of 10 CFR 20.

.Thus, we conclude that storing additional fuel in the SFP will
inot resu1t in any significant increase in doses rece1ved by ‘occupational
workers.

;Nonradiological Effluents

There .wi.ll:be ‘'no change in the chemical or b1oc1da1 «efifects from -
ithe "‘plant as a result of the proposed mod1f1cat1on.
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The SFPCS is expected to keep the pool bulk water temperature at
‘or below the design value of 1209F during normal refuelings until the

"modified pool is filled. A high temperature alarm is located in the -

Control Room and set at 1250F. Indicators are in the SFP Cooling
System Room. l .

Impacts Bn the Community

The new storage racks will be fabricated off-site and shipped to
‘the plant. No environmental impacts on the environs outside the spent"
fuel storage building are expected during removal of the existing
‘racks and installation of the new racks. The noise impacts generated
within this building are expected to be limited to those normally .
;associated with metal working activities. No significant environmental
impact on the community is expected to result from the fuel rack
(conversion or from subsequent operation with the increased storage of
sspent ‘fuel in:-the SFP. ‘
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SAFETY ANALYSIS

Criticality Considerations

‘An ana]ys1s vas performed of the potent1a1 maximum react1v1ty of
the fuel stored in the proposed fuel assembly storage fac111ty
This. analysis considered the minimum possible spacing under normal
and earthquake conditioné, the maximum fuel enrichment level, the
most reactive conditions of fuel density, and the most reactive
water temperature. No credit was taken for any boron present in
the storage poo1>water under normal conditions.

Critica]ity Criteria

»

The spent fuel storage racks shall be designed such that Kaff is
Timited to a value of less than 0.95 under norma1 circumstances
when the pool is flooded with demineralized water. The calculated
value shall be less than 0.95 by a margin sufficient to account for
calculational uncertainties. In the analysis credit may be taken
for neutron absorption of the stainless steel clad and for the boron

carbide contained within the Boral plates used in the poison cells

within the rack module. Credit shall not be taken for any burnable
poison that may be contained in the fuel. No credit shall be taken
for boron dissolved in the spent fuel pool water under normal
conditions. i

The Kéff calculations shall be based on a maxiﬁum fuel enrichment
Tevel in new unburned fuel of 3.5 w/o U-235. An evaluation of all
credible abnormal fuel configuarations shall be made. Criticality

‘calculations shall consider any reductions in fuel bundle center-to-

center spacing resulting from dimensional tolerances and clearance
between the fuel bundle and its storage-cell. The caTculation shall

also: consider variances in boron loadings wiithin the Boral plates j‘

and' deformations under structural- Toads and' from abnormal events.

\
\



3.1.2

3.1.3

~14-

-
.
Y
.

Calculational Methods

The methods employed by Exxon Huclear Company in the critfca]fty
safety analysis are the same as those reviewed and approved by |
the NRC in prior submittals. The following is a summary of that
methodology. )

The KENO IV Monte Carlo code(1) was utilized to calculate the
reactivity.of the D. C. Cook Units 1 and 2 storage array.’' Multi-
group cross section data from the XSDRN 123 group data library
were generated for input into KENO IV using the NITANL(Z) and
XSDRNPM(Z) codes. Specifically, the NITAWL code was utilized to
obtain cross sectian data adjusted to account for resonance self-
shielding by the Nordheim Integral Method. The XSDRNPM code, a
discrete ordinates one-dimensional tyansport theory code, was
then used to prepare spacially cell-weighted cross section data
representative of the fuel assembly for input into KENO IV. The
XSDRNPM code was also employed to perform several one-dimensional
transport k calculations to establish the relative reactivity
sensitivity of the array to boron content in the storage cells.

" In addition to these codes, the CCELL(3) code was used to ‘examine

the effects of UO2 pellet density, moderator temperature, fuel
temperature, and enrichment on the infinite multiplication factor
of the W 17x17 fuel assembly. CCELL is a pin cell calculation
code proprietary to Exxon Nuclear used primarily to obtain cell .
averaged multigroup cross section data for rod-water lattices.

.Design BaSe Fuel AssemB]y Description

" The %ue] storage array is designed to accept fue{lenriched up to
L 3.5wt.? 23E"U.,,From the standpoint of fuel assembly size and’

infinite multiplication factor, the three assembly designs
currently in use (W 15x15 or Exxon 15x15 in Unit.1 or W 17x17

~
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in Unit 2; see Tables 3.1-1 and 3.1-2) are very similar.

- Hence, differences in pool keff values for storage of different

assembly design types are deemed insignificant.

The fuel assembly specifications and the lattice cell parameters
for all three fuel types are given in Table 3.1-1. The bundle’
‘averaged cell parameters were calculated by including the zir-
conium associated with the control rods and instrument guide tube
in the zirconium clad of each fuel rod. Vater associated with
each gdide and instrument tube was included by increasing the
unit cell dimensions (lattice pitch). Such assumptions permit a
iconservative estimation of the effect on reactivity of the extra
;zirconium and water within the fuel assembly.

"The ‘analysis discussed herein assumes the .storage of W 17x17 fuel
design at a maximum enrichment of 3.5 wt % 235U for all U02 fuel
rods. '

Storage Array Description

The D. C. Cook Units 1 and 2‘spent fuel storage pool will accom-
‘modate twenty specially designed storage rack modules. Each rack
'module contains a specific number of fuel assembly locations
t(te:g., 110 locations for a 10 x 11 module) and “installation calls °
“for a 14.8 inch nominal center-to-center fuel- cell separation

‘“'between adjacent modules.

‘Ind1v1dua1 fue] assembly 'storage cells will be manufactured out
,of -stainless steel clad BORALTM Each cell guide will have .a .
inominal 1ns1de -diameter of .8.969 :inches and a minimum wall

“tthickness of .0.194 inches.

The assumed storage cellwall material thicknesses used “in the
calculation maximize the pool reactivity by minimizing the amount

.of both poison and water present between adjacent fuel assemblies
\ -
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in the overmoderated array. Storage cells manufactured to the

minimum specified dimensions assure a minimum ]OB loading between
weight ratio

fuel assemblies of 0.040 g/chz, assuming a 10

of 0.180.

B/Bnat.

From a neutronics standpoint, the arrangement of modules in the

storage pool results in an essentially infinite.array of fuel
assemblies in both the axial and radial directions. The nominal
storage position assumes normal conditions where each unit within
the effectively infinite storage array is concentric in its
respective cell. ‘

In addition to the nominally spaced array, the minimum spacing
between fuel assemblies and the minimum water gap between adjacent
storage cells has been considered. Specifically, the minimum
center-to-center separation between adjacent storage cells will

be "gauged" to assure a minimum water gap between cells -of 0.953

. inches, compared to a nominal water gap of 1.118 inches. The
fabrication tolerances will ensure that the worst credible
" spacing in the pool array occurs as a cluster .of four adjacent

assemblies with other storage cells being spaced the nominal
center-to-center distance from that cluster. This arrangement
also assumes that fuel assemblies in-the cluster are in contact.
with the inside of each respective cell.

For the postulated accident condition of a fuel aséemb]y lying
horizontally across one or more of the storage modules, criti-
cality safety is maintained through neutron isolation. A fuel

/ )
assembly lying across the top of the modules would be isolated
‘from other fissile material by greater than 20 inches of water.

This separation between fuel assemblies essentially isolates,
from a neutronics standpoint, thé'horiZonté]nassembly from those .
in the module cells and, hence, there is n0'si§nificant con-
tribution to the overall reactivity of the array.
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Fuel Assembly Reactivity Calculations

Values of k_ were computed for the D. C. Cook Units 1 and 2
design base fuel assemblies assuming both the nominal and bund]g-
averaged lattice cell parameters as given in Table 3.1-1. These
cases were examined to provide insight as to the reactivity
effects of the instrument and control rod guide tubes within the
fuel assembly. These results (see Table 3.1-2) indicate a slight
increase in k_ due to the increased moderator-to-fuel volume
ratio inside the fue]hassembly.

In order to evaluate the reactivity sensitivity to changes in |
enrichment, the value of k_ was calculated for-23% enrichments §
up to and including 3.9 w/o. These values (see Table 3.1-3) ‘
would indicate an increase of approximately 6 mk per 0.1 w/o

increase ‘in the specified range.

To evaluate the potential effects of pool temperature on the
reactivity'of individual fuel assemblies, values of k_ were
computed for temperatures ranging from 20°C to 100°C. Calculated

“values of k., (see Table 3.1-3) indicate that increasing the ‘fuel

assembly temperature results in a decrease in K_ of approximately
1 mk per 20°C increase.

In addition to examining the potential effects of temperature,
the effect of UO2 density changes was also examined. For this
griticality safety analysis,ﬂthe U02 density was assumed‘to be
94% of theoretical. Since increasing the UO2 density decreases
the thermal utilization factor for the fuel, k_ of the assembly
&gcreases with increasing density (sée Table §.1:3).



Storage Array Reactivity Calculations

The KENO IV Monte Carlo code was used to compute storage pool
reactivities for assumed worst credible conditions. The bundle-
averaged fuel assembly parameters are given in Table 3.1-1.
Reactivity calculations were performed using an effectively
infinite representation of the storage array.

iIn evaluating the overall reactivity of the "as designed" storage
array, assumptions were made with regards to the worst credibie
.conditions (from the standpoint of neutronics) that could exist
«in the pool. Conditions assumed in the "worst case" reactivity
.calculations include:

-

1) 3.5.ut % 23% enriched fresh U0, fuels -

2) :Bundle-averaged -fuel éssemb]y ﬁarameters; }
3)  Minimum water gap thickness-of 0.953 inches between adjacent
:storage cells; this accounts for limits on installation
itolerances and storage cell deformation due to design

sstructural loads, possible earthuake disturbances, etc.
‘This represents the worst case geometry for the array.
:4) ‘Temperature variances (20-100°C) in ‘the pool water;
15) No soluble boron in the pool water. "
. i

‘For ‘the nominal case reactivity calculations,.only assumptions
1,:2and 5 are utilized, and the pool water temperature is assumed
to .be 20°C. |

’&abTe 3.1-4 TﬁstSﬂre$u1ts'oT'pod1:reactivity calculations for
iboth the mominal and .worst -case .conditions. Al1 worst case
‘eonditions given above are concurrently .considered ‘in a single
waitcdlation. ‘'In:@ddition ito -these .assumptions, the non-credible
ccondition of :assuming .the fuel .assembly to have a fué]—moderator.‘
temperaturetqf 20°C and the water between fuel assemblies to be .

- . .
s
\ ) v . .
. . [ ! .
. 5
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at 100°C was made. This assumption maximizes both the reactivity
of the fuel assembly and the interaction between adjacent

assembiies. For this non-credible boundary case, the reactivity
was calculated to be 0.923 + .004.

In evaluating the effect of storage cell boron loading on array
reactivity, several reactivity calculations were performed using
XSDRNPM. A storage cell and associated fuel assembly were
represented for the calculation by a cylinder with a geometric
buckling equivalent to that of the actual fuel assembly. The
boron density in the infinite array of storage cells was then
wvaried for each individual calculation. Results as described in
‘Table 3.1-5 would indicate an increase in array reactivity of

~ 0.014 Ak per 0,010 g/cm2 ]OB decrease between fuel assemblies
in the specified ranges for this system. To assure the specified
minimum boron loading between fuel assemblies of 0.040 g/cm2 ]OB,
the actual average loading between assemblies will be greater
than the specified minimum. ’

Systematic ‘Uncertainties and Benchmark Calculations.

‘The calculational methods and computer codes used to assess theﬁ
eriticality safety of the D. C.'Cook fuel storage array have been
ibenchmarked against current -experimental critical experiments,
:and the results of these evaluations are-.discussed below.

‘To verify the adequacy of our calculational model, a number of

" . itheory-experiment .comparisons have been made.- For the KENO IV(l)
'1ﬁeactivity calculations, the cross section data generation and

iﬁethOHS'ofWanalysis employed in evaluating these critica]-exﬁeri-
iments were the same as previously described to evaluate the
meactivity .of the ‘Doel 3 .storage arrays. Namely, the XSDRNPMTZ)
and‘NITAwL(Z) codes were used to generate 123 éroup, cell weighted,
‘resonance self-shielded fuel region cross sections for input into '
'KENO 1IV.
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One set of critical experiments consists of small, water-moderated
critical arrays of fuel rods as described by Grob, et al. (5)

We have evaluated several of" these U02 rod-water Tattice cr1t1ca1
experiments using -the KEN0(4) codes with 18 group cross section
data averaged using the CCELL(3) code and 123 group data averaged
as described above.- Results of these calculations are shown in
Table 3.1-6. It is noted that the KENO calculated reactivities

are in good agreement with previously performed DTF-IV(G) transport
theory calculations within.the statistical uncertainty of the:

. Monte Carlo calculations.

In addition to these correlations, several benchmark calculations
have been performed for critical experiments utilizing 4.95 wt.%
235U metal, rod-water 1attices(7) and 2.35 wt.% 235U aluminum

clad UO2 rod-water 1attices(8). Results of reactivity calculations
for the uranium metal rod experiments are given in Table 3.1-7.
Table 3.1-8 Tists results for the aluminum clad rod data, recent]y
reported by Bierman, et al. (8) The theory-experiment correlations
show that the analytical methods used adequately reproduce the
experimental results. ”



TABLE 3:1=1
DESIGN BASE D. c. COOK UNITS 1 ARD 2
FUEL ASSEMBLY PARAMETERS

Westinghouse 15x15

Exxon 15%15

—
Nomiiial
Lattice Piteh; iR: 0.563
clad 00 ~ 0.422
Clad Material Ir-4
Clad Thickness; iii: 0.024
Uo, Pellet 0D; ih: -0.3659
Pellet Density; %.?T_ 95
Enrichment®; wt:% 235 3.5
" Active Fuel Rods . X 204
Rod Array _ 15%15
Effective Ariay Dimensions; in. 8.445x8:445
Control Rod Guide, Tibe 0.5450Dx0. 017
Dimensions (Zr=4), in. wall- (upper)
0.4890Dx0. 017
, o wall (lower)
Instrument Tiibe Difensions 0.5450Dx0. 017 -
(Zr-4), in; wall '

*Specified enrichmient.

Bundle- -
Averaged Nominal
0.5913 0.563
0.4256 0.422
 Ir-4 Ir-4
*0.0261 0.030 °
0.3659 0.3565
95 94
3.5 3.5
204 (same as
W 15x15)
15x15 "
8.445x8.445 "
N/A "
N/A 10
N/A n

Bundle-
Averaged

0.5913
0.4285
Ir-4
0.033
0.3565
94

3.5
(same as

W 15x15)

o .

Westinghouse 17x17

Nominal

0.496
0.374
Ir-4
0.0225
0.3225
95

3.5
264

17x17

.4820Dx.016
wall (upper)

.4290Dx.016
wall (lower)

0.4820Dx0.016
wall

o

8.432x8.432

Bundie-
Averaged

0.5190 @@ .

0.3773
Ir-4
0.0242
0.3225
94

3.5
264

17x17
8.432x8.432

N/A ‘l’
N/A

N/A
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TABLE 3.1-2

INFINITE MEDIA MULTIPLICATION FACTORS

Fuel Assembly k Values (CCELL)

Lattice Cell Parameters Westinghouse 15x15 Exxon 15x15 Westinghouse 17x17
Nominal . i 1.424 1.425 1.418
Bundle-Averaged 1.435 1.433 1.430
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TABLE 3.1-3

H 17 x 17 Fuel Assembly Reactivity Sensitivity (CCELL)

235y Loading, K
g/cm 235U (axial) w
ENRICHMENT, (w/o0): 3.5 44,22 g . 1.430
' 3.7 47.25 C1.442

3.9, 49.80 .0 1.453

»

PELLET DENSITY, (% pT)
(at 3.5 w/o and 20°C Fuel + Moderator Temperature)

90 42.34 1.431

9% 44.22 : 1.430
97 25.63 5 - 1.429

100 47.05, . 1.428°

. FUEL and MODERATOR TEMPERATURE, (°C):

(at 3.5 w/o and 94% pp Pellet Density) | >
20" 44.22 1.430
60 44,22 1.427
100 , 44.22 S 1.423
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TABLE 3.1-4

Reactivity Calculations

D. C. Cook Units 1 and 2

o 2 ap———

Fuel Type: W 17 x 17 (3.5 w/o)
Storage Cell: Stainless: Steel Clad BORAL
' GT ID: 8.986" (assumed)
GT Center-to-Center Spacing: 10.50" (nominal)
]OB Loading: 0.020 g/cm2 per cell plate

™ _ 0.218" total thickness (assumed)

B e S

kegg £ 0
. NITAWL-XSDRNPM-
Case Description KENO IV (123 group) i
1 . Nominal " '0.908 + .004 '
. 2 Worst Case Geometry and
Pool Temperature* 0.923 + .004




TABLE 3.1-5

- BORON SENSITIVITY REACTIVITY CALCULATIONS
NITAWL-XSDRNPM

Boron Loading*, g/cm® 108 Ak,
0.030 +0.016
0.040 . 0:0
0.050 -0.011
{
,,/'

*Bétween' fuel ‘assemblies: .’






CALCULATED K VALUES FOR CYLINDRICAL ROD-WATER CRITICAL LATTICES

(2.70 Wt.% 2350 Stainless-Steel Clad UD, Rods (3))

- © CCELL-KENO II
CCELL-DTF-1V

NITAWL-XsDRNPM-kEno Tv @

P - (18-group) (123-group)
sare  soruey | trddal  Gldated  Glclated Calculated
Lattice Volume Cylinder Rea(ulztw;t_y Rezzﬁtw;ty Re?ﬁtw;ty

Spacing, ih. Ratio Radius, cm eff eff eff
0.435 - 1.405 26.820 1.016 1.008 + .006 1.007 + .005
0.470 1.853 24.294 1.015 1.014 + .005 1.013 + .005

? 0.573 ) 3.357 23.600 1.011 1.003 + .005 -
0.615 4,078 24,7711 1.009 1.010 + .005 -
27.172 1.005 1.005 + .005 *-

0:665 = - 4,984
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M 1.5

TABLE 3.1:7

[ABEEALALH

b‘LATEd K'FF VALUES FOR ORNL CRITICAL LATTICES
- (4 95 wt.% 235U Unclad Uranium Meta] Rods(7))

CCELL-KENO 11

NITAWL-XSDRNPM-KENO IV
(123-group)

Kegp £ ©

%tlce Numgér of .. .Critical. Water . (és-grgupz
Number Rods® . He1ght Above Lattice, cm eff —
Rod-Water Lattice Only
22 203 7.1 0.988 + .006
-1 23 195 15.24 0.998 + .006
" TNty i '!'[rk b Y 5 n('
Rod-Water Lattice + U{0.185) Biock
ey C e
104 (Rin) 245 9.5 1.001 + .006
Rod-Water Lattice + U(0.185) Block + BORAL'" Sheet
ING Sy 2%
105 (Run) 324 15.24 _ 1.038 + .005

- 359 11.94 1.037 *+ .006

0.999 + .006

0.993 + .006

1.000 + .005
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TABLE 3.1-8

CALCULATED Ky VALUES FOR BIERMAN CRITICAL LATTICES
o~ (2.35 Wt.3 2% Atuminum Clad U0, Rods(®)) -

M Number of Fuel
Experiment Clusters in Array,
Case Number Fuel Rods

Rod-Water Lattice Only

1 002 . 1
2 . 014 2

Rod-Water Lattice + 304L Steel

3 028 ‘ 3

4 035- - o3
Rod-Hater Lattice + BORALT!

5 020. 3

6 . 016 3

*6.33 cm aésumedffn reactivity calculation.

Critical
Separation Between
Fuel Clusters, cm

6.88
11.47

6.34*
9.03

CCELL-KENO ITI
(18-group)

keff —

+ 0o

1.008 +
1.007 +

0.994 +
0.997 +

0995 +

1.007 +

.005
.005

.004
.005

.005
.005

@ A s T M mem A emeama

NITAWL-XSDRNPM-KENO IV
(123-group)

Kegg £ © .’ :

1.004 + .005
0.991 + .005

0.997 + .004
1.000 + .005

0.999 + .005
0.999 + .004




3.2

3.3

34

w

=29~

Fuel Handling Considerations

An analysis of the consequences of a fuel handling accident was
performed in the Final Safety Analysis Report for the D. C. Cook
Nuclear Plant (Ch. 14.2.1). The Nuclear Regulatory Commission's
Safety Evaluation Report for Cook Plant concluded that the analysis
was acceptable. The modification proposed for the spent fuel racks
would not affect the consequences or probability of that accident,
nor introduce a different or more severe accident.

Cask Drop Consequences .

The details of the cask drop protection system are presented in
Question 14.15 of the Plant's Final Safety Analysis. The Nuclear
Regulatory Commission reviewed this information and ruled to be
acceptable. The proposed spent fuel rack modification does not
involve the spent fuel shipping cask area. Therefore, the proposed

modification does not affect the original cask drop evaluation.

Existing Technical Specifications (T.S. 3.9.7) prohibit travel of
loads jin excess of 2500 1bs over the fuel assemblies while they are
stored in the Spent Fuel Pool. )

Material Considerations

A11 permanent structural material exposed to the spent fuel pool
environment that is used in the fabrication of the spent fuel storage
racks is 300 series stainless steel mostly 304. This material was
chosen for compatibility with the spent fuel pool water,

At the design operating temperature of 1200F, there is no
deterioration or corrosion of stainless steel in this environment.
There is also no corrosion problem at temperatures up to and incltuding
pool boiling. All other structural components in the.spent fuel pool’
system, such as’ the pool Tiner, cooling system pipe’ connections, etc.,
are made of stainless steel. .

The Donald C: Cook high density spent fuel storage cells utilize
Boral material sealed between an inner and outer stainless steel

" ~shroud. The Boral material will be supplied by Brooks and Perkins, Inc.

to Leckenby Company who will fabricate the spent fuel storage module
for Exxon Nuclear Company. The stainless steel shroud (or cladding)

is Type 304, meeting the requirements of ASME SA240. The Boral consists
of an 1100 series aluminum and boron carbide matrix core sandwiched .
between two layers of 1100 series aluminum cladding.. Boron carbide
particles act as a neutron absorber. The boron carbide is ASTM-C750-74.
Type II'or equivalent. Non-destructive testing of the cells will be
conducted to insure 100% leak tightness with a 95% confidence level..

In addition .to these programs, Exxon Nuclear Company will conduct an
independent neutron transmission testing program on the completed-
poison cells.
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In summary, the pool Tiner, rack lattice structure, and cell

exteriors are all stainless steel, which has demonstrated good
.corrosion resistance in PWR spent fuel pool environments. The design,
material selection, and the NDE program provide a high degree of
- assurance that the integrity of the fixed poison material will be
maintained. The material used in the new spent fuel storage racks

s similar to present components and does not effect or alter

previous evaluations.

3.4.1 Poison Verification Programs

.Close control and verification of the material properties utilized
“in the manufacture of the Boral is assured through the manufacturer's
.Quality Assurance Program and is documented on appropriate material
.certification reports. Prior to inserting the Boral plates into the
»finished cell configuration, each plate is identified in order to
¢allow traceability to the end product. Records are generated for each
.cell identifying the plates installed in that cell by serial number,
tthereby providing positive assurance that the required plates are in
* place. :

During rack fabrication, additional care is exercised to prevent
«damage to the stainless steel cladding of the poison cells. Tracea-
“bility is continued on the cells by providing a cell location map of
eeach fuel storage rack module. :

. Special handling measures are imposed on the packaging and shipping
rto minimize the possibility of degrading the quality of the racks
.during transit. A thorough receipt inspection at the Donald C. Cook
“Plant is performed to assure no damage has occurred.

‘Documentation is maintained on all testing and surveillance per-
iformed on the poison cells as well.as material certification reports
con all materials used in the construction of the cell.

334.2_In-Pool Surveillance Program

>Surveillance specimens are provided to allow for surveillance
zover the lifetime of the fuel storage racks. The purpose of these
‘aspecimens is to provide assurance that no unexpected corrosion is:
ooccurring which could compromise the integrity of the Boral. The
ssurveillance specimens are in the form of removable stainless steel
cclad Boral sheets, which are prototypic of the fuel storage cells.
TiThese” specimens can be routinely’ removed and examined and. then re-
irinstalled in the spent fuel pool. |
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Thermal Considerations

Fuel Assembly Heat Removal

The D. C. Cook spent fuel racks utilize stainless steel'encap-
sulated Boral shrouds supported in a’stainless steel structural
lattice. Adequate flow paths to the fuel assembly inlet are
provided by sufficient space peneath the racks and between the
racks and the pool walls. A six-inch hole at the bottom of

the fuel storage cell serves as the coolant inlet. Flow paths

between fuel storage cells within a rack module are provided
to remove gamma heating of the inter-cell coolant. °

Design Criteria

‘The high density spent fuel storage .rack design provides storage

capacity for slightly more than 10-1/2 cores (2,050 spent fuel
‘assembly storage cells). The original fuel storage design
provides for storage of 2-2/3 cofes. Because of the-high density
,siorage (compared to the original design), the design will be
reviewed to determine if adequate natural convection cooling is
available during normal operation to: (a) maintain fuel rod

«clad temperatures at acceptable levels; and (b) preclude boiling
within the fuel assemblies. Fuel rod clad temperatures will

@lso be evaluated under hypothetical loss of forced coolant

wirculation conditions where the pool surface .is assumed to

reach a saturation temperature of 212°F. '

:Mechanical Considerations
[ ‘ ¥

iDesign Criteria

Stnuctural design criteria ‘for :spent fuel ‘storage racks ‘wilil ibe
developed to -assure conformance with recognized codes -and
@applicable regulatory -guides, including the ‘0T Position for
Review and Acceptance of Spent Fuel Storage & Hand1ing Applica-
tions, April 14, 1978.
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Methods of Analysis

The methods employed by Exxon Nuclear Cdmpany in the structural
design and analysis will be the same as those reviewed and
approved by the NRC in prior submittals. The following is a
summary of that methodology:

Structural Analysis

The SAP-4(9) computer program is used for static and dynamic
analysis of the fuel storage rack structure. The analytical
model is sufficiently detailed to allow determination of static
and dynamic lToads on all rack members and includes rack-to-rack
intentiés and wall braces. Appropriate boundary conditions for

< the rack interties and the support point nodes at the base of

the 'structure are ‘developed.

Thé mass of the water enclosed in the spenf fuel storage rack
is lumped together with the masses of ‘the fde] assembly :and the

. rack structure in the Tumped-parameter SAP-4 mode] Static
'analys1s output consists of member loads-and noda] deflections.

Dynamic analysis output includes frequencies, mode shapes, -
participation factors and member loads.

Static and seismié loads obtained from the SAP-4 model are
combined together and with other loads as requived by the
criteria to calculate stresses in the structural members. The
calculated stresses are then compared with the applicable
?lldwablesstresses to confirm structural adequacy.

L]

‘Non=lLiinear -Effects ..

.Tiﬁé*histbryvanalysis'bffd‘sing1effuela§torage;ce11/fué1wdsséhbly}y

t07account"foﬁ'the’effétts'offtherc1ednance gap between.the. .o .
storage cell waJ1=and the 'fuel assembly ‘will be performed. ' The




R & o
® ) ®

}

method of analysis will be identical to that submitted by

Arkansas Power and Light Company in its letters dated October 18,

1976 and November 11, 1976, and as approved by the NRC in its -
Safety Evaluation Report for the Arkansas Nuclear One, Unit 1
Spent Fuel Rack Modification-dated December 17, 1976.

Dropped Fuel Assembly Accident

An evaluation of the effects of a postulated dropped fuel
rassembly.accident will be performed to confirm that there
:would be no effect on the spacing of fuel assemblies stored
iin .the racks. The method of design and analysis will be
4dentical to that submitted by Omaha Public Power District
in its letter dated June 2, 1976, and as approved by the NRC
*in*its Safety Evaluation Report for the Fort Calhoun Station
tUnit No. 1 Spent Fuel Rack Modification dated July 2, 1976.

lIn.addition to the analysis for a vertical drop onto the top
¢of .the storage racks, the following cases will be evaluated:

za) | - fuel 5Ssemb1y dropped inside the storage cell.

'b)  fuel assembly dropped from above the racks but with
ithe assumption that .the assembly rotates as it drops
#zand:impacts.a row of storage cells.
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INDIANA & MICHIGAN POWER CoMPANY

P. 0. BOX 18
BOWLING GREEN STATION
NEW YORK, N. Y. 10004

Februarxy 3 , 1978

Donald C. Cook Nuclear Plant Unit No. 1l
Docket No. 50-315
DPR No. 58

Mr. Edson G. Case, Acting Director
office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. Case:

Changes are hereby requested to the Donald C. Cook
Nuclear Plant Unit No. 1 Appendix A Technical Specifications
in Sections 3.2 and 4.2 (Power Distribution Limits) and the
corresponding bases. The purpose of this change is to extend
the heat flux hot channel factor limit (Fg) to higher reactor
exposures than is currently provided for in the Technical
Specification. The current Fq limit is applicable for Cycle 2
exposure up to 10,800 MWD/MTU. Planned operation for the bal-
ance of Cycle 2 may exceed this exposure. Also the Fo limit
must be revised to be applicable to future cycles.

The proposed Technical Specification changes are
included in the Attachment to this letter. These changes are
applicable to all future operation of the plant with the cur-
rently designed Exxon Nuclear Fuel.

The basis for the proposed Fn limit is provided in the
ECCS analysis for the plant as reported in Reference 1 and
Supplements 1 and 2 to this document (References 2 and 3).
The NRC staff's evaluation of the Exxon Nuclear ECCS evaluation
model applicable to the plant (Reference 4) required changes
involving assignment of flow blockage uncertainties durlng the
calculated reflood portion of the LOCA transient. In Reference
2 further changes to the flow blockage values and uncertainties
were proposed and justified for application to the plant. 1In
Reference 3 additional information was provided in response to
questions raised by the NRC staff regarding Reference 2.
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Mr. Edson G. Case -2~ February 3 , 1978

This Technical Specification change request has been
reviewed by both the PNSRC and the required membership of the
NSDRC, in accordance with the appropriate provisions of our
Technical Specification. The results of our review indicate
that our request for this Technical Specification change will
not jeopardize the health and safety of the plant workers,
nor will it in any way compromise the health and safety of
the public.

Very truly yours,

ice President

JT/mab
Attachments

Sworn and subscribed to before me
this 3 day of February, 1978 in
New York County, New York

4254%272723\4 IS znf

Notary Public

KATHLEEN B
NOTARY FUBLIC, State ﬁﬁy‘ York

No. 41-4606792
Qualified i Queens County
“Cerhhcalu fited in Now York County

St CApnes thaich 30, 197?

¢cc: R. C. Callen
G. Charnoff
R. W. Jurgensen
D. V. Shallexr - Bridgman
P. W. Steketee
R. Walsh
R. J. Vollen



ATTACHMENT Td LICENSE AMENDMENT NO.

FACILITY OPERATING LICENSE NO, 58 “

DOCKET NO. 50-315

Replace the following pages of the Appendix "A" Technical
Specifications with the enclosed pages. The revised pages
are identified by Amendment number and contain vert1ca1
Tines indicating the area of chanage.

Paﬁes

3/4

. 3/4
3/4
3/4
3/4
3/4
3/4
3/4
3/4
3/4
3/4
3/4
3/4

- B 3/4
B 3/4
B 3/4
B 3/4

(Replaced by pages 3/4 2-16, 3/4 2-17)
(Replaced by page 3/4 2- 18)
(Replaced by page 3/4 2-19)

(Change page number to 3/4 2-20)
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“315.2' POWER DISTRIBUTION LIMITS

. . ‘
- .
. e .

14

AXIAL FLUX DIFFERENCE (AFD) . \

ACTION:
POWER:

a)

b)

a)

. b)

LIMITING CONDITION FOR OPERATION

3.2.1 The indicated AXIAL FLUX DIFFERENCE (AFD)'sha11 be maintained within
a +5% target band (fliux difference units) about the target flux difference
shown on Figure 3.2-4. ~ ' _ - ,

APPLICABILITY: MODE -1 above 50% RATED THERMALaPONER*

a. Nith.ihe fndicated AXIAL FLUX DIFFERENCE outside of the +5%
target band about the target flux difference and with THERMAL

1. Above 75% x T(E) of RATED THERMAL POWER, within 15 minutes:’

Emther restore the indicated AFD to within the
target band ]1m1ts, or

Reduce THERMAL POWER" to less than 75% x T(E)** of RATED
THERMAL POWER,

2, Between 50% and 75% x -T(E) of RATED THERMAL POMER:.

POWER OPERATION may continue provided: *

1) The indicated AFD has not been outside of the +5%
target band for more than 1 hour pena]ty deviation
cumulative during the previous 24 hours, and

2) The indicated AFD is within the limits shown on
_ Figure 3.2-1. Otherwise, reduce THERMAL POWER
to.less than 50% of RATED THERMAL POWER within
30 minutes and reduce the Power Range Neutron |
Flux-High Trip. Setpoints to < 55% of RATED
THERMAL POWER within the next 4 hours.

Surveillance testing of the Power Range Neutron Flux
Channels may be performed pursuant to Specification
4.3.1.1.1 provided the indicated AFD is maintained
within the.limits of Figure 3.2-1. ‘A total of 16
hours operation may be accumulated with the AFD
outside of the target band during this testing
without penalty deviation.

*See Spec1a1 Test Exception 3.10.2
**T(E) is defined on Figure 3.2-3 and pages 3/4 2 15, 2 16

D. C.”COOK - UNIT 1

3/4 2-1 - - Amendment No.
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POWER DISTRIBUTION LIMITS -

LIMITiNG CONDITION FOR OPERATION (Continued)

c) Surveillance testing of the APDMS may be performed
pursuant to Spec1f1catmon 4.3.3.6.1 provided the
indicated AFD is maintained with the limits of-

Figure 3.2-1. A total of 6 hours of operation may
be accumulated with the AFD outside of the target .
band during this testing without penaity deviation..

THERMAL POWER shall not be increased above 75% x T(E) of RATED
THERMAL POWER unless the indicated AFD is within the + 5%
target band and ACTION 2.a) 1), above has been satwsf1ed

THERMAL POWER shall not be increased above 50% of RATED THERMAL
POWER unless the ‘indicated AFD has not been outside of the

+ 5% target band for more than 1 hour penalty deviation
cumulative during the previous 24 hours.

P

| SURVEILLANCE ‘REQUIREMENTS

4.2.1.1

The indicated AXIAL FLUX DIFFERENCE shall be determ1nea to be

within its Timits durlng POHWER OPERATION above 15% of RATED THERMAL POWER

by:

a.

- e

Mon1tor1ng the 1nd1cated AFD for each OPERABLE excore channel

1.' At least once per 7 days when the AFD Monitor Alarm is
OPERABLE, and  ° .

2. At least once per hour for the first 24 hours after
restoring the AFD Monitor- A]arm to OPERABLE status

Monitoring and logging the 1nd1cated AXIAL FLUX DIFFERENCE for
each OPERABLE excore channel at least once per hour for the
Tirst 24 hours and at least-once per 30 minutes thereafter,
when the AXIAL FLUX DIFFERENCE Monitor Alarm is inoperable.

. The logged values of the indicated AXIAL FLUX DIFFERENCE shall
" be assumed to exist during the 1nterva1 preced1ng each logglng

D. C. COOK - UNIT 1 3/4 2-2 Amendment No. .
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POWER DISTRIBUTION LIMITS
HEAT FLUX HOT CHANNEL FACTOR-FA(Z)
] <

LIMITING CONDITION FOR OPERATION -

372.2 FQ(Z,k) shall be limitéd by the following re{ationships:
L
. [FL(E,)] )
Fo(z4) < —455— [K(2)] for P > 0.5

F(Z:0 < 2 [FH(E,)] [K(2)] for P <.0.5

_ THERMAL POWER ‘ .
where P = orSED THERMAL POWER i

FB(Eip is the exposure dependent FQ Timit for assemb]§ £

and is defined on Figure 3.2-3 and pages 3/4 2-15, 2-16.

EL is_the maximum pellet exposure in assembly £. !

K{Z) is the function obtaineéd from Figure 3.2-2 for a,given
core height location. :
Fq is defined as the FQ(Z,&) with the smallest margin or the
greatest excess of the*limit. ?

—

bt we—an e e © ASE . ' ——

-1 | APPLICABILITY: MODE 1

ACTION: . . '

Aith FQ exceeding its limit:

a. Comply with either of the following ACTIONS: B
1. Reduc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>