. Docket Mos. /50-282
o and 50-306

Mr. L. 0. Mayer, Manager
Nuclear Support Services
Northern States Power Company
414 Nicollet Mall - 8th Floor
Minneapolis, Minnesota 55401

Dear Mr. Mayer:

In response to your submittal dated September 8, 1978 and application
dated December 29, 1978, supplemented on January 23 and March 30,

1979, the Commission has issued the enclosed Amendment Nos. 35 and

9 to Facility Operating License MNos. DPR-42 and DPR-60 for the
Prairie Island Nuclear Generating Plant, Unit Nos. 1 and 2 respectively.

The amendments change the common station Technical Specifications for
- the Prairie Island Nuclear Generating Plant Unit Nos. T and 2 in
connection with the refueling of Units 1 and 2 and incorporate changes
to the Appendix A Technical Specifications to support operation in
Cycle 5 with reload fuel by Exxon Nuclear Company. ‘

During our review of your proposed amendments we found that certain
modifications were necessary to meet our requirements. Your staff
has agreed to these modifications and they have been incorporated
in these amendments. :

You are required to submit the Unit 2 SAR prior to the next Unit 2

reload to confirm that th= Technical Specifications will not change

for Unit 2. The Exxon Auclear Company does not have an-approvad”®

Rod Bow Topical Report. Therefore we have included a penalty factor

in the Technical Specifications until such time as the Topical Report
" is approved.

The requirements of the NRC Order for Modification of License of

Prairie Island Nuclear Generating Plant Unit Nos. 1 and 2 dated May 18,
1978 have been satisfied by your submittal dated February 21, 1979. ‘
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Mr. L. 0. Mayer 2.
Copies of the related Safety Evaluation and the Notice of Issuance
are also enclosed, '
Sincgrely,
A. Schwencer, Chief
Operating Reactors Bmanch #1
Division of Operating Reactors
Enclosures:
1. Amendment No.35 to DPR-42
2. Amendment No. <£5to DPR-60
3. Safety Evaluation
4, MNotice of Issuance
cc: w/encTosures
See next page
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Mr. L. 0. Mayer, Manager TJCarter
Nuclear Support Services WRussel1

Northern Sfates Power Company
414 Nicollek Mall - 8th Floor
Minneapolis, Winnesota 55401

AN
ursubmittal date September 8, 1978 and application
s 19 23 and March 30,
1979, the Commission ha e enclosed Amendment Nos. and
to Facility Operating and DPR-60 for the

The amendments change the co station Technical Specifications for
the Prairie Island Nuclear Beperating Plant Unit Nos. 1 and 2 in ’

to the Appendix A Technical ons to support operation in
Cycle 5 with reload fuel by/Exxon Nucle Xou are required to
submit the Unit 2 SAR prioy to the next Un ad to confirm that
the Technical Specificatio 3 it 2. The Exxon

until such time as the Topical Report is approved. v )

/
The requirements of the NRC Order for Modification of License of ;
Prairfe Island Nuclear Generating Plant Unit Nos. ] and 2 dated
May 18, 1978 have been satisfied by your submittal dated February 21, |
1979.

Copies of the related Safety Evaluation and the Notice of Issuance
are also enclosed. .

Sincerely,

‘A. Schwencer, Chief - |
Operating Reactors Branch #1 o
Division of Operating Reactors e
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Dear Mr. PRyer: . MGrotefhuis
CParyish
In response ¥ your submittal dated September 8, 1978 and application
dated Decemben\29, 1978, supplementgd on January 23 and March 30,
1979, the Commidgion has issued the enclosed Amendment Nos. and
to Facility Ogerating Licensg/Nos. DPR-42 and DPR-60 for the \

Prairie Island Nuclear Generatipg Plant, Unit Nos. 1 and 2 respectively.

The amendments change\the comfion station Technical Specifications for
the Prairfe Island Nuclear @enerating Plant Unit Hos. 1 and 2 in
connection with the refdelfng of Units 1 and 2 and incorporate changes
to the Appendix A Technigql Specifications to support operation in
Cycte 5 with reload fue)/by Exxon Nuclear Company .

The requirements of tfe NRC Rrder for Modification of License of
Prairfe Island NucleAr Generaking Plant Unit Nos. 1 and 2 dated
?aggls, 1578 have béen satisfidd by your submittal dated February 21,
979. 4 ,

Copies of the r¢lated Safety Evaluxtion and the Notice of Issuance
are also encloged.

Sinc? ely,

A. Schwencey, Chief
Operating Reésctors Branch #1
Division of Operating Reactors

En€losures: :
1. Amendment No. to DPR-42
, 2. Amendment No. to DPR-60
| 3. Safety Evaluation
E 4. Notice of Issuance _ *SFF PREVIOUS YF110W FOR CONCHRRENCE
% orrics>cb . W/ ORCTOSURES . vvoeerreeenenns | .DOR:ORB1......] ...Q;L LR 8 DORADS&P ..... DOR :0RBI%..
E; surnamx»> | .. ... S eeneXt a.ge ..................... .MGY‘QtEﬂhUiS .......................... RHVOHme\" ..... ASChWQUCe"‘
P (SO SO 04/03/79......... |04/4179........ 0084, 479...... 104103/ T9.....
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Docket Nos, 50-282
and 59-306

C\ Mr. L. O, Mayer, Manager

“Nuclear Support Services
Northern States Power Company
414 Nicollet Mall - 8th Floor
Minneapolis, Minnesota 55401

Dear Mf:aﬂayer:

In responsé\xo your submittal dated September 8

‘DISTRIBUTION:

Docket (2)
NRC PDR (2)
Local PDR
NRR Reading
ORB-1 Reading
VStello
DEisenhut
HRDenton
BGrimes
RVolimer
TdCarter
WRussel1

I&E (5)
Attorney, OELD
ASchwencer
MGrotenhuis

» 1978 and application

dated December 29, 1978, supplemented on January 23 and March s
1979, the Commission has issued the enclosed Amendment Nos. and

to Facility Operating License Nos. DPR=42 and DPR-60 for the Prairie
Island Nuclear Generating Plant Unit Nos. 1 and 2, respectively.

The amendments change the common station Technical Specifications
for the Prairie Island Nuclear Generating Plant Unit Nos. 1 and 2
in connection with the refueling of Units 1 and 2 and incorporate

changes to the Appendix A Technical Specifications to support operation
in Cycles 5 through 8 with reload fuel by Exxon Huclear Company.,

The requirements of the NRC Order for Modification of License of
Prairie Island Nuclear Generating Plant Unit Nos. 1 and 2 dated
| May 18, 1978 have beenysatisfied by your submittal dated

February 21, 1979, Vs

yd . . ;
Copies of the re?gtéd Safety Evaluation and the Notice of Issuance

also are enclosed:

Sincerely,

A. Schwencer, Chiéf_
Operating Reactors Branch #]

///’ ; ‘ . Division of Operating Reactors

e
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Docket Nos. 50-282
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- UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

April 20, 1979

Mr. L. 0. Mayer, Manager
Nuclear Support Services
Northern States Power Company
414 Nicollet Mall - 8th Floor
Minneapolis, Minnesota 55401

Dear Mr. Mayer:

In response to your submittal dated September 8, 1978 and application
dated December 29, 1978, supplemented on January 23 and March 30,

1979, the Commission has issued the enclosed Amendment Nos. 35 and

29 to Facility Operating License Nos. DPR-42 and DPR-60 for the
Prairie Island Nuclear Generating Plant, Unit Nos. 1 and 2 respectively.

The amendments change the common station Technical Specifications for
the Prairie Island Nuclear Generating Plant Unit Nos. 1 and 2 in
connection with the refueling of Units 1 and 2 and incorporate changes
to the Appendix A Technical Specifications to support operation in
Cycle 5 with reload fuel by Exxon Nuclear Company.

During our review of your proposed amendments we found that certain
modifications were necessary to meet our requirements. Your staff
has agreed to these modifications and they have been incorporated
in these amendments.

You are required to submit the Unit 2 SAR prior to the next Unit 2
reload to confirm that the Technical Specifications will not change
for Unit 2. The Exxon Nuclear Company does not have an approved

Rod Bow Topical Report. Therefore we have included a penalty factor
in the Technical Specifications until such time as the Topical Report
is approved.

The requirements of the NRC Order for Modification of License of
Prairie Island Nuclear Generating Plant Unit Nos. 1 and 2-dated May 18,
1978 have been satisfied by your submittal dated February 21, 1979.



Mr. L. 0. Mayer -2 - April 20, 1979

Copies of the related Safety Evaluation and the Notice of Issuance
are also enclosed.

Sincerely,

j ;
é@t Liazilin—

A. Schwencer, Chief
Operating Reactors Branch 71
Division of Operating Reactors

Enclosures:

1. Amendment No. 35 to DPR-42
2. Amendment No. 29 to DPR-60
3. Safety Evaluation

4. Notice of Issuance

cc: w/enclosures
See next page



Mr. L. 0. Mayer

Northern States Power Company -3 - April 20, 1979

cc: Gerald Charnoff, Esquire Mr. John C. Davidson, Chairman

Shaw, Pittman, Potts and Trowbridge

1800 M Street, N.W.

Washington, D. C. 20036

Sandra S. Gardebring

Executive Director

Minnesota Pollution Control Agency

7935 W. County Road B2

Roseville, Minnesota 55113

The Environmental Conservation Library

Minneapolis Public Library

300 Nicollet Mall

Minneapolis, Minnesota 55401

Mr. F. P. Tierney, Plant Manager

Prairie Island Nuclear Generating Plant

Northern States Power Company

Route 2 .

Welch, Minnesota 55089

Joclyn F. Olson, Esquire

Special Assistant Attorney General

Minnesota Pollution Control Agency

1935 W. County Road B2

Roseville, Minnesota 55113

Robert L. Nybo, Jr., Chairman

Minnesota-Wisconsin Boundary Area
Commission

619 Second Street

Hudson, Wisconsin 54016

Clarence D. Fierabend

U. S. Nuclear Regulatory Commission

P. 0. Box 374

Red Wing, Minnesota 55066

Bernard M. Cranum

Bureau of Indian Affairs, DOI

831 Second Avenue South

Minneapolis, Minnesota 55402

Goodhue County Board of Commissioners
321 West Third Street
Red Wing, Minnesota 55066
Commissioner of Health
Minnesota Department of Health
717 Delaware Street, S.E.
Minneapolis, Minnesota 55440

Chairman, Public Service Commission
of Wisconsin

Hill Farms State Office Building

Madison, Wisconsin 53702

Director, Technical Assessment Divisic
O0ffice of Radiation Programs (AW-459)
U. S. Environmental Protection Agency
Crystal Mall #2

Arlington, Virginia 20460

U. S. Environmental Protection Agency
Federal Activities Branch

Region V Office

ATTN: EIS COORDINATOR

230 South Dearborn Street

Chicago, I1linois 60604



— UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

NORTHERN STATES POWER COMPANY

DOCKET NO. 50-282

PRAIRIE ISLAND NUCLEAR GENERATING PLANT UNIT NO. 1

AMENDMENT TO FACILITY OPERATING LICENSE

Amendment No. 35
License No. DPR-42

1. The Nuclear Regulatory Commission (the Commission) has found that:

A. The application for amendment by Northern States Power Company
(the licensee) dated December 29, 1978 and supplemented on
January 23 and March 30, 1979, complies with the standards
and requirements of the Atomic Energy Act of 1954, as amended
(the Act), and the Commission's rules and regulations set
forth in 10 CFR Chapter I;

B. The facility will operate in conformity with the application,
the provisions of the Act, and the rules and regulations of
the Commission;

C. There is reasonable assurance (i) that the activities authorized
by this amendment can be conducted without endangering the
health and safety of the public, and (ii) that such activities
will be conducted in compliance with the Commission's regulations;

D. The issuance of this amendment will not be inimical to the
common defense and security or to the health and safety of
the public; and

E. The issuance of this amendment is in accordance with 10 CFR
Part 51 of the Commission's regulations and all applicable
requirements have been satisfied.

J
S
N

775247



2. Accordingly, the license is amended by changes to the Technical
Specifications as indicated in the attachment to this license
amendment, and paragraph 2.C(2) of Facility License No. DPR-42
is hereby amended to read as follows:

(2) Technical Specifications

The Technical Specifications contained in Appendices
A and B, as revised through Amendment No. 35, are
hereby incorporated in the license. The licensee

shall operate the facility in accordance with the
Technical Specifications.

3. This license amendment is effective as of the date of its issuance.

FOR THE NUCLEAR REGULATORY COMMISSION

(i;;) yﬁ%gxéz&ZQéz_/

A. Schwencer, Chief
Operating Reactors Branch #1
Division of Operating Reactors

Attachment:
Changes to the Technical
Specifications

Date of Issuance: April 20, 1979
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[N UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

NORTHERN STATES POWER COMPANY

DOCKET NO. 50-306

PRAIRIE ISLAND NUCLEAR GENERATING PLANT UNIT NO. 2

AMENDMENT TO FACILITY OPERATING LICENSE

Amendment No. 29
License No. DPR-60

The Nuclear Regulatory Commission (the Commission) has found that:

A.

The application for amendment by Northern States Power Company
(the licensee) dated December 29, 1978 and supplemented on
January 23 and March 30, 1979, complies with the standards

and requirements of the Atomic Energy Act of 1954, as amended
(the Act), and the Commission's rules and regulations set
forth in 10 CFR Chapter I;

The facility will operate in conformity with the application,
the provisions of the Act, and the rules and regulations of
the Commission;

There is reasonable assurance (i) that the activities authorized
by this amendment can be conducted without endangering the

health and safety of the public, and (ii) that such activities
will be conducted in compliance with the Commission's regulations;

The issuance of this amendment will not be inimical to the
common defense and security or to the health and safety of
the public; and

The issuance of this amendment is in accordance with 10 CFR
Part 51 of the Commission's regulations and all applicable
requirements have been satisfied.



2. Accordingly, the license is amended by changes to the Technical
Specifications as indicated in the attachment to this license
amendment, and paragraph 2.C(2) of Facility License No. DPR-60
is hereby amended to read as follows:

(2) Technical Specifications

The Technical Specifications contained in Appendices
A and B, as revised through Amendment No. 29, are
hereby incorporated in the license. The licensee
shall operate the facility in accordance with the
Technical Specifications.

3. This license amendment is effective as of the date of its issuance.

FOR THE NUCLEAR REGULATORY COMMISSION

. _éétég,cfﬂiAc//

A. Schwencer, Chief
Operating Reactors Branch #1
Division of Operating Reactors

Attachment:
Changes to the Technical
Specifications

Date of Issuance: April 20, 1979



ATTACHMENT TO LICENSE AMENDMENT NO0S.35 AND 29

FACILITY OPERATING LICENSE NOS. DPR-42 AND DPR-60

DOCKET NOS. 50-282 AND 50-306

Replace the following pages of the Technical Specifications contained
in Appendix A of the above-indicated licenses with the attached pages
bearing the same numbers, except as otherwise indicated. The changed
areas on the revised pages are reflected by a marginal line.

Remove Insert

TS-iv TS-iv

TS 1-6 TS 1-6

TS 3.1-17 TS 3.1-17

TS 3.1-18 TS 3.1-18

TS 3.10-1 TS 3.10-1
TS 3.10-1A

TS 3.10-2 TS 3.10-2

TS 3.10-7A TS 3.10-7A

TS 3.10-8 TS 3.10-8

TS 3.10-9 TS 3.10-9

Figure TS 3.10-5 Fjgure TS 3.10-5

Figure TS 3.10-6 Figure TS 3.10-6
Figure TS 3.10-8

TS 5.3-1 TS 5.3-1

TS 5.3-2 -~ DELETED



) . " TS-iv

APPENDIX A TECHNICAL SPECIFICATIONS

LIST QOF FIGURES

TS FIGURE TITLE
2.1~1 Safety Limits, Reactor Core, Thermal and Hydraulic Two Loop
Operation
3.1-1 Unit ! and Unit 2 Reactor Coolant System Heatup Limitations
3.1-2 Unit 1 and Unit 2 Reactor Coolant System Cooldown Limitations
3.1-3 Effect of Fluence and Copper Content ol shift of RTNDT for

Reactor Vessel Steels Exposed to 550 Temperature

3.1-4 Fast Neutron Fluence (E > 1 MeV) as a Function of Full Power
Service Life

3.10-1 Required Shutdown Reactivity Vs Reactor Boron Concentration

3.10-2 Control Bank Insertion Limits

3.10-3 Insertion Limits 100 Step Overlap with One Bottomed Rod

3.10-4 Insertion Limits 100 Step Overlap with One Inoperable Rod

3.10-5 Hot Channel Factor Normalized Operating Envelope For F. o= 2.21

3.10-6 Deviation from Target Flux Difference as a Function of ‘Thermal
Power

3.10-7 Rod Bow Penalty (RBP) Fraction Versus Region Average Burnup

3.10-8 V(Z) as a function of core height

4e4-1 Shield Building Design In-Leakage Rate

4.10-1 Prairie Island Nuclear Generating Plant Radiation Environmental
Monitoring Program (Sample Location Map)

4.10-2 Prairie Island Nuclear Generating Plant Radiation Environmental
Monitoring Program (Sample Location Map)

6.1-1 NSP Corporate Organizational Relationship to On-site Operating
Organization :

6.1-2 Prairie Island Nuclear Generating Plant Functional Organization

for On-site Operating Group

Amendment No. %

5, Uni
Amendment No. 29, UR}



' o TS.1-6

3. Refueling Shutdown
A reactor is in the refueling shutdown condition when a refueling
operation is scheduled, the reactor is subcritical by at least 10%

Ak/k and the reactor coolant average temperature is less than 140°F.

Thermal Power

Thermal power of a unit is the total heat transferred from the reactor
core to the cooclant.

Physics Tests

Physics tests are those conducted to measure fundamental characteristics
of the core and related instrumentation. Physics tests are conducted such
that the core power is sufficiently reduced to allow for the perturbation
due to the test and therefore avoid exceeding power distribution limits
in Specification 3.10.B.

Low power physics tests are run at reactor powers less than 5% of rated
power.

Startup Operation

The process of heating up a reactor above ZOOOF, making it critical,
and bringing it up to power operation.

Fire Suppression Water System

The fire suppression water system consists of: Water sources; pumps; and
distribution piping with associated sectionalizing isolation valves.

Such valves include yard hydrant valves, and the first valve ahead of the
water flow alarm device on each sprinkler, hose standpipe, or spray
system riser.

Amendment No. 35, Unit 1
Amendment No. 29, Unit 2



— TS.3.1-17

MINIMUM CONDITIONS FOR CRITICALITY

Specification

1. The reactor shall be made critical only at or above the coolant
temperature at which the following reactivity coefficient is negative
and remains negative for any coolant temperature increase (except
during low power physics tests):

(a) Moderator temperature coefficient for a reactor loaded with
Westinghouse fuel only.

(b) Isothermal temperature coefficient for a reactor either full or
partially loaded with Exxon fuel.

2. The reactor shall not be brought to a critical condition until the
reactor coolant temperature is higher than that defined by the criti-
cality limit line shown in Figure TS.3.1-1.

3. When the reactor coolant temperature 1s below the minimum temperature
as specified in 1. above, the reactor shall be subcritical by an
amount equal to or greater than the potential reactivity insertion due
to reactor coolant depressurization.

Basis

At the beginning of a fuel cycle the moderator temperature coefficient has
its most positive or least negative value. As the boron concentration is
reduced throughout the fuel cycle, the moderator temperature coefficient
becomes more negative. The safety analyses conducted for Prairie Island
units with Westinghouse fuel assumed a non positive moderator temperature
coefficient. The isothermal temperature coefficient is defined as the
reactivity change associated with a unit change in the moderator and fuel
temperatures. Essentially, the isothermal temperature coefficient is the
sum of the moderator and fuel temperature coefficients. This coefficient
is measured directly during startup physics testing, whereas the moderator
temperature coefficient is an inferred parameter determined by subtracting
the predicted fuel temperature coefficient from the experimentally deter-
mined isothermal temperature coefficient.

Amendment No. 35, Unit 1
Amendment No. 29, Unit 2

R ]




— TS.3.1-18

For extended optimum fuel burnup it is necessary to either load the
reactor with burnable poisons or increase the boron concentration in the
reactor coolant system. If the latter approach is emphasized, it is
possible that a positive moderator temperature coefficient could exist at
beginning of cycle (BOC). For cycles with Exxon fuel, safety analyses are
conducted assuming a positive moderator temperature coefficient. These
analyses predict the isothermal coefficient to be negative at an all rods
out, hot zero power condition. Other conditions, e.g., higher power or
partial rod insertion would cause the isothermal coefficient to have a
more negative value. These analyses demonstrate that applicable criteria
in the NRC Standard Review Plan (NUREG 75/087) are met.

Physics measurements and analyses are conducted during the reload startup
test program to (1) verify that the plant will operate within safety
analyses assumptions and (2) establish operational procedures to ensure
safety analyses assumptions are met., The 3.1.F.l requirements are waived
during low power physics tests to permit measurement of reactor temperatur -
coefficient and other physics design parameters of interest. Special
operating precautions will be taken during these p?{ﬁics tests. In
addition, the strong negative Doppler coefficient and the small
integrated Ak/k would limit the magnitude of a power excursion resulting
from a reduction of moderator density.

The requirement that the reactor is not to be made critical except as
specified in Figure TS.3.l1-1 provides increased assurance that the proper
relationship between reactor coolant pressure and temperature will be
maintained during system heatup and pressurization whenever the reactor
vessel 1s in the nil ductility temperature range. Heatup to this tempera-
ture will be accomplished by operating the reactor coolant pumps and by
the pressurizer heaters. The pressurizer heater and associated power
cables have been sized for continuous operation at full heater power. The
shutdown margin in Specification 3.10 precludes the possibility of accidental
criticality as a result of an(i?crease of moderator temperature Or a
decrease of coolant pressure.

References:

(1) FSAR Figure 3.2-10
(2) FSAR Table 3.2-1

., Amendment No. 35, Unit 1
' Amendment No. 29, Unit 2
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T§.3.10-1

3.10 CONTROL ROD AND POWER DISTRIBUTION LIMITS

Applicability

Applies to the limits on core fission power distribution and to the limits on
control rod operatiomns.

Objective

To assure 1) core subcriticality after reactor trip, 2) acceptable core power
distributions during power operation, and 3) limited potential reactivity
insertions caused by hypothetical control rod ejection.

Specification

A. Shutdown Reactivity

The shutdown margin with allowance for a stuck control rod assembly shall
exceed the applicable value shown in Figure TS.3.10-1 under all steady-
state operating conditions, except for physics tests, from zero to full
power, including effects of axial power distribution. The shutdown margin
as used here is defined as the amount by which the reactor core would be
subcritical at hot shutdown conditions if all control rod assemblies were
tripped, assuming that the highest worth control rod assembly remained
fully withdrawn, and assuming no changes in xenon, boron, or part-length
rod position.

B. Power Distribution Limits

1. a. At all times except during low power physics tests, the hot
channel factors defined in the basis must meet the following
limits

N
Foo(2)
Q
N
F o (2)
Q
N

EAH

A

(2.145/P) x K(Z) for P > 0.5

iA

(4.29/P) x RK(Z) for P < 0.5

1.55 [1 + 0.2¢1-p) J[1-rBP(BU) ]"

in

b. FN(Z) shall be measured at equilibrium conditions according
td one of the following conditions, whichever occurs first;

(1) At the time of target flux difference determination, or
(2) At least once per 31 effective full-power days, or

(3) Upon reaching equilibrium conditions after exceeding by 10%
or more of rated thermal power, the thermal power at which
target flux difference was last determined

and must meet the following limit:

Fg(z).g (2.145/P1y x [Kk(z)/v(z)] [1-2.35 x 1078’ .~ 2.8 x 10%)]*
for P1 > 0.50

t  The (1-RBP(BU)) multiplier is on%y applicable for Westinghouse Fuel.
*  The [1-2.35 x 10-6(BU" - 2.8 x 10°)] multiplier is only applicable with

f { . " in this expressign is the average
Exxon fuel in the core. BU' i h p Rmendment ve 333 E§¥%n]

fuel exposure. Amendment No. 29, Unit 2




- ‘ TS.3.10-1A

In Specification 3.10.B.1, the following definitions apply:

(1) P is the fraction of full power at which the core is operating
(2) K(Z) is the function given in Figuge TS.3.10-5
(3) Z is the core height location of F
(4) RBP(BU) is the Rod Bow Penalty as 8 function of region
average burnup as shown in Figure TS5.3.10-7
(5) Region is defined as those assemblies with the same loading
date
(6) V(Z) is the function given in Figure TS.3.10-8
(7) P is the largest fraction of full power at which the plant
will ﬁperate prior to the next target flux measurement.
(8) The F_. of b, above, is not applicable in the following
core gegions as measured in core height from the bottom of the
fuel; the lower region from 0 to 10% inclusive, and the upper
region from 90 to 100% inclusive.
(9) Equilibrium conditions are defined as -
(a) The delta flux difference shall be constant
within + 1% A1 over the previous 24 hour
period.
(b) The power level shall be constant within + 2%
over the previous 24 hour period.

Following initial loading and at regular effective full power monthly I
intervals thereafter, power distribution maps, using the movable
detector system, shall be made to confirm that the hot channel factor
limits of this specification are satisfied. For the purpose of this
comparison,

1. The measured peaking factor, FN, shall be increased by |
five percent to account for megsurement error.

2. The measurement of enthalpy rise hot channel factor, FN , l
shall be increased by four percent to account for measurement
error.

If either measured hot channel factor exceeds its limit specified
under 3.10.B.l.a,the reactor power and high neutron flux trip

setpoint shall be reduced so as ngt to gxceed a fraction of rated
power equal to the ratio of the F_or F limit to measured
value, whichever 1s less. 1If subgequent in-core mapping cannot,
within a 24 hour period, demonstrate that the hot channel factors
are met, the reactor shall be brought to a hot shutdown condition
with return to power authorized up to 50% power for the purpose of
physics testing. Identify and correct the cause of the out of
limit condition prior to increasing thermal power above 50%

power, thermal power may then be increased provided F_(Z) is
demonstrated through in-core mapping to be within its’ limits.

Amendment No. 35, Unit 1
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¢« If the measured hot channel factor FE exceeds its limit as
specified under 3.10.B.1l.b, then one of the following actions
shall be taken:

l. Within 48 hours, place the reactor in a configuration
for which Specification 3.10.B.l.b is satisfied;
or

2. Reduce thermal power by 1% for each percent that the
measured F. exceeds the limit specified in 3.10.B.l.b.
Thermal p08e may be increased to a power such that the
assoclated FQ would comply with 3.10.B.l.b.

3. The reference equilibrium indicated axial flux difference for each
excore channel as a function of power level (called the target flux
difference) shall be measured at least once per equivalent full power
quarter. The target differences must be updated monthly. This may
be done either by using the measured value for that month or by
linear interpolation using the most recent measured value and a
value of -3 percent at the end of the cycle life.

4. Except during physics tests, and except as provided by Item 5 through
8 below, the indicated axial flux difference for at least the number
of operable excore channels required by TS.3.5 shall be maintained
within a +5% band about their target flux differences (defines the
target band on axial flux difference).

5. At a power level greater than 90 percent of rated power, if the
indicated axial flux difference of two operable excore channels
deviates from its target band, either such deviation shall be elimi-
nated, or the reactor power shall be reduced to a level no greater
than 90 percent of rated power.

6. At a power level no greater than 90 percent of rated power,

a. The indicated axial flux difference may deviate from its + 5%
target band for a maximum of one* hour (cumulative) in any 24-hour
period provided that the difference between the indicated axial
flux difference and the target flux difference does not exceed an
envelope bounded by -10 percent and +10 percent at 90% power and
increasing linearly to -25 percent and +25 percent at 50 percent
power as shown in Figure TS.3.10-6.

b. If 6.a is violated for two operable excote channels then the
reactor power shall be reduced to no greater than 50% power and
the high neutron flux setpoint reduced to no greater than 55
percent of rated values.

*May be extended to 16 hours during incore/excore calibration.

Amendment No.- 35, Unit I
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F (2), Height Dependent Heat Flux Hot Channel Factor, is defined as the
ximum local heat flux on the surface of a fuel rod at core elevation 7

divided by the average fuel rod heat flux, allowing for manuﬁacturing

tglerances on fuel pellets and rods. FQ is the product of FQ and

Fo.
Q

F., Engineering Heat Flux Hot Channel Factor, is defined as the

a?lowance on heat flux required for manufacturing tolerances. The engineer-
ing factor allows for local variations in enrichment, pellet density and
diameter, surface area of the fuel rod and eccentricity of the gap between
pellet and clad. Combined statistically the net effect is a factor of

1.03 to be applied to fuel rod surface heat flux.

F_., Nuclear Hot Channel Factor, is defined as the maximum local
ngutron flux in the core divided by the average neutron flux in the
core.

N
F ., Nuclear Enthalpy Rise Hot Channel Factor, is defined as the

rfatio of the integral of linear power along the rod with the highest
integrated power to the average rod powere.

It should be noted that 3? is based on an integral and is used as

such in the DNB calculations. Local heat fluxes are obtained by using hot
channel and adjacent channel explicit power shapes which take into account
variations in horizontal (x-y) power shapes throughout the core. Thus the
horizontal power shapﬁ at the point of maximum heat flux is not necessarily
directly related to EQH-

An upper bound envelope for FN of 2.145 times the normalized peaking
factor axial dependence of Figure TS.3.10-5 has been determined from
extensive analyses considering all operating maneuvers consistent with the
technical specifications on power distribution control as given in Section
3.10. The results of the loss of coolant acsident analyses based on this
upper bound envelope indicate an adequate peak clad temperature margin to
the 2200°F limit.

When an F_ measurement is taken, both experimental error and manufacturing
tolerance ‘must be allowed for. Five percent is the appropriate allowance
for experimental error for a full core map taken with the movable incore
detector flux mapping system and three percent is the appropriate allowance
for manufacturing tolerance.

Amendment No. 35, Unit 1
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In the specified limit of FNH there is an 8 percent allowance for
uncertaintips which means that normal operation of the core is expected to
result in F, < 1.55/1.08. The logic behind the larger uncertainty

in this case is that (a) abnormaﬁ perturbations in the radial power shape
(e.g. rod misalignment) affect F, . in most cases without necessarily
affecting F_, (b) the operator hag a direct influence on F through
movement of ‘rods, and can limit it to the desired value, h% has no direct
control over F, . and (c) an error in the predictions for radial

power shape, ¢h§ch may be detected during startup physics tests can be
CBmpensated for in F_ by tighter axial control, but comﬁensation for

EA is less readily gvailable. When a measurement of F is

taEen, experimental error must be allowed for and 4 percent is the appro-
priate allowance for a full core map taken with the movab&e incore
detector flux mapping system. The penalties applied to F to

account for rod bow of Westinghouse fuel as a function ofﬁgurnup are
consistent with those described in the NRC safety evaluation report,
"Interim Safety Evaluation Report on Effects of Fuel Rod Bowing on Thermal
Margin Calculations for Light Water Reactors,’ Revision 1, February 1977.

Measurements of the hot channel factors are required as part of startup
physics tests, at least once each full power month of operation, and
whenever abnormal power distribution conditions require a reduction of
core power to a level based on measured hot channel factors. The incore
map taken following initial loading provides confirmation of the basic
nuclear design bases including proper fuel loading patterns. The periodic
monthly incore mapping provides additional assurance that the nuclear
design bases remain inviolate and identify operational anomalies which
would otherwise affect these bases.

For normal operation, it is not necessary to measure these quantities.
Instead it has been determined that, provided certain conditions are
observed, the hot channel factor limits will be met; these conditions are
as follows:

1. Control rods in a single bank move together with no individual
rod insertion differing by more than 15 inches from the bank
demand position. An accidental misalignment limit of 13 steps
precludes a rod misalignment greater than 15 inches with consid-
eration of maximum instrumentation error.

2. Control rod banks are sequenced with overlapping banks as
described in Technical Specification 3.10. )

Amendment No. 35, Unit 1
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3. The control bank insertion limits are not violated.
4. The part length control rods are not inserted.
5. Axial power distribution control procedures, which are given in

terms of flux difference control and control bank insertion
1imits are observed. Flux difference refers to the difference

in signals between the top and bottom halves of two-section
excore neutron detectors. The flux difference is a measure of
the axial offset which is defined as the difference in normalized
power between the top and bottom halves of the core.

The permitted relaxation in Fgﬂ and FN allows for radial

power shape changes with rod insertiog to the insertion limits. It
has been determined that provided the above conditions 1 through 5 are
observed, these hot channel factor limits are met. In specification
3.10 F. is arbitrarily limited for P £ 0.5 (except for low power
physicg tests).

The procedures for axial power distribution control referred to above
are designed to minimize the effects of xenon redistribution on the
axial power distribution during load-follow maneuvers. Basically
control of flux difference is required to limit the difference between
the current value of Flux Difference (& I) and a reference value
which corresponds to the full power equilibrium value of Axial Offset
(Axial Offset = A I/fractional power). The reference value of flux
difference varies with power level and burnup but expressed as axial
of fset it varies only with burnup.

The technical specifications on power distribution control assure that
the F. upper bound envelope of 2.145 times Figure TS.3.10-5 is

not egceeded and xenon distributions are not developed which at a
later time, would cause greater local power peaking even though the
flux difference is then within the limits specified by the procedure.

The target (or reference) value of flux difference is determined as
follows: At any time that equilibrium xenon conditions have been
established, the indicated flux difference is noted with part length
rods withdrawn from the core and with the full length rod control rod
bank more than 190 steps withdrawn (i.e., normal full power operating
position appropriate for the time in 1life, usually withdrawn farther
as burnup proceeds). This value, divided by the fraction of full
power at which the core was operating is the full power value of the
target flux difference. Values for all other core power levels are
obtained by multiplying the full power value by the fractional power.
Since the indicated equilibrium was noted, no allowances for excore
detector error are necessary and indicated deviation of 15 percent
AT are permitted from the indicated reference value. During periods
where extensive load following is required, it may be impractical

to establish the required core conditions for measuring the target
flux difference every month. For this reason, the specification
provides two methods for updating the target flux difference. Figure
TS.3.10-6 shows the allowed deviation from target flux difference

as a function of thermal power.

Amendment No. 35, Unit 1
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S«3 REACTOR
A. Reactor Core

l. The reactor core contains approximately 48 metric tons of uranium in
the form of slightly enriched uranium dioxide pellets. The pellets
are encapsulated in Zircaloy-4 tubing to form fuel rods. The reactor
core is made up(?g 121 fuel assemblies. Each fuel assembly contalns
179 fuel rods.

2. The average enrichment of the reload core is a nominal 2.90 weight per
cent of U~-235. The highest enrichment is a nominal 3.50 weight per
cent of U-235.

3. 1In the reactor core, there are 29 full-length RCC assemblies that
contaln a th—ianz}ength of silver-indium~cadmium alloy clad with

stainless steel.

B. Reactor Coolant System

1. The design of the r?ﬁstor coolant system complies with all applicable
code requirements.

2. All high pressure piping, components of the reactor coolant system
and their supporting structures are designed to Class I requirements,
and have been designed to withstand: :

a. The design seismic ground acceleration, 0.06g, acting
in the horizontal and 0.04g acting in the vertical planes
simultaneously, with stresses maintained within code
allowable working stresses.

b. The maximum potential seismic ground acceleration, 0.l2g,
acting in the horizontal and 0.08g acting in the vertical

planes simultaneously with no loss of function.

3. The nominal liquid volume of the reactor coolant system, at rated
operating conditions, is 6100 cubic feet.

C. Protection Systems

The protection systems for the reactor and engineered safety features
are designed to applicable codes, including IEEE-279, dated 1968. The
design includes a reactor trip for a high negative rate of %E?nge of
neutron flux as measured by the excore nuclear instruments.

The system is intended to trig4§he reactor upon the abnormal dropping
of more than one control rod 1f only one control rod is dropped,
the core can be operated at full power for a short time, as permitted
by Specification 3.10.

References
(1) FSAR, Section 3.2.3 (3) FSAR, Table 4.1-9
(2) FSAR, Sections 3.2.1 and 3.2.3 (4) TFSAR, Section 7
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Introduction

By letter dated December 29, 1978 (Reference 1), as supplemented February 21,
1979 (Reference 2) and March 30, 1979 (Reference 3), Northern States Power
Company (the licensee) proposed to change the Technical Specifications for
Prairie Island Nuclear Generating Plant Unit Numbers 1 and 2 to permit
Cycle 5 operation. Ouring our review of the proposed amendments we

found that certain modifications were necessary to meet our requirements.
These modifications were discussed with the licensee's staff, they have
agreed to the modifications and the modifications are incorporated.

We note that the Safety Analysis Report (Ref. 4) refers only to Unit 1
although the application is for Unit 1 and Unit 2. Our review applies

to both units, however, the licensee is required to submit the SAR for
Unit 2 prior to the next Unit 2 reload to verify that the Technical
Specification for Unit 2 will remain unchanged.

The proposed reload consists of replacing 40 Westinghouse fuel assemblies
with 40 fresh fuel assemblies manufactured by Exxon Nuclear Company

(ENC). These assemblies will be loaded on the periphery of the core.

The remaining 81 Westinghouse assemblies, which have a variety of burnups,
will be scatter-loaded in the center portion of the core. The licensee
supported his request by the analyses performed by Exxon Nuclear Company
and reported in a series of technical documents (References 4, 5, 6,

7, 8, 9, 10 and 11). In addition, the Westinghouse ECCS analysis performed
with the evaluation model corrected for the Zr-water reaction error

is also provided (Reference 12).

The licensee has proposed the following changes to the Technical Speci-
fications for the Prairie Island plant:

(1) Change of the limit curve for target flux difference (Fig. TS 3.10-6)

(2) Addition of a curve defining the transient allowance factor, V(Z),
used in the Power Distribution Control, Phase 2 procedure
(Fig. TS 3.10-8)

(3) Removal of the definition of the Interim Fuel Limits related to the
power distributions to be used in the LOCA analyses and to the fuel
residence time in Unit 1, Cycle 1. Deletion of this definition is
warranted because the 1971 Policy Statement and 1972 Technical
Report have been superseded by the 10 CFR 50 Appendix K criteria
and the power distribution limits in Section 3.10 of the Technical
Specifications.

770 b0’



(4) Change of the requirement for negative reactivity coefficient during
power operation. For the core containing Exxon fuel, it is required
that only the isothermal temperature coefficient needs to be negative.

(5) Change of the Timiting value for the nuclear hot channel factor FN
from 2.25 to 2.145 and modification of the hot channel factor normal-
ized operating envelope (Fig. TS 3.10-5)

(6) Change in the specifications for the highest fuel enrichment to 3.5
w/o of U-235 and deletion of the reference to the burnable poison rods

(7) Removal of the burnup dependent multiplier in the expression for the
Timiting enthalpy rise factor, FXH, for Exxon fuel

Evaluation

Fuel Design

The new Region 7 fuel has been specifically designed by ENC to be compatible
to the fuel previously supplied by Westinghouse. The fuel is similar to the
Westinghouse bundle design with the most significant differences listed
below:

(1) The cladding thickness is 30 mils which is approximately 23% thicker
than the Westinghouse c]addjng. -

(2) There is a slight difference in fuel pellet design.
(3) The bimetallic spacers are made from Zr-4 with Inconel 718 spring.

(4) The fuel assembly tie plates are mechanically locked to the Zr-4 guide
tubes.

(5) The mean pellet density is 94% of theoretical density.
(6) The enrichment is 3.40 w/o of U-235.

(7) There are 64 rods (in 16 assemblies) which contain 1 w/o of uniformly
distributed gadolinia burnable poison (Gdp03).



The details of the ENC fuel design are described in Reference 7. We re-
viewed those aspects of the design which are most relevant to the reactor
safety and found them acceptable. They are outlined in the discussion
which follows.

The GAPEX code (Reference 13) was used to calculate stored energy for
input to the loss of coolant accident (LOCA) calculation. We have pre-
viously reviewed and approved the GAPEX code for fuel temperature and
internal pressure calculations in PWR fuel (Reference 14).

The cladding mechanical stability was verified in order to demonstrate

that it will not collapse into a gap caused by fuel densification. Refer-
ence 7 presents calculations which show that no cladding collapse is
predicted for Cycle 5. The calculations are done with two computer codes.
The RODEX code (Reference 15) calculates the cladding temperature and fuel
rod internal pressure while COLAPX (Reference 16) calculates the collapse
time using the RODEX input. We have reviewed COLAPX and found it accept-
able for cladding collapse calculations. We have not approved RODEX.
However, the models in RODEX which affect cladding temperature and internal
pressure are similar to those in the GAPEX code, which has been approved.
Moreover, since the clad collapse analyses for the Westinghouse fuel do not
predict collapse during Cycle 5, and since the cladding for the Exxon fuel
is thicker than that of the Westinghouse fuel, which makes it more resistant
to clad collapse, we have reasonable assurance that the results of the RODEX
analysis are acceptable. Exxon has demonstrated that because of the thicker
cladding, the reload fuel is less susceptible to stress corrosion than the
Westinghouse fuel. Based upon in-reactor experience and testing of nearly
identical ENC fuel assemblies, it was also shown that the potential for
fretting corrosion failure is very low in the reload fuel assemblies.

The licensee has considered the effect of fuel rod bowing on the DNBR
limit by using the calculational procedure outlined in References 4 and
7. This procedure uses data on the magnitude of fuel rod bowing obtained
by Exxon on fuel of similar design. We have reviewed these calculations
and find that they are not acceptable because the description of the
statistical calculations in the reference reports (References 4 and 7)
were not described in sufficient detail to give a precise meaning to the
95/95 1imit which was subsequently used. These calculations are being
discussed generically with ENC (Reference 37). The licensee has demon-
strated that Prairie Island Unit 1 has sufficient margin to overcome

the maximum possible departure from nucleate boiling ratio (DNBR) re-
duction (that corresponding to full contact of the bowed fuel rod with

»



adjacent rods in a sub-channel containing an unheated thimble tube). This
margin is due to the difference between the minimum DNBR from the most
limiting anticipated transient and the DNBR safety limit of 1.3.

Fuel rod bowing also affects F T by changing the local neutron moderation.
We have not yet approved the ESC method for calculating the magnitude of
fuel rod bowing. Therefore, the ENC method, used by the licensee, is also
not acceptable at this time.

The usual method of accommodating tpe rod bow effect on FQT is to make use
of the fact the uncertainties in FQ are independent of each other and may,
therefore, be combined statistically as

1 +\’FQE2 + FQU2 +-.-FQBZ

Where FQE is the engineering uncertainty,

FQU js the nuclear measurement uncertainty
and FQBaccounts for the effect of fuel rod bowing on FQT

In the analysis, a value of the uncertainty assumed for F T is 1.0815. This
value corresponds to an FgB of .057. However, using the aestinghouse rod
bowing curve as an upper Qimit to the amount of bowing expected in ENC

fuel (a conservative assumption), the value of F B predicted for the end

of Cycle 5 is .085. This, in turn, corresponds %o an uncertainty of FQU

of 2% greater than the value used in the analysis at the end of the

Cycle.

We require that this calculated 2% reduction in FQT be included in the
Prairie Island Technical Specifications until such time as it can be re-
moved or modified by an NRC approved model. The licensee has chosen

to treat this reduction as a function of burnup whose value at the end
of the cycle will be 2%.

In the present reload, the licensee proposes to include 64 fuel pins

(4 pins per assembly) containing 1 w/o of gadolinium oxide (Gd203) uni-
formly distributed in U0z matrix. ENC used similar fuel in the Palisades
plant where 32 gadolinia bearing fuel rods were loaded in the core during
the Cycle 3 reload. In addition, ENC had several years of experience with
irradiating gadolinium bearing rods in BWR's. The examination of these
fuel rods revealed no abnormalities and gamma scan measurements have demon-
strated the accuracy of the ENC calculational methods used in predictin

the depletion of gadolinium during fuel burnup. .



After examining all the information available to us on gadolinium poisoned
fuel and after evaluating the previous Exxon experience in this area,

we conclude that the gadolinium bearing fuel rods would be expected

to perform satisfactorily during the Cycle 5 operation. However, because
of the relatively limited experience with gadolinium containing fuel

rods and because this fuel is used for the first time in Prairie Island,
we note that ENC perform a visual inspection of a sufficient number

of irradiated fuel bundles to verify that the performance of the ENC

fuel and especially the fuel containing gadolinium oxide is acceptable.
The amount of surveillance should depend on the coolant activity during
plant operation and will be decided by the Ticensee with our approval

90 days before scheduled plant shutdown for the next cycle refueling.

Based on successful experience with irradiating previous loadings of
Exxon PWR fuel and the analyses which have been done for Cycle 5, it
is we concluded that the fuel loading for Prairie Island Unit 1, Cycle
5 will perform in a safe and acceptable manner. _

Thermal Hydraulic Design

The new ENC fuel was designed to have thermal hydraulic characteristics
closely matching those of the existing fuel and it is not expected to
introduce any major differences in the thermal hydraulic behavior of the
core. Minor design changes included a slight difference in the flow
areas of various assembly components and resulted in higher hydraulic
loss coefficients. This change is very small and at nominal reactor
operating conditions, the flow rate to each fuel type was within 5% of
the core assembly average flow for a mixed core configuration. In
addition, as it was pointed out by the licensee in Reference 4, the ENC
fuel having a higher flow resistance would be located on the periphery
of the core, and the fuel in the center of the core, with higher radial
power peaking, will receive more flow. The licensee has shown that at
112% of rated power the minimum DNBR is 1.97 for ENC fuel which is only
4% lower than 2.05, the DNBR value for the Westinghouse fuel. Additional
conservatism stems from the fact that the DNBR was calculated using
FQT=2.32. The proposed limiting value for F T js 2.21. The

analysis of fuel and cladding was performed %or Cycle 5 with the NRC
approved ENC methods (Reference 13). Even with the most conservative
assumptions the calculated fuel and cladding temperatures were well
below the design limits.

From the information and analyses presented by the licensee, we conclude
that the ENC designed fuel is compatible with the present Westinghouse
fuel in the Prairie Island plant and that the thermal hydraulic criteria
will not be exceeded during the plant operation in Cycle 5.



Nuclear Design

The Cycle 5 loading will consist of one Region 4, 40 Region 5 and 40
Region 6 fuel assemblies with burnups ranging from 9,592 megawatt days
per metric ton of uranium (MWD/MTU) to 27,208 MWD/MTU and 40 Regions 7A
and 7B fresh fuel assemblies containing four fuel pins in each assembly
with 1 w/o of gadolinium oxide (Gd203). The projected length of

Cycle 5 is 11,300 MWD/MTU based on an assumed Cycle 4 length of

10,900 MWD/MTU. The Cycle 5 operation is designed with total peaking
factor envelope limit of <2.21/P for two loop plant operation (where P
is fraction of full power) and with the modified hot channel factor
normalized operating envelope (Fig. TS 3.10-5) to account for the new
value of Fg. These new hot channel limits will assure that DNBR will
be greater than 1.3 during steady state, load follow and transient con-
ditions and that LOCA requirements are met at rated plant power.

The licensee has specified new values for the axial flux difference
limits. These new limits relate to the allowable deviation of the axial
flux difference from its target band when the reactor is operating below
90% of its rated power. These new limits are shown in Fig. TS 3.10-6

of Reference 1. They are more restrictive than the present Technical
Specifications limits.

It was shown that neutronically there is a close similarity between*®
Cycle 5 and the reference cycle (Reference 17). The gadolinia bearing
assemblies are predicted to have only a relatively iwmsignificant impact
on the overall core neutronic behavior. Most of the kinetic parameters
for Cycle 5 fall within the bounds of the values determined for the
reference cycle and used in the previously reported safety analyses.

A noted exception is the moderator temperature coefficient which is
predicted to be positive at the beginning of Cycle 5 when reactor is
above 70% of its rated power (moderator temperature coefficient (MTC=
+1.00pcm/°F at beginning of cycle and hot zero power condition (BOC

and HZP)). However, the licensee has indicated that although the moder-
ator temperature coefficient could be positive, the isothermal coeffi-
cient remains always negative and at HZP, all rods out (ARQO) condition
it is equal to -0.7 pcm/°F which is sufficient to meet the revised Tech-
nical Specifications with no rod insertion. The licensee has predicted
core power distribution for Cycle 5. The highest calculated values of
FQN and Fly are 1.680 and 1.395, respectively, and hence they are well
below the Technical Specification limits of FQN=2.145 and F§H=l.55.



There are no changes proposed to the control rod insertion limits for
Cycle 5. There are a number of criteria which the control rod insertion
1imits are checked against in each cycle. The most important are shut-
down margin, ejected rod worth and Fi¥y. The existing insertion limits

are predicted to meet these criteria during Cycle 5. The hot full power
shutdown margin is calculated by the licensee to be 253y pcm at BOC and
2598 pcm at end of cycle (EOC) in Cycle 5 compared to the Technical Speci-
fication shutdown margin requirement of 1000 pcm and 2000 pcm for BOC and
EOC, respectively, and a margin of 1800 pcm used in the steamline break
analysis. The positive difference existing between the predicted and
required margins and the fact that the predicted margins are reduced by
10% to account for calculational uncertainties makes the shutdown margins
specified by the licensee for Cycle 5 acceptable. In addition, the validity
of the prediction will be verified during the startup physics test program
by measuring the worth of the regulating banks.

The licensee has performed extensive analyses in order to prove that

the presence of 64 gadolinium bearing fuel rods located in 16 assemblies
would not cause significant degradation of the power distribution in the
core during Cycle 5. The calculations were performed for assembly-wide
and core-wide power distributions using the standard ENC methodology
(References 19, 20 and 21). We have reviewed these calculations and have
ascertained that the presence of gadolinium oxide increased the power
peaking in an assembly at BOC condition by about 3%. The power distri-
bution among different assemblies in the core was calculated by the
licensee for three different fuel exposures, corresponding to BOC,

2500 MWD/MTU and 5500 MWD/MTU when it was predicted that the gadolinium
poison will be completely depleted. In the calculations, two gadolinium
reactivity worths were assumed corresponding to the value used in the
Cycle 5 design and to the value 40% higher. The resultant power distri-
butions were compared to the predicted distribution assuming no gadolinium
poison present. The licensee has shown that the gadolinium poison bearing
fuel rods increased non-uniformity in power distribution between fuel
assemblies at BOC by about 4-1/2% for the design reactivity worth and
6-1/2% for 140% of the design worth. For higher exposures, the effect

of gadolinium on power distribution decreased and at about 5500 MWD/MTU
it became insignificant. The licensee has also calculated the corres-
ponding nuclear hot channel (FgN) and enthalpy rise (FXH) peaking factors
which are listed below:



BOC 5500 MWD /MTU
FN FN FN Fy
No Gadolinium 1.70 1.40 1.53 1.35
Design Worth 1.63 1.40 1.54 1.36
1.4 x Design Worth 1.66 1.42 1.55 1.36

From these results, we conclude that the presence of gadolinium in Cycle 5
would not significantly affect power distribution in the core.

The accuracy of the predictive data is confirmed by the results obtained
in the gadolinium demonstration program in the Palisades plant where ENC
has compared the predicted and measured power distributions arrived at a
1% agreement.

Based on the above information, we conclude that the presence of 64 gado-
linium bearing fuel rods would not produce the changes in core power dis-
tribution which would compromise safe operation of the plant in Cycle 5.

Power Distribution Control and Monitoring

The ENC LOCA analysis for the Prairie Island Units (Reference 6) assumes
as an initial condition that the core peaking factor, FAT, is 2.21. Pro-
vision is required to ensure that this FrT is not exceeded in normal
operation of the power plant in order for the conclusions of the LOCA
analysis to remain valid. The licensee has proposed to accomplish this
through use of ENC Power Distribution Control-Phase 2 (PDC-2) procedures
for reload cores (Reference 10).

We have accepted an earlier ENC power distribution control strategy and
analysis (Reference 18) which justifies that the peaking factor will not
exceed 2.32 providing only that all of the conditions assumed in the
analysis are observed in operation of the reactor. This scheme is the
same as Westinghouse constant axial offset control and has been approved
for use at Prairie Island for several years. PDC-2 uses all the rules
of the present scheme, but differs in that the %T protected against is



the product of the measured equilibrium peaking factor and a predetermined
axial height dependent transient allowance factor, V(Z). Because the
measured equilibrium peaking factor represents the actual state of the
reactor, and not the spectrum of possible states necessarily assumed in
the earlier analysis, PDC-2 can justify peaking factors considerably

lower than 2.32, probably at least as low as 2.0, depending on reactor
cycle and time during cycle.

Reactor experience will be needed to be more precise about how low a
peaking factor can be justified with PDC-2. The reason is that the
peaking factor values discussed are for the flat portion of the axial
height dependence, at the core centerline. The axial dependence of

Fol has two components. First, is the familiar K(Z) curve contained

in all Westinghouse reactor Technical Specifications. This dependence
requires strongly reduced peaking toward the top of the core. Second,
is the V(Z) function which increases toward the top of the core. Thus,
even though the reactor naturally does not have strong peaking toward
the top of the core, the decreasing requirement of K(Z) is in opposition
to the increasing character of V(Z), so that the top of the core may be
more limiting than the center regions we normally identify with a limiting
value of Fql.

Our review of PDC-2 is not complete, however, the review has progressed
sufficiently, and special allowances and extra surveillance procedures
have been agreed to by the licensee, such that we have an acceptable
basis for use of PDC-2 at the Prairie Island reactors. The remainder
of this section will discuss the status of our review of PDC-2, the
provisions made for Prairie Island, and why they are acceptable.

Since PDC-2 uses the measured equilibrium power distribution to determine
FQT, we have been concerned with the sensitivity of FQ! to departures from
equilibrium during the measurement. This concern has been covered for
Prairie Island by putting into the Technical Specifications the following
very stringent requirements for equilibrium on the power distribution
measurement used to determine compliance with the peaking factor limit:

1. The delta flux difference shall be constant within
+ 1% Al over the previous 24 hour period.

2. The power level shall be constant within + 2% over
the previous 24 hour period.
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These allowable variations are sufficiently small that we are confident
the measured power distribution will not be less than its equilibrium
value. ENC is performing analyses to support a less stringent definition
of equilibrium for future use or to allow for the removal of the restric-

tion.

Another area of concern to us is that of potential increase in the measured
equilibrium power distribution between measurement intervals (upburn).
Known occurrences of this phenomenon involve an increase in the radial
plane peaking factor, Fxy, as a result of depletion of burnable poison
Joaded into cores. Otherwise, in general, Fyy tends to decrease with
increasing exposure. Further analysis by and discussions with ENC are
anticipated to resolve the treatment of the potential for an increase in
FQ' from upburn.

For Prairie Island, the licensee has agreed (Reference 1) either to apply
to the measured equilibrium power distribution (in addition to the normal
factors of 1.05 measurement uncertainty and 1.03 engineering uncertainty)
a factor of 1.02 to account for upburn, or he will increase the frequency
of the power distribution measurements from the normal once per month to
once per week. We are convinced that the allowance of 1.02 will conserva-
tively bound possible upburn effects between monthly maps. Alternatively,
if the margin is needed to avoid a derate by application of the 1.02
factor, weekly core mapping is sufficiently frequent to incorporate
upburn effects into the measured equilibrium power d¥stribution.

Other areas of our review of PDC-2 which remain open are:

(1) Xenon modeling

(2) Uncertainty in the V(Z) function

(3) Allowed axial offset limits below 90% power

(4) Transient analyses of power shapes allowed by PDC-2.

We are concerned that item (1), the Xenon model, is tuned to one set of
experiments, and therefore might lead to errors when applied to other
situations. ENC has committed in discussions with us to demonstrate the
applicability to the data to be obtained from Prairie Island.

The open questions involving items (2) and (3) involve a lack of famil-
jarity with the detailed analyses ENC has performed to reach their
conclusions. We are continuing our review in this area.
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ENC is performing analyses which will show that the minimum DNBR in
limiting transients is greater for initial conditions consisting of
power shapes allowed by PDC-2 than for design power shapes. ENC will
provide the results of these calculations.

We have concluded that use of PDC-2 in Prairie Island is acceptable
even though the enumerated items (1) through (4) are not completely
resolved because the analyses and review involved have progressed
sufficiently that we are certain the outcome will permit the conserva-
tive use of PDC-2. In addition, the FQT required for Prairie Island is
2.21, which allows more linear power density margin than if a lower
peaking factor had to be protected by PDC-2. There is ample thermal
margin in Prairie Island compared to power plants with a higher average
power density. We consider that the linear power density and thermal
margins compensate for any small uncertainty in PDC-2 until our review
is completed.

As described above, the licensee has agreed (Reference 1) to provide
extra surveillance and uncertainty allowances to permit application of
PDC-2 to the Prairie Island reactors. He has also provided a suitable
definition of equilibrium and other measures necessary to implement
PDC-2 in proposed Technical Specification changes (Reference 1). VWe,
therefore, find the proposed Technical Specification changes acceptable
to ensure PDC-2 procedures will maintain the FQT below 2.21 in normal
operation of the Prairie Island reactors.

-~

Transient and Accident Analysis

The licensee has reviewed and/or reanalyzed the anticipated operating
occurrences and postulated accidents. The results of these analyses
are presented in Reference 5. The calculations were performed using the
transient simulator code PTS-PWR2 (Reference 22). This code is under
review by the NRC and although it is not yet completed, the review has
progressed sufficiently to justify, in conjunction with the conserva-
tive values of the kinetics parameters and of the initial state points,
the conclusion that the analyses using PTS-PWR2 will provide sufficient
margin to design criteria on peak linear heat generation rate and DNBR.
The conservatism of the reactivity coefficients assumed in the safety
analyses are to be confirmed as part of the startup measurement program
which we require.

The reload fuel design has been shown to be both neutronically and
hydraulically compatible with the Westinghouse fuel and hence we do not
expect the system response during plant transients to be significantly,
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different from the responses determined in the reference analyses (Refer-
ence 17). However, due to slightly different values of core parameters
and in particular, to a positive moderator feedback coefficient at Tow
power operation during the initial part of Cycle 5, some of the most
limiting transients and accidents had to be reanalyzed. The licensee

has presented reanalyses of the following events:

1. Fast and slow rod withdrawal

2. Loss of load

3. Loss of primary flow

4. Locked rotor

5. Large and small steam line break
6. Rod ejection

The analyses were performed assuming the most conservative starting condi-
tions with the maximum hot channel factor, FQ, at 2.32. Events 1 through
4 were initiated from hot full power (HFP) condition and event 5 from HZP
condition. The analysis for event 6 was carried out for both HFP and HZP
conditions and it was shown that the limiting results corresponded to HZP.
In the transient analysis, the licensee has demonstrated that the criterion
of system pressure not exceeding 110% of design pressure (2750 psia) was
satisfactorily met by all the analyzed transients (References 3 and 5).

In addition, except for the locked rotor and rod ejection accidents, the
minimum DNBR determined in the analyses remained above the 1.3 1imit based
on W-3 correlation. Both accidents are category IV events with low proba-
bility of occurrence. For the locked rotor transieat, the DNBR is calcu-
lated to reach 1.09. However, the licensee has shown that at this DNBR
less than one percent of fuel rods will experience DNB and even if fuel
failure is postulated to occur for all these rods, the potential release
of activity is judged substantially less than the 10 CFR 50 Part 100
permitted site boundary dose rates.

The rod ejection analysis has been performed with the methods described
in Reference 11. The results of this analysis have indicated that the
maximum system pressure and the energy deposited in fuel peliets were
less than the limits defined in Regulatory Guide 1.77 (Reference 23).

The licensee has provided a list of transients which were included in
the original reference cycle analysis (Reference 17), but which were not
reanalyzed for Cycle 5 because either they were not affected by the
reload fuel or they were bounded by the corresponding reference analyses.
We have reviewed all these transients in the past and concur with the
licensee's conclusion that for the Cycle 5 operation these transients
need not be reanalyzed. .
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ECCS Analysis

Two emergency core cooling system (ECCS) analyses were provided for
Prairie Island, Units 1 and 2. One analysis was for ENC and one for
a Westinghouse fueled plant.

The ENC large break analysis (Reference 6) was performed using the
WREM-II PWR evaluation model described in References 24 and 25. The
model has recently been modified by including the new REFLEX code to
replace the existing RELAP4-EM/FLOOD portion of the Exxon's approved
model (Reference 8) and by introducing several minor code updates
(Reference 9). Both these changes have been reviewed and approved by

the staff (References 26 and 27). The applicability of both ENC and
Westinghouse ECCS evaluation model to the two-loop PWRs with upper head
ECCS injection (UPI) have been challenged by the NRC on generic ground
and the licensee was requested to provide an ECCS analysis performed with
a model including the UPI effect correction. In the meantime, while this
model is being developed, the licensee was requested to evaluate the
impact of injecting ECCS fluid above the core using the model which was
developed by the NRC staff (Reference 28), modified by Westinghouse
(Reference 29) and subsequently approved by the NRC for the interim use
in two-loop Westinghouse plant analyses (Reference 30). This model was
used to correct the results obtained by the WREM-II model for the UPI
effect.

The ENC ECCS analysis has been performed for a spectrum of breaks
which included the guillotine double ended cold leg {DECLG) breaks
with discharge coefficients of 1.0, 0.6 and 0.4 and split breaks with
break areas at 8.25, 4.95 and 3.30 ft2. The limiting value of total
hot channel peaking factor, FQ, was 2.21 and one percent of steam
generator tube plugging was assumed. The results of the analysis are
listed below:

Limiting Break: DECLG with Cp=0.4
Peak Clad Temperature: 2198°F
Local Zr-Water Reaction: 12.34%
Total Zr-Water Reaction: <1.0%

These values meet the 10 CFR 50.46 criteria and the ECCS analysis is,
therefore, acceptable.

No small break LOCA analysis was provided for Prairie Island since, by

analogy with the similar analysis previously performed for another two-
Toop Westinghouse plant (Reference 31), the licensee has found that the
small break LOCA would not be limiting. .



-14-

Westinghouse large break LOCA analysis had to be performed because an
error was discovered in the Westinghouse ECCS evaluation model which
resulted in incorrectly calculating peak clad temperatures in all pre-
viously submitted Westinghouse analyses (Reference 32) due to an error
in the metal-water reaction calculation. Following discovery of this
error, the licensee administratively reduced the total peaking factor
limits for Units 1 and 2 from FQ=2.32 to Fg=2.21. This new value

of Fn was intended to conservatively accommodate the error. The licensee
also committed to provide a new LOCA analysis which was to be performed
with an acceptable evaluation model. These requirements were confirmed
in the Order for Modification of License, issued for the Prairie Island
Units 1 and 2 {Reference 32), where the NRC conditionally approved the
total peaking factor limit of Fg=2.21. In this order, we requested the
licensee to provide, as soon as possible, a reevaluation of ECCS cooling

performance calculated in accordance with the Westinghouse evaluation model,

approved by the NRC staff and corrected for the metal-water reaction error.
The current Westinghouse ECCS analysis (Reference 33) was submitted in
response to this request. It was performed with the NRC approved February
1978 version of the Westinghouse evaluation model (Reference 34) which, in
addition to including the correction of the Zr-water reaction error and
several code maintenance and analytical improvements, contained the changes
described in References 33 and 34.

The submitted analysis was performed with the total peaking factor, FQ,
of 2.28 and assuming one percent of steam generator tubes plugged. It
was limited to only one break size which was DECLG wjth Cp=0.4. However,
the licensee has provided a generic two-loop LOCA analysis performed for
a spectrum of DECLG breaks with discharge coefficients ranging from
Cp=0.4 to Cp=1.0 (Reference 33). From this analysis, it could be
concluded that the replacement of the October 1975 version by the Feb-
ruary 1978 version of the Westinghouse ECCS evaluation model would not
alter the critical break size.

The correction of upper plenum injection (UPI) effect was not included

in the present analysis because it was previously demonstrated (Refer-
ence 30) that it is negative and causes reduction of 10°F in peak clad
temperature (PCT). Therefore, ignoring the UPI effect makes the analysis
more conservative. The results of the analysis are provided below:

Limiting Break: DECLG with Cp=0.4
Peaking Clad Temperature: 2179°F
Local Zr-Water Reaction: 7.8%
Total Zr-Water Reaction: <0.3%

A1l the values reported are below the limits of 10 CFR 50.46.
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The total peaking factor, Fg, from the ENC analysis is more lin.ting
(lower). It is used, therefore, in defining the plant's Technical Speci-
fication 1imits. Because it is below 2.32, the licensee would be required
to use power distribution control by operating the plant in accordance
with the PDC-2 methodology which was discussed in the previous section.

Startup Physics Tests

The startup physics tests for Prairie Island Units 1 and 2, Cycle 5 will

be similar to those for previous startups following reloading. The proposed
startup physics test program was described in the reload submittal (Refer-
ence 1,3). This program includes low power critical boron concentration
tests, temperature coefficient tests, rod worth measurements and power
distribution measurements. At higher powers, core power distribution
measurements will be made. The acceptance criteria and the actions to be
taken if the acceptance criteria are not met were specified in Reference 3.
We have reviewed the entire program, including the tests to be performed,
the acceptance criteria and the actions to be taken if the acceptance
criteria are not met, and have found it to be acceptable. The results of
this startup physics test program will be submitted to the NRC within 90 days
after startup.

Summary

Based on the above evaluation, we conclude that the Prairie Island Nuclear
Generating Plant Units 1 and 2, may be operated during Cycle 5 with the
core comprising 40 new Exxon fuel assemblies. In addition, we have re-
viewed the ECCS submittal based on the corrected model (February 1978)

and we find it acceptable.
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Environmental Consideration

We have determined that the amendments do not authorize a change in
effluent types or total amounts nor an increase in power level and

will not result in any significant environmental impact. Having made
this determination, we have further concluded that the amendments
involve an action which is insignificant from the standpoint of
environmental impact and, pursuant to 10 CFR §51.5(d)(4), that an
environmental impact statement or negative declaration and environmental
impact appraisal need not be prepared in connection with the issuance
of these amendments.

Conclusion

We have concluded, based on the considerations discussed above, that:
(1) there is reasonable assurance that the health and safety of the
public will not be endangered by operation in the proposed manner,
and (2) such activities will be conducted in compliance with the
"Commission's regulations and the issuance of these amendments will
not be inimical to the common defense and security or to the health
and safety of the public.

Date: April 20, 1979
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NITED STATES NUCLEAR REGULATORY COMMISSION

DOCKET NOS. 50-282 AND 50-306

NORTHERN STATES POWER COMPANY

NOTICE OF ISSUANCE OF AMENDMENTS TO FACILITY
OPERATING LICENSES

The U. S. Nuclear Regulatory Commiésion (the Commission) has
issued Amendment Nos. 35 and 29 to Facility Operating License Nos. DPR-42
and DPR-60, issued to the Northern States Power Company (the Ticensee),
which revised Technical Specifications for operation of Unit Nos. 1
and 2 of the Prairie Island Nuclear Generating Plant (the facilities)
located in Goodhue County, Minnesota. The amendments are effective
as of their date of issuance.

These amendments change the common station Technical Specifications
for the Prairie Island Nuclear Generating Plant Unit Nos. 1 and 2
and incorporate changes to the Appendix A Technical Specifications to
support operation in Cycles 5 through 8 with reload fuel by the Exxon
Nuclear Company.

The requirements of the NRC Order for Modification of License
of Prairie Island Nuclear Generating Plant Unit Nos. 1 and 2 dated
May 18, 1978 have been satisfied by the submittal dated February 21,
1979 and supplemented on March 30, 1978. |

The application for amendments complies with the standards and
requirements of the Atomic Energy Act of 1954, as amended (the Act),

and the Commission's rules and regulations. The Commission has made

790554°



appropriate findings as required by the Act and the Commission's rules
and regulations in 10 CFR Chapter I, which are set forth in the liéense
amendments. Notice of Proposed Issuance of Amendments to Facility
Operating Licenses in connection with this action was published in
the FEDERAL REGISTER on November 22, 1978 (43 F.R. 54706). No request
for a hearing or petition for leave to intervene was filed following
notice of the proposed action.

The Commission has determined that the issuance of these
amendments will not result in any significant environmental impact
and that pursuént to 10 CFR §51.5(d)(4) an environmental impact:
statement or negative declaration and envirormental impact appraisal
need not be prepared in connection with issuance of these amendments.

For further details with respect to this action, see (1) the
submittal dated September 8, 1978 and the application for amendments
dated December 29, 1978 and supplemented on January 23 and March 30,
1979, (2) Amendment Nos. 35 and 29 to License Nos. DPR-42 and DPR-60,
respectively, and (3) the Commission's related Safety Evaluation.
A11 of these items are available for public inspection at the Commission's
Public Document Room, 1717 H Street, N. W., Washington, D. C., and at
the Environmental Conservation Library of the Minneapolis Public
Library, 300 Nicollet Mall, Minneapolis, Minnesota 55401. A single

copy of items (2) and (3) may be obtained upon request addressed to



the U, S. Nuclear Regulatory Commission, Washington, D. C. 20555,
Attention: Director, Division of Operating Reactors. |
Dated at Bethesda, Maryland, this 20th day of April, 1979.
FOR THE NUCLEAR REGULATORY COMMISSION

() s

A. Schwencer, Chief
Operating Reactors Branch #1
Division of Operating Reactors



