
UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

April 3, 1986 
Docket Nos. 50-282 

and 50-306 

Mr. D. M. Musolf 
Nuclear Support Services Department 
Northern States Power Company 
414 Nicollet Mall - 8th Floor 
Minneapolis, Minnesota 55401 

Dear Mr. Musolf: 

The Commission has issued the enclosed Amendment Nos. 77 and 70 to 
Facility Operating License Nos. DPR-42 and DPR-60 for the Prairie Island 
Nuclear Generating Plant, Unit Nos. I and 2, respectively. The amend
ments consist of changes to the Technical Specifications in response to 
your application dated January 13, 1986, as further explained in your letter 
dated March 25, 1986.  

The request for changes to the Technical Specifications is necessitated 
by a change in fuel suppliers. Westinghouse will supply fuel for Unit 1 
Cycle 11 and subsequent cycles for both units. Two hardware changes will be 
incorporated during this fuel cycle. These changes are: upper internals being 
replaced with new internals of the "inverted top hat" design and the 
removal of thimble plugs from the fuel assemblies.  

The amendments change the Technical Specifications in the following areas: 

1. Add the reference in Departure from Nucleate Boiling (DNB) 
correlation (WRB-1) for Westinghouse fuel and identifies that DNB 
correlation W-3 will be used for Exxon fuel (TS.2.1-1, TS.2.1.2, 
TS.2.1.3, TS.2.3-6, TS.3.10-8, TS.3.10-13, and Figure TS.2.1-1).  

2. Replace the existing restriction on the isothermal temperature 
coefficient (ITC) with an ITC to be below 5pcm/*F when the reactor 
power level is below 70% and negative above the power level of 70% 
(TS.3.1.F.1).  

3. Change the requirement of the accumulator volume from "between 
1250 and 1282.9" cubic feet to a volume "1270 + 20" cubic feet.  
(TS.3.3A.l.b. (2)).  

4. Change to the peaking factor in TS.3-10 as shown below: 
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D. M. Musolf

5. Revise the K(z) curve shown in TS Fig. 3.10-5 by eliminating the 
third line segment beyond the eleven foot core height.  

We have made the following clarifying changes to your proposed Technical 
Specifications: 

1. The proposed changes related to the peaking factor (item 4 above) 
and the elimination of the third line segment in the K curve (item 
5 above) do not apply to the four standard Westinghouse fuel 
assemblies in Unit 2 Cycle 10. The existing values for the peaking 
factors and the unmodified K curve will still apply for these four 
fuel assemblies so long as they are being irradiated at Prairie 
Island.  

2. The definition of the reactivity units of PCM/°F as related to AK/K 
was included in the Basis section of the TS dealing with ITC.  

These modifications were discussed with and agreed to by your staff.  

Part of our Safety Evaluation includes the review of plant specific 
calculations showing compliance with 10 CFR Part 50.46 as required by 
NUREG-0737, item II.K.3.31. By applying the NRC approved models for the 
small-break loss-of-coolant accident (LOCA) you have adequately shown 
compliance with 10 CFR Part 50.46. On the basis of our review you conform 
to the requirements of NUREG-0737, items II.K.3.31 for a plant specific 
analysis of a small-break LOCA. This completes our review of this item.  

A copy of the Safety Evaluation is also enclosed. The Notice of 
Issuance will be included in the Commission's next regular biweekly 
Federal Register notice.  

Sincerely, 

Dominic C. DiIanni, Project Manager 
PWR Project Directorate #1 
Division of PWR Licensing-A 

Enclosures: 
1. Amendment No. to DPR-42 
2. Amendment No. to DPR-60 
3. Safety Evaluation 
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See next page 
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Mr. D. M. Musolf Prairie Island Nuclear Generating 

Northern States Power Company Plant 
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Gerald Charnoff, Esq.  
Shaw, Pittman, Potts and Trowbridge 
1800 M Street, NW 
Washington, DC 20036 

Executive Director 
Minnesota Pollution Control Agency 
1935 W. County Road, B2 
Roseville, Minnesota 55113 

Mr. E. L. Watzl, Plant Manager 
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Northern States Power Company 
Route 2 
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NORTHERN STATES POWER COMPANY

DOCKET NO. 50-282 

PRAIRIE ISLAND NUCLEAR GENERATING PLANT UNIT NO. 1 

AMENDMENT TO FACILITY OPERATING LICENSE 

Amendment No.77 
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 January 13, 1986, supplemented March 25, 1986, 
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 (1) 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.  
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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 Operating License No.  
DPR-42 is hereby amended to read as follows: 

(2) Technical Specifications 

The Technical Specifications contained in Appendix A, as 
revised through Amendment No. 77, 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 REGU OYCOMMISSION 

George E. Lear, Director 
PWR Project Directorate #1 
Division of PWR Licensing-A 

Attachment: 
Changes to the Technical 

Specifications

Date of Issuance: April 3, 1986



ATTACHMENT TO LICENSE AMENDMENT NO. 77 

FACILITY OPERATING LICENSE NO. DPR-42

DOCKET NO. 50-282 

Revise Appendix A Technical Specifications by removing the pages 
identified below and inserting the enclosed pages. The revised pages 
are identified by the captioned amendment number and contain marginal 
lines indicating the area of change.

REMOVE INSERT

TS-x 
TS. 2. 1-1 
TS.2.1-2 
TS.2o1-3 
TS.2.3-6 
Figure TS.2.1-1 
TS .3.1-17 
TS.3.1-18 
TS.3.3-1 
TS.3.10-1 
TS.3.10-2 
TS.3.10-8 
TS.3.10-9 
TS.3.10-10 
TS.3.10-11 
TS.3.10-13 
TS.3.10-17 
Figure TS.3.10-5 
Figure TS.3.10-7 
Figure TS.3.10-8

TS-x 
TS. 2. 1-1 
TS. 2. 1-2 

TS. 2.3-6 
Figure TS.2.1-1 
TSo3.1-17 
TS.3.1-18 
TS.3.3-1 
TS.3.10-1 
TS.3.10-2 
TS.3.10-8 
TS.3.10-9 
TS.3.10-10 
TS.3.10-11 
TS.3.10-13 
TS.3.10-17 
Figure TS.3.10-5 

Figure TS.3.10-7*

*Existing Figure TS.3.10-7 will be deleted by this change. Existing 
Figure TS.3.10-8 will be renumbered to TS.3.10-7.



TS-x 
REV 

APPENDIX A TECHNICAL SPECIFICATIONS 

LIST OF FIGURES 

TS FIGURE 

2.1-1 Safety Limits, Reactor Core, Thermal and Hydraulic Two Loop 

Operation 

3.1-1 Unit 1 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 on Shift of RTNDT for 

Reactor Vessel Steels Exposed to 550'F Temperature 

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

Service Life 

3.1-5 DOSE EQUIVALENT 1-131 Primary Coolant Specific Activity Limit 

Versus Percent of RATED THERMAL POWER with the Primary 

Coolant Specific Activity >1.0 uCi/gram DOSE EQUIVALENT 1-131 

3.9-1 Prairie Island Nuclear Generating Plant Site Boundary for 

Liquid Effluents 

3.9-2 Prairie Island Nuclear Generating Plant Site Boundary for 

Gaseous Effluents 

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 

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

Power 

3.10-7 V(Z) as a Function of Core Height 

4.4-1 Shield Building Design In-Leakage Rate 

6.1-1 NSP Corporation Organization Relationship to On-Site Operating 

Organizations 

6.1-2 Prairie Island Nuclear Generating Plant Functional Organization 

for On-Site Operating Group 

Prairie Island Unit 1 - Amendment No. U, 0, U,170, 7ý, 77 
Prairie Island Unit 2 - Amendment No. 40, N, 0, U, U, 70



TS.2. 1-1 
REV 

2.0 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTING 

2.1 SAFETY LIMIT, REACTOR CORE 

Applicability 

Applies to the limiting combinations of thermal power, reactor coolant 
system pressure and coolant temperature during operation.  

Objective 

To maintain the integrity of the fuel cladding.  

Specification 

1. The combination of thermal power level, coolant pressure, and coolant 
temperature shall not exceed the limits shown in Figure TS.2.1-1. The 
safety limit is exceeded if the point defined by the combination of 
reactor coolant system average temperature and power level is at any 
time above the appropriate pressure line.  

Basis 

To maintain the integrity of the fuel cladding and prevent fission 
product release, it is necessary to prevent overheating of the cladding 
under all operating conditions. This is accomplished by operating the 
hot regions of the core within the nucleate boiling regime of heat 
transfer wherein the heat transfer coefficient is very large and the 
clad surface temperature is only a few degrees Fahrenheit above the 
coolant saturation temperature. The upper boundary of the nucleate 
boiling regime is termed departure from nucleate boiling (DNB) and at 
this point there is a sharp reduction of the heat transfer coefficient, 
which would result in high clad temperatures and the possibility of 
clad failure. DNB is not, however, an observable parameter during 
reactor operation. Therefore, the observable parameters; thermal power, 
reactor coolant temperature and pressure have been related to DNB 
through the W-3 and WRB-I DNB correlations. The W-3 DNB correlation is 
used for Exxon Nuclear fuel. The WRB-1 DNB correlation is used for 
Westinghouse fuel. The W-3 and WRB-1 DNB correlations have been developed 
to predict the DNB flux and the location of DNB for axially uniform and 
non-uniform heat flux distributions. The local DNB heat flux ratio, 
defined as the ratio of the heat flux that would cause DNB at a particular 
core location to the local heat flux, is indicative of the margin to DNB.  
The minimum value of the DNB ratio, DNBR, during steady state operation, 
normal operational transients, and anticipated transients is limited to 
1.30 for the Exxon Nuclear fuel and to 1.17 for the Westinghouse fuel.  
These limits correspond to a 95% probability at a 95% confidence level 
that DNB will not occur and is chosen as an appropriate margin to DNB for 
all operating conditions.  

Prairie Island Unit 1 - Amendment No. 77 
Prairie Island Unit 2 - Amendment No. 70
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REV 

The solid curves of Figure TS 2.1-1 represent the loci of points 
of thermal power, coolant pressure, and coolant average temperature 
for which either the coolant enthalpy at the core exit is limiting 
or the DNB ratio is limiting. For the 1685 psig and 1985 psig curves, 

the coolant average enthalpy at the core exit is equal to saturated 
water enthalpy below power levels of 91% and 74% respectively. For 
the 2235 psig and 2385 psig curves, the coolant average temperature at 

the core exit is equal to 650°F below power levels of 64% and 73% 
respectively. For all four curves, the DNBR is limiting at higher power 

levels. The area of safe operation is below these curves.  

The plant conditions required to violate the limits in the lower power 
range are precluded by the self-actuated safety valves on the steam 

generators. The highest nominal setting of the steam generator safety 
valves is 1129 psig (saturation temperature 560°F). At zero power the 
difference between primary coolant and secondary coolant is zero and at 
full power it is 50°F. The reactor conditions at which steam generator 
safety valves open is shown as a dashed line on Figure TS.2.1-1.  

Except for special tests, power operation with only one loop or with 
natural circulation is not allowed. Safety limits for such special 
tests will be determined as a part of the test procedure.  

The curves are conservative for the following nuclear hot channel factors: 

F H= 1.60 [1 + 0.3(1-P)) ; and FQ = 2.30 

Use of these factors results in more conservative safety limits than 
would result from power distribution limits in Specification TS.3.10.  

This combination of hot channel factors is higher than that calculated 
at full power for the range from all control rods fully withdrawn to 
maximum allowable control rod insertion. The control rod insertion 
limits are covered by Specification 3.10. Adverse power distribution 
factors could occur at lower power levels because additional control 
rods are in the core. However, the control rod insertion limits 
specified by Figure TS.3.10-1 assure that the DNB ratio is always 
greater at part power than at full power.  

The Reactor Control and Protective System is designed to prevent any 

anticipated combination of transient conditions that would result in 
a DNB ratio of less than 1.30 for Exxon Nuclear fuel and less than 1.17 
for Westinghouse fuel.  

Prairie Island Unit 1 - Amendment No. 77 
Prairie Island Unit 2 - Amentment No. 70



Figure TS.2.1-1 REV
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TS. 2.3-6 

REV 

The other reactor trips specified in A.3. above provide additional protection.  
The trip initiated by steam/feedwater flow mismatch in coincidence with low steam 
generator water level is designed for protection from a sudden loss of the 
reactor's heat sink. The safety injection signal trips the reactor to decrease 
the severity of the accident condition. The reactor is tripped when the turbine 
generator trips above a power level equivalent to the load rejection capacity of 
the steam dump valves. This reduces the severity of the loss-of-load transient.  

The positive power range rate trip provides protection against rapid flux 
increases which are characteristic of rod ejection events from any power 
level. Specifically, this trip compliments the power range nuclear flux 
high and low trip to assure that the criteria are met for rod ejection from 
partial power.  

The negative power range rate trip provides protection satisfying all IEEE 
criteria to assure that minimum DNBR is maintained above 1.30 for Exxon Nuclear 
fuel and above 1.17 for Westinghouse fuel for all multiple control rod drop 
accidents. Analysis indicates (Section 14.1.3) that in the case of a single rod 
drop, a return to full power will be initiated by the automatic reactor control 
system in response to a continued full power turbine load demand and it will not 
result in a DNBR of less than 1.30 for Exxon Nuclear fuel or 1.17 for Westinghouse 
fuel. Thus, automatic protection for a single rod drop is not required. Admini
strative limits in Specification 3.10 require a power reduction if design power 
distribution limits are exceeded by a single misaligned or dropped rod.  

References: 

(1) FSAR 14.1.1 
(2) FSAR Page 14-3 
(3) FSAR 14.2.6 
(4) FSAR 14.3.1 
(5) FSAR 14.1.2 
(6) FSAR 7.2, 7.3 
(7) FSAR 3.2.1 
(8) FSAR 14.1.9 
(9) FSAR 14.1.11 

Prairie Island Unit 1 - Amendment No. •, 77 
Prairie Island Unit 2 - Amendment No. 27, 70
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TS.3.1-17 

REV 

F. MINIMUM CONDITIONS FOR CRITICALITY 

Specification 

1. Isothermal Temperature Coefficient (ITC) 

a. When the reactor is critical, the isothermal temperature coefficient 

shall be less than 5 pcm/*F with all rods withdrawn, except during 

low power physics tests and as specified in 3.1.F.l.b and c.  

b. When the reactor is above 70 percent rated thermal power with all 

rods withdrawn, the isothermal temperature coefficient shall be 

negative, except as specified in 3.1.F.l.c.  

c. If the limits of 3.1.F.1.a or b cannot be met, Power Operation 

may continue provided ihe following actions are taken: 

(1) Establish and maintain control rod withdrawal limits sufficient 

to restore the ITC to less than the limits specified in 

Specification 3.1.F.l.a and b above within 24 hours or be 

in HOT SHUTDOWN within the next 6 hours. These withdrawal 

limits shall be in addition to the insertion limits of Figure 

TS.3.10-2.  

(2) Maintain the control rods within the withdrawal limits 

established above until a subsequent calculation verifies 

that the ITC has been restored to within its limit for the 

all rods withdrawn condition.  

(3) Submit a special report to the Commission within 30 days, 

describing the value of the measured ITC, the interim control 

rod withdrawal limits, and the predicted average core burnup 

necessary for restoring the ITC to within its limit for the 

all rods withdrawn condition.  

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.  

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 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 co

efficient is measured directly during low power physics tests in order to 

verify analytical predictions. The units o the isothermal temperature 

coefficient are pcm/*F, where I pcm = 1x10 AK/K.  

Prairie Island Unit No. 1 - Amendment No. ~ 77 

Prairie Island Unit No. 2 - Amendment No. $, 70



TS.3. 1-18 

REV 

For extended optimum fuel burnup it is necessary to either load the 
r3actor 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 isothermal temperature coeffieient could 
exist at beginning of cycle (BOC). Safety analyses verify the accep
tability of the isothermal temperature coefficient for limits specified 
in 3.1.F.I. 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.1 requirements 
are waived during low power physics tests to permit measurement of 
reactor temperature coefficient and other physics design parameters of 
interest. Special operating precautions will be taken during these 
physics tests. In addition, the strong negative Doppler coefficient(I) 
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.3.1-1 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 is in the nil ductility temperature range. Heatup to 
this temperature will be accomplished by operating the reactor coolant 
pumps and by the pressurizer heaters. The pressurizer heater and associ
ated 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 •rease of 
moderator temperature or a decrease of coolant pressure.  

References: 

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

Prairie Island Unit No. 1 - Amendment No. •, 77 
Prairie Island Unit No. 2 - Amendment No. Z•, 70



TS. 3. 3-1 
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3.3 ENGINEERED SAFETY FEATURES 

Applicability 

Applies to the operating status of the engineered safety features.  

Objective 

To define those limiting conditions that are necessary for operation of 
engineered safety features: (1) to remove decay heat from the core in 
an emergency or normal shutdown situations, and (2) to remove heat from 
containment in normal operating and emergency situations.  

Specifications 

A. Safety Injection and Residual Heat Removal Systems 

1. A reactor shall not be made or maintained critical nor shall it 
be heated or maintained above 200'F unless the following condi
tions are satisfied except as permitted in Specification 3.3.A.2.  

a. The refueling water tank contains not less than 200,000 
gallons of water with a boron concentration of at least 1950 
ppm.  

b. Each reactor coolant system accumulator shall be operable 
when reactor coolant system pressure is greater than 1000 
psig.  

Operability requires: 
(1) The isolation valve is open 
(2) Volume is 1270 t 20 cubic feet of borated water 
(3) A minimum boron concentration of 1900 ppm 
(4) A nitrogen cover pressure of at least 700 psig 

c. Two safety injection pumps are operable except that pump 
control switches in the control room shall meet the require

ments of Section 3.1.G whenever the reactor coolant system 
temperature is less than YPT.  

d. Two residual heat removal pumps are operable.  

e. Two residual heat exchangers are operable.  

f. Automatic valves, interlocks and piping associated with the 
above components and required to function during accident 
conditions, are operable.  

g. Manual valves in the above systems that could (if one is 

improperly positioned) reduce injection flow below that 
assumed for accident analyses, shall be blocked and tagged in 
the proper position for injection. RHR system valves, however, 
may be positioned as necessary to regulate plant heatup or 

cooldown rates when the reactor is subcritical. All changes in 
valve position shall be under direct administrative control.  

Prairie Island Unit No. 1 - Amendment No. •, 9, 77 
Prairie Island Unit No. 2 - Amendment No. $, •, 70
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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 operations.  

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 or boron concentration.  

B. Power Distribution Limits 

1. At all times, except dgring 4w power physics testing, measured 

hot channel factors, F and F A, as defined below and in the 

bases, shall meet the Pollowing limits: 
N * 

F x 1.03 x 1.05 <(2.30/P) x K(Z) 
Q 

F• x 1.04 <1.60 x [1+ 0.3(1-P)] 
AR 

where the following definitions apply: 

- K(Z) is the axial dependence function shown in Figure TS.3.10-5.  

- Z is the core height location.  

- P is the fraction of N rated power at which the core is 
operating. In the FQ limit determination when P -. 50, set 
P = 0.50.  

(2.21/P) shall be used for Westinghouse Standard assemblies for Unit 2 
Cycle 10.  

1.55 x [1 + 0.2 (1-P)] shall be used for Westinghouse Standard assemblies 
for Unit 2 Cycle 10.  

Prairie Island Unit No. 1 - Amendment No. 77 
Prairie Island Unit No. 2 - Amendment No. 9, •, 0, 70



TS.3.10-2 
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N N 

- F or F is defined as the measured F or F respectively, 

with the smallest margin or greatest eAcess oY limit.  
E 

- 1.03 is t_• engineering hot channel factor, F , applied to the 

measured FQ to account for manufacturing toleKance.  

- 1.05 is applied to the measured FN to account for measurement 

uncertainty.  

- 1.04 is applied to the measured F11 to account for measurement 

uncert~inty.  
N N 

2. Hot channel factors, F and FAH , shall be measured and the target 

flux difference determined, at equilibrium conditions according 
to the following conditions, whichever occurs first: 

(a) At least once per 31 effective full-power days in conjunction 

with the target flux difference determination, or 

(b) Upon reaching equilibrium conditions after exceeding the 

reactor power at which target flux differance was last.  

determined, by 10% or more of rated power.  

F (equil) shall meet the following limit for the middle axial 80% 
o the core: 

F (equil) x V(Z) x 1.03 x 1.05 <(2.30/P) x K(Z) 

where V(Z) is defined Figure 3.10-7 and other terms are 

defined in 3.10.B.1 above.  

3. (a) If either measured hot channel factor exceeds its limit 
specified in 3.10.B.1, reduce reactor power and the high 
neutron flFx trip setpoint by 1% for each percent that the 
megasured F or by 3.33% for each percent that the measured 
F H_ exceedV the 3.10.B.1 limit. Then follow 3.10.B.3(c).  

(b) If the measured F (equil) exceeds the 3.10.B.2 limits but not 
the 3.10.B.1 limi2, take one of the following actions: 

1. Within 48 hours place the reactor in an equilibrium 
configuration for which Specification 3.10.B.2 is satis
fied, or 

2. Reduce reactor power and the high neutron flux trip 
sitpoint by 1% for each percent that the measured 
F (equil) x 1.03 x 1.05 x V(Z) exceeds the limit.  
Q 
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3. If one or both of the quadrant power tilt monitors is inoperable, 
individual upper and lower excore detector calibrated outputs and 

the calculated power tilt shall be logged every two hours after a 

load change greater than 10% of rated power.  

J. DNB Parameters 

The following DNB related parameters limits shall be maintained 
during power operation: 

a. Reactor Coolant System Tavg <564°F 

b. Pressurizer Pressure >2220 psia* 

c. Reactor Coolant Flow >178,000 gpm 

With any of the above parameters exceeding its limit, restore the 
parameter to within its limit within 2 hours or reduce thermal power 
to less than 5% of rated thermal power using normal shutdown 
procedures.  

Compliance with a. and b. is demonstrated by verifying that each of 
the parameters is within its limits at least once each 12 hours.  

Compliance with c. is demonstrated by verifying that the parameter is 
within its limit after each refueling cycle.  

Bases 

Throughout the 3.10 Technical Specifications, the terms "rod(s)" and 

"RCCA(s)" are synonomous.  

Shutdown Reactivity 

Trip shutdown reactivity is provided consistent with plant safety 
analyses assumptions. One percent shutdown is adequate except for 
the steam break analysis, which requires more shutdown reactivity 
due to the more negative moderator temperature coefficient at end 
of life (when boron concentration is low). Figure TS.3.10-1 is drawn 
accordingly.  

Power Distribution Control 

The specifications of this section provide assurance of fuel 
integrity during Condition I (Normal Operations) and II (Incidents 
of Moderate frequency) events by: (a) maintaining the minimum DNBR 

in the core >1.30 for Exxon Nuclear fuel and >1.17 for Westinghouse 
fuel during normal operation and in short term transients, and (b) 

limiting the fission gas release, fuel pellet temperature and cladding 

*Limit not applicable during either a THERMAL POTER ramp increase in 

excess of (5%) RATED THERMAL POWER per minute or a THERMAL POWER step 

increase in excess of (10,%) RATE: THERM.L POWER.  

Prairie Island Unit No. I - Amendment No. 7ý, 5, 4, 77 
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mechanical properties to within assumed design criteria. In addition, 
limiting the peak linear power density during Condition I events 
provides assurance that the initial conditions assumed for the LOCA 
analyses are met and the ECCS acceptance criteria limit of 2200'F is 
not exceeded.  

During ope~ation,Nthe plant staff compares the measured hot channel 
factors, F and F H, (described later) to the limits determined in the 
transient 2nd LOCG analyses. The terms on the right side of the 
equations in Section 3.10.B.1 represent the analytical limits. Those 
terms on the left side represent the measured hot channel factors 
corrected for engineering, calculational, and measurement uncertainties.  

N 
F_ is the measured Nuclear Hot Channel Factor, defined as the maximum 
l~cal heat flux on the surface of a fuel rod divided by the average 
heat flux in the core. Heat fluxes are derived from measured neutron 
fluxes and fuel enrichment.  

The K(Z) function shown in Figure TS.3.10-5 is a normalized function 
that limits F axially. The K(Z) specified for the lowest six (6) feet 
of the core i2 abritrarily flat since the lower part of the core is 
generally not limiting. Above that region, the K(Z) value is based on 
large and small break LOCA analyses.  

V(Z) is anNaxially dependent function applied to the equilibrium 
measured F to bound F 's that could be measured at non-equilibrium 
conditions? This function is based on power distribution control 
analyses that evaluated the effect of burnable poisons, rod position, 
axial effects, and xenon worth.  

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

a~ce on heat flux required for manufacturing tolerances. The engi
neering factor allows for local veriations 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.  

The 1.05 multiplier accounts for uncertainties associated with measure
ment of the power distribution with the moveable incore detectors and 
the use of those measurements to establish the assembly local power 
distribution.  

NF (equil) is the measured limiting N obtained at equilibrium 

daring target flux determination. Q 

F , Nuclear Enthalpy Rise Hot Channel Factor, is defined as the ratio 
o•the integral of linear power along the rod with the highest integrated 
power to the average rod power.  

Prairie Island Unit No. 1 - Amendment No. •, 4, , $, 77 
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When a measurement of FHN is taken, measurement error must be allowed for 

and 4 percent is the appropriate allowance for a full core map taken with 

the movable incore detector flux mapping system.  

Measurements of the hot channel factors are required as part of startup 

physics tests, at least once each effective 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 operationalanomalies 

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 misalign

ment greater than 15 inches with consideration of maximum 
instrumentation error.  

2. Control rod banks are sequenced with overlapping banks 

as described in Technical Specification 3.10.  

3. The control bank insertion limits are not violated.  

4. Axial power distribution control procedures, which are given 

in terms of flux difference control and control bank inser

tion limits 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 dif

ference in normalized power between the top and bottom halves 

of the core.  

Prairie Island Unit No. 1 - Amendment No. , 9, 77 
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N FN 

The permitted relaxation in F and F allows for radial power 

shape changes with rod insertion to t~e insertion limits. It has 

been determined that provided the above conditions I through 4 are 

observed, these hot channel factor limits are met. In specifica

tion 3.10, F is arbitrarily limited for P <0.5 (except for low 

power physics 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 

ditference between the current value of Flux Difference (AI) and 

a reference value which corresponds to the full power equilibrium 

value of Axial Offset (Axial Offset = AL/fractional power). The 

reference value of flux difference varies with power level and 

burnup but expressed as axial offset it varies only with burnup.  

The technical specifications on power distribution control assure 

that the F limit is not exceeded and xenon distributions are not 

developed 2 hich 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 the full 

length rod control rod bank more than 190 steps withdrawn (i.e., 

normal full power operating position appropriate for the time in 

life, usually withdrawn farther as burnup proceeds). This value, 

divided by the fraction of full power at which the core was oper

ating 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 t5 percent AI are permitted 

from the indicated reference value. Figure TS.3.10-6 shows the 

allowed deviation from the target flux difference as the function 

of thermal power.  

Prairie Island Unit No. 1 - Amendment No. •, 4, $, 77 
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resulting from operation within the target band. The consequences of 
being outside the ±5% target band but within the Figure TS.3.10-6 limit 
for power levels between 50% and 90% has been evaluated and determined 
to result in acceptable peaking factors. Therefore, while the deviation 
exists the power level is limited to 90 percent or lower depending on 
the indicated axial flux difference. In all cases the ±5 percent target 
band is the Limiting Condition for Operation. Only when the target band 
is violated do the limits under Figure TS.3.10-6 apply.  

If, for any reason, the indicated axial flux difference is not controlled 
within the ±5 percent band for as long a period as one hour, then xenon 
distributions may be significantly changed and operation at 50 percent is 
required to protect against potentially more severe consequences of some 
accidents.  

As discussed above, the essence of the procedure is to maintain the xenon 
distribution in the core as close to the equilibrium full power condition 
as possible. This is accomplished by using the boron system to position 

the full length control rods to produce the required indicated flux 
difference.  

For Condition I! events the core is protected from overpower and a minimum 
DNBR of 1.30 for Exxon fuel and 1.17 for Westinghouse fuel by an automatic 
protection system. Compliance with operating procedures is assumed as a 
precondition for Condition II transients, however, operator error and equip
ment malfunctions are separately assumed to lead to the cause of the transients 
considered.  

Quadrant Power Tilt Limits 

Quadrant power tilt limits are based on the following considerations. Fre
quent power tilts are not anticipated during normal operation since this 

phenomenon is caused by some asymmetric perturbation, e.g. rod misalignment, 
x-y xenon transient, or inlet temperature mismatch. A dropped or misaligned 
rod will easily be detected by the Rod Position Indication System or core 
instrumentation per Specification 3.10.F, and core limits protected per 
Specification 3.10.E. A quadrant tilt by some other means (x-y xenon tran
sient, etc.) would not appear instantaneously, but would build up over 
several hours and the quadrant tilt limits are set to protect against this 
situation. They also serve as a backup protection against the dropped or 
misaligned rod.  

Operational experience shows that normal power tilts are less than 1.01.  
Thus, sufficient time is available to recognize the presence of a tilt 
and correct the cause before a severe tilt could build up. During start
up and power escalation, however, a large tilt could be initiated.  
Therefore, the Technical Specification has been written so as to prevent 

escalation above 50 percent power if a large tilt is present.  

Prairie Island Unit No. 1 - Amendment No. 1, 4, 77 
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If the rod position deviation monitor and quadrant power tilt monitor(s) 
are inoperable, the overpower reactor trip setpoint is reduced (and also 
power) to ensure that adequate core protection is provided in the event 
that unsatisfactory conditions arise that could affect radial power 
distribution.  

Increased surveillance is required, if the quadrant power tilt monitors 
are inoperable and a load change occurs, in order to confirm satisfac
tory power distribution behavior. The automatic alarm functions related 
to quadrant power tilt must be considered incapable of alerting the 
operator to unsatisfactory power distribution conditions.  

DNB Parameters 

The RCS flow rate, T , and Pressurizer Pressure requirements are based av2 
on transient analyses fssumptions. The flow rate shall be verified by 
calorimetric flow data and/or elbow taps. Elbow taps are used in the 
reactor coolant system as an instrument device that indicates the status 
of the reactor coolant flow. The basic function of this device is to 
provide information as to whether or not a reduction in flow rate has 
occurred. If a reduction in flow rate is indicated below the specifica
tion value indicated, shutdown is required to investigate adequacy of 
core cooling during operation.  

Prairie Island Unit No. 1 - Amendment No. 4, 77 
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NORTHERN STATES POWER COMPANY

DOCKET NO. 50-306 

PRAIRIE ISLAND NUCLEAR GENERATING PLANT UNIT NO. 2 

AMENDMENT TO FACILITY OPERATING LICENSE 

Amendment No. 70 
License No. DPR-60 

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

A. The application for amendment by Northern States Power Company 
(the licensee) dated January 13, 1986, supplemented March 25, 1986, 
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 (1) 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.



-2-

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 Operating License No.  
DPR-60 is hereby amended to read as follows: 

(2) Technical Specifications 

The Technical Specifications contained in Appendix A, as 
revised through Amendment No. 70 , 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 

George E. Lear, Director 
PWR Project Directorate #1 
Division of PWR Licensing-A 

Attachment: 
Changes to the Technical 

Specifications

Date of Issuance: April 3, 1986



ATTACHMENT TO LICENSE AMENDMENT NO. 70 

FACILITY OPERATING LICENSE NO. DPR-60

DOCKET NO. 50-306 

Revise Appendix A Technical Specifications by removing the pages 
identified below and ihserting the enclosed pages. The revised pages 
are identified by the captioned amendment number and contain marginal 
lines indicating the area of change.

REMOVE INSERT

TS-x 
TS. 2o 1-1 
TSo2.1-2 
TS.2.1-3 
TS. 2 3-6 
Figure TS.2.1-1 
TS 3. 1-17 
TS.3.1-18 
TS.3.3-1 
TS.3o10-1 
TS.3.10-2 
TS.3.10-8 
TSo3A10-9 
TS.3.10-10 
TS.3.10-lI 
TS.3.10-13 
TS.3.10-17 
Figure TS.3.10-5 
Figure TS.3.10-7 
Figure TS.3.10-8

TS-x 
TS. 2. 1-1 
TS. 2. 1-2 

TS.2.3-6 
Figure TS.2.1-1 
TS.3.1-17 
TS.3.1-18 
TS.3.3-1 
TS.3.10-1 
TS.3.10-2 
TS.3.10-8 
TS.3.10-9 
TS.3.10-10 
TS.3.10-11 
TS.3.10-13 
TS.3.10-17 
Figure TS.3.10-5 

Figure TS.3.10-7*

*Existing Figure TS.3.10-7 will be deleted by this change.  
Figure TS.3.10-8 will be renumbered to TS.3.10-7.

Existing
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APPENDIX A TECHNICAL SPECIFICATIONS 

LIST OF FIGURES 

TS FIGURE 

2.1-1 Safety Limits, Reactor Core, Thermal and Hydraulic Two Loop 
Operation 

3.1-1 Unit 1 and Unit 2 Reactor Coolant System Heatup Limitations 
3.1-2 Unit I and Unit 2 Reactor Coolant System Cooldown Limitations 
3.1-3 Effect of Fluence and Copper Content on Shift of RTNDT for 

Reactor Vessel Steels Exposed to 550OF Temperature 
3.1-4 Fast Neutron Fluence (E >1 MeV) as a Function of Full Power 

Service Life 
3.1-5 DOSE EQUIVALENT 1-131 Primary Coolant Specific Activity Limit 

Versus Percent of RATED THERMAL POWER with the Primary 
Coolant Specific Activity >1.0 uCi/gram DOSE EQUIVALENT 1-131 

3.9-1 Prairie Island Nuclear Generating Plant Site Boundary for 
Liquid Effluents 

3.9-2 Prairie Island Nuclear Generating Plant Site Boundary for 
Gaseous Effluents 

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

Power 
3.10-7 V(Z) as a Function of Core Height 
4.4-1 Shield Building Design In-Leakage Rate 
6.1-1 NSP Corporation Organization Relationship to On-Site Operating 

Organizations 
6.1-2 Prairie Island Nuclear Generating Plant Functional Organization 

for On-Site Operating Group 
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2.0 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTING 

2.1 SAFETY LIMIT, REACTOR CORE 

Applicability 

Applies to the limiting combinations of thermal power, reactor coolant 

system pressure and coolant temperature during operation.  

Objective 

To maintain the integrity of the fuel cladding.  

Specification 

1. The combination of thermal power level, coolant pressure, and coolant 

temperature shall not exceed the limits shown in Figure TS.2.1-1. The 

safety limit is exceeded if the point defined by the combination of 

reactor coolant system average temperature and power level is at any 

time above the appropriate pressure line.  

Basis 

To maintain the integrity of the fuel cladding and prevent fission 

product release, it is necessary to prevent overheating of the cladding 

under all operating conditions. This is accomplished by operating the 

hot regions of the core within the nucleate boiling regime of heat 

transfer wherein the heat transfer coefficient is very large and the 

clad surface temperature is only a few degrees Fahrenheit above the 

coolant saturation temperature. The upper boundary of the nucleate 

boiling regime is termed departure from nucleate boiling (DNB) and at 

this point there is a sharp reduction of the heat transfer coefficient, 

which would result in high clad temperatures and the possibility of 

clad failure. DNB is not, however, an observable parameter during 

reactor operation. Therefore, the observable parameters; thermal power, 

reactor coolant temperature and pressure have been related to DNB 

through the W-3 and WRB-1 DNB correlations. The W-3 DNB correlation is 

used for Exxon Nuclear fuel. The WRB-1 DNB correlation is used for 

Westinghouse fuel. The W-3 and 6RB-1 DNB correlations have been developed 

to predict the DNB flux and the location of DNB for axially uniform and 

non-uniform heat flux distributions. The local DNB heat flux ratio, 

defined as the ratio of the heat flux that would cause DNB at a particular 

core location to the local heat flux, is indicative of the margin to DNB.  

The minimum value of the DNB ratio, DNBR, during steady state operation, 

normal operational transients, and anticipated transients is limited to 

1.30 for the Exxon Nuclear fuel and to 1.17 for the Westinghouse fuel.  

These limits correspond to a 95% probability at a 95% confidence level 

that DNB will not occur and is chosen as an appropriate margin to DNB for 

all operating conditions.  

Prairie Island Unit 1 - Amendment No. 77 
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The solid curves of Figure TS 2.1-i represent the loci of poiii2ts 
of thermal power, coolant pressure, and coolant average temperature 
for which either the coolant enthalpy at the core exit is limiting 
or the DNB ratio is limiting. For the 1685 psig and 1985 psig curves, 
the coolant average enthalpy at the core exit is equal to saturated 
water enthalpy below power levels of 91% and 74% respectively. For 
the 2235 psig and 2385 psig curves, the coolant average temperature at 

the core exit is equal to 650*F below power levels of 64% and 73% 
respectively. For all four curves, the DNBR is limiting at higher power 

levels. The area of safe operation is below these curves.  

The plant conditions required to violate the limits in the lower power 
range are precluded by the self-actuated safety valves on the steam 
generators. The highest nominal setting of the steam generator safety 

valves is 1129 psig (saturation temperature 560°F). At zero power the 
difference between primary coolant and secondary coolant is zero and at 
full power it is 50'F. The reactor conditions at which steam generator 
safety valves open is shown as a dashed line on Figure TS.2.1-1.  

Except for special tests, power operation with only one loop or with 
natural circulation is not allowed. Safety limits for such special 
tests will be determined as a part of the test procedure.  

The curves are conservative for the following nuclear hot channel factors: 

F = 1.60 [1 + 0.3(1-P)] ; and FQ = 2.30 

Use of these factors results in more conservative safety limits than 
would result from power distribution limits in Specification TS.3.10.  

This combination of hot channel factors is higher than that calculated 
at full power for the range from all control rods fully withdrawn to 
maximum allowable control rod insertion. The control rod insertion 
limits are covered by Specification 3.10. Adverse power distribution 
factors could occur at lower power levels because additional control 
rods are in the core. However, the control rod insertion limits 

specified by Figure TS.3.10-1 assure that the DNB ratio is always 

greater at part power than at full power.  

The Reactor Control and Protective System is designed to prevent any 

anticipated combination of transient conditions that would result in 
a DNB ratio of less than 1.30 for Exxon Nuclear fuel and less than 1.17 
for Westinghouse fuel.  

Prairie Island Unit 1 - Amendment No. 77 
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The other reactor trips specified in A.3. above provide additional protection.  
The trip initiated by steam/feedwater flow mismatch in coincidence with low steam 
generator water level is designed for protection from a sudden loss o-T the 
reactor's heat sink. The safety injection signal trips the reactor to decrease 
the severity of the accident condition. The reactor is tripped when the turbine 
generator trips above a power level equivalent to the load rejection capacity of 
the steam dump valves. This reduces the severity of the loss-of-load-transient.  

The positive power range rate trip provides protection against rapid flux 
increases which are characteristic of rod ejection events from any power 
level. Specifically, this trip compliments the power range nuclear flux 
high and low trip to assure that the criteria are met for rod ejection from 
partial power.  

The negative power range rate trip provides protection satisfying all IEEE 
criteria to assure that minimum DNBR is maintained above 1.30 for Exxon Nuclear 
fuel and above 1.17 for Westinghouse fuel for all multiple control rod drop 
accidents. Analysis indicates (Section 14.1.3) that in the case of a single rod 
drop, a return to full power will be initiated by the automatic reactor control 
system in response to a continued full power turbine load demand and it will not 
result in a DNBR of less than 1.30 for Exxon Nuclear fuel or 1.17 for Westinghouse 
fuel. Thus, automatic protection for a single rod drop is not required. Admini
strative limits in Specification 3.10 require a power reduction if design power 
distribution limits are exceeded by a single misaligned or dropped rod.  

References: 

(1) FSAR 14.1.1 
(2) FSAR Page 14-3 
(3) FSAR 14.2.6 
(4) FSAR 14.3.1 
(5) FSAR 14.1.2 
(6) FSAR 7.2, 7.3 
(7) FSAR 3.2,1 
(8) FSAR 14.1.9 
(9) FSAR 14.1.11 
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F. MINIMUM CONDITIONS FOR CRITICALITY 

Specification 

1. Isothermal Temperature Coefficient (ITC) 

a. When the reactor is critical, the isothermal temperature coefficient 

shall be less than 5 pcm/*F with all rods withdrawn, except during 

low power physics tests and as specified in 3.1.F.1.b and c.  

b. When the reactor is above 70 percent rated thermal power with all 

rods withdrawn, the isothermal temperature coefficient shall be 

negative, except as specified in 3.1.F.l.c.  

c. If the limits of 3.1.F.o.a or b cannot be met, Power Operation 

may continue provided the following actions are taken: 

(1) Establish and maintain control rod withdrawal limits sufficient 

to restore the ITC to less than the limits specified in 

Specification 3.1.F.l.a and b above within 24 hours or be 

in HOT SHUTDOWN within the next 6 hours. These withdrawal 

limits shall be in addition to the insertion limits of Figure 

TS.3.10-2.  

(2) Maintain the control rods within the withdrawal limits 

established above until a subsequent calculation verifies 

that the ITC has been restored to within its limit for the 

all rods withdrawn condition.  

(3) Submit a special report to the Commission within 30 days, 

describing the value of the measured ITC, the interim control 

rod withdrawal limits, and the predicted average core burnup 

necessary for restoring the ITC to within its limit for the 

all rods withdrawn condition.  

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.  

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 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 co

efficient is measured directly during low power physics tests in order to 

verify analytical predictions. The units og the isothermal temperature 

coefficient are pcm/*F, where 1 pcm = x10- AK/K.  

Prairie Island Unit No. 1 - Amendment No. ýý, 77 
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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 isothermal temperature coeffieientocould 

exist at beginning of cycle (BOC). Safety analyses verify the accep

tability of the isothermal temperature coefficient for limits specified 

in 3.1.F.I. 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.1 requirements 

are waived during low power physics tests to permit measurement of 

reactor temperature coefficient and other physics design parameters of 

interest. Special operating precautions will be taken during these (i) 

physics 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 

speci.fied in Figure TS.3.1-1 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 is in the nil ductility temperature range. Heatup to 

this temperature will be accomplished by operating the reactor coolant 

pumps and by the pressurizer heaters. The pressurizer heater and associ

ated 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 • rease of 

moderator temperature or a decrease of coolant pressure.  

References: 

(1) FSAR Figure 3.2-10 
(2) FSAR Table 3.2-1 
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3.3 ENGINEERED SAFETY FEAjtURES 

Applicability 

Applies to the operating status of the engineered safety features.  

Objective 

To define those limiting conditions that are necessary for operation of 
engineered safety features: (1) to remove decay heat from the'core in 
an emergency or normal shutdown situations, and (2) to remove heat from 
containment in normal operating and emergency situations.  

Specifications 

A. Safety Injection and Residual Heat Removal Systems 

1. A reactor shall not be made or maintained critical nor shall it 
be heated or maintained above 200'F unless the following condi
tions are satisfied except as permitted in Specification 3.3.A.2.  

a. The refueling water tank contains not less than 200,000 
gallons of water with a boron concentration of at least 1950 
ppm.  

b. Each reactor coolant system accumulator shall be operable 
when reactor coolant system pressure is greater than 1000 
psig.  

Operability requires: 
(1) The isolation valve is open 
(2) Volume is 1270 t 20 cubic feet of borated water 
(3) A minimum boron concentration of 1900 ppm 
(4) A nitrogen cover pressure of at least 700 psig 

c. Two safety injection pumps are operable except that pump 
control switches in the control room shall meet the require
ments of Section 3.1.G whenever the reactor coolant system 
temperature is less than MPT.  

d. Two residual heat removal pumps are operable.  

e. Two residual heat exchangers are operable.  

f. Automatic valves, interlocks and piping associated with the 
above components and required to function during accident 
conditions, are operable.  

g. Manual valves in the above systems that could (if one is 
improperly positioned) reduce injection flow below that 
assumed for accident analyses, shall be blocked and tagged in 
the proper position for injection. RHR system valves, however, 
may be positioned as necessary to regulate plant heatup or 
cooldown rates when the reactor is subcritical. All changes in 
valve position shall be under direct administrative control.  

Prairie Island Unit No. 1 - Amendment No. 41, •, 77 
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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 operations.  

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 or boron concentration.  

B. Power Distribution Limits 

1. At all times, except during _4w power physics testing, measured 

hot channel factors, F and FA., as defined below and in the 

bases, shall meet the Pollowing limits: 

N* 
x 1.03 x 1.05 <(2.30/P) x K(Z) 

Q 

FN x 1.04 <1.60 x [I+ 0.3(1-P)] 
AH 

where the following definitions apply: 

- K(Z) is the axial dependence function shown in Figure TS.3.10-5.  

- Z is the core height location.  

- P is the fraction of Nrated power at which the core is 

operating. In the FQ limit determination when P <.50, set 
P = 0.50.  

(2.21/P) shall be used for Westinghouse Standard assemblies for Unit 2 

Cycle 10.  

1.55 x [1 + 0.2 (1-P)] shall be used for Westinghouse Standard assemblies 

for Unit 2 Cycle 10.  

Prairie Island Unit No. 1 - Amendment No. M, 4, f, 77 
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N N 
- F or FH is defined as the measured F or F respectively, 

with the smallest margin or greatest e~cess 'o limit.  

1.03 is t4 engineering hot channel factor, F0, applibd to the 
measured FQ to account for manufacturing tolerance.  

- 1.05 is applied to the measured FN to account for measurement 

uncertainty.  
N 

-1.04 is applied to the measured F N to account for measurement 

uncertainty.  
N dNe 

2. Hot channel factors, FN and F N , shall be measured and the target 

flux difference determi-ned, at equilibrium conditions according 

to the following conditions, whichever occurs first: 

(a) At least once per 31 effective full-power days in conjunction 

with the target flux difference determination, or 

(b) Upon reaching equilibrium conditions after exceeding the 

reactor power at which target flux differance was last.  

determined, by 10% or more of rated power.  

FN (equil) shall meet the following limit for the middle axial 80% 

o? the core: 

N (equil) x V(Z) x 1.03 x 1.05 <(2.30/P) x K(Z) FQ 

where V(Z) is defined Figure 3.10-7 and other terms are 

defined in 3.10.B.1 above.  

3. (a) If either measured hot channel factor exceeds its limit 

specified in 3.10.B.1, reduce reactor power and the high 

neutron flx trip setpoint by 1% for each percent that the 

mgasured F or by 3.33% for each percent that the measured 

F H exceedV the 3.10.B.1 limit. Then follow 3.10.B.3(c).  

(b) If the measured F- (equil) exceeds the 3.10.B.2 limits but not 

the 3.10.B.1 limi2, take one of the following actions: 

1. Within 48 hours place the reactor in an equilibrium 

configuration for which Specification 3.10.B.2 is satis
fied, or 

2. Reduce reactor power and the high neutron flux trip 

sgtpoint by 1% for each percent that the measured 

F (equil) x 1.03 x 1.05 x V(Z) exceeds the limit.  

Prairie Island Unit No. 1 - Amendment Ho. •5, 44, 00, 77 
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3. If one or both of the quadrant power tilt monitors is inoperable, 
individual upper and lower excore detector calibrated outputs and 
the calculated power tilt shall be logged every two hours after a 
load change greater than 10% of rated power.  

J. DNB Parameters 

The following DNB related parameters limits shall be maintained 
during power operation: 

a. Reactor Coolant System Tavg <564*F 

b. Pressurizer Pressure >2220 psia* 

c. Reactor Coolant Flow 1178,000 gpm 

-With any of the above parameters exceeding its limit, restore the 
parameter to within its limit within 2 hours or reduce thermal power 
to less than 5% of rated thermal power using normal shutdown 
procedures.  

Compliance with a. and b. is demonstrated by verifying that each of 
the parameters is within its limits at least once each 12 hours.  

Compliance with c. is demonstrated by verifying that the parameter is 

within its limit after each refueling cycle.  

Bases 

Throughout the 3.10 Technical Specifications, the terms "rod(s)" and 
"RCCA(s)" are synonomous.  

Shutdown Reactivity 

Trip shutdown reactivity is provided consistent with plant safety 
analyses assumptions. One percent shutdown is adequate except for 
the steam break analysis, which requires more shutdown reactivity 
due to the more negative moderator temperature coefficient at end 
of life (when boron concentration is low). Figure TS.3.10-1 is drawn 
accordingly.  

Power Distribution Control 

The specifications of this section provide assurance of fuel 
integrity during Condition I (Normal Operations) and II (Incidents 
of Moderate frequency) events by: (a) maintaining the minimum DNBR 

in the core >1.30 for Exxon Nuclear fuel and >1.17 for Westinghouse 
fuel during normal operation and in short term transients, and (b) 
limiting the fission gas release, fuel pellet temperature and cladding 

*Limi: not applicable during either a THERMAL POWER ramp increase in 

excess of (5%) RATED THERHAL POWER per minute or a THEPIAL POWER step 
increase in excess of (10%) RATEr THERýMLAL PO'7R.  

Prairie Island Unit No. L - Amendment No. 74, 19, 4, 77 
Prairie Island Unit No. 2 - Amendment No. 70, 1•, •, 70
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mechanical properties to within assumed design criteria. In addition, 
limiting the peak linear power density during Condition I events 
provides assurance that the initial conditions assumed for the *LOCA 
analyses are met and the ECCS acceptance criteria limit of 2200OF is 
not exceeded.  

During ope~ation,Nthe plant staff compares the measured hot channel 
factors, F and F A, (described later) to the limits determined in the 
transient 2nd LOCA 1 analyses. The terms on the right side of the 
equations in Section 3.10.B.1 represent the analytical limits. Those 
terms on the left side represent the measured hot channel factors 
corrected for engineering, calculational, and measurement uncertainties.  

FN F1 is the measured Nuclear Hot Channel Factor, defined as the maximum 
l~cal heat flux on the surface of a fuel rod divided by the average 
heat flux in the core. Heat fluxes are derived from measured neutron 
fluxes and fuel enrichment.  

The K(Z) function shown in Figure TS.3.10-5 is a normalized function 
that limits F axially. The K(Z) specified for the lowest six (6) feet 
of the core i2 abritrarily flat since the lower part of the core is 
generally not limiting. Above that region, the K(Z) value is based on 
large and small break LOCA analyses.  

V(Z) is anNaxially depfndent function applied to the equilibrium 
measured F to bound F 's that could be measured at non-equilibrium 
conditions. This function is based on power distribution control 
analyses that evaluated the effect of burnable poisons, rod position, 
axial effects, and xenon worth.  
E 
F0 , Engineering Heat Flux Hot Channel Factor, is defined as the allow
ance on heat flux required for manufacturing tolerances. The engi
neering factor allows for local veriations 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.  

The 1.05 multiplier accounts for uncertainties associated with measure
ment of the power distribution with the moveable incore detectors and 
the use of those measurements to establish the assembly local power 
distribution.  

N F F (equil) is the measured limiting _ obtained at equilibrium conditions 
daring target flux determination.  

FN FH, Nuclear Enthalpy Rise Hot Channel Factor, is defined as the ratio 
o the integral of linear power along the rod with the highest integrated 
power to the average rod power.  

Prairie Island Unit No. 1 - Amendment No. •, 4, 0$, $•, 77 
Prairie Island Unit No. 2 - Amendment No. 00, Z, 0, 0Z, 70



TS. 3. 10-10 
REV 

N 
When a measurement of FAH is taken, measurement error must be lowed for 
and 4 percent is the appropriate allowance for a full core map taken with 
the movable incore detector flux mapping system.  

Measurements of the hot channel factors are required as part of startup 
physics tests, at least once each effective 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 misalign
ment greater than 15 inches with consideration of maximum 
instrumentation error.  

2. Control rod banks are sequenced with overlapping banks 

as described in Technical Specification 3.10.  

3. The control bank insertion limits are not violated.  

4. Axial power distribution control procedures, which are given 
in terms of flux difference control and control bank inser
tion limits 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 dif
ference in normalized power between the top and bottom halves 
of the core.  

Prairie Island Unit No. 1 - Amendment No. •, 44, 77 
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N FN 
The permitted relaxation in F and F allows for radial power 
shape changes with rod insertion to the insertion limits. It has 
been determined that provided the above conditions I through 4 are 
observed, thRse hot channel factor limits are met. In specifica
tion 3.10, F is arbitrarily limited for P <0.5 (except for low 
power physicR 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 (LI) and 
a reference value which corresponds to the full power equilibrium 
value of Axial Offset (Axial Offset = Al/fractional power). The 
reference value of flux difference varies with power level and 
burnup but expressed as axial offset it varies only with burnup.  

The technical specifications on power distribution control assure 
that the F limit is not exceeded and xenon distributions are not 
developed 2 hich 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 the full 
length rod control rod bank more than 190 steps withdrawn (i.e., 
normal full power operating position appropriate for the time in 
life, usually withdrawn farther as burnup proceeds). This value, 
divided by the fraction of full power at which the core was oper
ating 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 ±5 percent Ll are permitted 
from the indicated reference value. Figure TS.3.10-6 shows the 
allowed deviation from the target flux difference as the function 
of thermal power.  

Prairie Island Unit No. 1 - Amendment No. •, •, •0, 77 
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resulting from operation within the target band. The consequences of 
being outside the ±5% target band but within the Figure TS.3.10-6 limit 
for power levels between 50% and 90% has been evaluated and determined 
to result in acceptable peaking factors. Therefore, while the deviation 
exists the power level is limited to 90 percent or lower depending on 
the indicated axial flux difference. In all cases the ±5 percent target 
band is the Limiting Condition for Operation. Only when the target band 
is violated do the limits under Figure TS.3.10-6 apply.  

If, for any reason, the indicated axial flux difference is not controlled 
within the ±5 percent band for as long a period as one hour, then xenon 
distributions may be significantly changed and operation at 50 percent is 
required to protect against potentially more severe consequences of some 
accidents.  

As discussed above, the essence of the procedure is to maintain the xenon 
distribution in the core as close to the equilibrium full power condition 
as possible. This is accomplished by using the boron system to position 
the full length control rods to produce the required indicated flux 
difference.  

For Condition I! events the core is protected from overpower and a minimum 
DNBR of 1.30 for Exxon fuel and 1.17 for Westinghouse fuel by an automatic 
protection system. Compliance with operating procedures is assumed as a 
precondition for Condition II transients, however, operator error and equip
ment malfunctions are separately assumed to lead to the cause of the transients 
considered.  

Quadrant Power Tilt Limits 

Quadrant power tilt limits are based on the following considerations. Fre
quent power tilts are not anticipated during normal operation since this 
phenomenon is caused by some asymmetric perturbation, e.g. rod misalignment.  
x-y xenon transient, or inlet temperature mismatch. A dropped or misaligned 
rod will easily be detected by the Rod Position Indication System or core 
instrumentation per Specification 3.10.F, and core limits protected per 
Specification 3.10.E. A quadrant tilt by some other means (x-y xenon tran
sient, etc.) would not appear instantaneously, but would build up over 
several hours and the quadrant tilt limits are set to protect against this 
situation. They also serve as a backup protection against the dropped or 
misaligned rod.  

Operational experience shows that normal power tilts are less than 1.01.  
Thus, sufficient time is available to recognize the presence of a tilt 
and correct the cause before a severe tilt could build up. During start
up and power escalation, however, a large tilt could be initiated.  
Therefore, the Technical Specification has been written so as to prevent 
escalation above 50 percent power if a large tilt is present.  

Prairie Island Unit No. 1 - Amendment No. 7$, 4, 77 
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If the rod position deviation monitor and quadrant power tilt monitor(s) 

are inoperable, the overpower reactor trip setpoint is reduced (and also 

power) to ensure that adequate core protection is provided in the event 

that unsatisfactory conditions arise that could affect radial power 

distribution.  

Increased surveillance is required, if the quadrant power tilt monitors 

are inoperable and a load change occurs, in order to confirm satisfac

tory power distribution behavior. The automatic alarm functions related 

to quadrant power tilt must be considered incapable of alerting the 

operator to unsatisfactory power distribution conditions.  

DNB Parameters 

The RCS flow rate, T , and Pressurizer Pressure requirements are based 

on transient analyses vssumptions. The flow rate shall be verified by 

calorimetric flow data and/or elbow taps. Elbow taps are used in the 

reactor coolant system as an instrument device that indicates the status 

of the reactor coolant flow. The basic function of this device is to 

provide information as to whether or not a reduction in flow rate has 

occurred. If a reduction in flow rate is indicated below the specifica

tion value indicated, shutdown is required to investigate adequacy of 

core cooling during operation.  

Prairie Island Unit No. 1 - Amendment No. 4, 77 
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-. 4 •UNITED STATES -0NUCLEAR REGULATORY COMMISSION 
WASHINGTON D, C. 20555 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 
RELATED TO AMENDMENT NOS. 77 AND 70 

TO FACILITY OPERATING LICENSE NOS. DPR-42 AND DPR-60 
NORTHERN STATES POWER COMPANY 

PRAIRIE ISLAND NUCLEAR GENERATING PLANT, UNIT NOS. 1 AND 2 
DOCKET NOS. 50-282 AND 50-306 

I. Introduction 

By letter dated January 13, 1986 (Ref. 1) Northern States Power Company (NSP), 
(the licensee), made application to amend the Technical Specifications of 
Prairie Island Nuclear Plant Units 1 and 2 and provided a safety analysis 
supporting the application. The licensee revised their application with 
responses to staff questions in a letter dated March 25, 1986 (Reference 2).  

The proposed changes to the Prairie Island Technical Specifications are 
required in order to accommodate a change in the fuel design from 14x14 Exxon 
fuel to 14x14 Westinghouse Optimized Fuel Assemblies (OFA). The Westinghouse 
OFA will be the fuel for the Cycle 11 reload for Units 1 and 2. The first reload 
will be for Unit 1 and the core will include 81 Exxon TOPROD fuel assemblies and 
40 OFA. Cycle 11 for Unit 1 will begin in April 1986. The licensee plans to start Cycle 11 for Unit 2 in October 1986. The technical specification changes 
will apply to both units even though Unit 2 will still be in Cycle 10 when 
the technical specification changes are implemented.  

Two hardware changes will be incorporated; first in Unit 1 Cycle 11 and later 
in Unit 2, Cycle 11. The upper internals will be replaced with new internals 
of the "inverted top hat" design. Also, thimble plugs will be removed from 
the fuel assemblies. The conversion of the upper internals to the inverted top 
hat design was not reviewed by the staff as part of this amendment since no 
review was required under the provisions of 10 CFR 50.59. However, a presen
tation was made to the staff on March 7, 1985 as part of the licensee's 10 CFR 
50.59 review and by letter dated February 13, 1986 the licensee submitted a 

6604150094 860403 
PDR ADOCK 05000282 
P PDR



copy of their safety evaluation of the new internals. A safety evaluation 
for the thimble plug removal was issued by the NRC staff in an SER dated 
October 18, 1985. These hardware changes do not affect the Technical 
Specifications but have been accounted for in the supporting analyses where 
appropriate.  

The changes proposed to the Technical Specifications are: 

1. Reference to the WRB-1 DNB correlation was added for the 
Westinghouse OFA fuel. The W-3 DNB correlation will be used 
for the Exxon fuel.  

2t In place of the existing restriction on the isothermal 
temperature coefficient, the requirement was changed so that 
the isothermal temperature coefficient must be below +5 pcm/*F 
( 1 pcm = 10- 5Ak/k) when below 70% power and negative above 
70% power.  

3. The Technical Specification regarding the volume requirement in 
cubic feet for the accumulators was changed from between 1250 
and 1282.9 to 1270 ± 20.  

4. Changes were made to peaking factor limits for FQ, F AH the 
FAH equation and also rod bow effects.  

5. The third segment of the K(z) curve was deleted as supported by 
the small break LOCA analyses.  

Incorporation of the changes required an examination of all the.transients 
and accidents and partial or complete reanalysis of many of them. A 
discussion of the effect of the various proposed changes follows.  
Because the current operating Cycle 10 of Unit 2 contains four standard 
Westinghouse fuel assemblies, the FQ limit of 2.21, the limit of 1.55 [1 
+ 0.2(1-P)] FAH equation and the existing K(z) equation curve with the 3rd segment will apply to the four standard fuel assemblies in Unit 2 
until the they are removed at the end of Cycle 10. The proposed Technical
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Specifications were modified to reflect the condition for Unit 2 Cycle 10 
and was agreed to by the licensee.  

The staff has reviewed the application with the supporting documentation 
and has prepared the following evaluation: 

II. Evaluation 

1. Fuel Mechanical Design 

The use of 14x14 OFA fuel has been approved for other Westinghouse 
reactors (e.g. Point Beach) and its use in Prairie Island Units 1 and 
2 is acceptable. The OFA fuel has been designed to be compatible with 
the Westinghouse standard (LOPAR) fuel in order to facilitate the 
transition from one fuel to the other. The Exxon TOPROD fuel is 
similar to the Westinghouse LOPAR fuel. The most significant 
differences between the new OFA fuel and the current Exxon TOPROD fuel 
are the smaller diameter of the fuel rods and guide tubes in the OFA 
design and the change in grid design of the OFA fuel. As shown in 
Table 1, both the TOPROD and OFA fuels use Zircoloy grids. However, 
the two end grids of the OFA fuel are Inconel and the Zircoloy grids 
are thicker. Also, the TOPROD fuel uses Inconel-718 spring clips.  
The effect of these changes on the mechanical performance of the fuel 
has been considered by the licensee.  

The staff questioned the effect of reduced guide tube diameter on 
the Rod Cluster Control Assemblies (RCCA) drop times. The licensee 
responded (Ref. 2) that this will cause an increased resistance to 
RCCA insertion, thereby increasing the time it takes for the rods to 
fully insert following a SCRAM. In discussions with the licensee, 
the licensee stated that an insertion time of 2.4 seconds was 
assumed from loss of stationary gripper coil voltage to dashpot 
entry in the safety analysis. This is an increase over the 1.8 
seconds required by the Technical Specifications. This is conser
vative, since it requires a relatively fast insertion time to be
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measured during plant startup testing (1.8 seconds), yet assumes a 

slower insertion time in the safety analysis (2.4 seconds).  

The licensee has addressed (Ref. 1) the eleven plant specific items 

from the NRC's Safety Evaluation Report transmitted by letter dated 

May 22, 1981 on WCAP-9500 "Response Core Report, 17 x 17 Optimized 

Fuel Assembly." This included items on cladding collapse time, use 

of appropriate seismic and LOCA forces and initial fuel conditions.  

The licensee stated that the OFA fuel is designed utilizing the 

approved Westinghouse performance model (Ref. 3) and approved clad 

flattening model (Ref. 4). The OFA is designed such that the 

calculated fuel rod clad flattening time is greater than the maximum 

planned fuel irradiation time in the reactor. Regarding the impact 

of LOCA and seismic forces, the licensee stated that analyses have 

been performed for a homogeneous OFA core and mixed cores of OFA and 

Exxon fuel assemblies. Their results confirm the integrity of the 

OFA fuel since the loading on the grids is less than the crushing 

load and the stresses of the other OFA components are within 

acceptable limits. The analyses used the generic methods of 

Reference 5 which have received NRC approval (Ref. 6). In addition, 

the grid strengths of the OFA and TOPROD fuel designs are compatible 

with each other such that one type of fuel assembly will not cause 

excessive damage to the other type of fuel assembly during seismic 

and LOCA events. The licensee stated that the initial fuel 

conditions used in the transient and LOCA analyses were performed 

using the PAD code (WCAP 8720) which is the standard Westinghouse 

code for this purpose.  

The licensee is loading some Westinghouse fuel rods containing 4 

weight percent gadolinia. The staff has reviewed the Westinghouse 

methods of calculating fuel temperatures for UO2 fuel containing 

gadolinia, including the material properties used by Westinghouse.  

These are documented in WCAP 8720 Addenda 3.  

The neutronics calculations were performed by the licensee. The 

licensee has several cycles of successful experience in calculating
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gadolinia containing cores and the staff has previously approved 
the licensee's methods for doing these calculations.  

We therefore find the use of gadolinia containing fuel acceptable 
for Cycle 11 of Prairie Island Units 1 and 2.  

2. Nuclear Evaluation 

The analysis of this core was performed with the methodology 
described in "Prairie Island Nuclear Power Plant Reload Safety 
Evaluation Methods for Application to PI Units", NSPNAD-8102P, 
Revision 3 (March 1985) which has no changes in the nuclear 
evaluation area from the previously approved report. We, therefore, 
conclude that the nuclear evaluation is acceptable for Cycle 11.  

As part of the transition, several changes were made to allowable 
physics limits. The isothermal temperature coefficient will be 
required to be below +5 pcm/ 0 F when below 70% power and negative 
above 70% power. The peaking factor limits will be changed to F = 
2.30 and FAH = 1.60. Also the partial power multiplier on FAH will 
be changed from 0.2 to 0.3. This has the effect of permitting 

higher values of FAH at low power levels. All of these new values 
were used in the safety analysis and yielded acceptable results.  
We, therefore, find the use of these values acceptable.  

3. Thermal-Hydraulic Evaluation 

The Prairie Island Unit 1 and Unit 2 plants are currently operating 
with 14 X 14 Exxon TOPROD fueled cores. It is planned to eventually 
operate with full cores of 14X14 Westinghouse Optimized Fuel 
Assembly (OFA) fuel. The presence of transitional mixed cores 
containing both the Exxon TOPROD and Westinghouse OFA fuel requires 
that particular attention be paid to the thermal-hydraulic analysis 
of the core. Unit 1, Cycle 11 is the first Prairie Island cycle 
utilizing OFA fuel (approximately 33% OFA fuel). The core Minimum 
Departure from Nucleate Boiling Ratio (MDNBR) safety analyses have
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been performed at a core power of 1683 MWt which is 102% of the 
rated power of 1650 MWt.  

The licensee has presented a safety evaluation'for the Prairie 
Island Unit 1 and 2 plants for transition to Westinghouse 14X14 OFA 
fuel in Reference 1. In response to questions, the licensee 
supplied information (Ref. 2) on the thermal-hydraulic design 
comparison between the Exxon and OFA fuel. This includes Table 2, 
which presents values for initial conditions for DNBR analysis for 
cores using both 14 X 14 Exxon TOPROD fuel and 14X14 Westinghouse 
OFA fuel and presents Unit 1 Cycle 11 thermal-hydraulic reference 
conditions. From Table 2 it is seen that the following values are 
constant for Exxon TOPROD and Westinghouse fuel: reactor heat 
input, core pressure, total flow rate, nominal inlet temperature, 
average temperature, average linear power (KW/ft) and peak linear 
power (KW/ft). The active heat transfer surface area is smaller for 
the OFA fuel than for the TOPROD fuel (OFA fuel rods have a smaller 
O.D than the TOPROD fuel rods). Also, the average velocity along 
the length of each fuel rod is less for OFA fuel. However, the 
average heat flux is larger for the OFA fuel than for the TOPROD 
fuel. The core pressure drops for an OFA fueled core and a TOPROD 
fueled core are estimated to be 24.0 psia and 25.3 psia (Ref. 2) 
respectively. Although the value for the OFA fuel is slightly less, 
the core pressure drops are approximately the same.  

The Westinghouse OFA and Exxon TOPROD fuel assemblies have been 
tested for hydraulic characteristics (Ref. 8) and have been shown to 
be hydraulically compatible. However, the core flow will be 
slightly greater with the OFA fuel as the pressure drop is slightly 
less. The thermal design flow is 178,000 gpm and the measurement 
uncertainty is 2.3% (Ref. 2) resulting in a minimum required 
measured flow of 182,094 gpm (178,000 X (1 +.023). The licensee 
stated (Ref. 9) that the best estimate RCS flow rates for Prairie 
Island Units 1 and 2 in their last cycles were approximately 196,883 
and 195,331 gpm respectively, which is well over the minimum required 

measured flow of 182,094 gpm.
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Previously, the licensee provided the results of an analysis (Ref.  

10) for the removal of rod cluster control (RCC) guide tube thimble 

plugs which is scheduled for the Cycle 11 reload. The licensee 

stated that the RCS flow would increase due to the removal of the 

thimble plugs and the lower resistance of the Westinghouse fuel, 

based on a core made up entirely of Westinghouse OFA fuel. Also, 

the core bypass flow would increase. The revised RCS flow rates for 

Units 1 and 2 are approximately 203,200 and 201,600 gpm, respectively 

(Ref. 9). The licensee stated (Ref. 9) that both Exxon and 

Westinghouse have calculated the flow to cause liftoff for their 

fuel to be 206,000 gDm or greater (References 12 and 13), which is 

greater than the expected flow rates. Additional information was 

presented which indicated that the removal of the thimble plugý will 

drop the differential pressure across the core and thus reduce the 

liftoff forces acting on the fuel. It is noted that the bypass 

flow is currently 4.5%. However, the licensee has stated (Ref. 10) 

that the core bypass flow value is conservatively increased from 

1.5% to a value of 6.0% for cores with guide tube thimble plugs 

removed, as is the case for OFA fuel in this Cycle 11 reload, and to 

provide a bounding value for future reload calculations.  

The licensee has performed the mixed core reload safety evaluation, 

not by assuming a core of only one type of fuel bundle but by 

accurately modeling the core with both the Exxon TOPROD and 

Westinghouse OFA fuel. The VIPRE code (Ref. 14) was used for 

subchannel MDNBR thermal-hydraulic analysis as explained in 

NSPNAD-8102P, Revision 3 (Ref. 15). While the staff has not yet 

published a Safety Evaluation approving the VIPRE code or the 

application of VIPRE by Northern States Power for Prairie Island, 

our review is complete to a point where we find the use of VIPRE for 

Prairie Island as described in Reference 15 acceptable.  

Different DNBR correlations are used for the two fuel types. It is 

noted that both types of fuel are analyzed separately for DNB margin 

in the transient and accident analyses. The fuel type showing the 

least margin is included in the graphs for each transient. For the
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Exxon TOPROD fuel, the W-3 correlation with a design limit DNBR of 
1.3 is used. For the OFA fuel, the WRB-1 DNB correlation is used.  

Use of this correlation for OFA fuel has been demonstrated and 

documented in WCAP-9401-A for 17x17 fuel. Confirmatory tests have 

been performed for 14x14 OFA fuel to verify that the WRB-1 correla

tion with a design DNBR limit of 1.17 is appropriate.  

In response to a question, the licensee supplied information (Ref.  

1) which provided responses to the eleven items listed in the NRC 

cover letter for the Safety Evaluation Report on WCAP-9500-A (Ref.  

16). This included information on rod bow penalty. The rod bow 

penalties have been calculated using approved methods (References 17 
and 18) to arrive at penalties of approximately 5% and less than 3% 
for the OFA and TOPROD fuel, respectively. The licensee subtracts 

the rod bow penalty from the calculated MDNBR value to arrive at the 
final DNBR value. The staff finds the rod bow penalty application 

using the approved methods acceptable.  

4. Accident and Transient Analysis 

The licensee made an extensive re-evaluation of the transient and 

accident analyses for Prairie Island Units 1 and 2 in support of 
Technical Specification changes to FQ, FAH, and the isothermal 

temperature coefficient (ITC). The calculations were performed 

using the reload safety evaluation methods given in Reference 15.  
The licensee evaluated the limiting transients as identified 

previously by (Ref. 15), Westinghouse (Ref. 19), and Exxon 

(Ref. 20 & 21). The limiting transients are: 

a. Fast Control Rod Withdrawal 

b. Slow Control Rod Withdrawal 

c. Loss of Power to Both Reactor Coolant Pumps 

d. Locked Rotor in One Reactor Coolant Pump 

e. Loss of Electric Load 

f. Large Steam Line Break 

g. Small Steam Line Break 

h. Rupture of Control Rod Drive Mechanism Housing (RCCA Ejection)
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The transients that are not reanalyzed are:

a. Uncontrolled RCC Assembly Withdrawal From a Subcritical 

Position 

b. Startup of Inactive Loop 

c. Feedwater System Malfunction 

d. Excessive Load Increase 

e. Loss of AC Power.  

Departure from Nucleate Boiling Limits 

The thermal margin to minimum DNBR limits was performed using the 
VIPRE-01 computer program. The ENC fuel was evaluated using the W-3 
correlation. The OFA fuel was evaluated using the WRB-1 correlation.  
The WRB-1 CHF correlation has a lower design limit of 1.17 (versus 
1.3 for the W-3 correlation). Both types of fuel are analyzed 
separately for DNB margin. The fuel type showing the least margin 
is used to demonstrate adequate thermal margin for each transient 
which is conservative and therefore is acceptable.  

.FQ, FAH 

The small and large break LOCA analyses were performed by Westinghouse 
for Prairie Island Cycle 11. These analyses include both Westinghouse 
OFA and ENC TOPROD fuel. The licensee's transient analysis used an 
FQ of 2.32 and an FAH of 1.60. This bounds the LOCA analysis values 
of 2.30 and 1.60. In addition, the FAH limit equation at reduced 
power was changed to permit larger values at lower power levels.  

Input Parameters 

The steamline break was conservatively initiated from hot shutdown 
conditions. All other transients were conservatively initiated from 
102% of full power. For full power operation, an axial peaking 
factor, Fz, of 1.379 located at X/L = 0.6, and a total peaking, FQ,
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of 2.32 were assumed. Other thermal hydraulic parameters for full 

power operation are summarized in Table 3.  

Reactor trip setpoints for Prairie Island Units . and 2, along with 

setpoints and delay times used in the analyses are essentially the 

same as those in the FSAR analysis. The setpoints used in the 

analysis bound the actual setpoints for the Prairie Island plants to 

account for instrumentation errors and uncertainties.  

The transients not reanalyzed have not been limiting in the past.  

Based on the following reasons, the licensee concludes they will 

continue to be non-limiting under the proposed Technical Specification 

changes regarding ITC, FQ and FAH: 

A. While the new FQ and FAH will affect the initial steady state 

minimum DNBR, it will not affect the relative change in minimum 

DNBR. The licensee has performed Prairie Island transient 

analyses at several different values of FQ and FAH, and no 

change in the relative severity of the accidents was observed.  

B. Through doing reload safety evaluations for several cycles at 

Prairie Island, the licensee has performed transient analysis 

over a wide range of ITC values. Some analyses have included a 

positive ITC and no change in the relative severity of the 

accidents was observed.  

The analyses include the following: 

Isothermal Temperature Coefficient (ITC) 

The current Technical Specifications require that the Isothermal 

Temperature Coefficient (ITC) be negative (except during low power 

physics tests) at all times. The proposed Technical Specifications 

are designed to allow a +5.0 pcm/ 0 F ITC up to 70% power, and a 

negative ITC above 70%. All transients have been analyzed using a 

+5.0 pcm/ 0 F ITC at full power in order to bound operation with the 

new limits.
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Thimble Plug Removal

The licensee received our approval to remove the thimble plug 

assemblies from the assemblies that have neither control rods nor 

source assemblies (Reference 22). The analysis includes the effect 

of thimble plug removal and the associated increase in core bypass 

flow.  

Fast Control Rod Withdrawal 

This transient assesses plant response to a control rod withdrawal, 

with a reactivity insertion rate of 82 pcm/sec from full power with 

the automatic reactor control system operable. The reactor trip is 

on high neutron power at 0.94 sec. The DNB ratio drops from an 

initial value of 2.157 to a minimum of 2.046. The maximum pressurizer 

pressure is 2308 psia (less than the limit of 2750). The acceptance 

criteria for this transient are that the minimum DNBR be not less 

than the respective DNBR safety limits (1.3 or 1.17) and that the 

maximum reactor coolant and main steam system pressure not exceed 

110% of their design values. Since these acceptance criteria are 

met we conclude that this evaluation is acceptable.  

Slow Control Rod Withdrawal 

This transient assesses plant response to a control rod withdrawal 

with a reactivity insertion rate of 2.5 pcm/sec during full power.  

This rate was selected to minimize DNBR and all automatic reactor 

control systems are assumed operable. For this transient the 

reactor trip is at 57.1 seconds on overpower AT. The maximum 

pressurizer pressure is 2481 psia at 60.2 sec. The vessel average 

temperature rises less than 60 F. The minimum DNBR is 1.794 at 57.2 

sec.  

The acceptance criteria are that minimum DNBR be not less than the 

respective DNBR safety limits (1.3 or 1.17) and that the maximum 

reactor coolant and main steam system pressures not exceed 110% of
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their design values. These criteria are met and we conclude that 

this evaluation is acceptable.  

Dropped Rod - Auto Control 

In this transient a full length RCCA is assumed to be released and 

fall into a fully inserted position in the core. The drop of a 

single RCCA may or may not result in a negative flux rate reactor 

trip. If a trip does not occur, the power overshoot combined with 

the higher peaking factors could challenge the 1.3 DNBR safety 

limit. This analysis was terminated at 10 minutes because: 

a) The slow decrease in DNBR after 70 seconds is due to using an 

ITC of +5.0 pcm/*F and would not occur if the ITC were 0.0 

pcm/OF (maximum allowed at HFP).  

(b) It is assumed the operator would notice a dropped rod and 

take corrective action within 10 minutes.  

The results of this analysis were a maximum pressurizer pressure of 

2232 psia and a mimimum DNBR of 1.663. This transient meets all 

acceptance criteria and therefore is acceptable.  

Rod Ejection 

The Control Rod Ejection Accident is a mechanical failure resulting 

in ejection of the Rod Cluster Control Assembly (RCCA) and drive 

shaft. There is a rapid reactivity insertion causing adverse core 

power distribution and possible fuel rod damage.  

The HFP and HZP pellet energy depositions were 136 cal/gm and 147 

cal/gm. Thus both cases were below the limit of 280 cal/gm and the 

acceptance criteria are met.  

Loss of Reactor Coolant Flow
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This transient considers the loss of reactor coolant flow associated 

with the simultaneous coastdown of both primary coolant pumps.  

Initation of control rod motion for shutdown of the reactor is taken 

in a conservative way as the automatic reactor control systems are 

assumed inoperable, causing a delay of 2.1 seconds. The DNBR drops 

from an initial value of 2.157 to a minimum of 1.865 at 3.5 seconds 

into the transient. The maximum pressurizer pressure of 2372 psia 

is calculated to occur at 6.5 seconds into the transient. Since the 

DNBR ratio is over the safety limit and the system pressure does not 

exceed 110% of the design values for the reactor coolant system 

(110% x 2500 or 2750 psia) or the main steam system (110% x 1100 or 

1210 psia), this transient meets the criteria and is acceptable.  

Locked Pump Rotor 

The locked pump rotor transient is a Class IV event that considers 

plant response from full power operation when one of the two primary 

coolant pumps is postulated to abruptly seize. For conservatism, 

the automatic reactor control systems are assumed inoperable and the 

reactor scram and trip of the feedwater pumps is conservatively 

assumed to occur 0.9 seconds after pump seizure. The calculated 

minimum DNBR drops below 1.3 at approximately 1.1 seconds after pump 

seizure and the duration of the minimum DNBR below 1.3 is less than 

4.5 seconds. The fraction of fuel rods calculated to experience DNB 

is less than 8% and is the amount of fuel assumed to fail. The 
maximum pressurizer pressure of 2502 psia is calculated to occur 

3.25 seconds into the transient. The maximum clad temperature at 

the hot spot does not exceed 27000 F (thus, a coolable geometry is 

assured). The number of fuel rods calculated to experience DNBR of 

less than 1.3 does not exceed the number which would cause doses to 

exceed the fraction of the limits of 10 CFR 100 (Ref. 2). The 

maximum reactor coolant and main steam system pressures do not 

exceed 110% of design values. Therefore, the transient meets the 

acceptance criteria.
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Loss of External Electric Load

This transient considers plant response from full power when a loss 

of load results in a turbine trip and is treated in a conservative 

way. For example, all automatic reactor control systems, as well 

as the steam generator relief valves are assumed inoperable, and 

the steam dumps and bypass are neglected as well as simultaneous 

reactor trip. The reactor is scrammed at 5.4 seconds on a high 

pressurizer pressure signal. The pressurizer safety valve opens at 

6.6 seconds and reaches a peak pressure of 2501 psia. Because of 

the primary system pressurization, the DNB ratio increases and 

remains above the initial 2.157 value. Since the DNBR is over 1.3 

and the system pressure does not exceed 110% of the design value, 

the transient meets all acceptance criteria.  

Large Steamline Break 

For this transient the nuclear steam supply system response was 

calculated using the DYNODE-P and VIPRE-01 codes. The DYNODE-P code 

has been approved by NRC. This transient is based on a secondary 

depressurization due to a steamline break (SLB) at the exit of a 

steam generator. The most limiting size break was used. This 

results in a fairly rapid cooldown and depressurization of the 

primary system. It was assumed, that there is a withdrawn (stuck) 

control rod cluster from hot shutdown (full flow) and that the steam 

generator secondary side water inventory is at a maximum which 

maximizes the duration and magnitude of the cooldown. This cooldown 

in conjunction with a negative moderator temperature coefficient at 

end-of-cycle conditions maximizes the severity of the accident. For 

conservatism, the signal for high pressure safety injection (HPSI) 

is assumed to occur at 6.0 seconds as a result of high containment 

pressure and borated water does not flow until a 10 second delay or 

16 seconds into the transient. There is a return to power after 

about 23 seconds into the transient due to the large negative 

moderator temperature coefficient. Minimum capability for injection 

of boric acid was assumed since low concentration boric acid (1950 ppm)

14



must be swept from the injection lines prior to delivery of high 

concentration boric acid (20,000 ppm). The minimum DNBR at time of 

peak flux (39 seconds after start of transient) was calculated for a 

conservative peaking factor of 9.4 and resulted in a minimum DNBR 

value of 3.7.  

The containment pressure response, a system dependent parameter 

relatively independent of fuel type, was not reevaluated for Prairie 

Island Cycle 11. The containment pressure response is bounded by 

the analysis in the FSAR.  

The licensee was asked to justify the use of the W-3 correlation 

for the Main Steamline Break since the plot of pressure versus 

time showed that the pressurizer pressure dropped to approximately 

700 psia at about 50 seconds into the transient. This is below the 

minimum pressure range given in most references (1000 psia) for the 

W-3 correlation. The licensee has previously submitted data 

justifying the use of the W-3 correlation to pressures as low as 

700 psia (Reference 31). Also, the results of the analysis performed 

by the licensee (Ref. 1) show that the minimum DNBR value (3.7) during 

the SLB accident is well above the limit of 1.3. On the basis of 

the data presented and the substantial DNBR margin available, we 

find the W-3 correlation acceptable for the SLB analysis for Prairie 

Island Units 1 and 2.  

The staff has found that the results of the SLB accident are 

acceptable as the DNBR value remains higher than the limit value 

showing that the assumed reactivity shutdown margin is adequate.  

Also, the maximum reactor coolant and main steam pressures did not 

exceed 100% of design values and the containment pressure did not 

exceed the Technical Specification limit of 46 psig.  

Small Steamline Break 

The small SLB transient is an accident similar to the large SLB 

except the initial break flow was only 25% of normal flow versus the
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620 percent in the large SLB. Depressurization of the pressurizer is 

correspondingly less rapid. The signal for HPSI occurs much later 

at 112 seconds. The small SLB transient envelopes a steam generator 

relief valve failure. Primary system cooldown is less rapid than 

for a large SLB. Therefore, the reactor does not return to power.  

This transient meets the same safety criteria as given for the large 

SLB and is, therefore, acceptable.  

Large-Break LOCA 

The large-break LOCA analysis was performed at 102 percent power 

using the Westinghouse 1981 Evaluation Model as described in 

Reference 32. This includes the SATAN VI computer code (Ref. 27) 

for the blowdown portion of the transient, WREFLOOD (Ref. 28) and 

COCO (Ref. 29) codes for the refill system hydraulics and for 

containment responses, respectively, and LOCTA IV (Ref. 26) for fuel 

rod cladding thermal responses. Use of these codes has been 

approved by the NRC staff.  

A spectrum of break coefficients was evaluated to determine which 

value would yield the worst case. The CD = 0.4 break was found to 

result in the highest peak cladding temperature. This analysis was 

conducted using the limiting axial power shape used in the previous 

large-break analysis for Prairie Island. A generic axial shape 

sensitivity study was performed at that time using the 1981 

Evaluation Model (Ref. 32). The study demonstrated that the chopped 

cosine curve was most conservative with respect to the other axial 

shapes (Ref. 2). Therefore, the conditions above are justifiably 

conservative.  

The difference in fuel assembly resistance for the 14 x 14 Exxon and 

14 x 14 OFA designs affect the blowdown and reflood transients of a 

postulated large-break LOCA. Based on sensitivity studies performed 

by Westinghouse (Ref. 2), a 2.5% reflood flow rate reduction would
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lead to a peak cladding temperature increase of 10'F. Therefore, 
10'F was used as a hydraulic mismatch penalty for the mixed core.  

Also, a 78 0 F penalty was added to the peak cladding temperature to 
account for upper plenum injection at the Prairie Island plant.  
This value is acceptable based on Reference 30.  

The final peak cladding temperature was calculated to be 2186'F for 
the most limiting case of a large break. Since this value is below 
the 1OCFR 50.46 limit of 22000 F, it is acceptable. The other 
criteria of 10CFR50.46 were also satisfied. Therefore the large 
break LOCA analysis for Cycle 11 of Prairie Island is acceptable.  

Small-Break LOCA 

The licensee used the NRC-approved computer codes NOTRUMP (Ref. 24 
and 25) and LOCTA (Ref. 26) for analysis of the small-break LOCA.  
Because two fuel types exist in the core, analysis was done for both 
the Westinghouse Optimized Fuel Assemblies (OFA) type and the Exxon 
type fuels. The NOTRUMP results for the Westinghouse fuel case were 
used as input in the Exxon fuel analysis for the LOCTA IV code.  
Because of the slow flow rates during a Small Break LOCA, the 
assumption that the Westinghouse and Exxon fuel designs are 

hydraulically similar is acceptable.  

The limiting power shape used in the small-break LOCA analysis had a 
peak linear heat rate of 15.03 kw/ft. A total peaking factor (FQ) 
of 2.50 was assumed. The FQ limit is currently 2.32; therefore, 
2.50 is conservative. Licensed NSSS core power was used at 102 
percent with the 4-inch break proving to be the worst case and 
resulting in two brief periods of core uncovery. The peak cladding 

temperature under these conditions was 978'F. This value is below 
the acceptance criterion of 2200'F. Therefore, Prairie Island 
conforms to the requirements of TMI Action Item II.K.3.31. for a 

plant-specific analysis of a small-break LOCA.
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5. Technical Specifications

The changes to the Technical Specifications for Cycle 11 are: 

a. reference to the WRB-1 DNB correlation, b. temperature coef

ficient changes, c. accumulator specification change, d. peaking 

factor changes and e. deletion of the third line segment of the K(Z) 

curve. The Technical Specification pages affected by the changes 

are listed below and the five types of changes are discussed as they 

apply to the Technical Specification pages.  

Technical Specification Pages affected by changes: 

TS-x 

TSo2. 1-1 

TSo2.1-2 

TS.2.1-3 (this page deleted) 

TS.2.3-6 

Figure TS.2.1-1 

TS. 3.1-17 

TS.3.1-18 TS.3.3-.  

TS.3.1o0-1 

TS.3.10-2 

TS; 3.10-8 

TS. 3.10-9 

TS.3.10-10 

TS.3.10-11 

TS. 3.10-13 

TS. 3. 10-17 

Figure TS.3.10-5 

Figure TS.3.10-7 (this page deleted) 

Figure TS.3.10-8 (this page renumbered 

to TS.3.10-7) 

5.1 Referencing the WRB-1 DNB Correlation 

Changes were made to include the WRB-1 correlation for the Westinghouse 

fuel along with the W-3 correlation used for the Exxon TOPROD fuel.
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These changes are required in order to reflect the use of the 
correct correlation for each type of fuel. This change affects 
Technical Specification pages TS.2.1-1,2,3, TS.2.3-6, TSo3.10-8, 

TS.3.10-13, and Figure TS.2.1-1. Since these changes have been 
accounted for in the safety analyses, including the system safety 
setpoints, we find the changes acceptable. Also, some editorial and 
typographical error corrections were made on these pages that are 

acceptable.  

5.2 Temperature Coefficient Changes 

This Technical Specification change will delete the reference to the 
moderator temperature coefficient (TS 3.1.F.1, TS 3.1-17 and 

3.1-18). The present Technical Specifications specify a moderator 
temperature coefficient for one type of fuel and an isothermal 
temperature coefficient (ITC) for the other type fuel. The new 
specification will specify only the ITC. It will require that the 
ITC be below +5 pcm/*F when below 70% power and that the ITC be 
negative above 70% power. Also the action statement is being 
replaced with the Standard Technical Specification action statement.  

In addition the licensee agreed to modify the proposed technical 
specification in the Basis section to include the definition of the 
reactivity of pcm/ 0 F as it relates to AK/K. A requirement to submit 
a special report if the measured ITC is outside the limit has been 
added. This is similar to the the Standard Technical Specifications.  

The safety analysis has been done using an ITC value of +5pcm/ 0 F and 
the results show that all criteria are met. We have approved the 
use of positive moderator temperature coefficients for other 

reactors and find these proposed changes on the temperature 

coefficient specifications to be acceptable.  

5.3 Accumulator Specification Change 

A statement on Technical Specification page TS.3.3-1 regarding the 
volume of the reactor coolant system accumulator for borated water
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was changed to state that the volume is "1270±20 cubic feet" in 

place of "between 1250 and 1282.9 cubic feet." This was changed in 

an effort to make the accumulator volume setpoint easier for 

operators to use without significantly changing accumulator volumes.  

The recent LOCA analyses have used a nominal water volume of 1266.5 

cubic feet. The plus or minus 20 cubic foot tolerance provides more 

allowance for drift of the level instruments as well as more 

operational flexibility. This preserves the previous minimum range 

and is only a slight increase in the maximum range which is well 

within the tolerance of the analysis and is acceptable.  

5.4 Peaking Factor Changes 

Peaking factor values in Section 3.10 will be changed as follows: 

Existing Value Proposed Value 

FQ 2.32 2.30* 

FAH 1.55 1.60** 

F H equation 1 + 0.2(1-P) 1+0.3(1-P)** 

The required high neutron flux trip setpoint reduction will be 

changed from 1% to 3.33% for each percent that measured F H exceeds 

the limit. The basis of Section 3.10 would be changed as necessary 

to remove outdated information. Changes involving the peaking 

factors affect Technical Specification pages TS-x, TS.2.1-2, 

TS.3.10-1,2,9,10,11, 13 & 17 and Fig. TS 3.10-7 & 3.10-8.  

*Except for a limit of 2.21 on the four Standard Westinghouse Fuel 

Assemblies in Unit 2 Cycle 10.  

"**Except for a limit of 1.55 for FAH and 1 + O.2(1-P) for the FAH 

equation which are applicable to the four standard Westinghouse 

fuel assemblies in Unit 2 Cycle 10.
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These peaking factor changes will provide the plant with more 

operating flexibility. The increase in the setpoint reduction for 

FAH corrects an error in the specifications.  

The transient analysis has been done using F = 2.32 and FAH = 1.60.  

These evaluations were performed using the licensee's methods and 

the results are acceptable.  

A revised large break LOCA analysis using the new peaking factors 

(FQ = 2.30 and FAH = 1.60) has been performed for Westinghouse fuel 

including assessments of penalties associated with Upper Plenum 

Injection and with transition core hydraulic mismatch applicable to 

a core with Westinghouse and Exxon fuel types. We find these 

changes to the peaking factor Technical Specifications acceptable.  

5.5 Deletion of the third line segment of the K(z) curve 

This change will delete the third line segment of the K(z) curve 

(Fig. 3.10-5) and extend the second line segment to the 12 foot 

level except for the remainder of Cycle 10 for Unit 2. This change 

also affects page TS.3.10-9.  

The change will allow more FQ flexibility at the top of the core.  

Westinghouse has performed a new small-break LOCA analysis for both 

the Westinghouse and the Exxon fuel. Both analyses show that the 

small break LOCA peak clad temperature is approximately 1000'F with 

an FQ of 2.50. Thus the large break LOCA analysis is more limiting 

at the top of the core and the third line segment (which was due to 

small-break analysis being more limiting) can be eliminated. We find 

this change acceptable.  

III. Environmental Consideration 

These amendments involve a change in the installation or use of a 

facility component located within the restricted area as defined 

in 10 CFR Part 20. The staff has determined that the amendments
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involve no significant increase in the amounts, and no significant 

change in the types, of any effluents that may be released offsite, 

and that there is no significant increase in individual or cumulative 

occupational radiation exposure. The Commission has previously issued 

a proposed finding that these amendments involve no significant hazards 

consideration and there have been no public comments on such findings.  

Accordingly, these amendments meet the eligibility criteria for categor

ical exclusion set forth in 10 CFR 51.22(c)(9). Pursuant to 10 CFR 51.22(b), 

no environmental impact statement or environmental assessment need be 

prepared in connection with the issuance of the amendments.  

IV. Conclusion 

We conclude that the licensee may operate both units of Prairie Island 

for Cycle 11, at the rated power of 1650 thermal megawatts.  

This conclusion is based on the following considerations.  

1. The use of 14 x 14 OFA fuel and the WRB-1 correlation have been 

generically approved for use in Westinghouse reactors. The licensee 

has provided the required reactor specific information to support 

its use at the Prairie Island Nuclear Generating Plant, Units 1 and 2.  

The transition from Exxon TOPROD to Westinghouse OFA fuel is analyzed 

accurately by modeling the core with both types of fuel.  

2. The methods used for the safety analysis are the same as those which 

were used and approved for the FSAR analysis or have been 

subsequently approved for-use on Prairie Island.  

3. Conservative input assumptions have been used in the safety 

analysis.  

4. The results meet the applicable acceptance criteria.  

The power distribution limits that currently exist in the Technical 

Specifications regarding FQ3 FAH and the third line segment of the
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Kz curve will still apply for the four standard Westinghouse fuel 

assemblies installed in Unit 2 Cycle 10.  

Date: March 31, 1986 

Principal Contributors: 

Harry Balukjian 

Margaret Chatterton 

Angie Gilbert
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TABLE 1

FUEL MECHANICAL DESIGN COMPARISON 

TOPROD OFA 
Fuel Assembly Length (in) 159.71 159.71 

Fuel Rod Length(in) 152.00 151.85 

Fuel Rod Pitch (in) 0.556 0.556 

Fuel Rods/Assembly 179 179 

Guide.Tubes/Assembly 16 16 

Instrument Tubes/Assembly 1 1 

Clad Material Zr-4 Zr-4 

Clad O.D. (in) 0.417 0.400 

Clad Thickness (in) 0.0295 0.0243 

Fuel Pellet O.D. (in) 0.3505 0.3444 

Guide Tube O.D. (in) 0.541 0.528 

Number of Grids 7 7 

Grid Material 

Middle 5 Grids Zr-4 Zr-4 
2 End Grids Zr-4 Inc-718 

Grid Thickness 

Middle 5 Grids - meter 2.25 2.25 

2 End Grids - meter 2.25 1.50 

SThe Enc TOPROD grids have spacer springs made of Inconel - 718.
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TABLE 2

Initial Conditons for MDNBR Analysis

ENC WESTINGHOUSE

(1) Core Power (MWth) 

Total RCS Flow (Mlbm/hr) 

Active Core Flow(Mlbm/hr) - (94% RCS Flow) 

(2) Coolant Inlet Temperature ('F) 

(3) Pressure (psia) 

MDNBRNB - (No rod bow penalty) 

6 B - Rod Bow Penalty 

MDNBRB - (with Rod Bow penalty) 

MDNBR Design Limit 

(4) Margin to DNB (%)

Active Surface Area/Assembly (ft 2 ) 

Flow Area/Assembly (in 2 ) 

Average Velocity Along Fuel Rods (ft/sec) 

Average Heat Flux (MBtu/hr-ft 2 ) 

Average Linear Power (Kw/ft) 

FQ 

Peak Linear Power (Kw/ft)

Core Pressure Drop, psia

1683 

68.62 

64.50 

534.5 

2220

1683 

68.62 

64.50 

534.5 

2220

2.222 

.025 

2.166 

1. 3 (W-3) 

40

234.5 

32.62 

14.15 

0.1984 

6.35 

2.30 

14.60

25.3

2.181 

0.05 

2.072 

1.17 (WRB-1) 

44

225.0 

34.79 

13.27 

0.2068 

6.35 

2.30 

14.60

24.0

NOTES 

(1) Core Power = 102% rated (rated = 1650 MWt) 

(2) Coolant Inlet Temerature = Nominal (530.5) + 4*F 

(3) Pressure = Nominal (2250) - 30 psia 

(4) Margin (%) = (1 - design limit/calculated value)* 100%
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TABLE 3

Parameter Values Used in Full Power Transient Analysis

Core

Total Core Heat Output, Mw (102%) 

Heat Generated in Fuel, % 

System Pressure, psia 

Hot Channel Factors 

Total Peaking Factor, FQTN 

Enthalpy Rise Factor, F 

Total Coolant Flow, lb/hr

Analysis 

Input Value 

1,693.0 

97.4 

2,220

2.32 

1.60 

68.62 x 106 

64.50 x 106Effective Core Flow, lb/hr

Reactor Inlet Temperature, 'F 

Steam Generators 

Calculated Total Steam Flow, lb/hr 

Steam Temperature, 'F 

Feedwater Temperature, 

Tubes Plugged, %

* 

**

534.5

7.23 x 106 

510.8 

427.3 
5. 0**

Locked Rotor is initiated from 2280 psia 

MSL break conservatively assumes no plugging
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