
UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

February 7, 1989

Dockets Nos. 50-282 
and 50-306

Mr. D. M. Musolf, Manager 
Nuclear Support Services 
Northern States Power Company 
414 Nicollet Mall 
Minneapolis, Minnesota 55401 

Dear Mr. Musolf: 

SUBJECT: AMENDMENTS NOS. 86 AND 79 TO FACILITY OPERATING LICENSES NOS. DPR-42 
AND DPR-60: TURBINE VALVE TEST FREQUENCY REDUCTION (TACS NOS. 66867 
AND 66868) 

The Commission has issued the enclosed Amendments Nos. 86 and 79 to Facility 
Operating Licenses Nos. DPR-42 and DPR-60 for the Prairie Island Nuclear 
Generating Plant, Units Nos. I and 2. These amendments consist of changes 
to the Technical Specifications (TSs) in response to your application dated 
September 28, 1987, as supplemented by letters dated October 15, 1987, and 
June 24, 1988.  

The amendments change the TSs by revising the surveillance test frequency of 
the turbine stop valves, the governor valves and the intercept valves 
associated with the turbine overspeed protection.  

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

Additionally, in support of the amendment application, you submitted Westinghouse 
Corporation Topical Report WCAP-11525, "Probabilistic Evaluation of Reduction 
in Turbine Valve Test Frequency." Our acceptance of the methodology described 
in WCAP-11525 is contained in the enclosed Supplemental Safety Evaluation.
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The issuance of these amendments 
66867 and 66868.

completes our work effort under TACs Nos.

Sincerely, 

Dominic C. Dilanni, 
Project Directorate 
Division of Reactor 

& Special Projects

Project Manager 
III-1 
Projects - III, IV, V

Enclosures: 
1. Amendment No. 86 to 

License No. DPR-42 
2. Amendment No. 79 to 

License No. DPR-60 
3. Safety Evaluation 
4. Supplemental Safety Evaluation 
5. Nlotice of Issuance 

cc w/enclosures: 
See next page
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Northern States Power Company Plant 

cc: 
Gerald Charnoff, Esq.  
Shaw, Pittman, Potts and Trowbridge 
2300 N Street, N.W.  
Washington, DC 20037 

Dr. J. W. Ferman 
Minnesota Pollution Control Agency 
520 LaFayette Road 
St. Paul, MN 55155 

Mr. E. L. Watzl, Plant Manager 
Prairie Island Nuclear Generating Plant 
Northern States Power Company 
Route 2 
Welch, Minnesota 55089 

Jocelyn F. Olson, Esq.  
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Environmental Protection Division 
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St. Paul, Minnesota 55155 

U.S. Nuclear Regulatory Commission 
Resident Inspector's Office 
1719 Wakonade Drive East 
Welch, Minnesota 55089 

Regional Administrator, Region III 
U.S. Nuclear Regulatory Commission 
Office of Executive Director for 

Operations 
799 Roosevelt Road 
Glen Ellyn, Illinois 60137 

Mr. William Miller, Auditor 
Goodhue County Courthouse 
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The issuance of these amendments 
66867 and 66868.

completes our work effort under TACs Nos.

Sincerely,

Is/ 
Dominic C. DiIanni, Project Manager 
Project Directorate III-1 
Division of Reactor Projects - III, IV, V 

& Special Projects

Enclosures: 
1. Amendment No. 86 to 

License No. DPR-42 
2. Amendment No. 79 to 

License No. DPR-60 
3. Safety Evaluation 
4. Supplemental Safety Evaluation 
5. Notice of Issuance 

cc w/enclosures: 
See next page
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"0 UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

Z WASHINGTON, D. C. 20555 

NORTHERN STATES POWER COMPANY 

DOCKET NO. 50-282 

PRAIRIE ISLAND NUCLEAR GENERATING PLANT, UNIT NO. 1 

AMENDMENT TO FACILITY OPERATING LICENSE 

Amendment No. 86 

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 September 28, 1987, as supplemented by letters 
dated October 15, 1987, and June 24, 1988, complies with the standards 
and requirements of the Atomic Energy Act of 1954, as amended (the 
Act), and the Commission's rules and regulations set forth in 10 CFR 
Chapter I; 

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

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

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

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

2. Accordingly, the license is amended by changes to the Technical Specifica
tions as indicated in the attachment to this license amendment, and para
graph 2.C.2 of Facility Operating License No. DPR-44 is hereby amended to 
read as follows: 
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Technical Specifications 

The Technical Specifications contained in Appendix A, as revised 
through Amendment No. 86, 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 

Theodore Quay, Acting Director 
Project Directorate Ill-1 
Division of Reactor Projects - II1, IV, V 

& Special Projects 

Attachment: 
Changes to the Technical 

Specifications

Date of Issuance: February 7, 1989



"O UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D. C. 20555 

NORTHERN STATES POWER COMPANY 

DOCKET NO. 50-306 

PRAIRIE ISLAND NUCLEAR GENERATING PLANT, UNIT NO. 2 

AMENDMENT TO FACILITY OPERATING LICENSE 

Amendment No. 79 

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 September 28, 1987, as supplemented by letters 
dated October 15, 1987, and June 24, 1988, complies with the standards 
and requirements of the Atomic Energy Act of 1954, as amended (the 
Act), and the Commission's rules and regulations set forth in 10 CFR 
Chapter I; 

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

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

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

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

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

The Technical Specifications contained in Appendix A, as revised 
through Amendment No. 79, 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 

Theodore Quay, Acting Director 
Project Directorate 111-1 
Division of Reactor Projects - III, IV, V 

& Special Projects 

Attachment: 
Changes to the Technical 

Specifications

Date of Issuance: February 7, 1989



ATTACHMENT TO LICENSE AMENDMENTS NOS. 86 AND 79 

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

DOCKETS NOS. 50-282 AND 50-306

Revise Appendix A Technical Specifications by removing the pages identified 
below and inserting the attached pages. The revised page is identified by 
amendment number and contains marginal lines indicating the areas of change.

REMOVE INSERT

Table TS.4.1-2A Table TS.4.1-2A



Table TS.4. I-2A

MINIMUM FREOUENCIES FOR EOUIPMENT TESTS

7SAR Sect.

1. Control Rod Assemblies 

2. Control Rod Assemblies 

3. Pressurizer Safety 
Valves 

4. Main .Steam Safety 
Valves 

S. Reactor Cavity 

6. Pressurizer PORV 

Block Valves 

7. Pressurizer PORVs 

8. Deleted 

9. Primary System Leakage 

10. Deleted 

11. Turbine stop valves, 
governor valves, and 
intercept valves.  
(Part of turbine 
overspeed protection)

Rod drop times 
of full length 
rods 

Partial move
ment of all rods 

Set point 

Set point 

Water Level 

Functional 

Functional

Evaluate

Functional

All rods during each 
refueling shutdown or 
following each removal 
of the reactor vessel 
head; affected rods 
following maintenance 
on or modification to 
the control rod drive 
system which could 
affect performance of 
those specific rods 

Every 2 weeks 

Per ASME Code, Section XI 
Inservice Testing Program 

Per ASME Code, Section XI 
Inservice Testing Program 

Prior to moving fuel 
assemblies or control 
rods and at least once 
every day while the 
cavity is flooded 

Quarterly 

Every 18 Months

Daily

See (1)

12. Deleted

(1) Turbine stop valves, governor valves and intercept valves are to be 
tested at a frequency consistent with the methodology presented in 
WCAP-11525 'Probabilistic Evaluation of Reduction in Turbine Valve Test 
Frequency*, and in accordance with the established NRC acceptance 
criteri# for the probability of a turbine missile ejection incident of 
1.Oxl0" per year. In no case shall the turbine valve test interval 
exceed one year.  

Prairie Island Unit 1 Amendment No. 26, V7,. %I, 60, 0, 75, 86 
Prairie Island Unit 2 - Amendment No. t, Al, it, SU, S4,4g, 79

7 

7
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

RELATED TO AMENDMENTS NOS. 86 AND 79 TO 

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

NORTHERN STATES POWER COMPANY 

PRAIRIE ISLAND NUCLEAR GENERATING PLANT, UNITS NOS. 1 AND 2 

DOCKETS NOS. 50-282 AND 50-306 

1.0 INTRODUCTION 

By letter dated September 28, 1987, as supplemented by letters dated October 15, 
1987, and June 24, 1988, Northern States Power Company (the licensee) requested 
amendments to the Technical Specifications (TSs) appended to Facility Operating 
Licenses Nos. DPR-42 and DPR-60 for the Prairie Island Nuclear Generating Plant, 
Units Nos. 1 and 2. The proposed amendments would change the Technical 
Specifications by revising the surveillance test frequency of the turbine stop 
valves, governor valves and the intercept valves associated with the turbine 
overspeed protection. Surveillance testing of these valves is necessary to 
assure the performance of their safety function in protecting against the 
consequences of a turbine missile ejection accident. Specifically, Technical 
Specification Table TS.4.1-2A, dealing with the test frequency of these 
turbine valves would be changed from monthly to a frequency consistent with the 
methodology presented in WCAP-11525, "Probabilistic Evaluation of Reduction in 
Turbine Valve Test Frequency," and in accordance with the established NRC 
acceptance criteria 5for the probability of a turbine missile ejection 
incident of 1.OxlO- per year. However, the test interval shall not exceed one 
year.  

2.0 EVALUATION 

The licensee tests six stop valves, four intercept valves and four governor 
valves for each turbine during a typical monthly test. The periodic testing 
of the turbine valves consists of moving the valve stem from the position 
prior to testing, to full closed and returning the valve stem to the original 
position. The reactor power level must be reduced to approximately 55% to 
conduct the test because of the reduced steam flow to the turbine generator 
and the limited steam that can bypass the turbine. The power level reduction 
is achieved by the addition of boron to the reactor coolant system which in 
turn must be removed when valve testing is completed in order to return the 
reactor to pretest conditions. The cycling of the reactor power as described 
above (1) places an unnecessary thermal and pressure cycle on the plant 
equipment, (2) increases the amount of liquid and solid radioactive waste that 
results in an increase in personnel exposure and (3) places the plant operator 

, .050028 
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in a vulnerable position where an inadvertent reactor scram is more likely during 
the transient power reduction and increase. In addition, during such power 
swings even with the aid of control rods, it has taken several days for the 
power distribution between the top and bottom of the core to stabilize.  

The NRC staff agrees with the licensee that certain reload designs can be such 
that power differences between the top and bottom of the core are more sensitive 
to control and can develop divergent xenon oscillations when the power reduction 
occurs during the middle of core life. Near the end of core life, stabilizing 
even larger differences in axial power distribution becomes more of a problem 
because of the larger isothermal temperature coefficient, lower boron 
concentration and larger differential xenon transients. Based on the above, 
the staff has concluded that the margin of safety is reduced when the plant is 
undergoing turbine valve testing.  

By letter dated June 24, 1988, the licensee informed the staff that during the 
operating life of the Prairie Island Units (equivalent to 29 years of combined 
operation) there has not been a single incident of an unplanned turbine overspeed 
nor a single turbine valve malfunction that could have led to a turbine overspeed 
condition. During this period, the Unit 1 valves have undergone 112 surveillance 
tests and the Unit 2 valves were tested 104 times. There have been two instances 
of turbine valve failure that occurred during surveillance testing. In one case, 
the small (approximately 1½ inch) bypass valve was found in the open position 
because it had failed to reclose during the previous surveillance test due to 
mechanical binding. In a second case, the reheat intercept valve failed to 
close due to binding of the operating lever on the actuator. Both of these 
failures did not represent a threat to turbine overspeed because backup valves 
operated as designed.  

In support of this amendment request, the licensee submitted by letter dated 
September 28, 1987, an evaluation performed by Westinghouse Electric Corporation, 
the results of which are contained in Westinghouse Electric Corporation Topical 
Report WCAP-11525, "Probabilistic Evaluation of Reduction in Turbine Valve Test 
Frequency." This report provides a detailed probabilistic basis for extending 
the testing intervals for turbine valves. The probability of a turbine missile 
ejection has been calculated for turbines at the Prairie Island Nuclear 
Generating Plant, Units 1 and 2. The effect of extending the time interval of 
turbine valve testing has been included in the analysis. In a supplement to 
this safety evaluation, the staff finds the methodology described in Westinghouse 
Topical Report WCAP-11525 acceptable.  

In a letter dated February 2, 1987, to the Westinghouse Electric Corporation, 
Generation Technology Systems Division (Mr. James A. Martin), the NRC staff 
stated its belief that maintaining, through testing and inspection, an initial 
small value of the probability of turbine failure resulting in the ejection of 
fragments through the turbine casing is a reliable means of ensuring that the 
objectives precluding turbine missiles and unacceptable damage to safety-related 
structures, systems, and components can be met. Maintaining an initial small 
value of the probability of a turbine failure as discussed above simplifies and 
improves procedures for evaluation of turbine missile risks and ensures that the 
public health and safety is maintained. To implement this emphasis, the staff 
proposed, in the letter dated February 2, 1987, turbine failure guidelines for
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total turbine missile generation probabilities to be used for determining (1) 
frequencies of turbine disc ultrasonic inspections and (2) maintenance and 
testing schedules for turbine control and overspeed protection systems. In the 
letter dated February 2, 1987 to Westinghouse, the NRC issued reliability 
criteria for maintaining the turbine in &ervice dealing with the turbine missile 
generation probabilgty less than 1 x 10- per year for a favorably-oriented 
turbine and 1 x 10- per year for an unfavorably-oriented turbine. This provides 
adequate assurance that the guideline values of Section 2.2.3 of the Standard 
Review Plan are satisfied.  

The WCAP-11525 calculated mean annual probabilities of turbine missile ejection 
for Prairie Island Units I and 2 based on the available data, show gradual but 
steady increases in the missile ejection probabilities as the mean test interval 
increases from one month up to twelve months. Thus, small increases in the test 
interval would not be expected to result in large increases in the missile 
ejection probability. In addition, the calculated values over this ragge of 
test intervals are all well within the acceptance criterion of 1 x 10" per year.  
The staff, therefore, considers that the calculated values for Prairie Island 
contain adequate margins for protection against potential adverse effects due to 
discrepancies in implementation.  

However, it must be kept in mind that, while the WCAP-11525 methodology is 
determined to be acceptable, all calculated values using the methodology are 
external to the methodology and are subject to change due to the availability of 
more recent failure data than the failure data used in calculating the values 
provided in WCAP-11525 for Prairie Island, Units I and 2. The staff believes 
that, in considering missile ejection probabilities calculated by using the WCAP
11525 methodology based on more recent failure data, the licensee should assure 
that the test frequencies contain adequate margins for protection against 
potential adverse effects due to discrepancies in implementation.  

The staff requested that the licensee work with the turbine vendor to maintain 
a turbine valve failure database for the purpose of tracking changes in valve 
failure rate. Information on valve failure rate will be included in the plant 
Updated Safety Analysis Report (USAR). The failure rate information included in 
the USAR will be updated at least once every three years. The licensee was also 
requested in accordance with 10 CFR 50.59 to review and re-evaluate the Turbine 
Valve Testing Frequency probabilistic analysis (by WCAP-11525 methodology) any 
time that major changes in the turbine system have been made, ur a significant 
upward trend in the valve failure rate is identified. This matter was discussed 
and agreed to by the licensee.  

In conclusion, during turbine valve testing, it has been demonstrated that the 
plant is somewhat more vulnerable to undergoing a plant accident, and therefore 
the safety margin is reduced. Operating experience shows that during 29 years 
of operation there has not been an incident of unplanned turbine overspeed nor 
a turbine valve malfunction that could have led to a turbine overspeed condition.  
Based on this operating experience, the Westinghouse analysis for Prairie Island 
which demonstrated how Prairie Island will meet the NRC guidelines for turbine 
missile generation probabilities and a reduction in the frequency of power 
transients, the staff finds the proposed change in testing frequency acceptable.
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3.0 ENVIRONMENTAL CONSIDERATION 

An Environmental Assessment and Finding of No Significant Impact has been 
issued for these amendments (54 FR 5706, February 6, 1989).  

4.0 CONCLUSION 

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

Principal Contributor: D. C. DiIanni

Dated: February 7, 1989



UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

. .WASHINGTON, D. C. 20555 

SUPPLEMENTAL SAFETY EVALUATION 

BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

PROBABILISTIC ANALYSIS OF WESTINGHOUSE TOPICAL REPORT, 

"PROBABILISTIC EVALUATION OF REDUCTION IN TURBINE VALVE TEST FREQUENCY" 

WCAP-1 1525 

I. Introduction: 

Westin-house-bas prepared a Topica-T Report, WCAP-11525, entitled *Probabilistic 
Evaluation of Reduction in Turbine Valve Test Frequency", June 1987, in support 
of several owners of Westinghouse nuclear steam turbines. The nuclear power 
plants represented by this study currently have technical specifications or 
other requirements that call for weekly or monthly turbine valve testing.  
Periodic valve testing requires a temporary power reduction. This increases the 
plant vulnerability to tripping during this transient. Also, It may add to the 
number of thermal cycles for the piping, valves, and turbine. For these reasons 
and due to other potential effects, the Topical Report presents a probabilistic 
analysis with the objective of relaxing the turbine valves test frequency 
requirements.  

The physical arrangement of the turbine valves, as well as the trip and control 
logic that operates them, affects the likelihood of occurrence of overspeed 
events. The function of the turbine valves is to control and limit the turbine 
speed and, in case of loss of load, trip the turbine by stopping the steam 
supply. Valve testing provides an assurance of the valve's reliability and 
limits the potential for turbine overspeed. This minimizes the likelihood' of 
turbine missile generation and damage to safety systems. Therefore, the valve 
test interval affects the estimated reliability for the valve to perform its 
intended function upon demand. The failure of a turbine valve to perform.its 
function, in turn, affects the probability of turbine overspeed and missile 
ejection. The probability of turbine missile ejection, given an overspeed event, 
has been calculated for each turbine using detailed plant-specific data. The 
Topical Report shows the results of calculations for Sach of the turbines under 
study.  

This is an evaluation of the probabilistic study presented In the Topical 
Report, WCAP-11525. Section II below provides a description of speed control 
systems and of various turbine trips. Section III provides an assessment of the 
probabilistic analysis and analysis assumptions presented in the Topical Report.  

II. Turbine Valves and Speed Control: 
Turbines are equi-pped witn several valves which control turbine speed during 
normal plant operation and protect it from overspeed during abnormal conditions.  
These valves are the turbine Control Valves (CVs), Stop Valves (SVs), 
Interceptor Valves (IVs), Reheat Stop Valves (RSVs), and Steam Dump Valves 
(SDVs). The valves are briefly discussed below.  
CVs (or alternately governor valves) and SVs (or throttle valves) are located on 
the steam supply lines to the high pressure turbine. CVs are those valves that 
modulate the steam flow to the turbine in order to maintain the turbine at 
synchronous speed in response to any changes in speed or load demands. The CVs 
also are designed to close if the turbine speed exceeds a certain setpoint and 
then slowly open to allow the turbine to return to normal speed.  

"9•*22 : 6QC)7 R'207 -
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SVs are designed to close on receipt of a signal that the turbine speed is 
exceeding normal design conditions. Closure of the SVs stops the flow cf steam 
to the turbine. That, in turn, causes the turbine to slow down and eventually 
stop.  

U~s and RSVs are located on the steam supply lines to the low pressure turbines.  
These valves operate in a similar fashion to that of the CVs and SVs. M~s and 
RSVs are of a butterfly or disc pivoting on a center shaft-type design.  
SDVs are located on the steam lines connecting the high pressure and low 
pressure turbines. These valves are normally-open, air-to-close type valves.  
They are designed to open on a turbine trip or a loss of load signal to relieve 
steam pressure and reduce the likelihood of turbine overspeed. However, SDVs are 
slow acting in comparison with the SYs, CVs, UYs, or RSVs. Steam dump flow paths 
can be blocked manually by motor-operated valves.  

Turbine control is accomplished by a mechanical-hydraulic system which acts 
rapidly to throttle the CYs until the turbine returns to normal speed. In the 
event that turbine speed continues to increase, other protective measures are 
available to prevent excessive overspeed. Some of these measures are: (a) The 
overspeed protection controller activates with loss of load and automatically 
opens solenoid valves which drain the control oil and cause the CVs and IVs to 
close, terminating the steam supply. The mechanical overspeed trip valve 
consists of an eccentric weight, trigger, cup valve, and dump valve. This 
overspeed trip will activate at a preset value, typically within 111% of rated 
spepd. (b) The electrical trip mechanism consists of a solenoid and plunger 
valve that activates with system separation. The plunger valve drains the 
autostop oil, closing the turbine valves and/or opening the SDVs.  
The plants in this study have been placed into seven "variation groups' 
according to the arrangement of their turbine valves, control and trip systems, 
and turbine type. The plants in each group can be represented by a single 
overspeed fault tree analysis.  

Variation group 1 plants have two steam lines leading to the high pressure 
turbine (HPT), each via anSV and its bypass valve leading tu two CVs. Thus, a 
total of four CVs allow steam into the HPT. The low pressure steam exits the HPT 
and enters each of the two low pressure turbines (LPTs) via two moisture 
separators and reheaters (MSRs), two RSVs, and two IVs.  
Variation group 2 plants have four SV/bypass valve combinations each of which 
leads to a CV, with a total of four CVs steam to the HPT. The low pressure steam 
exits the HPT and enters three LPTs and six normally-closed SDVs. The low 
pressure steam enters each LPT via two MSRs. Also, the low pressure steam enters 
each normally-closed SDV via a normally-open motor operated valve.  
Variation group 3 plants have a control valve arrangement similar to that of 
variation 2, and an LPT valve arrangement similar to that of variation 1 (with 
two or three LPTs), but without SDVs. Variations 4 and 6 are combinations of 
variations 1, 2, or 3. There is no variation 5.  

Variations 7 and 8 plants have four steam lines each leading to a throttle 
valve. Each pair of throttle valves leads to a common steam chest, which in turn 
leads to two governor valves. Thus, a total of four governor valves allow steam 
to the HPT. The LPT valve arrangement for these two variations is similar to 
that of variation 3. The control and trip system logic is different for 
variations7 and 8.

-2-



•Table-1 lists the plants and their variation group number. The SYs of plant 
variations 1,2,3, 4 and 6 are of the swing check (clapper type) valve, while 
those of variations 7 and 8 are of the plug type valve. The CVs are of the plug 
type. Each clapper type SV has a bypass valve that is designed to equalize 
automatically the pressure on both sides of the stop valve before it opens. The 
bypass valve is a normally-closed, air-to-open type of valve.  

III. Analysis and Evaluation: 

A. Turbtiie Classifications: 
It was found that among the plants represented in the Topical Report there 
are significant differences in the controls, arrangements, and types of 
turbine valves. On the basis of this diversity, the plants were put in 
different "variation groupsu, as described in Section II above (see Table 1).  
An overspeed analysis of one group is intended to apply generically to all 
plants in that group. However, there remained some plant-specific differences 
that required consideration. The plant-specific differences were handled in a 
conservative manner. For example, some of the plants in variation 3 have six 
UVs while others have only four such valves. Since the six-IV plants would be 
more susceptible to IV failures than their four-IV counterparts, the former 
was used to provide a bounding analysis of overspeed. Similarly, some 
redundant overspeed protection systems, such as the Independent Emergency 
Overspeed Protection System, exist only on eight of the nineteen plants.  
Therefore, for conservatism, this feature was not modeled in the analyses.  

B. Missile Ejection Probability: 
Turbine missiles can be generated at any speed. For a given speed, the 
probabiliy of missile generation depends on the likelihood of existence of 
rotor flaws that can lead to its rupture at that speed. Therefore, the 
probability of turbine missile ejection can be divided into two components: 
the probability that the turbine attains a certain speed, and the probability 
that the rotor integrity is inadequate at that speed (e.g., the probability 
that rotor flaws exist with sizes equal to or greater than the critical flaw 
size for that speed).  

Effective means of reducing the risk of turbine missile ejection include: 
(1) Regular testing of turbine valves to assure their proper operation and 
enhance their reliability. These valves control turbine speeds. (2) Regular 
inspection of the low pressure turbine rotors to assure their integrity.  

Although a turbine missile may be ejected at or below normal operating 
speeds, the probability of such occurrence is very small as compared to high 
turbine speed conditions. Therefore, the emphasis in this report has been 
placed on missile ejection at high turbine speeds (specifically, overspeed 
conditions).  

Overspeed events are divided into three speed ranges: (a) Design Overspeed 
(this is defined as 120% of rated turbine speed for those turbines with RSVs 
and U~s, and 132% of rated speed for turbines without RSVs and IVs); (b) In.
lrmediate Overspeed (defined as 132% of rated speed for turbines with RSVs 
and U~s, and 136% of rated speed for turbines without RSVs and IVs); and (c) 
Destructive Overspeeds (these are speeds greater than 170% of rated speed).  
Although the probability of missile generation as a function of turbine speed 
increases progressively and is a continuous function, the analyses carried
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out at the above overspeed conditions are considered representative of the 
missile generation vulnerability of a turbine.  

The formula used for calculating missile generation probabilities is: 

P - P(a) x P(m/a) + P(b) x P(m/b) + P(c) 

Where P - annual probability of turbine missile ejection, 
P(a) - annual probability of design overspeed, 
P(b) - annual probability of intermediate overspeed, 
P(c) - annual probability of destructive overspeed, 
P(m/a) - conditional probability of missile ejection at 

design overspeed, 
P(im/b) = conditional probability of missile ejection at 

intermediate overspeed.  

P(a), P(b), and P(c) were calculated using the fault trees developed for each 
turbine variation, and using the different valve test intervals. Westinghouse 
found that these probabilities are sensitive to the turbine rotor inspection 
interval [see item (2) above]. These probabilities will be discussed further 
in Section III.E below. The conditional probability P(m/a) was obtained from 
previous plant-specific analyses conducted by Westinghouse for various low 
pressure turbine rotors.  

These plant-specific analyses are based on methods described in Reference 1.  
If a rotor-specific value of P(m/a) was not available, data judged to be 
representative of that rotor design was used. The conditional probability 
P(m/b) also was evaluated by Westinghouse and found to be about five to 
fifteen times P(m/a). It should be noted that in the above formula the 
probability of missile ejection given a destructive overspeed is assumed to 
be 1.0.  

C. Analysis Methodology and Assumptions: 
In the following subsections a discussion of the analysis, methodology, and 
assumptions is provided.  
1. Fault Tree Top Logic: 

The top logic for the three overspeed categories identified above, namely 
design, intermediate, and destructive overspeeds involves two fundamental 
events. These are: (a) a loss of the turbine load, and (b) a failure of 
the turbine valves to isolate the steam supply in time to avoid turbine 
overspeed.  

Westinghouse estimates that, on the basis of many years of experience, 
turbine separation occurs with a mean frequency of 0.5 per year, and a 
variance of 0.14 (Reference 2). These mean and variance values apply to 
all PWRs. However, when only plants with Westinghouse turbine-generators 
were considered, a mean frequency of 0.39 and a variance of 0.084 were 
determined. For conservatism, the higher values of 0.5 and 0.14 were used 
in this analysis.  
The failure of the turbine valves to isolate may be due to hardware or 
control logic malfunctions, both of which are modeled in the fault trees.
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2. Common Cause Failures: 
Common cause failure was included in the fault trees when the failure 
logic required the random failure of two or more identical components.  
Examples of this type of failure include the failure of two solenoid 
valves to open, or failure of two or more IUs to close. Clogging of 
autostop oil lines, emergency trip fluid lines, or primary drain lines may 
lead to malfunction of more than one valve. For conservatism, drain line 
clogging was assumed to prevent valve closure, although it is expected to 
result only in a longer valve closure time. The Topical Report lists the 
redundant components subject to this type of failure and their associated 
Beta factors.  

3. Human Error: 
In the case of an overspeed event, turbine valve actuations take place 
so rapidly that an operator has no time to react in order to mitigate 
such an event. Therefore, operator action to mitigate an overspeed event 
was not modeled. However, malfunctions due to an operator inadvertently 
closing one or more steam dump motor-operated valves have been included in 
the fault tree. This human error was modeled as failure-to-restore after 
inspection or maintenance and compounded by failure-tu-detect the valve 
improper position during a walk-around. The failure-to-restore probability 
for this error was obtained from Reference 3. With an assumed recovery 
factor of 0.2, the mean failure probability and variance for this human 
error was determined to be 2.5E-4 and 8.78E-7, respectively.  

4. Maintenance Outage: 
Maintenance and inspection of turbine valves is assumed not to occur 
during normal power operation. However, in plants with variation 2 valve 
arrangement, one steam dump valve may be in maintenance during normal 
power operation. Therefore, for this variation of plants maintenance 
outage was modeled in the fault tree.  

5. Valve Failure Combinations: 
Valve failures in the fault trees accounted for direct mechanical failures 
as well as failures due to power supplies, control logic, or support 
systems (e.g., emergency stop fluid, or auto-stop oil);, Valve failure 
combindtions determine the branching in the fault trees that lead to 
various overspeed categories. For example, failure of a CV or an IV to 
close on demand will lead to a design overspeed. Also, if anSV and its 
corresponding CV both fail to close on a turbine trip signal,a destructive 
overspeed will result. Occurrence of an intermediate overspeed depends on 
the particular turbine valves arrangement. Table 2 shows valve failure 
combinations and the various types of overspeed.  

D. Failure Data: 
The primary source of basic failure data in the study is the operating 
experience of Westinghouse steam turbines (References 4 and 5). Westinghouse 
has maintained and updated records of valve testing, surveillance, 
maintenance, and reported modes of failure. A compilation of the number of 
component malfunctions and years of service is provided in the Topical 
Report. Westinghouse states that the component malfunction compilation was 
done in a conservative manner. For example, some valve degradations which may 
not have disabled the valve were added as malfunctions. This tends to 
overestimate conservatively the likelihooo of turbine overspeed.
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The compiled malfunctions were divided into two categories: demand, and 
time-related malfunctions. This categorization is based on the operating 
nature of the component under consideration. Time-related malfunctions were 
further divided into three subcategories, depending on the time between 
scheduled tests.  
(a) One subcategory has the turbine valves and associated components. The 
failure rates for this subcategory are directly proportional to the mean time 
intervals between tests. To show the effect of changing the time interval 
between tests on the probability of missile generation, the calculations were 
repeated using time intervals of one month, three months, six months, and one 
year.  
(b) The second subcategory has some components that were assumed 
conservatively to have a fixed annual test interval or mission time. The 
assumption of an annual test interval is conservative since the successful 
function of many components is demonstrated during normal operation. For 
example, degradation of the CV speed changer can be detected if unacceptable 
speed deviations are observed.  
(c) The third subcategory has some components that are 
continuously-operating. The degradation or malfunction of this type of 
component is detectable readily during normal plant operation. For example, 
degradation of the turbine speed sensing device can be detected during 
routirne load changes. For conservatism, this subcategory was assumed to have 
a two-month mission time.  

The transformation of the basic service data into failure rates suitable for 
fault tree analysis involved the following two steps: 
1. The median failure rate and the 95% percentile for each component was 

determined using the Chi-squarea function.  
2. From the information obtained from step 1 above, the mean failure rates 

and variances were determined on the basis of a lognormal probability 
'distribution.  

The resulting means and variances were used to calculate the missile ejection 
probabilities for each of the plants represented in the Topical Report.  

However, it came to the attention of the staff that Westinghouse issued a 
Customer Advisory Letter (CAL) 87-03, dated August 24, 1987 to advise its 
customers of some reported turbine valve failures (Reference 6). Those 
failures were observed on Building Block BB-296 turbines with a steam chest, 
in which the throttle valves (alternately known as SVs) failed to close on 
demand under test conditions. The valve failures were found to be repeatable 
under similar conditions. If one or more throttle valves fail to close on a 
turbine trip and a loss of load occurs, destructive overspeed will occur 
unless both governor valves on that steam chest close. In its CAL 87-03, 
Westinghouse recommends that for BB-296 turbines with a steam chest, the 
throttle valves (or SVs), the governor valves (or CVs), UVs, and RSVs should 
be tested monthly.  

Westinghouse conducted a reevaluation of turbine overspeed probability for 
the above type of turbines, taking into consideration the increased failure 
rates. It was found that the missile ejection probability at those plants 
could be significantly higher than previously indicated unless the actions 
recommended by Westinghouse were implemented. Plants with BB-296 turbines, as 
represented by the Topical Report, are St. Lucie, units I and 2, and Shearon
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Harris (variations 7 and 8 in Table-I). Westinghouse was asked whether the 
above findings affect the report conclusions relative to other plants.  
Westinghouse responded (through the owners group representative - see 
Reference 7) by stating that the valve failures described in their CAL-87-03 
apply only to plants with BB-296 turbines and steam chests and, therefore, 
do not affect plants other than those identified above.  

E. Results: 
The calculation of the total probability of missile ejection due to overspeed 
is based on the formula discussed above. Since the values of the conditional 
probabilities P(m/a) and P(m/b) are sensitive to the low pressure rotor 
inspection interval (see Section B above), two sets of calculations were 
conducted, Case 1 and Case 2. Case 2 calculations assumed a turbine rotor 
test interval of one year longer than that of Case 1. As would be expected, 
due to the longer rotor test interval, Case 2 resulted in higher missile 
ejection probabilities. The staff review focused on Case 2. However, 
conclusions about the validity of the analysis approach and methodology may 
apply equally to either case.  

The Topical Report presents the results of the calculations of the mean 
annual probabilities of turbine missile ejection in table form as well as 
graphically, for every plant represented in the study. This Is based on valve 
test intervals of one month, three months, six months, and twelve months. The 
results indicate the following: 
I. The calculated values show a gradual but steady increase in missile 

ejection probabilities corresponding to increases in the mean time between 
tests of turbine valves.  

2. P(a) and P(b) are several orders of magnitude greater than P(c). However, 
P(c) contributes the most to the total annual probability of missile 
ejection.  

3. P(c) is more sensitive to valve test interval changes than either P(a) or 
P(b).  

From the above ,it can be concluded that changes in turbine valve test 
intervals can have a significant effect on the total probability of missile 
ejection. The calculated missile ejection probabilities are Westinghouse 
proprietary information.  

F. Conclusions: 
The staff has completed its review of the subject Topical Report and 
concludes that the analyses have accounted for plant-specific design 
variations and failure rates, common cause failures, and human errors. The 
staff concludes that in preparing the subject Topical Report, Westinghouse 
has used acceptable methodology and assumptions. Therefore, the subject 
report is acceptable as a methodology reference. The Topical Report may be 
used to enable licensees to recalculate the missile ejection probabilities 
for their plants to account for significant changes in valve failures, 
control and trip system anomalies, turbine rotor inspection intervals, or any 
other factors which may affect the potential for overspeed or missile 
generation.  

As discussed In Section 0 above, the failure data used to calculate the 
missile ejection probabilities in the subject report are representative of all
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plants listed in that report with the exception of St. Lucie, Units 1 and 2, and Shepron Harris. This is due to recent experience with failure of valves 
similar to those found on the above three plants. Licensing action for these 
three plants, based on the Topical Report, should be supported also by evidence that the failure data used in the subject report is representative 
of the plant. Alternately, a reanalysis should be submitted. Such reanalysis 
may use the methodology of this Topical Report.  

Principal Contributor: S. S. Diab 

Date: February 7, 1939
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Table - 1 
Represented Plants and Turbine 

Valve Variation Type

Plant Variation Type

Carolina Power & Light 

Con. Edison Co. of N.Y.  
Consumers Power Co.  
Florida Power & Light 

Maine Yankee Atomic Power 
Northern States Power 
Pacific Gas & Electric 
New York Power Authority 
Public Service Electric & Gas 
Wisconsin Electric Power 
Wisconsin Public Service 

Table 
Valve Failure 

Leading to

H.B. Robinson 2 
Shearon Harris 
Indian Point 2 
Palisades 
Turkey Point 3 A 4 
Saint Lucie I & 2 
Maine Yankee 
Prairie Island 1 & 2 
Diablo Canyon 1 & 2 
Indian Point 3 
Salem 1 & 2 
Point Beach I & 2 
Kewaunee

4 
8 
2 
3 
1 
7 
3 
4 
3 
2 
3 
6 
4

- 2 
Combinations 
Overspeed

Turbines with 
RSVs + UVs

Design Overspeed

Intermediate Overspeed
-A

Destructive Overspeed

> one CV OR > one IV 
fail to cTost 

>one RSV AND > one IV 
fail to close" 

> one SV + > one CV 
"fail to cloie

> one SDV fail to open 
OR 

> one SVBV + CV fail 
to close 

> one SV +> one CV 
fail to close -

- 10 -

utility

Turbines w/o 
RSVs + U~s
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UNITED STATES NUCLEAR REGULATORY COMMISSION 

NORTHERN STATES POWER COMPANY 

DOCKETS NOS. 50-282 AND 50-306 

NOTICE OF ISSUANCE OF AMENDMENTS TO 

FACILITY OPERATING LICENSES 

The United States Nuclear Regulatory Commission (the Commission) has 

issued Amendments Nos. 86 and 79 to Facility Operating Licenses Nos.  

DPR-42 and DPR-60, issued to the Northern States Power Company (the licensee), 

which revised the Technical Specifications (TSs) for operation of the Prairie 

Island Nuclear Generating Plant, Units Nos. 1 and 2, located in Goodhue 

County, Minnesota. The amendments are effective as of the date of issuance.  

The amendments change the Technical Specifications by revising the 

surveillance test frequency of the turbine stop valves, the governor valves 

and the intercept valves associated with the turbine overspeed protection.  

The application for the amendment complies with the standards and 

requirements of the Atomic Energy Act of 1954, as amended (the Act), and the 

. - Commission's rules and regulations. The Commission has made appropriate 

findings, as required by the Act and the Commission's rules and regulations in 

10 CFR Chapter I, which are set forth in the license amendments.  

Notice of Consideration of Issuance of Amendments to Facility Operating 

Licenses and Opportunity for Hearing in connection with this action was 

published in the FEDERAL REGISTER on April 13, 1988 (53 FR 12209). No request 

for hearing or petition to intervene was filed following this notice.  
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Also in connection with this action, the Commission prepared an 

Environmental Assessment and Finding of No Significant Impact which was 

published in the FEDERAL REGISTER on February 6, 1989 at 54 FR 5706.  

For further details with respect to this action, see (1) the application 

for amendments dated September 28, 1987, as supplemented by letters dated 

October 15, 1987, and June 24, 1988, (2) Amendments Nos. 86and 79 to Licenses 

Nos. DPR-42 and DPR-60, and (3) the Commission's related Safety Evaluation and 

Supplemental Safety Evaluation. All of these items are available for public 

inspection at the Commission's Public Document Room, Gelman Building, 

2120 L Street, NW., Washington, DC 20555, and at the Minneapolis Public 

.- Library, Technology and Science Department, 300 Nicollet Mall, Minneaplis, 

Minnesota 55401. A copy of items (2) and (3) may be obtained upon request 

addressed to the U.S. Nuclear Regulatory Commission, Washington, DC 20555, 

Attention: Director, Division of Reactor Projects - I1I, IV, V and Special 

Projects.  

Dated at Rockville, Maryland, this 7th day of February 1989.  
• THE NUCLEAR RE YCOMISION••• 

RGULA7 COMMISSIO 

Dominic C. DIlanni, Project Manager 
Project Directorate 111-1 
Division of Reactor Projects - II1, IV, V 

& Special Projects


