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SAFETY ANALYSIS
RELATED TQ

OPERATION WITH
THE NINE MILE POINT UNIT 2

HAIN STEAM ISOLATION BALL VALVES

I. INTRODUCTION AND SUMMARY

This report describes the results of an analysis relating to use of the

ball valves as main steam isolation valves at Nine Mile Point Unit 2.

The possibility of main steam ball valve leakage in excess of Technical

Specification Surveillance Requirements results after repeated operation

of the valve due to delamination of the tungsten carbide coating, which

is believed to be caused by local high contact stress between the ball

seat and ball. Niagara Mohawk has evaluated this situation and has

determined it may proceed with the planned start-up testing program and

operation of Unit 2 after repairing or refurbishing the affected valves

as necessary to meet Technical Specification leakage requirements. The

factors that we considered in reaching this decision are summarized below:

1. The plant is and can be operated in conformance wi th regulations,

regulatory guidance, the Operating License and Technical

Specifications.

2. The history of leakage of the ball valves is at least comparable to a

wye pattern globe valve.
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3. The maximum ball valve leakage reasonably expected during this period

of continued operation has been assessed (both by testing and

calculation) and, using NUREG 1169 shown to be acceptable from a

direct radiological health and safety viewpoint.

4. The Unit 2 FSAR analysis for radiological releases after a LOCA

significantly overestimates the actual doses. Further, the

assessment of'he X/Q values used is conservative.

5. The probability of a large break L'OCA is lower than previously

believed.

This report shows that the ball valves are adequate for this service,

meet the regulatory requirements and regulatory guidance and requirements

of the Operating License and Technical Specifications.

/
II. HISTORY OF MAIN STEAM VALVE PERFORMANCE

Main steam isolation valve leakage has been a Nuclear Regulatory

Commission Generic Issue for some time. In '1983, the staff reprioritized

Generic Issue C-8, "MSIV Leakage and LCS Failures," as high priority.
The results of the evaluation on this issue wer'e reported in NUREG 1169.

Niagara Mohawk has performed a comparison of the Unit 2 design to NUREG

1169 as described in Section III.B in order to assess the capability of

the ball valves and the design bases of Nine Mile Point Unit 2.
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Many HNR 11censees have reported difficulty meeting the allowable leakage

rate limit for'eriodic local leak rate tests (LLRTs), NUREG 1169

d1scusses' survey of MSTY performance at BNRs for the years 19T9 through

1981 which found that 18 of 25 operat1ng BNRs had HSIVs which fa1led to

meet the maximum permissible leak rate 11miting condition for operation

during one or more surveillance tests. NUREG 1169 also indicates that

during this time, a number of HSIY test fa11ures exceeded 150 scfh for

valves supplied by all three globe valve MSIV vendors, Although there

has been general improvement in the performance of these globe valves,

not all the problems have been resolved.

Niagara Mohawk was concerned with ma1n steam 1solation valve leakage in

the early 1970's. On Unit 2 we decided to 1nstall a new type of'alve
for this application; namely, a ball valve, Each ball valve has a double

sealing surface to prevent leakage past the valve. Even though the

current problems of wearing and delamination have been experienced, the

Un1t 2 ball valves have still shown reasonably good leak tightness. . The

worst case leakages experienced on the installed ma1n steam isolation

valves (described in our f1nal 10CFR50.55(e) Report dated October 20,

1986) to date have not exceed 16.9 scfh (see Attachment A test data>.

This value was obtained while testing through the valve. This compares

well with a conservative calculat1on for estimating leakage through a

scored valve which shows the leakage could be 29 scfh through the

valves. This calculation is provided 1n Attachment B.
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Further, our October 20, 1986 letter sets forth several attributes about

the ball valve design which result in the conclusion that the valve is

adequate for the service intended. Generally, main steam isolation

valves have a low number of valve strokes, and it is this movement that

causes wearing between the ball and seat. Previously, we provided test

results to the Nuclear Regulatory Commission which documented that for
the estimated 75 valve strokes during the first plant operating cycle,

the test valve met its Technical Specification leakage criteria.
Although some of the Unit 2 valves in the plant have continued to

experience the delamination phenomena, all of the installed valves still
show reasonably good leak tightness whether they are wearing or not.

Further, the repeatibility of leak tightness, in our opinion, is better

than the industry experience with the wye pattern globe valve ('see

Attachment A test information).

The startup program up to the 100-hour warranty run consists of about 35

weeks (250 days) and concludes with a main steam isolation valve closure

and leak tightness check. During this time, we plan an additional 7 and

estimate 10 unanticipated trips for a total of 17 main steam isolation

valve strokes in addition to those which have occurred to date ~ Our new

test results support continued plant operation at least through the first
refueling outage, and show that the ball valves are at least comparable

to the wye pattern globe valves which are in use throughout the industry

and are capable of performing their intended safety function, and meet

all regulatory, operating license and technical specification

requirements.
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III. REGULATORY COMPLIANCE REVIEH

A. Conformance to 10CFR50

One of the conditions of all operating licenses for water-cooled power

reactors as specified in g 50.54(o) is that primary reactor containments

shall meet the containment leakage test requirements set forth in 10CFR50

Appendix J. These test requirements provide for pre-operational and

periodic verification by tests of the leak-tight integrity of the primary

reactor containment, and systems and components which penetrate

containment of water-cooled power reactors, and establish the acceptance

criteria for such tests. The purposes of the tests are to assure that

(a) leakage through the primary reactor containment and systems and

components penetrating primary containment shall not exceed allowable

leakage rate values as specified in the Technical Specifications and (b)

periodic surveillance of reactor containment penetrations and isolation

valves is performed so that proper maintenance and repairs are made

during the service life of the containment, and systems and components

penetrating primary containment.

Therefore, Appendix J requires an initial determination that the main

steam isolation valve leak rate is established within allowable limits,
and that periodically testing will be performed to maintain the function

during the service life. The Nine Mile Point Unit 2 ball valves wi 1 1

meet these requirements.
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The periodic testing requirement in 10CFR50 Appendix J requires that Type

C testing be performed at least once every 2 years. Further, 10CFR50

Appendix J indicates that this should occur at each reactor shutdown for

refueling. Niagara Mohawk is proposing to test the main steam isolation

valves in full conformance with these requirements. Also, an additional

test is planned within 30 days of the completion of the 100-hour warranty

run. Further, Niagara Mohawk has committed to additional testing as

described in our October 20, 1986 letter because of the unique

application of the ball valves for main steam line isolation. This

testing includes additional prototype testing scheduled for the spring of

1987. The prototype testing includes the following attributes:

Verification of the mechanical integrity of the valve and the
E

actuator for the expected operating and test cycles.

Demonstration of valve leak tightness for the expected valve duty

cycles.

Demonstration of the ability to close the valve within the Technical

Specification 1'imits under normal operating pressure, temperature and

steam conditions.

Verification of the conservatism of the between-the-seat leak test

method as an alternative to across-the-valve seat leakage tests.
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Provision of baseline data for the evaluation of (1) the long-term

suitability of the valve and (2) potential design and material

improvements.

The prototype test report, which will address the confirmation of the

valves'cceptability for the first operating cycle, is to be

provided to the Nuclear Regulatory Commission by May 15, 1987.

Further, 10CFR50 Appendix A General Design Criteria 54 and 55 require the

main steam isolation valves to close to perform a containment isolation

boundary function. During the past year, we have actuated the main steam

isolation ball valves over 1000 times for testing purposes. During these

tests, a small amount of tungsten carbide coating was abraded from the

ball surface. This small amount of tungsten carbide coating has never

interfered with full closure of any valve. This is the evidence that the

valves will close upon a valid actuation signal, even in a degraded

condition�

. In addition, the monthly surveillance testing involves 6

degree closing and opening, thereby providing periodic confirmation of
valve operability.

Therefore, Unit 2 is in conformance with the regulations and the valves

meet their licensing bases.

B. Evaluation of Nine Mile Point Unit 2 Utilizin NUREG 1169

The Nuclear Regulatory Commission established a review team to address

MSIV leakage. Their review indicated that "the overall risks from the

accident (LOCA) sequences in which MSIV leakage is a significant factor

are low ... and alternate management schemes produce significant dose
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reductions." To assess the abi1 i ty of the bal 1 valves to meet the safety

requirements related to isolation and leakage control, Niagara Mohawk has

performed a comparison to the Nuclear Regulatory Commission NUREG 1169

which shows that the results of this study are applicable to Nine Mile

Point Unit 2. The comparison study is described in the following

sections.

~Summar

The purpose of NUREG 1169 was to determine: 1) the adequacy of industry

efforts to identify and correct causes of excessive HSIV leakage, 2) the

basis for any change in the allowable HSIV leakage rate, 3) the need for

a safety-grade Leakage Control System (LCS), and 4) the specific areas of

regulations and guidance that may be necessary to implement the

findings. The approach was to evaluate the effects of HSIV leakage in

terms of offsite doses following a LOCA, using realistic assumptions

concerning the equipment, facilities and site characteristics available

to mitigate the effects of a LOCA.

NUREG 1169 indicated that alternate treatment methods (discussed in the

following sections) are highly effective in trapping the radioactivity

such that the HSIV leak rate could be increased significantly without

exceeding any dose limitations. Further, the NUREG indicates that the

reliability of the leakage control system is actually lower than some of

the alternate treatment methods. Therefore, the installation of LCS will

not increase the safety of the plant and a MSIV leakage rate in excess of

the Technical Specification will be adequately mitigated by existing

alternate treatment methods.
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This report demonstrates that the physical layout and design of Unit 2 is

sufficient to ensure the health and safety of the public even were the

Unit 2 MSIVs to leak in excess of their Technical Specification

surveillance limits'his was demonstrated by comparing the reference

plant in NUREG 1169 (WNP-2) and NMP2 and a calculation that shows it is

acceptable. This calculation is provided as Attachment C. The

calculation shows that a total for all main steam lines of up to 150 scfh

leakage would not result in doses to the public and plant operators in

excess of regulatory requirements specified in 10CFR100 and 10CFR50

Appendix A General Design Criteria 19, respectively.

COMPARISON OF PLANT PARAMETERS TO NUREG 1169

This section provides the comparison between the reference plant (WNP2)

and NMP2.

Table I shows the comparison of the critical parameters affecting the

radiological consequences of a LOCA. Tables II through VI show a

detailed comparison .between the reference plant for NUREG 1169 analysis

and NMP2.

Some of the parameters governing the progression of a LOCA are the

thermal power, thermal-hydraulic design, and the ECCs. Review of this

data in Tables I, II, and III shows nearly identical design for both

plants. Therefore, the expected source-term for NMP2 would be identical

to NUREG 1169.
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Another important concern is the MSIV leak rate. NMP2 Technical

Specification surveillance leak rate is currently 30 percent lower than

that assumed in NUREG 1169.

NMP2 steam lines are expected to cooldown at a somewhat higher rate than

the reference plant, primarily due to higher thermal conductivity of the

insulation and larger number of supports. This is expected to enhance

particulate removal due to.thermophoretic aerosol deposition.

Any leakage through the paths described in NUREG 1169 when applied to

NMP2 would result in the radioactive releases being released either from

the main stack or from the turbine building (dispersion factors are

represented by the radwaste/reactor building (RN/RB) vent in Table I).
In either case, the dispersion factors are comparable to those used in

the NUREG 1169 analysis.

Since Unit 2 and the reference plant have similar systems, the NUREG 1169

probabilistic risk assessment scenario is judged to be equally applicable

In addition, NMP2 has an auxiliary boiler steam supply system to support

operation of the Steam Jet Air Ejector Offgas pathway for MSIV leakage

control (after isolation of the condenser from the reactor). This path

is highly effective in removing and delaying radioactivity prior to

release.
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EVALUATION OF LEAKAGE CONTROL METHOD

This section compares the alternative leakage treatment methods discussed

in NUREG 1169 to the as-built condition of the Nine Mile Point Nuclear

Station - Unit 2.

The alternate leakage treatment methods contained in NUREG 1 169 are:

l. Isolated Condenser

2. Mechanical Vacuum Pumps

3. Steam Jet Air Ejectors-Offgas System

4. Isolated Steam Lines

Each of these are discussed in relation to NMP2 as follows:

1. Isolated Condenser

This leakage treatment method takes advantage of the main

condenser to hold up the release of fission products from the

main steam isolation valves (MSIV) and the main steam lines

(HSL). The condenser itself is isolated from the turbine

building and the outside environment. The method addressed in

NUREG 1169 has two variations. The first path (using the

turbine bypass valves) requires operator action to open the
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bypass valves. The second method uses the main steam drain

valves in lieu of the turbine bypass valves to connect to the

condenser. The NUREG mentions that in some plants, the steam

line drains are of a fail-open design, requiring no operator

action.

The Nine Mile Point Unit 2 main steam line drains automatically

open on loss of air power, first stage turbine pressure, or loss

of signal. This is, as noted in NUREG 1169, a completely

passive system; the main steam lines communicate with the

condenser without operator action. It is also possible to

connect the main steam lines to the condenser by way of the

turbine bypass valves, but this would require operator action to

initiate the turbine electrohydraulic (EHC) system. In all
cases, the NMP2 isolated condenser leakage will migrate through

the low pressure turbine seals into the turbine building and

into the environment as described in NUREG 1169.

2. Mechanical Vacuum Pumps

The NUREG addresses the use of both condenser mechanical vacuum

pumps and the gland seal and exhaust system blowers, By use of

this equipment, the condenser is kept at a lower pressure than

the surrounding environment. Thus, MSIV leakage will migrate

through the main steam lines to the condenser, assuming that the

MSL drains are open and/or the turbine bypass valves are open.
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The mechanical vacuum pumps or gland seal exhausters will

discharge the leakage to the stack (elevated release point).

The NMP2 system design is the same as that described in the

NUREG.

3. Steam Jet Air Ejector - Offgas System

NUREG 1169 describes a highly desirable mode of operation for

control of HSIV leakage which uses the plant's existing steam

jet air ejectors, steam seal system, and off-gas system to first
collect the leakage and then discharge this leakage through the

off-gas system where it is filtered, treated, and delayed. In

addition, the discharge from the off-gas system is then sent to

the stack (elevated release point).

The NHP2 installation meets all the recommendations for the most

desirable steam jet air ejector-offgas system operation; that is:

The NMP2 design incorporates two electric boilers, either

one of which can produce a sufficient amount of steam to

'e-establishoperation of the steam jet air ejectors and

the gland seal and exhaust system if offsite power is

available. Therefore, the Unit 2 design can(1)

accomplish necessary filtering and delay of the radioactive

gases.

(1) Further, if one of the Auxiliary Boilers were in operation prior to the
LOCA, steam would be immediately available (as long as power is
available) . If one of the Auxiliary Boilers was not in operation prior
to the LOCA, a delay (as long as 12 hours) in steam being available could
occur.
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4. Isolated Steam Lines

NUREG 1169 evaluates the condition in which the main steam lines

are sealed off from the condenser, turbine, and environment.
I

The main steam lines become a cavity to isolate the MSIV leakage

from the environment. In this case, the turbine stop and

control valves and bypass valves can pass some leakage which

will eventually migrate to the environment. The NMP2

installation is again as described in the NUREG. However, this

scenario has a low probability since the main steam drains

automatically open upon loss of air or power.

NUREG 1169 contains a probabilistic analysis of each of the above paths

including leakage control system pathway. Comparing the NMP2 plant with the

analysis contained in the NUREG indicates that there are no differences in the

NMP2 installation except as noted below:

a. Isolated Steam Line Flow Path

This condition has a low probability at the NMP2 plant, due to the

fact that the main steam line drains automatically open on loss of

air, power, or turbine first stage pressure. The more likely path is

the isolated condenser.
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b. Off-gas System Availability

The probability tree for the system using the steam jet air ejectors

with the off-gas system and the steam seal and exhaust system is

actually better for NMP2 because of higher availability than that

contained in the NUREG. This improvement is described below:

1) Two electric boilers are installed, each of which can supply

40,500 lb. of steam per hour. With either boiler, the steam jet

air ejectors, the steam seal and exhaust system, and the off-gas

system can be maintained through the event.

2) the main steam line drains are a passive system, thus increasing

their probability of opening during a LOCA.

3) In the event of a Loss of Offsite Power (LOOP) and LOCA with the

NMP2 installation, the condenser vacuum, steam jet air ejectors,

off-gas system, and gland seal exhaust system can be

re-established once power is restored.

RADIOLOGICAL ANALYSIS IN CONFORMANCE WITH NUREG 1169

Based on the NUREG 1169 comparison with NMP2, the isolated condenser path

is the conservative scenario for radiological consequences. The

allowable MSIV leakage was determined based upon a simplified main

condenser model for the beta skin and whole body gamma doses, while a

direct comparison ratio method was used to determine the thyroid doses.
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The beta and gamma dose evaluation model utilized hold up of the MSIV

leakage in the main condenser and subsequent release of radioactivity to

the environment. No credit was taken for hold up of noble gases in the

main steam lines, drain lines or turbine building. Additionally, the

volume reduction due to steam condensing in the piping or components

prior to being released was not considered. The above conservative

analysis provided results indicating that the most restrictive radiation

limit was the Control Room beta dose. The analysis demonstrates that a

maximum MSIV leak rate of 150 scfh total for all steam lines (as compared

to a rate of 53 scfh* based upon testing) would not result, in personnel

doses in excess of regulatory limits. The maximum leakage rate could be

increased to 500 scfh from the main steam lines with appropriate beta

shielding (such as overalls). The calculation of radiological impact is

provided in Attachment C.

* The tested rate represents individual MSIV leak rates of 17 scfh per

valve. Credit was taken in three of four lines which would have two

MSIVs closed in series resulting in 12 scfh per line. One of the

four lines was conservatively assumed to have one MSIV closed.

Therefore, the combined leakage rate would be (3 x 12) + 17 - 53

scfh

SUMMARY OF COMPARISON TO NUREG 1169

The following section describes the summary and conclusion to NUREG 1169:
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NMP2 has in place what NUREG 1169 titled, "The Highly Desirable Mode

of Operation," that is, a method of collecting, treating, and

discharging from the stack all leakage from the main steam isolation

valves. This is accomplished by:

a. A passive steam line drain system.

b. Electric boilers capable of providing steam to the steam jet air

ejectors, off-gas system, and turbine gland seal and exhaust system.

c. In the event of a LOCA and/or LOOP, NMP2 has the capability to

re-establish the condenser vacuum, the operation of the steam jet air

ejector, the operation of the gland seal and exhaust system and the

offgas system once off site power is restored.

Following simultaneous LOCA and LOOP, the NMP2 plant would automatically

align itself in the condition defined as Isolated Condenser Pathway. It
is unlikely that an isolated steam line pathway would occur for NMP2, a

somewhat less effective method to control MSIV leakage.

The following conclusions are drawn from this analysis:

1. NMP2 has the capability to effectively control the MSIV leakage in a way

similar to NUREG 1169

'.

NMP2 meets the NUREG description of the most desirable operating mode

"steam jet air ejector offgas" which is available following a LOCA or

temporary loss of offsite power.
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3. NMP2 main steam lines are expected to cool down at a higher rate, thus

further reducing offsi te dose.

4. The radiological analysis has determined that leakages up to 150 scfh for

all four mainsteam lines (or 500 scfh with beta shielding) would not

, result in personnel doses in excess of regulatory limits.

Therefore, considering the availability of the alternate methods for

controlling the NSIY leakage, the presently installed ball type MSIVs are

capable of performing their safety design function.

IV. ADDITIONAL CONSIDERATIONS

A. ~Summar

The following additional information is provided to demonstrate that

continued operation through the first refueling outage would not present

an undue risk to public health and safety.

1. The probability of a large break LOCA is lower than previously

believed, as stated in SSER 3.

2. A portion of this period involves the initial startup testing with

some operation below 100K power, during which several factors are

applicable:
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a. the core fission product inventory is lower than previously

estimated <using the equi librium value of the FSAR dose

calculations).

b. there is additional operator response time available at lower

power levels

c. the safety related system capaci ty (flow, heat removal, etc.)

needed to mitigate an accident at low power is significantly

lower than provided in the design

3. The application of regulatory guidance overestimates the actual

radiological doses.

4. The assessment of the X/Q values is conservative.

B. Discussion

These conclusions are discussed in more detail below:

1. The probability of a large break LOCA is considerably lower than

previously believed. This is particularly true for NMP Unit 2

because of the materials used for construction of the recirculation

system.
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In the NRC Safety Evaluation Report, Supplement 3 the staff agreed

that "the probability of a large LOCA is now considered to be

significantly lower than previously believed." This conclusion is

based upon the following information:

The leak before the break (LBB) concept has led the staff to initiate

rulemaking to modify GDC-4, excluding the double ended guillotine

break (OEGB) from the set of design basis accidents. A new rule for

pressurized water reactors ("PWRs") has been issued, and a similar

rule for BWRs is scheduled for issuance.

Inasmuch as BWRs potentially have greater susceptibility to

intergranular stress corrosion cracking (IGSCC), the Piping Review

Committee recommended in NUREG-1061 (recommendation A-4, p.xi, Volume

5) that the recirculation piping in BWRs be replaced with alloys

resistant to IGSCC, for example, with Type 316NG to reduce the

probability of a DEGB. However, recirculation piping for NHP Unit 2

is already constructed of Type 316NG.

2. During the startup period, with some operation below 1001. power,

there are several factors which are related to safety as described

below:

a. The initial source term inventory of the core during the period

from initial criticality to five percent power is low.

Decreased fission product 'production and a relatively short
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period of time for radionuclide buildup results in reduced core

inventory. The DBA analyses utilize a core inventory equivalent

to 1000 hours of operation at 1051. of rated power.

b. Additional time is available during low power operation for the

reactor operators to correct the loss of important safety

systems or to take alternate courses of action.

During low power operation, the required capacity for mitigating

systems are significantly lower than the design capacity. For

example, the decay heat at 5 percent power which is generated by

the LOCA is substantially less than that analyzed in the FSAR.

Since the safety systems important to safety are designed for

the mitigation of design basis events at 1051. of rated power,

there is ample margin to ensure minimal risk following a

postulated low power accident.

3. The application of regulatory guidance overestimates the actual

radiological doses. There are many factors which are neglected or

which only partial credit is taken, that would substantially reduce

these doses. These factors include:

a. Only partial credit for the plateout of isotopes in the core and

containment is accounted for in accordance with the standard

review plan.
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b. The release from the containment to the environment (containment

leakage not associated with the main steam isolation valves) is

overestimated in the analysis. Actual leakage is below the

design values used, as required by Technical Specifications.

c. The meteorological factors (wind speed and direction) which are

discussed in more detail in item 4 below result in reduced doses.

d. The breathing rates and length of exposure time and availability
of potassium iodide and protective clothing for the operating

crew results in a overestimate of dose compared to realistic
values. Potassium iodide could be used to reduce thyroid doses.

4. The assessment of the meteorological data and values is

conservative. Dispersion near buildings is strongly affected by

disturbances created by buildings. For releases close to buildings

such as for the control room intakes, conventional equations cannot

be used because the dispersion coefficients and mean velocities vary

in space. For Nine Mile Point Unit 2 a plant specific evaluation was

used which takes into account building wake effects. These

assessments discussed in FSAR Section 2,3.4 use conservative wind

speed, direction, joint distribution frequency, temperature and

lateral and vertical plane diffusion values.

The differences between Design Basis and realistic meteorological

parameters can be seen in FSAR Section 2.3.4.2 and Appendix F, Tables

2F-2 through 2F-ll, which show large differences in X/Q.
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V. CONCLUSION

Nine Mile Point Unit 2 is in conformance with the regulations and

regulatory guidance regarding main steam isolation valve leakage. The

probability of the occurrence of a LOCA is low; the radiological
inventory and decay heat is lower than previously estimated. The

application of regulatory guidance and the estimate of meteorological

parameters overestimates the radiological doses. Continued operation

with the ball valves is acceptable.
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TABLE I

RADIOLOGICAL CONSEQUENCE PARAiL~TERS

PARAMETER NMP2 NUREG-1169

Plant Type BWR-5

Mark II
BWR-5

Mark II
Power (MWth) 3323 3323

Combined Technical Specification
Leakage Rate for MSIVs,volume
percent/day

<0.19 0.27

MSIV Leakage Pathways* o Isolated
Condenser

o Isolated Steam
Lines

o Mechanical
Vacuum Pumps

o SJAE - Offgas
System

o Isolated
Condenser

o Isolated Steam
Lines

o Mechanical
Vacuum Pumps

o SJAE - Offgas
System

Steam Line Details
Pipe Size
Wall Thickness
Insulation Thickness
Insulation Thermal

Conductivity, Btu/ft-hr'P
Number of Pipe Supports
Support Spacing

28 II

1 2/8"
4tl
0.03

36+1'in
25'ax

30>t

1 3/8"
4 II

0.02

298'in
35'ax

* Section III provides detailed discussion

+ These supports are typical of one line> supports for headers and
valves are not included
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TABLE I

RADIOLOGICAL CONSEQUENCE PARA&TERS

PARAMETER NUREG-1169

Turbine System Supplier

Condenser Volume, ft3

Condenser Horitontal
Deposition Area, ft

GE

1235000

214,000

120>000

252,000

Dispersion Factors* RW/RB Vent Stack

EAB 0-2hr

LPZ 0-8hr

8-24hr

1-4 days

4-30 days

19.00x10 5 2.97x10 5

1.78x10 5 1.03xl0 5

11.90xlO 6 0.88x10 6

4.93x10-6 0.37x10-6

1 . 40x10-6 0. 10x10 "6

7.50x10 5

2.80x10 5

3.45xl0-6

1.59xl0 6

1.02xl0-6

* NUREG-1169 data taken from the WNP2 FSAR Chapter 15. This data have
been used for a variety of reLease points in WNP2 PSAR.
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TABLE II
NUCLEAR STEAM SUPPLY SYSTEM DESIGN CHARACTERISTICS

THERMAL AND HYDRAULIC DESIGN

Design power, MWt (ECCS design basis)
Steam flow rate, millions lb/hr
Core coolant flow rate, millions lb/hr
Feedwater flow rate, millions lb/hr
System pressure, nominal in steam dome, psia
Average power density, kW/I
Minimum critical power flux ratio (MCPR)
Coolant enthalpy at core inlet, Btu/1b
Core max exit voids within assemblies

'oreaverage exit quality, '1. steam
Feedwater temperature, 'F

NMP2

3,463
14.27
108.5
14.56
1,020
49.15
1.24
527.5
76.2
13.10
420

NUREG-1169

3,468
14.30
108.5
14.26
1,020
49.15
1.24
527.6
76
13.5
420

Desi n Power Peakin Factor

Maximum relative assembly power
Axial peaking factor

1.40
1.40

1. 40
l.40

REACTOR VESSEL DESIGN

Material Low-alloy steel/ Carbon steel/
stainless clad stainless clad

Minimum base metal thickness
(cylindrical section), in
Minimum cladding thickness, in
Design pressure, psig
Design termperature, F
Inside diameter, ft-in
Inside height, ft-in

6.1875
1/8
1,250
575
20-11
72-5

6. 75
1/8
1,250
575
20" 11
72-11
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TABLE

REACTOR COOLANT RECIRCULATION DESIGN

MP2 WREG-116<

No. recirculation loops
Design pressure

Inlet leg, ps ig
Outlet leg, psig

Design temperature, P
Pipe diameter, in
Pipe material, AISI
Recirculation pump flow rate, gpm
No. ]et pumps in reactor

HAIN STEAM LINES

1, 250
1,650(»
1,550(2>

575
24
316K
47,200
20

2

1, 250
1,650(1>
1,550(»

575
24
304/316
47,250
20

No. steam lines
Design pressure, psig
Design temp. 'F

Pipe material

1,2SO
575

Carbon s teel

4
1,250
575

Carbon steel

(1) Pump and dischaige piping to and including the discharge block valve.
( ) Discharge piping from discharge block valve to vessel.
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TABLE III
EMERCENCY CORE COOLINC SYSTEM

DESIGN CHARACTERISTICS

NMP.2 NUREG-1169

Low Pressure Core S ra S stem

No. loops
Flow rate, cpm

Ei h Pressure Core S ra S stem

1

6,350 8 128 psid
1

6,250 9 122 paid

No. loops
Flow rate, 8pm

1 1

1,550 9 1,130 psid 1,650 I 1,110 psid
6,350 9 200 psid 6,250 9 200 psid

Automatic De ressurixation S stem

No. systems
No. relief valves

Low Pressure Coolant In ection

No. loops
Flow rate, @pm/pump

3

7,450 9 26 paid
3

7,450 9 20 paid





TABLE IU

CONTAINMENT DESIGN CHARACTERISTICS

NMP2 NUREG-1169

Primar containment(l)

Type Over & under
pressure
suppression
Mark ZI

Over 6 under
pressure
suppression
Mark II

Construction Reinforced
concrete
steel liner

Steel free
standing

Drywell Frustum of cone,
upper portion

Frustum of cone,
upper portion

Pressure suppression
chamber

Cylindrical
lower portion

Cylindrical
lower portion
with elliptical
bottom

Pressure suppression chamber
internal design pressure, psig

45 45

Pressure suppression chamber-
external design pressure, psig

4.7

Drywell " internal design
pressure, psig

45

Drywall - external design
pressure, psig

Drywell free volume, ft3

Pressure suppression chamber
free volume (min), ft3

Pressure suppression pool
water volume (max), ft3

4.7

303,4IS

192,028

154,794(4)

200,540(»

144,184

112,177
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TABLE IV

NMP2 NUREC-1169

Submergence o f vent pipe below
suppression pool surface, ft

9,5 min
11.0 max

11,67 min
12.00 max

Design environmental temperature
of'rywell, F

1

340 340

Design environmental temperature 27O
of pressure suppression chamber, 'F

275

Downcomer vent pipe
pressure loss factor

1.9

Break area/total vent area 0.0108 0.0105

Calculated maximum pressure
after blowdown to drywell, psig

39.7 34.7

Calculated maximum pressure
in suppression chamber, psig

34.0 28.0

Calculated maximum initial
pressure suppression pool
temperature rise, 'F

50 35

Leakage rate, 7 free volume/day
at 45 psig

0.5

Reactor Buildin

Type Controlled
leakage,
elevated
release<

Controlled
leakage,
elevated
release

Construction

Lower levels Reinforced
concrete

Reinforced
concrete

Upper levels Steel super-structure and
siding

Steel suoer-
structur6 and
siding

Roof Steel decking Steel deck ing
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TABLE IV

P!P2 NURKG-1'.69

Internal design pressure, psig 0. 25 0.25

Design inleakage rate,
/ free. volume/day at 0.25 in H20

100 100

(1) Where applicable, containment parameters are based on design power.
(2) Maximum water in suppression pool.
(3) Does not include water in the pedestal.
(4) At high water level.
(5) Includes entrance and pipe friction.
(6) For accident conditions.
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TABLE V

ELECTRICAL POWER SYSTEM DESICN CHARACTERISTICS

NMP2 NUREG-1169

Offsite Power S stem

Outgoing lines (No.-rating)

Incoming lines (No. -rating)

Onsite ac Power S stem

1-345kv

2-115kv

1-500kV

1-230kv
1-115kV

Normal station service
transformers

Reserve station service
transformers

Standby diesel generators

4,160V ESF buses

ESF buses

dc Power Su 1

Batteries (No.-volts)

3(1)

3(2)

3(2)

3-600-V(»

6-125V(3)
4-24V

3(2)

3(2)

3-4SO-V(»

4-24V
5-12SV(3)
1-250V

Buses (No.-volts) 6-125-V(»
2-24 V

2-24V
5-125V(»
1-250V

(1) Includes one auxiliary boiler transformer.
(2) Includes an HPCS diesel generator.
(3) HPCS battery and bus included.





TABLE VI

POMER CONVERSION S'STEM DESIGN CHARACTERISTICS

NMP2 NUREG-1169

Design power, MWt

Design power, MMe, gross
Generator speed, RPM

Design steam flow, lb/hr
Turbine inLet pressure, psia

3,463
)$ 202
1,800
14.3 x 106
985

3,468
1,205
1,800
15.0 x 106
970

Turbine B ass S stem

Capacity, percent of turbine
design steam flow

25 25

Main Condenser

Heat removal capacity, Btu/hr

Circulatin Mater S stem

7,830 x 106 7,702 x 106

No. Pumps
Flow rate, gpm/pump

6

105,000
8
82,000

Condensate and Feedwater S stems

Design flow rate, lb/hr
.No. condensate pumps

No. condensate booster pumps
No. feedwater pumps
Condensate pump drive
Condensate booster pump drive
Feedwater pump drive
Heater drain pumps

14.917 x 106
2 running, 1

2 running, 1

2 running, 1

ac power
ac power
ac power
3 running

14.260 x 106
stdby. 3 running
stdby. 3 running
stdby. 2 running

ac power
ac power
Turbine
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MSIV LEAKAGE TESTING

INTROOUCT ION

This section describes testing performed at Nine Mile Point Unit 2 to

demonstrate the leakage characteristics of the main steam isolation valves

(MSIV) .

ASSEMBLY AND PRE-OP TESTING

As described in the 10CFR50.55(e) Final Report related to the Main Steam

Isolation Valves dated October 20, 1986, the NSIVs were reassembled with a

revised seat design configured to minimize ball/seat contact stresses.

i

Pre-operational testing of the valves was performed, followed by Type "C" leak

tests between the valve seats. Results indicated that all valves had

acceptable leak rates with the exception of valve 6B. A tabulation of the

valve stroking performed for pre-operational testing and the Type "C" test

results are shown on Table l.

Disassembly of valve 6B revealed considerable damage to the carbide coating on

the ball and to the mating seat surfaces.,
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The bonnets of valves 6C, 60 and 70 were also removed and the ball conditions

noted. Slight damage to the coating of these balls was evident. A remote

video inspection of the remaining valves 7A, 78, 7C and 6A revealed no

apparent damage.

'EAKAGE TESTING

To quantify potential increases in valve leakage as a function of progressive

coating damage, a test program was initiated. The test utilized the ball from

valve 68 in the body of valve 70. The ball from 68 was selected because it
had sustained the most coating damage and, as such, was likely to produce the

most conservative condition.

A combination of full and partial closures was used in the test program to

bound valve stroking requirements up to the first refueling outage. Full fast

closure of the valve represents planned strokes during heatup and up to the

first refueling outage. Partial closure represents the Technical

Specification Surveillance for the Reactor Protection System trip test

performed monthly. A conservative estimate of anticipated valve operations

for the first plant operating cycle is shown on Table 2. Valve stroking

during the leak test program enveloped these requirements. Figure 1 shows the

schedule of valve strokes during leakage testing and the subsequent Type "C"

test results. Each "set" of strokes consisted of two full (90') fast closures

plus two partial (6'rom full open) closures followed by a Type "C" test

performed through the valve (across the seats).
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CONCLUS ION

The testing performed demonstrates that the leakage rate does not

substantially increase when the valve is stroked with the ball wet or dry even

after some ball coating damage has occurred.

It is anticipated that during normal plant operation, some amount of moisture

due to steam condensation will be present on the outer surface of the ball.

This film of condensate could assist in reducing damage to the ball, similar

to the wet stroke tests described above, The effectiveness of this

condensation will be confirmed during prototype testing underway at the valve

vendor's facility.

I'he

6B ball used during the test had the most damage experienced recently

since being refurbished and, as such had the potential for the greatest

leakage. The remaining valves have substantially less or no damage and are

anticipated to have leakage rates less than the test valve. All valves

disassembled for evaluation will be reassembled and tested to meet Technical

Specification limits.
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TABLE 1

HSIV PRE-OP TEST RESULTS

HSIV
full

Closures (Fast)
Partial

Closures (6')
Type IICII *

S.C.F.H.

6A

6B

6C

6D

7A

7B

7C

14

10

10.5

13

13.5

9.5

12

8.5

1.8

8.9

2.8

1.8

0.3

0.6

* Leakage measured between the seats.





TABLE 2

HSIV OPERATIONAL SE UENCE USED

TO ESTABLISH VALVE TEST CYCLES

Valve checkout prior to
Type IICII

1 open/close (fast closure for 6A,

B, C, 5 7D actuator function check)

Valve opening for plant heatup 1 full open

Unanticipated trips 10 close/open (fast closure)

Surveillance 1 cycle (partial closure 6')

Planned trips 5 close/open (fast closure)

Surveillance 1 cycle (partial closure, 6')

100 Hour Warranty Run 1 closure (shutdown for Type "C"

test)

SUBTOTAL FULL CYCLE-17 PARTIAL CYCLE-2

Valve opening or plant heatup 1 full open

Unanticipated trips 5 close/open (fast closure)
(1st month)

Unanticipated trips 5 close/open (fast closure)
(2nd month)





K. Surveillance 3 cycles (partial closure, 6')
(3-5 month)

L. Mini-Outage 1 closure (shutdown)

SUBTOTAL FULL CYCLE-ll PARTIAL CYCLE-3

Valve opening for plant heatup 1 full open

N. Unanticipated'rips 1 cycle (fast closure)

0. Surveillance 3 cycles (partial closure 6')
(6-8 months)

P. Unanticipated trips 1 cycle (fast closure)

Q. Surveillance 3 cycle (partial closure 6')
(9-11 month>

R. Unanticipated trips

S. Surveillance

1 cycle (fast closure)

3 cycles (partial closure 6 )

(12-14 month)

T. Unanticipated trips 1 cycle (fast closure)

U. Surveillance 3 cycles (partial closure 6')
(15-18 month)





Planned trip 1 closure (shutdown)

SUBTOTAL FULL CYCLE-5 PARTIAL CYCLE-12

TOTAL ESTIMATED CYCLES FULL CYCLES-33 PARTIAL CYCLES-)7

TOTAL TEST CYCLES FULL CYCLES-54 PARTIAL CYCLES-54





MSIV TYPE "C" TEST RESULTS
THROUGH THE VALVE

FIGURE

1 8.9

14.5

1 5.8

14.2

12

CO p~ 10

7.9
8.3

d.d
9.3

10.5

11 7
12.3

8.5
8.5

8.2 8A

8.3

e.v 5A

5.2

WETTED'~ DRY

5.5

1 SET=2 PARTIAL STROKES dc 2 FULL STROKES
BALL SPRAYED WITH WATER PRIOR TO CLOSURES

0 2 4 6 8 10 f2 f4 f 6 fa 20 22 24 26
SETS~ OF STROKES
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«»»»» PROGRAtt -» DRAGON -- HU115. EVOO-- 4/30/86 —«»»»» PAGE 1

»»»»»»»»» CARD ItlAGE OF IttPUT SUStlITTEO TO DRAGOtl »»»»»»»»»

CARD COLlRtNS 1 2 . 3 4 5 6 7 8 'ARD COLUttttS
12345678901234567890123456789012345670901234567890123456789012345678901234567890

CARO HO.
1
2
3

5
-6

7
8
9

10ll
12
13
14

««POST-LOCA CONTROL ROOtl
7 1010 1 1010 0.0

DRYHELL
CONTROL ROON

3.I04t0 9.18>7 1.34<8
1.93t7 2.32t7 3.9lt7
7,9517 5.5lt5 8.06td

1 1.0
2 1.0
3 1.0
4 1.0
5 0,97
6 0.91
7 0.72

DOSES OUE TO 200 SCFN RELEASE
1.0 0.0 0.0 0.25 0.0

2.85o5 6.55-3
3.8115 750 0.99 1500

1.9218 Z.Ii<8 1.8liS 8.76>7 1.0917
1.10t7 2.35>7 1.0516 4.5017 6.3817
1.9318 3.63@7 2.4917 1.6918 I.dltS

1.0 1.0 1.01.29-3
1.0 1*0 1.01.29-3
1.0 1.0 F 01.29-3
1.0 1. 0 1. 01. 29-3
1.0 1.0 1.09.90-4
1.0 1.0 1.03.37-4
1.0 1.0 1.09.92-5

1.0

0.99

1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0

0.0001
1.0
6.0
8.0

24.0
96.0

720.0

123456789012345678901234567890123456789012345678901234567890123456789012345d7890





xxxxx PROGRAN — DRAGON —NU115.VERO>.LEVOO — 4/30/86 —xxxxx PAGE 1

x x x x x x x x x CARO INAGE OF INPUT SUBNITTEO TO DRAGON x x x x x x x x x

CARD COLNINS 1 2 3 4 5 d 7 8 CARO COLUtRtS
12345678901234567890123456789012345678901Z3456789012345678901Z3456789012345d7890

CARO NO.
1
2
3
4
5
6
7
8
9

10ll
12
13
14
15

xxPOST-LOCA CONTROL ROON DOSES DUE TO 200 SCFH RELEASE 'TNRU TURD DLOG

7 ilIIOllll000100~00 ~ 00250 ~ 010
DRYHELL Z.85t5 6.55-3
TURBINE BLDG ~ 2.47t6 5. 068
CONTROL ROON 3.0lt5 750 0.99 1500 0.99

3.04t0 9.18t7 1.34t8 1.92t8 Z.llt8 1.8lt8 8.76t7 1.09t7
1.93t7 2+32t7 3.9lt7 1.10t7 2.35t7 1.05t6 4.50t7 6.38t7
7.95t7 5+5lt5 8.06td 1.93t8 3.63t7 Z.49t7 l.d9t8 1.6lt8

1 1 ~ 0 1.0 1.0 ~ 1.0 1.01.29-3 1.0
2 1.0 1.0 1.0 1.0 1.01.29-3 1.0
3 1.0 1.0 1.0 1.0 1.01.29-3 1.0
4 1.0 1.0 1.0 1.0 1.01.29-3 1.0
5 0.97 1.0 1.0 1.0 1.09.90-4 1.0
d 0.91 1.0 1.0 1.0 1.03.37-4 1.0
7 0.72 1.0 1.0 1.0 1.09.92-5 1.0

1.0

0.0001
1.0
6 '
8.0

24.0
96.0

720.0

12345678901234567890123456789012345678901234567890123456789012345678901234567890





«««««PROGRAII — DRAGOtl »- tIU115.VER05.LEVOO-- 4/30/86 -» «wwwa PAGE

«««««««««CARO INAGE OF INPUT SUStlITTED TO DRAGON a ««««««««

CARD COLMINS 1 2 3 5 d 7 8 CARO COLUItttS
1R345678901R3456789012345d709012345678901234567890123456789012345678901234567890

CARO NO.
1
2
3
4
5
6
7
8
9

10ll
~

1R
13
14
15

««POST LOCA CONTROL ROOtl DOSES DUE TO 200 SCFH RELEASE THRU COIIDEIISER

1110 1 1110 0.0 1.0 0.0 0.0 0".25 0.0 1.0
DRYHELL 2.8545, . '6.55-3
COIIOENSER 1.2345 5.85-2
CONTROL RODII 3.8145 750 0.99 1500 0.99

3.0440 9.1847 1.3448 1.9R48 R.114S 1.8148 8.7647 1.0947
1 9347 2 3247 3.9147 1.1047 2.3547 1.0546 4.5047 6.3847
7 ~ '9547 5.5145 8.0646 1.9348 3.6347 2.4947 1 ~ 6948 1.6148

1 1.0 = 1.0 1.0 1.0 1.01.29-3 1.0
2 1.0 1.0 1.0 1.0 1.01.29-3 1.0
3 1.0 1.0 1.0 1.0 1.01.29-3 1.0
4 1.0 1.0 1.0 1 ~ 0 1.01.29-3 1.0
5 097 . 10 10 1 ~ 0 1.09.90-4 1.0
6 0.91 1.0 1.0 1.0 1.03.37-4 1.0
7 0.72 1.0 1.0 1 0 1.09.92-5 1.0

1.0

0.0001
1.0
6.0
8.0

24.0
96.0

720.0

1R345678901234567890123456789012345678901234567890123456789012345678901234567890



1



CARO COLUIINS

CARD NO.
1
2
3
4
5
6
7
8

%Nasa PROGRAH - DRAGON »- NU115.VER05.LEV00-- 4/30/86 —xaaax

% s a a a a II a a CARD lllAGE OF ItIPUT SUQIITTEO TO DRAGON a a a a a a a a a

1 2 3 4 5 6 7 8 CARO COLUIINS
12345678901234561890123456789012345678901234561890123456789012345d 78901234567890

RELEASE THRU CONOEtISER
0.0 0 '5 0.0 1.0

1.0
4.10-1

1.8118 8.7607 1.0907
1.0516 4.50@7 6.3817
2.49@7 1.6918 I.dltS

1 90-4

aaPOST-LOCA EAB DOSES DUE TO 2000 SCFH
1 1101 1 0001 0.0 1.0 0.0

ORYHELL 2.85o5
COND EtIS ER 1.23o5

3.0410 9.18I7 1.3418 1.92>8 Z.lltS
1.9317 2.32t7 3.9lt7 1.1017 2.3517
7 '517 5.5lt5 8.0616 1.9318 3.6317

1 7.07-2 1.0 1.0 2.0

12345678901234561890123456789012345678901234567890123456789012345618901234567890

PAGE 1

A
r
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C
I

0

I

0
fQ

I





xsxIl PROGRAH - DRAGON - NUII5.VER05.LEVOO-- 4/30/86 —kwxwx PAGE 1

s m a e s e a a s CARD IHAGE OF INPUT SUDHITTED TO DRAGON x a s s x s x x s

CARD COLONS 1 2 3 4 5 d 7 8 CARD COLONS
12345678901234567890123456789012345678901234567890123456789012345678901234567890

CARO NO.
1
2
3
4
5
6
7
8
9

10ll

axPOST-LOCA LPZ ROON DOSES DUE TO 2000
4 1101 1 0001 0.0 1.0 0.0

DRYHELL 2.85t5
CONDENSER 1.23o5

3 0410 9 ~ 18+7 1.3448 1.92t8 2.1148
1.9347 2.3217 3.9107 1.1017 2.3517
7.9517 5.5115 8.0616 1.9318 3.6317

1 6.57-2 . 1.0
2 6.37-2 1.0
3 6.00-2 1.0

4.70-2 1.0

SCFH RELEASE THRU CON)ENSER
0.0 0.25 0.0 1.0

1.0
F 10-1

1.8lt8 8.7dt7 1.09t7
1.05td 4.5017"6.38@7
2.49+7 1.6918 1.61t8

1.78-5
1.19-5
4.93-6
1.40-6

1.0 8.0
1.0 24.0
1.0 96.0
1.0 720.0

123456789012345d789012345678901234567890123456789012345d789012345678901234567890
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