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Public Service
Electric and Gas
Company
Corbin A. McNeill, Jr. Public Service Electric and Gas Company P.O Box 236, Hancocks Bridge, NJ 08J38 609 339-4800
Vice Presiuent
Nuclear

December 23, 1985

Director of Nuclear Reactor Regulation
United States Nuclear Regulatory Commission
7920 Norfolk Avenue

Bethesda, Maryland 20814

Attention: Ms. Elinor Adensam, Director

Project Directorate 3
Division of BWR Licensing

Dear Ms. Adensam:

MANUAL/AUTOMATIC INITIATION DESIGN OF
BAILEY SOLID STATE LOGIC MODULE

HOPE CREEK GENERATING STATION

DOCKET NO. 50-354

As a result of the telecon held on December 17, 1985 between
representatives of Public Service Electric and Gas Company
(PSE&G), Bechtel, and the NRC concerning manual/automatic
initiation design of Bailey Solid State Logic Module (SSLM);
PSE&G notes the following:

1.

PBATRBAR $3035320

The single failure criterion is satisfied for each
safety~related system that utilizes the SSLMs since

the minimum number of operable channels required to
perform the safety function is less than the total

number of channels provided. For each monitored variable,
a list of the number of channels required to satisfy
single failure criteria is provided in Table 3.3.2-~1

of the Hope Creek Technical Specifications.

Channel Checks and Channel Functional Tests shall be

performed in accordance with Technical Specifications.

These tests are identical to those done on relay plants

and will assess the operability of the instrument channels o‘
as per Technical Specifications. The operability of ejb
the SSLMs is assessed during Logic System Functional

Testing. These tests are performed in accordance with ’}'
Technical Specifications.

Fro.



Director of Nuclear 2 12/23/85
Reactor Regulation

In the event you require further information on this subject,
do not hesitate to contact us.

Sincerely,

Ca m -l J/

C D.H. Wagner
USNRC Licensing Project Manager

R.W. Borchardt
USNRC Senior Resident Inspector
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QUESTION 210.56 (SECTION 3.9.6)

There are several safety systems connected to the reactor coolant
pressure boundary that have design pressure below the rated
reactor coolant system (RCS) pressure. There are also some
systems which are rated at full reactor pressure on the discharge
side of pumps but have pump suction below RCS pressure. In order
to proteclt these systems from RCS pressure, two or more isolation
valves are placed in series to form the interface between the
high pressure RCS and the low pressure systems. The leak tight
integrity of these valves must be ensured by periodic leak
testing to prevent exceeding the design pressure of the low
pressure systems.

Pressure isolation valves are required to be category A or AC per
IWV-2000 and to meet the appropriate requirements of IWV-3420 of
Section XI of the ASME Code except as discussed below.

Limiting Conditions for Operation (LCO) are required to be added
to the technical specifications which will require corrective
action; i.e., shutdown or system isolation when the final
approved leakage limits are not met. Also, surveillance
requirements which will state the acceptable leak rate testing
frequency shall be provided in the technical specifications,

Periodic leak testing of each pressure isolation valve is
required to be performed at least once per each refueling outage,
after valve maintenance prior to return to service, and for
systems rated at less than 50% of RCS design pressure each time
the valve has moved from its fully closed position unless
justification is given., The testing interval should average to
be approximately one year. Leak testing should also be performed
after all disturbances to the valves are complete, prior to
reaching power coperation following a refueling outage,
maintenance, etc.

The staff's present position on leak rate limiting conditions for
operation must be equal to ur less than | gallon per minute (GPM)
for each valve to ensure the integrity of the valve, demonstrate
the adequacy of the redundant pressure isolation function and
give an indication of valve degradation over a finite period of
time. Significant increases over this limiting value would be an
indication of valve degradation from one test to another.

The Class | to Class 2 boundary will be considered the isolation
point which must be protected by redundant isolation valves.

In cases where pressure isolation is provided by two valves, both

will be independently leak tested. When three or more valves
provide isolation, only two of the valves need to be leak tested.

210,56+ Amendment 8
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Provide a list of all pressure isolation valves included in your
testing program along with four sets of Piping and Instrument
Diagrams which describe your reactor coolant system pressure
isolation valves.

Also discuss in detail how your leak testing program will conform
to the above staff position.

RESPONSE

The reactor coolant pressure boundary has been reviewed for
interconnecting safety-related low pressure systems. Table
210.56~) summarizes the results of this review. The table
identifies the reactor coolant system pressure isolation valves
and details the extent of compliance with the staff's position.
Also identified in Table 210.56~1 are those pressure isclation
valves that are leakage tested.

The HCGS uses two isolation valves. The isolation valves are
periodically leak rate tested as 10 CFR 50, Appendix J, Type C
valves or ASME Section XI, Category A valves. In the event of
isolation valve leakage a safety relief valve will further
protect the low pressure system.

As an alternate to conducting a liquid leak rate test using reactor
coolant operating pressure, PSE&G proposes to fulfill these leak
rate test requirements using the results of the Appendix J,

Type C, test program,

In support of conducting Appendix J leak rate testing in place of
t at reactor coolant system operating pressure, PSE&G
conductf a program consisting of the analytical

a physical testing. The intent of

C
rogram

to ensure that Appendix J testing in conjunction
- e pressure relieving device installed in these systems
pplies the a rance tha i 1]l _integr of these
systems s maintained. (n thae oaucost &) -

Saaas an an s s sa B o 1 & J

lebled bR accordance widbh o bhe RHG cbadbd aopeacbaan et brepr e
at reactor contant ayatem operatrng pressure s Shereonntbo o

;::;;;:::::..—w+%4-b0—.0bQ#000‘—00—0h0-IlG—G.O—OOﬁ%.U—,O&OG—&.—

In addition to leak rate testing each refueling outage, each
pressure isolation valve will be leak rate tested prior to
returning to service after:

1. Maintenance has been performed that could affect the seat
leakage rate;

210.56-2 Amendment 8
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2. The systems rated at <50% of RCS design pressure, each time
the valve has moved from its fully closed position, except
when the testing would put the plant in a limiting condition
of operation, or provisions are made to monitor the low
pressure side of the valve for leakage or pressure
increases.

Four sets of full size P&IDs were submitted under separate cover.

The P&IDs that the NRC staff will need to review this response
are identified in Table 210.56-2.

210.56~1 Amendment 8
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TABLE 210.536-1 Page 1 of 2 |

SAFETY-RELATEZD LOW PRESSURE SYSTEMS
CONNECTED TO THE RCPS

TR ?ml—pt Connecting Line T Pressure T Ieak Safety-melief
Nozzle Penetgation _ Descrigtion _ Isolation valve Tested _ Protectior

KRB P~3 RHR Shatdown BC-Viest2) ) LR
Coolirng Suctior BC-VOT1C) ) ’

~E P-8A RHR Shatdcwn acC-va13c2) (2 3} )
Cooling Feturr BC-VO 14ty 3 ‘
SC-V118¢ 1) ) I

L] Pag RHR Shutdowr BC-vingt) ) o)
Coo.ing PFerur: BC-vittadts) ) '
BC-vI117¢1) ) '
P e —— s - s . I
e o5y i
f—w»‘“——_* i
S—werr——rr— —nper—To— —EI—reyeees . v |
e — e ———— ey i
)—to-com -y i
NSa F5A Core Spray BE-VO03¥C2) ) 1) |
BE-V002€1)¢s) ' 1) |
BE-VOT72¢) (2} |
N3 P38 Core Spray BE-VOQTC2)Y ) 12 |
HBPCI to Core Spray e —ror— |
BE-V006C1)C(s) (23] i
BE-VO71¢(1) (2} I

NoR W RHR, PPV Head BC-vo20¢t2) ) )
Spray BC-v021C1) ) '

NI17A FSA RHR, LPCl Bo-VO0&C2) ) (1)
BC-V005€(33¢s) €3 I
BC-V122¢ 1) (£ 3] |
N TE 113 RHR, LPCI BC-V016¢2) €2 ‘v |
BC-¥017¢Ca0Cs) 3 1
BC-V120€¢1) %) I

N17C F6D RHR, LPCI1 BC-VI101C2) <3 1)
BC-V102¢1)(s) ) ’
BC-VI21C) ) |
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Ist gressure isolation valve.

ind ;a‘uue isolation valve.

Leak rate tested in accordance with 10 CFR 50, Appendix J.

leak rate tested in accordance with ASME, Section XI.

Functicnally tested as a Category C check valve in accordance with

ato:l.nl'ul valve BC-PSV-FO029 provi“i, overpressure protection.
setgp t and a W gpm capacity.

tafety relief valwe BC-PSV-FO25E provides overpressure protection.
setpcint and a Y gpm cagacity.

Safety-rel.ef valve BC-PSV-FO2SA provides overpressure protection.
sressure and a ') gpm capacity.

Safety relief valve BD-PSV-FO17 provides overpressure protection.
setpoint and a 10 gpm capacity.

Safety relief valve BJ-PSV-F020 provides overpressure protection.
setpoiat and a 15 gpm capacity.

Safety-relief valve BE-PSV-FO012F provides overpressure protection.
setgoint and a 100 gpm capacity.

Safety-relief valve BE-PSV-FO12A provides overpressure protectior.
setgoint and a Y0 gpm capacity.

Safety-relief valve BC-PSV-F025C provides overpressure protection.
setgoint and a 10 gpm capacity.

Safety-relief valve BC-PSV-FO25C provides overpressure protectior.
setpoint and a 10 gpm capacity.

Jrd gressuce isolation wvalve. Two of the three valves are required to meet the leak rate

acceptance criteria.

BOGS FSAR wWses
TABLE 210.356-1 (Cont'd) Page 2 of 2
RPV Containment Connecting Line Pressure Leak Safety-Relief
§ozzle  Bspetzat.m _ Descriprion Isolation Valve Tested _ Protection _
N7 PeC RER, LPCI BC-VI13C2) (3] e
BC-VIlgtadts) o
BC-V119¢C) %>

ASME, Section XI.
It has a 170 psig

It has a 810 psig

It has a 810 psig set

It has a 100 psig

It has a 100 psig

It has a S00 psig

It has a 500 psig

It has a 8% psig

It has a 410 psig

Amer.dment 8
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TABLE 210.56-2
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P&4IDS REVIEWED FOR INTERCONNECTING LOW PRESSURE SYSTEMS

M=01-1
M-05-1,
M-06~1
H-OI-O.
M-08-0,
M=23~-1,
"'3."0'
M-41~-1,
M-41~1,
M-42-1,
M=43-1,
M-44-1
M-46~)
M=47~1
M-48~-)
M=49-)
M=50~1
M-51-1,
M=51=1,
M=52~1
M=55-1
M=56~1
M=72~1

Sh.
Sh.
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Rev.
Rev.
Rev.
Rev,
Rev.
Rev.
Rev,
Rev.
Rev.
Rev.,
Rev.
Rev.
Rev.
Rev,
Rev.
Rev.
Rev,
Rev.
Rev.
Rev.
Rev.
Rev,
Rev,
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1.0 PURPOSE

The purpose of this procedure is to present the test methods to be used to develop
correlation data for velve leakage with low pressure air or nitrogen in place of high

pressure water.

The objective of the test program is to provide PSE&XG with both analytical and
empirieal justification that satisfactory compliance to 10CFRS50 Appendix J, Type C
testing will meet or exceed the requirement that reactor or coolant pressure boundary
isolation valves, at reactor coolant pressure, have an individual leakage of less than
one gallon per minute for any valve.

The establishment of such justificetion would eliminate a need to perforin the high

E-“ leak test prior to returning to power after an outage, or after valve repairs.
other words, c'imination of the high pressure leak tests could be justified on a

correlation of Typ. C tests at 48.1 psig to high pressure leak tests with water at 1020

2.0 REFERENCES
2.1 Publie Service Electric & Gas P.O. #083496

2.2 PSE&G Specification for Acceptability of Using Air Versus Water for Leak
Testing ¢f Reactor Coolant Boundary Valves

2.3 10CFRS50 Appendix J, Primary Reactor Containment Leakage Testing for Water
Cooled Power Reactors

2.4 Flow of Fluids, Crane Technical Paper No. 410

2.5 Flowmeter Computation Handbook, prepared by the ASME Research Committee
on Fluid Meters

3.0 GENERAL REQUIREMEZNTS
3.1 Test Specimen, Laboratory Tests

The test specimens shall consist of several locally made, very small diameter
orifice fittings, and two or three micrometer valves.

3.2 Test Arrangement, Laboratory Tests

He Tl arrengeient shall De a sysiea & Q) gl emationily in Figure 1,

WHIMAL JAN ™
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3.3 Test Instrumentation

Test instrumentation shall consist of two pressure gages, 0-100 or 150 psig and
0-1500 psi, an inlet temperature measurement thermocouple, a rotometer or
mass flowmeter for measuring nitrogen flowrate and a flowmeter for
measuring water flowrate. The instrumentation shall be as shown in Figure 1.

! 4.1 Laboratory Tests

4.1.1 Each test specimen will be installed in the test system and subjected
f to a flow test first using nitrogen and then using water. Inlet pressure
to the test specimen shall be regulated to 48.1 psig for the nitrogen
‘ test, and to 1020 psig for the water test. Water pressure will be
obtained using nitrogen over water in the accumulator. The
mierometer valves will each be tested over a range of openings (Turns
Open). For each orifice and for each set valve opening the ni
flow test will immediately be followed by the water flow test. For
| each test, flowrate will be determined using the appropriate flowrate
' meter. Temperature of the test fluid will be recorded and will be
maintained as near the original ambient temperature as reasonable
time between tests will alow. A variation of several degrees
fahrenheit during nitrogen or air tests is acceptable.

4.1.2 A large range from near zero to over 70,000 SCCM flowrate of
A nitrogen is desirable and the micrometer valve settings should be
y ! adjusted accordingly. Water flowrates from near zero to over 2 GPM

are desirable and settings adjusted accordingly. Test sequence from
nitrogen to water should always be maintained for each orifice and

l valve setting.
| ¢ 4.1.3 Data from the hbonm tests for each fluid will be plotted for the
series of orifice tests for each valve series of openings. This data

‘ as plotted should closely approximate a straight line which would
indieate close agreement with the basic equations for fluid flow

! orifices. If such agreement is found, then for each orifice
,“' area and for each valve and its series of openings, a plot of nitrogen
flowrate versus water flowrate will be made. If the previous plots

' provided straight line relationships, this plot will also provide straight

line relationships; and If the data Is o tent fo¢ the various t
specimens, the lines for each specimen will have nearly the same
' slope.
| L
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4.2 Field Tests

4.2.1

If analysis of the above laboratory tests indicate a consistent
relationship for the various test specimen openings (i.e., a consistent
slope for the nitrogen flowrate versus water flowrate plot), field
testing will be performed by PSE&G.

Fieid testing will be accomplished in accordance with PSE&G, PSSUG-
PTP-GP-2. Air will be used instead of nitrogen, and test pressures and
temperatures will be held as close as possible to those of the
laboratory tests. Valves to be tested will be selected from those listed
in reference 2.2 above, and are installed valves at the Hope Creek
Generating Station. Testing will be accomplished by PSE&G de-
nlguud personnel. Copies of Appendices 4A and 4C of PSSUG-PTP-
GP-2 are included in Appendix I of _this Procedure. These two
Appendices are the operating instructions for the Volumetries Leak
Rate Monitor and for the high pressure hydraulic leak rate monitor
respectively. Diagrams of the test systems for these two leak rate
monitors are also included in Appendix L

5.0 FINAL REPORY

5.1 The final report will be

upon completion of all laborataory and field

prepared
testing. Data from the field tests will be compared with the laboratory test
data and the extent of correlation noted for field water flowrates as compared
to laboratory water flowrates for any given air or nitrogen flowrate.

PLANT SERVICES DIVISION
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LD
2
Nitrogen
V@
Water

LABORATORY TEST SYSTEM
LEGEND:

Pressure Regulator

2. Vent Valve

3. Accumulator

4. Water Flowmeter

5.  Thermocouple

6. Pressure Gage

7.  Orifice or Test Valve Installation
Rotometer or Massflow Meter for GN,
Measurement

FIGURE #1
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APPENDIL 4A
TEST EQUIPMENT OPERATING INSTRUCTIONS
LOCAL LEAK RATE MONITOR

1.0 Equipment

1.1

1.2

1.3

The local leak rate monitor is & portable self-contained instrument that
pressurizes the test volume to a prescribed pressure. Using & pressure
regulator to maintain test pressure, the make up fluid to the test volume
required 10 maintain test pressure is measured using a flow meter which is a
direct measurement of Jeakage rate.

Leak rate monitor will be operated in accordance to the manufacturer's
operating manual.

Test tubing (High density polyethylene tubing 1/3" x 0.040" wall).

Leak Rate Test Procedure

2.1
2-2

2.3

2.4

Turn power switch on (120V AC) and allow 30 minute warmup.

Adjust pressure zero control potentiometer to indicate zero pressure (+ 0.1

psig).

Connect the instrument to a supply of extra dry nitrogen and adjust nitrogen
supply to 150 psig.

Flow calibration check (at least once every 24 hours).
2.4.1 Turn range value and range switch to low.

2.4.2 Turn mode valve to cal low. Directs flow through low range
caliviated leak.

2.4.3 Adjust low zero flow transducer potentiometer to indicate zero flow
(+ 1.0% of low raige).

2.4.4 Adjust pressure regulator to apply the calibrated leak check
pressure (determined at least calibration).

2.4.5 Read flow rate and determine if within range of calibrated leak.

= 175 o o i L $ha rrant . anerad W S s % B Swai .
oceed to calibrat heek the various renges DY repeating step

2.4.

PSSUG-PTP-GP-2
APPENDIX -4A
REV. NO. 0
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2'5

2.6

2.7

2.10
2.11

Procedure No. 1776l-1

Rev. No. 2

Date: November 20, 1985
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2.4.6 1f any range is not within the Test Orifice Celibration Range
eriteria return for repeir. All ranges are independe 1t of each other.
If one range (flow transducer) does not meet its :alibration check
this does not effect the other ranges and

Turn range valve to charge and mode value to set test. Adjust pressure
regulator to the desired test pressure (-0, + 0.5 psig).

Connect instrument to the component being tested using the appropriate
length tubing with shut off valve at end of test tubing. Valve in off position.

Turn range valve to low and mode valve to test. Adjust pressure regulator
to test pressure and aliow instrument to stabilize. Determine if test tubing
and test setup leaks and eliminate if any.

Open test tubing valve and test component connection valve. Allow test
component to pressurize to test pressure (-0, + 0.5 psig).

When test pressure is obtained allow system to stabilize for minimum of 15
minutes.

Maintain stable test conditions for test period minimum of 15 minutes.

Record data on test sheet.

System Shutdown

3.1
3.2
3.3
3.4
3.5

3.6

Close test component connection valve and test tubing valve.
Turn mode valve to set test.

Decrease pressure to zero with pressur> regulator.

Close nitrogen tank valve.

Disconnect test tubing, test set to test component and test set to nitrogen
tank.

Turn power switch off.

PSSUG-PTP-GP-2
APPENDIX -4A
REV. NO. 0
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APPENDIX 4C
TEST EQUIPMENT OPERATING INSTRUCTIONS
HIGH PRESSURE HYDRAULIC LEAK RATE MONITOR

Equipment

1.1

1.2

1.3

1.4

1.5
1.6

The hydraulic leak rate monitor is a portable self-contained instrument that
pressurizes the test volume to a prescribed pressure, using & hydraulic pressure
regulator to maintain pressure. Makeup fluid (demin. water), to the test
volume required to maintain test pressure, is measured. Using a liquid flow
rate measuring transducer provides a direct measurement of in-flow leakage
rate.

High pressure air driven liquid pump (0-1500 psi output pressure, 5 gpm liquid
flow with 50 psi, 175 SCFM air pressure).

Hydraulic leak rate monitor and high pressure air driven liquid pump will be
operated in accordance to the manufacturer's operation manual.

Hydraulic test hoses with shutoff quick connect (thermoplastic tube with
double braid synthetic reinforcement) maximum operating pressure 2000 psi.
Hose ends are to be capped at all times to prevent foreign material from
entering test hoses.

Test hose shutoff-bleed valve and calibrated high pressure gage (0-1500 psig).

The hydraulic leak rate monitor shall be connected to the high pressure air
driven liquid pump as follows:

1.6.1  Hydraulic leak rate monitor tank fill connection to hydraulic tank.

1.6.2 Hydraulic leak rate ‘monitor drain-tank connection to hydraulic tank
drain.

PSSUG-PTP-GP-2
APPENDIX 4C
REV. 0

PAGE 1 OF 4
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1.6.2 Hydraulic leak rate monitor high pressure connection to air pump
liquid high pressure connection.

1.6.4 Hydraulic leak rate monitor air connection to air pump air connection.

Hydraulic leak rate monitor hook up.

2.1

2.2

203

Connect the instrument to a supply of demineralized water (60-100 psig) use
only local Jeak rate hydraulic test hose.

Connect the instrument to a supply of station air (125 psig) use station air
hoses.

Connect the instrument using hydraulic local leak rate hose to test componers,
with shutoff-bleed valve and calibrated test gage at test component end

Hydraulic Leak Rate Flow Calibration Check Procedure (At least once every 24 hours).

3.1
3.2

3.3

3.4
3.5

303
3.7

3.8
3.9

Turn power switch on (120V AC) and allow 30 minute warmup.

Adjust low pressure zero control potentiometer to indicate zero pressure (+0.1

psig).

Connect the instrument to a supply of demineralized water (60-100 psig). Use
only local leak rate hydraulic test hose.

Turn switeh on low flow transducer to zero.

Adjust low flow transducer zero potentiometer to indicate zero flow (+ 1.0%
of flow range).

Turn switeh on high flow transducer to zero.

Adjust high flow transducer zero potentiometer to indicate zero flow (+ 1.0%
of flow range).

Connect the instrument drain to suitable drain.

Turn DI-WATER valve on.
PSSUG-PTP-GGP-2

APPENDIX 4C
REV. 0
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3.10
3.11
3.12

3.13

3.14

3.15
3.16
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Turn FLOW-RANGE valve to low.
Turn CAL-CHECK valve to on.

Adjust hydraulic pressure regulator to apply the calibrated leak check pressure
(determined at last calibration).

Read low flow rate and determine if within range of calibrated leak. If within
tolerance proceed to calibration check the high low range by repeating steps
2.12-2.13 with flow range valve to high.

If any range is not within the acceptance criteria return instrument for repair
and calibration. Ranges are independent of each other. If one range (flow
transcucer) does not meet its calibration check this does not effect the other
range and may be used for certified testing.

Turn CAL-CHECK valve off.

Decrease hydraulic pressure regulator (turn counterclockwise).

Leak Rate Test Procedure

4.1

4.2
4.3
4.4
4.5

4.6

Maintain hydraulic tank at 1/2 - 3/4 full during complete test using the
DIWATER tank needle val ‘e.

Turn flow range valve to h.gh flow and mode valve to test.

Turn switeh to high pressure transducer.

Turn AIR valve on, air transducer, regulator decreased (counterclockwise).
Increase high pressure by increasing AIR pressure regulator and adjust high

pressure relief regulator to the maximum high pressure. This will relieve
pump pressure to tank and maintain test pressure flow by adjusting AIR

regulator.

Crack bleed valve and purge hydraulic test hose of air. Turn valve to off
position.

PSSUG-PTP-GP-2
APPENDIX 4C

PAGE 3 OF 4
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4.8

4.9

4.10

4.11
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Turn test commponent valve on and determine component head presure,
record.

Adjust high pressure relief regulator to test pressure plus head pressure.

Open hydraulic test hose valve and allow test component to pressurize to test
pressure plus head pressure.

When test pressure is obtained, allow system flow to stabilize. Stabilization is
a steady flow rate at test pressure.

Record data on attached test shects.

System Shutdown

5.1

5.2

5.3
5.4
5.5

5.6

5.7
5.8

Reduce high pressure by reducing air pressure regulator to air pump
(counterclockwise) to the pretest head pressure turn mode valve to off.

Reduce high pressure by reducing air pressure regulator to air pump
(counterclockwise).

Turn air valve off.
Turn test component valve off.

Turn test connection valve to bleed. Relieve test pressure from hydraulic
test hoses.

Disconnect hydraulic test hoses DIWATER to instrument, instrument to test
component. Cap all hydraulic test hose ends.

Turn station air off and disconnect station air hose to instrument.

Drain hydraulic tank and disconnect drain hose from instrument.
PSSUG-PTP-GP-2
APPENDIX 4C

REV.0
PAGE 4 OF 4
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REQUIREMENTS

The specimens for laboratory testing were subjected to tests in accordance with
Wyle Test Procedure No. 17761-1, Rev. 1. The specimens for field testing were
subjected to tests in accordance with PSE&G LLRT Procedure PSSUG-PTP-GP-2,

as indicated in the Wyle Test Procedure.

The objective of the test program, which this report is intended to support, is to
provide PSE&G with analytical and empirical justification that satisfactory
compliance to 10CFR50 Appendix J, Type C testing will meet or exceed the
requirement that reactor coolant pressure boundary isolation valves, at reactor
coolant pressure, have an individual leakage of less than one gallon per minute for

any valve.

The establishment of such justification would eliminate a need to perform the
high pressuvre leak test prior to returning to powe" after an outage, or after valve

repairs. In other words, elimination of the hign pressure leak tests could be

justified on a correlation of Type C tests at 48.1 p:ig to high pressure leak tests

with water at 1020 psig.
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PAGE NO 2

TEST REPORT NO. 17761-1 REV. A

2.0

3.0

4.0

5.0

SPECIMEN | A
For laboratory tests: six local prepared orifices with nominal diameters as
follows: .012 in

.020 in.

.031 in.

.040 in.

052 in.

.060 in.
and two 1/4 inch micrometer valves.

For field tests: identified penetrations as per PSEG.

PART NO. | A

There are no part numbers for the local prepared orifices. For the field tested
valves, sufficient data for full identification is provided in the Field Test Data
Sheet, Table 5, Appendix = For the micrometer valves:
Mfgr. - HOKRE P/N 1315G4Y
- NUPRO P/N SS-2M-S6

SERIAL NUMBERS - None. | A

PROCEDURES ' a
The flow of fluids through an orifice may be expressed as follows (see
reference 2.4 of the Test Procedure, "Crane Technical Paper No. 410"):

q = YCA |/k-;é‘1

whereq = rate of flow

Y = net expansion factor for compressible flow through
srifices, nozzles, or [\ipe

e - flow coefficient for orifices and nozzles

A = cross sectional area of the orifice

2 = gravitational constant

AP = differential static pressure (head) across the orifice or
nozzle
P =  weight density of the fluid

-y

WYLE LABORATORIES
Huntsville Facility
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TEST REPORT NO 17761-1 REV. A

The expansion factor (Y) for compressible flow is a funetion of:

1. The specific heat ratio k, which varies slightly with different pressures
and temperatures. For air and nitrogen at 68°F and 14.7 psia, the
specific heat ratios are 1.4 and 1.41 respectively.

The ratio (& ) of orifice or throat diameter to inlet diameter.

3.  Ratio of downstream to upstream absolute pressures.

If all the above conditions were held fixed except for area, the flowrate
through a set of similar orifices would be directly proportional to the area of
the orifice, and a plot of flowrate versus area would be linear.

For the laboratory tests, a series of six different sizes of orifices were
prepared by drilling holes in metal plates. No particular atteition was given
to aceurate sizing or to finishing the edges of those holes. These orifice plates
along with two micrometer valves were used as specimens to gather correlated
flowrate data for nitrogen at low pressure, and then water at high pressure
over a range of areas and valve openings (valve turns).

For a meaningful correlation to exist between the laboratory data for the
nitrogen versus water flowrates it was assumed that the laboratory data for
each fluid would exhibit close correlation with the above linear relationship of
flowrate versus area. This further assumed that variations in the finish of the
edges of the six orifices, and that slight variations in temperature of the
nitrogen (compressible) fluid would not be significant. The following analyses
of the laboratory test data show these assumptions to be valid and that a close
linear relationship exists for flowrate versus each set of specimen area
variations.

WYLE LABORATORIES

Huntsville Facinty
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Laboratory Tests

Six orifice sizes and two micrometer valves were installed and tested as
required. The test data is inciuded in Appendix |, Tables 1 through 4. Two
runs were made using the HOKE micrometer valve. The first run provided
good data but was considered insufficient in coverage of the lower range of

fluid flow. A second run was made providing a greater range of data.

Test fluid temperatures were local ambient and varied slightly between tests.
For the water (incompressible) test fluid, the temperature differences are
considered insignificant. For the nitrogen (compressible) test fluid,

temperatures varied not more than 2°F throughout the duration of a given

test. On an absolute temperature basis, the effect of this temperature

variation is considered insignificant regarding flow variation.

Water flow data was recorded in gallons per minute (GPM) and nitrogen gas
flow data was recorded in actual cubic centimeters per minute (ACCM) and
converted to standard values (SCCM).

Analysis of the Laboratory Test Data

The flowrate data for each test orifice and valve versus the orifice area or
number of turns opened (Valve Turns) for the micrometer valves was plotted
using a linear plotting program. A least square fit was computed for each and
a siope and intercept provided. In each case, the data plotted (Figures 1, 2, 3,
4, 9 and 10) shows a high linear correlation over significant range of the data.

The data plotted for the NUPRO micrometer valve appeared to be bilinear.
Two fits were determined and two plots are provided for each test fluid. A
straight line is plotted for a low range valve opening below 0.5 turns, Figures 5
and 6, and for a higher range above 0.5 turns, Figures 7 and 8.

™ . . £

n ¢ the bilinear relat <hin is assumed to be a result of the r

linear relalionship of the valve area « vith yecl 1 ve LUl
| t

denreased flowrate for the more "opened" valve setting supports this
assumption. Regardless, the straight line relationships of the data as shown in
all cascs, figures 1 through 10 of Appendix I, exhibit the correlation desired.

WYLE LABORATORIES

Muntsviiie Facihity
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s.‘.’

Correlation of Nitrogen Versus Water Flowrates

The laboratory tests were conducted such that for each test condition with
nitrogen at 48.1 psig and ambient temperature, an identical test was run using
water at 1020 psig and ambient temperature. A plot of the nitrogen flowrate
versus the water flowrate for each identical test specimen area or opening is
shown in Figure 11, Appendix I. The best fitting straight line through each of
the four sets of data points was determined by linear regression methods. The
slope and intercept of each line was computed by the linear regression
program used. The correlation of these lines with the data points was
computed to be very high, over 99%.

The four test specimen lines are shown on the correlation plot, Figure 11, ana
the slope and intercept for each is as follows:

Slope Intercept

Line 1 Orifices 38532 -1149
Line 2 HOKE Micrometer Valve, Run 1 34556 -2236
Line 3 NUPRO Micrometer Valve 38667 -8791
Line 4 HOKE Micrometer Valve, Run 2 33157 -1968

The equation of Line 3 is:
SCCM = 38667 x GPM -8791

or for conversion: GPM = SCCM + 8791 Equation (1)
38667

The equation of Line 1 is:
SCCM = 38532 x GPM -1149

or for conversion: GPM = SCCM ’3;1“ Equation (2)
385

WYLE LABORATORIES
Huntsville Facility



PAGENO ©

TEST REPORTNO [7761-1 REV. A

5.1.3

5.2

s.2.1

Equipment Certification and Calibration
Instrumentation equipment and calibration sheets for the laboratory test
system are included in Appendix Il. A photograph of the laboratory test
system is shown in Figure 12, Appendix L.

Field Tests

In that a satisfactory correlation between the water and the nitrogen
flowrates was shown by the laboratory tests, field tests were conducted in
accordance with the Test Procedure (PSSUG-PTP-GP-2). These field tests are
similar to the laboratory tests. Completed test procedures for each of the 20
valve sets selected and tested are available from Hope Creek Generating
Station records. The data obtained in these field tests is shown in Table 5,
Appendix 1. Of the twenty data sets obtained in the field, none has a flowrate
value greater than the least value recorded during the laboratory tests. Data
for each air test in the field was converted to a water flowrate value using the
Equations (1) and (2). The computed water flowrates are shown in Table 6,
Appendix 1 as the Correlated Data. The two equations provide a most
conservative and least conservative correlation.

The Line 1 correlated data is conservative for all but 4 of the actual field test
data and is the least conservative of the two. Line 3 correlated data is
conservative for all actual field test data and is the most conservative. A
factor of conservatism is shown for each correlation shown in Table 6 and was
obtained by dividing the Correlated Data by the Field Test Actual Water Flow.

Equipment Certification and Calibration
Instrumentation equipment and calibration sheets for the field test system are
included in Appendix III.

WYLE LABORATORIES
Huntsville Facility
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6.1

RESULTS AND CONCLUSIONS

The laboratory tests showed a high correlation of nitrogen and water flowrates
versus area of orifice or valve opening over a significant range of the data
(Figures 1-10).

The flowrates for nitrogen versus water for identical orifice areas or valve
settings were plotted using linear regression methods. Four lines were
determined with very high linear correlation to the data. Two of these lines
provide a bounds to the four lines determined within the ranges:

0 - 38000 SCCM Nitrogen at 48.1 psig

0 - 1.2 GPM Water at 1020 psig

These two lines represent a least conservative and a most conservative
approuch for correlation of nitrogen or air tests at low pressure (o water tests
at high pressure (see Figure 11).

The field tests provided lower flowrate data than any obtained during
laboratory tests.

For each of the twenty field tests, the air test flowrate was used with
Equations (1) and (2) to compute Correlated Data for Water flowrates. Using
the least conservative approach, Equation (2), all but four of the correlated
data obtained are conservative. Using the most conservative approach,
Equation (1), all correlated data are very conservative.

WYLE LABORATORIES
Muntswilie Faciiity
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6.2.1

7.0

Equation (1) of this report provides a conservative correlation from nitrogen or
air flowrates to water flowrates for the fluids, pressures, and ranges below:
from: 0 - 38000 SCCM Nitrogen/Air at 48.1 psig
to: 0 - 1.2 GPM Water at 1020 psig.

Equa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>