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Docket No. 50-346

Mr. Joe Williams, Jr.
Senior Vice President, Nuclear
Toledo Edison Company
Edison Plaza - Stop 712
300 Madison Avenue
Toledo, Ohio 43C52

Dear Mr. Williams:

SUBJECT: NUREG-0737, ITEM 11.D.1.; REQUEST FOR ADDITIONAL INFORMATION

The staff has evaluated your submittals relating to relief and safety valve
testing for the Davis-Besse Nuclear Power Station, Item 11.D.1 of NUREG-0737.
The enclosed Technical Evaluation Report (TER) provides the results of our
evaluation to date. As indicated in the TER, we require additional
information to complete our review. The additional information required is
identified on pages 30 through 35 of the TER.

We request that you r= view the TER and the eighteen questions. We request
that you arrange with your NRR Project Manager either a meeting or telephone
conference to obtain any clarification necessary and to discuss preposed
corrective actions. Ycur formal response to the requested information should
be submitted no later than October 1, 1986.

The information requested in this letter affects fewer than ten respondents;
therefore, OMB clearance under PL 96-511 is not required.

Sincerely.
-u

L . . s . .; .% .

John F. Stolz, Director
PWR Project Directorate #6
Division of PWR Licensing-B

Enclosure:
As stated

cc w/ enclosure:
See next page
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Mr. J. Williams Davis-Besse Nuclear Power Station.

Toledo Edison Company Unit No. I

'

cc:
Donald H. Hauser, Esq. Ohio Department of Health
The Cleveland Electric ATTN: Radiological Health

Illuminating Company Program Director
P. O. Box 5000 P. O. Box 118
Clevt.and, Ohio 44101 Columbus, Ohio 43216

Mr. Robert F. Peters Attorney General
Manager, Nuclear Licensing Department of Attorney
Toledo Edison Company General
Edison Plaza 30 East Broad Street
300 Madison Avenue Columbus, Ohio 43215

' Toledo, Ohio 43652
Mr. James W. Harris, Director, .

Gerald Charnoff, Esq. (AddresseeOnly)-

Shaw, Pittman, Potts Division of Power Generation
&i and Trowbridge Ohio Department of Industrial Relations

1800 M Street, N.W. 2323 West 5th Avenue
Washington, D.C. 20036 P. O. Box 825

Columbus, Ohio 43216

Mr. Paul M. Smart, President Mr. Harold Kohn, Staff Scientist
Toledo Edison Company Power Siting Comission
300 Madison Avenue 361 East Broad Street
Toledo, Ohio 43652 Columbus, Ohio 43216

Mr. Robert B. Borsum President, Board of
Babcock & Wilcox County Comissioners of
Nuclear Power Generation Ottawa County

Division Port Clinton, Ohio 43452
Suite 200, 7910 Woodmont Avenue
Bethesda, Maryland 20814

Resident Inspector
U.S. Nuclear Regulatory Comission
5503 N. State Route 2
Oak Harbor, Ohio 43449

Regional Administrator, Region III
U.S. Nuclear Regulatory Comission

; 799 Roosevelt Road
Glen Ellyn, Illinois 60137
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TECHNICAL EVALUATION REPORT*

TMI-ACTION--NUREG-0737(II.D.1)

RELIEF AND SAFETY VALVE TESTING FOR .,

DAVIS-BESSE NUCLEAR POWER PLANT

DOCKET NO. 50-346

1 INTRODUCTION

1.1 Background

Light water reactor experience has included a number of instances of
improper performance of relief and safety valves installed in the primary ,

coolant systen.s. There have been instances of valves opening below set

ii pressure, valves opening above set pressure, and valves failing to open or .'
reseat. From these past instances of improper valve performance, it is not
known whether they occurred because of a limited oualification of the valve
or because of a basic unreliability of the valve design. It is known that
the failure of a power-operated relief valve (PORV) to reseat was a
sijaificant contributor to the Three Mile Island (TMI-2) secuence of
events. These facts led the task force which prepared NUREG-0578

(Reference 1) and, subsecuently, NUREG-0737 (Reference 2) to recommend tnat

programs be developed and executed which would reexamine the functional

performance capabilities of Pressurized Water Reactor (PWR) safety, relief,
and Diock valves and wnich would verify the integrity of the piping systems
for normal, transient, and accident conditions. These programs were deemed

| necessary to reconfirm that the General Design criteria 14,15, and 30 of
.

! Appendix A to Part 50 of the Code of Federal Regulations,10 CFR, are

indeed satisfied.

1.2 General Design Criteria and NUREG Reauirements

|

General Design Criteria 14,15, and 30 recuire that (1) the reactor

primary coolant pressure boundary be designed, fabricated, and tested so as
to have an extremely low probability of abnormal leakage, (2) the reactor
coolant system and associated auxiliary, control, and protection systems be

I
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designed with sufficient margin to assure that the design conditions are'

not exceeded during normal operation or anticipated transient events, and

(3) the components which are part of the reactor coolant pressure boundary
shall be constructed to the highest ouality standards practical.

To reconfirm the integrity of overpressure protection systems and
thereby assure that the General Design Criteria are met, the NUREG-0578
position was issued as a reouirement in a letter dated September 13, 1979,
by the Division of Licensing (DL), Office of Nuciaar Reactor Regulation
(NRR), to ALL OPERATING NUCLEAR POWER PLANTS. Titis recuirement has since
been incorporated as Item II.D.1 of NUREG-0737, Clarification of TMI Action
Plan Reouirements (Reference ?.), which was issued for implementation on ,

4
October 31, 1980. As stated in the NUREG reports, each pressurizeo water

yi reactor Licensee or Applicant shall: .

1 Conduct testing to cualify reactor coolant system relief and
safety valves under expected operating conditions for design
basis transients and accidents.

.

2. Determine valve expected operating conditions through the use of
analyses of accidents and anticipated operational occurrences
referenced in Regulatory Guide 1.70, Rev. 2.

3. Choose the single failures such that the dynamic forces on tne
safety and relief valves are maximited.

4. Use the highest test pressures predicted by conventional safety
analysis procedures.

5. Include in the relief and safety valve cualification program the
cualification of the associated control circuitry.

6. Provide test data for Nuclear Regulatory Commission (hRC) staff
review and evaluation, including criteria for success or failure
of valves tested.

.
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7. Submit a correlation or other evidence to substantiate that the
.

valves tested in a generic test program demonstrate the
functionapility of as-installed primary relief and safety
valves. This correlation must show that the test conditions used
are eouivalent to expected operating and accident conditions as
prescribed in the Final Safety Analysis Report (FSAR). The
effect of as-built relief and safety valve discharge piping on
valve operability must be considered.

8. Qualify the plant specific safety and relief valve piping and
supports by comparing to test data and/or performing appropriate

analysis.
4 -
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2. PWR OWNER'S GROUP RELIEF AND SAFETY VALVE PROGRAM.

In response to the NUREG reouirements previously listed, a group,of
utilities with PWRs reouested the assistance of the Electric Power Research
Institute (EPRI) in developing and implementing a generic test program for

i pressurizer power operated relief valves, safety valves, PORY Diock valves,
and associated piping systems. Toledo Edison, the owner of the Davis-Besse
Nuclear Plant, was one of the utilities sponsoring the EPRI Valve Test
Program. The results of tne program are contained in a group of reports,

which were trans.nitted to the NRC by Reference 3. The applicability of
' tnese reports is discussed below.

'

4 EPRI developed a plan (Reference 4) for testing PWR safety and relief
valves under conditions which bound actual plant operating conditions.

g ,

|
EPRI, through the valve manufacturers, identified the valves used in the
overpressure protection systers of the participating utilities.
Representative valves were selected for testing with a sufficient numoer of
the variable enaracteristics that their testing would adeouately
demonstrate tne performance of the valves used by utilities (Reference 5).

EPRI,througntheNuclearSteamSupplySystem(NSSS) vendors,evaluatedthe
FSARs of the participating utilities and arrived at a test matrix which
bounded the plant transients for wnich overpressure protection would be

reouired(Reference 6).

The utilities participating in the EPRI Safety and Relief Valve Test
Program also ontained infomation regarding the performance of PORV block

valves (Reference 7). A list of valves used or intended for use in
participating PdR plants was developed. Seven block valves believed to be
representative of the block valves utilized in the PWR plants were selected

for testing. Additional tests were performed by Westinghouse
Electro-Mechanical Division (WEMD) on valve models they manuf acture

,

(Reference 8).

EPRIcontractedwithBabcockandWilcoxCompany(B&W)toproducea
report on the inlet fluid conditions for pressurizer safety and relief

4
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valves in Babcock and Wilcox designed plants (Reference 9). Since
,

Davis-Besse was designed by B&W, that report is relevant to this evaluation.

Several test series were sponsored by EPRI. PORVs and block valves

were tested at the Duke Power Company Marshall Steam Station located in

Terrell, North Carolina. Only steam tests were conducted at the Marshall
Station. Block valves, therefore, were only testeo for full flow, full
pressure, steam conditions at Marsna11 Water flow tests were perforsned by
WEMD on four valve models they manufacture. Conditions ranged from 60 to

,

600 gpm and 1500 to 2600 psi differential pressure. Additional PORY tests
were conducted at the Wyle Laboratories Test Facility located in Norco,
California. Safety valves were tested at the Combustion Engineering

a Company, Kressigner Development Laboratory, which is located in Windsor, 6

Connecticut. The results for the relief and safety valve tests are

I '

reported in Reference 10. The results for the block valve tests are

reported in References 7 and 8.

The primary objective of the EPRI/C-E Valve Test Program was to test
each of the various types of primary system safety valves used in PWRs for
the full range of fluid conditions under which they may be recuired to
operate. The conditions selected for test (based on analysis) were limited

i
to steam, subcooled water, and steam to water transition. Additional
objectives were to (1) obtain valve capacity data, (2) assess hydraulic and

i structural effects of associated piping on valve operability, and
(3) obtain piping response data that could ultimately be used for verifying

,

analytical piping models.

Transmittal of the test results meets the recuirement of Item 6 of
Section 1.2 to provide test data to the NRC.

!
i
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3. PLANT SPECIFIC SUBMITTAL

An initial assessment of the adecuacy of the overpressure protection

system and proposed plant modification was submitted by Toledo Edison'I

Company on July 1, 1982 (Reference 11). A preliminary evaluation of tne
discharge piping and supports and safety valve, PORV, and block valve
operability was submitted on December 17, 1982 (Reference 12). A detailed
evaluation report on the safety valve and PORV piping and safety valve,
PORV, and block valve operability followed on February 2,1983

(Reference 13). A reauest for additional information was submitted to
Toledo Edison by the NRC on June 7, 1985 (Reference 14). Toledo Edison

.

submitted a partial response on July 19, 1985 (Reference 15) with the

| remainder of the reouested information submitted October 1, 1985 and ''

December 6,1985 (References 16 and 17).
2T .

Tne response of the overpressure protection system to Anticipated
Transient Without Scram (ATWS) and the operation of the system during , feed'

and bleed decay heat removal are not considered in this review. Neither
the Licensee nor the NRC nave evaluated the performance of the system for

-
1

tnese events.

!
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4. REVIEW AND EVALUATION(
4.1 Valves Tested

'*

,.

; The Davis-Besse Nuclear Power Station Unit 1 is a B W 177-Fuel
Assembly (FA) PWR. The unit's two safety valves are Crosby HB-BP-86 4M 6j

self-actuated valves with a design set pressure of 2515 psia and a rated
capacity of 3 6,000 lbm/hr. A plant modification has been completed which
removed the loop seals and mounted the safety valves directly on the

| pressurizer nozzles. Each safety valve discnarges through a tee, fitted
with 75 psig rupture discs, attached to the valve outlet flange. At safety1

| valve lift, the rupture discs open directing safety valve disenarge to the
i containment atmosphere. The safecy valves were also modified by replacing -

,

i. the loop seal internals with steam internals.
. .

Tt
.

The unit's one relief valve (PORV) is a 2 1/2 x 4 in. Crosby HPV-SN
solenoid actuated pliot operated valve with a 1 1/2 in. diameter bore., The
PORY has a design set pressure of 2465 psia and a flow capacity of
158,000 Inm/hr. A drained loop seal is upstream of the PORV. The PORV is
not used for cold overpressure protection.

,

i

The unit's one PORV block valve is a 21/2 in. Velan gate valve
;

i F9-454-B 13MS with a Limitornue SM8-0010 electric actuator.

The Davis-Besse plant-specific safety valve is a Crosby 4M 6 withj
,

steam internals. The plant safety valves have typical plant ring settings

of -275, 18 for valve RC131, and -300, 18 for valve RC13-2 as measured

from the locked reference position. The plant-specific safety valve was

; not tested in the EPRI testing program. However, Croscy safety valves
! Model 3K6 and 6M6, witn steam anc loop seal internals, respectively, were

tested in tne EPRI test program. Tne valves were tested on snort and long

inlet piping configurations witn drained loop seats which envelope the'

The Davis-Besse 4M 6 safety valve is similarDavis-Besse insta11ation. g

to the tested 6M6 valve with tne exception of the orifice size, valve body
I construction, inlet flange size, and disc holder construction and
!

'

l
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material. The difference in orifice size only affects capacity and not
operability. The body construction and inlet flange configuration, forgeo*

for tne 6M6 and cast for the 4M 6, and disc hoicer construction and
3

material are not significant factors in determining valve operaollity. The ;

l4Mj6 is similar to the EPRI 3K6 test valve with tne exception of orifice
size anc inlet flange size and pressure rating. The orifice size
difference only affects c,apacity, not operability. The inlet flange size '

and rating are not significant factors in oetermining valve operability.
The results from the EPRI tests can therefore be used to demon' strate
operability of the Davis-Besse safety valve.

.

The Davis-Besse PORV is a Crosby model HPV-SN with a 1 1/2 in.

diameter nozzle bore ar.d was not tested by EPRI. However, a Crosby HPV-SN
4

,

1 3/8 in, nozzle bore diameter valve was tested by EPRI. The valves are
ii similar functionally but co include design dif'ferences other than the bore -

size. The differences between the EPRI test PORV and the Davis-Besse PORV
include body configuration, pilot valve location and assembly, and main
valve guide retention. The design changes from the Davis-Besse PORV design
were made to improve ease of manufacturing (Reference 5). These
differences do not affect valve operability. The difforence in bore size
affects valve relief capacity and not operability. The PORY installation
configurations are similar. The Davis-Besse PORY is installed in a
vertical run of pipe, and the EPRI test PORV was tested in a vertical run
of piping. Therefore the test PORV is considered an adeouate
representation of the Davis-Besse in-plant PORV.

,

,

The Davis-Besse block valve is a velan Model F9-454-B 13MS with a
Limitoroue SMB-0010 electric motor actuator. The block valve / actuator
combination was not tested by EPRI. However, EPRI did test two 3 in. Velan
Model B10-3054-B 13MS gate valves. One was tested with a Limitoroue
58-00 15 operator and the other was tested with a Limitoroue SMB-000 10
operator. Tne differences between the EPRI tested block valves and the
Davis-Besseblockvalveistheendconnections(ButtweldvsFlanged), body
rating (1500 lb ANSI vs 2500 lb ANSI), and valve size (3 in, vsi

2 1/2 in.). The gate valves in a11 otner respects are similar and the
,

:

8
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above noted differences do not affect operability. The 00 actuator differs<

,

from 000 actuator in physical size, where the 00 actuator is larger and can
accept larger valve stem diameters. Thus, the Davis-Besse SMB-00 10 and
the EPRI SMB-00010 actuators are essentially identical with the exception
of the physical size of tne actuator. The block valve is installed in the
Davis-Besse plant in a horizontal piping configuration and the valve tested

by EPRI was in a similar horizontal piping configuration. The valve is
designed for use in either a horizontal or vertical orientation.
Therefore, the EPRI test valves are representative of the Davis-Besse
in-plant block valve.

I

Based on the above, the valves tested are considered to be applicable
i 4 to the in-plant valves at Davis-Besse, and to have fulfilled the criteria .

of Items 1 and 7 of Section 1.2 regarding applicability of tne test valves.
bi -

4.2 Test Conditions

.

The valve inlet fluid conditions that bound the overpressure

transients for Babcock-Wilcox designed PWR plants are identified in

Reference 9. The transients considered below are for FSAR and Extended
High Pressure Injection transients only. The cold overpressurization event .

was not included because it does not challenge the safety valves and
,

Davis-Besse does not use the PORV for cold overpressure protection.

For the FSAR transients resulting in steam discharge, the safety
valves experience a peak pressure of 2677 psia and a maximum pressurization
rate of 175 psi /s based on a Red Ejection accident at hot zero power. The
backpressure expected is less than or eoual to the 75 psi nominal burst
pressure of the rupture discs on the safety valve discharge tees

(Reference 13).

The Crosby 3K6 safety valve witn steam internals was subjected to
14 tests with snort inlet piping. Of these tests, four

;

(406, 408, 411, 442) are applicable to the Davis-Besse inlet conditions
with steam discharge. The ring settings used in these tests were the.

'

,

|

9
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manufacturer's recomended ring settings (-55, 14) and are typical PWR
'

plant ring settings. (Ring setting reference is relative to the bottom of
the oisc ring). In these tests the 3K6 valve popped open at pressures of
2456 to 2489 psia, tne pressurization rates for tne applicable tests'were
2.5 to 314 psi /s witn backpressures 602 to 678 psia and the peak tank |
pressure was 2683 psia. |

!
i

The Crosby 6M6 safety valve with loop seal internals was subjected to
17 tests witn long inlet piping. Although the Crosby 6M6 was not tested on
short inlet piping, one drained loop seal test (1411) is applicable to tne
Davis-Besse inlet conditions with steam discharge. The ring settings in

~

tnis test were (-77, 18) and are representative of typical PWR plant ring

4
settings as snipped by the manufacturer. The 6M6 popped open at a pressure .

of 2420 psia with a pressurization rate of 300 psi /s, a backpressure of
II 245 psia, and a peak tank pressure of 2664 psia.

*

The test inlet fluid conditions for the steam discharge tests

discusseo above are representative of the expected condition's for the
Davis-Basse FSAR transients resniting in steam discharge for the safety
valve.

The only FSAR transient resulting in liouid ' discharge through the
safety valve, as discussed in Reference 9, was the feeoline break event.
Transition from steam to 11ouid discharge occurs only after tne pressurizer
is licuid-full. Tne pressurizer fills because of FSAR assumptions which
result in a sufficiently large system temperature increase and because tne

i

| nigh pressure injection system (HPIS) is actuated. Because the HPIS is
'

actuateG, Reference 9 treated the licuid discharge phase of tne FWLB as an
extended HPI event.

!

The extended HPI event was analyzed based on the steam line break and
.

feedline break as the initiating accidents. Liouid discharge conditions
for these events bound all other transients which could initiate HPI.
Possible challenges to the safety valve with licuid discharge could occur

i

l
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after pressurizer fill. Safety valve inlet pressures would be near the
setpoint (2515 psia) with a maximum pressurization rate of 63 psi /s, with
surge flows varying between 3295 to 7075 lbm/ min, and temperatures ranging
between 400 to 640*F. -

'

The spurious actuation of HPI at power is not the limiting extended
HPI event for B&W plants because it results in a net inventory contraction
and decrease in the pressurizer level. This occurs because the addition of
boron with the makeup pump injected water causes a power reduction. Also,

the high pressure injection pump shutoff head at Davis-Besse is below the ,

safety valve and PORV setpoints. Hence, no challenge to the safety valves

or PORV occurs (Reference 9).
s -

The 3K6 was subjected +a one steam to water transition test (428). In
I this test the valve opened at a pressure of 2548 psia with a pressurization

-

rate of 2.7 psi /s and a backpressure of 854 psia. The peak tank pressure
during test 428 was 2548 psia. The maximum steady state liouid flow
through the valve during this test was 2850 gpm which is approximately
13,600 lbm/ min. The 3K6 was also subjected to three water tests *(431a,
435, and 438). For the three tests the valve opened at pressures of 2342,
2454, and 2427 psia with pressurization rates of 1.8, 1.7 and 2.3 psi /s,
respectively. Tne peak tank pressures during teats 431a and 438 were
2349 psia and 2490 psia, respectively. The peak tank pressure was not
available for test 435. For tests 431a and 438 the backpressure was

t

584 and 700 psia. The backpressure for test 435 was not available. It

should be noted that for the three water tests, tne upper ring was raised
to 45. The initial water temperature at the valve inlet was 622*F, 510*F,
and 532*F for tests 431a, 435, and 438, respectively. The maximum steady
state liouid flow tnrougn the valve during test 431a was 1370 gom which is
approximately 6540 lbm/ min.

'
,

i
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The 6M6 was subjected to one loop seal-transition test (931a). In

this test the valve opened at a pressure of 2575 psia with a pressurization |

rate of 2.5 psi /s and a backpressure of 725 psia. The peak tank ressure !

during this test was 2578 psia. The maximum steady state liouid flow
I

througn the valve during test 931a was 2355 gpm which is approximately 1

11,200 lbm/ min. The initial water temperature at tne valve inlet was
.

117'F. The 6M6 was also subjected to one water test (932). The valve |
opened at a pressure of 2501 psia with a pressurization rate of 3.0 psi /s
and a back pressure of 650 psia. The initial water temperature at the
valve inlet was 463*F. The peak tank pressure during this was 2520 psia.
The liouid flow was not measured during this test.

.

The above transition and water discharge conditions are representative4 .

of the maximum pressure and pressurizer insurge rates expected during
ii feedwater line break and extended high pressure injection transients at -

Davis-Besse. However, tne test conditions do not envelope the expected
range of pressurization rates (0 to 65 psi /s). The pressurization rat.es
for the transition and water tests were less than 3.2 psi /sec. The fluid
temperatures at.the valve were also not bounded by the test data. The
expected fluid temperatures ranged from 400 to 640*F. The test fluid
temperature ranged from 463 to 622*F at the valve inlet and 515 to 631*F in
the accumulator tank.

The analyses in Reference 9 used to determine tne FSAR safety valve
inlet conditions were performed assuming the PORV was inoperable. The PORV

inlet conditions are assumed to be the same as those determined for tne
safety valves. These inlet conditions tnerefore conservatively bound the
PORV inlet conditions.

For FSAR transients resulting in steam discharge, the PORY will open
at a pressure somewnat above the opening set point of 2465 psia. A maximum
PORV pressure of 2677 psia is expected for Davis-Besse, based on the rod
ejection at not zero power accident. The Crosby HPV-SN valve was subjected
to 17 steam tests in the EPRI program. In the steam tests, the maximum

pressure at valve opening rangeo from 2150 psia to 2505 psia with
backpressures ranging from 60 to 560 psia.

12
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To bound conditions representative of those for the feedwater line
break and extended high pressure injection transients resulting in 11ould

disenarge, the test PORV was subjected to one steam to wate. transition
test and three water discharge tosts. In tne steam to water transiti,on
test the valve opened on 2510 psia saturated steam and then passed water at
649'F. The backpressure was not available. In the tnree water tests, tne

valve opened at pressures ranging from 2502 to 2510 psia with temperatures
ranging from 446*F to 634*F and the peak backpressures were from 155 to
315 psia.

The test inlet fluid conditions for PORV steam and licuid tests are
!representative of the Davis-Besse transient and accident conditions.

':

The PORV block valves are recuired to operate under the same fluid

ii conditions as the PORVs. The Velan B10-30548 13MS gate valve and -

Limitoroue SMB-000 10 and 58-00 15 actuators tested by EPRI were subjected

to only full pressure steam tests. The EPRI PORV block valves were
subjected to 21 steam tests for each valve / actuator assemoly. Steam

,

pressures upstream of the block valves during the opening cycles varied
from 2425 psia to 2515 psia and during the closing cycles varied between
2330 psia and 2425 psia. The full pressure steam tests are representative |
of the Davis-Besse FSAR inlet conditions based on the discussion below.

In the EPRI tests, the Diock valve was only tested for full pressure
(to 2500 psia) steam conditions. The operability of the block valves under

,

water flow conditions was not directly addressed in the EPRI tests.
However, the Westinghouse gate valve closing tests (Reference 8)
demonstrated that the recuired toroue to open or close the valve depended
almost entirely on the differential pressure across the valve disk and was
insensitive to tne momentum load. Therefore, the recuired force is nearly
independent of the type of flow (i.e., water or steam). Furthemore,
according to the friction tests done by Westinghouse on a stellite coated
specimen (the Velan valve has stellite coated disk and seats), tne friction

I
|

13
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coefficient between stellite surfaces is approximately the same for steam
and water tests. In some instances, the friction force in water media is
lower than in steam. Thus, the force receired to overcome disk friction in
steam is essentially eaual to the force recuired in water, and the st'eam
tests are adeouate to demonstrate the operability of the block valves for
the expected water conditions.

The presentation above, does not demonstrate tnat the EPRI test
conoitions counded the plant-spe:ific conditions for the safety, PORV, and
PORY block valves. Items 2 and 4 of Section 1.2 have been met, in that
conditions for the operational occurrences have been determined and the

highest predicted pressures were chosen for the tests. However, that the
i portion of Item 7, which recuires showing that the test conditions are

-

. .
eouivalent to those predicted in the FSAR, has not been met. The safety

~

valves were not tested under liouid discharge conditions with
pressurization rates of up to 65 psi /s. Also, the fluid temperatures
expected during licuid discharge were not bounded during EPRI tests.

.

1

4.3 Operability
, ,

As discussed in the previous section the safety valves and PORV are
recuired to operate on full pressure steam and steam to water transition
conditions. Representative valves were tested under full pressure steam,
transition, and water conditions in the EPRI test program. The PORY block
valves are reouired to operate under fluid conditions similar to tne PORV.
Representative PORV block valves were tested under full pressure steam
conditions in the EPRI test program, the results of which also apply to
liouid flow.

|

Since the Davis-Besse Crosby 4M 6 safety valve was not tested byj
EPRI, operability will ne demonstrated by utilizing test data for tne
Crosby 3K6 and 6M6 safety valves, one sm:??ar and one larger than the
4M 6, with typical ring settings and shewing that the 4M 6 will operatej j
in a similar stable manner.

s
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Reference 10 provides the EPRI safety valve and PORV test results.
Full pressure steam tests 406, 408, 411, and 442, performed on the 3K6
valve, had typical plant ring settings of (-55 14 as measured from the

level position) wnich correspond to the typical plant ring settings of tne |

Davis-Besse safety valves (-275, 18 for RC13 1 and -300. 18 for RC13-2 as
measured from the locked up reference position, Reference 15, Response 4). |

During these tests the valve opened 0.4% to 2.3% below the design setpoint,
performed stably with some flutter on test 406, and closed with blowdowns'

of 10.1 to 10.9%. Rated flow at 3% accumulation was exceeded for tests 411
and 442, though the valve was in a lift position as low as 96% of rated'

lift. Flow data for tests 406 and 408 was not available.

'

a- One applicable steam test (1411) on the Crosby 6M6 was performed with

i typical PWR ring settings of (-77, 18). During this' test the valve opened ,

3.2% below the design setpoint, performed stably, and closed with a
blowdown of 8.2%. Ratea flow was exceeded at 3% accumulation though the

valve was at 92% of rated lift.

Steam tests on the 3K6 (411 and 442) an' 6M6 (1411) safety valvesd-

demonstrated tnat different size valves with typical plant ring settings
,

and inlet conditions benaveo in a stable manner with blowdowns between 8.2
and 10.9%.

In addition to tne EPRI tests, Davis-Besse contracted Crosby valve and

Gage Company through tneir consultant, Teledyne Engineering Services, to

! perform steam testing on the 4M 6 safety valve. The purpose of tnej
testing was to evaluate the operability of the Crosby 4M 6 safety valvesj
with clowdowns of 15% or more. It shot;Id be noted that the Crosby test
f acility is not capable of simulating the Davis-Besse inlet conditions
(steam at 2500 psia). However, the Davis-Besse supplied 4M 6 test valvej
was tested with a spring of lower but proportional loading to the -

Davis-Besse spring. This allowed valve testing at pressures of

$1320 psia. Tne safety valve was installed directly on the test tank at
the Crosby facility, without inlet piping, simulating tne Davis-Besse
installation. Test results of the 4M 6 safety valve with the proratedj

|

15

_ _ _ - . _ . _ _ _ _ _ _ _ _ _ _ . . . _ _ _ _ . _ _ _ _ _ _ . . . _ _ - _ _ _ . . _ _ _ _ _ - . . _ .



-4

.

. .
, ,

.- .

.

spring, backpressures of 65 to 95 psia, and ring settings corresponding to
the in-plant ring settings, demonstrated blowdowns of $9.3% by linear
interpolation. Therefore, the Davis-Besse expected blowdown with the
factory recommended ring settings is s9.3% and is within the range of
blowdowns measured in the EPRI tests.

Steam to water transition tests and water discharge tests were
performed on the Crosby 3K6 (428, 431a, 435, 438) and 6M6 (931a, 932) test
valves simulating the feedwater line break / steam line break 11ouid
discharge cases. The steam discharge portion of tne above transients is
bounced by the steam tests describeo previously.

' Test 428 was a steam to water transition test performed on the 3K6 -

34,
safety valve. During tnis test the valve openea 1.9% above tne design

,

'

setpoint, performed stably, and closed with an 8.0% blowdown. Liouid flow
was measured at 8276 lbm/ min (2430 psia and 640*F) with the valve reaching

78% of its rated lift. In addition, three -water tests (431a, 435 and ,438)
were performed on tnt 3K6 safety valve. During these tests the valve
opened 6.3, 1.8 and 2.1% below the design setpoint with valve inleti

temperatures of 622, 510 and 532*F, respectively. The valve operated
stably for test 431a, closing with a blowdown of 13%. Blowdown and valve
stability data was not available for test 435. Test 438 demonstrated valve
instability by chattering with no data available for blowdown. Liouid flow

;
,

was measured at 7377 lbm/ min (2284 psia and 630*F) and 3198 lbm/ min

(2575 psia and 526*F) with the valve reaching 57% and 6% of rated lift for
tests 431a and 435, respectively. Flow measurement data was not available
for test 438.

Test 931a, a loop seal transition test, and test 932, a water test,
were performed on the 6M6 safety valve. During test 931a the valve

|

initially opened 2.8% above the design set pressure and cleared the loop
seal. After popping open on steam, the valve behaved stably and closed
witn a 12.7% blowdown. Liould flow was measured at 12,344 lbm/ min

,

!

(2415 psia and 641*F) with the valve reacning 56% of ratea lift. For

16
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test 932, the valve partially opened at the design setpoint and
demonstrated instability by enat.tering. Tne test was terminated and no j

other cata obtained.
!'

!

,

The fluid temperature range is 400 to 640'F for the 11auia discharge |

portion of tne feeewater line break / steam line Dreak transients. Test 431a
on the 3K6 resulted in stacle performance with a valve inlet water
temperature of 616*F. Test 435 on tne 3K6 was performed with an inlet -

coolant temperature of 510*F. The valve opened only to 6% of full lift and
the test was terminated when the valve could not relieve the system
pressure. Valve stability was not determined or reported. Test 438 on the
3K6 and test 932 on the 6M6 were terminated when the valves chattered. The

' 'valve inlet water temperatures were 532*F and 463*F, respectively. The
'

above tests indicate that stable safety valve performance can be achieved
. , . ,

*'
with liouid discnarge when the fluid temperature is near saturation or
slightly subcooled. Chatter will occur during licuid discharge of more
highly subcooled water. After each of the tests where the valve chattered,
the 3K6 and 6M6 valves were disassembled and inspected. Galled guiding i

surfacas and damaged ir.ternal components were found. Based on the safety
,

valve water disenarge performance, Toledo Edison should inspect the safety
valves after any valve lift involving water discharge at temperatures below
550*F to insure continued operability of the in-plant safety valves.

Tnere were no 11ouid flow tests performed at 400*F with either tne 3K6

or 6M6 valves. In addition, no data was obtained from any tests (loop seal
or transition) on the Crosby safety valves (3K6, 6M6, 6N8) which would

i

provide information on valve performance with inlet coolant temperatures

between 500*F and 400*F. Tne data from tests 431a and 435 indicates that
tne Crosby valves are less stable and pass less liauid with lower inlet
coolant temperatures. The available data indicates that the Crosby 4Mj6
s&fety valve will not be able to pass the amount of liauid recuired (one
half of 3300 lbm/ min per valve) at 400*F.

l
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[A ouestion will be asked of Davis-Besse to provide additional g
information on valve operability with licuid discharge and planned actions Ql
subsecuent to a valve lift on licuid.] -

.

The two EPRI test valves 3K6 and 6M6 physically bound the 4Mj6
safety valve. As discussed above, the observed test blowdown results
ranged from 8.0% to 13% which exceeds the design valve of 5%. BtvW

performed an analysis to determine the maximum allowable blowdown on 177-FA
plants (Reference 19). It was concluded that there were no adverse effects
on plant safety with blowdowns up to a maximum of 20%. The pressurizer in
the loss of feeowater and feeowater line break initiating transients

analyzed in Reference 19 resulted in the pressurizer filling in 4 min.-

4
Althougn the increased blowoowns observed in the EPRI tests are higher than .

the design values for Davis-Besse, they are deemed satisfactory and
ii acceptable for the Davis-Besse 4M 6 safety valves. *

j

Bending moments ranging from 114,000 to 133,000 in. lb were induced on

the discharge flange of the 3K6, and a bending moment of 239,000 in. lb was
induced on the 6M6 discharge flange during the applicable tests. In all

cases, the safety valve performance was unaffected. The submittal by
Toledo Edison did not provide the maximum safety valve bending moment.

However, the bending moment on the safety valve nozzle to inlet flange weld
was calculated and included the effects of deadweight and seismic loads.
It also included the effects of loads due to the ruptures discs in the
valve discharge tee not bursting simultaneously. One disc was assumed to
rupture at 75 psi and the other at 150 psi. The resulting moment on tne
weld was 94,911 in. lbs. This would bound tne bending moment on the safety
valve. Thus the benoing moments applied to the test valve bound the

,

bending moment for the plant valve. [A ouestion to be asked on the seismic d

component of the nozzle bending moment.] J

Valve stability at Davis-Besse is demonstrated wnen the plant-specific
inlet piping pressure drop is less tnan the piping pressure drop of a
similar valve in the EPRI test program. Since tne Davis-Besse safety

18
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valve's are. mounted directly on the pressurizer nozzles, the inlet piping
'

has been minimized, and thus, no inlet piping pressure drop calculations or
comparisons to EPRI data were made. The Davis-Besse safety valves should
perform in a s+able manner similar to tnat observed in the applicable steam
and transition tests. However, as noted earlier, valve instability may
result when subcooled licuid discharge occurs.

The tests discussed above demonstrated stable safety valve behavior

with steam and nave been shown to be applicable to the Davis-Besse expected

inlet fluid conditions and piping configuration. However, the valves have
not been snown to behave stably with subcooled licuid.'

4
On each of the steam tests the Crosby HPV-SN 1-3/8 in. bore PORV .

opened on demand, with total actuation tines ranging from 0.29 to 0.37 s,
i~ I passed 151,200 lbm/hr to 168,000 lbm/hr steam and closed on demand, with -

actuation times ranging from 0.14 to 0.16 s. The rated flow capacity of
tne EPRI test PORY was 120,000 lbm/hr of saturated steam at 2300 psig and

3% overpressure. Considering the revised set pressure of 2450 psig, the
corrected rated flow capacity is 127,250 lbm/hr. The test PORY flow
capacity was observed to be as high as 132% of rated capacity.

One steam to water transition test and three water tests were
performed simulating the feedwater line break and extended hign pressure
injection events. During the transition test, the PORV opened on demand in
0.16 s, passed 316,800 lbm/hr of water after the steam / water transition
occurred, and closed on demand in 0.25 s. For the tnree wat'er tests, the

PORV opened on demand, witn actuation times ranging from 0.05 to 0.1 s,
passed water witn flow rates ranging from 385,200 to 792,000 lbm/hr and
closed on demand, with actuation times of 0.10 to 0.20 s. These flows are

in excess of the 198,000 lbm/hr insurge. rate predicted to occur with inlet
coolant temperatures of 400*F, and the 385,200 lbm/hr flow rate is Close to
the maximum insurge rate (420,300 lbm/hr) predicted to occur with inlet
coolant temperatures of 640'F.

.
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A Dending moment of 31,600 in.10 was induced on the discharge flange

of the PORV during one of the EPRI steam tests. PORV performance was
unaffected by the application of this bending moment. The largest
predicted bending moment on tne Davis-Besse PORV was calculated to be"
13,810 in. 1b. Tnerefore, the bending loads expected on the Davis-Besse
PORV will not affect operability.

As discussed in Reference 10, pre-evaluation tests on tne. Crosby PORV
at Marsna11 indicated failure to open on demand for several actuations and
failure to seat properly. Disassembly and inspection revealed a fractured
bellows weld and improperly machined bellows flange. A second Crosby PORV
used in the Wyle Phase II and III testing was disassembled and inspected

i prior to testing. Inspection revealed an improperly machined bellows -

, ,

flange. Replacement of the damaged bellows and remachining of tne bellows
'

flange restored tne PORV to operation and operaDility was demonstrated by

successful EPRI tests.

Reference 15 Response 5 outlined the maintenance and test history of
the Davis-Besse PORV. On one occasion the PORY failed open during a

transient reouiring its operation. Disassembly and inspection of the PORY
revealed a stuck open pilot valve. Upon replacement of the pilot valve
stem and repair, the valve was cycled. On tne sixth cycle.the PORV failed
open. Disassembly and inspection indicated a correction to the pilot stem
to nozzle guide clearance was recuired. After machining and reassembly the
valve was successfully tested several times. On June 9, 1985, the PORV
failed to reseat on the third lift during a transient reouiring its

operation (see Reference 18). The PORY was isolated by closing the
upstream PORY block valve. The PORV closed $2 min later on its own.
Cause of tne PORV failure is known not yet but is to be determined as the
incident is investigated.

As discussed above, tne PORV testing demonstrated operability of tne
Davis-Besse PORY under the expected inlet fluid conditions provided the

valve is in gooo working order and all parts properly machined. It snould
be noted that the EPRI tests did not verify PORV reliability, that is, tne

i
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availability of the PORV to operate immediately after a preceding open and
close cycle. This would occur as a result of repeated cycles during a
transient as observed in the Davis-Besse incident on June 9, 1985.

.

~

[A ouestion will be asked of Davis-Besse to discuss the utilities e
actions to verify reliable operation of the PORY after a PORY 11ft.] G3

NUREG-0737 II.D.1 reouired oualification of tne associated control
circuitry as part of the safety and relief valve cualification task. The
Nuclear Regulatory Commission staff has, however, agreed that meeting the

licensing recuirements of 10 CFR 50.49 for this electrical eouipment is
satisfactory and that specific testing per the NUREG-0737 requirement is

~

i not reouired. [ Reference 15 Response 8 is insufficient in addressing this g;

issue--a cuestion reouesting additional information on the PORV control pg,
"' circuits meeting 10 CFR 50.49 will be asked.] '

The PORV block valve must I.a. capable of closing over a range of steam
and water conditions. As described in Section 4.2, high pressure steam
tests are adeouate to bound operation over the full range of inlet
conditions and as described in Saction 4.1, the tests with the 3 in. Velan
valve and SMB-000 10 operator conservatively demonstrate the operability of
the plant valve. The test valve was cycled successfully at full steam
pressure with full flow. It was snown to open and close successfully with

;
'

toroues as low as 82 ft Ib (Reference 9). The plant valve operator is set
to produce a toroue of. and, therefore, the tests are

considered to adeouately demonstrate acceptable valve operation.

[A ouestion will ne asked to, provide closing toroue at its present 4,u

toroueswitchsetting.] Q Eiw

The presentation above, demonstrating that the PORV and block valves

operated satisfactorily, verifies tnat tne portion of Item 1 of Section 1.2
that reouires conducting tests to cualify these valves, and that part of
Item 7 of Section 1.2 reouiring that the effect of discharge piping on
ooerability be considered hrie been met. Items 1 and 7 of Section 1.2 have

.

'
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not been met for the safety valves. The valve was not tested for the
recuired range of inlet conditions and valve operability on subcooled

liouid has not been demonstrated. Item 5 of Section 1.2 is considered
satisfied based on the anticipated completion of the 10 CFR 50.49 review of
the PORY control circuitry.

4.4 Piping and Support Evaluation

In the piping and support evaluation, the safety valve piping, between
the pressurizer nozzles and valve, and the PORV piping, between tne
pressurizer nozzle and the pressurizer relief cuench tank, were analyzed to
the recuirements of the ASME Boiler and Pressure Vessel Code, Section III,

i 1971 eoition with addenda to Summer 1973 for the Class 1 and Class 3
'

5I,
piping. The piping supports were analyzed to ASME Section III,

.

Subsection NF, 1974 edition. [ Load combinations as discussed in response ' dot

to Question 10 of NRC recuest for information need clarification.] The OM
,

piping was analyzed for thermal expansion, pressure, weight, earthouake,
plant operational thermal and pressure transients, and safety valve and
PORV discharges.-

4.4.1 Thermal-Hydraulic Analysisi

Since the safety valves were moved to the pressurizer nozzles and the
discharge piping removed, the thermal hydraulic analysis for Davis-Besse
only considered the PORV piping. The transient conditions analyzed were
based on Reference 9 and included discharge of saturated ste'am with and

without hot loop seals, and subcooled water at 400*F at the assumed PORV

| opening pressure of 2465 psia. For the saturated steam analyses a
pressurization rate of 175 psi /s was assumed in ramping the pressurizer
pressure from the PORV set point of 2465 psia to the maximum pressure of
2677 psia. The forces generated from these conditions bound those from all
other conditions expected at the plant.

[ Clarification of worst case transient needed from Davis-Besse. h

| Question to De asked and statement included here.] O, b
|

|
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The thermal-hydraulic analysis was performed with the program ;

RELAPS-FORCE. RELAPS-FORCE is a University Computing Company (UCC),

Dallas, Texas version of RELAPS/ MODI, Cycle 14, which has been modified to

include the capability to compute the hydraulic force on each pipe -

-

segment. Verification has shown RELAP5-FORCE preserves the results from
RELAP5. Furthermore, the ability of RELAPS-FORCE to calculate pipe segment
forces has been verified through simulations of EPRI/CE SRV tests, and
Edward's and Hanson's blowdown experiments. Repeatability of the RELAP5 |
results with RELAPS-FORCE indicates the basic code has been preserved and l

the RELAPS verification work in Reference 20 applies to RELAPS-FORCE to
,

'

show it a suitable tool for calculation of valve disenarge transients.
Comparison of the RELAPS-FORCE calculated pipe segment forces to EPRI/CE

g cata and the other experiments shows good agreement, verifying the ,

capability of RELAP5-FORCE to calculate pipe forces due to valve ,

b discharge. [ Provide results of RELAPS-FORCE verification calculations of h

O9EPRI/CE tests for our review.] _

A RELAPS model for the PORY piping from the valve discharge to the
cuench tank was developed. The safety valve was not considered since no
discharge piping to the cuench tank is used. In the piping model, the key
parameters of node size, time step size, choked flow locations, and valve
opening times were reviewed. Choking was used only at the junction
representing the PORV. This is appropriate for this type of analysis. The
PORV opening time was modeled as 50 msec and is representative of the
opening time measured by EPRI. The maximum time step of 2.0 x 10~4 see

,

was sufficiently small to accurately calculate the piping forces for the
node size used in the RELAPS model. Nodes sizes were approximately 0.75 ft
long. To account for uncertainties in valve flow rates, the valve flow

f area and tnerefore the flow rate in the piping. analysis was conservatively
adjusted. A conservative factor of 1.35 was included in the maximum rated
valve mass flow rate for the PORV. The conservative flow rates used in the
analysis acceptably account for 10% ASME derating and potential error in

~

the flow rate. [Insufficientdetailonsomeofthekeyparametersusedin g

the RELAPS-FORCE thermal-hydraulic analyses was received from Davis-Besse. Qq
Information on node size and time step size will be reouested.]

| |
,
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The therma'l hydraulic analysis is considered adeouate for predicting
.

tne PORY discharge loads.

4.4.2 Stress Analysis |
"

l

The structural analysis for the safety valve ano PORV piping was
performed using the Teledyne Engineering computer code Tm PIPE and TMRSAP.

[ Discuss TMRPIPE code. Question to Davis-Besse to provide .u a_.

information.] G7.

TMRSAP is a modified version of a structural analysis program for*

i linear elastic systems, SAPIV. SAPIV is prepared by the Earthauake .

Engneering Research Centier of University of California and widely used for
I ~

piping system response analysis and other structural applications. The
TMRSAP computer code has been verified by the Teledyne Engineering Services
and the verification results were presented in a Teledyne report

j (Reference 21). Tne portion of the report relating to piping discharge
analysis was reviewed and the program was found to be acceptable for the
piping oynamics application.

For the analysis of the valve discharge conditions, the input forcing
functions were obtained from the thermal-hydraulic analysis using the
RELAP5-FORCE program. The force time histories representing an unbalanced
fluid force in eacn pipe segment were applied to the structural model at
appropriate node points. The modeling technioue and the key input
parameters used in the analysis, such as lumped mass spacing, structural
damping value, cut-off frecuencies, etc., were reviewed and considered to q
be acceptable. [ Question asking for parameters to be provided.]

The piping analysis was performed in accordance with the reauirements
of the 1971 Edition of the ASME B&PV Code. The piping support analysis was

|
performed in accordance with ASME B&PV Code, 1974 Edition, Subsection NF.

|

I
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Tne load combination ecuations and stress limits used for the evaluation of
'

tne piping stresses upstream and downstream of the safety valves and PORVs ,,,,
-

for Davis-Besse are [further information reouested.] dl l7, if,15
'

I G,
.

The piping stresses calculated by Teledyne Engineering Services, a
consultant of the Licensee, nave been reviewed. Tne piping stresses

evaluated on the basis of the load combinations defined above are found to
be acceptable. !

,

The safety valves at Davis-Besse are mounted directly on tne
pressurizer nozzles. Toledo Eoison evaluated tne stresses on the safety
valve nozzle and the weld attaching the valve flange to tne nozzle. The

i stress at the valve flange was 21390 psi compared to an allowable of -

25050 psi. The safety valve nozzle stresses were determined to be
~"

negligible, with tne largest stress being 1556 psi. (Thecalculationson
pg 148 of TES report TR-5639-2 did not include effect of uneoual rupture AsLA-

C210disc bursting pressure. Evaluate the stresses when tnis factor is ,

ircluded.] Nozzle loads (bending moments) were also evaluated and found to
be within acceptable limits. [ Safety valve nozzle loads were tabulated on asut

. dl tipg 151 of TR-5639-2. A ouestion to be asked on data shown there.] _

The results of the PORV piping support analysis identified only three
piping supports with loads exceeding the design loads. Davis-Besse has

| modified the piping supports to meet the new loading conditions and ASME
code reouirements (Reference 15 Response 12).

The analysis discussed above, demonstrating tnat a bounding case has
|
| oeen chosen for the piping configuration, verifies Item 3 of Section 1.2

has been met, and the analysis of the piping and support system verifies

j Item 8 of Section 1.2 has been met.

|
|
:

I

!

:

!

|
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5. EVALUATION SUNiARY
,

The Licensee for Davis-Besse has not provided an acceptable response
to tne recuirements of NUREG-737, indicating that the General Design'-
Criteria 14, 15, and 30 of Appendix A to 10 CFR 50 have not been met with
regard to the safety valves and PORVs. The -aticnale for tnis conclusion
is given below.

The Licensee developed an acceptable relief and safety valve test 'I

program to cualify the operability of the prototypical valves and to
demonstrate that their operation would not invalidate the integrity of tne |

associated eauipment and piping. The subsecuent tests were successfully

i completed under operating conditions which by analysis bound the most -

probable maximum forces expected from anticipated design basis events.
U However, the test results showed that the valves tested did not functioned *

correctly and safely for' all steam and water discharge events specified in
tne test program that are applicable to Davis-Besse. The pressure boundary'

component design criteria were not exceeded. Analysis and review of both
the test results and the Licensee justifications indicated the direct
applicability of prototypical valves and piping performance to the in-plant
valves and piping intended to be covered by tne test program. Tne
plant-specific piping also has been shown by analysis to be acceptable.

Thus, tne reauirements of Item II.D.1 of NUREG-0737 (Items 2,3,4,5,6

and 8 of Section 1.2) have been met. The licensee has not shown
satisfactorily that Items 1 and 7 of Section 1.2 meet the reauirements of

Item II.D.1 of NUREG-0737 as discussed in Section 4.

To ensure that, (1) the reactor pt imary coolant pressure boundary will

| have a low probability of annormal leakage (General Design Criteria
No.14), (2) the reactor primary coolant pressure boundary and its
associated components (piping, valves, and supports) have been designed

' with a sufficient margin so that design conditions are not exceeded during

relief / safety valve events (General Desian Criteria No.15), (3) the
prototypical tests and the successful performance of the valves and

|

(
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associated components demonstrated that this eouipment was constructed in
accordance with high ouality standards.(General Design Criteria No. 30),'

the Licensee should provide additional information and documentation to
demonstrate safety valve operability on licuid discharge. -

4
-

I5i
-

.
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&
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UNRES0lNED QUESTIONS--

TMI ACTION NUREG-0737 II.D.1

DAVIS-BESSE 50-346 |
i

!"
,

1 The Toledo Edison submittal states that the only transient resulting
in liouid discharge through the safety valves was the feedwater line
break and extended high pressure injection with expected temperatures
ranging from 400 to 640*F. EPRI testing on the 3K6 (Test 438) and 6M6
(Test 932) with water inlet temperatures of 532*F ano 463*F,
respectively, resulted in chatter and the tests were terminated.
Test 431a on the 3K6 with an inlet water temperature of 616*F,
performed stably with liouid discharge. Provide additional-

ir. formation discussing the operability of the Davis-Besse 4M 6
4

.j
safety valve on liouid discharge. Since testing with 400*F 11ouid was

M not performed on any Crosby safety valve, discuss how valve
~

operability will be shown for this inlet condition. What actions will,

be performed by Davis-Besse subsecuent to a safety valve lift, such as
disassembly ano inspection of the safety valves, after discharging say
550*F or less liouid to assure future operability? If instability is

not expected, explain why.

'

2. NUREG-0737, Item II.D.1 reouires cualification of the PORV control
,

circuitry of the plant specific PORVs for design-basis accidents and
transients. Response 8 to the reouest for additional informationq

dated June 7, 1985 was insufficient in discussing the utilities
cualification of the PORV circuitry to NUREG-0737 II.D.I. The NRC

staff has agreed, however, that such oualification does not have to De
submitted for this review if it has already been included in the

submittal to fulfill the reouirements of 10 CFR 50.49. Verify wnether

the in-plant PORV control circuits nave been included in tne
,

j 10 CFR 50.49 review. If the PORV circuitry has not been reviewed
under 10 CFR 50.49, provide the following to demonstrate tt.at the
reouirements of NUREG-0737 Item II.D.1 concerning the control

circuitry have been met:

30
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A. Provide a list of all PORV control circuitry needed to mitigate
NUREG-0737 transients such as the following:

*

1 Switchgear

2. Motor control centers
3. Valve operators and solenoid valves

4. Motors

5. Logic eauipment

6. Cable

7. Connectors

8. Sensors (pressure, pressure differential, temperature, flow
and level, neutron, and other radiation)

'

i 9. Limit switches

,,
10. Heaters

,

~~ '
11 Fans

12. Control boards
13. Instrument racks ano panels'

' 14. Electric penetrations
15. Splices.

,

16. Terminal blocks

B. For each item of ecuipment identified in A, provide the following:

1 Type (functional designation)
2. Manufacturer

| 3. Manufacturer's type number and model number

j 4. Plant ID/ tag number and location

C. For each item of ecuipment listed in above, provide the
environmental envelope, as a function of time, that includes all
extreme parameters, both maximum and minimum values, expected to

occur during NUREG-0737 transients, including postaccident ,

conditions.
'

,

)

i

|
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D. For each item of touipment identified above, state the actual
.

cualification envelope simulated during testing (defining the
duration of the environment and the margin in excess of the

~

design reouirements). If.any method other than type testing was
used for cualification, identify the method and define the
eouivalent " qualification envelope" so derived.

|

E. Provide a sumary of test results that demonstrates .the adecuacy

i of the cualification program. If any analysis is used for
qualification, justification of all analysis assumptions must be
provided.

i
i F. Identify tne cualification documents that contain detailed *

4 .

! supporting information, including test data, for items D and E.
, ,

;. .

3. As stated in response 5 to tne reauest for additional information

| dated June 7, 1985, Davis-Besse identiffeo two occasions where the
,

PORV failed to operate on demand. What actions are being considered

by Davis-Besse to insure reliable operation of the PORV7 Provide a ,
discussion on these actions such as disassembly and inspection of the

PORV after a challenge and lift. In addition, describe what will be
done to ensure the valve is in good working' order and all parts'

! properly macnined so that problems, such as those encountered during
i EPRI testing and past problems at the plant,will not prevent the PORV

from functioning properly,

i
| 4. Tne submittal did not provide the expe.'sd backpressure during PORV.

discharge. Provide the expected PORY backpressure.

| S. EPRI tests on the Velan gate valve with the SMB-000 10 actuator
demonstrated successful operation with toroues as low as 82 ft lbs.

| For purposes of comparison, provide the present Davis-Besse block
valve toroue switch settings and the corresponding toroues produced.

| If the toroue produced by tne plant block valve operator is less than
i

i

|

1

324

i
!

! --- - -. . . . - . . - - - . . . _ - - - - - . . - - - . . - . - - . ,
_ -_ . - .-_-_ _ _ _ - - - - - . , _ . . . - - - .-



-.- - - ._ .

!
* *

.. e ,
'

. o

82 ft Ibs, it is tne staff position that it is not adeouate to
conciude proper operation based solely on manufacturer's

'

calculations. The proolems encountered with the Westinghouse gate
valve on closing, which was traced to the calculations used to kize

the operator toraue reauirements, indicate the need to experimentally
verify the adecuacy of the block valve / operator combination. Toledo I

Edison should provide test data to demonstrate the SMB-00 10 operators
at Davis-Besse are capable of providing adeauate toroue to close the
block valves.

6. The Teledyne Engineering Services report TR-5639-2, as part of the
Davis-Besse submittal, identified the subcooled water discharge at
400*F and 2500 psig transient on page 11 as the worst case load 'a

producing transient. On page 87 of the same report, the saturated
'i ,

*

steam with hot loop seal transient is identified as the worst case
i loading transient. Since the original structural analysis was

completed, tne loop seals upstream of the PORVs have been eliminated.
This eliminates the hot loop seal transient from consiaeration as the
worst case loading transient. Considering the new inlet conditions
for the PORV, review the thermal-hydraulic and structural analyses
completed for Davis-Besse. Demonstrate that the transients analyzed
inciudetheworstcaseloadingtransient. Provide a comparison of the

calculated and allowable stresses for the most highly loaded locations
for the worst case transient.

7. The submitted report TR-5639-2 states that the structural analysis of
the PORV valve piping system was conducted using Teledyne Engineering
Services computer codes T!EPIPE and TMRSAP. No discussion or detail
of the TMRPIPE code was provided. To allow for a comolete evaluation
of the metnods employed, provide a detailed description of the TMRPIPE

code and its solution techniaue. Provide a discussion and evidence on
how the program has been verified. Discuss tne applicable modeling

techniaues and parameters (i.e., node spacing, time steo, etc.).
Discuss the relationship of TMRPIPE with TMRSAP in performing the
structural analysis.

33
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8. Discuss the important parameters used in the TMtSAP program such as
,

lumped mass spacing, time step, structural damping and cutoff
frecuencies, and the rationale for the values selected.

.

9. The submittal provided insufficient detail on the key parameters used,

in the RELAPS-FORCE thermal / hydraulic analysis for Davis-Besse.
Provide information on the node cize and time step and discuss the
selection rationale. The node spacing downstream of the PORV (volume
lengths from 0.789 ft to over 2.5 ft) appears to be too large to
accurately calculate the piping forces due to valve disenarge.
Justify that the node spacing selected bounds tne forces expected at
the plant or redo the analyses with smaller node sizes. Also, since

4 the maximum time step should be small enough to prevent the shock wave -

k from passing through a volume in one time step, the maximum time step
II used needs to De reevaluated if the analyses is redone with smaller

'

nodes. Provide a discussion and evidence on how the FORCE program was

i verified. Provide comparisons of EPRI/CE data to results calculated

with FORCE.

:. .

10. Nozzle stresses on page 148 of TES report TR-5639-2 did not include
the effect of uneoual rupture disc cursting pressure. Evaluate the
stresses when this effect is considered.

11 Toledo Edison used the loads from an earlier stress analysis as the
design loads in performing the structural analysis for NUREG-0737.
Provide a copy of the TES report, TR 149510a (1973), for our review.
The report should include the load combinations analyzed and a

! comparison of the calculated loads to tne allowables for tnese load

combinations.

12. Safety valve nozzle loads were tabulated on pg 151 of TR-5639-2.
These were compared to the loads from an earlier structural analyses,
TR 149510a (1973). Tne 1973 loads were considered the design load.
This table shows some of the new forces (Fy and Fz) and moments (Mx
and Mz) exceed the old, design loads. Discuss what will be done to

34
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reduce the new loads ano forces to within the design loads and
'

forces. Also, this table did not consider blowdown loads. These must
be considered when discussing what will be done to reduce forces and
stresses to within design limits. '

13. On page 144 and 145 of the TES report TR-5639-2, the load on the

safety valve nozzle to flange weld were calculated. The calculation
included a seismic load but oid not identify whether the load was due
to an OBE or SSE. Since the safety valves were analyzed, the loao
should be due to an SSE. Identify the seismic load used.

14. The response to Question 10 in the December 6, 1985 letter stated the

4 hanger / restraint design loads were based on the worst case combination '

of thermal, ceadweight, seismic, and blowdcwn loads. The allowable
I' I

.

stress was not provided, however. Provide the allowables used in the
hanger / restraint analysis. If only the basic allowable was used for-

all load combinations the analysis is acceptable. If a multiplier was

used with the allowable for other than the NORMAL condition, then the
analysis performed may not be sufficient, and Toledo Edison should
justify that the load combinations and allowables used are
conservative.

.

15. The response to Question 10 of our reouest for information referenced

a TES tecnnical report E 149517, Rev. A, that was used to certify tne
PORV upstream piping. Provide a copy of this report for our review.
If not included in this report, provide the load combinations and
allowables used in the analyses. Also provide a comparison of thet

calculated and allowable stresses for the most highly loaded
locations. Also, since the PORV loop seal water was drained, discuss

| what impact, if any, this may have on the previous analysis. Justify
the previous analysis still bounds the stresses resulting from all
possible transients. Provide the same data for the piping suoports.

.

1
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' 16. The information received on the Class 3 piping analysis did not
include a comparison of calculated and allowable stresses for the

piping and supports. Provide such a comparison.
''

'17. The response to Question 10 of our reouest for information discussed
the loads used to certify the Class 3 PORY piping in accordance with
Ecuation 9 of the ASME code. From the information received, it is not

t

clear what were the occasional loads analyzed. Was the PORV discharge

combined with the OBE load or was the OBE load considered alone?

Discuss in more detail the load combination.

4 18. The response to Question 10 also stated tnat two Class I checks were 5

,

performed on the Class 3 piping. Discuss the reasons for performing a
!I i Class 1 analysis for a Class 3 system. Provide a comparison of'

~

calculated and allowchle stresses for the Class I analysis performed.

!
*
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