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ABSTRACT

,

Light water reactor operators have experienced a number of occurrences
of improper performance of safety and relief valves installed in their
primary coolant systems. As a result, the authors of NUREG-0578 (TMI-2 -

i

Lessons Learned Task Force Status Report and Short-Term Recommendations) and

subsequently NUREG-0737 (Clarification of TMI Action Plan Requirements)
recommended that programs be developed and completed which would reevaluate

the functional performance capabilities of Pressurized Water Reactor (PWR)
safety, relief, and block valves and which would verify the integrity of the
piping systems for normal, transient, and accident conditions, This report
provides the results of the review of these programs by the Nuclear
Regulatory Commission (NRC) and their consultant, EG&G Idaho, Inc.
Specifically, this review examined the response of the Licensee for the
Point Beach Nuclear Power Plant, Unit I and 2, to the requirements of
NUREG-0578 and NUREG-0737 and finds that the Licensee provided an acceptable

response, reconfirming that the General Design Criteria 14, 15, and 30 of
Appendix A to 10 CFR 50 were met.
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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 systems. There were instances of valves opening below set 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 qualification of the valve er i

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 significant
contributor to the Three Mile Island (TMI-2) sequence of events. These
facts led the task force which prepared NUREG-0578 (Reference 1) and, j
subsequently, NUREG-0737 (Reference 2) to recommend that programs be I
developed and executed which would reexamine the functional performance

capabilities of Pressurized Water Reactor (PWR) safety, relief, and block ;

valves and which would verify the integrity of the oiping systems for j
normal, transient, and accident conditions. These programs were deemed
necessary to reconfirm that the General Design Criterf t 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 N_ PREG Requirements |

!

General Design Criteria 14,15, and 30 require that (a) the reactor
primary coolant pressure boundary be designed, fabricated, and tested so as

| to have an extremely low probability of abnormal leakage, (b) the reactor
coolant system and associated auxiliary, control, and protection systems be
designed with sufficient margin to assure that the design conditions are

;

:
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not exceeded during normal operation or anticipated transient events, and
(c) the components which are part of the reactor coolant pressure boundary
shall be constructed to the highest quality standards practical.

i
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 requirement in a letter dated September 13, l'979 by
the Division of Licensing (DL), Office of Nuclear Reactor Regulation (NRR),
to ALL OPERATING NUCLEAR POWER PLANTS. This requirement has since been

incorporated as Item 11.0.1 of NUREG-0737, Clarification of TMI Action Plan i

Requirements (Reference 2), which was issued for implementation on-

October 31, 1980. As stated in the NUREG reports, each pressurized water
reactor Licensee or Applicant shall:

1. Conduct testing to qualify 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
i

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 the
safety and relief valves are maximized.

4. Use the highest test pressures predicted by conventional safety J

analysis procedures. !.

i
5. Include in the relief and safe +y valve qualification program the

|
qualification of the associated control circuitry. !

!
;

6. Provide test data for Nuclear Regulatory Commission (NRC) 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
functionability of as-installed primary relief and safety valves.
This correlation must show that the test conditions used are
equivalent 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.

S. Qualify the plant specific si,fety and relief valve piping and
supports by comparing to test data and/or performing appropriate

.

analysis.

|
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2. PWR OWNERS' GROUP RELIEF AND SAFETY VALVE PROGRAM.

!
-

In response to the NUREG requirements previously listed, a group of i

utilities with PWRs requested the assistance of the Electric Power Research
Institute (EPRI) in developing and implementing a generic tcst program for
pressurizer power operated relief' valves, safety valves, block valves, and
associated piping systems. The Wisconsin Electric Power Co., owner of the
Point Beach Nuclear Power Plant, Units 1 and 2, was one of the utilities

i

sponsoring the EPRI Valve Test Program. The results of the program are
contained in a group of reports which were transmitted to the NRC by
Reference 3. The applicability of these reports is discussed below.

* '

. 1

EPRI developed a plan (Reference 4) for testing PWR safety, relief, and
block valves under conditions which bound actual plant operating
conditions. EpRI, through the valve manufacturers, identified the valves
used in the overpressure protection systems of the participating utilities.
Representative valves were selected for testing with a sufficient number of
the variable characteristics that their testing would adequately demonstrate I

the performance of the valves used by utilities (Reference 5). EPRI,
i

through the Nuclear Steam Supply System (NSSS) vendors, evaluated the FSARs
1of the participating utilities and rrived at a test matrix which bounded

the plant transients for which overpressure protection would be required
}(Reference 6). |

|

EPRI contracted with Westinghouse Electric Corp. to produce a report on
the inlet fluid conditions for pressurizer safety and relief valves in

.

Westinghouse designed plants (Reference 7). Since Point Beach, Units 1
and 2, were designed by Westinghouse this 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. Additional PORV tests were conducted at the Wyle
Laboratories Test Facility located in Norco, California. Safety valves were
tested at the Combustion Engineering Company, Kressinger Development

{
,

4 1
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Laboratory, located in Windsor, Connecticut. The results for the relief and
safety valve tests are reported in Reference 8. The results for the block
valves tests are reported in Reference 9.

i

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 required to
operate, The conditions selected for test (based on analysis) were limited
to steam, subcoo?:o rater, and steam to water transition. Additional
objectives were N (r) obtain valve capacity data, (b) assess hydraulic and
structural effects of associated piping on valve operability, and (c) obtain
piping response data that could ultimately be used for verifying analytical

" piping models.

|
'

Transmittal of the test results meets the requirement of Item 6 of
Section 1.'2 to provide test data to the NRC.

i

!
!

1

|
!
|

i
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3. PLANT SPECIFIC SUBMITTAL

The plant specific evaluation of the adequacy of the overpressure
protection system for Point Beach, Units 1 and 2, was submitted by Wisconsin
Electric Power Co. to the NRC un April 8, 1982 (Reference 11 and 12).
Additional information on the plant specific evaluation of the safety and
relief valves and safety / relief valve piping and supports was submitted on !

December 23, 1982 (Reference 13). A request for additional information was
transmitted to Wisconsin Power by the NRC on February 12, 1985
(Reference 14). Response to NRC request for additional information and a

final evaluation report were submitted by Wisconsin. Power on May 16, 1985
|,

(Reference 15). A second request for information was sent to Wisconsin
Power on Ju'ly 2, 1987 (Reference 16). The Licensee responded to this

{
reauest on August 24, 1987 (Reference 17). '

The response of the overpressure protection system to Anticipated I

Transients Without Scram (ATWS) and the operation of th? system during feed
,

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

events.

f

!
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4., REVIEW AND EVALUATION

4.1 Valves Tested

The Point Beach, Units 1 and 2, overpressure protection systems are
equipped with two.(2) safety valves, two (2) PORVs, and two (2) PORV, block
valves. The safety valves are 4-in. Crosby Model HB-BP-86, 4K26, spring
' loaded valves with loop seal internals. The design set pressure is ,

1~2485 psig and the rated steam flow capacity is 288,000 lbm/h. The PORVs are |

Copes-Vulcan Model D-100 globe valves with D-100-160 operators and the
iopening set pressure of the PORVs is 2335 psig. Unit i uses one 3 in, valve

with 316 SS'stellited plug and 17-4 PH' cage and one'2 in. valve with 17-4 PH
plug and cage. Unit 2 uses two 2 in, valves with 17-4 PH plug and cage.
The 2 in, and 3 in. valves represent the old and new designs'of the
Copes-Vulcan PORV of the same model. The PORV block valves are 3-in. Velan

Model B10-3054B-13M gate valves with Limitorque SMB-000-5 motor operators.

The inlet piping to the safety valves include hot loop seals (average
temperature is 4240F); the inlet to the PORVs have no loop seals.

The Crosby 4K26 safety valve used at Point Beach, Units 1 and 2, was
not specifically tested in the EPRI safety and relief valve testing
program. Two similar valves, which were tested by EPRI, are the Crosby
HB-BP-86, 3K6 and 6M6 valves. These valves are of the same design but vary '

in orifice size and flow capacity. A comparison of the size and capacity of
these valves is shown below.'

Inlet Outlet Nozzle Bore Rated
Diameter Diameter Diameter Flow

Valve Model (in.) (in.) (in.) (1bm/h)

Point Beach 4K26 4 6 1.800 288,000 1

Test 3K6 3 6 1.536 212,182 |
Test 6M6 6 6 2.154 420,006

i
The difference in orifice size only t.ffects the valve capacity but not !

valve behavior. Other differences, such as body construction and disk !
holder type and material variations, do not have a significant effect on the
valve operability. The valves were tested with a long inlet piping

7 |
4
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configuration with loop seals similar to the safety valve installation at
{Point Beach, Units 1 and 2. The results of the applicable EPRI tests on '

these valves, therefore, adequately demonstrate the operability of the Point
Beach safety valves.

~

l

A 3 in. Copes-Vulcan PORV identical to the 3 in. Copes-Vulcan PORV used '

at Point Beach Unit I was tested in the EPRI test program. Two sets of
similar tests were conducted on this valve. One set used the 17-4 PH plug
and cage and the other used 316 SS stellited plug and 17-4 PH cage. Point

Beach uses both the 2 in. and 3 in. valves in its two units. The main
differences between the 2 in. and 3 in valves are in the valve body
construction and in the valve plug material. The'two different plugs were
both u:ed in the tests. The difference in body construction is not expected
to have a significant effect on the valve operability. Since the 3 in.
valve body may experience a little larger thermal effect than the 2 in.
body, using the 3 in. valve in the tests would conservatively represent both |
the 2 in. and 3 in. valves. Therefore, the EPRI test results of the
Copes-Vulcan PORV ate directly applicable to the Point Beach PORVs.

The PORV block valve used in the EPRI tests was the Velan Model
B10-30548-13MS gate valve, identical to those used at Point Beach, Units 1 !

and 2. But the Limitorque operators, SB-00-15 and SMB-00-10, used for the
test valves are larger than the SMB-000-5 operator used at Point Beach.

.

However, the maximum torque capacity ?f the larger operators was not fully
used in the tests, because the torque switches of these operators were not

4

set at the highest positions. By comparing the manufacturer's
specifications for these operators, it was determined that the SMB-000-5
operator used at Point Beach, Units 1 and 2, is capable of delivering a
torque equal to or exceeding those used in the tests. Since the in-plant

;

valves have the same capabilities as the test va1ves, the applicable EPRI ),

test results can be used to evaluate the operability of the Point Beach PORV i

| block valves.

Based on the above, the valves tested are considered to be

representative of the in-plant valves at Point Beach, Units 1 and 2, and to
have fulfilled the part of the criteria of Items 1 and 7 as identified. in
Section 1.2 regarding applicability of the test valves.

I
,

8 |
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4.2 Test Conditions-

.I
i

Point Beach, Units 1 and 2, are both two-loop PWRs designed by the
Westinghouse Electric Corp. The valve inlet fluid conditions that bound the
overpressure transients for Westinghouse designed PWR Plants are identified
in Reference 7. The transients considered in this report include FSAR
transients, extended high pressure injection, and low temperature f
overpressurization events. The expected fluid conditions for each of these i

events and the applicable EPRI tests are discussed in this section.

!
'

4.2.1 FSAR Steam Transients

.

The limiting event resulting in steam discharge through the safety
valves and steam discharge through both the safety valves and PORVs is the
locked rotor accident.

The safety valves are predicted to experience a peak pressure of
2682 psia and a pressurization rate of 240 psi /s (Reference 7). The maximum
developed backpressure at the safety valve outlet ranges from 546 psia to
635 psia among the four safety vali/cs in Point Beach, Units 1 and 2. The

average loop seal temperature was calculated to be 4240F (Reference 15).
,

No steam tests directly applicable to the Point Beach safety valves
- were found in the EPRI tests on the Crosby 3K6 safety valve. Two steam

tests (No. 506 and 508) were performed using the manufacturer recommended

ring settings and a drained loop seal. The peak pressures at valve opening
were 2709 psia in Test 506 and 2508 psia in Test 508, and the pressurization
rates were less than 4.1 psi /s. The peak backpressure were over 455 psia.
The pressurization rates, backpressure, and the peak pressure were less
severe than those expected in Point Beach, Units 1 and 2. These tests
cannot be considered directly applicable to the in-plant valves because they
were run with a drained loop seal instead of the hot loop seals used at
Point Beach. But, since the drained loop seal tests represent a less severe

]
valve discharge condition than the filled loop seal case, any valve |
discharge problem encountered in the drained loop seal tests will most
probably occur with a filled loop seal.

I

9

|
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Among the EPRI tests' performed on the 6M6 valve, Tests 1415 and 1419
'

were run with a hot loop seal and manufacturer recommended ring settings.
The peak pressures in these tests were greater than 2675 psia, and the
pressurization rate was 350 psi /s. The backpressure of 255 psia was less

j

than that of the in-plant valve (565 psia). Since the maximum backpressure
does not develop until after the loop seal is discharged and full steam flow
conditions achieved, a cold water loop seal test (Test 929), with a peak
backpressure of 710 psia, will be used to demonstrate valve operability with
respect to backpressure. The pressurization rate during Test 929 was i

319 psi /s which also bounds the plant response. Based on the above

comparison, it is concluded that results of Tests 1415, 1419, and 929 on the.

6M6 safety valve are representative of the Point Beach safety valves. !

When both the safety valve and PORV are actuated in a FSAR transient
resulting in steam flow, the maximum pressure and pressurization rate are
predicted to be 2573 psia and 202 psi /s, respectively (Reference 7). In the
EPRI tests on the Copes-Vulcan relief valve, the maximum pressure at valve
opening was 2715 psia which bounds the predicted pressure at Point Beach.

!

The backpressure developed at the outlet of the PORVs is not an important
consideration for the air operated PORVs used at Point Beach. The air

operated PORV is not sensitive to backpressure (Reference 6). Therefore,
the EPRI test inlet fluid conditions for the PORV in steam discharge are
representative of the plant specific transient conditions. !

i
j

4.2.? FSAR Liquid Transients

The most limiting transient resultir,c in liquid discharge through the
safety valves and PORVs is the feedline break accident. The feedline break
event for Point Beach, Units 1 and 2, was not addressed in the Westinghouse .

report on valve inlet fluid conditions (Reference 7). According to the
Licensee in Reference 15, a loss of normal feedwater from a pipe break, pump
failure, or valve malfunction was analyzed and reported in Section 14.1.10
of the Point Beach FSAR. The results of the analysis showed that no water

I discharge through the safety valve or PORV would occur. Therefore, water
;

I discharge through the valves is not expected in a FSAR transient for the '

,

Point Beach plant.

i

. ,

10
;
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4.2.3 Extended High pressure injection Event
|

The limiting extended high pressure injection event is the spurious
;

actuation of the safety injection system at power. According to the
Westinghouse analysis in Reference 7, no fluid discharge is expected through
either the safety valve or PORV.

I

4.2.4 Low Temperature Overpressurization Transient

Only the PORVs are used for low temperature overpressure protection
(LTOP). The safety valves are not affected in this transient. The plant
specific range of potential fluid conditions for low temperature
overpressure events were presented in Reference 15. For water discharge,
the peak inlet pressure is up to approximately 2350 psia and liquid -

temperatures from 70 to 3500F. For steam / liquid discharge the inlet
pressure ranges from 400 to 2350 psia and the liquid temperature is the ,

associated saturation temperature. If there is a steam bubble in the
pressurizer, the inlet pressure is up to 2350 psia and the temperature up to i

6500F.
|

There were two low pressure and temperature water tests performed on

the Copes-Vulcan PORV with stellite plug and 17-4 PH cage similar to the
' in-plant valves. The tests were conducted at an inlet pressure of 675 psia j

and at temperatures of 105 and 4420F, respectively. The high
pressure / temperature tests on the Copes-Vulcan PORV were discussed in

|
Section 4.2.1. These inlet fluid conditions of the EPRI tests adequately

|
envelop the expected inlet fluid conditions of Point Beach, Units 1 and 2. |

|

4.2.5 PORV Block Valve Fluid Conditions !

!
1

The PORV block valves are required to operate over the same range of
)

| fluid conditions as the PORVs. In the EPRI tests, the block valve was only !

f tested at 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 9) demonstrated that the required torque to open or close the |

11 i

!
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valve depended almost entirely on.the differential pressure across the valve
disk and was insensitive to the momentum load. Therefore, the. required
force is nearly independent of the type of flow (i.e., water or steam).
Furthermore, according to friction tests done by Westinghouse on a stellite ~!

,

coated specimen, the friction coefficient between stellite surfaces is |.

approximately the same for steam and water tests. In some instances, the

friction coefficient in water is lower than in steam. The Velan block
valves have stellite coated disk and seats. The force required to overcome
disk friction in steam is essentially equal to the force required in water.
Therefore, the steam tests are adequate to demonstrate the operability of
the block valves for expected water conditions.

.

i
,

4.2.6 Test Conditions Summary |

|

The test sequences and analyses described above demonstrate that the i

test conditions bound the conditions for the plant values. They also verify
that Items 2 and 4 of Section 1.2 were met, in that conditions for the
operational occurrences were determined and the highest predicted pressures
were chosen for the test. The part of Item 7, which requires showing that

~

the test conditions are equivalent to conditions prescribed in the FSAR, was
also met.

|

4.3 Operability

4.3.1 Safety Valves
.

The Point Beach safety valves are expected to pass steam only. Steam
discharge tests (No. 506, 508, 1415, 1419) performed on Crosby 3K6 and 6M6
safety valves were discussed in Section 4.2.1. The tests directly
applicable to the Point Beach safety valves are the water seal discharge '

tests (No. 1415 and 1419) on the 6M6 safety valve. The valve opened
within +2% of the design set pressure and closed with 5.1 to 9.4% blowdown.

Rated flow was achieved at 3% accumulation with valve lift positions at
92 to 94% of rated lift. In Test 929, the cold loop seal test used to bound
valve per formance with high backpressure, the valve had stable performance '

on steam and closed with 5.1% blowdown adequately demonstrating valve
operability at high backpressure.

12
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The valve in Test 1415 performed stably, but in Test ~1419 it did not
perform very well. In Test 1419, the valve chattered on closing and the
test was terminated after the valve was manually opened to stop the
chatter. This result does not indicate a valve closing problem for the
Point Beach safety valve since an identical test (Test 1415) already
demonstrated that the valve performed satisfactorily and exhibited r.o sign
of instability. The closing chatter in Test 1419 may be a result of the
repeated actuation of the valve in loop seal and water discharge tests. As
shown in Table 4.3.1 on the next page, the 6M6 test valve was subjected to
seventeen steam, water and transition tests. In the first four or five

tests, the valve fluttered and chattered during loop seal discharge but
stabilized.and closed successfully. After Test 913, there were
four instances in which the test was terminated due to chattering on
closing. Galled guiding surfaces and damaged internal parts were found
during inspection and the damaged parts were refurbished or replaced before
the next test started. The test results showed that the valve performed
well af ter each repair, but the closing chatter recurred in a subsequent
test. Test 1415 was performed immediately after valve maintenance and the
valve performed stably. The next test (Test 1419) encountered chatter in

|

closing even though it was a repeat of Test 1415 at similar fluid
conditions. This suggests that inspection and maintenance are important to
the continued operability of this valve. Therefore, the Licensee should I

inspect the safety valves after each lift involving loop seal or water
discharge and a formal procedure should be developed and incorporated into
the plant operating procedures or licensing documents such as the plant
technical specifications.

Tests 506 and 508 were performed on the Crosby 3K6 valve with a drained
loop seal. As noted in Section 4.2.1, several parameters in these tests
were less severe than those expected at the plant. Review of these tests is
appropriate, however, because of problems with the valve during the tests.
In Test 506, the valve missed the setpoint by 200 psig and experienced
flutter during closing. Prior to Test 508, the valve adjusting bolt was
raised by 2.3 flats to decrease the setpressure by an estimated 161 psi.
The valve opened at 2507 psia but chattered during closing. The valve was
manually opened to terminate the chatter and the test.
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The situation with these two 3K6 tests is similar to the two 6M6 tests
discussed above. Prior to Test 506, the valve was refurbished. During the
test the valve, although it fluttered on closing, did not chatter and was
able to close without operator intervention. Before Test 508, only the j

setpoint pressure was adjusted. According to the test report no internal I
parts were refurbished. In the test the valve chattered on closing and the
operator manually terminated the test by opening the valve. These tests '

results reinforce the conclusion above that the Licensee should inspect the
safety valves after each lift involving loop seal or water discharge to
ensure proper operation during subsequent operation.

The blowdown in these tests (5.1 to 9.4%) were in excess of the 5%
value specified by the valve manufacturer and the ASME Code. Westinghouse
performed an analysis, " Safety Valve Contingency Analysis in support of the
EPRI Safety / Relief Valve Testing Program--Volume 3: Westinghouse Systems," |

EPRI NP-2047-LD, October 1981, on the effects of increased blowdown and

concluded that no adverse effects on plant safety occurred in that the
rear. tor core remained covered. Therefore, the amount of increased blowdown

occurred in the Crosby 6M6 steam tests is considered acceptable.

A bending moment induced at the outlet flange of the Crosby 3K6 safety
valve during the EPRI tests was 133,000 in-lb and the valve performance was :

not affected. This bending moment is higher than the maximum bending moment
_ of 124,000 in-lb calculated for the Point Beach safety valves

{

(Reference 15). This indicates that the moment loading on the safety valve j
'does'not affect the operability of the Point Beach safety valves.

The stability of the plant safety valves was assessed by comparing the j
inlet piping pressure drop for the plant and EPRI test facility on valve
opening and closing. For valve opening the plant pressure drop was
calculated to be 373 psid compared to pressure drops of 391 and 263 psid for
the Crosby 3K6 and 6M6 test valves, respectively. In addition, in !

References 18 and 19, data was provided that showed the Crosby 3K6 valve
opened stably during tests with an opening pressure drop between 432 and

,

462 psid. This indicated the plant valves should be as stable as the test
valves during opening. During closing, the plant pressure rise was
calculated to be 221 psid compared to a pressure rise of 194 psid for the

15
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3K6 valve and 181 psid for the 6M6 valve. Thus, the plant pressure rise is
'|

13.9% greater than the pressure rise determined for the EPRI test facility.
For two reasons, however, it is concludsd the plant valves should operate
stably during valve closing. First, the 3K6 valve was stable during valve "

opening in tests with an inlet pressure drop greater than that measured- j

during.the EPRI tests. This indicates the pressure difference in the EPRI
facility is not necessarily bounding with respect to acceptable valve
operation. -Secondly, as shown in Figures 4.3.1-1 and 4.3.1-2, the 3K6 valve
closed stably in Test 506 even though the pressure rise on valve closure was

,

approximately 400 psid. These figures were taken from Reference 20.
,

4.3.2 power Openated Relief Valvea

Steam discharge through the Point Beach PORV is predicted for the FSAR

transients. No liquid discharge is expected except for the low temperature
overpressurization event. The EPRI tests indict.ted that the valve _ opened
and closed on demand and within the required opening and closing time of
2.0 s. The lowest steam flow rate observed in the tests (255,600 lbm/h) is
much higher than the rated flow of 210,000 lt,m/h for the Point Beach PORVs.

The maximum bending moment induced on the discharge flange of the PORV
during the EPRI tests was 43,000 in-lb. The operability of the valve was
not affected by the applied load. The predicted maximum bending moment on

one of the Point Beach PORVs associated with the combined effect of dead
weight, SSE, and valve discharge loads is 45,810 in-lb. This exceeds the
maximum bending moment tested by approximately 7%. The calculated bending
moments for the other three valves are near 27,000 in-lb, which is well
below the test value of 43,000 in-lb. Also, the 43,000 in-lb bending moment
was only the highest bending moment applied in the EPRI tests. It does not )

represent the actual limit beyond which valve operability will be impaired. .

Since the amount the plant bending moment exceeds the test bending moment is
relatively small, and the bending moment was calculated for a conservative
load combination, the higher value predicted for one of the valves is
considered acceptable. Thus the operability of the Point Beach PORVs is
demonstrated.

16 /
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4.3.3 Electric Control Circuitry

i

NUREG-0737 II.D.1 required qualification of the associated control
circuitry as part of the safety and relief valve qualification task. The
specific electric circuits under consideration are the control circuits of
the PORVs. Meeting the licensing requirements of 10 CFR 50.49 for this
circuitry is considered satisfactory and specific testing per NUREG-0737
requirement is not required. According to the Licensee the environmental
qualification of the PORV control circuitry was reviewed and found to be in
compliance with the requirements of 10 CFR 50.49 by the NRC (Reference 21).
Therefore, the requirements of NUREG-0737 regarding the qualification of
PORV control circuitry is considered satisfied.

4.3.4 PORV Block Valves

The Velan PORV block valve was cycled 21 times against full steam flow
in the EPRI testing program. Steam pressure upstream of the block valve
varied from 2440 to 2500 psia during the opening cycles and between 2340 and
2410 psia during the closing cycles. The stroke times of the test valve
were 9.7 s to 9.9 s, which are within the required stroke time of 10.0 s.
Tests for water flow through the Velan block valve were not performed in the
EPRI test program. As explained in Section 4.2.5 of this report, the valve
behavior under water flow conditions is expected to be similar to that of
the full pressure steam tests. Thus, the operability of the valves for
liquid flow condition was indirectly demonstrated.

The Point Beach PORV block valves use a smaller Limitorque operator
(SMB-000-5) than the SB-00-15 and SMB-00-10 operators used in the EPRI
tests. In Reference 15, the Licensee discussed why the EPRI test results
were adequate to demonstrate operability of the plant block valve even
though the plant valve operator is smaller than those tested. The torque
switch of the plant SMB-000-5 operater is set at 3.0. The SMB-000-5

,

operator delivers a torque of 100 ft 'Ib with this torque switch setting. A
number of tests were performed on the Velan valve at lowered torque switch
settings to investigate valve operability at reduced operator torque. It

was found that the test valve opened and closed satisfactorily even when the
i

19



p _ _ _ _ _ _ _ _ _ _ .-. _

,
_

ii 'g &
,_

*

el
,

*

1.

1

i

torque switch in the SB-00-15 or the SMB-00-10 operator was set at 1.0,
which corresponded.to a torque of 82 ft-lb (Reference 9). Based on the 1

!results of the EPRI tests, the torque provided-by the SMB-000-5 opcretor is. >

more than adequate to assure the operability of the. Point Beach block valve.

4.3.5 Operability Summary -I

The above discussion and test results demonstrate that 3he Point Beach
|

PORVs, PORV block valves, and safety valves would operate satisfactorily
under the expected operating and accident conditions. Therefore, the part '

of Item'1 of Section 1.2 of this report, which requires condu'cting tests to
qualify th'e valves, Item 5, which requires qualification of the associated
control circuits, and the part of Itea 7, which requires that the effect of
discharge pipina on operability be considered, were met provided the
Licensee docu:.. 4ts a' formal procedure for the inspection of the safety
valves as discussed in Section 4.3.1.

4.4 piping and Support Evaluation

!

This evaluation covers the piping and supports upstream and oownstream
of the safety valves and PORVs extending from the pressurizer nozzle to the
pressurizer relief tank. The piping was designed for deadweight, internal
pressure, thermal expansion, earthquake and safety relief valve discharge i

conditions. .The calculation of the time histories of hydraulic forces due
to valve discharge, the method of structural analysis, and the load
combinations and stress evaluations are discussed below.

!

4.4.1 Thermal Hydraulic Analysis

.

Pressurizer fluid conditions were selected for use in the thermal i

hydraulic analysis such that the calculated valve discharge forces would
,

bound the forces for t.ny FSAR and HPI events, including the single failure
L that would maximize the forces on the valve. The peak pressurizer pressure -|

and pressurization rate used in the thermal hydraulic analysis were 2778 !

. psia and 297 psi /s, respectively. These conditions exceed those calculated
' for Westinghouse two-loop plants as shown in Reference 7. The loop seal

j. ,
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liquid was assumed to be at a pressure of 2778 psia with temperatures
ranging from approximately 2000F at the safety valve inlets to 6500F at -

the steam / water interface. The temperature distribution was based on a heat
balance for the insulated box surrounding the loop seal piping. In the
analysis, water above 3500F was assumed to flash to steam across the

safety valve. The remaining water was distributed downstream of the safety
valves, as discussed in Reference 22, to determine the size of the water
slug. As an additional conservatism, the temperature distribution used in
the water slug downstream of the safety valves was assumed to be that of the
discharge piping (148 to 2100F) instead of that calculated for the loop
seal temperature profile. The forces from the discharge of the loop seal j
water under,the above conditions would bound those from other possible |
conditions at the plant.

The PORVs are used for low pressure overpressure protection at Point
Beach, Units 1 and 2, but conditions representative of this transient (water
discharge) were not analyzed. The PORVs were only subjected to steam
discharge conditions. This raised a concern about whether the conditions

analyzed would bound the forces the PORV piping would be subjected to during
a LTOP transient. This was a concern because the PORV liquid flow rate at
the pressures and temperatures possible during an LTOP transient at Point
Beach, Units 1 and 2, (see Section 4.2.4) is much greater than the full
steam flow rate. When liquid at these temperatures and flow rates was

.. discharged by the PORV, it could flash in the downstream piping and the
two-phase mixture could impose significant loads on the piping. Depending
on the amount of flashing, the LTOP loads could exceed the steam discharge

loads. Use of hand calculations to bound the LTOP load condition was not
successful because of the many variables that could affect the load

calculation: PORV liquid flow rate, fluid temperature, downstream piping
pressure transient, and the amount of flashing and the resulting quality of
the two-phase mixture. Because LTOP transient conditions were not analyzed,
there is a potential problem regarding the Point Beach, Units 1 and 2,
discharge piping; however, this is not considered by the NRC staff to be in
the scope of the item II.D.1 review. Therefore, this issue will be reviewed
separately, at a later time, and will not impact the NUREG-0737,
Item 11.D.1, review for Point Beach, Units 1 and 2.

21 '

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ . _ _ - _ _ _ _ _ _ _ - )



_ _ - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

, , ,

=
;* .

s' |
,

,

.

.

The thermal hydraulic analysis for Point Beach, Units 1 and 2, was
completed using only one valve actuation sequence. The valve actuation
sequence analyzed assumed both the safety valves and PORVs opened

simultaneously at a pressure of 2778 psia. .In Reference 17, the Licensee |
provided additional justification on why this sequence was considered to

|
*

produce the maximum piping loads. For the safety valve discharge piping (up )
to the point where it joins the relief system common discharge header) it

I

was noted that the maximum forces were calculated to occur within the first '

O.075 s of the transient. At this' time the PORVs were less than 10% open I

and their discharge had little e'fect on the system. Therefore, assuming
the PORVs opened at the same time as the safety valves had little influence.

on the calc'ulated piping loads in this part of the system. Also, the peak
loads in the common discharge header occur within the first 0.24 s when the
PORVs were less than half open. Based on these considerations it can be
concluded that the peak forces in the discharge piping from the exit of the
safety valves to where it enters the quench tank are a result of the safety
valve discharge of the loop seal water. Assuming the p0RVs discharged
simultaneously with the safety valves did not result in a significant
reduction in the calculated loads because they were less than half open when
the peak loads in this portion of the system were calculated.

The peak loads on the PORV discharge piping, from the valve exit to the
point where it joins the common discharge header, were calculated to occur
within the first 0.119 s of the transient. The PORVs are less than 15% open
at this point. The Licensee stated that the timing of the peak load is
consistent with the passage of the loop seal in the sc.fety valve discharge
piping and, because the PORV were less than 15% open, the peak load in this
part of the system was not significantly influenced by the PORV actuation.
If the forces from the PORV actuation were significant, a higher load would

,

have been calculated later in the transient as the PORV continued to open.
Therefore, the peak loading induced on this portion of the piping comes from

.

the safety valve discharge piping.

22
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One concern not directly addressed by the Licensee is the affect of the
safety valve actuation on the backpressure in the PORV discharge piping.
This has the potential to reduce the loads because the higher backpressure
could reduce the flow velocity in the piping downstream of the PORVs. This
could be significant at Point Beach, Units 1 and 2, because of the high
backpressure generated during the safety valve discharge (640 psia). The
data in Reference 20 was reviewed to determine how rapidly the backpressure
builds up in the safety valve discharge piping. This would give an estimate

|- of the backpressure affecting the PORV actuation. For Test 526, the
backpressure at the safety valve outlet was less that 200 psia for the first
1.5 s of the test. The backpressure in the PORV discharge piping would be
even less., Therefore, the contribution from the safety valve discharge to
the backpressure in the PORV downstream piping is relatively small even
after the PORVs have fully opened and are at full flow. This, in
conjunction with the fact the PORVs were at sumed to actuate at 2778 psia,
428 psi above their actual setpoint, would indicate the calculated piping
loads in the PORV discharge piping would not be larger if the PORVs were
assumed to open and the safety valves assumed to stay closed.

The thermal hydraulic analysis was performed using the f' LAPS / MODI
computer code. The ability of RELAP5/ MODI to calculate the thermal

hydraulic transient was verified through simulations of EPRI/CE SRV tests,
as documented in Reference 22. Force time histories on the piping system at
changes in flow direction were generated from RELAP5/ MODI output using the
REFORC program. The REFORC code was also previously reviewed. It was found
.to yield acceptable results for load cases such as were ana~1yzed.

The valve flow rates used in the analysis were reviewed. In
Reference 15, it was stated the valve rated flow rate was used for the

1

safety valves and PORVs. Because the PORVs do not have loop seals, use of

the PORV rated flow is reasonable because the loads from the valve actuation
do not constitute a large part of the overall piping load. Also, as noted
above, the peak loads in the PORV discharge piping are due to forces
transmitted from the safety valve piping during the passage of the loop
seal. When questioned further on the flow rates used in the analysis, the
Licensee stated in Reference 17 that the calculated safety valve flow rate

23
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varied from 122 to 111% of the rated flow over the first 0.11 s. The

Licensee did not clarify why.the information given in the two responses was
different but the calculation of greater than rated flows was probably due
to the high pressure (2778 psia) modeled at valve opening. The flow
decreased as the simulated pressurizer pressure decreased. The Licensee
noted the loop seal slug. reached maximum velocity prior to the calculated
flow dropping below 111% of.the rated flow and the momentum would not be

significantly affected by the decrease in driving flow. - Also, the peak
loads in the' discharge piping occurred within 0.119 s for the piping
upstream of the relief system common discharge header and within 0.24 s at
the entrance to the relief tank. Therefore, for a major portion.of the
system the peak loads occurred before the calculated flow rate dropped below

the valve theoretical flow rate. The Licensee also noted that for the
forces calculated on the common discharge header, the influence of the PORV

flow merging with the safety valve flow, as they enter the common header,
more than compensated for the reduction in driving force on the loop seal
. slug due to the decreased safety valve flow. It should also be noted that
the measured. flows during the applicable EPRI tests were less than 109% of
rated flow. Based on this discussion, the calculated flow rates used in the
analysis are considered reasonable.

In Reference 15, it was stated that the model nodalization tried to be
detailed enough to prevent underestimation of the piping forces due to>

numerical smearing. The volume size was decreased in regions where
hydrodynamic behavior was expected to change rapidly and the control volume-

size was maintained less than or equal to the loop seal volume, which is
adequate. Valve opening times were 20 ms for the safety valves and 0.8 s
for the PORVs. The opening time of the safety valves is representative of
the opening times measured in the EPRI tests. The PORV opening time,
however, is about 60% longer than the opening times measured in the EPRI

tests. The Licensee evaluated the impact of using a valve opening time of
,

0.49 s, which is representative of the opening times measured in the EPRI.
tests, by considering the axial forces generated on the upstream and )
downstream PORV piping for each valve opening time. For the downstream
piping, the calculated loads increased by only 1%, and upstream the total

/
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load increased from 10 to 22 lb f for the faster opening time. These j
differences are not significant. Based on this information the thermal
hydraulic analysis is considered acceptable.

4.4.2 Stress Analysis

In the piping and support evaluation, the safety valve and PORV piping
between the pressurizer nozzles and the pressure relief tank were analyzed. I

|The requirements of the ANSI B31.1 Power Piping Code,1967 edi'; ion, with ;

stress intensification factors from the 1973 edition were used as the
governing code for the piping. The governing structural code for the
support analyses was the AISC Code, 8th Edition. Load combinations used in

the analyses were consistent with the EPRI guidelines. The piping was
analyzed for thermal expansion, pressure, weight, earthquake, plant
operational thermal and pressure transients, and safety valve and PORY
discharges.

,

The structural analysis for the safety valve and PORV piping was
performed using the Impe11 Corporation computer code SUPERPIPE. SUPERPIPE

performs static, dynamic response spectra, and transient dynamic analyses.
It also performs the required load combinations, code verifications, and
support load calculations. The SUPERPIPE code was found to be verified in
an acceptable manner.

Because the only case the Licensee analyzed was a combined safety i

valve /PORV discharge (i.e., he did not analyze a separate PORV actuation
case), the results of an upset lead combination, whereby the normal,
operational basis earthquake, and PORV discharge are combined, could not be
analyzed. In respons,s to a question in Reference 16, the Licensee reviewed
the results of their piping analysis and concluded the results of the
faulted load combination analyzed bounded the upset loaa combination. The
Licensee justified this position in Reference 17. He stated that for the
piping downstream of the safety valves and PORVs the stresses were dominated

by the passage of the loop seal water during the safety valve discharge.
Because the peak stresses in the PORV discharge piping could be attributed
to the passage of the loop seals from the safety valves and the calculated

25 -
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stresses decreased once the loop seal passed, even though the PORVs were
still opening, the Licensee concluded the piping stresses downstream of the
PORVs would not be greater if the PORVs were calculated to open alone. As
noted above, this reasoning was considered acceptable. For the piping
upstream of the PORVs, the Licensee evaluated the piping stresses due to a
modified upset load combination against the upset allowable, 1.2 S . In i

h

this case, the PORV discharge loads were replaced by the loads calculated
iduring the safety valve /PORV transient analyzed by the Licensee. The PORV ;

upstream piping met this allowable except for the area near the PORVs. The

higher stresses in this area could be directly attributed to the passage of
the loop seal from the safety valves. Therefore, had the case where only
the PORVs actuated been analyzed, the loads would have met the 1.2S

h
,

allowable. This discussion is adequate to justify not analyzing an upset '

load combination directly.
;

As previously mentioned, the piping analysis was performed in
accordance with the requirements of the 1967 edition of the ANSI Power
Piping Code. The load combination equations and stress limits used for the

evaluation of the piping stresses upstream and downstream of the safety

valves and PORVs are consistent with the EPRI Duidelines. The first
analysis of the piping systems by the Licensee's consultant in 1982 showed

severe overstress conditions would exist as a result of a transient load
application. The safety valve inlet piping was enclosed in insulated boxes
to raise the loop seal water temperature and reduce the severity of the
transient loads. Several pipe supports were modified and/or added to reduce
stresses. The modified systam was reanalyzed and the results showed all
piping stresses were within allowable limits except for one point on the
Unit 2 discharge piping near the relief tank. The stress for the combined
thermal expansien plus sustained loads was 42,405 psi while the allowabic
limit is 41.740 psi. Although, technically, the governing piping code was
not satisfied, this overstress is only 1.5%. The Licensee noted several
conservative assumptions were used in the analysis which would increase the -

stresses for this load case. Thus, it is concluded this overstress is

acceptable for this specific case and that the actual operating stresses in
the area of concern will not cause a loss of function of the piping.

.
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The supports were analyzed to the requirements of the AISC Code, 8th

Edition. AISC limits were used for normal and occasional loads and 1.33
times AISC limits were used for the faulted loads. In Referenet 17, the
Licensee clarified the support load combinations presented in Reference 15.
This information verified acceptable load combinations were used in the
analysis. Reference 17 also provided a comparison of the calculated and
allowable support loads. This comparison showed code allowables were met

i

for all supports. Information in Reference 17 also demonstrated the factors
of safety required by IE Bulletin 79-02 were maintained for all supports
using concrete anchor bolts. A safety factor of 4.0 and 5.0 was used for
wedge type anchors and sleeve type anchors, respectively, to establish
allowable . loads for all load combinations.

4.4.3 piping and Support Summary
1

The analysis discussed above, demonstrating that a bounding case was
chosen for the piping configuration, verifies Item 3 of Section 1.2 was
met. In addition, the analysis of the piping and support system verifies i

that Item 8 of Section 1.2 was met.

i
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5. EVALUATION SUPNARY
-(

|

The Licensee for the Point Beach, Units-1 and 2, provided an acceptable
response to the requirements of NUREG-0737, and thereby reconfirmed that the
General Design Criteria 14, 15, and 30'of Appendix A to'10 CFR 50 were met.
The rationale for this conclusion is given below.

The Wisconsin Electric and Power Co. participated in the development
.and execution of an acceptable relief and safety valve test program designed

,

'

.to qualify the operability of prototypical valves and to demonstrate that !
~

their operation would not invalidate the integrity of .the associated.

equipment'and piping. .The subsequent tests were successfully completed
under operating conditions which by analysis bounded the most probable
maximum forces expected from anticipated design basis events. 'The generic
test results-and piping analyses showed that the valves tested functioned
correctly and safely for all relevant steam discharge events specified in
the test program and that the pressure boundary component design criteria

'were not exceeded. Analysis and review of the test results and the

Licensee's justifications indicated direct applicability of the prototypical
valve and valve performances to the in-plant valves and systems intended to
be covered by the generic test program. The plant specific piping also was

.

shown by analysis to be acceptable. ;

!

The NRC's acceptance of the safety valves is contingent upon the
Licensee recognizing the potential effects of chatter on valve operability
and developing a method to ersure continued, reliable safety vaive |

operatien. This would include developing procedures for inspection and
maintenance of the safety valves following each valve actuation involving
loop seal or water discharge and incorporating these into the plant

.

operating procedures.

Thus, the requirements of Item II.D.1 of NUREG-0737 were met (Items 1-8
in P& ngraph 1.2) and, thereby demonstrate by testing and analysis, that the '

reactor primary coolant pressure boundary will have a low probability of

28 t
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abnormal leakage (General Design Criterion No.14) and that the reactor

primary coolant pressure boundary and its associated components (piping,
valves, and supports) were designed with sufficient margin such that design

lconditions are not exceeded during relief / safety valve events (General j
Design Criterion No. 15). Furthermore, the prototypical tests and the
successful performance of the valves and associated components demonstrated-

that this equipment was constructed in accordance with high quality
standards (General Design Criterion No. 30).
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