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iDETAIIS

1.0 SAFETY RELIEF VALVE AND SAFETY VALVE INSPECTION

This inspection was performed as a regional initiative because of the safety significance of ;
'

safety relief valves (SRVs) and spring safety valves (SVs), several recent NRC Information
Notices about these valves, and the NRC study on SRV and SV reliability problems. !

1.1 Objectives

This inspection was performed to review and assess the licensee's activities related to the
'

reactor coolant system / main steam SRVs and SVs, and the licensee's actions taken to
improve their reliability. These components perform a significant safety function of
providing reactor vessel and coolant piping system overpressure protection. In addition, the
SRVs also perform automatic depressurization of the reactor vessel to permit core spray and
low pressure coolant injection to the vessel in the event of a small break loss of coolant
accident. ,

.

The review included SRV and SV plant specific requirements; licensee's adherence to TS and ;

American Society of Mechanical Engineers (ASME) Code requirements; final safety analysis
'

report (FSAR) commitments; adequacy of testing and results evaluations; knowledge and ;

response to industry, vendor, and NRC information; and the reporting of events. i

f
i

2.0 VALVE TYPES i

:

The inspector reviewed the history of the SRVs and determined that the two-stage Target
Rock SRVs were installed during the 1980 outage. |

|

The inspector verified that four Target Rock model 7567F, two-stage, 6" x 10" flanged !
SRVs [the four SRVs also perform an automatic depressurization system (ADS) function], !
and two Dresser Industries models 6-3777-QA-RT-22-OS100, ("Q" orifice,11.04 sq. inches), |
and 6" x 8" flanged SVs were installed on the unit. The licensee maintains storeroom SRV !

spares of four pilot assemblies and two bodies, and one complete spare SV.

3.0 TS AND ASME CODE REQUIREMENTS, AND ISAR COMMITMENTS |

;

!

3.1 TS Requirements
!

The licensee's TS require the following SRV and SV set pressures: j

4 SRVs to be nominally set 1095 - 1115 psig, 11 psi j
(the four SRVs are set at 1115 psig ill psi) ;

,

2 SVs 1240 psig (i13 psi) |

!
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In addition, and specific to the licensee's installed two-stage Target Rock SRVs: ;

)
I

If any SRV discharge pipe temperature exceeds 212 F for greater than 24 hours, an |e
engineering evaluation is required to justify continued operation for correspondmg t

temperature increases, j
!

NRC approval of the engineering evaluation is required for operation beyond 90 days ie
from the initial discovery of discharge temperatures in excess of 212*F.

Any SRV of which discharge temperature exceeds 212 F for 24 hours or more is Ie
required to be removed at the next cold shutdown of 72 hours or longer, as-found |
tested, and recalibrated prior to reinstallation. ;

;

TS include the following surveillance requirements ,

!
Testing in accordance with ANSI /ASME OM-1,1987. |e

t

At least one SRV to be disassembled and inspected each refueling outage.e
!

Discharge pipe temperature of each SRV to be logged daily. ;e
i

The inspector determined that the plant's operating pressure varies between 1025 and 1035 i

psig (the pressure was 1032 during the inspection) and provides sufficient " simmer" margin ]

(below set pressures) to prevent SV leakage. The inspector determined that the SRV simmer ;

Imargin (80 psi) to prevent SRV leakage was relatively small. However, the licensee's
stringent leakage monitoring requirements and monitoring program have effectively - ;

compensated for the small margin.

The requirements for SRV discharge pipe temperature monitoring (SRV leakage monitoring) ;

and the replacement of leaking valves are established in the Pilgrim TS. Discharge i

temperature monitoring of SV and SRV leakage is performed well. Since the leakage
limitations were placed in the TS in the early 1980's, the engineering personnel that reviewed
the leakage have gained considerable expertise in what to expect when leakage temperatures
increase. When SRV discharge pipe temperatures exceed 135 F, they are monitored more
closely and valves are generally replaced before the TS-imposed temperature limitations are j

reached.
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3.2 ASME Code Requirements

The licensee's current inservice testing program adopted the use of ANSI /ASME OM-1 for
valves, and was accepted by the NRC. The use of OM-1 has not had widespread use in the
past, and is now starting to be used by licensees. This standard requires all SRVs and SVs
of each type and manufacturer to be tested within a five year period, and delines time
periods during the five years when testing should be performed. The set pressure acceptance
criteria of OM-1 requires the valves not to exceed the stamped set pressure by 3%. The
OM-1-1987 standard is somewhat confusing regarding the requirements for additional testing
involving a partial complement of valves, because the standard refers the user to the first
five-year test period. Currently, the licensee's procedure for partial complement valve
testing requires a causal effect evaluation when a valve fails to meet acceptance criteria. For
an SV failure, the procedure recommends the other valve be tested unless an evaluation
concludes otherwise; and, for an SRV failure, it recommends two additional valves be tested.
It was recognized by both the inspector and the licensee's engineers that current un-issued
draft updates of OM-1 are in process, and have different test requirements than those
contained in the licensee's current test procedures and program requirements. These drafts
mandate additional valve testing when as-found set pressures are beyond the acceptance
criteria.

The licensee stated that when the OM-1 revision is issued, the changes will be reviewed and
evaluated. A determination will be made on whether to upgrade the licensee's procedures
and program. The licensee also stated that they intend to be more involved in ANSI /ASME
OM-1 activities. In the past, the licensee has tested all four SRVs and one of the two SVs i

during each refueling outage, and intends to continue in this manner. The inspector
'

concluded that the licensee's testing of SRVs and SVs was acceptable.

3.3 FSAR Description

The FSAR defines the safety objectives of the reactor coolant / main steam pressure relief
I

system, design aspects of the system (including ADS), and installed pressure relief valves.
The installation, location, and set pressures of the SRVs and SVs are also contained in the
FSAR. The SRVs actuate automatically when set pressure is reached, and may be remote ;

manual operated from the control room. Each of the SRVs has an air accumulator to permit
the valves to be actuated for a predetermined number of cycles on loss of air supply. The
SRVs discharge to the suppression pool, whereas the SVs discharge directly into the drywell.
Specific details of how the SRVs operate, and a cross-sectional schematic diagram of SRV
topworks were also in the FSAR. The FSAR outlined details acceptably, and appropriately |

described the as-installed configuration of the SRVs and SVs. !
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4.0 EVALUATION OF SRV AND SV TESTING

The inspector determined that testing of SRVs and SVs was performed offsite at a testing
laboratory. Recent testing reviewed by the inspector was performed at Westinghouse
Western Service Center and Wylie l2boratories. Generally, the four SRV topworks were
sent to the laboratory for the test (usually one is a complete SRV or one body is also sent).
The inspector determined that testing pilot topworks with a slave body was accepted in the j

NRC safety evaluation report of the licensee's IST program, dated June 29,1993. Each 1

!
SRV and SV sent for testing was also reworked by the manufacturer's representative after the
as-found testing and was required to be set at 1%. |

The Pilgrim Nuclear Power Station was on a 24-month refueling outage cycle and all four
SRVs (full complement) and one of two SVs (partial complement) were tested each cycle, ,

i

with all valves tested within two cycles. Failures to meet the SV set pressure acceptance
criteria required the additional valve to be tested. An LER was written when the TS set
pressure of SVs or SRVs were exceeded, and when SRV TS leakage requirements dictated.
A root cause evaluation was also performed and corrective actions were specified.

The set pressure testing of SRVs and SVs reviewed by the inspector included as-found and
as-left tests. The first test actuation was the recorded as-found set pressure. The sequence
of testing was to check for leakage at 90% of set pressure, then testing via a controlled
ramp-up to first set pressure actuation. Two subsequent activations were generally ]
performed for informational purposes. The as-left testing required a minimum of three i

consecutive within tolerance actuations without a defined increase or decrease tendency, and
the last was the recorded as-left set pressure. Informational leak testing could be performed
prior to as-left setpoint actuations, but the official leak test was required to be performed at
90% set pressure after the as-left testing.

The SRV testing was slightly different because a manual mode test is also required. The
testing seouence for SRVs reviewed by the inspector required an as-found leak test at
approximately 90% of set pressure, then perform a controlled ramp-up to the as-found (first
automatic mode) actuation. This was followed by informational automatic actuations, manual

'

mode actuations, and another seat leakage test. The SRV as-left testing sequence utilized an
informational seat leakage test followed by two required successful manual mode tests.
Then, four required successive within tolerance automatic actuations without a defined
increase or decrease tendency were completed. The last automatic actuation was the
recorded as-left set pressure. The official seat leakage test was then performed at 90% set
pressure.

The inspector noted that the licensee's purchase order provided basic testing requirements,
source inspection requirements, and tests to be performed in accordance with an approved
test procedure. The licensee also reviewed and modified the test laboratory test procedure,
where needed, in order to adhere to any additional licensee-in. posed requirements. j

!
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The SV and SRV testing meets TS and OM-1 requirements and was effective. The licensee ,

system engineer was aware of vendor-related issues concerning SVs and SRVs, and has been
to the test facilities to witness testing and review refurbishments.

5.0 SV AND SRV TEST RESULTS

The inspector evaluated the testing performed since 1987. The inspector's summary of the
as-found setpoint results are shown in the tabulation below.

SV Testing Resulfs

6 valves tested 4 valves within 1%

1 valve within i2%
1 valve at +2.5%

SRV Testing Results

23 valves tested * 7 valves within i1%
9 valves within i2%>

3 valves within 13%
2 valves within i4%
2 valves within i4.5%**

*Four of the 23 valves were removed and replaced during a mid-cycle outage due to leakage.
(One was a gasket leak and not a pilot disc leak.)
**None more than 4.3% ,

The inspector concluded that the as-found deviations of the SVs and SRVs (from nominal
setpoint) were minimal and demonstrated excellent reliability (six of six SVs within i1%,
and 19 of 23 SRVs within 3% and none of the remainder more than 4.3%). The
inspector believed the repeatability and minimal out-cf-tolerance results of the two-stage ;

Target Rock SRVs could, in part, be attributed to: rework of each tested valve, the use of a
'

different pilot disc material (Stellite 21), the licensee's stringent leakage monitoring
requirements, and early replacement ofleaking valves. |

!

6.0 IMPLEMENTATION OF TS REQUIREMENTS

The inspector reviewed the licensee's surveillance procedures and observed the control room
panels to verify that SV and SRV TS leakage monitoring surveillance requirements were met.

The licensee's IST program (Procedure No. 8.I.1.1) invokes the OM-1-1987 general*

testing requirements, and the licensee's administrative Procedure No. 8.I.1 provides
the administrative requirements that include performance, compliance, evaluation, and
followup of the program requirements.

!

- ,
- ,
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The specific periodic test procedure for Class 1 SV was Procedure 8.I.26.1, and for |*

Class 1 SRVs, Procedure 8.I.26.2. |

The licensce's special test for ADS system manual cpening of relief valves, as |e
required in TS 4.5.E, is performed through Procedure 8.5.6.2. |

t

The inspector noted that the licensee performs a manual SRV lift test once per cycle, at |
approximately 20% power (on the way up to full power). The inspector determined that the !

manual lift test was originally performed at approximately 150 psig. When the initial pilot (
disc sticking problem was identified, a recommendation of both General Electric and the ;

licensee's metallurgical report was to test at 375 psig in order to cushion the pilot disc
'

closure. Because of operational instability at 375 psig, the manual SRV test was recently
revised (in 1993) to be performed at 900-950 psig.

,

The inspector concluded that the test procedures were well written and that testing
implementation was effectively performed in accordance with the procedures.

7.0 OBSERVATIONS OF COiG ROL ROOM SV AND SRV INDICATORS AND |,

SWITCHES

The inspector observed the control room panel individual acoustic monitor indicators that
provide visual indication of an open SV or SRV. There was also a common panel alarm
visual and audible indicator for valve discharge temperature monitoring. The inspector also
observed the panel control switches, which have an " automatic or open" position (the SRV
switches were in automatic), and the ADS key lock logic switches that have a " normal or
inhibit" position (the switches were in normal position). ;

The temperature monitoring recorder at the back of the panel was observed. At the time of
the observation, the SRVs 3A,3B,3C, and 3D tailpipe temperatures were 120" - 125*F,
and the SVs 4A and 4B were 220*F and 170*F respectively. (The system engineer advised ,

that the SV discharges are through "T" connections. The 4A valve "T" is horizontal, and the [
'

discharge pipe is hotter than the 4B valve that has a vertical discharge "T"). The inspector
verified that the charts are monitored daily, and on any alarm, the system engir;eer is
notified. j

i

8.0 REVIEW OF REPORT OF SRV CIIALLENGES !
!

d

; The licensee reports SV and SRV challenges to the NRC in their monthly operation report. |
The inspector discussed SV challenges with the system engineer, who stated that there have i

been no SV challenges from the time of initial opemtion to present. The inspector reviewed i

selected monthly reports and verified that reporting was performed.
.

- - - - - _ - - - - - - - - - - - - - -
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Monthly Report September 1993:

1. On September 21,1993, SRV 3A was manually opened for testing following pilot
valve replacement;

2. On September 10,1993, SRVs 3B, 3C, and 3D opened on pressure during an
automatic scram and SRVs 3C and 3D were also manually opened to control pressure.

Monthly Report November 1993:

1. On November 9,1993, SRV 3A was manually opened following replacement.

Each of the monthly reports that identified a "SRV Challenge" also defined the term as,
" anytime an SRV has received a signal to operate via reactor pressure, auto signal (ADS), or
control switch (manual)."

9.0 SRV PILOT DISC METAL.LURGY

In the 1982-1983 timeframe, the licensee was one of the first to encounter significant
problems with sticking pilot valves. A thorough metallurgical study was contracted and
performed by Dr. R. G. Ballinger of MIT. The study, dated August 10, 1984, identified the
root cause problem as corrosion product-induced sticking. The problem was caused by the
use of Stellite 6B (wrought material) for the pilot disc, which develops extensive carbide
precipitation that creates a mechanical interlock between the corrosion product and to the
disc. The pilot seat, a weld overlay cast Stellite 6 material, did not exhibit corrosion
buildup. The study recommended the use of a Stellite 21 pilot disc material. New discs of
this material were installed in all SRVs through plant design change 84-49 in 1984.

The inspector asked if a formal closcout of the use of Stellite 21 pilot discs was completed
and what conclusions were made based upon the experience of 8-10 years of service. The
licensee stated that no closecut was done and that a document would be prepared to provide
information on their experience with Stellite 21 SRV pilot discs.

10.0 SITE ORGANIZATION RESPONSIBILITY FOR SV AND SRV
PERFORMANCE

The inspector determined that the Nuclear Engineering Services Department specifically
Systems Engineering, has prime responsibility for assuring proper SV and SRV performance.
The inspector found plant engineering personnel (main steam system engineer and IST
engineer) to be knowledgeable of SV and SRV issues, and noted that there was an effective
interface between maintenance and operations personnel. The system engineer utilized the

,

a
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cmergency plant information computer (EPIC) database to provide comprehensive trending
graphs and test results information. The system engineer reviewed all SV and SRV test
results, reviewed tailpipe temperature information, and exhibited comprehensive knowledge
of the history of the station's SVs and SRVs.

.

The continuous chart recording of tailpipe temperatures (all SVs and SRVs on one chart) and
the pressure vs. time chan recordings utilized to determine SRV actuations during a scram,
provided excellent data for the system engineer. The engineering personnel assigned SV and
SRV responsibilities were found technically competent, and there was effective use of the ,

EPIC computer for retrieval of infonnation and trending of data.

11.0 MANAGEMENT OVERSIGIIT

The inspector determined that management was appropriately involved with SV and SRV
problem issues. The level of management involvement varied proportionately to the issues
significance. For example, a small magnitude of SV and SRV setpoint drifts receive
management attention, generally at the division managers' level. However, if the problem
was larger, higher level managers would be involved. A leaking SRV is an issue that
receives daily morning meeting attention and involvement as high as the Senior Vice
President, Nuclear, where appropriate.

12.0 EXIT MEETING

The inspector met with the licensee's representatives at an initial exit meeting on
March 11,1994, and at the conclusion of the inspection on June 10, 1994, to summarize the
preliminary fmdings of the inspection. Attendees at the exit meetings are listed in
Attachment 1.

,

!Attachment 1: Persons Contacted



\
.

.

i

e
'
.

ATTACIIMENT 1
!

Persons Contacted
|

!

Boston Edison Company

+ G. Basilesco Senior Compliance Engineer
+ J. Bellefeville Deputy Plant Manager
+ E. Boulette Senior Vice President Nuclear
+*R. Cannon Senior Compliance Engineer
+*W. Carrol Senior Systems Engineer

D. Ellis Acting Compliance Supervisor*

+ F. Fairbank Regulatory Affairs Manager
C. Goddard Deputy, Nuclear Energy Support Department*

+*P. Manderino Supervisor, Mechanical Engineering (Code Test)
+ M. Markson Communications Specialist
+*G. Mileris Principal Mechanical Engineer
+ *H. Oheim Engineering Services Manager
+ L. Oliver Nuclear Services Department
+ W. Rothert General Manager, Technical

L. Schmeling Plant Manager*

+ R. Sheridan Senior QA Engineer

U.S. Nuclear Regulatory Commission
I

* D. Kern Resident Inspector
J. Macdonald Senior Resident Inspector

!

+ Denotes those in attendance at mini-exit meeting held March 11,1994.
Denotes those in attendance at exit meeting held on June 10,1994.*

|
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