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On 11/29/88, during maintenance on Unit 1 Primary Containmer.t Isolation System
(PCIS) Residual Heat Removal (RHK) (Ell) B Law Pressure Coolant Ini ction ie

(LPCI) loop outboard isolation valve 1-E11-F017B, a visual inspection revealed
two significant, localized erosica areas in the valve body above the valve
seat. On 12/14/88, it was determined the valve body erosion is a generic concern
on both units. Visual inspection and/or ultrasonic testing was performed on
the RHR A LPCI isolation valve, 1-E11-F017A, and the PCIS inboard isolation
valves for the RHR A and B Suppression Pool Cooling loops, 1-E11-F024A and
F024B, end the four corresponding Unit 2 valves. Seven other Unit 1 safety-
related system throttle valves were inspected, with no identified operability
problems related to erosion. This discovery occurred during the Unit 1 1988-89
r, fuel / maintenance outage with Unit 2 at 100% power. Unit 2 will operate until
its 1989 refuel / maintenance outage as per a Justification for Continued
Operation (JCO) on 12/22/88, discussed in final form with NRR on 1/10/89. The
erosion had minimal impact upon plant safety.

The erosion resulted from flow-induced cavitation due to throttling the subject
valves below their design limit. Plant instructions have been revised to use
the units' RHR A loops as the preferred operating loop. The units' RHR loops'
erosion rates will be monitored through weekly surveillance of operating
parameters. Following further investigation, appropriate actions will be
implemented on each unit.
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Event

Previously undetected significant localized erosion was discovered in the valve
internals of Units 1 and 2 Primary Containment Isolation System (PCIS) outboard
isolation valves for the Residual Heat Removal (RHR) (Ell) System A and B low
pressure coolant injection (LPCI) loops, 1 (2)-E11-F017A and F017B (EIIS/BO-BD/ISV),
and the PCIS inboard isolation valves for the RHR A and B suppression pool
cooling loops, 1 (2)-E11-F024A and F024B (EIIS/BO-BD/ISV).

Initial Conditions

Thc Unit 1 1988-1989 refueling / maintenance outage was ongoing with Unit 2
operation at or near 100%. Maintenance activities were in progress on Unit 1
to repair the valve stem and back seat of the unit RHR B LPCI loop PCIS outboard
isolation, 1-E11-F017B, which had become galled during testing in 1985. These
activities coincided with performance of type C Local Leak Rate Testing (LLRT)
of Unit 1 primary containment isolation valves (PCIVs) in accordance with
Periodic Test (PT)-20.3.

Event Description
.

During the repair of 1-E11-F017B, a visual inspection (VT-3) of the valve
internals, on November 30, 1988, revealed areas of significant, localized
erosion in the valve body. This valve, as well as the unit RHR A LPCI loop
PCIS outboard isolation, 1-E11-F017A and the corresponding Unit 2 RHR A and B
LPCI loop PCIS isolation valves, 2-E11-F017A and F017B, is an ANSI 900 # 24 x
20 x 24 inch angle globe valve manufactured by Rockwell Manufacturing company.
Three erosion indications were found in two areas just above the valve seat
area. Following this discovery, ultrasonic testing. examination (UT) of the
1-E11-F017B valve body was performed during the time frame of December 146,
1988, to determine the body wall thickness. From this examination it was
determined the vendor's minimum wall values of 2.28 inches, per ANSI 16.5 had
beer. exceeded. The minimum thickness for each erosion indication after
surface preparation was as follows:

Indication No. 1 2.5' inches
Indication No. 2 1.7 inches
Indication No. 3 2.4 incher

In response to this determination, Rockwell was contacted, on or about
December 6, 1988, for Engineering support to repair and evaluate the condition.
of the valve. In addition, Engineering Evaluation Report (EER) 88-0551 was
written to document the findings and provide repair instructions.
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During the time frame of the 1-E11-F017B discovery, the Unit 1 RHR suppression
pool cooling B loop primary containment isolation valve, 1-E11-F024B, was
disassembled on November 30, 1988. This followed failure of the
valve to pressurize during LLRT on November 23, 1988. This valve is an ANSI
300 # 16-inch globe valve, manufactured by Anchor Darling. Ultrasonic testing
of the sidewall areas of the valve (areas No. I and No. 3) on December 9, 1988,
determined the vendor's minimum wall valve of .71 inches had been reached. As
the valve bridge wall area is internal to the valve, UT of the area can not be
performed. Physical measurements of this area were taken on December 20, 1988.
The minimum thickness for each area was as follows:

Area No. 1 0.78 inches
Area No. 2 0.85 inches (physical measurement)
Area No. 3 0'.70 inches

While repair and replacement options for 1-E11-F024B were being developed, an
ultrasonic examination of 1-E11-F017A was performed, on December 13, 1988, to
determine if similar degradation was present in the valve as found in
1-E11-F017B. The results of these examinations showed the valve had
erosion in the same two areas as 1-E11-F017B, with the lowest minimum th.ick-
ness of 2.7 inches observed at one of the areas. Disassembly of 1-E11-F024A,
on December 26, 1988, revealed erosion, however it was not to the same extent
as that found in 1-E11-F024B.

Based upon the erosion found in 1-E11-F017B and F024B, it was determined
prudent action was to investigate the potential for generic applicability of
this phenomena on Unit 2. UT of the Unit 2 E11-F017A and F017B valves, on
December 16, 1988, revealed minimum valve body wall thickness of 2.6 and 1.9
inches, respectively. In addition, UT of 2-E11-F024A and F024B, on December 20,
1988, revealed respective minimum valve body wall thickness of .80 and .60
inches. |

| In addition, it was decided to consider the potential for erosion in other

L safety-re3ated throttle valves. The methodology and justification usec' for
determination of other safety-related scstem throttle valves 2nspected is
provided in Attachment 1. Anchor Darling (manufacturer of the balance of
valves) was contacted and provided with information to assist in the determi-

,

| nation of potential problem valves. Of the seven additional valves that were
disassembled and inspected, only the High Pressure Coolant Injection System
(E41) full flow test isolation valve, 1-E41-F008 (EIIS/BJ/ISV), was identified
as having notable internal erosion. 1-E41-F008 was visually inspected and

| found to have minor erosion in the valve body in the same general areas as the
'

1-E11-F024A and F024B plus additional erosion of the valve guides. Both the
a

.
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valve guide erosion and areas of minor erosion in the valve body did not exceed
I the original code minimum wall requirements. This was verified by ultrasonic
| examinations and physical measurements. Following a review of the 1-E41-F008
| wall thicknesses, the respective Unit 2 HPCI System valve, 2-E41-F008
i (EIIS/BJ/ISV), was ultrasonically inspected. The results of this examination

determined that 2-E41-F008 has experienced erosion similar to that in
1-E41-F008, however the original code minimum wall requirements were not
exceeded.

As application of 1(2)-E11-F017A and F017B does not require an ANSI 900 #.

valve, Rockwell was requested to recalculate the valve classification using
the design pressure and temperature of the piping system in which the valves
are installed.

To further help ensure that the structural integrity of 1-E11-F017A and F024B
had not been compromised, a third party (Structural Integrity Associates of San
Jose, California) was retained to perform an additional evaluation to ensure
that the minimum wall thickness of the valves, for their application, was not
exceeded.

Utilizing the design temperature and pressure of the installation specification
for the RHR System, Anchor Darling was requested to recalculate the valve

classification for 1(2)-E11-F024A and F024B.

Following receipt of the recalculated minimum wall thicknesses from Rockwell
and Anchor Darling, a Preliminary Justification for Continued Operation (JCO)
for Unit 2 was issued on December 22, 1988 to document the basis for the
determination that no immediate operability issues are apparent on Unit 2. On
January 10, 1989, this JC0 was finalized for continued operation of Unit 2
until the upcoming unit refueling / maintenance outage, scheduled to commence in
September 1989. Attachment 2 reflects the calculeted wall thickness, the
estimated erosion rate for the Unit 2 valves, and the estimated remaining
operational hours until minimum wall thickness is reached, as addressed in the
final JCO.

*

Event Investigation

An evaluation of ths observed erosion in the subject valves determined 1
(2)-E11-F037A and F017B experienced internal body erosion as a result of
throttling the valves tno far in the closed position. The original purchase
specification for these valves required an ANPiI 900 # class with a minimum wall
thickness of 2.28 inches. The design pressure and temperature for the portion
of the RHR System in which these valves are installed are 1328 psig and 562
degrees Fahrenheit (reference Specification 248-117, Revision 4, Class 903).
Use of the original design documents (ANSI 16.5 and United Engineers and

' i
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| Constructors Inc. specifications 9527-01-248-5), and the design temperature ;

and pressures of the system, enabled these valves to be reclassified from |
ANSI 900 # to ANSI 685 # with a minimum valve body wall thickness of 1.48 i

inches per the original design documents. Through use of the 1988 edition of
ANSI 16.34 and the same design conditions, an additional calculation was
performed, which showed a reclassification to ANSI 635 # with a corresponding

~

minimum wall value of 1.36 inches. Consequent 1y, the existing minimum valve
body wall thickness measurements on Unit 2 were found to be well above the
required wall thicknesses for design application.

Internal inspection of 1-E11-F024B revealed one area (bridge wall), that is
pressure retaining, and cannot be ultrasonically examined from the outside.
Measurements determined the minimum bridge wall thickness is approximately 0.85
inches, with the nominal wall thickness for this area of approximately 2.0
inches. The original purchase specification for these valves required an ANSI
300 # class with a minimum wall thickness of 0.71 inches. Application of these

valves in the RHR System, with respect to the actual design pressure and
temperature, results in an ANSI class of 194 # and a minimum wall thickness of
0.492 inches. Consequently, it was determined the as-found valve body wall
measurements were above the required thickness for the design application.

The identified erosion in 1(2)-E11-F017A, F017B, F024A and F024B valves is
caused by flow induced cavitation resulting from throttling these valves.

Corrective Action

Prior to startup of Unit 1 from the current refueling / maintenance outage,
appropriate repairs to 1-E11-F017A, F017B, F024A and F024B were completed. |

The plant Operations daily instructions have bean revised to provide for
utilizing the RHR A loop on each unit as the preferred operating loop whenever
possible. This action was taken as the RHR B loop has been the preferred
operating loop to date, and consequently has incurred more erosion. To more
closely monitor the erosion of the subject valves on each Unit 2 RHR loop and
allow the determination of future action regarding the subject valves,
a monitoring program wa's implemented on February 7, 1989, to provide the
responsible System Engineer with the flow rate / pressure / number of operating
hours for each loop in service.

-
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In ordar to determine flow rates that induce cavitation erosion problems for
1(2)-E11-F017A and F017B and 1(2)-E11-F024A and F024B, Special Procedure
SP-89-015 was written and performed on the Unit RHR A loop to determine what,
if any, flow rates would prevent or-reduce the cavitation in the subject
throttle valves.

The LPCI injection valves E11-F017A and B are 20-inch, Rockwell, angle globe
valves used as both the LPCI injection throttle valve, and the shutdown cooling
throttle valve. Testing on the 1-E11-F017A valve during the shutdown cooling
mode, determined that the cavitation appeared to be more prevalent in the
lower flow ranges but is felt to exist throughout the flow range of 4,000 to
16,000 gpm. Due to the location and environment of the F017A valve, it was
difficult to determine the intensity and location of the cavitation. An
investigation will be performed to determine what, if any, operating changes
can be made to the operating procedures. Actions resulting from this investi-
gation will be implemented on Unit 1 prior to startup following the scheduled
Unit 1 1990 refueling / maintenance outage and on Unit 2 prior to startup
following the Unit 2 1991 refueling / maintenance outage.

The suppression pool cooling valves 1-E11-F024A and B are 16-inch, Anchor
Darling, globe valves used to regulate flow during the suppression pool
cooling mode of operation. Testing on the 1-E11-F024A valve determined that
the cavitation phenomena existed through the entire range of flow (4500 to
15,000 gpm). It was also noted that the cavitation moved throughout the valve
body and became more prevalent as the flow rates were increased. The results
of the testing determined that the E11-F024 valves cannot be throttled in any
position to prevent the occurrence of cavitation. Project Identification
Document (PID)-G0040A, was written to determine the feasibility of replacing

,

the 2-E11-F024A and B valves. Due to material constraints, the subject valves
will not be replaced during the scheduled upcoming Unit 2 1989 outage. Actions
resulting from PID-G0040A will be combined with major RHR System modifications
to change the E11-F003A and B valves from gate valves to globe valv.es to allow
for throttling.

A review of planc documentation shows the identification of the subject
erosion concern is a first tine occurrence.

Event Assessment

Occurrence of this event under other reasonable and credible alternative
conditions would not have been more severe.

.
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ATTACHMENT 1

VALVE EROSION PROJECT SUMMARY
Justification for Valves Chosen for Further Evaluation

The following is a listing of the valves considered for further evaluation due
to the conditions,seen on the Unit 1 E11-F017B and E11-F024B valves:

Residual Heat High Pressure Reactor Core
Removal Core Spray Coolant Inject Isolation Cooling

(RHR) CS_ E41 E51

E11-F016A, B E21-F015A, B E41-F008 E51-F019
E11-F017A, B E41-F012 E51-F022
E11-F023 E41-F059 E51-F045
E11-F024A, B E41-F075 E51-F046
E11-F027A, B E41-F079 E51-F062
E11-F048A, B E51-F066
E11-F049 ,

E11-F103A, B
E11-F104A, B
E11-V35
E11-V36
E11-V37
E11-V38

RHR:

E11-F016A, B: These are the RHR drywell spray throttle valves. As drywell
spray is not a normally us'd system, these valves were not(EIIS/B0/FCV) e
considered to require inspection.

E13-F017A, B: These valves are the RHR injection throttle valves. These
valves were already scheduled for inspection on Unit 1. The
Unit 2 valves have already undergone UT.

E11-F023: This valve is the RHR head spray throttle valve. As this
(EIIS/B0/FCV) system has not been used, and is administrative 1y

deactivated, no inspection was considered necessary.

E11-F024A, B: These valves are the RHR suppression pool cooling throttle
(EIIS/B0/FCV) valves. These valves were already scheduled for inspection on

Unit,1. The Unit 2 valves have already undergone UT however,
the' bridge wall could not be inspected.

'
;

E13-F027A, B: These valves are the RHR suppression pool spray valves. As*

(EIIS/B0/ISV) this system is not normally used, all inspection was considered
as unnecessary. j

i
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ATTACHMENT 1 (Cont'd)

E11-F048A, B: These valves are the RHR heat exchanger bypass throttle
(EIIS/B0/FCV) valves. These valves are throttled during initial commencement

of shutdown cooling, and end up fully closed. In addition, they
are throttled as required to maintain the desired cool down
rate. As a result of their function, these valves were considered
for further evaluation.

E11-F049: 1his is the RER drain to radwaste throttle valve. It is
(EIIS/B0/FCV) used for draining operations from the vessel or the torus, or

when flushing piping to radwaste. Per procedures, it is slowly
throttled open to initiate these actions. The valve is normally
left in the unthrottled position, and is not frequently used.
Therefore it was not considered for further evaluation.

E11-F103A, B: These valves are the RHR heat exchanger inboard vent valves,
(EIIS/B0/VTV) used to vent off pressure from the heat exchanger. These

valves are infrequently used since elimination of the RHR steam
condensing mode. As these valves are not throttled, and are not
frequently used, inspection of these valves was determined to be
necessary.

E11-F0104A, B: These valves are the RHR heat exchanger outboard vent valves.
(EIIS/B0/V7V) As these valves are in series with the F013A and B valves,

the same discussion applies to these valves. No further
discussion will be given. .

E11-V35: This valve is one of the A loop RHR heat exchanger steam
(EIIS/B0/XCV) condensing warmup valves. As the RRR steam condensing' mode

has been eliminated (the Unit 2 pipe is capped on both
ends), an inspection was determined to be unnecessary. The
elimination of the steam condensing piping has significantly
reduced'the prest.;res experienced by the system, and therefore
reduced the minimum wall requirements for the valve.

E11-V36: This valve is in series with the V35 valve discussed above; and

(EIIS/B0/XCV) therefore, the same discussion applies. No further discussion
will be given.

E11-V37: This valve is the same as the V35 discussed above, except that

(EIIS/B0/XCV) it is on the B loop heat exchanger. No further discussion will
be given.

'

;
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ATTACHMENT 1 (Cont'd)
1

E11-V38: This valve is the same as the V36 discussed above, except that
(EIIS/B0/XCV) it is on the B loop heat exchanger. No further discussion will

be given.

CS_ :

E21-F015A, B: These valves are the CS full flow test throttle valves. As
(EIIS/BM/FCV) these valves are used during loop testing and are closed with

the pump running, these valves were considered for further j

evaluation.

HPCI:

E41-F008: This valve is the full flow test throttle valve. This valve
(EIIS/BJ/FCV) experiences most of the pressure drop for the HPCI pump during

high prescure testing and was therefore considered for further
evaluation. During the Unit 1 1987 refueling / maintenance outage
erosion was found within this valve; however, it was determined
to not affect operability of the valve.

E41-F012: This valve is the minimum flow isolation valve for this high
(EIIS/BJ/ISV) pressure pump. During opening and closure, this nonthrottled

valve takes most of the pressure drop. It was, therefore,
chose for further evaluation.

.

E41-F059: This valve is the cooling water supply valve for the.HPCI pumps.
(EIIS/BJ/ISV) It opens simultaneously with the startup of the system and j

therefore does not see a large differential pressure or large j

flow rates while opening. It also has no automatic closure
signals, and therefore does not see a large differential
pressure on closure (It is manually closed following pump 4

lshutdovG . This valve was not considered for further evaluation.

E41-F075: This valve is one of the two HPCI turbine discharge line vacuum.
.

(EIIS/BJ/ISV) breaker isolation valves. It is a normally open valve that ,

closes to isolate the system. It seldom sees flow, and is not

a thnottle valve. It was therefore not considered for further
evaluation.

, . ;
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A'ITACHMENT 1 (Cont'd)

1

E41-F079: This valve is the other turbine discharge line vacuum breaker

(EIIS/BJ/ISV) isolation valve. It is in series with the F075 valve discussed
above, and the same discussion applies. No further discussion
will be given.

RCIC

E51-F019 This is the minimum flow isolation valve for the RCIC pump. As
I(EIIS/BN/ISV) such, this non-throttled valve experiences significant pressure

drop during and closing. It was, therefore, chosen for further
evaluation.

E51-F022 This valve is the full flow test throttle valve for the RCIC
(EIIS/BN/FCV) pump. This valve experiences significant pressure drop during

high pressure testing. It was therefore chosen for further
evaluation.

E51-F045 This valve is the steam admission valve for the RCIC turbine.
(EII~S/BN/ISV) it opens to startup the system, and closes on a high vessel

water level to trip the system without tripping the trip and
throttle valve. The valve is not throttled during use, and
sees a large differential pressure briefly during opening,
and when closing on high water level. Normal shutdown of the
RCIC turbine does not close this valve with the turbine running,
therefore the valve is normally not exposed to high differential

,

pressures. The valve was therefore not considered for further
evaluation.

E51-F046 This valve is the cooling water supply valve for the RCIC
(EIIS/BN/ISV) pump. It open simultaneously with the startup of the system,

goes to'the full open position, and does not throttle. This
valve will initially see a large differential pressure upon
opening due to the initial turbine speed spike, but this
differential pressure will quickly disappear as the governor
valve throttles closed for the turbine speed ramp. This valve
also has no automatic closure signals, and therefore does not
see a large differential pressure on closure (it is manually
closed following pump shutdown). This valve was not considered
for further evaluation.

1
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ATTACHMENT 1 (Cont'd)

E51-F062 This valve is one of the two RCIC turbine discharge line vacuum ,

(EIIS/BN/ISV) breaker isolation valves. It is a normally open valve that is I

closed to isolate the system. It seldom sees flow, and is not

a throttle valve. It was therefore not considered for further
evaluation.

i

E51-F066 This valve is the other RCIC turbine discharge line vacuum breaker 'I
,(EIIS/BN/ISV) isolation valve in series with the F062 valve discussed ]

above. The same discussion in regard to the function of the i

valve applies, therefore it was not considered for further j

evaluation.

!
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ATTACIL$1ENT 2*

Valve No. Reevaluated Class New Minimum Thickness
(ANSI B16.34) (inches)

2-E11-F017A- ANSI 635 # 1.36
2-E11-F017B ANSI 635 # 1.36
2-E11-F024A ANSI 194 # 0.492
2-E11-F024B ANSI 194 # 0.492

Valve No. Erosion Rate Hours Remaining

(inches / hour) (hours)

2-E11-F017A 2.17 E-4 5,254
2-E11-F017B 2.17 E-4 2,489
2-E11-F024A 0.723 E-4 4,289
2-E11-F024B 0.723 E-4 1,522

* Based on final JC0 established under EER 89-0011

.
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Carolina Power & Light Company

Brunswick Nuclear Project1
P. O. Box 10429

.Southport, NC 28461-0429
April 28, 1989-

FILE: B09-135100
SERIAL: BSEP/89-0417

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk

- Washington, DC 20555

BRUNSWICK STEAM ELECTRIC PLANT UNIT 1
DOCKET NO. 50-325
LICENSE NO. DPR-71

' SUPPLEMENT TO LICENSEE EVENT REPORT 1-88-033

Gentlemen:

In accordance'with Title 10 to the Code of Federal Regulations, the enclosed
' Supplemental' Licensee Event Report is submitted. The original report fulfilled
the requirement for a written report within thirty (30) days of a reportable
- occurrence and was submitted in accordance with the format set forth in
NUREG-1022, September 1983.

Very truly yours,

JVL. Harness, General Manager
Brunswick Nuclear Project

MJP/ah

Enclosure

cc: Mr. S. D. Ebneter
Mr. E. G. Tourigny
BSEP NRC Resident' Office
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