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SAFETY EVALUATION
RELATED T0 PLANT RESTART

PUBLIC SERVICE ELECTRIC AND GAS COMPANY
SALEM NUCLEAR GENERATING STATION

UNIT NOS. 1 AND 2
DOCKET NOS. 50-272 AND 50-311.

.

I. Introduction
.

On February 25, 1983 an event occurred at Unit 1 of the Salem Nuclear Generat-
ing Station when the reactor-trip circuit breakers failed to automatically open
following receipt of a valid trip signal .from the Reactor Protection * System
(RPS). The manual trip system was used to shut 'down the reactor. Subsequently,
it was concluded by the licensee that the failure to trip was caused by a mal-
function of the undervoltage (UV) trip attachments in both reactor-trip circuit
breakers. These UV trip attachments translate the electrical signal from the
RPS to a mechanical action that opens the circuit breaker.

On February 26, 1983, an NRC team was onsite to. conduct initial followup and to
collect preliminary information. As a result of NRC inquiries, the licensee
determined that both reactor-trip circuit breakers had similarly failed to open
upon receipt of a valid trip signal on February 22, 1983. The failure to auto-
matically trip on February 22 was not recognized by the licensee until the
computer prietout of the sequence of events was reexamined in more detail on
February 26. Further evaluation of these events and the circumstances leading
up to them revealed a number of issues that require resolution by the licensee
and/or the NRC. This safety evaluation report briefly describes the NRC and
licensee actions to address and resolve equipment, operator procedures, training
and response, and management issues identified by the NRC evaluation of the two
events at Salem Unit 1. -

.

An NRC Task Force has been established to conduct a separate generic study of
the broader implications of the Salem events which is scheduled for completion
by April 18, 1983. All actions * identified herein are applicable to Salem but
may have generic implications. Any generic actions developed by the Task Force
will also be required of the Salem facility, as appropriate.

Actions for Salem as fdentified in this report fall in two groups: (1) actions
that are required to be satisfactorily resolved before plant startup; and
(2) actions that could be completed after restart but which were required to

*

compledent the pre-startup items. The actions required prior to the restart
of Unit I will also be implemented on Unit 2 prior to its restart. Salem
Unit 2 is presently shut down for refueling and is not presently scheduled to
resume operation before Unit 1.

The licensee has met with NRC' staff on several occassions to present the results
of initial evaluations related to the events. Based on licensee submittals ofMarch 1, 8, 14, 15, 18, 23 and' April 7 and 8, 1983 and on the findings of the
NRC evaluation of the Salem events, issues were identified and categorized as

.

.
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(A) Equipment evaluation, (B) Operating Procedures, Operator Training, and
j Operator Response Evaluation, and (C) Management Evaluation.

* -
: ,

j II. Evaluation
,

f
- -

,

A. Eautoment Evaluation- -

i ;

5 .\ 1. Safety Classification of Breakers

i
During the initial NRC evaluation of the February 25 event, it was determined
that maintenance was conducted on the Salem * Unit I reactor-trip circuit breakers
in January 1983, following a failure of one reactor-trip circuit treaker to trip

,

upon receipt of an RPS signal at Salem Unit 2 on January 6, 1983. The work -

orders authorizing the January 1983 maintenance identified the maintenance as
not associated with safety related equipment and not requiring quality assurance
review. As a result, it was not clear on February 26, 1983 what portion, if

.

any, of the reactor-trip circuit breakers was considered safety related by the
i licensee. The reactor-trip circuit breakers contain both a UV trip attachment
j and a shunt trip attachment, but only the UV trip attachment is operat'ed by an
i automatic RPS trip signal. The shunt trip attachment provides for a manual trip
!. of the breaker. !

~

1 .

i Section 7.2.1.1 of the Salem Updated Final Safety Analysis Report (UFSAR),
! Revision 0, indicates that the Reactor Trip Sy: tem includes the reactor-trip
i circuit breakers and the UV trip attachment. The Westinghouse Solid State Logic-
| Protection System Description (WCAP-7488L) also defines the scope of the system
; as including the reactor-trip circuit breakers and the UV trip attachments. The
j UV trip attachment and the reactor-trip circuit breaker are safety-related

equipment in that they are essential features of the Reactor Trip System, whichi

is necessary to prevent or mitigate the consequences of a design-basis event
j that could result in exceeding the offsite exposure guidelines set forth in
: 10 CFR Part 100. The shunt trip attachment of the reactor-trip circuit breakers
j in the Westinghouse design is not required by present NRC regulations to be
j safety grade and, although it is provided to perform the manual trip function,
i no credit is taken for this design feature in the safety analysis (a manual
I reactor trip also actuates the UV trip attachment). The ifcensee in a March 1,
j 1983 letter to NRC concurred in this understanding,
i

j Conclusion: Based on the above findings, we believe there is no dispute regard-
j ing the safety classification of the reactor-trip circuit breakers and the issue
j is therefore considered resolved.

| 2. Identification of Cause of Failure

The licensee's determination of the cause of the failure of the reactor-trip
f breakers, as stated in their March 1,1983 letter, was that there was binding
i and excessive friction of the vertical latch lever of the UV trip attachment

due to a lack of proper lubrication. The basis for this statement, as docu-4 ,

4 mented by the licensee, was that immediately following the February 25, 1983
)

,

event, tests were conducted 'hich identified that the problem was not in thew
Reactor Protection System logic, but isolated to the under voltage trip ' attach-:

3 ment on the breakers.-

*

.

.

j
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By letter dated Mar.ch 22, 1983, (Appendix C) Westinghouse provided to NRC the
.

results of an investigation they perfomed in order to establish the potential
scenarios that might have produced the malfunction of the Salem Unit 1 circuit
breakers. Westinghouse perfomed an inspection of a.UVT attachment provided -

to them by the licensee, and represented by the licensee as the UVT. attachment
that malfunctioned on reactor-trip breaker B of Salem Un(t 1 on February 25,
1983. Findings during the examination included (1) failure of.the as-received
UVT attachment to latch traced to a bent and deformed leaf spring which, accord-
ing to Westinghouse, could not have beenL caused by normal operation or wear,
(2) a missing lock washer on the drop-out voltage adjustment screw mechanism

~

and an excessively ". turned-in" condition of the adjustment screw, (3) a deter-
mination that the as-received UVT attachment was lubricated (the licensee advised
Westinghouse that a lubricant was added to the device after the February 25,
1983 event), (4) no excessive wear on the latch and latch interface and no
evidence of burns, however excessive frictional force could not be ruled out as

a potential malfunction since post-incident handling (manually exercising the
device and lubrication) prior to receipt by Westinghouse would have masked a .

friction force malfunction scenario, (5) no visible evidence of corrosion, or
broken.or missing parts, other than the lock washer, and no obvious signs of
improper manufacture, and (6) a determination that the UVT attachment was capa-
ble of providing sufficient force, with margin, to trip a properly maintained
circuit breaker. Based on the results of this examination, Westinghouse con-
cle dtd that malfunction of the UVT attachment was not attributable to design or
manufacturing. The postulated' malfunction scenarios which could'not be elimi-
nated by Westinghouse or which were present during the examination were fric-
tional area anomalies, dirt / contamination, bent or deformed parts, and/or
misadjustment. Westinghouse considers these scenarios to fall under one broad
category of maintenance related causes.

The NRC and its consultant, Franklin Research Center (FRC) conducted an
indepedent post-event evaluation to determine the cause of the failures. The
FRC has completed their Interim Report and a copy is included as Appendix 8.
Their evaluation consisted of the inspection of a failed.UV trip attachment and
was based on interviews with cognizant maintenance personnel to describe the
maintenance history of the devices. Evaluation of the failure of the reactor
trip circuit breakers included review of the operating, maintenance, and
surveillance tesi.fng history for the 08-50 breakers used at the Salem plant.
Since the trip lever of the UV trip attachment must lift the circuit breaker
trip bar for opening of the circuit breaker to occur, the evaluation also
included the interaction of the UV trip attachment with the circuit breaker
trip bar.

The staff and its consultant, FRC, have identified two possible failure modes
for the Salem Unit 1 UV Trip attachments. Possible contributors to these modes
are (1) dust and dirt; (2) lack of lubrication; (3) wear; (4) more frequent
operation than intended by design; and (5) nicking of latch surfaces caused by
repeated operation of the breaker. The contributors appear to be cumulative,
with no one main cause. One failure mode can occur when latch-to-latch pin
binding prevents unlatching of the UV Trip attachment, thereby preventing the
trip lever from moving when the device is de-energized. Shortly after the
event, all available failed devices were believed to be lubricated and no
further failures to operate could be repeated.

,.
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The second possible failure mode concerns the increased frictional forces i

Ibetween the' latch spring and latch. The latch spring on this device exerts '

-

enough force on the latch to reduce the output force from the trip lever
resulting from friction. This reduced force could be significant if the force
required to lift the circuit breaker trip bar is higher than normally expected.
The increased friction results from age related wear and lack of lubrication.
As stated previously Westinghouse representatives stated.that the expected
force required to lift the circuit breaker trip har at time of manufacture

,

would have a maximum of 31 ounces. The licensee by letter of April 7, 1983 has
stated that the force required to trip the breaker using the breaker trip bar
has been measured on all four Unit I circuit breakers, and that all breakers .

met the Westinghouse criteria.

Further FRC evaluation concluded that the latch surfaces of'the original UV
trip attachments appear not to have been honed. Roughness was noted on'the
latch-to-latch pin face and on the latch-to-latch spring face causing 'a groove
to be worn into the spring. During testing, hesitation during unlatching was
observed when voltage was, gradually reduced to the coil of the device, #urther
indicating, inadequate lubrication causing increased friction in the latch-to-
, latch pin surface. Corrective actions to preclude the problems of roughness -

in the mating surfaces of the UV trip attachments have already been implemented.
Westinghouse had changed the manufacturing procedure for the latch in 1973 to
include hand honing of the latch surfaces that mate with cther components. The
licensee by letter of April 7, 1983, has confirmed that the new UV trip attach-
ments now installed in Salem Unit 1, and those to be installed in Salem Unit 2
have incorporated all up to date design changes made to these devices.

During the FRC evaluation, manufacturing deviations were noted when comparing
the original UV attachments supplied to Salem. These deviations may affect the
forces available within the attachments. Discussions with the Licensee
indicated that similar deviations had been noted on other' attachments not

. currently available for inspection. These deviations were not identified in
the causes of the failures of the attachments, and qualified components have
been installed.

The results of the evaluation indicated.that while there were possibly multiple
contributing and c~umulative causes of failure, the failure of the UV trip
attachment was accelerated due to improper lubrication and maintenance through-
out the life of the device.

Conclusion The staff has concluded that while the Salem Unit 1 breaker failures
occurred from several possible contributors such as dust and dirt, lack of
lubrication, more frequent operation than intended by design, and nicking of
latch surfaces from frequent operation of the circuit breakers, tne predominant
cause was excessive wear accelerated by lack of lubrication and improper main-
tenance. To confirm this conclusion, and to provide assurance that degradation
of the trip breakers is not occurring, the staff will require additional sur- -

veillance testing, and improved maintenance programs which will be implemented
after re-start. These programs are addressed in the following sections of this
report.

'

With the maintenance and testing of the new UV trip attachments and the-

verification testing as discussed in the following section of this Evaluation,

. Salem Restart SER 4
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the staff has' reasonable assuance that the properly maintained breakers and UV
trip attachments will perform their intended function while the following addi-

.tional actions are completed and evaluated.
.

Because one of the contributors may be more frequent operation than intended by
design, the NRC is requiring the licensee to determine the allowable number of
operations of the circuit breakers and establish a replacement interval for the
entire unit or components of the unit. This action should be completed within
six months of plant startup. In addition, the staff required and the licensee
has established a pro'cedure for measuring the force required to trip the breaker
using the breaker trip bar and the force output from the UV trip lever. These
tests will be performed every six months tad are included in the licensee's
maintenance procedures. By letter of April 7, 1983, the licensee has committed
to these requirements.

. .

Based on these actions and commitments by the licensee, we have concluded that
the cause of failure of the original trip breakers have been sufficiently
identified for restart. ,

3. Verification Testing i

Testing following reactor-trip circuit breaker maintenance or initial installa-
tion should be sufficiently comprehensive to provide reasonable assurance that
the circuit breaker will function a's needed. Verification testing on the
installed breaker provides added assurance that the breaker continues to
function properly.

On August 20, 1982, one reactor-trip circuit breaker on Unit 2 failed to
operate during surveillance testing. A UV trip attachment was reinstalled on
this circuit breaker after replacing the coil. The circuit breaker was re-
installed and subsequent post maintenance testing was performed to establish
operability. Similarly, on January 6,1983, a reactor trir occurred at Salem
Unit 2 due to a low-low steam generator level, but one reactor-trip circuit

'
breaker failed to open. The licensee concluded that the circuit breaker
failure was due to bindicc from dirt and corrosion in the UV trip attachment.
The UV trip attachment on the Unit 2 circuit breaker, as well as the UV trip
attachment on all Unit I reactor-trip circuit breakers was cleaned, lubricated
and readjusted under supervision of a Westinghouse representative. On Feb-*

,

ruary 20, both breakers performed satisfactorily during reactor trip events.
Since the circuit breakers again failed on February 22 and 25, adequacy of the
testing' to ensure circuit breaker operability is an issue.

The licensee has conducted a program to verify proper operation of the reactor-
trip circuit breakers prior to returning them to service. The program involved
pre-installation testing of UV trip attachments 25 times by the vendor. After
installation on the trip breakers, the UV trip attachment and trip breakers
were tested ten r. ore times. All tests were completed without failure of the UV
trip attachment to trip the breaker. Following this testing, a time response
cest of the breaker actuated through the RPS.was performed. This test data is
available as the site for the review and will be used as a baseline in all
future testing. .

.

.

'
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By letter da.ted March 14, 1983, the licensee stated that he has completed the
above program and committed to submit a longer term operational verification

( program for the reactor trip breakers for NRC review by May, 1983. The licensee
has committed to develop and provide the NRC with a detailed test procedure, |

acceptance criteria and a schedule by May 1983. The intent of the testing is ,

! to verify the adequacy of the licensee's maintenance and surveillance program i

and sill also be used in conjunction with surveillance testing results as a
basis for determining the replacement intervals for the entire circuit breaker
and/or its components.' The 1.icensee expects that the test program will be
completed by October, 1983. If the licensee proposes a bench test of less than'

2000 cycles, the staff will require the detailed justification concerning the
; acceptability of the nu'nber of test cycles.
; :

Conclusion: Based on the successful results of the testing performed on the
installed breaker assemblies and on the above commitment from the licensee,
the staff concludes that this issue has been satisfactorily resolved to permit
restart of the plant.

4. Maintenance and Surveillance Procedures

! Maintenance

Ouring the staff review, it was determined that no specific maintenance proce-
dure existed at the Salem facility to conduct preventive or corrective mainte-
nance on the reactor-trip circuit breakers. In addition, the maintenance

!; conduccad in January 1983 was not performed in accordance with the latest
Westinghouse recommendations, as contained in Westinghouse Technical Bulletin-
NSO-74-1, amended by technical data letter NSO-74-2. No program of preventive
maintenance had been conducted on these circuit breakers since tneir original
installation. -

*

The licensee has now developed maintenance procedures and preoperational
verification programs for use on the reactor-trip circuit breakers (including
the UV trip attachment), based on all applicable vendor maintenance recommenda- -

tions, appropriate quality assurance (QA) requirements, and post maintenance
testing. The initial NRC staff review of these newly developed procedures and
programs identified certain deficiencies. By letters dated March 14, 1983 and
April 7,1983, the licensee submitted Revision 2 to Salem Generating Station
Maintenance Department Manual Maintenance Procedure M3Q-2, and other informa-
tion, that addressed these deficiencies.

Each of the deficiencies identified by the staff for the new recently developed,

'

procedures are presented below along with the licensee's resolution.

i. The maintenance procedure originally specified cleaning and vacuuming the
equipment. Since dirt in the breaker assembly was believed to be one of

,

the causes of the failures, the staff required that the cabinets and
circuit breaker room also-be cleaned as part of the maintenance procedure.
The licensee, by letter dated April 7, 1983, has stated that the circuit
breaker cabinets are cleaned each refueling outage and that the circuit
breaker rooms are cleaned on work days, and has modified the procedure to

j - include the requirement to clean the cabinets. The issue is resolved.

~

.

.
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11. Our review of the maintenance procedure indicated that the new replacement
UV attachments that were installed during this outage were not required to

,

undergo cyclic testing that was to have been performed by the 50pplier I
(Westinghouse).* In response to NRC questions, the licensee's Specifica-

{tion 83-8248 was revised and now requires all replacement JJV attachments j
to have been tested without a failure. For startup the licensee has -

stated that the new UV attachments currently installed have now completed
this testing. This resolves part of our concern and is acceptable.

The maintenance procedure was also revised for the new UV trip attachm.ents
to specify a 30 minute time interval between each of ten cycles of testing
required. This test interval is in accordance with the staff's recommenda-

tion. However, the maintenance procedure had not been revised to specify
appropriate acceptance criteria. These criteria, iallowing no failures,
have now been incorporated into the' maintenance procedure. The licensee
has stated that the new UV attachments have been successfully tested ten
times, utilizing the 30-minute time interval. We find the revised proca-.

dures and testing results acceptable,

111. The maintenance procedure addresses circuit breaker response times when
tripped by the undervoltage trip attachment. The staff required that
three timing tests be performed with a high speed recorder and the average
respon.se would then be compared to previous . test times. A timing test has
been performed on the circuit breakers to establish a base line for future
comparisons. Revision 2 of the maintenance procedure has been revised to
require three timing tests be performed. This satisfies the staff's
Concern. -

iv. Diagrams included with the maintenance procedure incorrectly showed
attachments such as an overcurrent trip device, that are not used in the
Salem reactor trip circuit breakers, instead of the shurt trip and under-
voltage trip attachment which are used. This has now been corrected to -

include the applicable diagrams and is now acceptable.

The maintenance procedure contained a caution concerning a self-locking- v.
screw in the moving core of.the UV attachment. The maintenance procedurs
has been revised to require, and licensee Specification 83-8248 now
requires, that a realant be applied to the two cover bolts on the movable
core cover and the reset lever spring adjustment screw such that field
adjustments are not possible without breaking these seals. The licensee
has verbally informed the NRC that these seals are in place. The staff
will verify this prior to restart. This resolves this issue and is
acceptable.

vi. The maintenance procedure did not specify the acceptance tiolerance on the .
UV trip attachmen't coil dropout voltage. The maintenance procedure also -

did not addr.ess the action to take if the coil dropout voltage falls below
the specified limits. These deficiencies have been corrected by the
licensee and are acceptable.

vii. The staff required that the procedure be revised to include notification
of the NRC, prior to taking corrective action; if any acceptance criteria
is found to'be out of specification. The maintenance procedure has been

.

'
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revised and the licensee has committed to proposa Technical Specification
changes within 30 days of plant startup, that require such notification to
be made prior to any corrective actions being taken. The above action and

,
commitment is acceptable to the. staff.

,

| . .

*

' viii.The staff required the maintenance procedure be revised to include a trip \

. force measdrement be made on the trip bar of each of the four reactor trip
l breakers and the output force of all four UV trip attachments be measured
'

each time maintenance is performed on .the breakers and following i:nstalla-,

tion of a new UV' trip attachment. If the measured trip force on any trip
bar exceeds the manufacturer's recommended upper limit, or the output force
of any UV trip attachment is less than twice the measured trip force the
licensee shall declare the breaker inoperable and should immediately notify
the NRC prior to any corrective action. These measurements were required
to be performed on presently installed breakers prior to plant startup.
These measurements have been performed, and the trip force on all ti1p
bars were less then the manufacturer''s recommended upper limit. The
licensee has verbally informed the NRC that the output force of all UV
trip attachments is more than twice the measured trip force. The staff.

will verify this prior to startup. Technical Specification changes will.

be proposed by the licensee within 30 days of plant startup to assure NRC
notification prior to any corrective action. This resolves this issue.

'

ix. The maintenance procedure was not explicit relative to the frequency of UV
attachment lubrication. It is the staff's position that the procedure
require lubrication each time maintenance is performed. The procedure
also specified cleaning the UV attachment with Stoddard solvent. While
the staff has no concerns at this time relative to the adequacy of the
lubricant, we will continue our investigation to determine any potential
adverse effects from the use of Stoddard solvent. The lubrication points
in the breaker were also inconclusive in that all friction points werei not
identified for lubrication. In a March 22, 1983 letter to the NRC (Appen-
dix C), Westinghouse stated that a new Technical Bulletin clarifying the
circuit breaker and UV trip attachment lubricants and lubrication points
will be issued to the ifcensee by March 24, 1983. The licensee verified
by letter dated April 7,1983, that the circuit breakers and UV trip
attachments have been lubricated in accordance with the recently issued
Westinghouse Technical Bulletin. The Technical Bulletin specifies a
lubrication frequency of every six months, specifies the lubrication
points, and has been incorporated into the maintenance procedure. This
resolves this issue for restart.

x. Regarding the NRC recommendation that testing of the UV tri.p attachment of
| the bypass breakers be performed every refueling outage, the ifcensee has I

! modified his mairitanance procedure so that all bypass breakers have their !

UV trip and shunt trip attachments tested every six months. This ;

satisfies the staff's concern. j

Surveillance !
!

prior to the February events, the licensee conducted a functional surveillance '

test on one of the 'two installed reactor-trip circuit breakers every ' month, so-

b that each . circuit breaker was tested once every two months. The surveillance !

.!.
.
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test involved trip' ping a circuit breaker by' weekly by exercising the shunt trip
use of the UV trip attachment. The

licensee also operated the circuit breakers
attachment. In view of the number of reactor-trip circuit breaker failures at
Salem,' the staff determined that this survetlance testing program was ineffec -
tive for assuring reliability of the reactor-trip circuit breakers. I

. The licensee initially proposed to revise monthly testing of the main reactor-- |
trip. circuit breakers by use of the UV trip attachment and weekly testing of |.

the reactor-trip circuit breakers by us.e of the shunt trip attachment. The '

staff did not agree with the weekly testing interval of the shunt trip attach- |
ment because of the potential for additional wear. Further, the staff indicated
that the associated bypass breakers be tested.

The licensee proposed in his letter of April 7, 1983 a new single test procedure
to independently test the UV trip, shunt trip, and manual scram ferture, to be -

performed within 7 days of each reactor startup.

After discussion with the staff on this procedure the ligensee has revised his
proposal to provide three separate tests in lieu of the proposed single test _ |

procedure. These tests do not require. lifted leads or jumpers; are previously '

existing tests which have been checked-out and used sucessfully in actual plant
conditions; and satisfy the staff requirement. The tests are: (1) functional <

test of the UV trip of each main breaker, using the abbrev,iated monthly func-
tional test procedure #18.1.010(11); (2) functional test of the shunt trip of
each main breaker, using the manual breaker controls on the main reactor control
board; and (3) functional test of the manual scram switches. The staff has
determined that these three tests are acceptable foi plant restart.

The licensee has further revised his proposal such that these three tests will
performed immediately prior to each reactor startup, unless the tests have been
completed in the last 24 hours. We find this schedule more desirable and

,

acceptable. .

'
.

The licensee has committed to these revisions in his letter dated April 8,1983,
and has further agreed to propose appropriate changes to the Technic.al
Specifications to fully document this testing requirement.

The staff required that reactor trip breaker timing. tests be performed once
;

each month; The staff also reconnended a permanent test panel be designed and '

used when these tests are performed. However, the licensee has proposed to i
utilize the events recorder to perform these tests. We have found this to be |
acceptable. In combination with response time measurements with a high speed '

recorder every six months, we find use of the event recorder on.a monthly basis l
to be acceptable. i

The licensee will submit proposed Technical Specification changes that
incorporate all the above surveillance requirements. These proposed Technical 1

Specift. cation changes are to be submitted within 30 days of plant startup.
'

Conclusions: The licensee has revised his maintenance procedures to address
all NRC staff concerns necessary for the restart of Salem Unit 1. Further the

- licensee has acceptably revised and expanded his surveillance testing programs
to provide assurance that adequate functional testing of the reactor trip

*
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breaker' will be provided, including testing'of the bypass breakers. Finally,
.the licensee will. submit, within 30 days of plant startup proposed Technical'

. - Specification changes for incorporating: .
4 -

(a) NRC notification requirements for maintenance testing results exceeding;

any acceptance criteria,;

| (b) NRC notification requirements for measured breaker trip forces exceeding
| the recommended upper limit, and

(c)' the additional surveillance requirements identified b'y the staff, as4

identified herein and in Table 1, for the reactor trip and bypass breaker.
.

4

; The above actions provide reasonable assurance, regardin'g maintenance and
surveillance, for restart of the facility.

.

1

J

,

|
4

1

1
.

'

1

i
i

I

i -

|
'

,
.

i

,

! -

.

: -

1
1

e

.

-
,
a

!
2

.

!

-
,

:

.

Salem Restart SER 10
. -

,

-- -
--. - - . . . . - . . - . . - . . . . . - .. . . . ..

_ __ _



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

., .

*
--

t. .

-
.

'- * e
, i

*

.
*

.

.
'

.- TABLE 1 g cg ,

' PERIODIC SURVEILLANCE / MAINTENANCE OF REACTOR TRIP BREAKERS
-

. .
.

,

' ' '

jPRE-STARTUP HONTilLY 6-MOS.-
. .

;'-(< 24 hrs) _
(Main Trip Breakers)

SURVEILLANCE SURVEILLANCE / MAINTENANCE -

{HainTripBreakers) (Main & Bypass Breakers)- --

-
. .

,

_

,

.
.,

'

1. functional test of'UV 1. a. SSPS functional of UV. 1. response time testing (3 times)
(via SSPS) (visicorder)trenddata

b. ' response time testing,

of UV/ breakers
'

~ '

*

i '

(event recorders)! ., ,

| -
-

! 2. functional test of Shunt 2. functional test of Shunt 2. trip bar lift force reasurements
'

(manual controls) (manualcontrols)-

,
,

3. functional manual scram switch'
.

'-
(vortmeters) 3. UV output force measurement-

'
-

4. drop-out voltage check *

, ,

.

5. se rv i c i ng/ l ubr i ca t i on/a dj us tann t s.
., ,

,

'

6. repeat testing steps 1-4 -
,

-
.

,

.

. .

8 4
., .

.

.
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B. Operating Procedures, Ooerator Training, and Onerator Resoonse Evaluation
,

i -

.
Examination of the ciredmstances associated with the events of February 22 and *

| 25 identified certain issues relative te plant operations. Our discussion of-

.

plant operations is divided into operating proc'edures, operator training, and
| operator response. .The events at Salem wer'e anticipated transients without
; scram (ATWS) of the reactor as a result cf failures in the reactor protection
;- system (RPS). The adequacy of the RPS to indicate an ATWS 11 discussed in this

| r,epo rt. .

: .

i The operator's rol'e in responding to an ATWS is to first recognize that an ATWS
j , has occured and then to take action to manually shut dcwn the reactor and
I stabilize all systems. Emergency Operating Procedures specifically direct

actions to be taken once the event is recognized. Operator training is , required
to recognize the event and understand the objective of each procedure step.'

With proper operating procedures and adequate training, the operator's response
; to an ATWS event should be proper and timely.

,

1. Operating procedures

: NRC staff personnel conducted interviews with control room operators and
reviewed the emergency operating procedure for reactor trip which was used by
control personnel during the February 22, and 25 events. This procedure, which ,
included the ATWS procedure steps, is i;fentified as EI-I-4.3, Revision 7. The
procedure required a manual trip if an automatic trip did not occur as indicated
by reactor power level remaining high or control rods failing to insert. This
situation does not mean that a trip should have occured, only that one has not
occured. In addition, the procedure required a manual trip of the turbine.
However, due to a lack of understaading of the procedure steps and/or a lack of
adequate training, one operator qt.astioned the appropriateness of the ATWS step
to trip the turbine.

The evaluation of plant operations is divided into two sections. The first
deals with " positive indication" of a " reactor trip demand." The second

~

addresses the licensee's revised procedures relative to the requirement to
manually trip the reactor upon receipt of a positive indication .of a reactor
trip demand.~ These procedures are identified as EI-I-4.3, Reactor Trip, and
EI-I-4.0, Safety Injection Initiation both dated April 6, 1983 for both Units 1
and 2. The ATWS portion of the licensee's revised procedures relative to the
Westinghouse Owners Group guidelines. are also evaluated.

.

a. Positive Indication of Reactor Trip Demand
.

The staff's evaluation is based on the following definitions of " reactor trip
demand" and " positive indication" of that demand. A " reactor trip demand" is
the conditibn of the final output of the logic portion of the reactor protec-
tion system calling for an automatic reactor trip. Confidence in the validity,

of this trip demand is based on the redundancy and reliability of the reactor'

protection system logic. A reactor trip demand will effect an automatic
reactor trip if either recctor protection circuit breaker opens.

" Positive indication" of a reactor trip demand is defined as the information
from' control room indicators that alerts the operator to the present existence

.
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of a reactor trip demand. The licensee's proposed positive indication of a
reactor trip are presence of an alarm on the reactor trip portion of the!

first-out annunciator panel and concurrent sensor bistable trip indications4

| (sufficient to require a reactor trip) on the solid state protection system
! (SSPS) status panel. Information from the first-out anqunciator panel alone -

provides a more conservative positive indication because it indicates either
- that a trip demand currently exists or that such a demand existed in the past.

It is possible for the first-out panel to indicate a reactor trip demand after
the trip condition has cleared because the annunciator " locks in." The SSPS
status panel bistable indications, on the other hand, automatically reset when
the associated trip condition clears. Thus, although the first-out panel alone
provides the conservative positive indication of a reactor trip demand, the
first-out annunciator concurrent with the bistables on the SSPS status panel is
required for positive indication that the need for a reactor trip presently

,

exists.., ,

Staff review of the first-out annunciator panel operating sequence showed that
,

a first out signal provides two coding methods to direct the operator's'

attention to a specific annunciator tile. The first is the auditory signal
.,

.

with a specific pulse rate and frequency variation unique to the first-out
;

panel. The sound draws the operator's attention to the fact that an
annunciator is active while the specific pulse rate and frequency is meant to
identify the first-out panel.

-|

j Identification by auditory coding is useful only if a limited number of
different signals must be distinguished by the operator. The recommended limit'

is nine for al.1 auditory signals located in the control room, including plant
evacuation, fire, security, computer alarms, annunicators, etc. Since there
are more than twelve different auditory alarms in the Salem control room, the*

significance of the first-out panel unique auditory alarm is diminished. The
separate first-out panel with red demarcation is~ an adequate reference such
that a flashing tile within its bounds provides positive indication that a
reactor or turbine trip demand signal has been generated. However, a drawback
to the overall annunciator alarm system at Salem is that both the silence and
acknowledge functions are accomplished by use of a single control (knee switch). ,

The second method of coding is intended to identify a specific first-out tile*

within the first-out panel. This is done by illuminating two red bulbs along
with the two white bulbs illuminated on all activated tiles. The net result is*

a first-out indication that appears pink when viewed under normal ambient
control room illumination. This color is not easily discriminated from that of
illuminated white tiles on the same panel. Further, NRC color vision testing
requ.irements for operators may not be sufficiently discriminating or uniformly
applied to detect a color vision deficiency, thus exacerbating the potential

. problem of quick first-out tile identification.

[ The licensee's procedure, EI-I-4.3 " Reactor Trip," dated April 6, 1983, does*

not depend on identification of a specific annunciator tile on the first-outi

ipanel, only on detection of any reactor trip annunciator on the panel. Thus,
the ~ deficiencies in auditory and visual coding for identification should not
significantly affect operator performance of the emergency procedure. These-
deficiencies may' affect post-event operator actions. The licensee stated.in
its letter to D. Eisenhut from R. Uderitz, dated April 7, 1983 that modifica-;

tions are under consideratio.n and that changes will be completed by May 1, 1983.

'

Salem Restart SER 12..

*

-
, .

.-c . - ..-- .- , - - - - , , , - - , - . ~.,,,..,,,:ee - - ,..e- , , - . , - - , . . , , , , . ,,, ,,



*
. . .

,

'

|~
. .

-
2 .

.
,

. ,

--
,

; - -
.

i

j b. Revised Procedures '. '
|-

.

{" Subsequent to the February 25 event, the licensee revised the procedures for
| reactor trip and safety injection. The procedure revisions upon which this
i safety evaluation is based are EI-I-4.3 " Reactor Trip," and EI-I-4.0, " Safety

Injection Initiation," both dated April 6, 1983 for Units 1 and 2. The staff
review of the revised procedures addressed several areas: (1) The operators

- must be able to carry out the instructions quickly enough to respond success-
| fully to a plant transient; (2) Indicators upon which the operator acts must
i be sufficiently reliable to evoke proper action when necessary and not lead to
| improper operator action which may affect safe operation of the plant;
! (3) Instructions must have an adequate technical basis to provide confidence in
i their appropriateness; (4) Procedures must be written clearly so that the opera-
| tor can understand and.impleme'nt them in a high stress environment. This
i includes immediate actions that must be committed to memory so that they can be
{ performed before time is available to actually reference the procedure.
1

; (1) Timeliness of Re'soonse ' -

.

. To address the. issue of how much time is available for operator action, the
i staff reviewed the analysis of the limiting ATWS event. The limiting concern
l for this everit is reactor coolant system pressure. Results show that if the

.

j turbine is tripped within about one and a half minutes after the loss of feed-
water, even if the reactor is not tripped, the pre.ssure transient does not

i exceed design limits. The staff reviewed the reactor trip procedure and
visited the Saler Unit I control room to look at the indications and controls'

used in the procedure and to walk through the initial steps of the procedure.
j Staff. review indicated that t'he Solid State protection System (SSPS) status
) panel in the control room is located and arranged in a manner that should
j require only a fe,# seconds to recognize a reactor trip demand. The staff
; walk-through' of the Unit I control room demonstrated that the operator could
i perform all the necessary control room actions in less than half a minute.

| Therefore, based on the small size of the Salem control rooms and the relation-
ship of the main control board and SSPS status panel, the staff has determined

j that operator scanning of displays necessary for this event and operation of
all required controls can be performed adequately.;

f (2) Reliability of SSpS Status panel Indicat' ions
~

Based on discussions with Salem personnel, and observations made during the
i control room walk-through, several issues about status indicator lights were
j identified. Both the first-out panel and the SSPS status panel are powered
! from uninterruptible power supplies. Each status panel indicator consists of a
i light fixture which can contain up to four miniature bulbs. Each indicator
' appeared to be vertically partitioned so that two bulbs may be placed on each

side of the partition. According to operations personnel only two bulbs are
used in each indicator, to reduce the heat generated within the indicator:

i fixture. Control room observation from a human factors standpoint indicated
: that one bulb.was sufficient to provide a visible indication of annunciator
; status.

,

;-
, .

i

l .
~
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The bulbs in the indicators a're tested once each shift, and 'both trains of the '

status panel are functionally tested each month when performing surveillance
tests on the reactor protection system. A burned out bulb is, detected by
observing a dark side on the indicator face.

Concern about reliance on SSPS status panel indication originated in the Unit I
control room with the staff's observation that a number (at least 10) of the
status panel indicators appeared to have burned out bulbs. An additional con-
corn was the placement of bulbs in the indicators. With one bulb on each side-
of_the light fixture, it was' apparent when a culb was burned out. However, with
both bulbs on the same side of the partition, it could be difficult to determine
that a bulb had failed.

.

In view of the reliance on status lights for positive indication of a trip
demand at Salem, and issues for reliable status indication based on staff
observations, the licensee was required to provide the staff with a detailed
description of the procedures which will be used to ensure the operability of
SSPS status panel indicators. The licensee's April 8 supplement to its April 7
letter provided a description of the power supply for the SSPS status panel and
a description of its procedures for ensuring operability cf the SSPS status
panel indicator bulbs. -

(3) Technical Basis of ATWS proce' dure -

The technical basis of the ATWS proc & dure is provided by the Westinghouse
Owners Group procedure guideline ECA-1, " Anticipated Transient Without Scram,"
dated September 1, 1981. The licensee's procedure EI-I-4.3, " Reactor Trip,"
and EI-I-4.0, " Safety Injection Initiation" each dated April 6,.1983 were
reviewed using the Westinghouse Owners Group guideline ECA-1 as a basis.
Although there are plant-specific differences, no technical deficiencies were
noted in the procedure. The licensee's two procedures contain plant-specific,
detailed steps to provide operators with.more methods of tripping the reactor
and the turbine than are identified in the generic guidelines and are therefore
more comprehensive than the current owners' group generic guidelines. .

(4) Human Factors Review of procedure

A human factors and technical review was conducted of the ATWS portion of the
licensee's " Reactor Trip" procedure, and of the immediate actions of the
licensee's " Safety Injection Initiation" procedure. A number of human factors |
discrepancies were identified, including lack of internal consistency, logical i

ordering of steps, and convention used for emphasis. None of the discrepancies
warranted revision prior to restart. However, many of these discrepancies were
corrected in the April 6 revision's to the procedures. The licensee agreed to.
consider the remainder of the discrepancies in the program for upgrading emer-
gency operating procedures (EOPs). This upgrade program will revise existing
EOPs, using the Westinghouse Owners Grbup Guidelines, as part of the ongoing
Three Mile Island Action Plan to upgrade all plants' E0Ps. All plants' schedules
for the E0P upgrade are due to the NRC by April 15, 1983, in accordance with
Generic Letter 82-33.

.

i
.

. -

_
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Conclusion: Staff review covered ope. rating procedures, including positive - .

indication of reactor trip demand and revised procedures. Review of the proce-
dures' included timeliness of operator response, reliability of the indications,
technical basis of the procedures, and the human factors of the procedures. As
a result of our review, the licensee was required to identify the control room
indicators that provide positive indication ,without operator analygis or
verification, that an automatic reactor trip demand is present. In addition, .

the licensee was' required to revise procedures to direct the operators to
insert a manual trip whenever positive indication of an automatic reactor trip>

demand is present, without delaying to evaluate the overall plant status.
,

~ Our review of the April 6, revision of the procedures determined that the
necessary revisions have been made. Based upon our review, the staff concludes
that the revised procedures have been completed and are acceptable and that the
reliability of the indications relied upon for, manual trip is acceptable for
restart.

~

2. Operator Training -

Interviews conducted by the NRC with the licensed operators'who were onshift
duriIig the two events of February 22 and 25 indicate a lack of familiarity with
the functions of the annunciators and indicators associated with the Reactor
Protecticn System (RPS) and control panel. The interviews also revealed that
the operators who were on shift during the February 25- event did not recognize
that a failure of the RPS had occurred until approximately 30 minutes after the
event. Specifically, the operators interviewed were not able to state whether
the reactor-trip-indicator light (red) on the RPS mimic status panel indicated
a demand for, or confirmation of, a breaker trip action. Interviews also
indicated that at least some operators questioned the validity c,' annunicators
until they could be confirmed by independent indication. This perceived need
for confirmation of annunciators caused the operators not to take immediate
action to manually trip the reactor based on annunciator indication and veriff .

cation of reactor power level remaining high and/or multiple control rods fail-
ing to insert on February 25, 1983.

Following the event, the Salem Nuclear Training Center Staff developed an ATWS
Training Program which was conducted for all 56 licensed personnel. Each
operator attended one of six training sessions, each approximately 3 hours in
duration, conducted on March 10, 11, and 15, 1983. At the conclusion of each
sessica, trainees were evaluated by a writiten examination. A grade of 80% was
required for passing. In addition, 12 operators undergoing their normal re-
qualification training were required to take an " upgrade" exam which included
the new training on ATWS concerns. The avaiuation of this training is
addressed below.

As part of this program, the trainees were '' talked through'' the revised steps
of Emergency Instruction EI-I-4.3 (Revisions 8 and 9). The trainees were also
given a refresher on the RPS and associated indications and alarms. Definitions
of " demand" and '' confirmatory" signals were introduced and discussed. ATWS
events and the a'nalysis upon which the procedures are based were discussed and
the February 22 and 25 events were thoroughly reviewed.

i
1

-
.

I.

l
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This evaluation is divided into three sections: training on the revised proca-- *

| dures, training on- the RPS and associated indications and alarms, and on the
a'dministration of this training.

' '

a. Training on Revised Procedures.

.
. . .

*

The trainees were asked to list the 7 steps that an operator is required to
perform to manually trip the reactor if an automatic reactor trip has not-

i occurred. While this is a vali( question (operators are required to have these
| steps memorized), a random sampling of 5. test results showed that only 1 trainee

listed these steps without error. For the remaining 4 trainees, as well asi

| other trainees, no ratesting of this test item was required, and no remedial
assistance was provided. The trainees, while they may be able to list the 7'

steps of this revised procedure, were not given any opportunity for practice or
i required to undergo performance testing. The staff considers that the trainees

should walk through the procedures in the control room until successful perfor-
mance is exhibited. Further, this may be done on an individual or a team basis. .

In its letter to 0. Eisenhut from R. Uderitz dated April 7*,1983, the licensee
stated that each licensed operator will be required to perform the steps in the
procedure in the correct sequence in a control room or simulator exercise prior
to April 12,1983, which is prior to restart of the units.

Our review of operating practices at the Salem station indicate that auxi.liary
operators will perform trip functions, contained in the last two steps.of the
ATWS sequence, on direction from the control rocm. The steps include manual
trip of the reactor trip breakers and manual trip of the rod drive MG sets.
Training of the auxiliary operators for these tasks is not evident. PSE&G has
committed in its letter of April 7 to have each auxiliary operator identify and
operate these d' vices prior to April 12, 1983.a

b. Training on RpS and Associated Indications and Alarms

While the trainees were given refresher training on the RPS and " demand" and
" confirmatory" trip signals, they were not tested on the source of these
signals, nor were they required to list the 5 " confirmatory" signals '(as stated
in the training objectives). Only one of the tests, the " upgrade" test given
to only 12 trainees, required the trainee to explain the difference between
these two signals. To measure the operators' understanding and retention of
this subject matter, all trainees should have been required to .(1) identify the
location of these annunciators, (2) explain the difference between the types of
signals, and (3) Itst the 5 " confirmatory" signals. PSE&G stated in its April 7,
letter that the trainees have been examined on the location of annunciators,
alarms, etc., and the types of signals exhibited.,

c. Administration of Training
,

For the overall training evaluation, one of 'two versions of. the final examina-
tion was given to each trainee. These two versions were distributed in an
alternate fashion. Upon review, it is apparent that these two versions do not
test the same subject matter. While some questions are the same, certain areas,
e.g., alarms, are tested on one version but not on the'other. Basic educational

- principles require that if separate tests are to be given, they must be equiva-
-, lent. All students .should be tested on the same sub' ject matter.

.
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As previously stated, the 12 trainees undergoing requalification training were -

given an additional " upgrade" exam. The scores received on these two different
tests were then averaged for a final score (a sedre of 80% was the criteria for
passing). However, in one case, a trainee received a 93% on the first test and
73% on the " upgrade" test for an 83% final score. Thus, the student passed.
Two different tests should not be averaged to make .one final score. Averaging,
in this manner does not ensure understanding-of all the subject matter. The'
1.icensee stated,in its April:7, 1983 letter that individuals requiring remedial
training have been retrained and have successfully completed a comprehensive

,

exam. .

.

Thene were 18 learning objectives given to the trainee at the beginning of the
training program; however, the trainees were not evaluated on all of these
objectives. To ensure successful achievement of the subject matter, the
trainees' performani:e should have been~ evaluated against all established

' objectives. In its April 7,1983. letter, the licensee stated that they
'

reviewed the course and material determined that all the objectives were
covered. Since the training covered all learning objectives and testing was
conducted on the most important objectives, we find this acceptable we find
this acceptable for restart. .

During the staff's audit of the ATWS training program, the licensee was' informed
| that the examinations should be returned to trainees for them to assess their
| strengths and weaknesses. The licensee reported in its April 7,1983 letter,
: that the individual graded exams with answer keys will be returned to the

trainees by April 7,1983.'
,

.

Cur review of the training material and objectives indicated th,e instructor
lesson plan and student handout materials were not referenced or indexed. The
licensee stated in its April 7, 1983 letter that student handouts and lesson
plans have been cross-referenced to the objectives and the revised handouts
will be sent to each operator by April 12, 1983.

Conclusion: Based on the completed training actions and commitments discussed
above, the staff concludes that the ATWS training program for the licensed
operators and the auxiliary operators is acceptable for restart.

3. Operator Resconse

Interviews were conducted with the operators involved in the two events that
occurred at Salem on February 22 and February 25, 1983, to evaluate the

; reasonableness of their rasponse to the events. The first event was caused by
the loss of a 4160 kva electrical distribution bus (and associated buses)
during transfer of bus supply from off-site to on-site power. The loss of the
bus caused a loss of the feedwater control system, with a resultant reactor
trip demand caused by low-law steam generator (SG) level. The second event was
caused by reaching the low-low SG level setpoint while in manual control. The
following facts were determined based on interviews with the licensed operators
in the control room at the time of the two events.

1. In both events, the operators took 20 to 30 seconds to evaluate overall
plant status, determine the need for and then initiate a manual reactor

' ~

trip. For the first event, 20 seconds elapsed- from the loss of the
.

.

Salem Restart SER 17
.

.

,

..



._ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ ___

. ,

-
.

t '
.

%
,

.

electrical distribution' bus to a condition recuiring a reactor trip, and
thus the determination of plant status coincided with the reactor trip

| demand caused by the low-low SG level. For the second event, evaluation
'

of the plant status commenced with receiving the reactor trip demand
caused by low-low SG 1evel. -

ii. The operators do not routinely take action based on the first-out panel-

indication (low-low SG level) and SSPS status panel indication. Instead,
the operators evaluated the alarms received by verifying control room
indications of the affected parameters.

iii. The operators did not fully understand the relationship between the RPS
and the first-out annunicator input signals, nor did they fully understand
the operation of the SSPS.

iv. The operators questioned the reliability of the f'irst-out panei based on
generalized problems experienced with adjacent panels and based on a
previously experienced problem with non-RPS-related annunciator on the

. first-out panel.

In the first event, when the shift supervisor ordered a manual trip, thev.
operator inadvertantly pulled the J-handle off the manual reactor trip
switch. The operator then had to reinstall the switch handle to perform a
manual trip.

-
!

vi. In the second event, the operators did not recognize that a failure to
trip on demand (ATWS) had occured until the control room instrumentation
had been checked, and a determination made that the trip points were set
correctly and the breakers did not operate properly.

Based on the operator interviews, the staff determined that:

i. In the February 22 event, the operators' response was prompt and fully
satisfactory from the time the transient started until the time the reactor
was manually tripped. However, the control room operators did clear the
first out panel without noting the cause of the. reactor trip demand, thus
eliminating the first out information. In the February 25 event, the
operators' response time was reasonable, considering the deficiencies in
training that resulted in (1) the operators failing to recognize a reactor
trip demand,.and p the operators failing to understand the control room
indications, and considering the procedural deficiencies identified in
section B.1 of this report.

ii. The improper operation of the J-handle switch was caused by the operator's
lack of familiarity with the switch, and due to a poor design of the switch
for this application in that it was not firmly secured to the switch body.

iii. In the February 25 event, a manual reacto'r trip would have occurred earlier
if the operators had recognized that a reactor trip demand existed. The
operators manually tripped the reactor in response to their evaluation of
the plant status and control room indications and not due to recognition

'

of the failure of the reactor protection system to provide the required
trip.

.

.
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Conclusions: The training the operators received prior to the two events was
deficient in that they were given incorrect criteria for determining the need
for a manual reactor trip, and the operators did not fully understand the RPS
or annunc;ator systems.

, ,

The J-handle switch is of poor design for this application, and the operators
were not properly instructed on the use of the handle in its current design.

Procedural and training actions to correct the items noted in the interviews
are discussed in sections B.1'and 8.2. Additional correction actions are
discussed below. |

'i . Prior to startup, the staff required the operators to be trained on the
proper operation of the current design of the J-handle switch. The -

licensee has satisfactorily conducted this training, and the staff con-
siders this item acceptable for plant restart. (Training for operations

i

persor.nel on post trip review procedures is covered in Section D.5.)

i ii. In the long term (after restart), the licensee is required to permanently
secure the J-handle switch. In its i.pril 7,1983 letter, the licensee

| stated that these switches will be replaced with new switches having
permanently attached handles during the next outage of sufficient length'

; of complete the work. We find this acceptable.

iii. As part of the Detailed C'ontrol Room Design Review (DCRDR) required by
i NUREG-0737 Supplement 1, the licensee is required to reevaluate and address

in the DCRDR summary report the design of the first-out panel system to
;

{ improve the reliability of the information presented to the operators.
' Resolution of this item is discussed in Section B.1.
i
2 iv. As part of the DCRDR the licensee is required to evaluate the der.ign and

operation of its overall annunciator alarm systems (e.g., number of
auditory codes useds, color coding of annunciator tiles, use of singlei

action switches to perform both the silence and acknowledge functions
| and the use of knee switches in the control room).

Conclusion:
. _ ___

,

In summary, the licensee's corrective actions addres' sing operating procedures;
,

operator training, and operator response that have already been accomplished,
' and the commitments in the April.7, 1983 and April 8, 1983 letters are accepta-

ble for restart.

?
.

:

. .
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C. Management Evaluation -

The deficiencies identified during the review of circumstances surrounding the
February 22 and 25, 1983 events raise the general questico of the responsive-
ness, practices, and capability of licensee management both at the nuclear.

plants and at the corporate level of the utility. Additionally, a number of
specific management issues related to the ' failure of the reactor trip breaker*

events were also identified. The issues dis:ussed in this section are:
.

1. Mastar Equipment List
,

.

2. Procurement Procedures

3. Work Order Procedures
'

4. Post Trip Review

5. Timeliness of Event Notification

6. Updating Vendor Supplied Information

7 . Involvement of QA Personnel with other Station Departments

8. Post Maintenance Operability Testing

9. Overall Management Capability and performance

Based on NRC review of information provided by the licensee in letters dated
March '14, March 15, March 18, March 23, April 4, and April 7,1983 and inspec-
tions and meetings both at the Salem site and in the NRC Regional and Head-
quarters offices, all issues are considered resolved for restart.

Evaluations addressing each issue are included in the report. Longer term
.

(i.e., those to be completed following restart), actions remain to be completed
and licensee commitment dates for completing these actions are identified under
each issue f n this report. _

1. Master Eouiement List

The licensee maintains a Q list that identifies activities, structures, and |

systems to which the Operational Quality Assurance (QA) Program applies. A |
Master Equipment List (MEL) is used by the licensee as the reference document
for determining the safety classification of individual equipment. The MEL is
intended to be a comprehensive list of all station equipment and identifies
each item as nonsafety related or safety related. When preparing maintenance
work orders, 'the MEL .is consulted to determine if QA coverage of the work is
necessary. Licensee and NRC review identified three concerns associated with
the MEL. These concerns are: (a) the accuracy and completeness of the docu-
ment, (b) issuance as a noncontrolled document, and (c) lack of understanding

*by plant personnel of its proper use.

The MEL was derived from engineering source documents and a construction program
document called Project Directive 7 (PD-7) and was provided to station personnel

.

.
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( by the Engineering Department 'as a reference document in. July 1981. Prior to
'

| 1ssuance of the MEL,'the PD-7 was used as the reference documenti The MEL; how- .

; ever, was not issued as a controlled document, therefore verification of its
accuracy and completeness on issuance was not assured, and'it was not updated'

'in the plant as necessary. Perhaps more significantly, the reactor-trip circuit.

| breakers were nog included in the MEL. In addition, some personnel were not .

| familiar With how to use the MEL for determining the classification of a par-
I ticular piece of equipment that was present on the MEL Maintenance personnel

acknowledged that reference was made to PO-7 on eccasion during.the January -
Febru~ary 1983 period. -

,

In response to this issue, the licensee reissued the existing MEL on March 12,'

! 1983, under engineering Field Directive S-C-A900-NFO-077 which describes the
MEL and its use, cancels PD-7, and issues a new Systems List as a part of the
MEL. The following excerpt from this Field Directive describes the utilization
of the MEL: .

.

For use in classifying work orders as to safety-related status and QA
Program applicability, personnel shall consult the systems list of the
MEL, not the component listing. All work on any of the listed systems
shall be performed based on the classification of the system as a whole,
not the individual component in question.

~

For use in classifying items on orocurement documen'.s, both the MEL
systems listing and the MEL component listing shall be consulted. Use,

'

of this information shall be'as follows:

if the item is on the MEL component listing and its system is on the-

system list, the classification on the component list may be used on,

an M0/IC.

_ if the item is not on the component listing and its system is not oni

the systems listing, the item may be regarded as non-safety related-
_

__ _ with no QA program requirements.

if the item is not on the component listing but its system is on the-

| system listing, the Nuclear Engineering Department should be consulted
regarding its true classification.

if an item is found on the MEL component listing as Q-Program appli--

cabili.ty "yes" but its, system is not on the systems listing, Nuclear
. Engineering should be consulted for resolution and to effect MEL

' revision, if necessary. . . .'

Although the MEL is not broken down into sub-components, classification
of sub-components shall be assumed to be the same as its associated .

,

component unless written direction is requested and received from the
Nuclear Engineering Department.

.

Any question ccncarning a component classification in MEL shall be directed
to the Nuclear Engineering Department. Requests for classification of

,

components not in MEL shall be directed to the Nuclear Engineering Depart-|
-

| ment. Licensee Adminfstrative Procedure, AP-9, " Control of St'ation
,

. .

|
-
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Maintenance", has also been revised to reflect the new requirements for.

i the classification of Work Orders. '

.

|
-

,

As part of the action necessary to resolve this issue, the NRC required the;

licensee to verify prior to restart that the MEL is complete and accurate with;

respect to emergency core cooling (ECCS) including actuation systems, RPS,
,

; auxiliary feedwater and containment isolation systems. The licensee has
: conducted a verification / updating of the MEL for the above systems' by starting

with.the latest plant piping and instrument drawings and electr.ical/ controls:

I schematics (which included all completed plant modifications and design changes)
and verifying that the components shown were included in the MEL and appropriately,

classified in the categories of Safety Related, Seismic Class, Nuclear /Non-
j Nuclear, and QA Required. This updating was completed and the revised MEL
! issued on March 24, 1983, under Field Directive S-C-A900-liFD-080. This Field
! Directive required that all previous editions'of the MEL be discarded.
i

A staff review of the revised MEL was performed to verify that the Systems List
i adequately addressed the systems / components in the QA Manual "Q"-List. Staff

review identified some discrepancies in the new systems list which the licensee,

: corrected in a revision to the MEL issued on April 5,1983. Additionally, a
sampling review of the component section of the MEL was conducted to ensure

i that the emergency core cooling systems, RPS, auxiliary feedwater system, and
containment isolation system components were listed and correctly classified as

,

i " Safety-Related/QA Required". This sampling review revealed no discrepancies.
; In addition the staff reviewed the training records for the training conducted

by the licensee on March 10 and 11, 1933 and concurs that appropriate personnel-

j have been adequately trained in the use of the MEL.

By letter dated April 7,1983, the licensee committed to verify that the
j component listing includes all equipment of the remaining Q-list. systems. This

verification will include an independent review of each data entry on th MEL to'

| verify the proper classification. Additionally a formal procedure f,or the use,
i review and periodic update of the MEL will be issued. The above actions will

be completed by May 1983. The staff censiders these actions acceptable to
j resolve all concerns with the MEL and the staff will verify thet.r completion.

Conclusion: Based on a review of the licensee's commitment to revise the
} Field Directive, the staff concludes that the actions required prior to restart
! concerning the MEL are satisfactorily resolved. The staff will require the

| licensee's stated actions concerning updating of the MEL for the remaining
i systems / components and its reissuance as a controlled document and will verify
j satisfactory resolution of these actions when complete.

. .

| 2. Procurement procedures

J
A review of safety and quality classifications for the reactor trip breakers-

! indicates that the licensee's established management and administrative con-
,

trols may have allowed the procurement of replacement components for a safety *'

i system with a. quality less than that of the original design. This is evidenced'
4 by procurement activities concerning the purchase of reactor trip breakers and

replacement components conducted .during the period from June 1, 1981 to March 1,,

i 1983. One example involved the issuance of a purchase order for a spara reactor
i .

-

; ,

4

d
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trip breaker on June 1, 1981. Contrary to the established administrative con-
trols, the breaker was, classified incorrectly, the proper review and approval;

was not conducted, an.d no QA requirements were imposed as required for the;

| original equipment. Subsequently, on September 15, 1982, the classification
: for the same order was changed to an even more inappropriate classification
! without the required review and approval process'. As a result of these activ-
,- ities, the purchased breaker was received and placed into storage, without -

i further use, and without appropriate documentation that would demonstrate
suitability fo- its use had it been required.;

!

] All subsequent purchases for reactor trip breaker components consistently
j utilized the initial incorrect classification. A spare coil for a UV trip

j attachment purchased in this manner may have been utilized on August 20, 1982.
; Though the procurement review focused on the reactor _ trip breaker, the licensee's
; activities in the area for other safety related components could have resulted -

; in similar circumstances existing for plant safety systems.

In his March 14, 1983 letter, the licensee responded to this issue indicating;

i that the procurement system has been reviewed to assess the affectiveness and,

i adequacy of the procurement procedures and their implementation. Additionally,
} although not identified as a requirement to be completed prior to restart, the
! licensee conducted a sampling review of previously issued procurement dccuments
I for Westinghouse and other major vendors. Staff evaluation of licensee's

response to this issue addresses procurement procedures and licensee's review4

| of procurement documents separately below. '

i

1. Procurement Procedures -

| Discussions with the licensee and subsequent review and evaluation of
} this area by NRC has disclosed that part of the perceived issue in pro-
; curement was due to a misunderstanding of PSE&G's program (procedures)

for procurement of parts or components defined as Commercial Catalog
Items (CCI). After further review, NRC has determined that the'licensce's*

i, definition of CCI and procedures for procuring certain items as CCI are
acceptable, if rigorously implemented. Specifically, CCI is defined as

,

j an item which complies.with all the following requirements:
: .

The item is not unique to facilities or activities licensed by the1 (1)
NRC.

{ (2) The item is manufactured in quantity to published manufacturer's
j fixed der,ign and quality requirements.

4 (3) The item part n' umber is listed in the supplier's catalog as opposed
to a manufacturer's bulletin or circular.

'

(4) The item requires no supplier documentation.

(5) The item is identifiable by physical marking, tagging or container-
,

ization and is maintained throughout storage.
,

;

j This definition is only acceptable to NRC when combined with all 'of the '
-

j following requirements which are included in the pSE&G program:
;

.
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j ~ (1) For replacement (CCI) items, a occument must exist which identifies
1 the item to be ordered is an authc-! zed replacement-in-kind for the

original or existing 'ite.3. Such documents must include the manu- -

,

j facturer's part list, bili of material, repair, mai~ntenance or
'

instruction manual or a PSEW engineering list of replacement or
j interchangeable par E . '
4

(2) Any proposed substitution for uthorized parts requires written
,

: engineering approval.
1 .

(3) The classification a's CCI for an item used in a safety related
'

i application is a procurement' item classification only. The receipt
i insoection, installation and subsequent testing must be subject to

,

( the same controls as for any other safety related item.

} Thus, procurement of a 08-50 circuit breaker as a CCI could be permissable
! since it is listed in the Spare Parts Report of recommended spare parts

,

! for the Nuclear Steam Supply System furnished by the Westinghouse Water
Reactor Divisien. This report identifies it as an authorized replacement- -

,

| in-kind.

Although the procurement procedures have been found to be acceptable
after further detailed review, a series of problems with implementation;

i of the existing procedures were identified by the NRC fact finding Task
; Force, as documented in NUREG-0977 dated March 1983, during their review
j of the procurement actions for reactor trip breakers at Salem since June
i 1981. These included examples with improper seismic classification, lack
| of required review by QA and Engineering personnel, circumventing of the

,

j normal receipt inspection process, and incorrect classification of under-
voltage trip attachments'as CCI without any existing documentation to'

i support them as authorized replacement-in-kind. Thus, procurement imple-
| mentation (practices) rather than procurement procedures (program) is a
j more correct description of the procurement management issue. *

j - .

|
The staff has reviewed various PSE&G recent internal memoranda on procure-

j ment practices. These documents emphasize the need to follow existing
i procurement procedures and in addition, establish interim measures to
I assure procedure adherence, provide additional assurance that future i

'

! Purchase Orders will be properly classified and require completion of
j approval cycle prior to purchase of materials. Additionally, the resolu-

tion of the issue associated with the MEL (Section C.2) provides fort

; proper use of an approved master classification listing in the procurement
! process. Appropriate portions of these interim measures will be the basis
j for a new Quality Assurance instruction to be issued by July 1983.

11. Review of Procurement Documents

The PSE&G review consisted of: a selection of 73 major vendors who nor-
,

mally supply most safety related materials and a review for proper classi-#

fication of all Purchase Orders (P0s) which had been initially classified-
as non-safety related and CCI for these vendors since initial issuance of
the MEL. Approximately 325 PCs out of a total of 2,707 reviewed had some

'

.
,

.
1

-

;
.
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| type of discrepancy or needed further clarification by the Engineering
t Department. This secondary review re'sulted in 14 Deficiency Reports (DRs).
t

f The NRC staff reviewed all of these DRs including their disposition and ' !s
; sampled the other P0s sent to Engineering for clarification. The ors.,

| , appeared to have appropriate actions necessary to correct the deficiency
i stated and the' deficiencies did not appear to affect redundant components

\
| or have more than minor potential safety significance. The DRs were
i easily resolved by the licensee and they concluded that none of the
! misclassifications resulted in actual adverse impact on safety. Of the
i other PCs reviewed, no additional niisclassifications were noted.
i

j Conclusion: Based on the staff's further review and concurrence that the pro-
c,urement is.de was an implementation problem rather than inherent deficiencies'

in the program, the licensee's review of past procurement actions which demon-,

| strated a low incidence of misclassifications, the relatively minor potential
1 safety significance of such misclassifications, the successful dispositioning
j of all procurement related ors, and increased emphasis and training on proper
: classification of future procurement actions, the licensee has concluded that
{ the procurement issue has been resolved for restart. As a result of the staff's.

; review and sampling of such actions, the staff agrees that this issue is
satisfactorily resolved. -

i 3. Work' Order procedures
.

I
^

i NRC review of the February 22 and 25 events identified that the personnel
! preparing maintenance work orders were not complying with instructions contained
f in the station administrative procedure. Specifically, for the work performed
| on the reactor-trip circdit breaker in January 1983, the engineering department
j was not consulted to verify safety classification, and an erroneous nonsafety

determination was made. Such consultation is required if equipment is nota

i listed in the MEL as was the case with the reai: tor trip breakers. In addition,
j there was, therefore, no independent review within the maintenance organization,
j and the Quality Assurance Department was not involved in the work. It should
: be noted, however, that all other work orders for maintenance or services on
j

.
the reactor trip breakers were found to be properly designated safety-related.

1

| In his March 14 and March 15, 1983 submittals, the licensee committed to
i review, prior to restart, all nonsafety related work orders that have been
! written since issuar.ca of the MEL in order to ensure proper classification.
j A similar effort will be conducted on. Unit 2 prior to Unit 2 restart. Addf-

'

; tionally, the licensee developed a revised Administrative Procedure AP-9 and
4 Quality Assurance Instruction QAI 10-6. AP-9 is the administrative procedure
! for controlling station maintenance and has been revised to ensure work orders ,

i will be properly classified in the future. ,QAI 10-6 has been prepared to
,

i provide guidance for QA review of Station work orders.
1

The licensee has reviewed approximately 15,670 work orders which were classified'

nonsafety related. This review was conducted by quality assurance (QA) person-
i nel. Of the 15,670, approximately 11,550 were determined to be properly clas-

sified nonsafety related without further review. Approximately 4,100 work'

orders were sent to Engineering for further clarification by the Sponsor-

Engineer and of these, all but approximately 873 were determined by Engineering
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i to be properly designated nonsafety related. Deficiency reports (OR) were .
'

written on _the iemaining 873 work orders. . Subsequently, documentation of '

proper classification.was found for a number of work orders, which reduced;
'

; the number of DRs to 689. *

I

;;
.

- .
-

ThelistofDRswasexaminedbytheNRCstaffan(dtodeterminethesafety
from that list approximately;

300 DRs and work orders were selected and'reviewe:
1 significance of the misclassified work orders and to determine whether the DRs *

i were properly dispositioned. The staff review emphasis was on work performed
j on ECCS systems, RPS,Jcontainment systems and emergency power supply systems.
; Our review determined that the vast majority of the DRs involved components of ,

t systems with minor safety signficance or relatively minor components of more
! important systems. Many work orders for which ors were written involved work
i on components of a safety related system although the components themselves
I were not necessarily safety related. For example, minor work was performed on
j control room strip chart recorders which are part of the safety related control

room can' sole, yet the recorders themselves do not perform a safety related
j function since other safety related instrumentation exists which monitors the
; same parameters. Most ors were dispositioned by finding the proper documentation
i or by verifying that a system or component test conducted after maintenance
j demonstrated operability of the affected component. Based on the staff's
j review of work orders and ors to date, there appears to have been no signiff-

cant impact on' safety " rom misclassifying work orders (other than the reactori

: trip break'rs).e

Recently, the licensee examined all work orders which required DRs (873) to
. determine how many were actually mirclassified ba' sed on the previous work
| practice. As noted in section C.1, MEL, the licensee's criteria for classi-
; fying work orders has been modified since the February 22 and 25 events and
j DRs were written for all work orders which were misclassified under the new -

j classification system. In his April 7,1983 letter, the licensee has indicated
that 35 work orders were erroneously classified under previous work practices,,

; although 132 items lacked documentation. Hence,.it is apparent thaf. only a
i small fraction of the total number of work orders involved actual administra-
j tive errors in classification. ,

With respect to the licensee's revised procedures, the staff reviewed the
'

revised AP-9 and QAI 10-6 to determine if they provide the necessary admini-,

| strative controls to ensure proper work order classification. AP-9 has been
{ revised to require an independent review of all non-safety related work orders
; by the Quality Assurance Department to verify the classifica' tion. If the QA
i inspector concurs in the classification, .he shall affix a Quality Control
j Inspection stamp to the non-safety related work orders prior to work order
; issuance. In addition, AP-9 requires the supervisor or planner to contact the

sponsor engineer when any clarification of the classification is required.

! As noted in the Section C.1 of this report, the MEL now includes a Systems i

: List and for the purpose of classifying work orders, only the Systems List is
! to be used. AP-9 has been revised to reflect this method of classification.

The staff review of QAI-10-6 revealed no discrepancies. -

;

I
j Conclusion: Based on the rssults of licensee and NRC review of work orders,
j except for the reactor trip breakers, there has been no app'arent significant
f
.

~ |
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impact on safety from misclassifying work' orders. Hence, the staff considers-

this issue resolved for restart.

4. Post-Trio Review -

,

-The licensee did not determine that there had been a failure to trip automa-
' tically on February 22 until the computer printout of the sequence of events

wa's reevaluated on February 26, as a res' ult o'f NRC inquiries. Although the ,

. licensee conducted a review of each trip, there was no formal procedure for-

conducting a systematic review. By letter dated March 1, 1983, the. licensee
made a commitment to develop a post-trip and post-safety injection review -

procedure. The procedure is to specify the review and documentation necessary
to determine the'cause of the event and whether equipment functioned as designed.
Furthermore, the affected individuals who will be required, by procedure, to
review the sequence of events computer printout and other event records will .
need to receive necessary training in the proper interpretatio'n, understanding
and evaluation of these records. -

In his' March 14,"1983 letter, the licensee provided Administrative Directive
(AD) - 16, Revision 1 dated March 13, 1983 entitled " Post Reactor Trip / Safety

.

Injection Review and Startup Approval Requirements". AD-16 provides for a
formal-post trip and/or post safety injection review to be performed by the

Senior Shift Supervisor,d documented include:and the STA qualified shift supervisor.
Specific

areas to be reviewed an

(1) condition of the unit prior to the event,
.

(2) personnel assignments,

(3) evolutions in progress which could have contributed to the event,

(4) major equipment, protection and control systems out of service or.

inoperable at the time of the event,
'

(5) mode of event initiation (i.e., manual or automatic),

(6) sequence of events (SOE) computer printout and other alarm printouts,

(7) control room recorder charts,

(8) alarms received which were unusual for the event or other expected alarms
|

which were not received, and

(9) required corrective actions to be completed prior to startup.

The above information, as well as a narrative of the event, will be documented
on Form AD-16-A, and the SOE printout, recorder charts and other event records -

will be included with the report. The procedure also requires the reviewer to
document whether the first out annunciator agrees with the sequence of events.

The staff has reviewed the licensee's post trip and post safety. injection
review procedure to determine that certain key elements have been adequately
addressed. The key elements reviewed include:
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(1) that. sufficient event review will be conducted to determine the cause of
'

the event and whether equipment functioned as designed; |
|*

' (2) that necessary management authorizatten for restart is specified;

(3) that debriefing of appropriate personnel is required to be conducted;

(4) that reporting requirements are required to be complet'ed;.
'

(5) that a followup review by safety committees is required to be conducted;
'

(6) that personnel conducting the review understand information provided by
the event records. -

,,

Based on the infomation required to be provided on Form A0-16-A, the fact
that two SRO licensed operations personnel (i.e. the senior shift supervisor .

and the STA qualified shift supervisor) are involved with the review, and the
requirement for s' ecific review and attachment of applicable event recordsp
(i.e. the SOE printout, control room recorder printouts, and the auxilia*ry
alam printout), the staff is satistfied that AD-16 specifies a sufficently
detailed review of an event to determine its cause and whether equipment
functioned as designed.

.

With respect to management authorization for restart, the procedure specifies
that the Operations Manager (OM) may authorize restart following a reactor
trip or safety injectf on provided that (1) the post trip review has been com-
plated, evaluated and reviewed with the OM, and (2) the evaluation clearly
indicates the cause of the event and that cll equipment and systems functioned
as designed. If the cause of the event has not been clearly detemined or
there is a question concerning the' proper performance of equipment or systems,
the procedure specifies that an investigation be conducted and reviewed by the,

Station Operations Review Committee (SORC) prior to startup. Restart following'
t

these more complex events will be decided by the General Manager - Salem Opera- ,

tions only after receipt of 50RC recommendations and after a detemination that !
the unit can be restarted safely.

,

The staff questioned why restart deterpinations were not always elevated to the
General Manager - Salem Operations since he is the individual who is responsible '

per Technical Specification 6.1.1) for overall facility operation. The staff
was informed that in all cases, the General Manager or Assistant General Manager
will be kept infomed of the c'frcumstances of an event and would be able to
redirect the Operations Manager's actions, if necessary. Hence, although
specifth restart authority is granted to the OM for more clearly understood '

events, upper level management oversight will exist for all reactor trip and
!

safety injection events.

The staff also noted that the procedure specifies that individuals *authorizad '

to assume the OM's responsibilities may authorize startup if the OM is not :
available. The staff was infomed that the Operations Engineer (CE) period-
ically assumes the OM's duties when the OM is in training. The staff has ;

verified that the qualification requirements for the OE are the same as for
'

'

!

the OM per Administrative Procedure -2, which references ANSI-18.1,1971.
Based on the above, the staff is satisified that the procedure specifies. the

:
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appropriateman,agemen$authorizationforrestartfollowingareactor.tripor
safety injection.

' With respect to debriefing of appropriate personnel, the procedure specifies
that fact finding sessions are conducted with appropriate persongel to determine
the cause of the event, actions taken and observed sequence of events. The
fact finding sessions will be conducted as part of the review, prior to restart.
The staff is satisfied that this element is adequately addressed.

; - -.

With respect to reporting requirements, the procedure specifies that a deter-
mination'be made that.the event was properly classified and that with respect
to followup review by safety committees, provision is addressed in the procedure
to have the onsite safety committee (SORC) review all reactor trips and safety
injections. As noted above, for those events where the cause is not clearly
indicated or there is any question of the proper functioning of equipment, the
SORC will review the event prior to restart. For other events, the SORC will
review the event but not necessarily before restart. Additionally, the' Nuclear .

Support Department will also perform an independent review of each reactor
trip / safety injection event for the purpose of determining corrective actions
to prevent the type of event from reoccurring. Also, the procedure specifies
that the original event review report will be maintained on file for future
reference. Based on the above, the staff is satistfed that sufficient followup
review of these events will be conducted.

With respect to the review personnel understanding the information provided by
the event records, the staff notes that the reviews are conducted by.SRO,

1 licensed personnel who are familiar with the various control room-recorders
! and alarm printouts. However, as evidenced by the recent ATWS events, these
; personnel were not as familiar with the information provided on the SOE printout
| (such as interpretation of the timing of the 'line entries). The licensee has

conducted training for Operations personnel on the SOE printouts for the
February 22 and 25 events.

In the opinion of the staff, the training conducted is not sufficient to ensure
that these individuals have a satisfactory understanding of other SOE printouts.
Additionally, operating' personnel may not have a detailed understanding of
expected response times of equipment. The licensee has indicated his intention
to reevaluate the format and information provided on the SOE printout to make

|
it easiei to understand and evaluate, and as other SOE printouts for reactor

| trips / safety injections become available, to provide' additional training for
Operations personnel. The staff agrees these additional measures are useful,'

but until they are implemented, the staff has requested and the licensee h'as
committed to.have an instrument and controls (I&C) supervisor who is knowledge-
able on the SOE computer and understands expected equipment response times,.

| personally review SOE printouts for for all reactor trips / safety injections
! prior to restarting the plants. Subsequently A0-16 was' revised to reflect this

,

commitment and hence, the sta:" .s satisifed that personnel conducting the |

reviews have a sufficient understanding of the event records.

Conclusion: Based on the staff's review of the elements of licensee's post
trip and post safety injection review procedures and for the reasons identified
above, the staff concludes that the post trip review issue is resolved to-

- .

s
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permit restart. 'In addition, the staff will require that an I&C supervisor
review SOE printouts as discussed above.

, , ,

.

5. Timeliness of Event Notification '-

. .
.

On three occasions between January 30.and February 25, 1983, the licensee
notified NRC of significan't events belatedly. In each case, the notification
was approximately 30 minutes late. Two of these reports were for the February 22
and 25 events. Furthermore, in the February 22 event, the first notification
did not contain known significant information regarding actuation of engineered
safety features and opening of the power operated relief valves. This addi-
tional information was provided approximately 40 minutes later. The notifica-
tion procedures used by the licensee warrant further evaluation as to the

priority assigned for hRC notific,ation. ,

The licensee in his March 14, 1983 letter, indicated that the importance of
adhering to the reporting requirements of 10 CFR 50.72 has been emphasized to
all operat'ing personnel. The licensee's emergency plan procedure EP-I-1,
Attachment 4, has been re~ vised to rearrange the priority of notification to the
NRC. Additionally, the emergency plan procedures have been revised to require .

. designated personnel to immediately start making the required notifications and
reading the initial contact messages upon classif.ication of the event. The
licensee has also indicated that training,on the revisions to the Emergency

! Plan procedures was conducted for personnel involved in implementation of the
Emergency Plan.

:

Conclusion: The NRC staff considers the Itcensee's actions noted-above to be
sufficient to ensure that the notification requirements of 10 CFR 50.72 will be
met in the future. The staff has also verified completion of the above noted
training. This issue is considered resolved.

6. Uedating Vendor Suoplied Information

As a result of the February 25, 1983 event and NRC IE Bull'etin 83-01, the
licensee indicated not being aware of the existence of two Westinghouse tech-
nical service bulletins that provided preventive maintenance recommendations
for the reactor-trip circuit breakers. The two documents in question were
published by Westinghouse in 1974. The licensee has requested and obtained
documentation for all Westinghouse equipment and where necessary, station
documents will be revised to incorporate this information by July 1, 1983.
While we are not aware of any problems with other vendor documentation, an NRC

| staff concern is whether a similar situation exists with respect to documentation
for other vendor-supplied information.

,

The licensee in his March 14, March 23, and' April 7,1983 submittals committed
to a multiphased program for vendor documentation consisting of a short term
review for critical components in major safety related systems, issuance of
procedures which will provide methods for controlling this information, and a
longer term program to identify and obtain documents for,all equipment listed
in the Q list. The licensee has agreed to complete all phases of this program
by December 1983.

,

*

_

.
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The 'short term program. consists of identifying applicable vendor manuals for'

cri,tical components in major-safety systems including Auxiliary Feedwater,
Control Air, Safety Injection,' Reactor Coolant, Containment Spray, Reactor
Protection, Diesel Generator, Containment Isolation, Service Water, and others.
The scope of this program included critical valves, motors, pumps, instruments
and control devices for these systems. Licensee completed the audit phas.e of \
thispropamonMarch 24, 1983 and will ensure that latest known revisions are
obtained from the vendor and indexed into the document. control system by May
1, 1983. Two hundred and thirty three components wer.e reviewed for the appit-
cable vendor manual and only three manuals were found missing.

The three manuals wh'ich could no.t be located were as follows: (1) The manual
for the Service Water Centrifugal Charging Pump Hydraulic 011 Cooler. Discus-
sion with licensee representatives identifies that no repair is normally per-
formed on these coolers but rather, if a proble is identified, they are
replaced; (2) Emergency Air Compressor Moter. Maintenance on this motor is
governed by a generic maintenance procedure, a technical manual for similar
motor is onsite, and the subject motor requires little maintenance; (3) Fire
Protection valve FP 10K77. The licensee contacted the vendor and was informed
that no technical manual exists. The licensee has the detail drawing identi-
fied by the valve manufacturer. Hence it appears that there is no impact on
maintenance activities due to lack of manuais for these three components.

The long' term portion of the program will cover all safety related equipment.

I included in the Master Equipment List. Files will be audited by June 1, 1983,
j to identify manual existence and ascertain revision levels. New manuals will

4 be ordered by August 1,1983 and formal indexing of latest known revisions
into the document control system will be completed by December 1, 1983.
Administrative procedures will be issued by May 1, 1983 to control the vendor

i manuals and the procedures will have the following critical elements: <

i

i 1. Requirements that all vendor manuals (Q and non-Q) be incorporated under
the Vendor Document Control System (PSBP).

'

2. Revision of current PSBP system to provide for controlled, numbered copy
j issue of vendor manuals.
t

| 3. Identification of vendors for Q-equipment who have man'ual updating programs,
i and periodic co'ntact with these vendors to assure receipt of most recent

applicable information.

| 4. Review of manual revisions and new manual issues by Station user departments
j to ensure incorporation of,appliccble new information into applicable
j procedures. * '

i 5. Review of vendor manuals by Nuclear Engineering to determine applicability
to installed equipment.

,

6. Pericdic audit of controlled copy holder files to ensure existence of*

latest issues. -

I 7. Procedures regarding c'ontrol of vendor manuals.-

-
,

i .
-

; -

<
. .
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. 8. , Identification of manuals to Q-listed equipment. - '
- -

9 '. Annual contact with vendors of safety-related equipment to asertain the
availability of the most recent applicable information. *

In addition, interim directives have been issued which provide' guidance on the
use of vendor information including instru'etions for those cases where the .

information cannot be located.

Conclusion: ' Based on the satis' factory completion of the short term review,
'

'

whicn identified no significant equipment for which proper vendor documentation
is not available, and the licensee's commitment to a long term program which
will identify and control vendor information for'all safety related equipment, i, -

the staff considers this issue resolved for restart. The staff will formalize i

the licensee commitments as requirements and,will follow licensee progress and
review portions of the long term program as they are completed. |

7. Involvement of OA personnel with Other Station Departments

The Quality Assurance Department did'not review maintenance work orders asso-
ciated with repair of the reactor-trip circuit breakers in January 1983 because
the work was- not designated safety related. Further examination determined
that the QA Department does not review for proper determination of classi- I

fication the work orders designated nonsafety related by other departments
Discussion with the licensee indicate that the QA Department has been somewhat
isolated from the activities of other departments.

. .

Although no action was required on this issue prior to restart, the~ licensee
in his March 14, 1983 letter responded, delineating actions to be taken over
the next several months to improve QA department involvement. As a result of
prior decisions, the licensee had initiated steps in January 1983 to relocate
the QA Department from.the corporate offices in Newark, New Jersey to the site
and is taking steps to increase QA Department involvement in other station
activities.

The corporate nucl'ar QA effort was reorganized effective January 3,1983 toe
place the Operational Quality Assurance Organization into the Nuclear Depart-
ment. Those personnel assigned to this o_rganization who formally worked in
the corporate offices in Newark, New Jersey are in the process of being re-
located to the site. Most of the existing personnel in the site QA/QC organ-
ization were absorbed into this new organization. The purpose of this change
was to provide for increased involvement by QA personnel in the day-to-day.-

functioning of the Nuclear Department. Such integration of all QA functions
into the Nuclear Department is expected to lead to better interface with other
plant personnel for problem discussion and resolution. It will enable auditors
to be more knowledgeable about operations as compared to the past when QA
auditors were more likely to be " generalists". Audit plans are being changed
to place more emphasis on system effectiveness (i.e., how it is working?). In
describing the objectives of this reorganization to NRC Region I in a January
4, 1983 meeting, PSE&G indicated that increased daily monitoring and overview
were being emphasized for Operations QA personnel as a part of this reorgan-
ization. To better prepara for such increased involve' ment, it was indicated

*

*

.
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! that in'the future, some QA personnel would receive operator type training up -

| to and . including simulator training. *

,

;
'

j Since the February 1983 ATWS events, PSE&G has taken further steps to place
i greater emphasis on QA program implementation through increased observation *

.

.

and monitoring. By policy directive dated March. 11, 1983, QA personnel have -
} been. instructed to place emphasis on adherence to procedures and review of

engineering activities such as design changes, procurement control and work-

;. orders.. An ongoing comprehensive review of QA Program implementing procedures
and any necessary changes is expected to be completed by August, 1983.

;
.

! To emphasize the existing QA program requirements and recent procedural changes
'

as a result of the ATWS events, an indoctrination / training program was. conducted
by PSE&G'for appropriate personnel. NRC review of the lesson plan for that
training shows that it included discussions of Classification, Work Orders and
Procurement. Specifically included was use of the MEL system, criteria to be
used in the determination of safety classification for proper classification
of" work orders and procurement documents, and interfaces with Nuclear Engineer-
ing to resolve any classification questions. Numerous parsondel from all major
station departments attended such training sessions as shown in attendance .

records rev"ewed by NRC.
~

NRC staff has verified that procedures have been changed to requirs QA to
( review and stamp all non-safety related work orders (for concurrence that it
I was properly classified) prior to implementation. Administrative Procedure

AP-9 (3/10/83) and Quality Assurance Instruction QAI 10-6 (3/11/83) were found
; to provide for QA review of station work orders and involvement in station

maintenance work. The licensee has committed to provide additional detailed' -

training on initiation, processing and closecut of work orders to reemphasize
i QA and test / retest requirements involving-interdepartmental coordination by
i September 1, 1983. Such training will be monitored by Region I as a part of

continuing on-site inspection coverage.
,

The licensee has committed to have an outside consultant organization perform
an indeoendent a.sessment of PSE&G's QA 7rogram and new organization as dis-
cussed further un k, management issue C.9. This assessment is te consist of a
review of (1) the QA organizational structure and staffing, (2) tha QA program
content and procedures, and (3) the effectiveness of implementation of those
programs and procedures. This review will, by its nature, include QA depart-
ment involvement and integration into other plant activities. By letter dated
April 7, 1983, PSE&G agreed to, prepare an action plan for implementing any

* appropriate changes by July 1, 1983. NRC Region I will review this proposed
plan.;

Conclusion: In summary, NRC review of this area has verified that the licensee
is accelerating previous plans to more fully involve QA personnel in the day-
to-day operation of Salem 1 and 2. Integration of QA personnel into activities

! covered by work orders such as modifications and maintenance will be required
i by recently revised procedures. Reemphasis.and retraining of appropriate

personnel on proper use of existing procurement procedures should assure proper!

future QA involvement in all procurement actions. The staff has determined
- that the licensee has recently taken appropriate steps to more fully integrate

' QA activities into overall Nuclear Department activities. This issue is-

,

. .

,
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considered ~ resolved for restart. T.he implementation of this QA in'tegration
program will continue to be monitored over the long term in the Region I
continuing inspection program, including the review of the ongoing diagnostic
evaluation being conducted by an independent consultant (refer to C.9). '-

*

8. post-Maintenance Operability Testing
-

.
,

.

Past practice at Salem for post maintenance operab'ility testing has varied.
'Such testing may be specified by the preparer of the. maintenance work order or
left to the discretion of maintenance personnel. For safety-related equip-
ment, post-maintenance surveillance test'ing is done before returning the
equipment to service. Additional functional post-maintenance and repair
testing of equipment, such as surveillance testing, may need to be performed
to demonstrate operability as an integral part of the larger component or'

system in which it must function. To resolve this issue, the NRC required the
licensee as a long term action to review and revise procedures and practices-

as necessary to ensure that functional testing of the overall components or
!system is performed to demonstrate operability prior to returning the equipment

to service following maintenance and repair. Additionally,.NRC required that
.as a long term action, procedures be revised, as necessary, to assure that
operations department personnel review the testing prior to returning such :

'equipment to service.

Although no short term action was required for this issue, the licensee has
responded in his March 14, and April 7, 1983 letters indicating that Operations,
Maintenance and Technical Department (I&C) procedures have been revised to ,

'increase emphasis on quality assurance and interdepartmental communications in
performing post maintenance operability testing. Operations Directive 00-10,
" Removal and Return of Safety Related Equipment to an Operable Status", has |
been revised to require conduct of Technical Specification required surveillance
testing,. inservice testing or system functional testing as appropriate prior ;

to declaring major safety related equipment operable. I

The Maintenance Department has formalized a Maintenance Department Testing [
manual to enhance determinatior) of test and retest requirements prior to |issuance of a work order. The manual provides cross reference listings of '

safety related and other Q Ifst systems and components with applicable main-
| tenance and surveillance procedures which specify test and retest requirements.

'

-
1

Procedure A-21 has been written to require maintenance supervisors to consult
this manual for test and retest requirements prior to work order issuance.
The testing manual appears to be comprehensive with respect to safety related

| valves and other major mechanical equipment and the licensee has indicated |

that an electrical equipment section will be incorporated as a long term
*action. :

In the Technical Department, Instrument and Controls Procedure PD 14.1.001, !

which is a general equipment troubleshooting and repair procedure, has been
| revised to ensure completion and documentation of test and retest requirements

.

. on safety related instrumentation. I

,NRC staff review of these procedures reveals some discrepancies which the |licensee has agreed to evaluate and correct, as necessary. The licensee will
also revise AP-9, " Control. of Station Maintenance" to ensure s'tandardization |'

|
!

|-
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Licensee has
.

'

of post maihtenance operability testing throughout the station.*

committed to complete all procedural revisions associated with this issue by *

These procedures appear to provide the.necessary administrativeJuly 1,1983.*

controls to ensure proper verification of system operability following mainte-
'

An examination of a few work orders showed that* retest requirements
-

. nance. gwere explicitly specified. ,

The licensee has committed to conduct a review of vendor and engineering recom-
.

The licensee has indicated thatmandations and current testing proc 2duras.
this review will involve a comprehensive 'eview of maintenance and testingr

procidures to ensure testing required by these procedures is in accordanceBased on this review, changeswith vendor and engineering recommendations.
will be incorporated ints departmental documents by January 1, 1984.

' Based on .the staff's review, the licensee's short term effort ofI
Conclusion:
strengthening administrative controls over post maintenance operability testing,
combined with the longer term program of updating the testing manual and
conducting a comprehensive maintenance and testing procedure review, constituteHence, this issus is considered
acceptable actions in response to this issue.The staff will formalize the requirements for completionresolved for restart.

| On a periodic basis, the NRC staff willof licensee's long term program.
inspect the implementation of licensee's post maintenance operability testing
to ensure component and system operability after maintenance is verified.

-

.

.

.
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C.9 Overall Management Capability and Performance

The initial deficiencies identified during the review of circumstances sur-
rounding these events raised questions about the responsiveness, practices and
capability of licensee management at the corporate and station level. As
noted in the preceeding section (C.1 through C.8), a number of specific manage-
ment issues directly related to the failure of the reactor trip breaker event
were identified and have been evaluated. Although each of the specific pro-
blems is understood and has been resolved, it is necessary to consider the
overall management capability and performance in a broader context. The staff
has re-examined the performance of PSE&G over the last few years from a regula-
tory prespective.

On the one hand, there are several good aspects of the licensee's efforts that
are beneficial and are indicative of a licensee that is striving to develop
thoroughly satisfactory prictices. Some examples include: a computerized
tagging program, independent verification program for system lineups,
miniaturized control room design, and a computer scheduling system for
surveillance testing and maintenance. Our examination generally concludes
that the licensee has devoted resources and developed noteworthy programs to
support operation of the Salem facility.

Historically, however, PSE&G management has not displayed the expected'
aggressive effort to self evaluate and redirect efforts to correct internally
identified problems. However, the licensee has responded to the specific
evaluations conducted by external organizations such as INPO, NRC and
consultants.

The 1981 INp0 evaluation ident;fied opportunities for improvement in numerous
areas including staffing, personnel safety practices, adherence to procedures,
control of documents and design changes, availability of technical support,
uperating practices with respect to inoperable alarms and tagouts, shift
turnover procedures, and goals and objectives. Based on continuing observa-
tion, the licensee responded positively to selected findings by various
actions, although the effectiveness of these actions has been less than
expected.

Four SALP assessments were conducted by the NRC during the period October
1980-October 1982. The earlier assessments identified weaknesses in the areas
of: design change documentation, engineering support responsiveness, health
physics, physical security and overall management followup in numerous areas.
The later SALP assessments acknowledge licensee management attention to, and
improvements in the areas of design change tracking and documentation and
health physics. Physical security, despite several initiatives on the part of
the licensee to improve the area, continued to be weak. Very recently, the
licensee has dedicated considerable resources to physical security which,'if
properly implemented, should facilitate a number of hardware improvements and
add several managers to the organization to more effectively monitor security
activities on a day-to-day basis.

.
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! The most visible licensee initiatives are organizational. During the |licensing process for Salem Unit 2 in 1981, the licensee made a decision to I:

{ place all activities, including engineering under a single vice president. |
| Commitments were made to relocate these activities from the corporate offices
j in Newark, New Jersey to the site located in southern New Jersey. While the
i licensee was hopeful that such relocation of the engineering staff, including
i QA personnel, to the site would prove,more effective, the process has moved

much more slowly than hoped and has resulted in the loss of certain personnel."

; In January 1983, the QA department was placed in the Nuclear Department, and
began moving to the site. The organizational and location changes have been

j in transition for almost 18 months.
!

The maintenance, operations and technical departments are led by experienced,

; middle managers. Operational management controls have been progressively
i strengthened over the past few years and have addressed problems as they a e-
j identified. Similarly, maintenance department controls have improved wr| aev
: initiatives have been instit'uted for the conduct and planning of mate .w..e
| which recently has resulted;in more comprehensive review of proposed maintenance

activities. In addition, the licensee has reduced the bargaining unF employee'

i to supervisor ratio to 10 to 1 in order to improve direct supervisia f work
i in progress.
!

However, the support groups, in particular maintenance and engineering, tenJ
; to be too isolated from one another and, therefore, their collective efforts
! are not well integrated in overall station operation. In the staff's view
| this has resulted in a degree of parochialism. Consequent 1

perception is that poor communications among the various de,y, the staff'spartments has,

i hindered the development of a sensitivity within the station staff to
j identify and resolve problems that are outside their direct sphere of
j .i n fl uence.
.

; Over the past two years durng which Public Service Electric and Gas Company
(PSE&G) has operated two nuclear plants at the Salem Generating Station, it'

i has developed improved programs and procedures that are consistent with
! industry standards. This observation is based on an overall review of NRC
; inspection reports and taking cognizance of INP0 evaluations. Notwithstanding
; such progress, the staff has noted in its SALP reviews that the licensee needs
; to devote more effort to take steps to make such programs work. A problem

which had previously been addressed with the licensee during enforcement
I conferences and SALP results meetings ad has ~been noted during this-

e/alutaion, is one of high level station management and first line station4

i supervision failing to adequately assess the performance of their subordinates,
j especially with respect to adherence to procedures. Historically, improcer
i performance or violation of station procedures did not result in any adverse
; actions to the involved individuals. Generally, it has been observed that poor
! performance was mildly critized, then rationalized. Also, first line supervisors

appear to refrain from raising issues outside of their defined scope of:

{ responsibility and their effectiveness is seldom monitored. As a result,
| department managers may not be cognizant of problems requiring their attention.

The licensee hcs now initiated a training program for first-line supervisors
: which will include supervisory skills, procedures, programs, quality assurance .|and systems training. The program will include a discussion of corrective,

j discipline actions available. The trianing program will be completed for new
|

.

t
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supervisors prior to assignment and will be.provided to all existing supervisors.
; The program is expected to start in September 1983. A similar training program

for senior supervisors is to be developed by October 1983.i

! When balancing the various aspects with the issues identified herein, it is
clear that.some problems remain. . One of the purposes of the staff examination

j was to ascertain whether there were major flaws in the licensee's approach.

During the fact-finding team review during the first week of March 1983 and
concurrent analysis of the breaker failure events, licensee treatment of the

; reactor trip breakers and the circumstances surrounding their failure on
! February 22 and 25, provided the NRC staff with several indicators suggesting
! a major breakdown in management and quality assurance program implementation at !

: the Salem Nuclear Generating Station. Subsequent detailed reviews and evalua-
tions-by the licensee and the NRC staff have confirmed that the programs in
place are basically sound. Two aspects of these programs surfaced as the-
principal causes of the events discussed in this safety evaluation. The first
of these was a perceived lack of resolve on the part of managers and supervisors
in enforcing adherence to p'rocedures by station personnel. The second aspect

| relates to the safety perspective displayed by corporate management in pro-
; viding policy direction and priorities to the operating staff and the three

existing review committees. |

I It is clear that the numerous initiatives undertaken by PSE&G during the last '

i few years have not yet been fully implemented. In order to assist PSE&G in
making the transition successful and to further analyze their difficulties, ani

independent consultant firm, Management Analysis Company (MAC) has been,
' retained to perform a diagnostic evaluation of both the Quality Assurance

Program and the licensee's overall nuclear management program.o

! The MAC approach relies on interviews and team evaluations to identify causes
i of management problems. Its process has been observed at other facilities and

has been found to be useful. Rather than presume an understanding of the
nature of a problem, the MAC diagnostic examines the many aspects of a utility, '

, including the following: organization, management controls, staffing levels ;
! and capabilities, training and retraining, intra and inter-departmental communi-

cation, commitment controls, station generation, engineering configuration ~

management, Q-list, nuclear operations support and organizational freedom in,

problem identification and resolution. Based on such reviews, the MAC evalua- !

tion focuses on underlying problem areas and recommendations are provided for ;

resolving them. PSE&G has committed to develop an action. plan which addresses
these recommendations. NRC staff will monitor the MAC and PSE&G effort. !

Meetings will be held with MAC and PSE&G to review the results of the evalua- ;

tion, the development of an action plan and subsequent meetings with PSE&G |
will be held on a periodic basis to monitor implementation of the action plan.

,

The MAC assessment is expected to be completed by May 2, 1983. '

In the interim, PSE&G has also retained the services of experienced and quali- i

fied individuals from the BETA Company to examine the steps taken to date'in |

| preparation for restart of Salem Unit 1. This independent evaluation should
i provide an additional level of assurance to PSE&G as to the adequacy and ,

'

) completeness of the steps taken to resolve the problems associated with the two
i ATWS events. The staff will review the results of this overview, along with

resolution of any other identified issues, prior to allowing restart.,

.
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The licensee has also committed to establish on a one year trial basis an
independent Nuclear Oversight Committee comprised of 3 to 5 members,

, including nuclear utility operations executives, college professors and
former regulators. This committee will meet at least quar'terly and will
provide reports to the Vice President Nuclear evaluating overall management
attention to nuclear safety and reporting on progress in resolving open issues
relating to NRC commitments and independent evaluations. Consequently, the
initiatives taken by the licensee will be monitored by an independent group to
assure the safety-related problems are identified to the corporate managers.
The NRC will also review the quarterly reports of the Nuclear Oversignt
Committee.

Conclusion: The management initiatives and improvements described should
considerably strengthen exisiting programs, should add a number of additional
reviews of corporate and station management effectiveness, and will provide
for independen.t assessments of management. No evidence suggests that the
organizational structure or programs currently defined contributed to the
problems identified in this evaluation. The source of the problems appears to
be a lack of aggressive implementation of those programs. The collective
steps described above are expected to result in an increased awareness on the
part of maragers and supervisors as to the status of implementation of the
many programs and allow more timely involvement to either provide redirection,
priority or resources to resolve problems. Accordingly, management programs
in place, as modified by the steps described above, are acceptable to support
continued operation of both Salem units.

.

,

.

04/11/83 9-39 SALEM RESTART SEC 9



. - .- . ___ - . -- - - .. _ . . ..

| *
; '

.

|- III. Overall Conclusions . -

Section A of this Safety Evaluation Report discussed and evaluated the NRC
staff concerns in the areas of maintenance procedures, verification testing,4

i and surveillance testing programs. The licensee has acceptably revised his
i maintenance procedures, revised and expanded his surveillance testing
i programs, provided an adequate verification testing program, and will sdbeit
j proposed Technical Specification changes for incorporating NRC notification
i requirements for maintenance testing results that exceed acceptance cr,iteria
j and for measured trip forces that exceed recommended upper limit. The
'

licensee will also submit proposed Technical Specifications that incorporate
the additional surveillance nquirements identified by the staff, for the,

j reactor trip and bypas' breakers.s .
:

Section B addnssed staff concerns in the areas of plant operations, operator '

procedures, training, and operator response, the licensee has acceptably
identified reliable control room indicators that previde positive, indication

1j of automatic reactor trip demand, without operator analysis or verification, 1

] and has revised procedures to direct the operators to insert a manual trip
j whenever positive indication of an automatic reactor trip demand is present, jj without delay to evaluate the plant status. The licensee has also acceptably

completed training actions And commitments in the areas of training on proce-
i

)

dures, training utilizing the Reactor Protection System, and the administration
of'this training. As such, the licensee's ATWS training program for licensed
operators and for auxiliary operators is now acceptable.

1

; . .
.

-

|
Se: tion C addressed staff concerns in various ' management areas. These manage-

.

!

ment areas were Master Equipment List, procurement procedures, work order pro-L
'

cedures post trip review, timeliness of event notification, upifating vendor
! supplied information, involvement of QA personnel with other station depart-
i ments, post maintenance operability testing, and overall management capability'

ind performance| The licensee has acceptably revised his procedures and con-.

ducted acceptable training to ensure that work orders and procurement documents:
1 will be properly classified in the future. The licensee h
{ acceptable review of past procurement documents and work o.as. conducted anrders to verify that
| the misclassification problem associated with the reactor trip breakers was.an

isolated inciden't. Additionally, the licensee has developed an acceptable post;
i

trip review procedure to ensure a systematic and com'prehensive review of reactorI trips is conducted prior to returning to operation. Finally, the licensee has
instituted an acceptable program involving both outside consu~ltants and'addi-
tional corporate safety committees to further evaluate and upgrade the effective ,ness and safety of the licensee's' nuclear activities.

The above actions provide reasonable. assurance regarding maintenance and
surveillance, plant operations and operator actions, and new programs in

-

; various areas of the utilities management, for restart of the facility.
i

t

1

:
: .

!

!
l
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APPENDIX A
,

. Description of Reactor Trip Circuit Breaker
,

~

The Reactor Trip System at the Salem plant consists of plant process instru-
mentation (sensors, transmitters, and bistables) that monitors.various plant
parameters. Typically, there are four redundant instrument channels per para-
meter.* The outputs of these instrument channels are used as inputs to each of
two redundant trains of logic circuitry (Solid State Protection System - SSPS,
trains "A" and "B"). The output of each SSPS train maintains two undervoltage .

coils in an energized condition, one for its associated reactor trip breaker
and one for the' bypass breaker in parallel with the.other reactor trip breaker.
When the logic of one SSPS train is satisfied, this typically requires that two
out of the four instrument channels for a given parameter be in the tripped

1 state (i.e., the parameter has exceeded its setpoint), power is automatically .

interrupted to the two undervoltage coils associated with that train. This-
automatically opens the two asscciated breakers. The bypass breakers are*

normall'y open (racked-out) and are only closed during testing. When either of
the two series reactor trip breakers opens, power provided from the motor-

I generator (MG) sets to the control rod drive lasching mechanisms is inter-
| 7 rupted, causing all control rods to fall, by gr'avity, into the core.
!

| Manual reactor trip capability is provided by two switches on the main control
board in the control room. Each switch, when actuated, will interrupt power

1

; to all undervoltage coils (for both reactor trip breakers and their associated
I. bypass breakers), and.s.imultaneously energize all shunt trip devices for these
! breakers. , Thus, diverse means (undervoltage trip devices and shunt trip devices)
! are used to open the reactor trip breakers on a manual reactor trip signal

whereas only the undervoltage trip coils are actuated .on an automatic
reactor trip signal from the SSPS. .

Circuit breakers (such as the types used in Reactor Trip Systems) are closed
| against a strong spring force and " latched" in the closed position. Opening
| (or tripping) is accomplished by releasing the latch mechanism and allowing the
I springs to rapidly force the breaker contacts apart, thereby interrupting the

current through the contacts. The' latch can be released by either a mechanical'

linkage or by one or more electro-mechanical devices. The electro-mechanical
trip device is actuated electrically. The Reactor Trip Systems open (or trip)
the circuit breakers used to supply power to the control rods through el,ectro-
mechanical ' circuit breaker trip devices.

Two particular types of electro-mechanical circuit breaker trip devices are of
interest in' relation to the Salem events. These are undervoltage trip devices
and shunt trip devices. *

A circuit breaker undervoltage trip device is energized during normal plant
operations, when it is intenced that the circuit breaker be closed or remain

|
closed. De-energizing the undervoltage trip device results in the circuit
breaker opening or tripping. The undervoltage trip device consists of an'

-

. .

,

p G
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electro-magnet which, when energized, attracts a metal rod, plunger, or lever'

against the force of a spring. The metal rod, plunger, or lever is connected "
through a mechanical linkage to the circuit breaker latch mechanism (trip bar).
When the undervoltage trip device electro-magnet is de-energized, spring force'-

releases the latch mechanism and the circuit breaker opens or trips.

A circuit breaker shunt trip device is de-ene'rgized during normal plant opera- -

tions, when it is intended that the circuit breaker be closed or remain closed.
Energizing the shunt tnip device results in the circuit breaker opening or
tripping. The shunt trip device consists of an electromagnet which, when
energized, attracts a metal rod, plunger, or lever and through a mechanical
linkage releases the circuit breaker latch mechanism. Releasing the latch
mechanism results in opening or tripping of the circuit breaker.

The shunt trip devices are somewhat simpler mechanically and have more force
margin for actuating circuit breaker trip than do undervoltage trip devices.
This is the case because undervoltage trip devices are energized for l'engthy
periods of time and, therefore, heat dissipation considerations limit the
design flexibility for obtaining high device forces. There is somewhat more
flexibility in the design of the~ shunt trip. devices since they are energized
for only the short period of time required to release the circuit breaker latch
mechanism. Heat dissipation considerations are less important in the design
and operation of the shunt trip devices.

.

. .
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INTRODtK: TION.
,

- .

This Interim Technical Evaluation Report contains a compendium of the -

reports issued by Franklin Research Center (FBC), to the Nuclear Regulatory

Commission (NBC) and updates to April 6,1983, FRC's finding,s concerning the
failure of the Salem Unit 1 Westinghouse DS-50 reactor trip circuit breakers

,

.
on February 22 and 25,1983. The evaluation centered upon the undervoltage

trip attachments of the circuit _ breakers which were supposed to trip the

circuit breakers when deenergized. This is a report on work in progress;
.

thus, the conclusions contained herein may change as new information from the
proposed Licensee verification testing becomes available and subsequent

evaluation is completed. Table 1 lists the reports and letters transmitted to

Mr. V. Noonan, Chief, NBC BIuipment Qualification Branch, prior to April 6,

1983.

CHRONOLOGY OF EVALUATION

Mr. G. Toman of FBC accompanied Messrs. V. Noonan and P. Shemanski of NBC

Equipment Qualification Branch and Mr. J. Beard of NBC Operating Reactors
Assessment Branch to Sales Nuclear Generating Station (Salen NGS) on March 3,-

1983. 21e purpose of the trip wat to gather information concerning the Salem

Unit 1 events of February 22 and 25,1983. The information obtained is

contained in Appendix A. Appendix A also contains a discussion of initial

findings concerning the undervoltage trip attachment (INTA) that did not

operate properly. Failure of the UVTA to operate prevented the reactor trip
_

circuit breakers (RFCB) from opening automatically. Figure 1 contains .

photographs of the "as-received" state of the tktit 2 "B" UVTA supplied to FRC.

by Public Service Electric and Gas Company (PSE&G) on March 3,1983.

On page 3 of Appendix A, the second paragraph states that Chemical Rubber.

j Company CRC-2-26 lubricant was used on the UVTAs associated with Unit 1. On

March 18, 1983, during a meeting with the NBC, Westinghouse personnel stated,

that the Westinghouse tedinician's report states that onP one RFCB was worked

j upon at the Salem plant on January 13, 1983 and that ti.e. iubricant used was

f Calfonex 78A. FRC has been unable to find a supplier for this lubricant.
I

*

i

e
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Eh B contains the review of Revision 1 of Salem NGS Maintenance_P
Procedure M3Q-2. Since the review, Revision 2 has been issued. Revision 2

| requires ten successful trippings of the MCB by a new UVTA prior to returning
} the circuit breaker to use when the UVTA is replaced. The procedure is titled
i

} " Reactor Trip and Bypass ACB Semi-Annual Inspection and Testing"; the title
now states the periodicity of testing. Cautions concerning handling of the,

{ UVTA and further tests of the MCB and UVTA were added in Revision 2.
I

j Appendix C describes the "as-received" electrical testing of the Unit
1

; 2 "B" UVTA. The device was found to operate at 26% of normal voltage rather
l
!

than between 30 and 60% of normal voltage as stated in the manufacturer's '

; literature. Tho evaluation of the device during these initial tests indicated
; that the device should be compared to the other DVTAs available at the Salem

_ plant.to determine visible variations from device to device.

) On March 10, 1983, Messrs. G. Toman and R. Cranisky of FRC went to Salem
$ NGS for the purpose of comparing the Unit 2 "B" UVTA to the remaining Unit 11

| DVTAs. Upon arrival at the Sales plant, it was found that only cne UTVA was
!

; available. Comparison showed variations in manufacture and reset lever
; adjustment spring setting between the two devices. Messrs. Toman and Cranisky

also observed cperation of a Unit 2 MCB with the 2 "B" UVTA. When the UVTAl
was attached to the circuit breaker, power was not applied to the DVTA.

{ Therefore, when the MCB was closed, the UVTA reset lever was held back
1

manually to prevent a trip-free opening of the circuit breaker.,

The UVTA
i reset lever was then released. The UVTA latch released and the trip lever1

:noved up to the trip bar, but the ECB did not trip. A second attempt also
i resulted in no trip. Two more attempts at manual operation of the DVTA did

trip the MCB as did subsequent electrical operations.
; Appendix D contains the lettars of transmittal for microecopic phcto-

graphs of the latch, latch pin, and latch spring from the Unit 2 "B" UVTA
,

]

showing ' roughness and wear on the mating surfaces.4

Appendix E contains the FBC findings from the beginning of the evaluation
up to March 21, 1983. It discusses two possible failure modes for the UVTA
and findings from a March 17, 1983 trip to Sales.

;

4 -2-
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. Appendiz F is a trip rep, ort from a March 31, 1983 visit.to' Salem to

evaluate testing. performed by PSE&G on the Unit 1 RFCBs. . j
!

'

|
*

*|FINDINGS .

The following is a summary of the significant findings of the evaluation

; . to d.te,
-

,
..

1. Manufacturing variations existed on the original UVTAs supplied to
the Sales plant.

. -

2. Manufacturing variations exist on the four new UVTAs supplied to
'

Sales mit 1. -

|
*

!
3. No lubrication of the UVTAs appeared to have been performed from the |

time of manufacture (approximately 1972) until January 1983 when a '

lubricant other than that recosamended by the manufacturer was used.

'. Se Unit 2 "B" UTTA had its reset lever arm spring adjustment changed
i

4*

*

some. time after installation, possibly to remedy inadvertent openings i
of the circuit breaker during operation or while attempting to cicae {

.

! the circuit breaker prior to operation. . }

|S. Improper adjustment of the UVTA reset lever arm can increase the
- {probability of an inadvertent opening of the circuit breaker (trip :

free) if the arm is set to overtravel too far.

6. Loosening of the reset lever arm spring reduces the tendency to trip
free, but also reduces the force that would cause the UVTA to unlatch

*

when deenergized.

7. Variations in reactor trip bar forces exist among the Salem Unit 1
ErCas.

8. Se mating surfaces 'of the Unit 2 "B" ' latch components are rough and
appear not to have been honed. Additi'onal wear froa cperation
appears to be significant.-,

9. Besitation in lever arm action when the UVTA is slowly deenergized
was noted in the 1311t 2 "B" UVTA and the device. operated below the,

expected 308 of naminal voltage point.

10. On March 18, 1983, Westinghouse switchgear Division personnel also
indicated that the UVTA must be replaced some time during the life of
the plant. Criteria for determining when to replace the UVTA do not
appear to be available.

~
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COICLUSIONS- *

.

It is believed that in the as-eanufactured "new" condition', the 1983 UvTA
will properly trip a circuit breaker that has a trip bar force requirement
within the manufacturing limit of 31 ounces', and would probably co' sistently *n

'

trip a circuit breaker with an ae-found trip bar force requirement of up to 38
ounces (the force required to trip the Unit 1 "A" ItrCB) . However, sufficient

evidence has not been presented to show that current manufacturing processes
.

for the UVTA, when coupled with maintenance, will eliminate long-term failures
that appear to be mechanical, age-related phenomena. The variations from ~

device to device cause concern. 121e fact that honing of latch surfaces is a
hand operation indicates that variations in the surfaces of the latch will
remain even though no extreme roughness should be expected.

In addition, the lack of quantitative acceptance criteria for the UVTA
adds concern that impending failures might be missed during inspection and
maintenance.

,

.

RECOBtWNDATIONS
.

1. Acceptance criteria be set for parameters affecting correct operation
of the UVTA.

2. Testing methodology for acceptance tests be prepared for factory and
Licensee use.

3. Uniformity of construction be instituted or sufficient testing be
performed showing that the variations in the devices are of no
consequence to reli'able operation.

4. Life testing of the UVTA be performed to show that the device can
successfully operate for the intended lifetime with proper ~

maintenance.

5. Criteria be developed to determine a replacement interval for the -,

) DVTA such that replacement occurs significantly before end-of-life
failure.

I
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6 .- me baseline testing of UVTA output forces and ItcCB trip bar trip |

forces is a first step in proving the adequacy of the avTAs for
continued use. mese test results should be compared with results
taken periodically during the life of the'OvTAs. In order to allow
preventative action to be taken, trending of the variations in the
results should be performed to determine if degradation in UVTA and
itrCB performance is occurring.
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I Tablo 1. Chronological List cf Deporta and Cortcspondenco.

from FaC to the NE Commerning Fa116 es of N
, peactor Trip Circuit Breakers at Salem Unit 1,'

on February 23 and 25,1983

|
.

' Apoendix
j -

Date/Subiect _. . .
-

.

:
A March 4, D 83

i Initial mayort on the sales' unit 2 undervoltage Trip
; tait

. -

* *

,

,.
I

! B Marcia 9,1983

anviews of Proposed Corrective Action by PSEaG and of;

j Maintenance Procedure IOQ-2
,'

!
C

,

March 9, 343 -

! Deport of Initial Testing of the , sales unit 2.T
* andervoltage Trip Attachment; ,

I

D March 21,1983 -

'

,
,

| Photographs of the sales Unit 2 'B' undervoltage Trip
Attactament (Transmittal letter and description of

i views only) '
-

., _

s March 22, 19833
* _ - ,

| Salen Events of February 22 and 25,1983: Failures of
i anactor Trip circuit nemakers; Pinal neport :of Initial
!; Investigation

-
- -.

~

F march 31,1943 - ~

r . Trip ampoet: sales Unit I anactor cir~puit areakers
(Transmitted to the Mac for the fiist time as part of

j this Interim Report)
_ _ . .

.
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A. Undervoltage Trip Attar hmaat B. tmdervoltage Trip Attar hment
Top view on Circuit Breaker
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C. Undervoltage Trip Attachment D. Undervoltage Trip Attachment
Side View side view
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Figure 1. Onit 2 *B' Chdervoltage Trip Attachment
(A, C, and D are photogragits of the as-received condition.)
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; March 4, 1983-

,
.

j .' . . -
-

e *

+
' Mr. Vincent Noonan '

1

Chief, Equipment Qualification Branch j3

; U.S. Nuclear Regulatory Commission ,
{ Phillips Building, MS-P-234/RM P-234D
; 7920 Norfolk Avenue -

! 3echasda, MD 20014
4

Dear Mr. Noonan: -

j Attached is the initial report on the Salem Unit 2 under-voltage
trip unit. I have detailed some possible causes and indicated the -

,

; initial tests and evaluations to be performed.

I
J Also accached is a request for additional equipment from PSI &G to
j be used in the investigation.
1

-
.

i Should there be any questions, please call me at 215/418-1257. I

{ intend to begin the tests on Monday, March 7, 1983.
.

1
; Very ruly your's,

~

!
l

!
4

! Cary J. Toman
i fact on Leader,

fication Analysis
and Planning Section,;

! Nuclear Engineering Dept.
i

e

: GJT/ih
.

I Encl.
,. .
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St3OULEY AND INITIAL FINDINGS

l3 Initial inspection of the tmit 2, a under-voltage trip unit indicates a

possibility of multiple contributing causes of failure. Possible contributors

are (1) lack of lubrication; (2) wears (3) acre frequent, operation than i

,

intended by. designs, (4) corrosion from improper lubrication in January,1983;
, and (5) nicking of latch surfaces caused by vibration from repeated operation j

of the breaker. Se contributors appear "to be cumulative with no one main )
.

cause. Se initial investigation does indicate that the failure is age

related and that a new device would perform properly. Many surfaces of the |

latch mechanism are worn and the additional friction tends to prevent proper

operation. Proper lubrication thr'oughout the life of the device any have
i

prevented the wear that can be seen on the sample. |
1

.

_ . S e tasts and examinations FEC proposes to perform will, attempt to |.

determine the cause of failure and if possible regroduce it. Se following |
'

sinenarizes the initial findings and lists the proposed tests.

.

oIscassrom er cIn::sisnugs_

1. Initial thoughts from information received orior to March 3,1983 visit
to Salem generatino station.

From information received by phone and by telecopier, my initial belief

prior to visiting the site was that the under-voltage trip device did not
'

operate because it had not been exhreised very frequently, my belief being

that dust or dirt accumulation on the device in, two months time prevented its
'

operation.

2. Initial evaluation of information received at sales site on March 3.

Mien I arrived at the sales site, I met with vince Noonan, Paul.

sha====hi, and J. T. Board, all of the NEC. We were given a walk-eround

inspection of the plant by an operator named Eny McCarthy. We inspected thei

Unit 2 Reactor Trip circuit breaker area and visually eummined the circuit
'

i breakers which were laying on the ficor near their cubicles. 26

Iunder-voltage trip devices were removed from each of these circuit breakers.

| 2e shunt trip coils were in place. Se circuit breaker trip bar moved
,

; freely. We then went to the Unit 1 anactor Trip circuit breaker area. Rose .

'
' breakers had been removed and brought to the electrical maintenance area. It.

,

d was noted ;that an inverter which was approximately 4 ft from the circuitr

-,Re. search Centerrenken
- _ _ . _1

. .. . . . > . . . . . _ - . . _ _ , . . . ..,. ,,. . . . . - . .- - , . - . .
.
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breaker compart:r.ent was blowing hot air into the room, and into the circuit
(.] breaker compartments, and that the general area temperature was well above

.

80 * . We then were taken to the electrical maintenance area, where we
interviewed Mr. Ketchum, an electrical maintenance supervisor, who discussed

the circumstances of the. removal of the circuit breakers that were involved
with the incident on Unit 1. We were also introduced to Mr. Leo Roland,.

another electrical supervisor, who had also worked on the circuit breakers in '

question in August of 1982. Se information received was that the circuit .

breakers and their under-voltage trip device had been operated frequently and
had operated within a few days prior to the incident. 21s dispelled my .

initial concern that the devices had not been exercised often enough. .

I requested that Salem management provide one of the under-voltage trip
devices, and a shunt trip coil, for testing at Franklin Research Center. Mey
did so. It appears that new under-voltage trip coils are not readily

.~

available. mis will be investigated at a later date.

RESULTS OF INITIAL EXAMINATIONr SOME POSSISLE CAUSES

Since receipt of tne under-voltage device, which is the Unit 2 B trip
under-voltaje device, I have noted roughness in the operation of the trip
latch. More is some dragging of the mechanism, and portions of the latch
. mechanism have obvious signs of wear. Possible contributing factors to the
failure to operate are a lack of lubrication, wear, jarring of the
under-voltage device from the [ircuit breaker operation and more frequent
operation of the under-voltage trip device than was intended during design.
My belief is that under mos't' industrial applications, the under-voltage device
would be used very infrequently, and probably would only be operated during
test sequences at perhape yearly or longer intervals. merefore in industrial

.

applicacions, the device would operate only a few times, perhape 20 or 30
during its lifetime, and would not be a normal tripping mechanism for the
breaker. However, in its use at Salem, it is the prime tripping device for .

the circuit breaker, and as such is called upon to operate on the order of 50
! times peer year. Dat would mean, at its current age, in 1983 there would be
I

possibly 400 to 500 trip operations on this device.i

During the investigation, it was noted that the shunt trip coil has been
, operated since August, 1942 once every 7 days rather than at longer
#

intervalat. mis means that the circuit breaker is now tripped and closed
.

TIA___e _, c._
. ._. .,_

'

s
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!every 7 days, causing the Jarring of _the entire mechanism of the circuit
1

,

Q' breaker and its atta'ched relays and coils due to the normal operation of the |
.v j

breaker. mis may or may not be significant in that the under-voltage relay j

would stay energized during these trippings and its latch mechanism would be i
.

!

); jarred somewhat by operation of the breaker. mis could possibly add to the g
- friction 'which is building up in the latch mechanism from normal operation by f

causing the latch mechanism to just slightly nick the surface that it rides on |

thereby tending to prevent operation. Further investigation will try to- j~

'

determine whether this is indeed a contributor to the als-operation. It would
.

j
,

appear from initial inspection of the device that wear and roughness of mating j

; surfaces in the trip latch are contributing causes. Froper lubrication may |
have prevented the current situation or could reduce this roughness to the f,
point where proper operation could occur. !

FaC will attempt to determine whether the Cac-2-26 lubricating, cleaner
i

spray added to the problem by either causing corrosion or removing all !
!

; residual lubrication from initial construction. It appears that from the time |
of initial construction of the under-voltage trip units, up until January of |
1983, no lubrication whatsoever had been performed, and then in January of ;

1983, lubrication was performed by the maintenance personnel in conjunction i;

with a Westinghouse technician. At this time, Cac-2-26 lubricant cleaner was f4

i
sprayed on all four trip devices associated with Unit 1. mis lubricant is j

being procured by FaC for testing purposes. |
( !

'

4

!
!

LISTING OF 1CEPECTF.D INVT,STIGATION j
,

i
1. Se first test will be to perform various de-energisations and |

energizations of the under-voltage trip unit and monitor the device under i
various conditions. }

|-

2. Se second test will be to disassemble the latch mechanism to observe the !

! surfaces of the various parts of the latch, and photograph these surfaces |*

through a microscope to determine various levels of wear in these-

'

surfaces. i

1

3. Se third test is to determine the effects of Cac-2-26 spray on the i

various types of metals used in this device. An attempt will be made to !

use metals other than those in the actual device. If possible, we will
determine the chemical consistency of this spray, hopefully through thej

| manufacturer.

'

4. Se fourth test is only possible if the spare circuit breaker can be*

./ obtained from Salem. Se under-voltage trip device and the shunt coil

-
.

Oh Frenida Resear.ch C. enterA == e ne r . .3 ,

.

* , , . . . , - . . . . . , , , . . .. . .. .-.- . . . . . . ,.. . ..
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j would be mounted upon the breaker, and .the ' breaker would be operated
.

i

| C) repeatedly to determine the eff'ect upon the under-voltage trip unit. It^

is surmised that while the device is energized and the breaker trips and
j closes a number of times, additional friction of the trip lat=h may occur'

from the vibration. mis test' would primarily determine whether suca
additional friction om.::rs from operation. ,

.
7

|- To prove that the sample under-voltage trip unit is identical to the Unit
j 1 devices, a visual inspection of all existing Salem Unit 1 and 2
i under-voltage trip units should be performed. mis can take place at
i Sales. No disassembly is needed. Se ' devices can be mounted on the CB's
j or loose. m is should be done as soon as possible. Tuesday March 8,

.

1 - 1983 is recommended.
t

| Further tests will be determined upon the basis of these initial tests. All '

! tests will be non-destructive tests such that the device.will be able to be
i used for further testing and possible return to the utility.

ADDITIONAL Eur.au FOR SALIM GZNERATING STATION MANAGEMENT *

.

I 1. For use in investigation of the incident, FBC requests that the spare
} DB-50 circuit breaker be made available for use at FRC for a period of 2
| week s. Delivery is requested as soon as practical. Hopefully no later

~

4 than March 9,19 83.
.

j 2. FBC would like to visually inspect all of the remaining undervoltage trip
j devices from Sales 1 and 2, including those at the NBC Headquarters. It
| would be beneficial to have these all in one place to speed the review.
'

Sete would be no disassembly and the devices could be on the circuit
,breakers for this inspection. It is hoped that this could be done on

Tuesday March 8,1983.,

!

i s
1

4
,

1

I

! -

!

l

! .

4

<

j -

\ -

!
.

,

-
.

,

! -

, .- -

1 p -

' iTrarodin.in.r- c. enterI f Researenaw -
; 4_

.

i .
*

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



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

_ . . _ . . . . ..
.

-
. .. . . j,

. .
.

., .

'
- -

. .
.

. .

. .

--
,

.

.

.

REVIEWS OF PROPOSED CORRECTIVE ACTIONS BY PSE&G
'

AND OF MAINTENANCE PROCEDURE M3Q-2~
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March 9, 1983

,

.

Mr. Vincent Noonan
Chief. Equipment Qualification Branch
U.S. Nuclear Regulacory Commission.

Phillips Building, MS-P-234/RM P-234D
7920 Norfolk Avenue
Bethesda, MIT 20014.

Dear Mr. Noonan: *

.

Attached are the reviews of the proposed corrective action by
Public' Service Electric & Cas Co. of New Jersey as detailed in the letter
front Mr. Richard A. Under11tz to Mr. D. G. Eisenhut dated March 1, 1983,
and of Maintenance Procedura M3Q-2. These documents were previously trans-
mitted to you on March 9, 1983, at approximately 11:00 am, by telecopy.

Very truly ours,
,

p:~.

Cary J. Toman
Sectied I.eader.

-

Qualification Analysis
*

and Planning Section,-

Nuclear Engineering Dept.

.j. GJT/ih
*h

1 Encl.
.

i, cc: M. Carrington
.

P. Shemanski
.
-
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R?.VIEN OF I.ETTER FRCM MR. RICHARD A. U?OERI.ITZ ,

] VICE PRESIDENT NUCI. EAR, PSEEG CD..i.
.

TO MR. D. G. EISENHUT, DIREC*:OR, DIVISION OF I.ICENSING, NBC,,
,.. ,

DATED MARCH 1, 198 3.

.

Subject: Beactor Trip Breaker Failure,
No.1 Unit, Salen Generating Station,
Docket No. 50-272.

The following are results of the review of the referenced letter. This
,

review is restricted to statements concerning the " shunt' trip" and "under-
,

1voltage trip" atta&ments of the Reactor Trip Breakers.

Page 1 of the letter states that the sole reason for the failure of the '

undervoltage trip attadment is lack of proper lubrication. FRC continues to
evaluate this possibility and makes no final determination at this time. FIC.

is also evaluating other possible related conditions such as, improper appli-
cation of the device, dust and debris in the moving coil section of the device,
binding of the latett pin, and residual magnetism in the core. FBC's findings
will be forwarded to the NBC ott or before April 1,1983.

,FBC has no comments on Page 2 of the letter.
I

On Page 3, in Item 2, a new maintenance procedure M3Q-2 is described.
! However, no periodicity for maintenance and no other method of invoking this

procedure are stated. (mtes the M3Q-2 procedure also does not contain this
information.) Since lack of maintenance is indicated by PSE&G Co,. and
Westinghouse as the probable cause, the periodicity for maintenance must be
addressed.

On Page 4, Item 7 descr'ibes new testing of the anactor Trip Breaker. Cne
test requires timing of the circuit breaker operation when tripped by the
undervoltage trip attachment. FBC recommends that this test be performed 3
times and that the average time be compared to previous tests (as test data
accumulates).. Ihis would provide a means of determining variations in the ~

trip attachment and circuit breaker response. Increasing time lag would be
indicative of an impending problem.

On Page 4, Item id, FRC agrees that moving the undervol'tage trip attach-
monts from one circuit breaker to another is inadvisable and agrees with the .I.icensee's proposed action.

On P, age 5, the I.icensee does not define whether the shunt trip is safety
related or not. Since this device proved to be highly important when the

,

undervoltage trip attadment did not work, it would seen very important to
consider the shunt trip as safety-related. In addition, the shunt trip is in
series with the circuit breaker auxiliary switch thereby requiring the auxi-
11ary switch to be safety related. -

Prepared by G. J. Toman 3/8/83.'

'
.

A Chaman of The Muume humans
*

.

9
, 9 *
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REVI3t OF PSE&G CO. PROCEDURE M30-2,

.

[ [.]'
*TITLE: REACTOR TRIP AND BrPASS ACB

1 % INSPECTION AND TEST. REV. 1. 3/4/83.
i .

I .

i Se copy of this procedure received by Fac contained an additional one
.

7 page dccument labelled " Sales Nucisar Generating Station, Reactor Switchgear,

} Operational verification Program." .

U 'FEC has the fonowik, comment on the Operational Verification Program.*

- Item 2 states that 43-2 requires 10, 40, then 50 trips of the circuit, breaker -

depending upon the number of failures of the undervoltage trip attachment.
,

43-2 does not contain sud a requirement. Allowing any failures during.

: testing is whony inappropriate for the undervoltage trip unit and maintenance |
'

procedure M3-2 should not be modified to anow the undervoltage tripj attadment to fail, no matter how many successful operations fonow.
,

j i
j Failure to operate once during a sequence of trippings of the attachment

|1 indicates severe problems in the mechanism and places the reliability of its i

p function in doubt. Item 2 of the document also states that the 10, 40, then I

j 50 trip test system is statisticany sound for the application. mis is in-
'

| correct for the application. As described, the test method would anow 2
j failures in 100 tests. Mis would be a 3.02 probability of failure. Bere

,

j are two reactor trip circuit breakers in series. Assuming independence of
q failures (i.e., no conmuon mode medanism) the probability of simultaneous
i failure of the two circuit breakers would be 0.02 x 0.02 or 3.0004. 21s in-
I dicates that a failure of both reaa-tor protection systems would occur once
[ every 2500 trips. For Salem Unit 1, whien is said to have 50 trips per year,
a a failure to trip would occur at least once per 50 years. S e anowance of
j any failures to trip during testing is totany unacceptable.

,

anview of M30-2
" ,

d 1. No statement of the period between saintenances is made. No method of in-

[ voking this procedure is given.
|

2. Page 10 of 23, Item 9.7.2.2 indicates that lubrication could do some good,
I but does not indicate how to determine when to lubricate the undervoltage I

L trip attachment. Fac has found that the Unit 2 trip atemeh==nt trip lever *

j hesitates when depressed. It is suggested that maintenance personnel
'

*

slowly depress and' release the trip lever to determine if it binds daring
operation. If it does hesitate or bind, and lubrication does not renove.

h this binding, rep 1-t should be performed. Also, the procedure should
indicate a required interval between lubrication. ,n e Manufacturer's,

L Technical nunetin, NSD Data Intter 74-2, suggests starting with a 6 month
] interval between lubrication.

/ Me second paragraph of Item 9.7.2.2 indicates the portions of the under-
, voltage trip attadment to be lubricated, however, no mention is made of

the latch to late spring (the copper anoy flat spring) surface, thed .

g. bearing points of the latch spring pin, and the bearing points of the
reset lever arm. All of these, especiaMy the latch to latch spring sura

p ) face, are friction sources that could prevent correct operation and should,

U be considered for lubrication.,.

U
'

q .1.,, *
:

H Manhun Reneen:h Cen- .,-- ter
9
.. .

[ 3 .v. . , ,. y ,vr- .~.r*****=***?----* =c <~ -
*
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3. Section 9.8 discusses timing of the circuit breaker when tripped by the_

:~ - ) uvid=evoltage trip attachment. FBC suggests that three timing tests be.

*

performed and the average time be compared to grevious tests as successive
tests are performed. 21s would allow degradation in performance to be
determined.

Note: If the trip times are known to be consistently near the trip limit
of 4 cycles, trending of the. trip times would not be useful. However, if
a new breaker starts with lower trip times such as 2 cycles, trending
could be indicative of degradation. '

4. Enclosure 1 of M3Q-2 was taken from the Westinghouse Iow voltage Metal *

Enclosed Switchgear Manual. Bis diagram incorrectly shows attachments
*

such as the overcurrent trip device that are not used in the reactor trip
circuit bteakers and does not show the shunt trip or undervoltage trip

.

attadments. FBC suggests that an applicable diagram be included in the
procedure.

5. In accordance with 3 above, FRC suggests that Enclosure 7 he modified for
three timings of the circuit breaker rather than one.

.

.

.

.

.

.

.
.

>

.

.

'

'
.

.

.

Prepared by G. J. Toman 3/8/83. -

]
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Frenidin Research Center.
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March 9, 1983
~

. .

'. '

Mr.' Vincent Noonan
Chief, Equipment Qualification Branch

,
U.S. Nuclear Regulatory Commission
Phillips Building, MS-P-234/RM P-234D
7920 Norfolk Avenue

.

Bethesda, MD 20014

- Dear Mr. Noonan:
1 -

The attached docismant describes initial tests of the Sales 2 3
Undarvoltage Trip attachment. Please note the finding on Page 2,
Item 3. The as-found condition of the device is very disturo'ing.

,

When energized and de-energized the device does not operate within
the specified voltage range and hesitation was noted in the latch to
latch pin operation.

Very truly yours,
s

/ /- %< ..,.

Gary Toman
*

Section Leader,
Qualification Analysis

.

and Planning Section,
; Nuclear Engineering Dept.

.!
! GJT/ih
.

Encl.
:

cc: M. Carrington
P. Sh=manski

.
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j RIPORT OF INITIAL TESTIIC OF THE SALIM 2 "3" ,

UNDE 170LTAGE TRIP ATTACHMDIT. 3/9/83-f

.d. , .
t

--
1

1. Described Ooeration
[.

.

'

I a. The Undervoltage (UV) Trip Attachment operates at 60 to 30% of normal
voltage per the instruction manual.

b. Normal voltage on this device is 48 Vdc. .

L Note: The manual is describing an undervoltage trip
~

) attachment with an ac coil designed to operate
on line voltage. The device supplied for Salem.

).
-

has been modified by replacing the ac coil with
' - a 48 Yde coil.
,

,

.

! 2. As-Fou:2d Trippina Point
.

c .

j _ . . The_Salen 2 "3" UV trip attachment consistently tripped at 12.610.4 Volts-
de when voltage was gradually reduced from 48 Vdc., This is 26% of normal.

i operating voltage. It ses noted that the reset arm moved partially to-
! -vards anlatching a few volts before uniatching occurred indicating binding
j of the latch to latch pin.

! 3. The adjustment for spring tension for the reset lever spring was fouad on
j the Salen 2 "3" DV Trip attachment to be approximately 1 turns below the
; surface of the locking nut. The adjustment was brought to tbe condition

shown on Fig.17 of the Westinghouse Enuel, " Instructions for Types DB-50,
| DBF-16 and DEL-50 Air Circuit Breakers," snich La appread.mately 6 turns

beyond the surface.of the locking nut. (See attached drawing.) The UV
j trip attaeh==at then operated at 25.8 Vde, which is 54% of normal voltage.
j When tension was reduced.to the lowest limit (1 ep th turns below the as-
d found condition) the device operated a 6.3 Vdc or 13% of voltage.
J'

ji. This indicates that the settina of the reset arm sprina cension is critical to
correct operation and that the as-found position of the adjustment is definitely,

~

. ' below the desired level. __

!' _
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UNDERVOLTAGE TRIP ATTAC10tm."I,
-,,

-

Reset I.ever Spring
- *

.
,

Adjust:nent Screw

.
.

.

.
.

a844*48J atst? MW.

, caess saa

3

- s .

Y
'

;. art.

g. (4-|:n P'N'-nw urca
srks

,

g *pr

* .*e t concNj i
- r

4., d
. .

N-
-

.

|II & .

- N i c atra |
'

~
. (A.c -

--s ,

ve.. . ' ' s-o, .
. speans g,ge

.

The moving c' re is nor=a!!y held =apeccally .e
against the stadenary core to hold the Micarta
rod and cor.sequently the reset lever, in the reset
posidon. %)en te coil voltage is reduced'

s:.:fSciently, the reset lever spsing overr.omes me
=apetc accacton of the ccres and rotates the
reset lever clockw.sa. As te reset leser rotates,it
carr:es mth it the !atch pin which rotatas re!atve
to the latch unn! 2e !atch is released. %%en the
latch releases, the Tip spr=g rotates ce tnp ! aver .
counter:!ockw.se to tr.p the breaker. ne latch is
:sset by de cross bar.=oving te adjustable reset
lever as the brosker c; ens.

,

' '

1

Page 2 of 2.
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( March 21, 1983 '

!
U

I- Mr. Vincent Noonan' '
*

1Chief. Equipment Qualification Branchg
,

:, U.S. Nuclear Regulatory Commission '

;- Phillips Building, MS-P-234/RM P-234D
4 7920 Norfolk Avenue
.. Bethesda, MD 20014

~

!

| :' TO SE OPENED BY ADDRESSIE ONLY
:

Il
Dear Mr. Noonan:

|

Enclosed heravich are the photographs of r.he Salem Unic 2 "3"
Undervoltage Trip Attachment showing the rough surfaces of the la'ech,

i latch pin, and latch spring. Also enclosed is a description of the
I - pictures and a drawing of the undervoltage trip attachnent with the

photograph nunbers indicated.
i.
i1

j. Very truly yours,
' ~-

]!
.

-
-

l~

|' Gary .7, Toman
}i Section Leader,

*

Qualification Analysis. .

] and Planning Section,
'

, Buclear Engineering Dept.

, ,! CJT/iht
,

i:
1! Encl.-

if
4

E cc: P. Shamanski ) -
'

' without attmeh==nts
H M. Carrington)
u ,
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SALEM UNIT 2 'B" UNDERVOLTME TRIP UNIT

$ Photograchs of t,a tch, Latt:ft Pin, La tch Spring, and tatch Retention Pin Surfaces .
"

Picture '

Nu mber Description of Picture

1 Side view of latch showing roughness of latch area
.

2 Front view of latch showing latch notch area

3 Front view of latch with slight angle to right showing face and '

slight aushrooming of latch edge '

4 Latch looking up into the latch surface showing irregularities *

and mushrooming of edge

5 Latch spring showing wear and abrasion from rubbing on latch
surface (between arrow)

. .- -

6 Inside of latch loop showing surfacie that rides on latch spring
retention pin

.
.

7 Latch spring retention pin. showing point of contact of latch
inside loop edge (between arrows)

8 Latch pin showing surface and edge wear from latch
~

9 Top view of latch pin showing wear *

Pictures taken March 18, 1983

Description prepared March 21, 1983
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SALEM EVENTS OF FEBRUAR/ 22 AND 25, 1983;-

FAILURES OF REACTOR TRIF CIRCUIT BREAKERS;.
.

'

.; FINAL REPORT;0F INITIAL INVESTIGATION
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; March.22, isa3
: -

} I.

*r

.

i Mr. Vincent Noonan
,

Chief, Equipment Qualification Branch
.

j U.S. Raclear segulatory ca==4 =sion
' *

Phillips Building, MS-P-234/RM P-234D
7920 Norfolk Avenue
Bethesda, MD 20014

subjects sales Events of February 22 and 25, 1983: Failures of anactor Trip
Circuit Ereakers

Dear Mr. Noonan:

As you requested, enclosed is the final report of the Initial
Investigation of Failure of salem Unit 1 anactor Trip Circuit areakers to Trip
on February 22 and 25,1983. ' '

To a trul
,

s'' W
Gary Toman

. .

Sect n Imader,-

Qualification Analysis
''

and Planning Section,
i .maclear Engineering Dept.

.
. c2T/jg

Enclosure
4

..

.; . ces P. Shenanski
j M. Carrington

.
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h Initial Investigation of Failure of Salem Unit 1
4 g Reactor Trio Circuit Breamers to Trio

| ,- on Foeruary 22 and 25, 1983'

F

i

f Prepared by Franklin Research Center .
*

4 . March 21,1983
|-

.
- ,

tv.irMoa ,

i

Instatigation of the failure of the Salem Unit I reactor trip circuit

p breakers to open when the undervoltage trip attachments (UVT) were
a . de-energized by the solid state protection system on Fe'bcuary 22 and 25,1983
g[ .i

h ineladad review of the operating, maintenance, and surveittanae testing
1!

history for the Da-50 circuit breakers used at the Sales plant.

|f Me initial investigation centered upon the UVT attachments however,

subsequent efforts included the interaction of the UbT atemehment with the

circuit breaker. Se trip lever of the UVT attachment must lift the circuit
,

- breaker trip bar for opening of the circuit breaker to occur.
; -

To date, two possible failure modes have been determined for the Salen

Unit 1 UVT atendemats. Se first was observed by the Licensee and by NBC

l. personnel the day of and the day after the February 25,1983 event.- dhis

|; failure mode apparently occurs wnen latch-to-latch pin' hinding prevents
t

[ uniatching of the UVT attachment, thereby preventing the trip. lever from
,

moving when the device is dMnergized. Shortly after the February 25 event,

L all but one of the failed devices were lubricated and no further failures to
ti

j; operate could be repeated. Se roamining failed UvT attachment was

ff subsequently damaged and was not available for inspection. *

]; ,
ne second possible failure mode was recognised from inspection of the

[ Ovr atta%t provided to Franklin assearch Center (FRC) by the Licensee.
,

Se latch sprihg on this device exerts enough force on the latch to reduce' the-

di .

]] output force from the trip lever as the friction increases between the latch
1 ~,

: spring and latch with age and lack of lubrication. Sia reduced force could

h. .t he significant if the force required to lift the circuit breaker trip bar is

1

f higher than normally expected. On March 18, 1983, Westinghouse' Switcbgear

%, Division representatives stated that the espected force required to lif t the

| *
.

j ,/
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cGcuit breaker trip bar at time of manufacture would have a ===ian= of 31
=' 7s ounces and a normal range of 20 to 28 ounces. On March 17, 1983, FRC-

i personnel measured 28- to 30-ounce lift force requirements on five of six
Sales reactor trip circuit breakers made available for inspection'by the

*

Licensee. Mose were the four Unit 2 circuit breakers and the Unit 1 "B",

bypass circuit breaker. me sixth circuit breaker, the present Unit 1 "A"
'

trip, required 38 ounces of lifting force for operation, indicating that-

*

reduced atput force from a UVT attachment coupled with a high trip bar lift-
.

requirement is a possible condition.

During th'e investigation, variations in construction were noted among the -

'

original UvT attachments supplied to the sales plant. m e device given to FRC
had a tight latch spring. S e remaining device that was made available to FRC
for inspection had a much looser latch spring that exerted no force on the
latch escept during actual latching operations. No reset lever spring
adjustment lock washer was found on the devico provided to FN:, whereas the
remaining Sales device had the lock washer. Discussions with NRC and Licensee

| personnel indicated that similar variations were noted in the other avT
attachments that were no longer available for inspection by FRC.

I 2e latch surfaces of the original UVT attachments were found to be in

the as-stamped state. Roughness was noted on the latch-to-latch pin face and
on the latch-to-latch spring face. On the device provided to FRC, this
roughness on the latch spring side of the latch had caused a groove that is.

i also rough to be worn into the spring. Irregularities on the latch-to-latch
: pin surface of the latch were noted on the FRC device and the device tested by

the Licensee. During testing of the FRC device, hesitation during unlatching
was observed when voltage was gradually reduced to the coil of the device,
further indicating friction in the latch-to-latch pin surface. Photographs of ' ..

; the latch, latch pin, and latch spring surfaces taken on March la,1983 show
the irregular nature of the anting surfaces.

, ,

'
Subsequent to the manufacture of the Salen UVT attachments, Westinghouse

changed the manufacturing procedure for the latch to include hand honing of
the latch surfaces that mate with other components.

,

.
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0
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' *on March 17, 1983, FEC personnel examined the new UvT attachments

, . " .] . supplied for Salen Unit 1. mese devices were found to have the latch-to--

[ latch spring surface honed. Other surfaces coald not be av==ined because the
4 devices were mounted on the circuit breakers. Variations in latch spring4

force were noted, and one UVTittachment had spring forces similar to the*

$ original device supplied to FRC for evaluation..

_.
On March 18, 1983, Westinghouse switchgear Division personnel indicated

that quantitative acceptance criteria have not been set for the avT

: attachments. No output force requirement has been set and no quantitative

i requirement for mechanical unlatching capability exists. In addition, no such
I requiramants have been set for field testing UVT attar hment operation and

circuit breaker trip bar lifting force.u
.

l' conclusions
i FRC believes that in the as-manufactured "new" condition, the 1983 UvTj

| attachment will properly trip a circuit breexer that 'sas a trip bar force
4

i requirement that. is within the design limit of 31 ounces, and would probably
1, ~

L consistently trip a circuit breaker with as-found trip bar force requirement
I of up to 38 ounces. mswever, sufficient evidence has not been presented to

show that current manufacturing processes for the UVT attachment when coupled
i

|
with maintenance will eliminate long-term failures that appear to be

j- anchanical, age-related phenonena. me variations from device to device cause
'1

concern. me fact that honing is a hand operation indicates that variations-

a - in the surfaces of the latch will remain even though no extreme roughness . ._..

'
.

| r. should be expected. . _ .

?
In addition, the lack of quantitative acceptance criteria adds concern"

that 4 Wing failures might be missed during inspection and maintenance.g
'

i on March 18, 1983, Westinghouse switchgear Division personnel also
p .

indicated that the UVT atemeh==at must be replaced some time during the life
of the plant. Criteria for determining when to replace the UvT attachment do..

a
not appear to be, available.

:

U FEC recommends the following actions: |
A \

,$~| : .
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,/
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1. Acceptance criteria be set for paramatiers affecting correct operation
g of the UvT at**mt. -

t i.

.
-

2. Testing methodology for acceptance tests be prepared for factory and
Licensee use.

3. Unife:mity of construction be instituted or sufficient testing be
performed showing that the variations in the devices are of no'

j consequence to reliable operation.

4. Testing of the UVT attachment be performed to show that the device
can successfully operate for the inte.*c'ed lifetime with proMr

*
a

asintenance.
.

". .

5. Critaria be developed to determine a replacement interval for the DvT *

attachment such that replacement occurs significantly before the
*

Possibility *of failure.

Data and informatioc provided to date indicate that the long-ters
,

reliability of the UvT attachment has not been proven to be adequate. Se

reliability of the OvT attachment appears to be significantly below that of

the DB-50 circuit breaker to which it is meted.

.

. . ,

Prepared by G. J. Toman
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' g: Sale:t Nuclear Generating Station (NGS) '

, .
,

'ba to: March 31,1983 .

\

f Subiect: Sales Unit 1 Beactor Trio Circuit Breakers , ,

f
{ Purpose of Trips *

,

At 10 an on March 31, 1983, Mr. V. Noonan of NBC, EQB NRR, requested that
! Mr. G. 2tman of FEC poceed to Salen NGS to evaluate testing of the reactor
k trip circuit breaker (RFCB) trip bar force requirement and the undervoltage
! trip attadment (UVTA) output forces performed at the Sales plant. Initial

reports 6f the testing received by Mr. Noonan from the NBC Begion 1 Resident
h, Inspec, tor for Sales indicated that the devices were not operating within the
b force requirement ranges dictated by the NE staff.
1

[ Mr. unnaan asked Mr. Toman to represent NRR on this trip to Sales and to

} request the following:
4'

I 1. Who performed the tests? (Company affiliation and names of
i supervising personnel)

2. What test methodology was used? (FE to evaluate adequacy of method)

3. . Licensee is requested to povide pictures of mechodology -

(non-mandatory) .
.

4. Licensee is requested to provide a copy of procedures used for
testing.

,. .- 5. Licensee is requested to provide a copy of the data taken on all four -

: Sales Unit 1 ErCas and avrAs. ... .

:

' 6. Did Public Service Electric and Gas Company (PSE&G) Quality Assurance
personnel witness the testing?

,

7. What is the proposed corrective action? '

8. NBC will approve corrective action prior to implementation.

] 'All of the discussions with PSE&G by Mr. Toman were to be in tho' presence
I of an NEC Besident Inspector' from Region I.

. .

'Report:
,

,e Upon arrival at Salen NGS, Mr. Toman met with Mr. W. Lazarus, NEC

] Resident Inspector, Region I. With Mr. Lazarus, Mr. Toman met with the
- following PSE&G personnel in the Salen NGS General Manager's offices
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| Mr. R. Diaritz - Vice President, mr laar
' !

.

| Mr. E.'Midura - General Manager, Sales NGS
j Mr. J. Boetger - General Manager Itaclear .happort
i Mr. Gore - (title noc known) '

Mr. V. Pavincich - Principal Engineer

; Mr. Ganagher - Managee, Maintenance

Mr. Teman relayed Mr. Noonan's requests to this group. PSE&G indicatedi

, that the testing was completed on March 25,.1983 and that the test equipment

.' :
and personnel had returned to the PSE&G's Maplewood Energy Lab. However, Mr.* *

4

Pavincich, who had witnessed the tests, described them through use of color
|j photograWis. PSE&G indicated that the tests were performed to obtain baseline *

data on the RrCBs and UVTAs and to fulfill NIC requirements.concerning UVTA.

', output forces and circuit breaker trip har force requirements,

j Mr. Pavincicit described the force measurements, which used a load cell in

,'' - compression or tension depending on the test requirement and'a visicorder
'

graphical recorder. PSEAG provided a copy of the procedure, Maintenance
'l Procedure T-94 Revision 0,' which was performed on March 24 and 25,1983. Me

procedure contair.s an of the data taken during the tests and each step is
'

marked with a PSE&G Quality Assurance- Divisica stamp.

Mr. Teman asked if Westinghouse was party to preparation or performance
of the tests. PSE&G answered that the tests were prepared and performed by
PSE&G personnel. However, Westinghouse, East Pit.taburgh, personnel were
expected on site at Salen NCS' during the afternoon of' March 31, 1983 to review
and consent on the results of the . testing.

With regard to the photographs of the test setups, Mr. Boetter stated
! that the photographs being shown were the only copies at the Sales plant and'

that they would be needed for the review by Westinghouse. Mr. Toman asked if
Zeroz copies could be supplied and new prints sent at a later time. Mr.
Boetger agreed to this.

.

-

The main tests of interest were trip bar static lift force tests, trip_.

*j bar impulse lift tests, and UVTA impulse output tests. The requirement that
| the static trip bar lift force be 31 ounces or less was met only upon Bypass
] Breaker "B". However, an of the Hrcas tripped upon impulse forces of one

t pound or slightly less, and all of the OvTAs exerted impluse forces of 3.325 *-

pounds or more.
:

_j Por the static pun test on the trip bar, the load con was set up in -

*

'j tension with the pull point as close as possible to the point at which the
i UVTA trip lever would hit the trip bar. ~~

j ,
.

q Ubr the trip bar impulse lifting force, the load cell was used. in
.) compression. Se trip bar was carefuny given a manual W'1== with the load
1 cell in the area of the UVTA's trip lever. Several attempts were made so that
;j a range of impulses bracketing the trip /no-trip point could be recorded.|
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j Notes Se impulse that was manually applied during the test,any or may not .

! approximate the impulse output of,the undervoltage trip attachment. No
q ocuparison data. are available to show that the accelerations, strike

j velocities, and pulse widths are similar between the manually applied |
! impulse and that applied by the UVTA.
. .

j For the UVTA impulse output tests, the load cell was placed 0.090 inches
,

4- above the trip bar so that the force imparted to the trip bar by the UVTA
'

[ could be determined indirectly. i
*

,

c.

}. Note: Se method of testing the output force of the UVTA used in these tests

1. may include additional forces generated by the trip bar during
F unlatching of the circuit breaker trip mechanism. These forces may add

to or subtract from the UVTA output force and could be the explanation-

i] .

for the wide range of readings from 3.325 to 6.50 lb.

f f3C agrees with PSEM that, due to the variations between the UVTAs and
!. the EECBs, testing the UTTAs on the EECBs is more useful than testing the

b devices separately. PSEM has attempted to take as auch baseline data as
{ possible during these tests for comparison with future test data.
t

| A copy of the PSEM completed test grocedure is attached.

| PSEaG stated that, comparison of required 49 = trip har force to UVTA

{ impulse force output shows adequate margin and indicates that no corrective

j' action is required. Bowever, PStaG wishes to have Westinghouse review and

l concur with the test results. FBC makes no judgment concerning the value of
I the data (see notes, above) .

1:
!- With regard to personnel performing the tests, Mr. Pavincich witnessed
l all tests, Mr. B. Eicks supervised the load cell tests, and Mr. acannosky

|
supervised the timing tests of the EECBs.

I:
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h Prepared by G. Toman -
y April 1,1983
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MAIM"'ENANCE PROCE||mtZ A-12, *
. r.,

,
- D:CCSCRE 1 ,. *

. PECCEDURE APPRCVAL CCVER SEEET
*

-
,

/~
t PROCEDUREECMBER* T-94 TITLE SPECIAL DATA ACCCTSITICN CF THE 41 CNIT REACICR\"f

,

) . TRIP' AND BYPASS BREAKERS,

"- R E ARKS: THIS PROCEDURE IS SAFETT RELATED. '

.

AII DOCUMENTATICN SHAIL BE MA.h.N IN ACCCRDANCE win .ACMINISTRATIVE
PROCEDURE (AP) 11.

~

'

* THIS PRCCEDURE RAS BEEN REVIEWED AND DETERMINED TO BE D COMPI.IANCE WITH
\ TECHNICAL SPECTICATICNS., ,

. .{ REV. NC.
. O

.

.

.) SUBMIT:ED
mn f f -~

'

d L
.

.
,

- ,a
APPRCVED N/A

! DATE
,

-

,
.

McR. GAD
APPROVED N/A

'

DAIr

f NCE I.EVEL III
( APPROVID N/A

DATE

AI RivIEWED
DAIZ N/A

.
. - . ,yp

SQAE Are".EWED.

DATE*

$[23 -
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..__

'
MADT. MGR. p

APPROVED {
'

-

.- dan
? '

c
#

.- . . . _

j' S.C.R.C.
j MIC. NtEBER

,

4 un
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? c m. McR. - 4 -

SAIJM CPS. j U,
'

APPROVED h,.

( n^= gf; ,_

, a

Enclosure 1
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! SAI2M GDIERATING STATION

** *

j MAINTPNm*R DEPARI1GNT MANUAL.. ,

MAINTINANCE PROCEDURE T-94
i #

j , .

| . 9 1.0 TIT E

: s:. :''
Spiscial Data Acquisition of the #1 Unit Reactor Trip and Bypass Breakers.

-

|
.

i

|

h 2.0 PURPCSE

The purpose of t'his Procedure is to allow for certain data acquisition on the *

#1 Unit Reactor Trip and Bypass Breakers. Data is to he collected by the
j. PSE&G Research Corporation under the direction of the PSE&G Nuclear Engineering
:} Department.
U
f 3.0 APPLICABILITT/SCCPE *

i:
' This Procedure is appliemhia to Salen Unit #1 only..

>

4.0 R."ERENCES* -

L 4.1 -mistsative ,rocedure <A,3 15 - Tag,in, Ru1es.

: 4.2 Mm4nistrative Procedure (AP) 9 - Control of Station Maintanance.-
.

1

j 4.3 Westinghouse Electric Corporation Instruction Bulletin 32-100-1A, Iow
; voltage Metal-Enclosure Switchgear'.
i
,

! ,,- j 5.0 EACrcSURES
4

~ ~' 5.1 Enclosure 1 - Breaker Position and Serial Numbers.

5.2 Euclosure 2 - Breaker Position "As Found" Condition.

5.3 Enclosure 3 - Breaker Position "As Left" Condition.
a'

1
~ -

6.0 RESPONSIBILITIES
--

H As delineated in this Procedure.
*

;6
.

7 .,0 PRECAUTIONS AND LIMITATIONS -

7.1 When Main += nance Procedure's require working around electrical equipment,
;+ safety precautions and. work habits specified in the Electric Production |

*

Department safety Manual shall be observed by all permann.1 involved in the
1. | accomplishment of those Proceduires.

.
,

,

7.2 when slings must be,used to acciamplish Maintenance Procedures, they shall''
1

be used in accordance with the requirements of Maintanance Procedure M2Q. ),

j- 7.3 when Maine === nee Procedures require working on stainless steel components
'

of the primary system, the following items shall not be used: .

,j

|| 7.3.1 Carbon steel wire brushes and scrapers.
.

-
.

i N
*

; T-94 Page 1 of11 Rev. O~ *
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7.3.2 Chlorinated solvents, o.g. trichlerethylene.
'

;,
* *

[
''

[
. 7.3.3 Unapproved masking tape, other than for use on protective

clothing..

i .-

[ T 7.4 In addition to the normal. precautions taken when working around electrical,. -
"

F equipment as specified in the Electric Production Department Safety Mamtat ,
[ care must be taken to stand clear of the various mechanical mechanisms
L associated with these breakers.
y

7.5 Before any Maintenane e work is performed, make certain that all control
'

' circuits are open and that the breaker is renoved from the metal-clad
.; unit.
4

o
P 7.6 Prior to applying solvents to electrical components, verify ccaponents *j are immune to the solvent. Ca W-2 switches, no solvent cleaning is re-
ij quired or authorized. Clean with dry cloth only. .

.h

d 8.0 Pm.m.vv1 SITES
;

;
j, 8.1 Calibration data.

.

O
~

Ecc:PxENT EccIPuENT CxI.IanTIoN CAI,IBRATIcN
j. NC.* ENC:.ATURE SERIAL NUMBER DATE DUE DATE

Y \},enior92- FL-]Nb ///27N2 - |}}27/83(1)

(2) -hsh Q43 FE.cca <4*; I/Vher. Jb8C
h .'^ (3) s.L d L. k./ a47 Ai>1 /. m e1;

(4) S L s,_, .' dra|Ga! .I / $*e Aea k. set -

6 c.no n e g .h\|| 8.2 Entar the "As Found" serial m=hars of all four (4) Reactor Trip and Reactorjj Trip Bypass breakers on Enclosure No. 2 before removing any breaker fromj. its cabinet. Compare serial numbers to those listed in Enclosure No. 1.i' Notify your Supervisor of any discrepancies.s
;i

i 8.3 Notify the Senior I & C Supervisor that all four (4) Reactor Trip and'i Reactor Trip Bypass Breakers'will be removed fram their cubicles and
vj

_ that I & C testing will be required'after ccepletion of the Procedure.
4 Notification is required due to the I E C Department's requirement ' ot
i; perf the Reactor Trip Master Response Time Testing.

2. 8) '

_

-

11 Senior I & C Supervisor Signature ' Data
il
d 9.0 PRCCEDURE
:: -

|! 9.1 MEASUREMENTS - CNDERVOI.TAGE ATTAGMENT
1'
: 4

Physical distance from front of trip latch face to trip har.
<

sq

j ',
-

Reactor Trip Breaker "A" .2870 -

.,

I:

i;
-

SUPERVISCR/ w Aws.55
e ;

I)
i

TNSPECTION HCI.D PCINT 8 {ar-
: '3(IEP,

'l T-94 Page 2 of 11 Rev.,. g /
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90
'

: - a n
,' Reactor Trip Breaker "B" -JsGWEr .15 *)T (s' *

. . - 'mnv am.
'

i* SUPERVISOR / WITNESS 3 n-

-- -

; p fM.

s INSPECTICN HOLD POINT , , ,, t 2

g'''j)- 4:D (IEP)
j

-

j -
2.- .

, . .

{ Reactor Bypass Breaker "A" .2T\e
'

Ms
SUPERVISOR (a &aa7.53 % .

INSPECTICN HOLD PCIN'.'' y to d[ i$ I5
4- (IEP) 8.

q l
*

[ ' _ _ _ _ _ , Reactor Bypass Breaka "B" .1RGf

SUPERVISCR/hA..,ra5 -

44'NI N CN ECLD PCINT -
j 90 (I.P).

! +w#.

9.2 Clearance between trip lever and trip har.

"
Reactor Trip Breaker "A" .12, So

,

SUPERVISOR /wAwas.55

INSPECTION HOLD PCINT 4.
* ' bw (IEP *

- .

' $h''

n
Rea mor e r or.akar ,- ow .

- .

2d
SUPERVISOR /wIIsESS .. mn

OhE"shs/tsIINSPECTION HCI.D PCINT
(IEP)'

.

& _ , _ . ,
Reactor Bypass Breaker "A" .O%n,

g
a SUPERVISCR/ WITNESS .- ..

-

+$ S ,O
- %INSPECIICN.BCLD PCINT

; o-

* * n
a _. . . . Reactor Bypass Breakesf "3" 2 0 ', - . O SO)

. SUPERVISCm/wITsESS- -

i 5tst N-
.j InSPEcIION HOLD PCI!rI . grA /O hM

-

u vzRPP./
'

;j ,'
>

.

_

. .

l
|- ..,
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9.3 Distance from Cantar 'of Trip Bar (Breaker Machanima) and.
*

j2 Strike Point of Undervoltage hip Iever. ,

1'
; 5ea.torTripBreaker"," @ , (a2( ~sq .

.
*

| ,._T

!: -u SUPERvISemem w ,@
1

INSPECCCN HCID PCINI
'

,

e
!' ieo(h h

->
.

Reactor Trip Breaker "B" 9. . M 3 *1 T
'?t t8,

..

MSUPE m SCa.ntITNESS a
'

INSPEC C CN HCID PCINT {O h/
;

. (-g
i.

Reactor Bypass Breaker "A" 9, Cee " '

, SUPERVISCRfwa.w.aa
%.

Li 90 Y/s/aINme=eN acIs >CInT
1; *

~(IEP)#,

#Reactor Eypass Breaker "3" 8.Tf,2M

' . SUPERVISCRAvAA.v a5

) - INSPECTICN HCID PCINT
'

4
.

\*(? ,y. ,,)3EPg b.

9.4 Measure Force Required to begin to Compress I,atch Spring'
(Flat Phosphore Bronze Spring).

; '

maa tor T=1,areaker A- 4ee e ,_
..

--my. 9;.

6

]
INme=CN nCImy#> (#g"spq -

~

'

'kky 3we '-
,; maa. tor i,ireaker 3- . . e. i6 2.2 < uo .

' SCPERVISCR/h m S
'

M'g.y
,

.; INSPEe=Cs aCIm POINr .W.
:5 ,."$f-

q .a tor ,,p.ss re .e ,- a , & m :_ .. o .
,,

I- k.1 - SUPERVISOR / WITNESS
.

@W84 gSw)) INSPECIICN HCID PCINT % Wld MF }i ,

5,s (In) t! T-94 Page 4 of 11 - .0. , , _ . -
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| R.neser M area = - LLk b e. L am4.J:5. .

' ' '
..-

- -w
4 SuPERvISCRf a.6 5 -

!Q i,oWh/u- C== - PC- ..
. .

' - w,, < = >
.

s
9.5 Reced Apparent Condition of Latch surfaces (Polished or Not)

, ,

N Reactor Trip Breaker "A" 9a\dS - htEc ekt Ok .
i

. %. Wp m.>,ka~y, nimmi9.
'-

.i . SUPERVISCR/ WITNESS
9...

INSPECTION BCID PCINT h.h - !
, Wgg. .

( Reactor M areaker n- 'h.a b .D LckL m~,.mx

L __. ___ - ___ Ae %.'po\.L Q. % % p % % s
'

*"'" ""'"""**
5.. -+. u.o e be 4.m.osB pg

(+6a
y Ix5PECTICs aC:s PCIxT .

F ne-

.j 3.

i R eter nypass areak.c A- ' D J h Q - 2 u:ur e . b 3 3

! mas +.Ae.6% g '.

LAL.f).ne.Q % sm~~e*****W"""*_*_
_

pes. ,,
#d. TIM 3i _. Ix5PECTICN HCID PC- *

,

& M. 5 (IEP)i g

,
Reactor areax. s- Pebbd - Rd,o a. b 3 # **

'

s As -b b e*Q
Wu (MW

i \ .h.k. C//
SUPER 7ISCR/WIINESS

i. Pah5hs
4

4. W V $ % g it 5 4 z

s. .

NN1 4$ 90 7 3kds3!- Ix5PEcriCm nCI.o PCIxT :

{. hg '(IEP) 8
... - . . . . .. t. .

'

Ii .

J

;. I
.

1

. .

I MEASUREMBETS - SEUNT TRIP ATTACEMDfT
f .

; 9.6 Physical Distance frtza Shunt Trip I4ver Pin to Trip Bar.,

*ii .

Re.ctor Trip Breaker "A" . Dic
,

"

ai
! .' SUPER 71SCR/ WITNESS
ji

-

'k 4'| INSPECTION HCID PCINT
, e.|,-: .., w. (,

,, , ..

Rev." h ;.
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Reactar Irip areexar n" . S 5(. o- - ' -

.

,i . , .

1 SUPEIVISCR/ WITNESS. .

')
' .'

f g-)\.y INSPECTION HCLD POINT

. s@Af
- *

!

(IEP)'g

Reactor Bypass Break E "A" 8Mf
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* 9.2, Reinstall all four (4) Reactor Trip and Bypass Breakers in their respective
cubicles as indicated on Enclosure #1. Record on Enclosure 43.

2.0. 0 FINAL TESTING,3
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m MAINTENANCE PROCEDURE T-M. .,

; .f
. ENCLOSURE 1

- *

./3
-..

!
*

s

BREAKER SERIAL NUMBERS AND POSITIONS. -

t -
. .

: SERIAL NUMBER: .

,

124Y7268B 124Y7269B,

i.
; 224Y7268B 224Y7269B

| 324Y7268B 324Y7269B
'

'

. .

424Y7269B 424Y726SB
..

E

.

: NCRMAL PCSITION:
(

'

'I UNIT ll -

I
'

-

4

A TRIP A BY-PASS
j 124Y72695 324Y7269B '

1

9*
|

.,

8

~

B TRIP B BY-PASS
224Y72695 424Y7269B

4

'
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MA!!CINANCE PROCEDURE T-94..
.

ENCLCSURE 3(% -
.

;}- .'

BREAKER PCSITICN AS LETT CCNDITICN-

.

. . .

UNIT (1
*

. *

*
\

A TRIP A BY-PASS

.
, .

.

3 TRIP 3 BY-PASS.

.

.

.

.

Enterec my:
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Quality Assurance
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Westinghouse Watsr Reacict N**
Sectric Car,:en!!,or. . Divisions

'
|

-
-

. . .

' NS-EPR-2737
g

* March 22,1983'

.

| Mr. H. Denton, Dimeter .

.

Office of * clear Reacter Regulation ,

U.S. Nuclear Aesulatory Consission
Phillips Building
7920 Norfolk Avenue
Bethesda, MD 20014 - ,

Dear Mr. Denton:

The purpose of this letter is to provide you with the latest inforviation
on the Westinghouse investigation into the malfunctions of the Sales ~~

Our investigation, along with analyses. Plant reactor trip swirengear.

per#crwad for the Salem Plant, deronstrates that the 'destinghouse plants
with this equ1peent can continue to operate without undue risk to public
health ard safety.

Test and inspection nasu1ts

OnMerhh 20-21, 1983 Westinghouse performed a detailed, procedurally
controlled inspection of the unoervoltage trip (UV) attachment that was
provided to Westingacuse and was represented by PSEAG as the UY
attachment. that malfunctioned on Reactor Trip Breaker 8 at Salem Unit 1

25, 1983. Pftotographs and an audio tape recording of theon February AMarch 20-21 inspection are available at Westingneuse for your review.
detailed written inspection report is being developed from this
evaluation. To our knowledge, this is the only such detailed inspection
conduc*.ad to date of a UY attachment represented as one of the two that
aalfunctioned on February 25, 1983, at Sales unit 1. In prwparation for
this inspection, Westinghouse developed a list of postulated malfunction
scenarios for this device (see Table 1). . This inspection was conducted
in order to establish which of these potential scenarios might have*

peduced the malfunction of the Salem Unit 1 devices. The following f s
a susssari of the key findings in this exassination.

As received from 75EAG. the UV device would not latch. There was .

1.
also a history of breaker closurv problems on Reactor Trip Breaker B

As a result,as reported in the WRC Task Force Aeport NUREG 0977.
the test circuit breaker on which this device was installed could
not be closed ei'2er electrically or manually. This inability to

-
.

.-

, . - . , -
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latch the.W device was traced to a bent and deformed phosphor-
b'ron:e leaf spring which would not. maintain the proper force against
the traveling latch mechanism. The deforsation observed on the leaf
' spring could not have been caused by normal operation or wear of
this device. Had this W device been installed on Salem Unit 1
Resctor Trip Breaksr B in the condition.as received by Westinghouse, )
it would have been difficult to close the associated circuit
breaker. It should be notad that, had this particular leaf spring
been exce'ssively defonned against the traveling latch, the W device
could have been prevented frem unlatching automatically thus
preventing the breaker frca opeiiing. A Westinghouse representative |-

sent to the Salem site on February 27, 1983 noted that a leaf
spring was deformed on at least one W device shown to him at the ,

site by PSIM personnel. This device was described to him by PSEE '

as one of the UV attacrznents that malfunctioned on February 25, .

1983, at Sales thit.1. ,-

2. The examination at Vestinghouse of the W device disclosed a missing
lock washer on the drop 4ut voltage adjust =ent screw mechanism. The. .
adjustment senw was excessively turned-in". a condition which

'.

reduces the unlatching forte available when the W device is
. deenergized.

.

3. In the as-received condition a visual exsminatien perfcrmed by
Westinghouse rtvealed that the device was lubricated. PSE E has
advised Westinghouse that 4 lubricant was added to tMs device after -

the event of February 25, 1983. Westingnouse is currently analyzing -

this lubricant in order to deter tine its type.:

4. Near on the latch and latch interface was not excessive and there
was no evidence of burrs, fic.ever, excessive frictional ferte
cannot be ruled out as a potential malfunction scenario since post
incident handling (manually exercising the device and lubrication)
prior to receipt by Westinghouse could have masked a friction force
malfunction scanario.

5. No visible evidence was found of corrosien or broken or missing
parts, other than the previously mentioned lock was.%r. There were
no cDvious signs of improper manufacture. A check of each par *.
against specified dimensions and tolerances is being made.
Functional tests dersonstrated that the device was capable of
perfoming its electrical function.

,

6. Artificial restraint of the W device reset am was required to
measuit the trip lever fortes ger.erated by tne UY device. The tes:
Dreaker was tripped normally by the UN attacisment on several
attempts wita normal trip par load of 1.5 pounds and with an
increased load to 2.3 pounds. A further incmase in trip bar load i,

to 3.3 pounds resulted in erratic breaker tripping ny the W 1

devi ce. The maxistas expected force nquirna to actuate tJte trip bar

-
. .

.

k
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on a nom I 08-50 breater is 31 ounces. Mnce, it was concluded
that the UY attachment was capable of providing sufficiant forte,
with margin, to trip a properly maintained 03-50 circuit bmaker.

'ased on the above inforsation, this exa::rination appears to rule out the ,

pastulated malfunction scenaMos 1 througn 6 of Table 1. The effects of.s
< :

dirt / contamination (mechanism 8) could not be evaluated due to the
e'

lubMcant appliFd to the device ifter the events on February 25, 1983. -

Evidence of misadjust:nant of the drop out voltage a'djustment screw :

(mechanism 9) was pnsent and say have been a contributor, but was not,
in Westinghouse engineedng judgenent, the sole reason f.or malfunction. e-

Based on the results of this examinaticn, the malfunction of the UY
.

attachment was not at:Mbutable to design or manufacturing. The

postulated malfunction scenarios wnich cannot be eliminated or which-
| were present in the examination fall into four categories: 1)

fHetional area anomalies, 2) dirt / contamination, 3) bent or deformed
parts, and/or 4) misadjustaant. These four categories are considered to .

. fall under one broad category cf maintenance related caitses. _

Sales Restart .

New UY trip attactsments nave been installed at Sales Unit 1. Thesa
devices were recently built by Westinghouse and certified as
manufactund to current Westinghouse specifications, including .

lubrication. They wors subjected to 25 consecutive operations without
malfunction at the Westinghouse Switchgear Division and, af*Jr
installation at Salen thit 1, were sub,1ected to at least to additional
operations also without malfunctioning.

.

idestinghouse has sent a couplets package of Technical Bulletins and Data
~

Letters to PSE35. A new Tecnnical Bulletin clarifying the circuit
brtaker and undervoltage trip attachment lubricants and lubrication
points will be issued to all Westinghouse plants, including Salem, by " '

March 24,1963. Westinghouse has evaluated the reconnended lubricant in
that bulletin and has detemined tMt it does not produce corrosion of
the uncervoltage attactaient materials given the equipment, operating
environments and lunHcation specifications for the Westinghouse-
supplied 05-50 reactor trip switchgear.

Westinghouse analysis of the Sales events, transmitted to you on Man:h
14, 1983 and included as Attacnment 1, concluded that the public health
and safety would' not have been affected had the event of the Febnary

| 25, 1983 occurrec at full power. Additionally, if one of the taro
normally operating main feedwater peps were lost at full power, and if
the operator action to manually trip the reactor did not occur for five
minutes, the resultant primary systuu pressure wculd have been below the
pressurizer relief velve setpoint. Furthemore, for the less likely,

case of loss of all main feedwater pisaps, operator action at 30 seconds
would have resulted in primary system pressure tsaching only the tw11ef
valve setpoint. Operator action at five minutes, upon loss of both
feedwater pumps, and with a ruslistic moderator coefficient, would have
resu1*.ed 1.n a primary system pressurt which approximated the ASPE Code -

i

,

.

#
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Service Level C limit of 3200 psia,. the estabkished acceptance cMteriai

j for this event. This sequence would have required the operator to
j ignore seven major trip demand alanas. Even if the twetor trip
3 breakers were not able to be tripped manually from the control roca -

j- there are other diverse means ayaflable for the Salem operators to
! acccmplish a reactor shutdown as prescribed in their ATW5 procedure.

s

: ' We, therefore,' conclude that even if the highly unlikely event wen to.

; occur at full power, taere would be no effect on public health and
; safety. -

)
: 6f ven the nsults of this analysis, other rnessures imposed by the MAC,
! while not. necessary, provide additional margin and should provide
i further regulatory confidet.:e that Salem Unit 1 can be restarted
| Safely. For example, manual reactor trip free the control roce after an -

| automatic trip demand exercises both the undervoltage and shunt tMD
! . attachments of the 05-50 reactor tHp switchgear. Westinghouse has
; conducted recent tests on a shunt trip attachment and has determined the

device generates a force at least 300% gnater than the fon:e necessary1 .,
: to trip the breaker. In response to NRC IE Circular 81-12 Westinghouse
i 1s preparing a Technical Bulletin giving recomendations for independent

. testing of the undervoltage and shunt trip attachments for manuel,

| reactor trip. .This Technical Bulletin will be issued to all
Westinghouse plants, including salem, by March 25, 1983.

.

UY Trio Attachment desien:
,

4

At the Commissioners' meeting of March 15, 1983 the NRC Staff expmssed
uncertainty over the UY trip attachment design lifetime and the inherent
mar 7in between the trip force generstad by the uncarvoltage trip *

,

| attachment and the force required tu lift the breaker tMp ber. We
believe these uncertainties have been resolved by further information.
Tests conducted by PSEFs, Franklin Research Centar, and Westinghcuse
indicate a normal trip force margin of 100-200 percent. Also, in 1972
an undervoltage trip attacament, modified as a result of 3 reportad UV *

;

j malfunctions at Robinson Unit 2, was successfully tastad for more than
' 6000 operations without ea1 function. ledified undervoltage trip

attachments were subsequently sent as aplacements to all operating
plants with 08-40 reactor trip switchgear at that time. All subsequent ,

<

: Westinghouse manufacture of undervoltage trip attac.Wnts has'

i incorporated the modifications made in 1972.
.

| A review of available LERs on Westinghouse UY trip attacament
: malfunctions since the 1972 modificaton indicate that approximately
; two-thirds of tne malfunctions appear to be maintenance related.

~

The overall data for malfunctions per demand on West.ingnouse 08-5D
'

, circuit breakers has been applied in plant PRA studies and has not shown
! an undue contribution to total pus 11c. rist.

In view of the above, the current design of the 08-50 mactor trip
switchgear is a proper application for nuclear power plant protection
systans when preserly installed, tested, and saintained. '

.

t
*
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twithstanding the foregoing, my letter to you of March 1,1983* *

c:tznittad to a thorough evaluation and testing program of the UY trip
-

attachment to de c:c;:leted by June 2,1983. Test objectives and prograz
definition are expected to te completed by March 25, 1983. Furthe rmore. ,

we intend to do an in-depth analysis of 08-50 reactor trip switchgear
malfunctions.which have occurnd on operating nuclea'r plants to provide

-

additional data to further demonstrate its reliabfif ty. This review
will be basao on historital 1.ER data and any definitive data which we
can obtain frors our operating plant custooers relative to total number
of reactor trip demands and malfunctions recorded. We will advise you

o
,

of the estimated, completion data of this review.

Please contact me if you would lika to discuss this matter further.

Very truly yours, ,

.

E. P. Rahe, Ma* ger
MJclear Safety Department

.

O e

~
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Table 1* .
.. .

,

1 . Postulated Malfunction Sc'enarios
.

.

i !
-

. .

.

1. Corrosfog .
.

.

\*
*

2. Missing Parts .
,

i -
;

3. Broken Parts.

.
.

.

!, 4. Electrical failure
-

.

o

5. Manufacturing Anomalies / Defects
;

. .
. . .

i

; '- a. Out of Tolerance Parts

.| b. *Misassenkly *

,

,

6. Insufficient Trip Force
;

.

7. Frictional Area k,cr-411es
4

a. War
n. Burrs, nang-ups,

c. Lubricatica
4

4

8. Dirt /conta:sinatien-
9. Misadjustment

10. Bent or Deforsed Parts

. .
.

. I

e

! .

*

|
'

.

|
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|
'
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; In light of the recent failures of the reactor trip breakers to } ,

!
autcmatically function at the Salem plant, the punese of this study is je I

jto realistically predict the consequences of a failure to trip for
k'limiting plant transients while the plant is at full reactor pcwer. The;

j transients analyzed, specifically for the Salem plant, are a partial G,
! loss of steam generator main feedwater flew due to the tef p of a single

main feedwater. pump and also a complete loss of main feedwater flow due 4;

4 to the loss .of both main feedwater pumps. The latter, less probable, !E
*

event is that presented in the Stia phnt FSAR. As stated previously,
the purpose of this study is to realistically predict the response of

;

i the plant to these events and, as such, the plant systems are assumed to
function normally, with the solo exception being the comon mode failurei of the reactor breakers to 'autcmatically function as was experienced an1

February 22 and 25, .1883. It should be noted that the sourious steam .

H

.

generator level trip generated on 2/25/83 was as a result of nonnal
expected feedwater control system difficulties experienced at low Olt) y.

power levels. It also should be noted that the loss of a feedwater pump y
on 2/22/83 was due to a nortaal manuevering of an electrical bus while ,- ,

configuring the plant in preparation for a powr escalation. Both of |
,

4

these events are not norinally expected at full power and thus one should | f

consider more credible events such as a feedwater heater dropout rather 4

than the more limiting and much less frequent feedwater pump :
;

:malfunctions.. .

1 ;

|; The study considers E thirty second operator response time for a manual l !'
~"

'

| reactor trip following the automatic protection system demand signal, a -
simulation of the actual response time of the Feoruary 25,1983 event.

] The study also considers a more conservative operator response of five [
:

minutes in order to datant.ine the sensitivity of the plant response to y
operator action. g

o;
ij DESCR1pT10N OF TRANSIENT EFFECTS

Generic studies (WCAp 8330 Westinghouse Anticipated Transients Without - >

Trip Analysis) of failure to trip events previously submitted to the NRC '

have identified the limiting full power events to be malfunctions j-

affecting steam generator main feedwater flow. The reduction in main -

. feedwater flow affects the overall heat removal capability of the steam !i

generators and, as a result of the afsmatch between the primary side ,

heat generation and the secondary side heat removal produces a heatup of j
the primary system coolant.. If the reactor is tripped pr::motly, the ,4 :

auxiliary feedwater system provides sufficient heat removal capability
to remove decay heat. However if feedwater flow to the steam generators 4

is reduced or terminated without subsequent reactor trip the secondary $
3

system will be unable to remove all of the heat that is generated in the e

core. This heat buildup in the primary system is a function of the.

amount of the feedwater redue.*. ion and is indicated by rising reactor i

coolant system temperature and pressure, and by increasing pressurf ter i

water level due to the insurge of the expanding reactor coolant, Water ;
4level in the steam generators drops as the remaining inventory in the

steam generators is boiled off due to inadequate spply of feedwater,,
*

When the steam generator water level falls to the point where the staa=
generator ti.be bundle is uncovered and primary to secondary heat |
transfer is reduced, reactor coolant system pressure and tamcerature }

i
I

. 2
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increase at a greater rate. Thi's greater rate of temperature and
pressure ibcrease is maintained as the pressurizer fills completely and j

*

water is discharged thmugh the pressurizer relief and safety valves. gd
Reactivity feedback, due to the hign primary system temperature, reduces

! [As a result the system presure begins to decrease and a,

core power.
steam s:: ace is again fonrad in the pressuri:er. {g.

4The limiting criteria for the postulated transients is that reactor
coolant pressure be maintained sufficiently below the pressure
corresponding to the ASE Code Service Level C (f.mergency) stress
limits. For the reactor coolant system. the corresponding pressure is j3200 psia.

CONTRCL ROON INDICATIONS AND MITIGATING ACTIONS

Although the react'or is prevented from tripping automatically by the
comon mode failure of the reactor trip breakers, there are many controt ~n

room indications and alams which are generated during the transient
which would serve' to altri the operator that the event has taken place. '

!

. i .

These indications in addition to emergency procedures, wtstch require the
ver.ification of a successful reactor trip before all other actions.
would support the mitigation of the consequences of the transient.

For a loss of nonnal feedwater event, in addition to nomal process ,

control alanns (pump trip, temperature, pressure, levet and flow j
"

deviation alams for both primary and secondary systems), the followfng
audible alams would be generated.

.,

f. Steam /feedwater flow mismatch and low level (each steam generator) ;

i
2. Oveetemperature Delta-T turbine rundact

43. Overtemcerature Delta-T reactor trip demand
'4. Overpower Dalta-T turbine runback j

S
5. Overpower Delta-T reactor trip demand'
6. High pressuri:er pressure reactor trip demand
7. High pressurizer level reactor trip demand
8, Steam generator low-low level reactor trip demand u

9. l.ow steam pressure safety injection (in coincidence with high flow)
g10 l.ow reactor coolant loop ficw reactor trip decand _

h

Tables 1 and 2 show the time sequences for these alams, s

As part of the procedures the operator is required to exercise following hiany reactor trip demand, the operator is required to first verify the
successful cecomplistment of the reactor trip by observing rod position j
indicators, reo bottom lights, neutron flux, or reactor trip brvaker ,

position indications. The following actions are available to the i
!operator in the main control, room if an unsuccessful' reactor trip occurs:
!
-

1. Manual reactor trip (with subsequent automatic turbine trip) !,

|2. Manual turbine trip

3. Manual turbtne runeack (200*./ min. )
4. Manual safety injection

-

'

5. Manual control red insertion.
1

.

'

3.
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Outside the obvious benefit of'an'immediate' reactor trip, the turbine I*
,- .

: trip or turnine runback action is the most important, if a reactor trip i
j - cannot be obtained manually; to'teminate the steam flow demand from .the j
; steam generators to preserve strani generator inventory. steam pressure ;
| and hence primary systers temperature will be controlled by m ans of the i.e.

j steam dump control system, steam generator relief and/or safety valves. I

Other means outside the main control roca are availabic: [; .
, ,

i i--

i 1.. Local manual trip of any recetor t' rip breaker \ i*

! 2. Local manual trip of the nor,-control system motor-generator cets ~ '

j 3. Local manual trip of the turt tne ~
{

! TRANSIENT SIMULATION
i

| Analyses were performed to simulate both a partial and complete loss of ! |
; main feedwater. These analyses are based upon previcus models j
i consistent with previous submittals to the NRC by Westinghouse on AT45 i
| (MS-TMA-2182, T. M. Anderson to Dr. S. Hanauer, 12/30/791 but also are '

, ,

! modified to more accurately model the Salan Plant.
I?

| The folicwing condttions were asstaned for both analyses: |

f| 1. Initial nomai full power operation at beginning of core 1f fe. This
l corresponds to the current condition of ue Salem Plant and is also r
j the 11initing condition sinca ine accerator temperature coefficient I_ . .

: is at its least negative value. A value of -8 pcm/*F, wMch is I

|
valid for 95% of core life, was assumed, j

i *
i 2. Both the pressurizer relief and safety valves are assumed to j
' function. There are two relief and three safety salves. iPressurizar heaters and spray also function autanatically, j

J. The automatic turtine runback on either Overtemperature or Overvener
,

j Delta-T signals is operable. The runeack setpoint is 3*. below the i
! trip setpoint. The turbine runback cperates on a 30 second cycle.

|
} Turbine load is first reduced 5% in 1.5 seconds. If at the end of ,
j the 30 seconds the runback signal still exists, the load is further 8

i reduced another 5% and so on. The lead reduction has a mitigating
i effect on the transient and helps reduce peak primary system
j pressure.
j . 4

1 4. The rod control system is assumed to be in the manual mode i
i consistent with actual practice. Automatic action of the rod !
! control system would cause rod insertion when primary temperature :

| Increases and would be less conservative. j.

~ '
j 5. The steam dump control system is available. The capacity of the .,

: steam dump is 50% of nominal steam flow at full ptwer. '

i
i 6. Auxiliary feedwater flow (1760 gps) begins at 10 seconds following
i recaipt of the icw-low steam generator level signal. This response
i time is based upon actual test data frem the Salem Plant. '

.

! t

' 7. Operator action is assumed to initiate a successful manual trip...

; Turbine trip is initiated via the reactor trip brwaker opening.
1

i
-

.

; 4
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8. For the complete lo'ss of feedwater transient, the main feedwater [
pumps are assuined to coastdown to zero flow in five seconds. For ;*

the loss of.a single pdep, one pump is assumed to coastdown to zem ).

flow in five seconds; however, the remaining pump has rated flew {
-

|i

capacity of 70% of nominal full power feedwater flow. There fom , I'
.

!the second pump (the Salem plant has two pumps) will increase its
flow to 70s flow. The respense time for the second pump is 20 i
seconds. !.

'
'

.. ~

'9. Nominal . control and~pretection sy: tem set;oints were assumed. ;
i

TpANSIENT RESULT 5' j
. ,

1. Loss of a Main Feedwater Pump ;
.

The sequence of events for both a 30 second and 300 second delay of ;~

t

manual reactor trip are shown in Table 1. The transient primary
pressure calculations are shown in Figure 1. The low-Tow steam i

generator level setpoint is reached at 99 seconds; auxiliary liary
j

feedwater is automatically initiated. Ten seconds later, auxi :

feedwater begins to be delivered to the steam generators.

30 Second Delay

For the case where there is only a 30 second delay, there are no
subsequent mactor trip signals generated. There is no large heatup ..

of the reactor coolant because the staae generater tube bundle does
not uncover. Thus there is always adequate secondary sida heat
removal. The peak pressure of 2286 psia which occurs at 30 seconds,
is only slightly above the pressure at which the presurizer sprays
are actuated.

'

For this transient, the reactor coolant system integrity is not
-challenged.

5 Minute Delay

For the case where operator action is delayed 300 seconds (5
minutes), the reactor coolant system temperature increases, reaching
the overpower Delta-T setpoint for turbine runback at 190 seconds.
This signal is maintained and thus turbine power continues to reduce
St every 30 seconds until the turtine . load is at 75%. At this
point, the sum of the main feedwater flow from one pump plus the
auxiliary feedwater flow is equal to the turtine steam flow.
Therefore, steam generator level does not continue decreasing and'

stabilizes, The operator initiated reactor and tuitine trip at 399
,
'

seconds occurs after the steam and feedwater flow have matched. The
peak primary system pressure of 2330 psia at 257 seconos occurs !<

| before the steam and feed flow are matched. This pressure is below I

the relief valve setpoint (2350 psia). The pressurizer sprays, |
combined with the effect of reduced turnine load prevent any ;

significant overpressurization. Again, reactor coolant pressure i

stays below servier Level C limits of 3200 psia. |,

|

1
' "

, . i

. -

:
-

1
'

5 i
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.- 2. Loss of All Main Feedwater . i-

,

!
The sequence of events for this transunt are presented in Table 2. t
The transient pressure calculations are boicted in F1gure 2.

The low-law steam generator level setpoint is nached at 33 seconds; {
10 seconds later, aux 11tr.ry feedwater is delivered to the steam }

ggenerator,s. .-

t

30 'Secorid Delav -

{.

:
An automatic turbine runback due to an Overpewer Delta-T is i
initiated at 43 seconds and turbine. load is reduced 5t. The i
pressurizer relief valves open and maintain pressure at the setpoint i

:value (23501 until the operator trips the plant at 63 seconds.
Steam dump ti initiated anc reduces the crimary temcerature ts the -
no load value of 547'F. For this transient the reactor coolant
system pressun is well beinw 3200 psia, i

t

5 Minute Delay ;

i
As in the previous case, the heatup of the primary coolant caused a {
turbine runback initiated by an Overpower Delta T signa'i. The |

turb.ine load is reduced twice in 55 increments until the load is 905 ;

of nominal load. Steam pmssure starts to drop due to the boil off
'

'--

of water in the steam generators, generating a low steen pressure
'

alam. At this time primary pressure starts to increase and there
is an insurge into the pressurizer, causing both pressuri2er high
' level and pnssure trip alams to be actuated. The steam generator
tube bundle becins to uncover, causing a larger rate of incresse in ,

primary pressure and temperature. Tne. pnssurizer filli 4r.4 tac
peak pressure reached is 3491 psia. Nuclear power has decreased at .

tais point to about 30% of nominal due to the negative moderator
temperatun reactivity feedback. As the relief rate of water -

through the relief and safe,ty valves increases, the primary system
pressure starts to decrease and the safety and relief valves close
4Dout30 seconds after the time of peak pressure. The operator
trips the reactor manua.11y at 333 seconds.

CONCLUSIONS

Loss of a Main Feedwater Pume l
'

i

The results presented here demonstrate that for the loss of one main |
feedwater pump, there are at least six major slams in addition to l

others generated to alert the operator to the fact that a malfunction
has occured. Furthemore, even for the event with a five minute delay

, in reactor trip automatic turbine runback reduces steam flow to match
the capability of the auxiliary feedwater. For this' event nere is no
threat of overpressurization in that the pressurizer relief valve
setpoint is not even reached.

.

.

|-

.

6.
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Comolete Loss of Main Feedwa_ter [,

!
For the complete loss of feedwater, operator action consistent with the

'

action time taken at the plant on the February 25, 1983 avent is
sufficient to prevent overpressuri:stion of the reactor coolant system. ...

Peak primary system pressure results only in pressurizer relief valve <

actuation without the actuation of pressurizer saf9ty valves. [
Furthemore, taere are 3 major alarms which are actuated in addition to a

the steam generated low-low level alam to alert the operator to take
action. -

J
As discussed earlier, it is a major reduction in pri:narf to secondarf

"
|
;

heat transfer capability which causes the primary system bestup and
.

pressure increase. A turtine trip reduces the arnount of stata flow and ! l

the rate at wnich the level' in the steam generator drops. If the J
tureine is tripped before there is a significant loss of steam generator ;
inventory, the tubes will not uncover and the primary system will not -

overpressurize. Based upon the results discussed in the previous !
section, operator action to trip the turbine at or before one to one and !
a half minutes following the low-low level trip and alam would prevent j i

overpressurization of the reactor coolant system beyond 3200 psia. r
,

'

it should be noted that the core nuclear characteristics (1 moderator 3

nactivity coefficient of -6 pea /*F) used are not representative of the
'

actual core design for the Salem Plant. Previous ATWS analyses have
shown the peak pressure to be a strong function of the coefficient and --

,

there is a 100 psi reduction for every 1 pcm decrease in the j
coefficient. The Sales core is designed to operate such that by the a

time the plant reached full power it would have a coefficient of -10.5 } i

pcm/*F or 2.5 pcm less than the coefficient in the study. This i !

coefficient wuld be nduced even further by approxia5tely ? oca/*F per j |
month of operation (see Figure 3).. The 10.5 pcm coefficient results in 1 |

a peak pressure for the limiting case of five minuta operator action of 1
'

3241 psia (a 250 psia reduction from 3491 psia) which is within the
,

calculational band of the ASM Stress Level C Ifmit. Therefore, the p'
case represented in Figure 2 would not exceed the acceptance criteria.

Sumary
|,

'

In conclusion, this study has demonstrated the ability of the Salem
kclear plant to withstand the effects of postulated gross feedwater n~

aalfunctions without reactor trip-at full power with an artificially
long delay for operator action. The results show actsptable response
which is within calculational uncertainties of the ASE Stress Level C j

limits. These results are further affected by the low probanility of r

these events occuring at full power in addition to the expected I

increasingly beneficial nuclear characteristics of the plant over core j
life.< i

!
!
:
I

.

:-

.!
;

i

i
!

'

7
39990 |-

,

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



-

.
.

, . . !--

.
. . . i

E
'

-

,.- . .

In' - ' ~
-

TM LE 1
|. .

,

-
=

.- Sequence of Events %. .
;,

Loss of One Feedwater Pump

:

l Ticie2' Event Time-
,

s _.
,

- i
Loss of one pump (alam) 0 0 t'

t
Remaining pump ;

delivers maximum ficw 20 20 ,

Low-low SG 1evel setpoint (alarm);
, f.

auxiliary feedwater signal (alam) 99 99 [
Auxiliary feedwater begins 109 109 [,

Operator trips reactor and tuttine 129 3---

'

OP A T runback'setpoint (alam)
190turbine load reduced St . <--

233 !Turbine load nduced 5: --
,

220OPa T trip setpoint (alam) --- _.

Turtine load reduced 5'% 250 ;--

I
267 (2330 psia) *Peak Pressure Occurs -

f280Turbine 1 cad reduced 5% ' ---

31 0 |Turtine load reduced 55 --

El [liigh pressurizer level setpoint (alarm) --

I399Cperator trips reactor and turbine ---

P

a --mmu.

3 alarms 6 alams |
Iprior to prior to

trip trip' ,

!
$

:
.

(1) 30 second delay before manual trip ;.

)(2) 300 second delay before manual trip -

$'

-

i

.

8
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| Sequence of Events -

,

Complete 1,oss of Main Feedwater
,

.

l 2
Event Time Time

,

'

|| . .. .

Loss of main feedwater pumps (alarm) 0 0 |
i

t

j Low-low SG 1evel setpoint (alam);

! ' auxiliary fee'dwater signal generation 33 33

OP S T runbact setpoint (alam) .
,

| turbine load reduced 55 34 34

) OPa T trip setpoint (alarm) 43 43 >

! Auxiliary feedwater begins 43 43

| Pressurizar relief valves open 55 55
,

j Operator trips reactor /tuitine 63 --

,

| Turbine load reduced 55 64--

85j High pressudzar level trip setpoint (alam) -"
-

! Lcw steam pressure SI (alarm) -- - 45

High pressurizer pressure setpoint (alam) B8---

'

SG t: cts begit: to ::r.co'.'er;
staan flow drops
pressurizar safety valves open' 92--

95Pressurizer fills ---

114 (3491 psia)Peak pressure --

142Pressuriser safety valves close ---

155Pressurizar reifef valves close ---
'

I Low RC flow setpoint (alam) f59--

Operator trips reactor / turbine 333--

;

i 4 alams 7 alsms '

prior to prior to
,

tMp tMp
.

(1) 30 second delay before manual trip -

(2) 300 second delay before manual. trip
.-

.

9 -
.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

In the Matter of )
)

PUBLIC SERVICE ELECTRIC ) Docket Nos. 50-272 and 50-311
AND GAS COMPANY ) License Nos. DPR-70 and DRP-75

)
(Salem Nuclear Generating )

Station, Units 1 & 2) )

ORDER MODIFYING LICENSE EFFECTIVE IMMEDIATELY
.

I.

Public Service Electric and Gas Company (the licensee) holds License Nos. DPR-70

and DPR-75 which authorize operation of Units 1 and 2 of the Salem Nuclear Gen-

erating Station. The facilities are Westinghouse pressurized water reactors

(PWRs) located at the licensee's site at Hancock's Bridge, Salem County, New '

Jersey.

II.

On February 25, 1983, an event occurred at Unit 1 of the Salem Nuclear Generat-
,

ing Station when the control rods failed to insert when the reactor-trip circuit

breakers failed to automatically open following receipt of a valid trip signal

from the Reactor Protection System (RPS). The manual trip system was used to

shut down the reactor. Subsequently, it was concluded by the licensee that the
,

. failure to trip was caused by a malfunction of the undervoltage (UV) trip

attachments in both reactor-trip circuit breakers. Evaluation of the event of

February 25, 1983 revealed that a similar failure had occurred on February 22,
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:

'1983, at Salem 1. There had also been a previous event at Salem 2 involving a

failure of one reactor trip circuit breaker to trip on January 6, 1983.
f-

.

The malfunction of the undervoltage device on February 25 was determined by the

licensee to have resulted from lack of. proper lubrication on the latch of the

: UV trip attachment. It appears that no preventative maintenance had been con-

ducted on the Salem 1 DB-50 circuit breakers until January 1983. Additionally,,

the recommendations of a Westinghouse 1974 Technical Bulletin and Data Letter<

i

1 (NSD DATA LETTER 74-2) were not implemented during the January maintenance since

the personnel who performed the maintenance were not aware of the bulletin re-

commendations. The specific details of the event and the licensee's response
,

:
4

are contained in the staff's Safety Evaluation Report, which'is hereby incor-

porated by reference.

The NRC review of the event revealed a number of significant deficiencies

relating to management supervision and control of the procedures governing the

classification of the reactor trip breakers as safety-related, management super-

vision of maintenance techniques, and management attention to the safety impli-,

cations of system malfunctions. This review is set forth in NUREG-0977, "NRC

i Fact-Finding Task Force Report on_the ATWS Events at Salem Nuclear Generating
i

Station. Unit 1, on February 22 and 25, 1983," March 1983, which'is-hereby'

incorporated by reference.

If there were a potentially severe transient, from a worst case set of. initial
;

conditions, and the reactor shutdown system did not function, an extremely

severe accident'could occur in the absence of timely operator action. Therefore,
,

- . - - . . -. . . .~- . . .
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the aforementioned failures are technically very significant. hhencoupledwith

the cause of the challenge to the reactor protection system, i.e., a feedwater

2 at thesystem transient, and the frequency of past feedwater system transients

Salem facilities, the event raises serious safety questions regarding the

continued safe operation of the Salem facility.

.

III.

Analysis of the event described in Section II reveals operational and manage-

ment issues at the Salem facilities which are discussed in the staff's Safety

Evaluation Report.

By letters dated March 14, April 4, April 7, and April 8, 1983, the licensee

submitted its Corrective Action Program related to t.ne reaci.or trip breaker

failures. This program includes short-term remedial actions to be completed

prior to startup of the unit and a number of longer term items which have not

been completed but for which the licensee has established completion dates.

These items are summarized in the attached Table, "PSE&G Corrective Action

Report, Short and Long Term Items." (Attachment 1)

The various remedial actions involve equipment, operational and management

issues. The equipment issues involve (1) safety classification of breakers,

10f primary concern to the NRC is the ATWS (anticipated transient without scram)
event initiated by a loss of feedwater transient. In 1981 and 1982, Salem 1

| experienced about 11 and 5 feedwater transients, respectively, while Salem 2
| experienced about 14 in 1981 and about 11 in 1982. This results in an average
' of about 10 transients per unit year of operation for each unit.

l
___ _
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(2) identification of cause of failure, (3) verification testing and (4) main-

tenance and surveillance procedures. The operational issues involve (1) operat-

ing procedure for reactor trips and anticipated transients without scram (ATWS),

(2) operator training, and (3) operator response. The management issues involve

(1) master equipment list, (2) procurement procedures, (3) work-order procedures,

| (4) post-trip review, (5) timeliness of event notification, (6) updating vendor-

supplied information, (7) involvement of QA personnel with other station depart-

ments, (8) post maintenance operability testing and (9) overall management

capability and performance. The NRC staff has reviewed the corrective action

j program as discussed in the staff's Safety Evaluation Report, and determined

that the licensee's actions, as modified below, are necessary to assure con-

tinued safe operation of the facility. In addition, I have determined that

because of the history of the Salem facility described above, the need for

further long-tem actions to increase the reliability of the mitigation features

of the Salem facility must also be addressed.

Accordingly, I have determined that the public health, safety, and interest

require that the actions set forth below be required by an immediately

effective order.

IV.

In view of the foregoing, pursuant to Sections 103 and 161(i) of the Atomic

Energy Act of 1954, as amended, and the Commission's regulations in 10 CFR

Parts 2 and 50, IT IS HEREBY ORDERED EFFECTIVE IMMEDIATELY THAT:
!

|
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1. The licensee shall implement and/or maintain the items specified in

Attachment 1 to this Order, as more fully described and in the manner

described in the licensce's submittals dated March 14, April 4, and

April 7, and 8, 1983, no later than the dates specified in

Attachment 1, with the following modifications:

-
i.

(a) The Nuclear Oversight Committee shall, in addition to the actions'

described in the licensee's April 7 and 8, 1983 submittals,

.
provide copies of its reports to the Ex'ecutive-Vice President

and to the NRC Regional Administrator at the same time they are

i submitted to the Vice President-Nuclear.
-

4

.

(b) Within 60 days of receipt of the appraisal performed by Manage-

ment Analysis Company (MAC), the licensee shall provide to the

Director of the Office of Nuclear Reactor Regulation, an analysis

of each recommendation made by MAC, the action to be taken in

response to each, and a scheduie for implementation.

(c) Prior to return to power, engage Beta Corporation, an outside

consultant, to review the PSE&G investigation of the events of

February 22 and 25, 1983, including the corrective action program.

The consultant will make an independent evaluation of the action

plan and advise on the adequacy of the program to insure that

Salem Unit 1 can be safely returned to power.

.

e

.
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2. Within 60 days of the date of this Order, the licensee shall submit to
|

the Director, Office of Nuclear Reactor Regulation a detailed report

i describing either how and on what schedule the following actions will

be accomplished, or why any of these actions should not be taken.

| (a) Implementing at the Salem facility (Units 1 and 2) the following
i -

feature of the proposal by the Industry Group on ATWS submitted|

on April 23, 1982, on Docket PRM-50-29 (page 10 of Appendix C):

provision of automatic initiation of turbine trip and auxiliary
|

| feedwater independent of the reactor protection system;

,
(b) Providing at the Salem facility diversity in activating (tripping)

|
the reactor scram breakers, for example, by incorporating the'

breaker shunt trip function into the autoisiatic trip circuits of

the reactor protection system;

Any schedule submitted shall be subject to approval by the Director and

shall be implemented following such approval. The Director may modify

the approved schedule in writing for good cause.

| V.

|
|

| The Licensee may request a hearing on this Order. Any request for a hearing

shall be submitted to the Director, Office of Nuclear Reactor Regulation,

U.S. Nuclear Regulatory Commission, Washington, D.C. 20555. A copy of the

request or answer shall also be sent to the Executive Legal Director at the

. - - - - - .
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same address. ANY REQUEST FOR A HEARING SHALL NOT STAY THE IMMEDIATE

EFFECTIVENESS OF THIS ORDER.

If a hearing is held on this Order, the Commission will issue an order designat-

ing the time and place of hearing. If a hearing is held, the issue to be con-

sidered at such a hearing shall be whether this Order should be sustained.

t

.FOR THE NUCLEAR EGULATORY COMMISSION:

'

.

:

i

Harold R. Denton, Director -

Office of Nuclear Reactor Regulation ;

Dated at Bethesda, Maryland ,'

this day of April 1983.

,

b

!

'

,
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ATTACHMENT 1

|
PSE&G CORRECTIVE ACTION REPORT

SHORT AND LONG TERM ITEMS
=

ITEM COMPLETION

1

A. EQUIPMENT ISSUES i
,

A.1 Determination of Safety Classification
'of Breakers Complete

A.2 Identification of Cause of Failure l

l

a. Short-Term Actions |

| 1. Confirm that new U/V trip attachments Complete
| on Salem Units 1 & 2 incorporate all *

| design changes made to these devices.

2. Measure and confirm the force required ' Complete
to trip the breakers using the breaker
trip bar and that the breakers trip
with an output force from the U/V trip
lever of $31 ounces.

b. Long-Term Actions

1. Submit a test program to determine the
life cycle & replacement interval for the

.

UTAs & to verify the adequacy of the new|
'

maintenance & surveillance programs used
on the reactor trip circuit breakers May 1983

|

| 2. Establish a procedure for periodically Complete
! measuring the force required to trip
| the breakers.

A.3 Verification Testing Program
|
:
'

a. Short-Term Actions

1. Manufacturer will electrically test U/V
trip attachment on Test CB 25 times. Complete

'

2. After installation, U/V trip attachment
tested 10 times. Complete

._
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ITEM COMPLETION

3. After installation in appropriate
breaker compartment, Response Time
Test. Complete

4. Test for independent operation of UV
and shunt within 24 hours of restart
from each shutdown. Complete

b. Lcng-Term Actions

1. Provide detailed test program May, 1983*

A.4 Maintenance and Surveillance Procedures

a. Short-Term Actions *

1. Resolve breaker cabinet /switchgear room
cleaning deficiency. Complete

'

2. Revise maintenance procedure and/or
other documents to require all
replacement U/V attachments to have
been successfully tested 25 consecutive
cycles. Complete

3. Provide acceptance criteria in
Maintenance Procedure M3Q-2 for ten
cycle test that allows N0 failures for

-

acceptance. There will be a 30-minute
interval between each test. Complete

4. Modify Maintenance procedure M3Q-2,
Section 9.8 to include three timing
tests and an average time computed for
comparison to previous tests.* Complete

5. Revise Maintenance Procedure M3Q-2,
Section 9.7 & other appropriate
procedures to require that a sealant
be applied to the head of the self-
locking screw on the U/V attachment. Complete

6. Specify in Maintenance Procedure M3Q-2,
Enclosure 7 (Ref. Section 9.7) U/V coil
dropout voltage acceptance tolerance &
actions to be taken if out of
specification.* Complete

7. Lubricate the circuit breakers and UV
trip attachments in accordance with
W Technical Manual.* Complete

*See attached Table 1.

. _ _ _
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ITEM COMPLETION

8. Perform a trip force measurement on the
trip bar of each breaker.* Complete

9. Modify maintenance procedure to test
bypass breakers every 6 months.* Complete

10. Provide functional test procedures for
UV trip, shunt trip, and manual scram.* Complete

11. Perform monthly reactor trip breaker
timing test.* Complete

b. Long-Term Actions

1. Propose Technical Specifications Within 30 days
of Unit S/U

8. OPERATOR PROCEDURES, TRAINING, AND RESPONSE

B.1 Operating Procedures for ATWS

a. Short-Term Actions

1. Identify indications in control
room providing positive identifi-
cation of reactor trip demand. Complete

2. Review the basis for ATWS procedure
steps and order of priority, revise
procedures, as necessary, and train
operators. Complete

b. Long-Term Actions

1. Provide detail description of procedures
to ensure operability of SSPS status
panel indicators. Complete

2. Provide schedule for the upgrade program
for Emergency Operating Procedures April 15, 1983

i

B.2 Operator Training

a. Short-Term Action

1. Conduct training for operators on
revised procedures. Complete

2. Conduct practical exercise in Control
Room of revised procedures. April 12, 1983

,

; *See attached Table 1.
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| ITEM COMPLETION

3. Conduct walkthrough on alarras &
RPS indicators. April 12, 1983

4. Conduct training for auxilary operators April 12, 1983
i

i 5. Evaluate trainees' performance against
established objectives Complete;

4

i 6. Review training material and ensure
,

it is current and properly referenced Complete
'!

l B.3 Operator Response
!

a. Short-Term Action

1. Caution operators in use of J,

j handle control. Complete

; b. Long-Term Actions
.

,

1. Replace Reactor Trip Switch Next outage of
sufficienti

| duration

2. Modifications to clarify
First Out Annunicator Alarms May 1, 1983

,

C. MANAGEMENT CAPABILITY AND PERFORMANCE
,

C.1 Master Equipment List (MEL)
i
'

a. Short-Term Actions

1. Verify MEL is complete & accurate with
,

:! respect to ECCS, including actuation
systems, RPS, Aux. Feedwater and

,

containment isolation systems. Complete

2. Instruct appropriate personnel in
'

purpose & use of MEL. Complete
;

b. Long-Term Actions i

1. Verify completeness & accuracy of MEL
for remaining Q list systems and re-
issue as a controlled document. May 1983

1

!
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1

ITEM COMPLETION

C.2 Procurement Procedures

a. Short-Term Actions

1. PSE&G Sampling review of past procure-
ment documents Complete

b. Long-Term Actions

1. Evaluate & modify procurement
procedures to ensure appropriate
classification of items / services
important to safety. July 1983

C. 3 Work Order Procedures

a. Short-Term Actions -

4

1. QA Department review all nonsafety-
-.

related work orders prior to starting
work. Complete

2. Implement a program & training to -

ensure that work orders are properly
classified. Complete

3. Review work orders written since
~

issuance of the MEL for proper
classification & evaluate safety
consequences of those found *

improperly classified. Cqmplete

C.4 Post-Trip Review
,,

a. Short-Term Actions

1. Develop and i.nplement AD-16 Complete

C.5 Timeliness of Event Notification
'

a. Short-Term Actions

1. Assign dedicated communicator to each Com'plete
shift.

_

2. Review importance of reporting require-
ments with supervisors , Complete

-

-

- - ..
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ITEM COMPLETION

C.6 Updating Vendor-Supplied Information
_

a. Short-Term Actions

1. Update existing documentation on safety ',
equipment and ensure that vendor docu-
mentation is under a controlled system.

a) Audit Station files for manuals
existence, revision level, and date. Complete

b) Audit Nuclear Engineering files for
manuals existence, revision level,
and date. Complete

.

c) Compare Station & Nuclear Engineer-
ing; Audit and use lastest manual
revision Complete

d) - Contact vendors to confirm that
manuals are technically current Complete

. - Request updated copies (*where
identified as more recent) *

.-

'

2. Review Westinghouse Technical Bulletins
and Data Letters Complete._

b. Long-Term Actions

a) Audit Station files for manuals
existence, revision level, & date June 1983

. b) Audit Nuclear Engineering files for
manuals existence, revision level,
and date. July 1983

c) Compare Station & Nuclear Engineer-
ing; audit and use lastest manual
revision Aug. 1983

^

d) - Contact vendors to confirm that
manuals are technically current Dec. 1983

- Request updated copies (*where
identified as more recent)

e) Revise Station procedures where
appropriate July 1983

i
.
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ITEM COMPLETION

f) Index & control new/ revised
manuals received May 1983

g) Develop procedures for controlling
vendor manuals May 1983

C.7 Involvement of Quality Assurance Personnel
With Other Departments

a. Short-Term Actions

1. Retain outside consultant to assess
QA program Complete

2. Modify QA organization policy to
more fully integrate with overall
nuclear activities Complete

b. Long-Term Actions

1. Provide additional detail training
on processing work orders to re-
emphasize QA test / retest requirements September 1983

C.8 Post Maintenance Operability Testing

a. Long-Term Actions

1. Review and revise AP-9 and other
station procedures July 1983

2. Complete review of vendor and
Engineering recommendations and
incorporate necessary changes into
departmental documents January 1984

3. Incorporate items identified into
Inspection Order System Aug. 1983

4. Complete Managed Maintenance Program Jan. 1984

C.9 Overall Management Capability & Performance

1. Complete staffing of Nuclear
Assurance & Regulation Department Jan. 1984

2. Independent assessment of QA
Operations July 1, 1983

- __ _ - _ _ _ _ _ _ - _ _ _ _
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ITEM COMPLETION

3. Implement training program for
first-level supervisors Sept. 1983

4. Develop training program for
senior supervisory level Oct. 1983

5. Develop program for periodic
or regular training for
supervisory and managment
personnel Spring 1984

6. Develop Technical Training
Program for non-Station personnel Spring 1984

7.
-

MAC management diagnostic -
final report May 30, 1983

.
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TABLE 1

PERIODIC SURVEILLANCE / MAINTENANCE OF REACTOR TRIP BREAKER _S.
.

PRE-STARTUP
110NillLY 6-MOS.J< 24 hrs

Illain Tri)p Breakers) SURVIlLLANCE
SURVEILLANCE /MAINTENAllCE(MalFTrip lireakers) TMain a liypass areakersT

1. functional test of UV 1. a. SSPS functional of UV. 1. response time testing (3 times)(via SSPS)
(visicorder) trend datab. response time testing

of UV/ breakers
(event recorders)

2. functional test of Shunt 2. functional test of Shunt 2. trip bar lift force neasurenents(manual controls) (manual controls)
3. functional manual scram switch

(voltmeters) 3. UV output force measumnent
#

4. drop-out voltage check

5. servicing / lubrication / adjustments

6. repeat testing steps 1-4
,

I

.

4
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TECHNOLOGY
ASSOCIATES, INC. April 14,1983*
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~

Mr. Richard M. Eckert, Chairman
Public Service Electric & Gas Company
80 Park Place
Newark, New Jersey 071.01 , , .

.

Dear Mr. Eckert:
~

In accordan' e with your request of dpril 5,1983,' BETA began anc
independent review of the adequacy of the actions being taken by PSE&G as
a result of the recent reactor br.eaker trip incidents at the Salem Generating
Station.

1

We have completed the preliminary phase __of this revigw and, as you |_=-

directed, we are attaching herewith our report covering the work performed I

to date. - -

We intend to continue our review of the adequacy of 'the long term
actions and will provide you a report upon completion of that effort.

.
-

..

Sincerely,
.

[
W. Wegn[
Associa
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A REPORT ON !
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.

A PRELIMINARY REVIEW OF PUBLIC SERVICE ELECTRIC AND GAS
COMPANY CORRECTIVE ACTION PROGRAM RELATED TO REACTOR
TRIP BREAKER FAILURES AT SALEM GENER_ATING STATION, UNIT NO.1

_
.

.
-

'

;

CONDUCTED BY.-

. -

.

BASIC ENERGY TECHNOLOGY ASSOCIATES,.INC,
ARLINGTON, VIRGINIA .

.,

.

APRIL 14,1983 -

.
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1. BACKGROUND '

..
,

On April 5,1983, Basic Energy Technology Associates, Inc. (BETA) was
- contracted by Public Service Electric and Gas Company (PSE&G) to conduct

an independe.nt evaluation of the corrective actions taken or planned by
PSE&G as a result of the events surrounding the reactor breaker trip incidents
of February 22 and 25,1983. -

BETA was request'ed to initially concentrate its efforts on the short
term actions taken by PSE&G as they would apply to the restart of Unit 1 i

and to provide an interim report outlining its findings and recommendations
by April 14, 1983. Due to this tight time constraint, BETA in its initial
review, has focused its effort on "those short tetm actions taken by PSE&G
as outlined in its Supplement 1 Report dated April 8,1983.

This phase of the revieh was performed by two BETA associates,
*

Robert S. Brodsky and, William Wegner. In addition, BETA engaged the
services of Jack C. Grigg, an independent consultant with over thirty years
of reactor electrical control and instrumentation experience and specificany
with reactor trip breakers, to assist in the performance of this evaluation.

m_ _ _

-

This report provides recommendations reliultiiig from the BETA review
to date. A more comprehensive report will be provided to PSE&G upon
completion of the final review. .

,
_

11 . SUMMARY OF FINDINGS AND RECOMMENDATIONS
. ..

Based on the limited review conducted by BETA as previously described,
the following summary of findings and recommendations are provided. Section
111 provides more detailed findings and recommendations.

.

1. The identification of the known and probable causes leading to the
breaker failures as outlined in the April 8 Supplement 1 Report appears to
be reasonable. At this time BETA has not identified any additional problem
areas that have not already been identified by PSE&G or the Nuclear
Regulatory Commission relating to this problem. BETA also considers that
the actions listed as being short term (prior to restart) are adequate. Two
additional short term actions, as outlined in Section 111 of this report, are
recommended.

2. The short term actions taken by PSE&G as outlined in the April 8,
1983 Supplement i Report are appropriate and should, along with the two
short term actions recommended by BETA, provide reasonable assurance that
the immediate problems associated with the events leading to reactor breaker
trips qn February 22 and 25, should not recur prior to completion of the
long . term actions.

.

3. Interviews conducted by BETA of 16 PSE&G people at the site
indicate a good understanding and appreciation of the problems which lead
to the breaker trip incidents. The scope of the longer term actions would
indicate * there is also an appreciation for how these problems reflect on .

broader issues of the plant's overall operation. At this point, BETA is not in

1

~

.
- .
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a position to comment 'on the adequacy or completeness of the long term
act, ions or on how deeply into the organization these understandings prevail
There is some concern by BETA that the majority of corrective actions

- taken so far have concentrated specifically on problems directly-associated
with the breakers rather than on some of the broader aspects. This is an
area that BETA will pursue in greater detail in subsequent evaluations.

4. While post-inciderrt investigations correctly identified a number of
weaknesses throughout the PSE&G operation, BETA is of the opinion that
there still exists a possible generic problem with breakers of this design and
used in this application. Specific recommendations relating to additional
long term improvements with respect to the breakers themselves are
contained in Section 111 of this report. _

111. DETAILED FINDINGS ANQ RECOMMEND,ATIONS

A. Short Term Findings and Recommendations
,

1. PSE&G should obtain co$firmation in writing from the reactor trip
breaker vendor that the installed breakers are satisfactory for plant operation
and that Salem Maintenance Procedure M3Q-2_will provide the necessary.

.

basis to assure continuing operational reliabiliff.{

2. PSE&G's Station Operations Review Committee and the Nuclear
Review Board should complete their reviews of the short terrh aspects of
the trip breaker failures. Written reports should be availabl.e documenting
their concurrence witia restart. -

. ..

B. Long Term Findings and Recommendations (Interim) .

j 1. The manual trip switch trips both the under voltage and shunt
i trips. In order to provide a greater assurance of breaker action, it is

suggested that the automatic trip also use the shunt device. The automatic
trips use only the under voltage trip. A safety grade batt,ery power supply
will be required to support the shunt trip. It is understood that PSE&G is
investigating the feasibility of providing a shunt trip.I - -

'

2. In order to further decrease the possibility of a common mode
failure, consideration should be given to replacing one of the two sets of
installed breakers with breakers or contactors of another design or
manufacture. If possible, the breaker design should incorporate a molded

I case, if an alternate device is selected it.should be included in the PSE&G
and NRC test programs.'

3, The Salem breaker maintenance procedure, M30-2, will use periodic
1

measurements of trip and release forces to identify degradation of breaker
'

- per formance. As another indicator of possible breaker degradation. PSE&G
should consider the use of the periodic data obtained from the voltage drop-
out measurements which are also in the breaker maintenance procedure (step
9.7.3.10). |i

* <
., . .
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4. The PSE&G specifications for' trip breakers should be modified to
indicate that mounting brackets for over current trips should not be installed.

,

- 5. Additional experimental data is necessary to confirm that
.

maintenance procedure M3Q-2 testing will provide a satisfactory indication
of breaker degradation. This data should be obtained from the planned

,

PSE&G and NRC testing. *

1 . -
.

6. Breaker maintenance procedure M3 Q-2 will result in the trip
breakers undergoing a large number of cycles. The PSE&G, NRC and vendor
test programs should confirm that these tests will not result in the breaker
exceeding breaker design cycle lim,i.ts. In addition, the number of breaker
cycles should be determinable and recorded. .r

,
.

-

e

t

of" ' ' ~ , , _ ,
_

. -

a
.

1

.
*

..

.

I .

.

|
- -

,

-

,

ee

o

e

.

=

e

.

S

e,

'
3

- . , . .

, . - _ - -- , .


