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SUBdEGT: Interim Reportability Evaluation Report (RER) 88-14, Rev. 0

Reference: A) 102-00836-TDS'/DAJ, Dated June 27, 1988, KER 88-14

This memo transmits Engineering's interim evaluation of the sub)oct RER, in
response to your request, Reference (A), As noted on the .attached RER, wo
recommend that this issue be considered reportable under requirements of
10CFR21. Xn addition, please note tho inspection plan items that will be
needed to complete the transportability assessment and that this may affect
the scope of our final corrective actions. Our tentative schedule for
issuance of the final RER is September 15, 1988, contingent on timely approval
and resolution of all the inspection plan items.

If you have any questions or comment's, please contact Chuck Lewis at, extension
4064.
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NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS
NSSS

ESFAS
ESFAS
ESFAS
ESFAS
ESFAS
ESFAS
ESPAS
ESFAS
ESFAS
ESFAS
ESFAS
ESFAS
ESFAS
ESFAS
ESFAS
ESFAS
ESFAS
ESFAS
ESFAS
ESPAS
ESFAS
ESFAS
ESFAS
ESFAS
ESFAS

FAS

K213
K212
K210-
K209
K208
K201
K202
K101
K102

~ K103
K108
K109
K110
K301
K302
K308
K311
K401
K403
K408
K409
K410
K412
K304
K111

MDR-7033
MDR-7034
MDR-7034
mR-7034
MDR-7034
MDR-7034
MDR-7034
MDR-7034
mR->033
MDR-7033
MDR-7033
MDR-7032
MDR 7032
MDR-7034
MDR-7034
MDR-7034
MDR-7033
MDR.7034
MDR-7034
MDR-7034
MDR-7034
MDR-7034
MDR-7034
MDR-7034
MDR-7032
NDR~ 03

CIAS
CZAS
CZAS
CZAS
CIAS
CIAS
CZAS
SZAS
SIAS
SZAS
SZAS
SIAS
SIAS
SIAS
SZAS
SIAS
SIAS
SIAS

'S IAS
SIAS
SIAS
SIAS
SIAS
CSAS
CSAS

Total NSSS ESFAS 51 per cabinet
'(Thexe ie a cabinet in each of the

RELLY ¹
two trains pex unit)

HEHL ¹
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS

K201
K202
K203
K204
K205
K206
K207
K208
K209
K221
K222

MDR-167-1
MDR-167-1
MDR 167 1
MDR-172-1
MDR 172 F 1
MDR-172-1
MDR.172 F 1
MDR-172-1
MDR-172-1
MDR-136-1
MDR-136-1

GPIAS
LOP/LS
LOP/LS
LOP/LS
LOP/LS
CRVIAS
CREFAS
SPARE
SPARE
LS
LS
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BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESPAS
BOP ESFAS
BOP ESPAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS
BOP ESFAS

K223
K225
X226
K227
K231
K232
K233
K234
K235
K236

.. K125
K126
K127
K128 .

, K124
K123
K112
K121

12

ggg~¹
MDR-136-1
HDR-136-1
MDR-136 F 1
HDR 136-1
MDR-136-1
HDR-136-1
HDR-136-1
MDR.136-1
HDR-136-1
MDR-136-1
MDR-136«1
HDR-136- 1
MDR 136-1
HDR-136-1
HDR-3.36~1
MDR-136 1
MDR-136-1
MDR.136-1
M

LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
LS
DQSS
CRVIA8
FBEVAS
FBEVAS

Total BOP ESFAS 30 per cabinet
(There is a cabinet in each of the two trains per unit)

ERIC!LII IIIHIRI EIIKZRIH

RTSQ
TS

MDR-5053
4

Aux, Relay

'Total RTSG 2 per breaker cabinet
(There are 4 breaker cabinets per unit}

AFAS-1

AFAS-2 ~

MSZS
RAS
CjAS
SXAS

actuation signal for Steam(

actuation signal for Steamy

auxiliary feedvater
Generator 42
auxilf.ary feedvater
Generator 02
main steam isolation signal
recirculation actuation signal
containment isolation actuation signal
safety infection actuation signal
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CSAS
. CPIAS

LOP/LS
CRVIAS
CREFAS
DGSS
RTSC

containment spray actuatfon signal
containment purge isolation actuation signal
loss of power/1oad shed
control room isolati.on actuation signal
control roam essential filtration actuation signal
diesel generator start signal
reactor trip switchgeaz

The failure of apy relay to properly rotate by spring tension
upon being deenergized by a valid safety syst: em actuation signal
would prevent the associated valves, pump motors, etc. from
operating as required for a safe plant shutdown. Thi,s relay
failure mechanism as 'described in Section I, A, constitutes a
defect of a basic component which could create a substantial
safety hazard as defined in lOCFR Part 21, since the loss of
multiple components in both train A and train B due to a common
failure mechanism could occur.

ilI. LYSIS 0

This reportability evaluation has determined thi.s problem to be
reportable under 10CFR Part 21.

(II. RRECTI E

l
The corrqctive actions which are more short term (approximately 6

months or less) are:

Increase in testing frequency as specified in the )ustification
for interim operation (JCO) for the model NDR.7032. This is
supported by a reli,abi.lity analysi,s performed by engineering.

Complete the inspection plan outlined in Section I., C, to
assess transportability and allow the vendors P&B and CE to
complete their failure analysis reports.
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P&B needs to finish their analysis of the relay samples and
determine which relay design changes are necessary to isolate
end prevent chlorides from the relay case and prevent offgesing
of the coil coatings, To date this includes the following
possible chengest

1) Changing the wiring and coil insulation materials from PVC
to other materials.

2) Adding vents to the coil casing to prevent any future
offgasing from plating out on coil internals. This would
also tend.to lower coil operating temperatures,

3) Changing the coil varnish to an epoxy compound which is
18ss susceptible to offgasing.

4) Lubrication of tho shaft and sleeve bearings to reduce
rotational drag,

~ CE needs to finish their assessment of ECO data, failure rate
information and issue their report. This could result in:

-l) Changes in the power supplies (lower voltages).

2) NSSS ESFAS cabinet component changes.

3) Addition of forced eir cooling.

The corr'ective action which is more long term (approximately 6 months.
oz mora) is to replace all relays which were sub)ected to .higher than
normal. relay coil voltages or temperatures with the revised P&B relay
design resulting from their analysis of the failure mechanisms. Thoso
relays are believed to have been aged due to excessive coil heat and
are probably at the statistical ond of their operating life.
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~ A) EER BB-SI ~ 100, dated 5/23/88

B) EER 88-SA-007, dated 2/3/88

C) EER 88-SZ-025, dated 2/3/88

D) EER 87-SA-356, dated 12/29/87

E) EER BB-SX.106; 'dated 5/28/88

F) EER 88-SA-010, dated 2/12/88

I G) EER 87-SA 016, dated 5/28/88
I

I H) Seal Report No, 4358, 'Examination of 4 Rotary Relays', dated

I) HZ-REL Laboratoriee Report No, FR067130, dated 8/20/87

J) RER 88-14 Request 102-00836-TDS/DAJ, dated 6/24/88

I K) NSSS ESFAS Aux. Relay Cabinets Tech. Manual N001 ~ 13,06 '7
I

I L) RTSG Tech, Manual N001-13,03-262

I M) BOP ESFAS Tech Manual J104 81

I

I

I

I

I

I

I

I

5/3/88
I

I
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The MDR relay feilu'xes can be described as che failure of che
relays to change position when they are de-energized. Normally, (

when the coils aro da;energized, the racox'urns 30 degrees duo(
co . spring force. Hovever, during the identified failures, che)
spzing force vas 'ot able ta return the rotor to its!
do-energized position, The relays vere '"sticking" in their[
energized position. This condi.cian resulted in che relay I

contacts nac. pxaperly changi.ng states, The consequence of chal
relay failures i,s that the safety equipmenc vas not actuated, as[
required.

The (Reference ' through G) RCF EER's were suppoxced int
; determination of the varnish offgas and corzoeian failure I

mechanism for some of the above failed relays. ANPP sent four)
MDR 7032 rotary relays to Scanning Electron Analysis )

Laboratories, Xnc. (SEAL) for examination. SEAL, disassembled[
the relays for visual examination of the internals. For two of(
che x'clays, they abserved large amounts of a brown/black povdoryl
materi,al in the magnet.and coil areas. Some brovn materiel wes(
observed on the brass plates ac the top af the coi.ls. I

Additianally, thoro was evidence of shaft wear and. metal -chips)
in those samples. SEAL conducted Scanning Electron Microscope I

(SEM) examinations of the powdery cantaminant, the mecel chips, I

and the brawn enamel (vaxnish) that coats the cail. SEAL)
concluded that the eaux'ce of the contaminencs wes most probably)
the vaxnish applied co the winding of the coil. The )

contaminants caused the binding of cha shaft end led to the )

observed shaft wear, SEAL did not find any evidence of t

cozrosian an the shaft or brass bushings,

'HI-REL Laboratories per fax'med cwo analyses for ANPP. ANPP )initially sent four failed MDR relays co HX-REL foz their I

'failure enelysi.s. Twa of the relays 'vore model MDR.7032,

one's

'as a model MDR-7034> and one wes a model MDR-136»3.. HX-RELY
first performed electrical tests on the relays. For three = of )

the relays, HI-REL verified that the relays would noc move[
through the complete 30 degzee arc upon de-energf.action. Those)
relays were zostzicted to en exc of not more than 12 degrees

~ The fourth sample zoteted thraugh the full 30 degree arc.l
HX-REL then diessembled che relays and performed an incerna1(
visual inspection. The internal inspection revealed corrosion]
of the rotor, the dome shaped motel shield over tho coils, and)
the upper and lowez races, HI-REL attributed che rocecianell
prablems to thi,s corrosian. Energy Dispersive Spectrum (EDS)
analysis revealed extensive chlorine conceminatian on the brass
races, the armature and the metal cail shield.'
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The relay manufacturer, Potter &. Brumfield (P&B), has assisted I

with a review of the application; temperatures, coil operating I

valtages, manufacturing pxocess reviews in an attempt ta isolate I

and correct the saurce of chlorides, cabinet air flow and)
frequency of relay operation. This is discussed further under I-
corrective actions, t

t
The cabinet designer (CE) has assisted by reviewing a series ofl
'engineering change arders (ECO) done in 1980 and 1981 that I

raised the operating valtage of the 4 power supplies (P/S) in)
each cabinet from 28 VDC to approximately 36 VDC, The specified I

P/S opex ating v'oltage for this ECO was 36. 8 to 39, 8 VDC I

(Reference K); thus raising the relay cail opex'sting voltage I

substantially above the nominal 28 VDC coil- rating. Coil I

voltages in Unit 2 measured on June 3, 1988 were between 29 to I

32 VDC. ~ This caused the x'clay coils to opexate at an)
excessively high tempex'ature and it is believed caused a higher l
rate of affgasing from the coil materials with a corresponding l
higher cox'rosion and failure rate.

This would tend to explain why the only Potter & Brunfield MDRI
series relay failux'es have been in the NSSS ESFAS cabinets. [

None have been noted for the reactor trip switchgear (RTSG) arl
balance of plant (BOP) ESFAS. However, additional information I

on these other cabinets is needed in order to ascertain if the I

same failure mechanisms previously . discussed are present in I

thase cabinets. This is discussed in more detail in the I

transportability section. I

I

The problems which prompted the ECO's for the NSSS ESFAS P/S [

were related to the relay pickup voltages. - CE experienced)
difficulties with the hot pickup of some relays at San Onofre (

'Nuclear Generating Station (SONGS). The specified values are:

4 ~

T, 26V
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PRIORITY ATTENTION REQUIRED MORNING REPORT - REGION V JULY 29, 1988

LICENSEE/FACILITY

PALO VERDE UNIT 2
DN 50-529
REN N/A

EVENT

NOTIFICATION/SUBJECT

TELEPHONE CALL FROM RESIDENT INSPECTOR/
FAULTY RELAYS

ON JULY 28, THE LICENSEE PROVIDED A 10 CFR PART 21 REPORT ASSOCIATED
WITH A POTENTIAL DESIGN PROBLEM RELATED TO POTTER BRUMFIELO SUPPLIED
ELECTRICAL RELAYS USED IN THE BALANCE OF PLANT ENGINEERED SAFETY
SYSTEM, NUCLEAR STEAM SUPPLY SYSTEM (NSSS). ENGINEEREO SAFETY SYSTEM AND

REACTOR TRIP SWITCH GEAR POSITION INDICATION. DURING THE PERFORMANCE OF

SURVEILLANCE TESTING, THE LICENSEE NOTED INSTANCES WHERE THE RELAYS WOULD

NOT OPERATE THE RELAY CONTACTS. PRELIMINARY EVALUATIONS INDICATED AN

OFFGASSING PROBLEM FROM THE COIL VARNISH COATING WHICH CAUSED A PLATE OUT OF

CHEMICAL CONTAMINANTS WHICH IMPEDE THE ROTATION OF THE ROTOR SUCH THAT THE

CONTACTS 00 NOT CHANGE STATE.

THE RELAYS MAY BE INSTALLED IN SOME OTHER PLANTS WHERE THE NSSS WAS PROVIDED BY

COMBUSTION ENGINEERING.

CONTACT: W. WAGNER (FTS) 463-3731
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Potter & Srumfield (p&B) MDR series relays are used at PVNGS in several safety
related applications. The relays are used as actuation relays fn the NSSS and
BOP Engineered Safety Features Actu'ation Systems and as indication relays fn
the Reactor Trip Swftchgear System. The P&B relays are rotary relays. Most .
of the relays are normally energized. Upon de-energfzation, the relay rotor
fs moved through an 'arc of 30 degrees by spring action, This causes the relay
contacts to change state.

At PVNGS, approximately 15 failures of the P&B relays have been exoerfenced
over the last two years, All of the failures have occurred wfth relays
located in the .NSSS ESFAS cabinets (auxiliary relay cabinets). The identified
failure mode is that contaminants plate out and/or corrosion occurs on the
internal surfaces of the relay's motor chamber. This prevents ful1 rotor
movement upon de-energfzatfon of the relay coil. Thus, the contacts do not
properly cnange state and the associated safety equipment fs not actuated.

ANPP's Engineering Department and Engineering Evaluations Oepartment are fn
the'process of developing design changes to elfmfnate the identified failure
mechanism, In the. 'interim, untfl the ultimate design so1ution can be
implemented, increased relay exercising will be used 4o ensure that the
appropriate level -of relay reliability fs maintained. This involves
increasing the test frequency of the high risk relays (model .HDR-7032). This
interim corrective action will ensure Chat the hea'Ith and safety of the public
fs adequately protected until the eventual desfgn changes are implemented
during future outages.
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