Dr, Richard E. Webb VP
Research Associate yi
Department of Enviroomeotsl Scliences :
University of Masssechusettes

Auherst Massachusetts 01002

Dear Dr. Webb:

Thank you for your letter of November 18, I'm sorry I was out of

town and only now have gotten to anewer it. The foreign power reactor
vhich was found to have its scram system totally {noperative was the
Kahl reactor in Germany. Thie was & GE design. 1 do not konow who
manufactured the actual relays inftially {nstalled, that were re-
moved in the {ncident, nor do I know who manufactured the replacement
relays whose menufacturing deficiency caused the {ncident.

It is worth noting that we had & problem of similar nature during
the commissioning of one of the GE reactors (Monticello). In this
case 1 believe the relays were GE-type HPA. Thie makes one wonder
vhether the earlier incident might have been the same bateh, 1
don't kmow whether it {s worth asking the Germans or not. Enclosed
you will find copies of GR and AEC rejorte and an AEC "ROE" evaluas-
tion on the Monticello faflures.

It seems to me that the lesson to be learned from such focidents is
not that GE relays are bad, becsuse they're not; they are an sccept-
able jroduct made by a reliable manufacturer. Like all humen pro-
ducts and most natural ones, they fall short of perfection. Errors
in design, manufacture, fonstsllation, and operation of safety-related
components are possible, have happened and wil! continue to happen,
The objective is to achieve an acceptable level of safety {o the
presence of the known impossibility of perfection. We do this through
defense in depth, redundancy, diversity, design reviews and vigilance
during operation,

Sincerely,
DR 7897 Original Sipgned dy WM
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June 2, 1870

J. P. 0'Reilly, Chief, Reactor Tnsscction and Taforccarnt Srasch
Divigion 4f Compliance, Headhuartor:

COMPLIANCE INQUIRY MEMORANILN
WORTYERN STATES POVER COMPAI™ (MONTLLZLLOY
WILT NG, S0-25

UYSATY BATLUAR OF FLANT PROLIOTION ¢ STEW AELAYS

Jurdng 1 toutine incprevios & RS I9T6, the asddgman fheseltot
it Lifvemed thas sover oL ag fallad to sperase dering
RTTL00G. ARG PrE0geilT ol Loty The vilive were all Lesesst
@ 1. (GE) Tepa HAAN sudcteccsa. . auaifioey el fnaballac
0 JRIROY OFsLviia0 cadEn TRIE ang 91wy panvalamect
gL sysket (2018, S ¢ ast #L% Sradly
or, el "PallaaieY sysiane, P 8f & Totds L oy it

9L 1385 30 pOWer [a chese Sy¢tufe .o - wngkde ‘9ulirs
4 brief description of the svuits 18 soven dalow:

March 2, 1v70: During the fuac:losul cheskout of the RPS, walay
3ASKSD (Control Valve Fast ©.osuve scran dypass) failsd ¢ virop s.u
‘aen pressure switeh 514D ya. actvacted. It was fouce char Nies Sl
movable conzase block was sives a tug, the relay dssceod aun.  Pean
then on tihe relay operaty: WENELY B> g 2enBizier  Uali wss
repeat itself, A wirisg pooslem suen . aa iaseveitoss 3 A
suspecced to have causecr can faillure

e S wi DNREAG Lo L J2adp Yeak, 8.8 decidd (Lovw o 340

TAGM. . anrms Zelleg 2o Grus sut er srosause swicsa d«11A
Titunied, Again it was fouad that the relay relaasas snia fugged
<y hand. Oaze cthe relay releasec, everything worked comally and
Tae coadition would not repeat itself.

o

Maren 23, 1870: Rolay LeA-KéD (CraJp Three valve ildc.acion; faii.: os
“r3n dut during the Resctor water Clecnup System Preop. The ralay
w28 dropped out by hand 3o cthat the Cleanup Preop gqould be continued,
At in che previous failures, the condition 'v.id foc Tepeat itselr,
It wvas dectded that if another suspected 4. .o should occur the

circumstance surrounding the lncideat woule be  .udidd in detail befsre

fouching the relay,




J. P. 0'Rellly «2 - June 2, v

Apcil 21, 1970: Relay SA-K3A (Main Stean lsolation Valve Closurc Sersm)
failed to drop out when NSIV 2-86A was operated. All the field wiras
were lifted one by one and finally, the relay was vemoved from the
panel still 4n the picked up conditios. “ha relay was then drosged
out, using the tension adjusting screw, cisasscmbled, and examined for
sbnormal conditions, but none wers iound.

*
GI was contacted at San Jose (NI and Patlladelnhic (Relay Provuc:
Dipartment) and informed of the situacion, 1t was decided thac che
6L leadiman for the RPB Preop would flv ¢ Zadlacelphia with two of
the failcd ralays A chird velay vas ¢.7. to $&a Jose,
o8 Pailacginhie vardous slessedent ri pesRaniLi. ssdes LNLe pavisread
on th. falled ralays. 1t was found 2140 che ga.f-nligaang cabe wass
thipped on cne of the relays, and the ..atac: hloek was erackow 2 wig
sther. Woca the self-aligning tads wi. . cut o0f i: was discove ed
that witih o good deal of hand force, /i reiays could be mads o soied
because of misaligraent. It waz thouit: chat misaligamenc way aave
been the >eadlam, but this was mos o5 aiv boacause che fallac relay
that was #¢ chr dite 44d aof have SAY L e TG
wio notifaed flols persennel &7 o srass.

wis

-
- 4

iéad Teginasrang Jdass

0c April 27, ISTu, Yegquesting &hst i, Jesdve € inspected for cligemen:

anG chipped or broken carrics suldes.

Ay L, 19705 Tie replaced Relay S5A-K24 failed to drop ouc whan it's
¢l was dosnurglned.  (The orizina. Zsiled %A-%2A relay acd’Geen
.42ed 30 that tn: U8 sreor goulé bi contlnued.) It vas avidesnc
the reoay a3 nsp adsaligecd, 6 o2 teiny was loft io che paasl
o the coll wires vems el uncll o Zag. ore Jepresentati s 2erivagd
<¥on. Palladelphic ¢o study ihe o ucr Fle.d socditlons. Thu jantary
verresentaiive recurned O Phllaceltia witn he velay fov rars

welva tefty after findieg av eavicws ronian for th. ‘RE R E,

+4 0 subsequent Field Enginesriag Memo, dated REVIRY BE A S SELREET.
fi2ld persoanel that the first memo hec incorrectly 2sovil L e Jause
t¢ Be chipped or broken contact carrier guides, but tass ox unsivg
<e-faniz ac Power Systems Management Depactrent, Phigsdeipias, tad At
21D 2os senonstrated that the ralay hangap was gue Lo aeas horsing e
Armaiuze to the upper (coatact endd polc pleces The pondies sooacs

ez s

& tlock chronate primer which 1s applied to the polk plsces <o 4 worEs it

inhibiter. Duriez some velay production cycles, the pricer ised did
ARt fully cure ot room temperaturas. In some few valays, %% LalK i
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curing plus primer buildupy betwaen Laalsations peradtien basalur i
te intornal heat gensrsied during indclal extendsd {1l nowra of Jeed)
energlization.

The memo stated that heat generatod also cures o'ie privur and tosg if
no bonding ececurs following the abave ‘ritial envrolaasion, it will

not oceur, aa4 that L. bonding docs oz, it will aot recur once ohw
armature is*freed from the upper nole slute, ant that this vas wverifice
by repaated cesting of new relave o3 3 o oazhi sssles

CZ ing. .ury taal curing must 8¢ .oev Aagd in St fladd by enoraising
. HFA rolays (vhether AC O0F D0 o so.caliy anecgleed oy desnar locg

for 48 novis {providing at lewst 4 2&«rc.y eutre curlng cime' geciples

thac this be donu at sites except . wrs it can be positively estnilisncd

that 2 particuiar relay has been encriiznd for thz: poivied o lon,uy

and hes subsequently dropped out vsor .ot decaers.uz ion. The mens

ileo stated thet it is likely thag 211 sic.s past (.:. loading can

¢slabligh chis on normally energieed velavs, and shae accnaully da-

energized relays are in a safe mode vacs plcked ve, $o0 curing cheirs

pole piaces can awaic the esrliest shuccuwn., UL mamo jrstrusied thas

each nonoperational aits perform or verily the zhove 48«lour a7 i ts.on

and perform adaitional site testing fo.lowlag euring ia asecszdanze with

the memo.

It was noted that the GE mamorands wevs Addviscsd 19 sinzaen perin- g,
with four of them being ideatificd with specific casilicivz. Thess
were Ts.vrca, NMP, OYC, and Tarapu:. .

steliminary count of the relays is che Sontiseilo plast fdenti {ad
t& HPA e lel in‘t‘ll.d. Pae {asn DICIAT UGS u.ﬁem‘. saaf aake
weitional relays of the sane twpue =8 have Seen provices in Secitus
sUppiied panels.

i Sullag and Ce4C fPOJTAR A4A AY: Jadt LAb<AS88 oI .4 caMe gl itw
inspection, however, detailed inspection and tests will se parioriau
on 2ach Type WFA relay in the plaac.

@ »
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J« & 0'Reilly -4 - Junio 2, 197C

SSF persoancl indicated that the wmatter would be reportea to DRL.

ot
’ “arold D. Therabturg
COLT11: COF senior Reactor inspector

¢! E. G. Case, DRSS
R' S. 31"';";, .:.. \:
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July 29, 1970 /,ET{EZJ-w-iQ;

SURISET, SAVETY SYSTI “iihy FALLURES
Mo iesent meeting widh sove of §our tothnfen) eeaff & request 1us meds Lo previde
fnTwmation on ropories retay fatlures. following 1s a description of L' fefluris,

aveluation of tho cause 2. corrective action takea, 1 trust tags N TUITil1Y the
reqaest,

¢

11,

Descrintion uf v2i%upy

R St s sl o - . T e A

I Aaril e 1502 vors oup Buel sy lastrussmiativy Ounastogut (410) wes info,ood
LaaL Tlng. gar i e gnpty Sy5ita 1ol AG woloye hed feiled ta asen whan Ja-
EIRSERAATgde  B% TN R ariine i Boa LRt O rLity eparated snnadly efber ta
SRR LEE Lhosse S Tl vl e aaouvad fis the panal end eaniin.,

Spring leaglen orsirad pomad and ot Prvis appsarad clasn upon cleassenaly. .
Resifual ragret frited by @ DC Foodt ves suspactad as @ possible failure
rachenien, ub oo suh Pl gor Tl Lo fovnd,

Ld -y - ¢
cvaleation of Cauzse
- —— L ———— . —

tis ret.oeed to e vivipr for furtior samination, The vendas

T A JEARY PR 2
CIsti e il tiut Pertisng of tho o ted plastic contact carator viara covpari angd
BT ERR DRTEn was renslid chat thairailere mnachaniss wis Cus #o miseiignoant
resuitie e fivan dus ciar {prniuvg) ned being prose iy guidal, AV sitas vopa

etenatg 0o Ingpecs WS RARIAsL way Cvippad carrisr eulacs, At tha sérs tire,
the ven; Tuitiz.ec 2 desion fepraveent program to fird a stesnger guida
ieterdal <of to riding tie Shippin, doage by improved Fuekacing,

Contingsi testing &1 1D and the vender revealed thet the cause of stickineg vas
Aoy 1he caerigr puides, but ralhsr the paial on tha pole plece wideh adlvrn Lo
the cirg] grmatute slute oF tie eudrgized relay! To prove thi; frechandy, 20
AC vetaye rad 32 U2 ralayy had the paint vesovee fre: U nole plach and ne
platos ity a thin “oTen coating, Twenty-nine (29) <d4i{ioanl AC relays und
32 DC roburs werk co0d a5 receivad from the vendon, 11 142 raiays were nous,ced
W0 pritls oAt ien g0 Saste In whicl the reparied Tailures octu. rad and wooe ensre
gized 27 vyted veieris Yo a pLoios of 48 hours, G-eneigized wnd ohiarved for
propar cperation, Cornialie, thy vesdor uas pertoraing 2 siid e test wging
CImips T provida Lol nhesousy Bod Lt aviaeturas aad Ha gola pites:,

FIVE Pelaps. wars. ~1iras el ong 10 had Lovten apeiied o the avaating,

]
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The results of the Lesis ars shoun in Table 1 (venuur resalis i paisuthetis)
andg support the conclusion that the mechanism of feilurs {s edbarence of the
paint on the pole plece to tha armature plate «hile the reloy 1s erargized.

g fact thet the DC relays ¢ic nol stick was wought to be due to thatr having
a lTower operating terperature (o eddy current losses).

TAELE |
Rele} Type Cuantity liumber Stuck
0C 32 0
DCeTreated 32 0
AS 29 (5) 7 (4)
AC-Treuted 29 (10) 0 (0)

The seven incnerativ: releve were nenually opanad and re-sprergized 12 hours to
crterming 17 beat curdng the paint might b2 a passible cuvrh &gainst rocurrance
of the Tailuse, AIl sevan nrovated cnevpotly, at the ecd of 12 hours (as did
Ure wibge 332)0 On the basis of tThsce resulis ang tio reconmendation of the
vendolt all rezctor sites with - pplied relays o tie seme type eénd vendor
were instrictad to erergize the reluys for 48 hours uniess 1t 'could be posi- ‘
wely estebiished chat @ perticulzr relay had Seen en:rqued for that period
or longer, In the lotte case, the velay was sasngt frel the 48 hour run if
it could further be provin to have operated prqpsrﬁy upsn being de-energizad,
In addition, 211 MID-equineed siies were instrocted o de-srergize the norally
crergized reitys once evesy 25 hours for @ week following the 48 hour run. A
sludlar instruction vas issued to [ID Manufacturing for reisys in the shop.

In Junz, word was vecei cd from onz of the overseas sitcs that relays were still
sticking after five cycive of oparuiion,

Corrective Action

Uiscussicrs betuess P10 acd thz venior resulted in the coeclusion that the paint
was most Tinely tharosplzctic and the anly solutions te the problom were to
either resove Lhe painy from the pols picze or to coat tie armature with a
material to which the paint would not adhere. The vendor recormended a teflon
puint which hea begn tested end proved satisfaciery, ihea regquested to provids
preof thal tie teficn paint would last for the Vife of the relay, the vendor da-
wirred, © Tha material was 100 new to have real time 1ife data and the reloy lire
was €00 lony o 211w Avrhanius curves to be genarated since the necessary extra-
polation would not be defensiple.

Further dnvestingting b the vordar reveplad that relays made by others used the
same Bl plecs cateried, uarpilad, met JilL-(-2212, and bad not experienced any
currosion diiTiculuias, - Also, emotoar relay type wad: by the vondoe of the
prodien rolay was vsiag the ssuz puie pigce witaris) wcseted.

b
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04 the bagis of L infecuition, R0 Ged tha yeodur daticsd Lo reotce tha
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paine from the 138 T tho poie pievac for relays in the field, In #10's

shop and in the v p's shop.  The vencor will leave the pole face wisainted
for Tuture produc: . A Fild fomo was issued by NID to 211 dil-cupniied
sites instructing in the painc . wval process, presauticns to bz observed and
tests to b2 run following rsaec: Hily,

Tha vendor réported on July 1, 1270 on the results of a corresion test on &
relay iniideh a pote pfecs with an uncosted face was subnerged in s2lt wetar
for & poried lony enovgh to build up & corrosion laser. The pole piece was
reagsedied into 1te reley ad tests wers run which gave no indication of
degradation of pevferracce, Ths vendor iss requested to devise 2nd run ¢ test
which soudd prove that unricoved paint Feom surfoces other than the face of
the pole plece would not ni-nle to the foce and cause sticking, It s felt
that since only & raall po. sontaon of relays with paint on the pole face shuch
in the field and in the {oses derceibed above than 1t most 1ikely require. en
eptimum thicknaes to provide suificient adharanze, The small anount whick
might migiats Lo the Tace 18 Ligily unlikely to be such en amount and, further,
17 the paint has sufficiont strength to b d 4t most Yikely is too viscous to
run%’ nisults of these Lests w117 be maus svailable to you as goon 2s thay are
availatle. ¢

1v.  Conslusiong
S ——— —— —— — " ——

The reloy i guastion has been woo fucivied and used for 50 years vithout probs
lems nd with a recond of nigh relicl 1144y, For this reason, it s chusen for
this critica) application, Discizsions with the vandor indicate thet prior te.
HIO's pureloZo of Lhe re .vs which failod, the yendar moved his mzrufacturing
pleat aud 1y In the proevss of Geudndng nor personcsls This cuang? in porson-
nel and lack of contral of paint thicknass resulted in the failures.

I Te2] the stins taken 15 descritad above An poragreph 110, plus tncrenssd tasting and
surveillaaze Ly BiD Cuality Contr2) adzjuataly preclude vecurrance of tiols failure.
1f 1 can be of Furiber oszisiauca in this matter, please 12t me knou,

Sincarely,

s 1
# e
- P
Q—"’ -

i, A R I L
I. F. STUART, lMarager
Licansing Unit
H/C e32

IFS: ib vl o
cct S, Levy .
A, P. Diray '
J. Barnard |
H. Hendon
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1581ANCES OF RELAY FALLYRES IN
REACTOR PROTECTIVE SYSTEMS
fummary

Nine instances of RELAY FAILURES IN THE MONITORING AND REACTOR PRO-
TECTIVE SYSTEMS OF REACTORS are described in thies report, Although the
significance of any individual reley failure depends on the particular
tircumstances, the proper cperation cof most of the contrel, protective,
and engineered safety feature svstems for nuclear power plants depends
on the successful functioning of relave. Relay fallures of the types
illustrated by the cccurrences reported here could, under different cir~
cumstances, have significant adverse effects on plant safety. Nene of
these occurrences resuited in darage to t.¢ rea.icr nor in radiation ex-
pesure of any individual.

Circumetances

A. During a period of about two months during precperational test-
ing of a poﬁer reactor, there were four failures of relays in the Reactor
Protection System or the Containment Isclation System. In each instance,
the relaye that had been decigred to open when de-energized failed to
drop out on loss of power. These relays were all of the same general
type, and supplied by the same manufacturer. There are approximately 400
of them in this plant. After investigation, the manufacturer directed
that all relays be inspected for misalignmen: and chipped or broken self-
aligning tabs, which were thought to be the cause of the malfunctions.

A few days after the memorandum calling for this inspection was issued,
a nevw relay, which had been installed to replace one of those mentioned in
the previous paragraph, failed to drop out when its coil was de-energized.
It was evident that this relay was not misaligned, and since there was no
obvious reason for the failure, it was returned to the factory for more
extensive tests,

Further investigation disclosed that the relay malfunction vas due
to heat bonding of the armature to the upper (contact end) pole piece.
The bonding agent was a black chromate primer which had been applied to
the pole pileces as a corrosion inhibitor. Evidently, during production
of some of these relays, the primer had not been fully cured, As a re-
sult of this lack of curing and the buildup of primer between laminations,
the internal heat generation during initial extended energizing of the
relays in the field for periods of approximately 12 hours caused the arma-
ture to bond to the pole piece.

Field instructions were issued stating that the chromate primer was
to be mechanicelly removed from the pole piece faces. The field memorancum







EERTE——

e R e T e L e e e e
T e — A SN N

63

ROUE -T1 Jd

becaute it had twe simultanecus signals, one L {nsert and the cther Lo
withéraw., When the gang switch was turned to iis neutral pesition, ie-
moving the insert signal, the rod was free to withdraw., Evidently, whes
the operator repidly turned the ganp switch from neutral to Insert, he
energizcd the insert relay and the witration of {te contgote clecsing
caused the loose ar=attre spring of the withdrav relay te realign ftoelf
te open the withdrav relay contacts and permit the rod drive motoy te
energize in the insert direction. Replacement of the faulty wiihdraw re-

lay corrected the problem.

In order to increase reliability, additionsl relays were inserted
in series with the existing coentrol relave. The springs on ovoth relavs
{n earies weuld have to fail at the same time in order to cavee the S&re
eltustion tc recur. Maintenance procedures were changed that erelgvs
will be revlaced, checked anc visually inspected for proper .T=rvaticn
every six months,

L. During the daily checkout of a pulsed resesrch resctor, it vas
observed that the transient rod did not drop consistently upcs & gcran
signal. A relay in the control power circuit to the air solenoid for the
transient rod was f:und to stick in the energized pogition intermittentl..
With the relay stuck, the sclenoid is energized, and air preéssure is &=
plied to the transient rod piston preventing dropping of tie transient
rod until the power supply is shut off. It could not be deterined
whether the cause of the intermittent failure was residual megnetism in
the relay ammature or sticking contacts. The relay was replaced, and

the scram circuitry for the transient rod performed normally.

F. A puleed research reactor had been operated for ahout & hours at
a constant power level, with the pulse rod withdrawn and the pulse rod
“UP" button depressed by hold-in power on its relay coil, The pulse rod
had performed properly on scram tests prior to this run. At the conclu-
sion of the run, when the manual scram bar was depressed, the "UP" button
on the pulse rod failed to release. As a result the pulse rod did not
drop, although the other two rods scrammed properly and shut the reactor
down. The pulse rod dropped when the "DOWN" button was depressed but
since the "UP" button was still depressed, the rod immediately withdrew
upon release of the "DOWN'" button, Repeated action of the "DOWN" button
produced the same results. Finally, whes the "DOWN" button was depressed
for an estimated 15 to 20 seconds the "UP" buiton was released and the

rod dropped.

The "UP" button on the pulse rod is held in by a holding coil., Cur-
rent to the coil is supplied by the scram circuit and the current was ap-
parently interrupted satisfactorily since the associated light operated
correctly to indicate rod scram circuit action. The inva2stigators con-
cluded that the sticking of the "UP" button may have been caused either
by mechanical binding of the switch or by a residual magnetic flux in
the electromagnet core due to hysteresis. Since the button released some










