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File

TrTO _. L. H!adek

FeOM L.R. Monson

SUBJECV I@; REACTOR SCRf_I - 2_OKV, BREAKER _376 I2,_2ERRUPTION

At 11:13 sanon 10-6-67, I@,,;Reactor received a scram signal due to the inter-

ruption of bres/_er _,_376on one of the 230KV feed lines.

At the time of the scrsm, the reactor was operating under an extended Critical

"W" po_Jer condition (planned removal of electrical backup facilities during

reactor operation). This po_Ter condition was placed in effect so that the

updating modification of the 2301_ transmission system could be accomplished.

The planned duration of this condition was from 9-20-67 to 10-8-67. The

_iring changes to breakers 71_376and _':372had been completed and electricians
j1.

were finishing their work on _372 (cleaning out cut leads and re-tieing wire

J'_76 opened. No wiring changes _;ere being made at the time thebundles) _vhen Try-

relay opened. The relay was open for 4 seconds and then reclosed automatically.

A thorough inspection of the system was performed in an effort to determine

the cause of the interruption but no cause could be established.

Upon po_er loss, all the bacl_p systems functioned as designed with the

exception of Raw Water Valve _i_I. The breaker supplying po_Jer to this valve
was found open; consequently, the valve did not close as it should have.

This allo_Jed water from the filter plant to drain back through this line to

the river. This draining can ts/_e place only while the water level is above

the filter plant inlet flume; therefore, total water loss could not occur

due to the failure of the raw water valves to close. Apparently the breaker

had not been closed after work had been performed on the system at some

previous time. No tag was on the bres/_er and it had gone unnoticed until
the scram occurred.

Process _mgineer
Research _nd Engineering

L_4: cs
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At 0303 hours on Monday, Jan_j lO, a racoon grounded the 13.8 kv C2-IS line
which feeds the 182-B Building from the 151-B substation. B Reactor scrs_mmed
_Thenan m_dervoltage condition caused a cower failure trip. __-

ud t _'P. '- _ _ _,. _ jo. _ll-s__ _" startcd duc to the
_- relay tr_ C Reactor scrammed when _ undervoltage condition
Eaused the PSR-PSPC_relays to open. Trip identification display _..tas"Pressure

Monitor"_and "Pressure Monitor Ground." _f _-.___: -7 __ ._f/_,_--
, ..... _

'#leIe::por_steame_at corn !o2-3 _"zd.--D-c_.le on _:l_h_ _nu_es.
The/182-B e_ectric 4_oort oumos _ere restor@d_to normal within\nine minutes.

On__ half of-%he 183-o183-_-f_!ter" [ '_nlant _ost power.\-The-boilers at th_'_S4-B Build-
ing responded normally to the minor _ucrease in steam usage. All sys-.ems
ftu_ct_monedproperly.

Discussion

The C2-X8 bre_er, located at the 151-B substation, tripped at apprcx£mate!y
0308 hours on Monday, January 10, when a racoon grounded a 18.8 !c_line between
151-B and 182-B. The C2-XS bres/-_erfeeds part of the 182-B, 183-B and 184-B
Buildings. During a subsequent investigation by Process _gLueering personnel,
the information below was obtained and is summarized by building.

151-B

The operator at 151 substation heard the ground annunciator when the C2-X8
bres/-_eropened and he started to reset each bres/_er. The #8 bres/:erreset.
Total time elapsed - less than one ztinute. The 74 breatherdid not open.

I05-0

The reactor scrs_umedat 0308 hours _,_hena low voltage condition caused the
PSR and PSP_%relays to ooen (the "fail safe" condition). The trip identifica-
tion display was ',PressureMonitor" and "Pressure Mon__or Ground" detection°
_I HCR annunciators were received except the supply sa_d_f!4. The //6s_oply

DEC .SStFIED



fan stopped operating. The _' _ sh_ and riser pressure charts, as well
as the power level and process flo_ charts, showed no unusual observations.
The ther_ml shield flo_;had a blip at _n,,_uo which is s_milar to the blips ob-
tained _Kaenbac!c._ashin_the 183-C filters. The blip as a single blip (_-_#-)
while the back_rashblips are usually multiple (-_).

The gas flow at C was erratic and abnormal and is stu_marizedin the table
below:

Time Interval i.linutes Gas Flow (C,_,.!)

0308 Scram 255
0308 n_o, 20 15
0_2o - 0343 15 9
0343 - 03_ 5 4.5
03Z_ - 045O 62 0
0450 Z,;or:._! 300

The operator at 115-3 reported that C Reactor did have gas f!o_._during this
t_me. 1Toe:rolanationfor this condition has been fo_d.

The bu]2_outlet te_@eratt_rerecorder sno._zedno blio On the control console
extended range recorder, a blio was noted of goout a magnitude that would
correspond to 1.1 po_er level units.

IO0-0

All systems indicated normal conditions. The process water pressure _;asspiked
as expected and decreased no_rmally.

18,3-0

The systems investigated indicated normal conditions. The basin f!o_;svaried
somewhat from each other. The south side flow was at 63.5, sp_J:edto 64.2
and then 4ecreased to 63.0. The north side flow _as at 6_.5 and just decreased
to 62.0. it was not deter.__ined_._hetheror not, a low voltage condition occurred
at 183-C, supposedly, it did not.

_7
T;_e_.reactor scr_med at _on_ _:hena po_zerfailure indication greater than _6-_-
cycles cairnedthe PF and PFA relays to ooen and the trip identification read
"power failure." The I_90pumps 1 and/or'3 power failure relays opened causing
the scram. ,illstes,merson automatic c_me on _mmediately. The 190-B pumps
i._os.1 and 3 did not trio off; therefore, the underpower relays were open rnre
than _ cycles, but less_than _ cycles since some 190 pumps _zouldhave been
lost if the power failt_rewas greater than 42 _ycles. The ll5-B gas pressure



_luc_t_ec.. Reactor outlet ao:."-.ointsincreased _c,j m_its. The
outlet zas :oressure ,iuc_ua_t: o_ _-,_-_.eS _'-_ iu!et -
.--_s_e -&ucuua_d and @-,:eraSe_ £oJ z_.cnes of :;ater• '_'_ a_-"_s._'°qo,,.,-._....._a4n,:.4_.
.... _.. _.., cons_os.n.• To'--' .... level_. -_eac-oar _,!..,., c_ecreaseJ. T_OI%'.lS.!!_'• [To }0.,.e_
........ _. j was nc-0e£ .._e TOR_ increased 70 ps: ai&clrer_zne_ there
:.:inute-s _,he loo_: l:ear_e _ has been f!uctuating_ b _'_._ -"' _'_........... _ une sc__,,_ an:_ %herefore_

"'_:'_ "'e'_e c,a_aL.-,zed

r.,} kJ--.O

.he i}:! cmo./'or _ :-_:p -po!.ter £ai!_u_e rele 4, ooenec:, due %o an ui_de_to!ta_e
• _ '':" " " t77 s%eai_.e_S Ol! s.lluOr?_2._IC 00__.!3 _'3COilGlu._Oil S.lld c_/sec: B _.e,2.cl, or sore/,!. "" ='

im'.adiatsly .Lll ;_r.r.'s "ers '-_:-'-"__ _"n_ " ' " _....... _,, ...... ")over faz!u_e relay -s se_ :.'%

as. indicated 13 :'si. The c-._,'_,-",'_-_,,:,---__,lc,f'_u__ iudicated "bhab -bke e::::ort syster.
::ressv_e -ms at ,:,sc_ _._creass'= "so 10';'_ then __.,,__..... ed %o _';..... a:n._ ";as
finally stabilizeC at ,_":5._

_'._W_--__

Three __ectric e::'_or% :_-ans :,'ereon bhe line• T':oof the a_7;_s were _ffec_ed
' " "-.... " _._.nS_ Dr=let.b:" the racoon _o_mdins the "_ine_bhe third p_rp ::ason a az=zeren_ ---_ -_

,'T"_ -_-_-_:_,'-._S e::::ort "-t'esst_ "_ .... "" 102-3 '.... :-_ , .-_4............. c,__. _ £ecreased from 226 so _3 ._-_
" " ' 4 : 1- ; !_< . mrs" ' "m4"_ _- ,m. "remained if:erez,_.about 5 :.'_'nuses__nc_ease.,%0 _ osi for a _..,........ [_s a_n_

finally _ncreasec_"" to a ____-_:-q_"__o,-,._si. The _umos.were out back on _ne :_n_
'" _._ " • _,_4,_, tb.erotochec': -,a_v,_s. Theseb?"the norm.._ioNera_g .._ocedure_%nat _.s__-_o ....

- " slowly en _ " " a%: .... _ _,,'a,'ves o3_ . rec:uc_ng ,. .zressume surges, The s_se _u.,oreo_e.,. o 5iS
C_:e7

l_D-o

_;:eZ-C crosstie was nor_.,mZ._'__.._,lume level had a bli_c,of _.") zee__ -'-.Four
of the seven 1S_-B p'_m-_s(;1%,2, 5, 7) :;erelost.



i

Am •_c_,.____'_4"_"_e___.;"f,........._-_ _ re<uction t;as noted a-b 0_C,3 and. %he D steca_s.... "_ele s'b_bed
_,,_ithin_,.:._i-qu%es. .i!'Y-qCUThon --.maau_7s%art_ %nest :_a....s can be --I-,_: o;_.

":-_':" o ' " "" _ " ---.u_e_. E!ec'orLcs "°_- _ "

the line m_d _oroduce_ full flo_r _,rith9 .'_nu%es o-p'--_',.

concau_c_ znaL %he stea::_b_cl-u:_o_.o_c.,.ftu:cLione,u nor:.ml_& and b_ze' _ "" Z

aaecu2._ _rotec%icn in -aams inst_.ce.

-'_'/]_00_ ........ [[[ Lt_'30X OL S:'li%h



4

D NU_, 00_ _wu_, F_ 1_4 kker ex'um

OAWm J_X_ 17, 1966 _ bll C_i_IJ_i
' ilJ' Ftltp MI_IThoruon

B-C Reactor Subsection AK llardtn File
_a_tu_'i_ 84K_tiOa C1 I_ CCiJ;_

avue_ na _,
pare C.O. Jm_,4.ns, 1701,-B, IOO-B, 2-_367 lit Jessen \_



,oo°NDoo No o
IIICHLANO, WASHIN|TON

Janua_/ 12, 1966

A. R. _,_uire, t._nager
B C Reactors

Douglas U:,.:Lted Nuclear

PO_.'_RII,T_"u"_U2";iO_;- !OO-B ;_'_A :"_
....... ,,

At 3:08 a.m. on Janua_j IO, 1966, a raccoqn traveled alon_ t,_ acrlal
cor_ult pipes into substation C2S2 and onto the cable tenuinals of tlm
_'_o.2 transformer serving 182-B. _e rcsultin_ phase-to-phase and p._se-
to-_ro_nd faults caused voltage fluctuations, _ud sensLng devices ,,cr_._ed
t_heI05-B and I05-C reactors, *_T,ereactorsdid not recover &-_ were do_m
an e_t£mated thirty hours.

Description

Apparently the raccoon clir_ed the conduit wooden suppor_ s *_ru_t_ _ the
• pipes and t-:ondo_m be_.¢ecnthe 2.4 kv A _ud B phase bush__nZs. i".-c. shoc_
_u_w him diagonally across the trauaforzcr top onto or be_._oenthe 13.8 ._
B and C phase bu_hln_s. All bushi_s, cor,_ectors,o_udt_m tr&usforr._r_
(ground) show consld_able evid_ce of arc_--_4_.

_hare was a ground annunciation at the i_I-3 substation, followed by a
Breaker-trlp annurmlation %_ncnthe rel_, tripped breaker C2X8 supp!yin_
182-B and other loads. The substation operator reclosed the bred:or in
approximately one ,minute.

Co_nents and Reco_enda_ions_
I I J , II, - --

The incident was unique in that it ::_s a double fault, successively _,-
volving _.;e voltage levels, and v_Mi_ imped=_.ces. On _c lo_-si_e, t.'_

• currant magnit_e ra_ained bel_ the In__tar.t&ueousral_+-settLu_ o._ tha
fault duration did r_t reach the ovcrcurraut relay's __tum sett'kuSof 72
cycles. It is est_uated t&at the 13.8 '._fault existed be_.:een12 aud _.;2
c_mles.

_he Utility is investigating the possibility of enclosing the tra_.sforr_r
bu_:in_s _th hoods, and will check with other utilities who c::_rience

' sL,_ilar_Lmal problems. _he access route which the raccoon used It.thi_-

.. instance can be blocked, however, there arc ntu_erousal_-_ate routes __n
this and other substations _.:hich c_nrmt be elim_uatcd. Le und_rst_-_i_-,at

IO0-B has a large population of raccoons liv_n_ on waste scraps _ basin •
fish. It is reco._=endedthat the Arca landlord t_.e steps to el_.r_r.atm",he
food supply or have the State l.ildlifeService trap out the &__,_als.

°

Zlec_icol _tillty Oper_ ion
C_-Sallna:ag
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suIazCV FA/.Ij_ OF NO. '2DT_,SEL AT 1@,2BUILDL_

During a routine atartup of the tares diesels at 182 in conjunction with a_n EMS

"elng conducted at !05-KW_ the No. 2 diesel started an,?.ram for a short perl_ _nd

_toppe'.._. The '_ua-atlonor period of time t_t the uni_ r_n is unknown; however, i'.

i_ the wn'.Iter'aopinion t_t ,t :_s less t:.:n _ne minute. We were_ busy cheek:n_
_'her equlpment _nd 3per_Itlons in zeajtu-,='-_ th ..he prl_rily the...... 'f " diesels,

_penlng of the zheck v,_ive on No. 3 diesel @ump !isc.harge wklch opened in a sat-

:sf_ztory z._nner at thls time. Continued _ttempts to start the No. 2 diesel, whi:h
: aould estLmate s+ sl..: or eight attempts, fi-,-_ly

" ..a. results,? in the unlt st._rtin_
_:r._..'_n:n_ng. The unit continue_ to opernte in ': satisf_ztory manner.

_hi!e in oper_tlon, It v_s noted that diesel fuel oll '_us leaking quite noti:eebly
"r.m_ both ends of the fuel supply st_ilners :_nthls ene_ne. We advised _'/nsportat_.
f the lee3, and requested the asslsta_nce 3f _ !lesel mechanic.

,_..eurAt '.,ra_ in :.:,nt[nu_usoperation for "ppr<,l._te'.,_a one hour whl]_ we f',,-_,

_'_e"rosst_e _,ne both ".o_ an_ to K"X. After "ompletlon of the flushing and re-
::'artlng the No. 2 unlt three times, init!atlr_ slgr_Als from different rmmote
13:,_tlons, the unit started and oper-_ted satisfactorily in e_ch case.

_:e llesel mechanlz arrived at i:00 p.m. Ne repaired the leaks, which were In the

"/alvea on the inlet and outlet of the strainers, sad it w_s his opinion tha t t.kls

_"-akage resulted in a !osa of an undete_ne:,. '_moun% of fuel oll from the strainer
::nd,'orfuel lines to the _ylln:_ers from the st_zlners. Loss of the f'ael o11 from

t.,e lines reau/te,] in _Ir in the _el oil lines to the :yllnderx. The attempts
tc restart the No. 2 diesel flnai!y exhausted the air in the fuel llne after wb/ch
the engine fired and operated aatlsfactor_ly as described above.

Since the repair of the leak by the mechanic, two remotely initiated _tarts of th_s

engine have been completed s&tlsfac_o_lly. We concur with the mechanic's diagnosis
of +.he engine's failure to o_erate after starting due to air In the fuel llne as

prevloualy described, and we are quite certain that thla was the root of the troub'e.

.%'_er witnessing the above described In;i 'ant An:_subsequent atart_ups of the engine
since the Inclden%, Z am of the opinion that the trouble has been eliminated.





Si_::ethm date of issuance of the above ..=..__a_-,=a++-...__document_ addio_or,a__-_, " fact.--.
=_.__,_.v_,.been.presented. In lig.._tof these facts, referenced stateme_:.,_in the
parez:bdocument are re__sed to read as follo,_s:

0BSE_?;ATION2 _ PArlE2

5_e schedule called for valvlng off the crossunder to allow blanking of the

crossunder v_]ve to permit do_ncomer repairs. Although the front face speciali_"b
w_,snew to S_ppl_mental Crews (vacation relief) and was not familiar with C
Rea..';torprocedures, this is still a stamd_-d procedura at all reactors to
uotify +'+h.-control room when val_-Ingis to take place during this _+_,'-"
p_L_-od&ud to raquest them to relay this Informatlon to the 190 control room.
"',:':-+_-.,.-.,.,,case, communications procedures failed to give adequate coolant

OBSERVATION 4 - PAGE 2

A 190._ operator saw th% TORP dropping. Since he had been informed by Zn__t'z..
men'-Te_'._iciansthat they wer._going to take the gauges out of ....." _',-
assumed '_'_-++_.__...._.ereduction was caused by the Inst,/meritTech",_Icia_s'beh_=d+s"_,_
"."'"-'_,_,._._..._.p8_%91valvlng offthe TORP pressu.+"--_gauges, This assumption was ,.,__'-.......
.....--,.._"_....;-"afT.houghreasonabie_ and could have been verified

OBSERVATION 9" PAC-E3

The z'eactorwas being supplied by tht-eethrottled electr!:-pumps. Nc:_a['_:_......
:om!n___cff the crcs_'_uderis fi_. ele,_.....i_ p,_mps, However_ had '-+_'-__-+_.:.,_an,-°.:._-,
Ope'"_tor"beeni"__o:"medof conditions accordi._ to proceduz.es_this i'-::iden5
::o_:ii_dha_.:ebeen avoided.

3/_COMMENDAT_TONS3- PAGE 4

it.e_t,=..:._sionhandle should be installed above the high tank valv9 pit to all,cw
.... 4 -.

_._=,,::cope_i::kg_.ndclosing of the valve during high v.lo_l_v _._',,._--.,,_-.,_...pz,_-
se.n'_•%_!ve_ located i'_,sldethe high tank valve pits is located such that it is
a sa'f_tyhazard to operate the valve. An extension _lve would also al,_o_._i'_ow

•- o_. faster than is now possible; thus, the high tan_s ._ll net d"a±'.',
._

'ar_ ..'._._"and ,-if needed - mc:."ewater _culd be availah!e sooner in a:-__me'_'.g-z_:._:,

RW Wood:dl



PAW WATER TRIP - C REACTOR

J. W. Baker 1704-B lO0-B D-DN

R. S. Bell 170_-H 100o.H D-UN

R. G. C!ough 170_K 100--K D-'m

R. E. mmn 170_-K 100-K I>-U_

E. j. Fllip 105-_C !00-B D L_'

C. N. _'_-oss 1704-D 100-D D-T/N

O. E. _rklus 1704-3 i00-B D.T_

A. /_. Man,Ire l?O_-B IO0,B D-,UN

_. v. M_r, mTo.m.K IO0.-K r_,'m

• J.R. Pi_r_e iO_=.C !O0_B D_'I__

R. W. Reid 1704-D IO0-D D-L_

R. W. Wood I05-C IO0-B D.L__7

M. A. Clinton -"_ 170h-D 100-D D-_
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, october 25, 1965

R. S. Bell

Manager, Manufacturing

3 165-KZTURBOC  ATORFAZLUrEOFOCTO 9,Z. 5

Summary

At 12:30 p.m. on October 9, 1965, an oll leak from the auxiliary oli pressure

regulating valve supplying bearing lubricating oil to No. 3 turbogenerator at

165-KS was observed. Nos. 1 and 3 turbogenerators supplied by NOB. 2 and 3

boilers respectlvely were in service supplying I000 _'s each to the _160 volt
buses at the time. The Power Supervisor called Maintenance for ass%stance and

instructed his operators to prepare No. 2 turbogenerator for service and to

place it in service if the leak could not be stopped. At i:_ p.m., shortly

after the weep hole on the regulating valve was blocked to stop the oil leek,

the loading to No. 3 turbogenerator dropped off. Three to four minutes later

She generator breaker opened. The Power Supervisor returned to the boiler
room from 183-KE when notified of the failure and called the Processing Super-

visor at 1:55 p.m. denoting the abnormal couditlon. ][o.2 turbogeuerator van

placed In service at i000 kw loading at 2:0_ p.=.

Description:

At 12:30 p.m. on October 9 an oil leak was observed in the pressure regulating

valve No. 17 supplying bearing lubricating oil to No. 3 turbogenerator at 165-]Q_.

The Power Supervisor believed the oll leak to be due to a leaking dlafhraga

flange on the regulatiug valve. Maintenance was requested to stop the oil.leak
if possible and the two boiler room operators were instructed to prepare No. 2

turbogenerator for pre-start operation and to place this unit in servlce in the

event Maintenance was unable to stop the oil leak. The supervisor %hen pro-

ceeded to 183-KE Building. He retgrned to the 165-KE boiler room when notified
by the 165-KE Chie_ Control Operator of the generator faille. ._:,The Power

Supervisor notified the Processing Supervisor of the failure at 1155 p.m.

• Maintenance personnel investigated the leaking oli pressure regulating valve

and found the discharge to be from the valve top exhaust port rather than the

diaphra_ flange. Maintenance then proceeded to install gasket materiel secured

by hose clamps over the leaking discharge port. At l:k8 p.m., shortly after the

valve dlscharge port was covered, these events occurred:

I. 165-KE Control Room

Chief Contrdl operator observed the loading on No. 3 turbogenerator tO drop
@Oo.,. lieattempted to pick up the load by increasing the turbine speed In

approximately three to four minutes the generator breaker opened.
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2. !65-KE B011._erRoom

The Chief Operator was In the vicinity of No. 1 t_rbogenerator unit when an
annunciator sounded ou No. 3 turbogeuerator control panel. Upon lnveetiga-

' tics, the annunciator for low turbine vacuum had activated and the generator
load was zero. No annunciation was received that would denote low lube oil
pressure or turbine trip and throttle valve (T_T Valve) closure.

The sudden loss of steam load caused unstable condltlone in No. 3 boiler.
Both Flreye systems, with accom_x_nylngannunciation, were cycling from sue
burner to the other.

The two operators concentrated on correcting No. 3 boiler problems before
attempting to restart No. 3 turbogeuerator or place the stand-by unit lu
service.

Q

The Chief Operator then proceeded to Zio.3 turbogenerator control station
and noted that the turbine first stage steam pre'es_reand vacuum were zero.
He believed the trip and throttle valve to be tripped, but when he closed
the manual screwed stem, an annunciator alarm was reCeived indicating the :

generator breaker had opened. Aplrr_i_tely three to four minutes had
expired since the initial auuuuclatl_. Two electrical limit switches are

provided ou the trip and throttle valve to: (1) open the generator breaker
and activate an annunciator, _atn_ (2) act_Awate electrical circuitry in the
steam turbine pump starting medl_. The trip and throttle valve must be tu _
the closed poeitio_ ;for these e_te_ to be activated.

I_ _" _ "" ""

Ho. 2 turbogeuer_ce_ _s tben placed lu service at no_ loa_l at 2:0_ p.m.
"_, \ '

Observations -, ,'
P

• 1.. Folloving the ret_n of conditions to normal, No. 3 t_bo6enerator was - _
" ' started iu an attempt to diagnose the cause of the Failure. When the ....

• turbine speed had attained 30OO rl_, u_ t8 3600 rp_, the governor relay
valve oil l_ees_re had exceeded 120 peig (normally 80 petg at 3600 rlm) end
_the auxiliary, oil p_p bad not _h_t days. This vould indicate low otl "i_i_ _ _,_

' pressure in the supply ltue tc th,, oL1 regulating valve beeause_!ov_Pressure "_,_
causes the auxiliary oli pu_p to operate "".. _ .-. ... __

Malutenance'n inspection o_ the oil system revealed the •folAo_i_: "

• a. The diaphragm iu regu_attug valve had ruptured_ .thereby permitting o_L _/_/_i._..i_
._ _..i_.- '__., to flow Into the top,v,tlve section and outthe .eeca_e por_(port_,,i_ _: _....._.,!__i_:i __

" previously blocked by /_sintenance). . ............

b _The 80 pslg pressure "regulating valve, a valve ahe_d of the reg_!atlu_ __:,., • . ,, ,_,r_ ._

valve _hat leaked, was fouud to be worn such that a uslfunctiou Could i_y_
have occurred, thereby creating the high oil pressure (120 peig at
3ooorpe).

2. Exauluatlou of the pressure regulating valve revealed a diaphragm failure.
The diaphragm was not original eq_il_aeutb_t vas one that had been cut





tO Hme Io_ _l 4_,

GENERAL 0 ELECTRIC

' R. 8. 5o1,1. -k- October _j 19_

• Corrective Action Taken or Planned
_ _ i . - - _] i , IL_,, in " ii ,,i,, ,,,

1. Power Supervisors and the 165 Chief Control Operators vere lumtruct_d to
inform the Processing Supervisor Immediately of any failure of emergency
sTsteu8.

2. Regulating valve diaphragms on other units vilA be replaced as the units
become available.

3. The 80 psig oil pressure regulating valves rill be given Class A overhauls
as they become available.

6

4. Pover Supervisors have been instructed to be present during abnormal
situations involving emergency backup facilities insofar as practicable.

5. Thorou4_h inspections of all turbine =trip and throttle" valves vile. be
made as units are available. .. ':

6. Manufacturing Engineering yes requested to revtey _be design of turbine

"trip and throttle = wslve limit evit_ea_ _

7. The Processing Supervisor was caution5 oo leaving the 105-]_B Building.

8. "Certification" of l_=ver SlaperVteoral as a. longer raeq_e progrst vt].l be
pushed. _\ ',, \ "

9. Manufacturing gUgt_ing vii1 be requested to reviev _48's mud PM prosraug
affecting turboge_gors in light of this failure.

Iqlt_s4tor s IX-K# Reactor

Roy g. Duuu: r

co: RO Clongh

814 Graves
McLanghltu

EJ O'Black

"_RJ Pyzel-RY Iqyers .. ,_ _.,.,_i,, ". _ "
_W Reid
E_ Weyert;s
File



October lh, 1965

EMERGENCY G._ERATpR Loss- 165-KEii

At about 12:30 a.m., on October 9, leakage was noticed in the lube oil

system of #B turbo-generator, which was on the line supplying backup power

along with #1 turbo-generator. It was decided at that time to bring #2

turbo-generator on the line and take #3 off for maintenance, and so Power

" operations started warming #2 up prior to its being put in service. At

l:5h a.m., #3 turbo-generator tripped off the line due to low lube oil

pressure. At about 2:0h a.m., #2 turbo-generator was placed on the line,

thus returning the secondary backup system to normal.

Process Engineering Unit

SA Wood: md

cc: MA Clinton

KE Incident File
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M. A. Clinton, Supervisor

Process Engineering

BPA POWER INTERRUPTION AT K PLANT
, , ,, , ...........

Ref: Letter, G. Kestell to Distribution, "Power Interruption

" dated June 30, 1965to Bus #2, 165-KE, June 25, 1965,

At 10:50 a.m., on June 25, BPA power was lost to #2 bus due to a switching
error at 165-KE (see reference above), and was completely restored to normal

by 11:25 a.m. kq,Ireactor was operating at the time and was unaffected by
the pm_er loss. KE reactor had been down since 8:2h p.m., on June 23. The

power loss caused #h LL pump, which is fed from #2 bus, to transfer to

emergency generator power. This occurred automatically and almost instan-

taneously, no changes being noted on any process water pressure or flow

charts. No. 3 LL pump, which was also supplying KE, was on a different
electrical bus and so was not affected.

The power loss also caused all three emergency backup diesel powered pumps

to start. The TORP at KE prior to the incident was about 70 psi, and sinc/e

the discharge pressure available from the diesels to the reactor, which was
valved for charge-discharge operation, is about ll0 TORP, this resulted in

some diesel flow to be supplied to KE until 11:25, when the diesels were

manually shut, off. Part of the diesel flow was discharged into the pickup

chutes through about 3h0 tubes uncapped on the rear for charge-dlscharge,

which effectively stopped discharged fuel pickup due to the "murky" appearance
of the water.

Eight KE far side crossheader screens were inspected, six at the bottom, one at

the middle, and one at the top of the reactor. No. 2 crossheader screen

contained "a tablespoon-tkul of crud." The rest were clean. A survey of

equilibrium operation temperature maps after startup from that outage indicate

some scattered venturi screen plugging suspects which will be inspected the
next outage.

DECLASSIFED
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Backup adequacy was not reduced by the power loss since the secondary and

last-ditch backup systems were not adversely affected by the incident. If

BPA and steam power had been lost to KW at the same time as the KE incident,

more last-d tch flow would have been supplied to them than under normally

assumed emergency conditions since all three diesels were running and KE

reactor was throttled at the time. If KE had not been throttled, then they

would either have had four emergency backed up LL pumps on or V-72 closed,

as required by Process Standards, which would have created enough back
pressure at KE to provide adequate last-ditch flow to K_ if needed.

f

Process Engineering

SA Wood :rod

DECLASSIFIED
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September 21, 1964

M. A. Clinton, Supervisor

Process Engineering Unit

190-H PROCESSI PUMP COOLINGCOIL FA!L_ES

As per your verbal request on september 16, the following is a "paragraph"

on the cooling coil failures experienced in 190-H.

On September 4 of this year, during the 8-4 shift the 190 people informed us

that No. h pump had a leak in its cooling coils. They indicated that they

had shut the water off to the coil. I_ order to cool the motor they removed

the cover plates from the motor and put a fan in the 190 building basement
to force air up through the motor windings.

Dick and I went over to the 190 building to look at the situation and found

that the outlet air temperature of this motor was only about 6°C higher than

the others, and 6_to 8°C below the indicated red line. We talked to Jim

Frymier about the situation and learned that the only problem was that the

back pressure from No. 3 pump's cooling coils was causing water to leak into

No. 4 pump's coils. There was no means of preventing this. He was afraid

that moisture might be picked up and possibly short the motor's winding out.

For the next several days, we watched the situation closely and where no new

complications developed we took no action.

Reading the supervisor's log book this morning, I noted that on the 2-12 shift

September 15 of this year, the 190 people reported that No. 5 pump's cooling

coils had a leak. I called Jim Frymier and learned that the same steps had

been taken in this case as in the other one, and that once again there was no
real problem.

Both Dick and I felt that having two coils developing leaks in such a short

period of time may be indicative of a problem so we called upon Jim Frymier@

Jim told us that he was surprised that this had not occurred before because

most of the other areas have expereienced this problem before@ Past failures

appear to be caused by stress corrosion failure. As background material, Jim

told us that each pump motor combination has three cooling systems@ First, a

hydraulic system for cooling the bearings; secondly, a system for cooling the

flywheel; and thirdly, the cooling coils used for cooling the air which is

circulated through the motor windings. It is the latter systems we are con-
cerned with. The system is shown in the following sketch.
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The cooling coils are essentially "off the shelf" two pass, finned tube coils.
The cooling water is drawn from the filtered water supply and exhausted back
into the supply header of the pump. The motor is enclosed and provided with
a cooling coil for two reasons:

i. To regulate inlet air temperature, and

2. To prevent the motor from becoming dirty, thus shortening its life,
from building air.

These motors can operate, as they are now, being Cooled by building air. The
big disadvantage is that winding life will be shortened.

In summary then, the loss of these two cooling coils is not a serious problem.,
is not a new situation, and will be remedied during the next outage. They can
not be repaired now because the vaults they are located in contain extremely
high voltages.

Process Engineering Unit
Process Technology Subsection
Research and Engineering

RF Greene:md

cc: JW Frymier
RW Reid

RE Spicka
RF Green-LB
Incident File-D
Extra.(2)
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AprA1 19, _63

S. S. Jones, Znglneez
Reactor 2ngAneer_

A recent failure of a Westinghouse lov-lAtt pump motor (#3) at KM has led
to the re_ues_ that R_ eval_te the safe_y a_peets of operat_ _th a
substitute _otor (1500 hp G-E flyer pump motor). Physical limi_tiuns will
not perm£_ a f_l to be used vith the substitute G-E _iver pump motor.
I have been told that the river pump motor can be used and, in fact, one
_as used ss & low-aift n_tor more than two _Lrs e_o.

The recent failure is the third failure of this na_. One of the failures

_s on a prototype pump under Project 775. The other two failures have
occurred since Pro_ec_ CGI-883. Although the csuN of the problem has not
been _eflnAtel. _ _eter_d, vibration or s_ unbalance allowAn_ _he rotor
to contae_ _he stator appears to contribute to the _a£1u_e. _ _tors
have been s_£ed in an effort to elinAnste this probles and X understand
that the M are plan_ to have the r_ nape motors sEKlifled.

Uti_Aza_lon of the spare Westi_ouN lov-_ift pump motor to replace the '#3
un£_ pu_s us in the poaitlon of havln_ no epaaws. _u_, _uother failAU_
would re%uire fAme-pump opemt,£on _ an a3.tern_t_ _otor cannot_ be _ &vail-
able. During bulk texture IA_ ope_tlon this _ou_ re_ulre a_ least
a 10 per cent reductlon An level. _herefore, an _ncentAve _oes exist for
usin_ & river p_ _oto_ ss & eub_titute replacement.

When Bob Dell asked me for R_ evaluation of operation _lth s river pump motor
used as s low-llft motor, he _ntioned the' folluwta_t

i. If anoth_ pump ohould fail, he would plan _o _stall a rZ_'_r _ mot,o_
as s low-llft _o_or.

R. To provA_ _ motors so that the _estln_houm _o_ors can be Nnt back
for the _odAflcatlon, he n_y have s river pu_p _otor l_stalled ss a lov-

In vie_ of the above, I am aekin_ tha_ you evaluate the reactor s_£ety aspects
of opex_tin6 & K reactor with a @-B 1500 hp river pump motor without & f_l
• rivl_ one of the Iota-lift_s.

I would l_ tha_ an evaluation o_ this _o_or uu_e would be _six_ble before



i
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nex_ motor fails. Even withou_ another fSAlure, an evaluat£on within
s couple of w_ks _uld be s_&te in order for Bell to continue ]_l.i
plans for _k_ug of the reua_=l.n_ _otors.

i

_etlrj

Process En_neerln_ Unit

IE Lessor:rod

I_ Clinton ,-'_
WtlRadtke

Reld
1_ Van Warmer
rE Lessor-File
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M. A. Clinton, Supervisor _
Process Engineering

165-!

At about I1:42 p.m., April _j the KW reactor _s valved, a_r procedure,
to go onto the crossunder line. At this time, Nos. 3 and 4 low-lift pumps
were suppll_n_ the reactor and the V-72 valve _s open. The reactor valvlng
status _s such that all crossheader valves (four inch) were closed and the
two-inch bl_ass valves on the A-B side fully open. Accordir_ to procedure,
the r.e:._step _._ouldbe to remove the No 4 low-lift pump. A call _,_smade
to 165-}_7control room at about the time previously indicated. In shutting
off the No. 4 pump, it is customary to close first the discharge valve--which
was done. With the No. 4 discharse valve closed, the chief operator, by
error_ then took the I_o.3 lo_ lift off the line. It is assumed that the
No. 4 P.D. valve _._sfully or almost closed at this time. The riser pressure
at KW reactor dropped to at least 38 psi (at mercoid location or 20 psi TORP)
because the mercoid 3A on A riser (ELP) was set at 38 psi and did trip the
steam turbine and the three diesels at 182. These four pieces of m_chinery,
incidentally, performed as desi_.ed.

On the power side, as soon as the pressure in the line dropped, the Nos. 3 and
check valves banzed shut. This was noted by the Power supervisor who

immediately gave the order to reopen No. 4 P.D. valve and to restart No. 3
low lift. The diesels were kept running until it could be determined that no
further trouble ez_Isted.

The entire matter _s ur_kno_a%to me until the end of the dav_on April _, _hen
you informed me. The supervisor's loz at 105 KW9 _car_ued_not thoroughly
read by me,%_heldvery sketch information concerting the whole affair.

Only one standard violation is involved. Accordinz to PCA #3-20, the V-72
valve should, at the time the lo_ lift was to have been removed from service_
have been closed. •

.
Process Engineerin_ '2_H Radtke :rod

cc: WH Radtke (2)
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APPENDIX

1. _e procedure for the crossu_.derinitiation _._sfollowed by 105 personnel.

2. PCA _3-20 was violated.

3. Corrective action _s taken at 165-kq_as soon as was humanly possib].e.

4. _e flow to i_ _as reduced to less than 14,800 .gpm(fact) and probably
less than 7,000 ggm (estimate).

- Temperatures showed tha_ no slgn_ican_ trouble in flow reduction _,;as
experienced.

6. All bacl_upcomponents perfol_ed as designed.
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C_'ief Control Operator stated to the Specialist and also to_hls own Supervisor

t_u_t he was "bu_ged" (his own words) because %hess request| for pressure drops

came to him on the 182 telephone sys%mn instead of the direct 105 FA-165 KW

voice power phone.

T._ ensuln6 discusslo_ of %hAs previous happenln_ developed the followln_:

a. That the direct i05-165phone should be used in requesting process

cb_n_es.
b. _._t lack of cc_catlon or i_aproper comman_Icatlon did not cause

the incldent being Investlgated.
c. 'r_t the occurreace of four hours before should be considered irrel-

evant to this Investl_tlc_ except insofar as it offers evidence

re_ardlng _he emotional stability of the operator _nvolved, especially

since he asserts that this upse_ of four hours previous was the prln-

clpei cause of his making t_e serious error.

'r_e nex_ phase of the discussion concerned a number of proposals for mechanical
o:- elcc%rl.-al prevention of h_ error in operation of the water control board.
Among the items mentioned were key-lock switches, rearrangement of switches on
the control board, supervisory circuits to prevent tripping the "last pump",
covers to be placed over essential switches before s%ar_lng on any sequence of
switcnmr4_. One by one the proposals were disposed of, most being found imp_c-
-l :al. Regarding those proposals that could be adopted, there was a lank of

u_nanimlty, In fact same strong ar_ts a4_a4mmt adoption.

The employee's record as a Chief Control Operator was considered. He has made
four observed error| oh the control boe,_, a_7 one of which was potentially

serious, within _he l_st f_ve months.

There followed a discusslom of _he need for c&_le operators re_ar_less of the

;_c:" and ¢c_lexlty of safety devices intended to prevent mistakes. The human

t_ctors involved in a supervis_r's r_tln_ an employee he has to work With were
also mentioned.

Recommend at ions

--I. That the Chief Control Operator be reaasi6ned to • position of less critical

operational responsibility or in lleu of this _c%ion a more c_prehenslve

supervisory covera6e be maintaine_ of his operational performance.

2. That investigation be continued on mechanical or electrical devices t.hat

could lessen the opportunity for operator mistakes.

• Investigation adjourned at 12:55 p.m.

O_

JC_:K_:ap
c_': WJ F_rguson RT Jeseen RM Reld

i OH Greager A_ N_e ' OC Sc_eder (_)
CN jross _ NcXm%osh File (3)
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July 12, 1962

I_,,_RODUCTION

On July 10, 1962, at about 0016 hours, a fault occurred in a current transformer at

Midway on a Priest Rapids Dam line. _ne fault caused a po_¢er disturbance in the HAPO

distribution system which was sufficient to scram all operating reactors. B and C

reactors were in shutdo_cn status at the occurrence; all others, except kg_, _.¢ereat

equilibrium power levels. This report provides a preliminary summary of the

associated events at the various reactors.

SUBSEQUENT EVEI:JTS

So far as can be determined, the disturbance was enou@h to trip out the 190 pu_.os at

the old reactors (e:_cept C), all the high lift pumps at ]_ and all but two of the

hitch lifts at K_q. Boiler and steaul turbine response was fully adequate at all of

the old areas_ including DE, which had some difficulties_ _n the April 6 outage,

19

_oiler response and reactor flow were li_e.rise _ at _ne K' s.

The lack of trip-out of the C reactor 190 pumps is most likely due to less sensitive

separation relay settings. There pumps sa-e driven by induction motors and do not

require as rapid separation from BPA as do the synchronous motors installed at

the other old a_'eas.

At D and DR reactors, the 181 and 183 electric pumps and the 105 btuilding electric

suppky and exhaust ventilation fans were not affected. At B and C reactors, the

ventilation fans were not affected. Three of five 181 pumps tripped off. At B, three

183 pumps were operating; one of these, supplying fire and sanitary water, tripped off.

At C, two 183 high lift pumps suppl_,_ng the filtered water loop tripped off. Backup

steam turbines came on the line automatically in replacement.
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At F, the ventilation fans _lereunaffected, the 181 ptunpstripped off, and two of

183 pumps tripped off. At H, where the front 151 bus was put out of set-ricedue to

a failed circuit breaker, half the 181 and 183 pumps and the ventilation fans tripped

out. One steam exhaust fan was on the line and continued, the other steam pump _as

dovn fo!-maintenance. At IG4 and I_, all six low lift pumps continued to operate;

six of eight river pumps tripped off at both reactors; and the exhaust fans stayed

on _hile the SUloiolyfans tripped off.

T"nerewas no case noted of discontinuity in critical instrument and li_ting po_Jer,

except at H, where some li_ts _Jerelost for five to ei_=htminutes, and the exide lights

did come on.
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The ex_ort system was supplied entirely by threeelectric pumps at B. _ese

pumps were not affected, but the surge suppressors did cycle once at all

reactors. B noted approximately five minutes elapsed from start of export

pressure drop to restabilization _f the pressure. The D area pressure chart

showed about three minutes for this transient. The normal suppressor cycle

time is t_#ominutes; considering the time scale on the recorder charts, the

above times are consistent with this.

Events at H area _ere different from the other areas due to local circumstances.

On opening in response to the disturbance, circuit bre_er C54 at 151-H shorted

to ground causing main bres!_eron line CL-200 to open3_thus de-energizlng the

front bus. Loss of_front bus tripped out 190 pumps and approximately 50 per

cent of 181 and 183 pumping facilities. L2 feeder to 105 _as connected to front

bus and lost po_er, thus accounting for loss of normal li_hts and exhaust fans.

L1 feeder was connected to rear bus and maintained service throughout the outage.

At 105 H, loss of L2 (buses 2 and 3) resulted in loss of normal lights, exhaust

fansj etc. Upon loss of L2, the enmrgency line _l (line 7 from 151 rear bus

through 184 facility) supplied bus #3 in making the automatic switch to

emergency A.C. Bus #3 was separated from #2 by electrical interlock _._hichkept

the normal lights off. (This is a planned interlock. )

At 0020 hours, the 151 operator_ under instructions from 200 area dispatcher,

switched line L2 from the dea_ front bus to rear bus thus restoring L2 to

service in 105 resulting in _ "_et_r_ of__ l_@ts to service. (This

accounts for the reported five to ei_ghtminutes that lights _ere out in 105

control roon_)
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The 184 turbine alternator _.lasnot called upon for service during the outage

since it responds only to de-energization of line 7 from 151 building. Line

7 is on tile rear 151 bus. It _s energized throu_T_hout the outage and actually

supplied the emergency power for the outage to 105-H.

CO_._l_S

_%e ger_eral oicture seems Zo be tha_ the dist_mgance was su_!c_ent to trii3 off

the hi_ pressure pum_os_ but sufficiently short that t_ips of other electrical

loads were mixed, It _as apparent that the disturbance was too short to

actuate the I_4 emergency po_,;ertul_bine-alternators, exceopt possibly at II

where local occurrences played a role. The battery-po_ered D.C. motor-alternator

systems at C and H were s_ritched on the line.
• o:

In addition to the failed circuit bres/_er at H, the failure of two hig_ lift

pumps at k_ to trip off appears also to have been a malf_anction. There are
o

two 13.8 kv buses supplying the high lift pumps at each reactor. One u_der-

voltage relay at each bus should separate all three motors from the bua,i_
I'

such a disturbance. J_3 _ __ __%_,_[_I, _.__" _C_ z__ _"

Further details are _iven in the table| which follows:

OECLASS FI,ED



S Change in 190 pumps Du_-_ Steam

at Status as or high lifts of boiler Minimum l,Lird.mum O

Reactor Disturba_ce Result of Dist. at K's Disturbance performm_ce TORP Flow

B Shutdo_m _._ne 2 on line, both Very short Fully 60 Shutdown
tripped out. adcquate

C Shutdo_.'m l_one l'Iochm]ge V_ry short Ditto I_o change Shutdo_m

D E_uil-Lbrium Scrammed, did Tripped out. 24 cycles, Ditto 85 30,000
not recover but-very

short.

DI_ E _ailibrium Ditto Ditto Estin_ted Ditto 8_ 335, O0
at BO cycles.

F Equilibrium Ditto Ditto 24 cycles Ditto 70 _, _O0
but very
short.

l_ Equilibrium Ditto Ditto _2 bus _ms Ditto 87 29, i00
tripped out :" !
due to circuit

breaker failure_. ' _ :,.
Brief dist. on _l.

I_ E uilibrium Ditto Ditto Originally stated Ditto See flow 65,000** • "

iGJ i_oi_-Euilibrium Ditto 4 Tripped; Shorter Ditto See flow 48, 500**
2 did not_tl

_-were manually
• removed*

• T_e two hish lifts _hich did not trip out went into severe cavitation almost imstantly.
C__

-',--_Oi_lythree modified low lift _umps have been installed at I@I,versus five at fOE, in connection with the _

K flow increase project.

O_
ro

II



183 Pumps Emergency Power

_ of Tu_'bines River Low lifts Confinement to C_itical Instru-
Reactor on automatic ___ at K's Fans mentation on Ligj_tin_

B 3 on m_mual 5 on, 3 3 on, I Electric not No interruption% noted; neither 184

(_Imtdo_J._) tripped a_ tripped affected, turbine nor gasoline powered alternator
t came on.

C -- _ -$ 2 high lifts Same as B Brief flicken noted; DC motor - alternator
on, these switched in; 184 diesel generatur was not
tripped, t1_'- actuated.
bine automatically

came on_.

D 7 Didn't B. No loss noted;alteraatorneither ,_._aslS/l"turbineactuated.nor
trip off. Did not trip Same as gas powered

DR 8 _ _Je' C i._- Same as B Same as D

&_ /J" ..- i ,¢

#_ , i._,,, Same as B Same as D _-_

/. " '_ "_ r :._).%, .'_ All electric Limiting serviced from failed bus out for _----_")
li 7 -_._ "_J:'_' _ tripped, 1 on 8 ran.; DC motor-alternator set came on, , ,*_._

steamer exhaust on, exid2 lights were on. 184 turbine- _.

remained on, other alternator did not come on; not expected to. ,_,._J_

steamer doom for _

ICE liot appl. 8 on, All 6 remaind 4 Electric exhausts Momentary flicker in lights noted. _--_..
6 tripped emergency bus stayed on; supply -_'_

separated, supplied fans tripped _"_
- " from boilers, off.

KW Not appl. 8 on, Same as KE Same as KE No effect noted.
6 tripped

M
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$4--3000--101 A_¢_[ .tc.ta.o w,s.

DON'T SAY IT--- Write It ! DATE July 10; 1962

TO S. M. Graves FROM ....P, J. Zimmerman/ohone

POWER FAILURE OF LAST NIGHT

Time of Outage: 12:16

Operating Status: B Reactor was down.

Steam turbine response TORP dropped to 60 psi and then came up to 130 maximum and then
back to normal. Everything functioned all right.

Boiler Status: Since B and C were both down the steam pressure was very small and
small increase required. Everything functioned all right. Current reactor status is
down. Power loss was apparently so short backups did not come on. Still checking on it.

Confinement Status: Nothing unusual was logged. I am trying to contact supervisor.

Export Problems: Surge suppressors open. Pressure dropped to 50 psi. This was because
of power loss not because of low pressure. We were on the crossunder line. No other

problems reported up to now.

"i" "BE SAFE - BE WISE - ENJOY ANOTHER SAFETY PRIZE"' "i"



oop0000,TGENERAL ELECTRIC
RICHL. AND, WASHINGTON

May 29, 1962

R. W. Reid, Manager
Process Technology
Research and Engineering

BETTER RECORDS ON APRIL 6 ELECTRICAL P_.KERFAILURE

Ref: 1. Rogers, G. J., Preliminary Report on the Effects of the
Electric Power Failure of April 6, 1962, on the Production
Reactors, HW-73389, April 16, 19o2.

2. Letter, Investigation of 230 KV Power Outage, L. L. German,
May 4, 1962.

l

3. Rogers, G. J., Effects of the Electric Power Failure of
April 6, 1962, on the Production Reactors, HW-73692,
May 17, 1962, Unclassified.

Apparently the three referenced documents constitute the total documentation

planned on the subject power outage. I have not yet seen reference 2, but
conclude from references 1 and 3 that considerable additional data and

observations should be recorded. We cannot necessarily foresee today all the
uses to which these records may be put, and I will not take time to tell you
in detail why considerable additional information should be recorded. Just
consider for a moment the comparisons we would like to make were a similar
incident to occur next week or ne:ctyear. Such incidents have occurred

infrequently and, for that reason, the details of any one incident may be quite
significant to any future assessment of reactor safety, equipment reliability,
etc.

To save time I will record a running commentary as I read reference 3. The
commentary should indicate the types of information which bear recording. I
have had no part in investigating the incident, so please do not make the
mistake of thinking all points of interest are listed. Starting with the
discussion on page l, the commentary follows:

1. Actual power levels, bulk temperature, flow rates, pump configurations,
valve configurations, etc., just before the incident should be recorded.
How long had C and H been shut down and how many tubes were open?

2. l._ywere only four horizontal rods involved at 105-F and what really caused
the malfunction caused by hydraulic control valves? Why was the hydraulic
fluid cleaned and what were the obserzations, and are there any implications
for other reactors?

,d J DECLASSIFIED



IRRADIATION PROCESSING DEPARTMENT

. GENERALOELECT"'C,DECLASSIFIEDRICHLAflD, WASHINGTON

/

R. W. Reid -2- May 29, 1962
Q

3. There should be a complete post-incident description as well as pre-
incident description. Which low-lift pumps were the "selected" ones at
K reactors (paragraph 4, page 2)? The number of turbine-driven pumps
on automatic control should be recorded. This number, while covered by
standards and well kno_m today, is subject to change in the future, and
any future re-examination of the incident would be hampered if the number
were unavailable. Our records would not likely show how many were
operating. This same reasoning can be applied to many of the items.
Another example is the statement in the following paragraph that the
export surge suppressors cycled normally upon the power failure. Normal
today may not be normal a year from today and we may wish to know what
normal was.

4. The export pumps were not started, the document says. _hat motions toward
starting were made, if any? What orders were given? Was there confusion
or absence of confusion? Was a man available to perform the start? Had
the desirability of making a start occurred to pertinent supervision or
managers?

5. Coolant flow was somewhat low at DR reactor. What is normal flow; what
was the flow supplied? A primary cause for the reduced flow is given,_
implying other causes--unstated.

6. Considerable riser pressure fluctuations occurred during manual turbine
control at H. The manual control is standard practice to prevent charge
flushing. The minimum pressures during the fluctuations were close to the
normal shutdown pressures_ thus the maximums may have come close to
flushing fuel, for all we know. Description and explanation of the
fluctuation and its implications, if any, are needed.

7. What were the post-incident bulk temperatures, tube temperatures, flows,
and valve configurations, etc? Some of these items are needed as a function
of time.

8. I believe the steam pressure and flow charts from every boiler on the plant are
worth recording. There was likely considerable variation. Boiler No. 2 in
184-D is, of course, of particular interest. Other charts are probably also
desirable.

9- The paragraph on the forced dr_fan is quite inadequate and would be
so even were it understandable.

lO. The paragraph on boiler controls (page 3, paragraph 3) espouses inconsistent
views on control adequacy. I have a hunch the fuel-air ratios have been

-- quite poorly controlled and that the word "adequate" is less descriptive
than desirable.



IRRADIATION PROCESSING DEPARTMENT

GENERAL@ELECTRIC
RICHLAflD, WASHINGTON

R. W. Reid -3- May 29, 1962

3_I. Normal response of the 184 steam turbines needs to be described, in addition

to the details provided on the various fa,ilures.

12. The design error in relaying under Project CGI-861 should be explained with

a circuit diagram. If our engineers can make such an error, so can others,
and the circumstances and details should be of interest to electric design

people geners/_ly. The circuit breaker malfunction at i05-C (page 4,

paragraph l) might be of a 6-teat deal of interest, for similar reasons.
Circuit breakers are vital safety gear; however, we should leave the

significance and reporting to electrical experts.

13. Did the gasoline engine driven alternators come on and stay on with proper
timing? Has the statement about the timing of C reactor restoration of

normal BPA power some special significance (page 4, paragraph 2)? Were

the batte_j-p_ered emergency lights use_ul--_uusable?

14. Design personnel should have the name of the unsuitable valve available,

and the vendor deserves a description of why his particular valve is not

suitable in this application. The maintenance procedures for the confinement

system were apparently inadequate and the details of this bear description.

What was the normal testing frequency of the turbine exhaust fans? Details

on the air switch may be desirable. Since the confinement ventilation system

_ill likely be modified in the future, description of the design should be
recorded at least by reference.

15. _,[hatplugged the needle valve on the dump-valve operator and why?

16. The brief laudatorj paragraph on personnel performance and reaction is re-

assuring, if _fWe. I cannot quite believe evez-jthing went as well in this
area as indicated, but realize the difficulty in obtaining reliable
information.

We need not embarrass the Manufacturing people by issuing such records for general

consumption; h_¢ever, developing and maintaining one record file would be
reasonable.

As I requested previously, would you please see if you can get reference 2. I
have a h_.ch all is not well _rith utilities performance. _,nqywas the power off

for up to two minutes or, specifically, was or was not BPA reclosed in a few

seconds by 151 operators at B and F? I think this is a vez-j important question

and can't understand why apparently no one in IPD has asked or answered it before.

This matter may also have a bearing on the supev_isory contrcl question.

_upervisor, t

Process Technolo_/ Sub-Section

HG Spencer :mr D_A_CLASS_FIED
co: JH Brown

HGS- LB
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IRRADIATION PROCESSING DEPARTMENT

. GENERAL@ ELECTRIC
RICHLAND, WASHINGTON

May 4, 1962

S. M. Graves, Supervisor
Process Engineering
1704-D NUILDING, lO0-D AREA

BPA LOSS

The following information has been obtained from operating instrumentation
prior to and after the April 5, 1962 scram.

(1) Reactor flow - The Foxboro flow recorder at 105-F indicated that
the reactor flow prior to the power outage was 88,500 gpm. The
chart also indicates that the flow dropped to a minimum of 29_000

and then increased to 32_000. The 29,000 _ was that flow
produced by the seven steam turbine pumps that were on automatic
and the 32,000 g!_ resulted from manual addition of two steam tur-
bine pumps around three to five minutes after scram.

An actual flow decay rate from the recorder can not be obtained
because of the small interval of time (less than t_yominutes).

(2) Power level - The Foxboro power level recorder indicated 1800 prior
to scram. It dropped to a chart reading of around 25 immediately
after scram. This recorder prints around 25 during shutdown. The
power level recorder can not be accurate at low flows because the
bulk outlet temperature of the reactor effluent can not be accurately
measured at the reduced flow.

(3) Bulk outlet temperature - The Bristol bulk outlet temperature
recorder show'e'd_n 87 _ C temperature prior to shutdown. It is an
established fact that the outlet temperature at F Reactor can not
be measured accurately while at shutdown flows. Therefore, cha1-t
readings after scram are not listed.

(4) Graphite central zone tamperature:

"G" Stringer Temperature

lO73 640° c
1266 653° c
2662 657° c
3_66 652° c
3484 632° C
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IRRADIATION PROCESSING DEPARTMENT

• GENERAL @ ELECTRIC
RICHLANDo WASHINGTON

S. M. Graves -2- May 4_ 1962

(4) (Contlnued)

The temperature decay period was calculated to be 97 minutes follow-
ing this scram.

(5) Percent Helium - The Bailey gas recorder indicated 96 percent helium
at time of scram and 84 percent one hour after the scram.

(6) Boiler number and steam load - J. C. Baudendistel of Facilities
Engineering_ is plotting boiler load changes for all areas. He has
contacted Jones and _-illsubmit the data to him when it is completed.

L. C. Lessor, Engineer
PROCESS ENGINEERING

LCL:cs

cc: File
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S. M. Oraves, S_pervlsor
_cesa _nesr_

POWER YAZIDI_ DI I_'0 LOOP

A_ 3:O_ p.m.j on April 6, 1962, a fau_t _ the _3 _ of _e _ loop is
he,eyed to have been wu_flclentl_ large to cause both the _I and the #2
le_s of t_e loop to relay open sAnm__usly. _e exact cause and location
of the faul_ _n the #3 le_ has not ye_ been de_erwined. As a resul_ oI' the
total faAlure of _be I/APOloop, all of _be prodnction reactors lost pr_y
elec_rlcaA pover. _he loop _as re-energized at 3:11.5 P._, and normal
elec_rical pover dAs_tion was es_ablAs_ed b_ 3:17 p.m.

At _e tam of the _tton, H reactor vas in the _Ldst of a lar_e-sce._e
reCub_ protein, havl_ been shu¢ down six days before. A_ is normal for
an extended ou_e_e, the reactor _M valved down to very low flow, _ith the
entAre flow easily supplied bM ODe electrlc process pump--in this instance
_ electric. Normal _ tank _Altered _ater and export line raw _ater
facA1At£es _em av_AlabXe for au_o_£c _. Becsaum of _he low
end top-of-riNr press_e auoclated _Ath ahu_ cc_dAtion_, the au_tic
p£ck_ instr_en_tAon _ _ 190 t_b_e _ pumps Is unrelAable.
Es_entially, _ the _rbl_e pumps are valved to th_ process system and
are Idl_ the_ are, for pr_tlcaA purposes, un_er _ control d_
shutdovn condAtions. A_, ¢onsls_¢ vlth no_ __Icej the f11tered
_ater supply to, a:ong order th_s, the _o_ spray wstem _as pureed bM
one electr_ and one stem puap sl__l_.

• _n the _ po_er _ oc__d, all electrAc p_ping_ o_ course,
stopped. _ ad_t_on, all but_Lt_ __s, e_ec_r_cal _u_r:sents (apparently),
and butldl_ e_l_=trtc s_ply and exhsus¢ fans failed. BeL'ore the auzl_U_y
li_tin_ cam on, _ p_r_able stan_y _xt_e batterM-1A_ht van mnua_ turned
on to provide some control room ii_htln6. Subsequent chax_ exsmlnatlon
the _ _ powered _e_erator functioned nomalAM, e_ u_ 'to speed with_
15 secunds of _he po_r feAlure. Followin_ 1_ _enerator operation, the

1A_ht_ An the tonal ro_ a_l _ont and rear e_evat_rs became
operati_m£. AddA_A__ the electrical Anst_entatA_n, an_ucia_o_ panel,
etc. _ecam operational a_aAn.

Secondary W&_,!

Fo_ the pov_: faAlure, there was a _erlod of about t_o to three :AnuSes,



S. M. _raveo -2- _ _0,



s.M._rave, -3- A_ ZO,1_Z

salty, ho_ver. En_ne_n_iae, an impaired source of oil free
instrument air _ld be promoted as soon as possible. To enhance
personnel safety_ electrlcaX_r failurm_ the l_able Exlde
hat1_ez-jli_ts _ ha-_ethelr _wltcheechecke_rc_tlnelyso t_e

cc: JW _er
A_ Hardin
HW_eid /
AP Vinthez

Crmer-Flle
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April 19, 1962

S. M. Graves, Supervisor
Process En_ineerlnE Unit
Process Technology Subsection

_P^_ _ Am_ 6,1962

The fo_lowi_ infor_tlon is requested from all reac_rs areas - except
D and DR_ which have been covered - for the power faLlure incident. This
Infornmtlon is to be obtained from the conventional opemtlng instrumenT_a-

• tion by accurate readin_ of the ch_rts (-_ mlnu_es to + 1 hour fo_lowin_
B_r_a).

1. Reactor flow at sad followln6 scram._

2. Reactor power level st and followfn6 scram_

3. Reactor bulk outlet _mture at and follow_ scram.

_. 6raphite central zone temperatures. -'+

5. Per cent _elt_m. /

6. Fx_a Power House: Boiler. m_ber sad steam lead with sufficient
freq_y _ _PJ.ot boiler load changes.

Th_se _ta _re requested for rollreactors except D an_ DR.

S. S. Jones

Reactor _ng;LueerlngUnil;
Reses_rchan_ _a_Lneerlng

SSJ:w

c=: m Staves(7)-_-_
Van Wormer

SSJ'-F_.Ie
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April 19, 1962
WR Smlt

LC I_ssor

BPA LOSS

A_e attached letter from S. S. Jones requests collection of certain _nformatlon Just

prior to and follo_ the BPA outage on April 6. Would you please arrange to obtain

this information within the next two weeks (particularly before available records may

be lost or destroyed). I would suggest that this assignment might be appropriate to

give to the engineering assistants. Please forward the completed data toms an_ I

will arrange to give it to Jones.

cc: SM Graves-LB
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IRRADIATION PROC[S$1NG DE:PARTM£NT

RICHLAND, WASHINGTON

Ap.__ 10, I_o2

O. C. Schroeder _ .,;,. ,:_.

]'_na_e_ - ,_nufa_ _,",_.,..,_) ._______;_.
irradiation Process _ _ s,,j,_____n_ Departz.ent ,-

ELECTRIC P0:[£R m'_m'_ - D ._a,_, ....,....._-_ ?.PRIL 6 i_2

On April 6, 1>o2 at 3:11 p.m. a comb!etc, loss of e!ec _ _" power occur_d._ a_ D I_rea

scrantmin_ both D and DR Reactors• __Dnouz._ electric po:¢er ,:;asrestored at 3:15 p.m.,

an all clear was not received to restarz the lC_0 electric pumps in ti:.e to m_he a

scram recovery. D Reactor -_rasstarted up foiiowinz a minimum outage of _ .3 hours

and DR Reactor after an outage of 3o.5 hours. T.qe following sun.2zrizes the experi-

ence at both Reactors and in Po_rer during this period.

D REACTOR

D Reactor had been in operation for 29 houa-s since th __ last outage. ._'._the time of

the po:¢er failure the reactor was at non__cuiiitri'_:_ _ o _op_r_t_n_ condition. All turn-

arotund poison had been removed except for three splines and the calculated scram

recovering time was 19 minutes. The operating pc_¢er level was 1730 k:[ :¢ith a bulk

outlet temperatu_-e 84 5° C. There _rere no tuqusuzl _o '• ope._t_n= problems at the time

_._ the scram occurred. All safety circuiZ systems :¢orXed according to dasi3n except

_C--_for the 105 em-_zency elec_,ic power supply an< _he e_-,_haustfan _urbines. Process

water _low droppea :rom o7,u00 _pm to 3P,5Ou Zpm_ and _here was no detectab!_ in-
crease in bul_: outlet ter.perature due to the flo_,z loss. Following restoration of

instrtuT.ent power, approxi___ely 45 seconds after the scr_.., the "corn-_opper" tem-

perature monitor indicated Lndividual exit tube temperatures of 50° C on the hotest

tubes. The temperature gradually decreased zo less than 32 ° C within 15 minutes.

The thermal shield flow dropped from !2_0 _p_m to 660 _pm due to transfer of supply

from normal process water to filter water back-up.

The 105-D electric supply did not transfer _o the emergency power supply although the )

184-D emergency alternator ca_e on the llne. Further investigation revealed a design

shortcoming in the newly installed 105 distribution system (Project CGI-861) which

prevented the emergency power supply to transfer. Project Engineering has been

alerted of this fault and is redesio_ning the system to eliminate this problem. _dhen

the emergency supply power failed to transfer_ the emergency gasoline generator came

on the line in about 45 seconds and supplied inst:%ument power to the control room.

All supply and exhaust fans dropped off the line, and the steam driven exhaust fans

failed to corae on as designed. No. 9 exhaust fan turbine had been previously iso-

lated from the system for repairs. No. l0 ez/qaust fan should have come on the line,

but it did not. Fai!tu_e of this fan to operate _.ras found to be due to the fact that

the Rt_zgles-K_ino_u air operated valve in the turbine steam supply llne f_iled to

open. These valves were kno}n% to be unreliable and Project Desi_a has been working

on this problem since they were installed durin_ Project CGI-791.

DEOI.AIFIIF.D
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IRRADIATION PROCESSING DEPARTMENT

DECLASSIFIEDRICHLAND, WASHINGTON

O. C• Schroeder " April lO, 1962

:._jor work accomolished, during the ou_5_=, included "-e_'_._...fan=__gas leak ._coa_rs._ j

rear pigtail replacement and front nozzle 1,_g "_..... _. _ =._o_ac e,._n,r _-,lo .

Prior to the scram the reactor was operating near-ec_uilibri_m power levels of

vm 8 hours since the last outage.1800 I:._;l._"ne reactor had been in operation ,_.

All safety circuit systems and emergency electrical power supply worked accord-
ing to design• Tee process water flow dropped below the normal value expected

4after the coz.@lete loss of power due to failure of ;_.To.5 bo_ie_ to pick up the

steam load as rapidly as needed. Process water dropped ir_ediately to approxi-
T_" _ two addizionalmately 22,500 o_pm, and within s_x minutes fo_lo_._no the scram,

- steam primps were placed on the line at !_0-DR bringing the flow back up to 31,000

gpm. The far top of riser pressure dro_ped to a minimum of 50 psi and _he top

of near riser to 60 psi following the scram. "men additional steam pu=ps were

added, the pressure increased to approximately _0 psi. There was no indication

_.on__.ing of individual exit rusethat high tanks cut in during this period. "' _'-'_
temoeratures with the "corn pooper:' indicated a _o--_ tube temperature of 50° C

shortly after the scram. As the process water flow was increased the tube temper-
ature decreased to 35° C. Bulk outlet temperature decreased to 32.5 ° C about one
minute after the scram and over the nex'_ 20 minutes gradually decreased to 25° C.

Tae thermal shield pressure dropped to 6 psi and recovered almost i=_ediately to
near norms! pressure of 45 psi. The the__ma! shield cooling flow was being supplied
with filtered water•

• 'T _ "The reactor ::as down for a total of 36 5 hours ,¢nich _ras 1.5 hours beyond the

minim_ due to difficulties encountered during the helium leak check.

:,kjor work accomplished during the outage included thermocouple and RTD repairs,

he!i_m leak check for processing tube leaks and gas leak repairs.

PO'..TERBU!LDI21GS

!81-D Building - all p_mDs dropped off, all s_._itcheswere cleared and pumps were

made available when power was restored.

!82-D Buildin_ - No. 4 electric condenser ptu_o dropped off and No. 2 steam con-

denser pump was put in service. All surge suppressors operated satisfactory.

The steam driven export pump was made ready for service.

183-D/DR bui!din_s - All equipment operated satisfactory except the 183-D electric gW

= driven hi-_'ift primp. The copper oxide rectifier burned out when attempting to--__
start this pump, and it was necessary to use a fire extinguisher to extinguish the \_i.
flames in the rectifier. The damaged rectifier _as replaced during the outage. __'_.I_
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IRRADIATION PROCESSING DEPARTMENT

RICHLANO, WASHINGTON

O. C. Schroeder April 10, 1962

\'-"'. - 1 " r,',_ _ -" ,'-_ 1 1 "_," .,', ,_

l_4-D Bui!ding -The emergency generator car.e on _._ _1he auto..,__-___j _n_
functioned satislactory during the entire period. The deareator feedwater
heater controls _rorked satisfactory. The ooiler control _¢orked satisfactory, k_

but the steam pressure dropped 40 psi be!o_z the normal pressure of 230 psi (
mal_u_nc_ion of _[o. 5 boiler force ara-t fan. Additionalon the system du_ to -'_ _ "

tests _.ri!!be required to deter;T.inecause of this failure. The normal steam \
. .¢LLn these boilers. Tr.e steamload before the outaze :•ras39j000 !bs her hour • "'_

load during the po_¢er failure _ras 351_000 lbs per hour, an increase in load of

2_2,000 lbs per hour.

!90-D/DR Buildings - A t_¢o to three minute delay _¢as exp_erienced in closing the
190-D and DR cone valves due to fai!_"e to ___mnediate!y restart the control valve

motors after normal po_rer had been restored.

The process water pressure at 190-DR d:opped to 65 psi _th seven steam driven
,-_ _ , ._ . _.

.pumps on automatic. _..ro additional idling p,_mps _,¢ere__,.eam_e_y placed or.the

line to raise the pressure to 90 psi. Failure of the seven steam driven p'_mps

to deliver adequate pressure was due to the lower steam pressure caused by
failure of No. 5 boiler to pick up the load as rapidly as needed.

The 190-D annex No. 2 pu_@ motor would not restart due to dirty relay contact

points. Cleaning of these points corrected the problem.

0VERTr._ HOURS REQU_ FOR D-DR OUTAGES

Exem.nt Nor_xe.mDt

D Processing 0 72

DR Processing 0 0

i'._intenance 24 14____9

Total 24 221

for Manager

D-DR Reactor Operation

JT Baker:met

DECLASSIFIED



¢

20UGH. D[T_,-T

April lO, 1962

To : File

From: J. ,7. _-y.'._e',-

_ --%_ ,;_LECT_±C,_ PO._Z_ F_LU_

A power failure (C..itico.l Z) occtu":"ed o-q the i£-_0 loop of the 230 KV

electrical system at 3:09 Pi.i,April 6, 1962. _ne system was re-energized

at 3:11.5 Pi( and returned to normc/L at 3:!7 PM.

A plszmed e_'._endedtube reD!acement_ ou_-_a_ewas in progress at IO0-H

Area, consequently only minirat_upower equipment was in service to support

shutdo:rn flo_¢s. All emergency equipment functioned as designed.

190-H Buildin_

Conditions F_-ior to the Outage,
r_ No. 8 Annex p_up ",;assupplying process water flow with the by-pass (.

valve. No. 2 and 17o. 13 turbine driven _umns were idling _at no _ho@._ ,,_,w/

270. 2 turbine cont.-o!s were set on automatic_at the sub-panel. _ne turbine '__,,'.acceleration controls in the 190 control room were set on manual.
/'

_/ Conditions fo!!o_ing electrical fai!tu'e
j'

_(_;" Immediately _fter failure, the 190-H Cb_ief Power Operator accelerated

the I,;o.2 turbine pttm_Dms_%ually with the master pnetunatic control, l>rocess

header presstu_e fluctuated between !:-0_d 120 psi TORP. No. 8 2mnex pump

j was rests-ted and resumed no-_%_._lpu:_:pinsat 3:!3 E,I. No. 2 turbine was
%

! returned to no,nual emergency sezwice at this t_nae.
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ROUGH D?_'_'_

File 2- ?_il lO_ 1962

Building 184

Conditions _rior to outage

No. 2 and 3 boilers _lere in service_generating 25,000 and 24,000

pounds stes_ per hour, respectively. _ emergency equipment _.rasset for

automatic operation.

Conditions follo_._ingelectrice! f_Alu_e

acce_e_atea _m!edi_._l v and the generatorThe emergency generator - _ "_

bre_er closed in ap.pro}_mately 14 seconds.

No. 2 and 3 boiler steam _ "_ • _'_ene_ _ng ",.'aresincreased to 52_000 and _:7,000

pounds steam per hour_ respectively_ _,,_itha total load pick-up of 50_000

pounds ste_n per hour. Steam pressui-e ._educed from 228 to 225 psi

momentarily.

T_%e i700 a_-eabres.ker opened on oo:;er loss and _as not reset until ,'_%Y

non, el power _as resto'_-edE_t 3:17 EI.

Building 183

Conditions nrior to outage

The head house and filter bay _Tere shut do_,,_. The high tan/_ pump

• _ " fS"and Eo. 2 ste&nl driven emergency pu/np (lcllns--no load_ _utomatic control)

• were in service.

Conditions fol!o:_ing electrical failui_e

The filter floor operator -_eceived a lo-_ p_esstu_e annunciator signal on

the emergency _zate-_-system. He _m_ediately surveyed the pu/n_nroom and

obse_ved that i[o. 2 emergency ste_u p_zp h_d accelerated and w_s main-

t_ining system pressure ,_zithso._e flucuation (_0-i00 psi). The high tar_

pump was returned to nonny_! service _:hen electrical po_.rer%,as restored.
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File _ -3- f_ril !0, 1962

Buildin-_182

Condit__0ns'prior to outage

No. 4 electric condenser _..rate_'-pu_::p,i'_o.1 ste_z (governor control)

and No. 2 electric e_._ort_.later"ptu:_pswere in service. The t_._oe_ort

water pt_nwswere in service to support !C0-D fa_eaope-_ationsthorough

import utilization.

Conditions fo!!o_.._ingelectric_l failvi'e

._cqntu_ciatlonwas received in i83 Zui!dinj head house of difficulties

within 182 Bt_iding, .and _ operator _.Tasdispatched to investigate, i.TO.4

__ __-_- was made to startelectric condenser _raterpump had sto'o-osd:but no _.__

a steam d_-ivencondenser water p,m::psinc_ _nzs is not essential to shutdo_..,m

ooeration.

No. 2 electric e:_ort _,raterp_:Ipwas stopped, but the ste_u driven

e:_ort water p,&u_pwas operating w_.derfull governor control (no condensinG).

/_ The operator could not determine if the surge suppressors had cycled

i 'on power failure, but it is ass_.ad _hey did. System pressure reduced

_muec_ately from 245 to l0 psm, _ncreas_a to 172, reduces to 155 for

appro_imately three minutes, then increased to the normal 250 psi. Total

( elaosed time in cycling was appro:_mately 12-15 minutes.

No. 2 e_ort and No. 4 condenser water pumps were returned to no_nal

when electrice_l_ower was restored.

Bui!din_z18!

Conditions prior to outage

_zo electric river water pumps _.:erein service to maintain 182

rese;_voir level.
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File -4.- A.___-I 10, _1962

Building 18! (cont.)
•

Conditions follo_ring electrical failtu_e

Both pumps stopped, but no atte:._.pt:;as r._.s.deto start ste_n driven

pumps since adequate reserve _.rasmaintained in _ reservoir.

i/do

cc : _ FiiiD

O_,,[_-[ells

LB - _.,.P.



$4. ' l"" IRRADIATIOH PROCESSING DEPARTMENT
t

GE['JERALG'ELECi"]C
RICHLANO, WASHINGTOH

E. j. Filip g___
, ..,.;.n_.._e.,.
l-Reactor

To_.,_?ou,er _"__"--'_ "E_.ea ._.'_ _ a-3 C_Cr '

On v'_iday. '" -'"" i96 _c,---Apr,__c, 2, at 3:u; ._..,t:',_ :zs an elcctr__c;aower
faiiurs in the I-]',.POpo:¢erdistributicu net::c-_''.5-11eiectr__cpower
to H Area "+.mslost ._oincident occurred M:ich had se.__ous_otentia!.
_Lninforr.aiinve "__+_'_ _. _..__..c._c_._tc obtain a Letters_.__on :.asheld aft_.'-'-",_ _'^ _ "_-
understanding of ,-'"-_ ._o,:_had haopened. Fo!!o.&ns _s a listLug of statements
pertinent to the +oo';eTM. _ outage as it affected the reactor.

1. H _ :- had _ .,_c_or been shut do-.:nzor si::days The reactor cco!ant flow
_s at shutdo_.mpressure, _&th all i'eadersvalved dc',r,such ....'-_.+.,, the
flow _' "_nrouuh the reactor was _'_,_:_,_,_,_-'_,__,._,,Process St_.ndards. Tube
reo!acement,oderations, were ic +o___._.__o

• 2. _hu olect.__cpower failed at 5:09 O[ _ system :_s re-ene_-:_ "
at 3 :!i._ PI.]and _:msno_ma! at 3:!7 P..

I" ' _ "mkghtLug in the 105 h_'_- _:aslest for a short period of t_'e
until the area emergency alte%_ator ciched up the load as desi_ed.

e :_ " it could not be deter_.ined,-__th[_. S_nc the control roc:,'_".msa_r:.,
ce,_a.,_n+__,:_ the instr_:.entation_.'s_functicni.ngon "_'_"_"'_'"" I0_

• • r _ ,power as des_._ed. Kowever, when l_gn_s were restored (estimated
at one _.,nu_':_'_or less), it _.zaScuicl_]-deter" '_',._nea that coolant

pressure had not dropped low enough to reqt_&rel_Agh-tankcoolsnt.

_. There w_re surges cn the ±mpo:_ coolant pressure, but an i_:_ediate
inspection _.v_lec that the import systeu '_ "_.aafunctioned as designed;

.U ' -_4 v%it had no _ c._._pedand supplied coolant to the reactor.

6. Upon failure of the electric power_ the e'uergencyventilation system I
did not function as designed. '*

. The dampers in the _ "_* ,\su_p_ air ducts did nct close, apparently due ,, +
to sticking. ;

b_

The ;++ster controlle, for the ste+a+,+ "" '+ _k _+/_'_
++ e+.naus+fans and dampers did not

function. T;_us,there was no exhaust fan in service until it was "1 ._ _,%
_,_nuailyeta._ea. A later investigation revealed that the probable [ IY

of the failure could be the result of entrained oil in the .V_\_.cause

cor_pressedair to the controller.
k
%



_' IRRADIATIO.N PROCESSING DEPARTMENT

GENERALG'" :;ELEC¥IC
RICHLAND, WASHINGTON

_ J Filio 2 A_ "'_._._ '-0 !_62.

• t " •....,'_""=_of the syst_::.systc::..ntLe future include daily -:stsant. _._._,__
dur__ngouta-;esas ::_!las during cpe=,aticn. :,..?[".3i_,'rsz_o_'-.!_,_ of failure

• ...._, _ _'--_ ._shouid bc reduced considerably by tD.clns_.......__o.,of a net:a_,rco::pressor
in _"_ _'_a_ future

_-_ _ " ;_17Project ._nsi-neers for CG-791 _ve rechec;._d thc syste.u __ul_s an: ___ :,'_'.:e
additional reco_.n,_endationsas _ne__ ins'_ccticr.,a_._'-_e_,_....n_s_.

,', "O VLI% _.._

_.'..&'Z&_C l"

AP Vinther:ecj

cc:, BR Cremer
File

o LB
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HANFORD ATOMIC PRODUCTS OPERATION

• GEi,]ERALQ ELECTRIC
' RICHLAND, WASHINGTON

.::_ril103 ±)c2

0. C. Schroedcr

::a'_ager
.... ,,"m_,"_ "CD---',% ""'r'"_'m^c_.'rf','"

On ...._" ikpri! 6 !962_ at 3:_>' n.n. an .,,._,_..-_._=onof BPA e!cctrical2 .L!(.LL.,,_., _ - " " "

-pc-rotto the !O0 _._-easshut do_.rnel_ o}c .....::S reactors _n,._-_,. 1O0 __
and 23_. At _,_,,'-rno;=m%l conditions (sh'atCo:znstatus) were restored ct 3:23 :9.m.

,_ ._.'-_no_:"_! conditions (one_'atins LncL'::.&inS"4n-_n'':-_x"---_j_.:,.r-,-_)_.:.rere".-esto_'ed

at 3:22 :).;n.

e__c___c_-' se-_._ice_.<_..z_.r,'or appro:;i_.;_tely2". ......_._b.c loss of all 2,PA "_" _"" _' .......... - -"""+_"
.'r,,.,.. -I .,.

_he ",_",:_--',_m_n__._____-,,., ..... :ras reoo_-_ed as cc.:'.sed fro:._ a ,_--_ on the 1:o. 3 230 2,-.' l±ne.
._ .._ .._, < - z.. _ o._e _

A .)!armed Critical :'_,'F':e::is_ed.....at the c:mc of t.:,e_-_ w-,__n:To. 5 ..... '- -
at : O0 :C ar_c t:.e 230 loop open oet'i._cen lCO ,:: ..._ for line "'_"_'."'_, .... on

• . - ; &_ ....__he The .au_.5 cr....:s e-_ ,:_-ethers at F onua.:.S sez_Lon Of _:!e _4

" - • _....Go_. , a..L-and ct _v3 B on 1:o i lir:e to o-peP__in% ............4. e!ect-_-!cal sc:,rzce to

_=:e ZOO Areas.

At 100 :{Areas a±! -...-_"__'_n_vo---,co_re_.__: .......:_s _on_e_. as "oer_design _'_......."
over all ....•,,r.-_electiical loads _.,rithouta:L' incidents, f_! Lc::i22%

-- . . ." .._j. ..i_.... '- o._.-._

........_,-_ _:, se_-¢ice e::ce'.ot i.o. } _o:; _,:hich has bee-_

3-B _=-_=-_o,, bus to Zus A as pazb of the "''- e.,-," - __ _g& _oject_ _rhic:::.:hen co-:-

x__.z ,.,-,. busses to D bus_ a.'_d "..._---"o!eted-,"_.__±" a__so i.no';ei:o. 2 lo_r lift _....."'_ .- -q'"

be note.z_ design criteria for these p'_::)sto dz-op out of se:_rice on a _?A..... , a._d
se)araticn. Cr_!y 1:o 5 "3v:_.:_has " __ :'"....-'_&to date en both ,:_._:z.:',-

the/-: dropping ou2 of sez-_ice _ras as "ge-"design.

,'_' sez'vice _,._a-:er _um'_s (3) at "T "" ' ' -'-" "_--o''"
,-%

.-iver :lt-n:-lsat _'--_._lo! B!dgs. dro-5;cd__out of _'_ ":" . design. .ALl
- - n _ ,'_ "_ 0USSeS
ozc&eu_,z,_ea as net desijn ....v:_,_ su-T_lied from. the _,-_.-,,-,.'

--.___-.... _e..__auo£_ reg"._kneai:% se_lice......:_ e_ by the emerjency ""'........

..... t, zpp_P_ of the 47
.... ____on at both 100 =_._-eas :ras zP--_c:aced "cy 5he "'" "_ _'

r" 17 26 A. =.._,_ a:_e_.?_.sesequence and under voltage:oe!avs in cLslcles A and -_:_.... .- line
-,e__0'sdesisP-ed to -orotect the n_o, emersencj <enerators in case of

- _. .. c_ :,:! ........m_.der voltage. The e 47 ",-e-aystri;-oed t"e and 86 .,_2re!ays_ """_"
• " "_," "-'_ "" bu.sses

i'n _";"-_,.,trio ann__circuit bre_:ers raqu;"'eQ to senarate_ the e_,.eroe_.uy

=-_-C-_ fro;z the BPA syst_z a:,d d_o9 all p:edesijned no_-equired equi?:.:ent
from the above busses.

• _ :-_ (]_ a] _
i-_l high __-._ ,_mps. dro'ope&__=_, the line as __ electrical 9ower was lost
on the 13.0 V bus bars. m'_e.......27 _'_n°"sj(u:-:&ervoltage) _'_z'-_L_=_-_dthe 105

.... :'_ ":-L:_ _r busses A-D-L-L[ as net design.
Safety c-_rcuz-_and all equipmen-b on _._=

m
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j IRRADIATION PROCESSING DEPARTMENT

• GENERALQ 'LECTIG
RICHLAND, WASHINGTON

April 9, 1962

O. C. Schroeder
Manager
Manufacturing Section

BPA ELECTRICAL FA!L_J._E- :_RiL 6, !962

This is a preliminary report of observations n_de at F Area during the
above mentioned electrical outage.

SUMMARY

1. Electrical Outage at 105-F - The 105-F reactor was tripped out at
3:09 p.m. on April bj 1962, and for various reasons did not have
normal electrical back-up for approximately six minutes. Some or
all of the reasons are listed belo_r.

2. 105 Emergency _iternator - This piece of e_u_om_nt_._ _ aooarently__worked f
satisfactorily but readings on certain instruments were erratic. _, ,,I

3- 184 Emergency Generator - Normal operation .,;asobtained in about 15 _)_4_
b-u_t--_ _d out after ll minutes due prestur_blyto vibr_ o- I 0

tion and a worn latch. ,_.,v'
"z"

4. Electrical E_aipment Room in 105-F - Considerable difficulties were _)_'
experienced in switching the electrical loads in this room during ,L'p_U
the first five minutes or so of the outage. It may be that a design _0J
change _rillbe required to automatically transfer the electrical
power from the 184 emergency generator to the reactor buildings.

5. Top of Riser Pressure - Contrary to previous reports, no major diffi-
culties were experienced with this phase of the outage.

6. Horizontal Control Rods - Only one of four HCR's that should have '_
scrammed into the reactor operated satisfactory.

7. Building 181 Pump Motors - When electrical power was restored, two
motors at the river pump house started automatically, which is con-
trary to present design.

m
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IRRADIATION PROCESSING DEPARTMENT

ELECT,IC. GE;]ENALW
RICHLAND, WASHINGTON

0. C. Schroeder -2- April 9, 19o2

PRELTMIN_AqY RESULTS OF OUR Ih_STiOkT!ON (_[_Yoers used - same as Stu:.:>-ry)

1. Electrical Outag3 at 105-F - The reac'_or was without norm_Li or emergency

power for approximately six rainutes due to an apparent inability of

the new electrical equipment recently ins-_alled under Projec_ CGI-862

to automatically transfer the emergency electrical power from the 184

generator without a r_nual re-set. _.;etunderstand that this s_v.e

z_f=cul_y was experienced by both th_ B and D reactors. This a_oarent

design inadequacy is being investigated at the B re&ctor today, and

since the reactor is down, an actual test can be made. In the mean-

rime, we will proceed to instruct both Processing and Electrical

people as to what additional procedures must be put into effect in
case of another electrical failure in Zhe near future.

2. 105 Emergency _-_Iternator - l<o additional co_,t_..entsregarding this

ecuip.Tmnt at this time, -- see S_.Jnary.

3 184 _='_° - " ......... =_ncy Generator As stated in _r.eS'_:=mary,this ecuipr.ent

started and operated satisfactorily for ll minutes but then because

of vibration and a worn latch, the _.... "-; "_= ._ '_ -__......= .... jp_c out. __u o'cerat_ng

delay was experienced in reclosing the generator braker, but the

problem was not critical since normal power had been restored to 105

and 190 build'.ngs. As an additional test, the generator was put into

operation on the 4=12 shift of the same day, end after an hour of

operation, tripped out again. In case of an electrical outage, the

power operators have been instructed _o watch this particular trip

point to prevent the generator from dropping the emergency power.

Repairs to the latch will be m_de du.ln_ the next outage or other mod-
ifications may be made sooner.

4. 105 Electrical Equipment Room - Preliminary known details regarding

this ecuipment are covered under item 1 above.

5- Top of Riser Pressure = No additional co_.ents at this time,-- see
' 'S',_mmary.

6. Horizontal Control Rods - Only four of the present seven rods (tD_ee

being half rods.) are fixed to scr_,_ in case of an electrical power

failure. The fact that only one of these four rods entered the unit

is probably due to the two-way - four-way valves that have not been

functioning properly. As a matter of record, replacements have been
ordered. A second rod actually entered the unit when electrical power

was again interrupted during m,_itching in the equipment control room.

The remaining _.;o rods entered the unit without difficulty when

normal oil pumlp pressure was applied --=this is_ under non-emergency
conditions.
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7. Building 181 Pump Motors - The reason why t_romotors at the river ' t_'
pump house started autozatically is unkno_;n. Ho_ever, certain electri-
cal chan_es were supposed to have been made sometime ago to prevent J
the motors from starting automatically and perhaps these t_¢omotors /
did not have this particular design change completed. This, too,
will be investigated during the n_xt ou_~___e.

F REACTOR OP_qATION

CN Gross:cs

cc: RG Clough, Jr.
_[PJo_uson
EJ 0 'Black
RM Scott
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po_..,'er-,-as_,_,p_e_ in a'..pp-_-o::i:.ately_ seconds• Tl:e solenoid is

being re-oaired. The e_.:erg_o_::ing circuit at _- _ ""_ ....
close as recu_red._es-cs ",:i!!oe couduc_e_ curlr.g the _.-.e::t rcactor---_ _:_w

d__cult:Les a_ 3 Reactor_ all i':di- ' '""_-'--"

u_ _o • _T_. _'J_._/_1.cators of ;-eactor po_er aere inoperative.. _ '

3 Ti_e DC e::,ersency _'-"_ "' _" e.t -"-'-_ '_ _ " ._• _m_._t-n_ circuit i_'_ _ failed to _.c_ion '_ _ _
...... •_._, --, .,.._ ,,,) *; I_.-.-,_ ..-,/---

Fcu_.- subsequent _ests disclose& no ..._.____u.c__on• __

4 At I$3-C, the e::_ergencyl_g_ and _"_" circuits did not operate
due to incorrect s_,_itchs_tt_ -'_;_:a.The _.._ee'_=_ycheck list :rill be

.....--, _ --_

revised to prevent a reoccurrence.

,_ _"_ .--_quip:._ent,particularly t:_e criticalIn s_.:ary_ ::-cstof the e.... r_e_.cj --
":e are not satisfied ",,.'ith_"_°""equipuent, operated satisfactorily. ,

of otu,_PI.[ check freouencies and esults and _:_i'; "°_'_. -- _ _ _ action to revise
-_ _ ..._-._ -_

as necessa_ _. A foi!o_z-up report zi!i be issued to cover the _o_.._..ced

changes•

"JC.. - "C'/"

WJ Fe'-'S_son:WDH :£c

cc: _'T Baker

WD _±!ton
CE F_rkins
_,;. Smithers

File
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analysis u',_ozted b- proper documentation. A subsequent fault at _[idway on July i0,

.6_ is discussed in the report because it supports the credibility of some of the

observations made.

The _ollowing ideas are presented as considered opinions regarding the incident in

question :

I. 2eactor electrical systems perfo1T:.edas planned e::cept for minor malfunctions which

have been corrected•

2. The high voltage electrical system performed in an erratic and unpredictable

r_anner.

J.... e _li_i voltaae system should be cons iderec zrom an intesrated system, standpoint

for plan_ing so that any fault anti,here is cleared precisely and quickly.

4 A second connection to the _' nl:lin ,
. _ net:_ork independent of ilidway (such as F_

•
switching lstation) could ensure continuity of full scale operation i_ r_e enough

and _,'o-erl- relayedA" -- A" J •

5. The second outage demonstrated that Kidway is vulnerable.

6. The second outage demonstrated t'mt failure of one piece of equipment (the !:idway

current transformer) can cause failure of the system.

7. Failure of one type of equipment in various strategic locations (such as the GC]_'-I5

relays) can cause failure of the system.

8. Ferfo!nnance of the GCX 17 relays at iiidway on transmission line Uo. 3 indicates that

of the present GCX 15 rela-s at i[id_my on Line No. l_nd 2 is advisablereplacement

as recommended.

CI_.OFOLOGY OF T:_ !NC!DEUT C_ _

_rior to the incident 230 KV transmission Line Uo. 3 was opened at station A-21_ by

openin_ oil circuit breaker Fo. A-379 and its associated disconnects to permit work on

!ine section A7-9. (I) OCB i_o. A-376 at ['.JP.eactor, OCB l,_o.A-396 at _ Reactor,. "'_ an d

associated disconnects _;ere open, isolatin_ line section f_7-9 from transmission line



'TO 1 e _ ,-I, ""., . _ror. _.,ewest and line _o. 2from the east. Two figu:;es adapted from IE7-70670 are

sho_m in Appendix B for convenience• Figure i sho;;s a simplified geographic one line

of tl_e "_"_ ,,,._-C network,_,u net;zork and i_isure !I is a simplified one line diagram of the ""_

showin_ circuit breaker numbering, rating and location• A complete and detailed de-

(2)(3)(4)
scription of the I_PO high voltage cor:nlex can _e found in previous documents.

The essen.ial details of the llid_Ta_:switcaing station are _no:m on a s_npli t-_ledone line

diagrar?,as Figure I!I, Appendix 3.

All reactors :_ere provided _ith 230 [[\r_.o:_e y the loop fo_aed b;, t::ansrlinsionlines

_ b-7 _,C._Yo 6 a" l:id::a,,,!]o I and iT.o o Line 17o I -,Tat-rotect_<_ _ _ ' _"_-_ and _"ice F.o.2• "_ - w • t. .,

•._as :_rotected by GC,2 "_.o. A-114 a_ i_'id:Ta],. Transmission Line i[o. 3 van enersi-ed and

7ro_-'ec_ed b:, OC:] "To. A-56 at i[id,:av bu_ _,_as :_dead-c-nded" at X Area switch:,a:'d A-21 and

at _.ine s:_i_cnyar_ A-2 °_, 4 _iles...south of F ieactor. Disconnect s_;_tch A-359, nora:all,

omen, located at s:_itc'ayardA-22 was also open on the day of the in_!dent.

_:C_.-_.Co_.steel tower line without overhead zround _:irc,Transmission Line i:o. 3, a "95 _: " '__"

e::cept on "__:_ first seven towers from i[idwav,and the first si:" towers out from X reacto-

switchyard, ;_as .nuo energized _ut idle for its enti':e lero_n. '"',_line is about 15.5

miles lon$ from i[idwa,]to point P _;ith a lateral to :[P.eactor, s_;itch'jardA-21, abou_

3.1 miles long. Ground s_itches A-7376, A-7379 and A-7396, all on the line section

under repair, :;ould no_-m.allyall be closed.

Predicted weather conditions were favorable for the scheduled maintenance• Examination

of photographs of the line section under maintenance revealed that _he cables compris-

ing the line were in bad condition and certainl _]needed ren!ace_.ent. Apparently normal

safety precau_ians were taken and the repair :;as completed without delay or mlshpa in

spite of the fac that the weather conditions c_an=ed radicall;; ,me caange in ,._eather

was recognized as hazardous but tke repair :;orb had proceeded to such a ?olnt that it

could not be abandoned and no_._.alservice_'estored, so _;as completed in spite o= ni,_,_

:_inds • "', . " • _ ........_i_..hea,r, duct and _eoris conditions• _o_:_"_ '._.:L'__ewe_dc_:n:fe",_'-- "_o'r:.a?:':i:

a:_.4could l_ave _.iled u_n "'-_ "--._......4-siol: 'i'.,.eat so:L_¢:o" "".........
-I



-'_r ai _ ::ound s-_itc.:eso_ened.....ords c¢;o_:to indicate :.'katti:e re_ai'- had been _-':_-"_; _ '

and that the disconects associated with OCB _{ A-379 :Jere closed. The position of

OOZ i]o. A-376 and A-396 and their associated disconnects :las not covered in any reForts

L. "£_. 4-bu investmoa_ion sho_;s d_at they _;ere open durins tl_erepair procedure and _lere stil I

open _nen tl_.eincident occurred.

'.9.Lo _.JL)O O J._;

The conditions indicated above prevailed on April 6, 1962 at 3:09 P. il. (1509 hours)

at which time a purported double line to ground fault occurred on Line _To. 3. There

•.ms no _ositive sequence load on this line at tiletime so the fault -7ould therefore be

C: "e ,.
cou_osed of negativ nd zero sequence conlponents only. Such a _au_ could be caused .x

by. izo._tnin.q,'_'massins o.r"weeds on the line, dust, or b,:.causes unhno_m.. I_=is not likel"

t[:a such a faui; cou,.d l:ave been caused by closing a circuit _r,_a:: on a [:rounded

line. !7o tancible evidence is available as to the exact cause of the fault. Line i]o.

3 is pro*coted, by a 15,000 IIVA oil circuit breaker bank :zi"'Lna 3 cycle opening time

capability. The breakers are controlled by GC][-17 Reactance Distance 2.elays, Type

IB¢Or
3ro-nd relays, Type CFZ _hase Comparison _.elays, Type CV-I undervoltage relays,

Ty_e IJ3 synchonism '. c_ec.: relays and type VAK-II-D4OA, Federal Pacific recloser relays.

(5)(6)(7) Circuit breaker ban/: A-56 was opened at 3:09 _'._by its GCX-17_ relays, clear-

ing the fault in 3-3/4 cycles as indicated by oscillograph films. Breakers were re-

closed by the recloser relays, and held, in appro::imately 4-1/2 seconds. A question

arises as to why reclosure has to be delayed for 4-1/2 seconds because an arc fault

is usually extinguished (cleared) within about 17 cycles from the time of breaker

opening. _ii *_'-------ois based on fault time as time zero.]

Transmission line I_.o.I is prote_ted _t its.l!idway te.nninus by a 15,000 llVA oil circuit

_ul+ c,.,,,'_..-_ _.,_..._.p_o_, (_)
breaker bank (A-336))_controlled by GC][-15 directional distance relays. Reclosing

":elays haveheen installed recently and are Federal Pacific Type VAZ-II-D40A set for

4-1/2 seconds as on Line l]o. 3. _nzs breaher _ not operate_ durz. o the incident.

_ GC.X ty. e_ ....,_ae _e is desig_.ed to see, and operat on, faults on _0 transmission side of



the bus. The line section bet;;een liid:Taysubstation and the ..2-Ci'eactor substation

(A-2) is protected bf, oil circuit hreahers bachs A-322 and A-323 each ra_edat I0_000 l_rA

• s_e_d Tileb--_,-'...._ are controlled b_" di _interrupting ca_acit:,,and 3 cyle o>enlug _ .. . _._,=._ _-zer-

entia! relays and CCX 15 directional distance rela::s.(C) Xhe A-322 and A-323 breakers

,% I p

:;ere onened_ bI, the GCA'-I5 rela-/s a'pp"o._'_"_.m'_el',:I-_/_:-c-,cles,after breakers A-5o had

old'cuedline l_o. 3 or in 5-I/2 cycles fror_ faulL t_:_e (time zero). The operation of

_ese rela:,s during the incident reFresen_s malfunctioning _ecause:

i ":'here!af,s o'._eratedafter the fmul .... L cleared

9 "" .m';_ o,-cned oi_.a fault _ef'oud t_.e_lid_._a,"l:us_. _L:c rcla_,s hhould ?.st ' _ . _ . .

Subsequent field tests of the CC][-15 by others u::der simulated faults seem to indicate

tl-at an inherent :Tcahness exists in this t_'pe of rela"° in that tl.c i_?_o_er coordination

ok,_
or the contacts allo_;c the _ unit contacts to close before _,_edirectional and over-

current contacts _an open follo_:inZ a fault, (Figure IV).

_.eport_ of conferences with_Utilities ,-ladeby others indicate that this conclusion is

justified and that the unreliable characteristics of the GC][-15 have been [¢no_m and

recognized for an al_preciable period_aud that the deficienc'j can be corrected by re-

building the GC:[-15 or replacing it b], the GC7[-17.(7)

Transmission Line i_o. 2 is protected _t the i!idwa_,substation h],0C3 bank A-II4 rated

at 15,000 liVA :;ith an openinl; ti:neof 3 c:,cles• The bre_ers are controlled i_, suitable

relays including GCX-15 directio_a! distance rela'/s, V#C,-II-D40A Federal Pacific re-

closers, and type !3CG ground rela_,s.(10) This breaker did not operatek @uring the

incident. The next _rotec_ive breakers on l:o. 2 line are located at the 251 substation

(A-g) (Figure V). The hreaher banks proceeding from llidway substation are A-386, A-384

and A-382. i_one of these breahers opened al " ' theytaougn are interposed between l:he

breakers which did open, at 10C F, and the fault• The next breahers in the line are

r._

those at substation A-6 at F ?.eactor area• _nese _reakers are equi?_ed _;ith the



GCX-15 relays but no reclosers. The breakers at A-6 substation in order of their

position in the line proceeding from :fidway are A-366, A-36Z-, and A-362. Breaker bank

A-356 _ms t.-ip_ed by its GCX-15 relay and opened at 6-3/4 cycles fron title zero, or

3 cycles afer fault clearance. Operation ,.e_e _ms improper in that the trippin8

occu"red aftcr the fault had been properly cleared by 17o. 3 transmission l_ne breaker

A-56 at :lid:my and also because the A-366 relays ove_" reached the three breakers at

substation A-8 "' _" _%_.9_fr_._,-_'"_4, and A-382) and the line breahcrs a_ Hid_nay (A-f14)

l.'oreover the relays seer to have trifped_n first zone t;hich is bounded by (or should be)

CI per cent of the dista-%cc to the ne::t _rea.,ey ban::, in this case, A-3C2 at Substation

A-C.

..... _ -, ;,,.its ._ .- _-_-:_,_uc!ay a_'t._ran aiaDsed ti::_:J_ea..ur banh A-56 -:as prop:rl r::c!oscd _ "_' i_ ""_' "
!

tinte zero) of A-_,_ seconds, Breaker bank 2-"'"(_ro_."fault . _oo was c!osc:d rmnually by

the A-6 substation o_rato .5 r:,.inutes(9000 c_'cl_s) after tl_e _ ' _. _ _ r.... o .... _aul'" ";.osrc o_ thes,_

_..._.='°,-._-=_energized "'_ne._°°CK\ switchyard a_ all _'_actors, _ea,,e._ _-._.. anc _---_ :_ere

closed manually by the substa-ion operator at A-2 substation (151-?,)_ten seconds later,

reconnecting transmission line !7o. I into tl:eIoo"... Since the braakers at ilid_my, ,_-_6'"_

on ,,inc ":o. I f,_11,_ - . to rcc!., _ _ on Linz l:o. o and ._-_ on Lin_ l:o 3, are all s:;t osc after

4-I/2 seconds (270 cycles) there ;L-_:_:.=, exists no reason for delaying_ rec!osure of any

' _. " "_ Ideall," any line section under : '_or all or,=a_.rs in the loo9. (FiGure V). . _au_t .nouloo"'

be clearedby the _;o nearest breahers., in each direction from the fault, in 2 cycles and

restored again in the shor_,zst possible '-itnc The l_.-.itationon reclosure in _""

. - ..... , if Ices than 17 cyclzs is chosensl-ortes,"nos_iblc t-:._a_s the danger of a_'c r_strz.:e, _,

as a mink_n. Further liqi3ations extending this _:in!z::ur._t_ne r:,ightbe th_a spcd

,. _o ' IC _ £:-
closinz caoabi!it-: of _he breal_ers and i_._:of clearance .ton. the bus o_ loads .;h_cn

canno _ tolerata_re!_:osurc.,



The status of the production reactors at 3:09 (3:10) I'llon 7_pri! 6, 1962 *..:asas follo:,Ts:

_3Reactor - oFeratin_ at equilibrium power level

C _,eactor - do',._n
]

D l:ieactor- operating at equilibriur._ co_'er _level

DR P,eactor - op,_ratins at equilibriun.1 >o'_er lew_l

F iieacto - op,:.rati.,=at equilibriur_ >o_'er l<:vel

_:.,iieactor - do::r.

lr.Z2¢.actor - op¢_ratin$ at Z./4 equi!ilriu_._ _o_Ter l_vel

X_,:7.sector - o:_'c:ratin7at ccuilibriu_'n po,_er level

DI:L F _[E and '" _._ereTi'_conerati_._ r,::_actors,B, E., , , ,_.J scrar._:led_y the._o_,,_erions

relays in el:out 17_ cl:cles fror: the time of op_:nins of OC3 _an'_ _.-36 at liid;:ayor 2C-_/A

cycles from tins eero. Tl'_eoperating reactors transferred in each case to tl_ir resp_._c-

rive: o_condar _,syster:.s Eone _= _-_...... o__._d to the tertiary (last ditci:) systems. Tl_e opera-

tin% reaccors attempted to recover fo_bwing the restoration of power 2.5 minutes after

th_ fault, li_ Reactor only succeeded. Th%%reaetor recovered at 3:42 ;_hicb.',_asan

m_m_. elapsed time do_'n_fron_.tirze zero)of 33 minutes. The perforr.mnces of the reactors

:,:ereas follows:

B Y.eactor recovered on April 7, 1962, 6:55 Plol(iE55), downtime was 27 hours 46

minutes.

C Reactor scheduled down _,:asbrought uF at 2:45 Pil (1545) on April 7,1962. No delay

was attributable to _ne power outage.

D Reactor recovered on April g, 1962 at !:30 _il (01S0). Do_ntine :,;as34 hours and

21 minutes.

DP. Kcactor recovered on April 8, 1962, at 4:22 f_i (0422). Downtime T'as _7 hours

!3 minutes.

,-*' ril C 1962 at _:54 _i (0954) Do,,mt_::c;:'as42 hoursF Reactor recove__a on Ap , . .

and 45 minut,=s.



ii7.eac_or ::as on e::tendcd scheduled shutdo_n until Ap.ril 14, 1962 at 3:59 _i! (1559)

at _'hich t_._e it _:as up in normal u:anner. Power loss incident did not interfere

with the schedulc.d procedure.

ICE r_eactor recovered by a hot startup on April 6, 1962 at 3:42 Pll (1542). Downtime

c3 minutes.

K_,/Xeactor did not attempt to recover but stayed _o_m because of scheduled shutdown.

Thc reactor _:as up again on ,:_,zril10, 1962 at 11:48 '_'(1148) in normal manner_I

In the discussion abov,:_ -_-c_._ time cited for thr reactor to recover is defined as the

elapsed time fror, the t-.":_eof the fault until criticalit,, _as achi_vedo , •

AUALYS IS

Available data and reports do not offer enough information on _hieh to base a sound

_ngineerinc analysis of all the event s ,_hich took place in this incident. _nat a

douLle line to ground fault did occur is reasonably certain based on th_ fact that

_o-_o_ from tnc A-_ substation (!_I "_) and the A-_ su_station (l-"_zF) avree :I_L _:ach

@thcr__o_n_ :,ith the io _ at "_d_-a_,s_._itchinvstation. Oscil!o_ra_,h r_cords

taken at l/id_;ay_a4-_ conf{r.._this conclusion. All evidence fi::es the _lace of the

fault near llid'_ay. The chi=:_foperator at ".!idu'a-T'as on duty at the time of the incidrnt

and sa_: the reflection of nhe flash. His impression was that (I) it :,_aswithin the

first three to_er spans from ',iidway,(2) -.,'asnot lightning.

No evidence of iz._h_nz,_ faults appears in the ilid_av log on thisdate nor :,;asany

lightning observed in the vicinity. In addition to _his, the towers near llidway are

equipped :,ith overhead _round lines (static wires), i]one of this, ho_._ever,precludes

the _ossibi!ity_. of li_"'tnin_:_.,striking the Uo. _ !in_,.within Zone 1 from i!idway, oass-

inz along the line and going to ground near Iiidway. Field observation with 7power

glasses revealed no evidence of a heaw 7 flash-over line to line to ]round. ilcteorolo_$ice

"_ _k _', _ "" _7 _ •" " _a _
r_ecrts fro_: o _._ed_ "ass, ,nd! ton, _=_i_..aand 7aila ]ial indicate no lightning

on "",__._da_- -'" c'- .o_:i_--.... ,._-_oi:a.:_ r:: .... _ : ._ ,-_ T ......" " _ "'-" ...._ in the distanc_

"" TO8 !_ " _ " ":"' "'" ........ "" ' iF.": t'_ "..... - -. _ _ _,.efault on i.o

j



transn'_io_ion iin_ scer_'sto ie renot_ _as_d on :__,':ist<_evidence

@
iiaintenance records and the investizatin,2 co_craitteereFort indicate that No. 2 t_ans-

r._.issionlin i was ca_-_':fullyinsFected firorl"!id:'ay_o th_ K i<cactor substatio:_by th,

-, _. _ .... Each to_er ;,_as ir:.b_d andConstruction _n__zneerin_ and Utilities Op_::ration=_oup.(9) c!

inspected, as closel,,_as possible includin7 _string insulators and th_ __.umo_'rs.at the

dead ,and towers at Xid_:ay. i_o evidence of arcing :_as found c-",cepton suspension insu-

lators. The B phase string on to_:erUo. 20 was replaced and _ested. Some evidenc,: of

burning _as observed hut .'.'as_udged to bc the r_sult of li;Thtnin$ flashovers ant_,da_inq

the pro'sent incident. Si_-_:ila_strings found on to:ers i_o. 3£ and 39 w_.r,_. re:=ov_d and

inspected with the sar.leresults as above. All insulators ;'ere a!_zoved for service as

a result of the tests.

Subsequent field inspection by the author of _-_--,,_-first five towers at llidzcayrevealed

no evidence of flas'hover as mentioned previously. The arrangement of to_'ers on No. 3

transr_.issionline near :iid_;ayis sho::n on the field sketch, Fi?ure VI. Static or over-

head ground lines extend fror_liid;:ayto and including Yo.7 tower. The _'$o.i tower is

a tall dead end tower in line ":ith a re::of si_nilar to::ersall facing north, This

to_.;eris :rell protected on the windward side by other towers and lines. Tower No. 2

is a turning tower facing northeast and not protected from the prevai!in$ T;ind side

by other towers• Both towers are clzarlv shown in Figure VII (Appendix B), a photo-

graph taken on July iC, 1962, loo,ing north from iiid_ay substation roof. Tower No. I

is in the foreground, center, and L_o. 2 to the reader_ left in the near background.

Clearances on tower Eo. 2 appear to _e critical, even under ouiescent conditions. Two

of the jumpers have insulator strings, the thi_-d one does not. The result of this

uns_m_metrical arrangement is unequal movement under strong _:ind conditions especially

if the :_ind is gusty. The position of the tower, s such that the angle between the

, I ._incoming and out3oinz conductors is less than 9C degrees _-nu_making the clearance on

the t:_owesterly conductors (B _. C oha_e_) h_paire,d and unequal an_ causing un_r_:_ictahle
movements under _strong gusty wind conditions, xumol,_ weeds "and etcher deDr_s cbul



easily pile uD in the corners, especially on C and B phase wir_:s.

Tower i'7o.2, is sho_n in a si::lilarphotograph (Figure VIII), and is identified as the

Io_.,ito-,,_erto tl_ereaders right of centu_in the near back,_round. Si_:_ilarconditions

prevail on this to:,Tere:.'ceptthat the angle is not so acute and the tower is so placed

that the Travailing ::ind direction is nearly parallel to the conductors. There is a

stron Z possibility that under the conditions _revailing at the time of the fault, stron_

gusty _Tinds, thick dust conditions and with a sreat deal of flying debris, t1",atthe

resistance to :]round and b,et_,:eenlines dropped to such a ooint that an arc _,,'asformed.

Flashovcr tests at the.University of :,'ashin_tonindicate::that :.w:n a snmll discharc.,e

•,'ill initiate a heaxD, a-.-cx_hich has !o_7rcsistanca and no reactance. _fhese chngs, plus

th_ faint tl-,ata- least t_,_oe.'_periencedoperators at llid_ay hcard a loud noise and one

probable

sa:,_a flash _:'.akesit n=x-_ih_x thac one of ghese towers is the locale of _he fault T._ich

I!o. _ to:_er as the _'_ost11_ely suspect, flora specifically with violent _alloping o#

_he conductors and ju_.pers due to gusty _ind conditions coupled _,_iththick dust debris

conditions phase wir_ C would be most likely to go to ground involving pha=e wire B

on the ne::t voltage peal:. The physical conditions are _learly sho_,:nin Figures IX and

.# _loseup Fhotogra#hs a_so tai:cn on July 10, 1962 from the foot of each co_:r. Some

evidence of this arc should be visi_l_, most _robably on C phase jump::r on i!o. 2 x_

to,,:er. ,__earc could also have started in to.,_er.;o. 3 or tower Uo. i. It _as a_so

observ(_d tha_ the grounding of ti:ese to'_'_rs_as not particula.ly good and tha_ the

grounding of the ota ion is in our o_,inion inadequate for the oresen_ size of _he

facili"-_ lligh resistance _rounds increase the possibility of "arcin_ grounds" with

resultant high frequency transients and the possibility of a voltage peak of three

times the nominal line to neutral crest. (12)(13)(14) The violent results of such an

arc arc: skown on Figures XI and XII, photograNhs taken recently of a current trans-

forra.erfailure in a Priest !lapids transr.ission line terminus at Xidway 8witching

Station of B_A.



In _his incident th;_:arc caused Ly the failure of the current transfolr_er _.:asproperly

cleared but an oil fire ensued. The smoke from the oil fire cause an arc bet_een

adjacent _isconnect s_:itches going to the 230 F.V auxiliary bus (_hich ":as energized).

Figure _III (Appendix B) cl.a,Ij shm Ts that an arc did indeed fol_ bet-_._eenthe dis-

connects _hlc,_ _;er_:in the zosition sho,_n The spacin?; bet_.._ecn_,_edisconnects is

approxi-aat_l-,,_12 _f_ feet. The _oecond arc yes at first a sin_l.:_:line to _round_ (12

_._

cycles), .men for a _-ir:'e_.Tas!ine-to-!in;_ to 7round (I cycle), then ;:as a linc_ to line

to lin,_ to Cround (15 cycles), fau!_.. 7.ala-in,_fai!:_d to clear the fault pro_erl,',.

no_._:_al]y_._ cycles,, al]o_:in_,the fault' to r_::_a__n_"_ c,'cles_and ca,'_in___t'-._-voltage on th:_

ilid_.::ay5usses to dro._ beio_; 50 "'_'(nominal 220 XV) _i! '[anfo_'dreac"ors scra._::ned

The second incident "_as in no ":av.connected :_ith the ::._,-il_.6 trouble but the impact of

the later occurrence on the analysis of the first case cannot be i.Tnored. I_ certainly \
V,

illust_-ates the TrL_nble a::io:::that in dealing ,.:ithnuclear reactor saf__ty an], system _c

imolicat_ must be _udged on the basis that an incredible seouence of __

events can occur at anytime.

EFFECT O1,_ "_A_IFOP_DSYSTEII

The oscillograms of the fault of April 6 ",as obtained and enlarged to stud], the tran-

. t,.e tual cillogram trace and Fi._ure XV the blownsient portion "_u '-F_o re XIV shows ac os

up portion. It is apparent that the fault was on _,o. , lin_ _:ith a current crest of

approximately 60C0 amperes. The official report of the incident describes the fault

as follows: "By e_'_-aminationof the oscillograph charts from Hidway, it was determined

_ _ine was a double (3 and C) phase to _round fault, is isthat the fault on _ne Uo. _ _ _n

c
the first double _hase to _round fault in the histor,, of the '-_ "". _ _ ..anford sy_:tem operations "(

The l:id_ay log is not in azreer_ent _;ith the state-_:entabove. A transcript of the April

6, 1962 entry from the l!idway substation log reads as follows:

"3_i _'. A 56, ]{anford Xo. 3 line relayed and reclosed.

Targets: GCX :3 phase Z-l, Carrier,



Carrier Ghd., Inst. Gnd. Overcurrent,

51 Annunciator 3,000 amps or over.

31fon A 336 - 7.5 ::160 (12C0 ar:ps)

Jllon A 114 - 5 x 120 (600 aTaps)I'

The emphasis on the si,_ificance of the double phase to sround fault, supported by

tenuous ev_c_enc_'1_, is no _ understandable b.ere. Any transr._ission line protective relay

svsten must guard against single, line tc ground (z_:ro seauence) line to line (negative

sequence), line: to line to line (positive sequence), and various cor::binationsof these

typ'_:sof faults. It is true that aTpro::i:mtely 70 per cen_f all po_.,ersysten_,faults

ar'.,line to grouand (zero sequence), ten per cent are double line to ground (negative

• , (13) ,'ith theand zc.ro sequc:nee) ant only five per cent are 3 phase (positive sequence),

rer:.ainin_f'i_.ecn=_per cent of va_ying-_combinations of these.

_,,ecapabilities of "' GC_/-15 relays ",hich protec * transmission lines l_o. I and 2

are as follo_:s:(g)

"These directional distance relays r_eet the present-day demands for high speed

_.rotection of transmission lines _". . ,_,ey operate on reactance and, therefore,

are universally applicable to all lines, even very short lines where arc re-

sistance can appreciably affect distance measrement. They are normally used to

protect either single or parallel trans;_.ission lines against phase to phase,

three phase, and double phase to _rqund__faults._hen so used, line-to-line

potentials are en,.ployedon the relay units. By using GCX relays energized

from. !ine-to-_ neutral potentials, protection can be provided a_ainst

single-phase-to-ground faults" ( ___'l_ %_,,_6_

The capabilities of the_type GCX 17 relays _.;hichprotect transrc.ission line i_o. 3

(r)a" e as follows:

'_-_e OC:: relays instantly _solate faults occurrin_ within the _rotected



zone, operate in a short (intcz-media_a) tinm on faults on _ne ncrt section,

and in a longer (back-up) time on faults in om_cr sections to _Thich it is

desired to _ive back-up protection. The types GCXI7A and GC]."17B relays provide

this characteristic 3-step, tim_ distance protection asainst three-phase faults,

,Thase-to-phasc faults, and double phase-to-ground faults."

= _'_ 12 res_and No oThe records sho_,zthat durins the fault line i7o. 1 _las _eeel,.o C'C ampc: .

Line 6CC _,,r....... .
....,_M into the fault. 3reeker bank i]o A-386 _.:asalso carryin_ 600 amperes

and was nearer to the fault than A-366 but did not open.

In the second case on July i0 the current on the '-_ "_nree t_-ansmission lines seems to

have teen 1.o. i line, 1"50C m<peres; Uo. 2 line, 12C0 a::.>eres;i$o. 3 line, 12¢C amperes.

i!one of tke _real¢_rs protec_in_ these lines operated ew.n thouTk tkc s(:con(_"' phase of

_:'.efault _,as sustained for about 2C,cycles. The GC;[ r.:_laj_,,._concerned in this second

and si=:ilar case did not nmlfunction as postulated in ""- _'_,_ April 5 case. _nc.inevitable

conclusion seems to be '_'_ "'t_.=, _na relayin_ system cannot be depended upon to clear tl_e

.... r _. _ner maladjus t_.:.ent,_.,u system creciselv in a _lanned and timely manne _y reason of "_'

or inconsistent malfunctionin$.

I_: is a!_o to -c _- _.............. ""_;.c_rv d tka" _i:,_ .._:_:_......_ _-....or:ponen_'_can and did cauca a fa]._'.:r-

........" _.......... : a :_.cond sup_i", sou:;ca ........._<_"endent of liid_a_,(such as ,,_ram_l'in)

had he _-_avai!a _' "" " . ........ _.,__.n ,_.'__-__i, IC,] , ':h,_nsuch a _erfo;-._.anc_-,ould have nullified th_

advantage.

/

It _as mentioned earlier that all reactor_scrar:_._edproperly and none had to _o to tb._:

tertia,_. (las; dispels) syster._. Some electrical malfunction= occurred at some of the

reactors nicely surmmri-.ed ..... ogers:(16)

""'he most sisnificant equi_.ent na _".-_unctions _'ere: (I) slow load pickup by one

O boil.::rin IC4-D, (2) failur_ of automatic transfer to emergenc_, electric oo;_cr at

IC5-3, D and F, (3) failure of turbine driven _=:haust fans to start autor.atically



at IGS-D and IIand fai!u_-e of suply air ventilating dan_per automatic closure

at 105-If; and (4) failure of loop XER-3 to dump automatically."

in addition te t_,_ above <:1:erg_ncypo_:er fron "' _.,_ _ne 184 C buildin_ _as not auto_.:a"ically

r. -_" because of a circuit bzeakel-malfunction, _' 3,trans_er':_G _ne D and F failures _:er_

caused b': a des" error in _"_ to" '. iSn _,,_ r_layinT _'_-ovided!.....- _-. ..,. _ ect oGl-_;.'l. _roupt and

agTressive action s_.Lt'.sto have been tahe.n to co_z,.-cctthese malfunctions.
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GENERAL @ ELECTRIC
J

RICHLANDo WASHINGTON

May 12, 1961

.

S. M. Graves, Supervisor

Process _gineering
PROCESS TECI_OLOGY OP_RATIOh

BPA VOLTAGE FLUCTUkTiON

The electrical cross tie across the Cascade Mountains, connecting eastern

and western Washington in the BPA power grid, was out of service for main-

tenance on T._ednesday_ [_y 3. Because an overload condition deve!o_ed in

oeatt_e-Paget Sound area_ electrical circuit breakers began partingthe _

on the Portlar_d-Seatt!e par+_ of the grid at 0_O6. As this transient con-

dition progressed_ the portion of the total load carried _oJ Priest Rapids
and Coulee Dam shifted.

';_ile t_:e electrical grid in easter?. Washington remained integral, tile

load s lift between Priest Rapids and Coulee Ds_ caused a voltage fluc-

tuation and a very slig t fre4uency dip. As recorded at ]£idway; the

frequency dipped momentarily from 60 cycles per second to 59.5 and then

back to 60 cycles per second. The root mean squared voltage in the HAPO

loop dropped from _-30 KV to 216 KV and then overshot to __40KV before

stabilizing back to 230 KV.

In spite of no critical power situations existing in the HA20 230 KV

loop_ all of the reactors had indications of the voltage fluctuation.

Of the seven operating reactors at the time_ only H Reactor was ir_medi-

ately scrammed. Investigation disclosed the following conditions were

observed at the reactors at the t_ne of the voltage fluctuation:

105-______H- The control room lights dimmed momentarily, and ntumerous
annunciator panel lights lighted, including the "normal drive HCR" annun-

ciator, the "3X phanocharger" annunciator and the "instrument supply"

annunciator. While the preceding annunciator lights were specifically

obse_-/ed_ there is a definite possiblity that others may have been on as
well.

The reactor operator noted that the HCR's had not moved, so he immediately

started to reset the 8mmunciator panel. Simultaneously_ the control room

lights_ which had dimmed momentarily, brightened greater than normal and

each of the four "Beckman trip" annunciator lights came on. Coincident

with the "Beckman trip" annunciator, the "Panellit water LP" annunciator

was tripped by the row relay on 37 row. Simultaneously_ the reactor was
automatically scrsz,_ed.

Very shortly after the trip on 37 rowj ntuuerous other row relay lights
D r

lighted on _c row and above. A rapid survey of the Panellit board

DECLASSIFIED
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revealed no gauges resting on a trip point. Preparatory to making the

hot recovery_ t-_o successive l0 psi TORP reductions were ordered and the
Panelllt board _;as reset.

Examination of the flow recorder chart, after l-ecovery_ sho'_ed that the

flo_t abraptly dropped about l(.O0 gpm at 0907, a_:d slo_lly lost an additional
1CO to __)00gpm over the next .minute. At 0910 the chart s_ows that the

flo_,__as starting to increase again as the t_;o successive 1C psi TORP

reductions reduced flm; another 2000 gpm. As the reactor went critical

at 0917_ the TORP was progressively increased until the flow was back to

the pre-scr_q level.

10_-F - The reactor _.lasoperating when the po,..ler-supplyincident occurred.
Annunciator li_ts indicated a 190-F Po_rer failure; though other than a

momentary slight loss in flow, there were no other indications of failure.

The reactor continued operating _ithout incident.

105-D - The reactor ;;as operating when the power-supply incident occurred.

Several annunciator trips ;sere received_ but all ,,lerereset i_r_.ediately. A

momentary loss of 35 psi TORP was noted.

1OS-D R - The reactor ;;as oF,erating when the pm;er-supply incident
occurred. Several annunciator trips ,,_erereceived_ but all were reset

ir,Juediately. A momentary loss of about lO00 gpm was recorded.

IO_-KE_ _ - Both reactors were operating ,,thenthe power-supply incident
occurred. Various annunciator trips were received at both reactors, but

all were ilm_,ediately reset. A loss of about 3000 gpm of flow was recorded

at each reactor. Ar_ automatic power transfer was affected at KW Area,

transferring power from one bus to another.

105-C - The reactor was operating when power-supply incident occurred.

Several annunciator trips were received; however, all were immediately

reset. Approximately __ hours after the incident, the reactor was

screumned when a VSR dropped into the reactor_ tripping the SNM relay,

giving a number 2 SC scram. Recovery from the scram was successful.

Apparently the VSR dropped when the batteries, supplying DC current to
energize the VSR broke, began to fail. A check of the cause of battery

failure showed that the motor-generator charging set was inoperative,

presumably having failed at the thne of the BPA power incident.

1OS-B - The reactor was do_n at the time of the power-supply incident.

Process _;ater was being supplied by steam turbine punlps, with the electric

ptu_:psset on recirculation. Power was lost to five of the electric process

pur,_ps.

Assimilating the observations at all of the reactors_ 5he follo,_ing con-
clusions can be reached.
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1. Probably all of t;.ereactors received "Beckman trip" annunciators

because of t;_e0.5 cycle per second frequency dip.

2. In all probabilityj H Reactor was not scr_med b a Bec_mmu trip in

spite of what tile annunciator panel showed. The reason for this is
that all of the Beclqnans are designed to allow as much as a 2C cycle.

(1/3 second) frequency dip. In contrast, t:e relays in the annunci-
ator circuit allow no such delay.

3. In all probability all reactors, as well as F, probably received a
"Po_ez failure" annunciator ligi_t. However_ as in the case of the

BecFn.mns_ thez-e is built into the power failure relays a provision

for up to a 2C cycle freEuency dip. Again, nowever_ there is no such

, frequency dip provision in the relays in the annunciator circuit.

4. Practically as a matter of certainty, H Reactor was scraz,_zedby a

low trip on one of the __<-.jv=Panellit gauges on 37 row. The following

analysis will show this reasoning:

Total instantaneous flow reduction = 1,_O0 gpm

Individual tube flow reduction = I:00 gpm
i,_O0 tubes

= I gpm/tube

The equation governing flow through the venturis is:

Rearranging, F2 = (o.76)2 (PFH) - (2.76)2 (Pp)

Then, the total Panellit pressure deviation is given as follows:

-
"

Performing tie indicate& differentiation yields:

Asstuming a t)_ical tube flow of 45 gpm_ and a PFH reduction of 35

psig due to the 35 psig TORP reduction:

76) 3 tube/

dPp = 90 - 35 = -23psi_

DECLASSIFIED
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Thus, if any lO-90 Pane!lit gauge was initially operatingst less than

33," or any 25-75 Panellit gauge was initially at less than _;:_,the

reactor would have been scrammed by a Panellit trip. On 37 row, as

well as several other rows, there are numerous 25-75 Panellit gauges

which re_la_lj operate at between _O to 50.

In conclusion, the scr:_ming of H Reactor can doubtless be attributed to

a low trip on one of the 25-75 gauges on 37 row. Such tripping of the

25-75 gauges will remain unavoidable any time a sudden TORP or flow

reduction occurs. The solution to this situation is either to replace

the 25-75 gauges with I0-9,0 gauges or to pre-set the °5-75 gauges to

read higher. Unfortunately, neither solution is wholly without co:npro-

raising drawbacks.

(.I., ...

B. R. Creraer

Process Engineer

BRC :rb

cc : AP Vinther

File
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2._ degrees, hovever_ because of the 1_sslble z_ser pressure recorder
overmrl_ and fluid tnez_ts_ the actual bulX l_.Imz_ture tncreue was
protmbly less than 2.5. Xn any emsnt, the rater te,_erstuze in the
dovncomsrvu st111 belov sa_rstton _erstuze.

Gone Blsnchet_e is _ the 190-pump tzqmslentsmore closelyand expects
to hwre a more dela/le4 picture In the near future.

A. Russell
: Process m_rlneerlng

_3:zf

cc: _4 Gz'mres
A Russe]-l-l_Lle
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This doc,;ment contains res_rlcted da_a as I. DS Lewis

defied in t_ A_ic Energy Act _f 195A. 2. JL _nson j.--
Its _ransmitt_al or the disclosure ot its 3. SM Graves_/"
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person Is prohlbZr_. _. RW Reid

b. HG Spencer

3eptember 27, _960

D. S. Lewis, Acti_ _ager
D & DR Reactors Operation
IRRADIATION PROCESSING DEPARTMF_T

TRANSFORMER BURNUP INCIDENT AT OR

2el" (i) Letter from /L Benson to SM Graves, "Tranofor_er _rn_p
Incident at DR," _/25/60.

(2) Letter from DS Lewis _o SM Graves, "Transformer Burnup
Incident at DR," 6/10/60.

(3) Personal notes of SS _ones.

We hate Ioo_ In_ the nucl_ar safety7 _pllcations of t_ s_bJect and

s_mllar possible inctdent_ and have reached the conclusions _ha_ there are
_,_ n_clear safety Isr_licatlons in any credible inciden_ or actlon that
causes trip-off or sh_t-off of prlm_ry pumps. In this context s "nuclear
safety" excludes the effect of a bulk tenrperature s_rge. Th_ problem of
_en_erature surges from this cause will be discussed la_er.

Our main concern as reKards nuclear safety in this type of incident was
whether or no_ the few main pumps left runni_ would c_vitate and vibrate
so badly as to endan6er the water pipin6. We find t_at tests which simu-
lated conOitlona of in%ereml; in 558 p_ps were run several years a6o. The
concl_usion from the test observa_ions(3) is tha_ the water pipi_ is not
endangered.

As regards the damage of pu_s from cavi_ation during a_ch Incidents, we
be_le_e t_at manual action of the opera,ors can be relied on to limi_ _he
duu_anion to an acceptable period. After all, such incidents will be qui_e

infrequent. It may be that some operator education is called for in this
area, both fr_ t_ ata_int of w_t _o do after 8_hing happens, as

we].], as on not Initiating such cavitation inadwerten_1.y. We have no_ tried
to determine whether or not such eduCation Is now adequate, considering _hls

to be the responsibility of Power Management. In any even;, we believe t_at
such education, if needed, would be adequate and likely preferable to
ins ta/_ti on of au_omaclc devices.



D. S. Lewis September 27, 1960

As regards t:_ebulk _emperature surges remultlx_ from this kind of incld_nt,

a dtvislon into _wo types Of causes =ay be made:

I. Incidents _n wolch the power l_ss relays Initiate scram.

2. Incidents whlch power loss rel,_ys did not initate scram atld scram _s

initia_ed by the Panelllt system.

The fLrsu type can never be more severe than _ BPA power failure, and tt is

properly allowed-for by presenu bulk our,let temperature restrictions.

The second type may or may not be a lltule more severe than a BPA-causea sur_e,

dependln6 on Panelllt trip settings. Incl_ed wl_h this secor_ type should be

operator error in hanolln_ the d_scnarge co_.e valves, as well _s ;nadver:_en_

cut-off of pumps. We believe _a_ the presently assumed surge magnitudes and

frequencies, in bulk limit calculations, properly allow for _nese posslbilities.

Reactor En_[_eerin8 concurs in _his view. We th.nk the frequency of thLs type

of Incident Is extremely low. _hls _oes not meax: _hat every reasouable e£Eort

should not be _ade tO preven_ t:,ese incidents. A_aln, as su_gesteU above, we

Delieve the ma_n preventlvm :aeas_re ahoul_ be operator education, i_ this is

not now adequate.

We have done some thinEi_6 abo+_t automatic equipmen_ to keep t_ opera,or _r_

turning off pumps or closln_ discharge valves, w_en they should no_ be _urned
off or cloaaed. We have ,.orcome up with any workable ideas, b_t t_ere may be

some. We do not thine there ts _ch Justlf_cat_on for such equipment, and do

not plan any f_rther action, bu_ yoa may wish to ask one of _he e_ineerln6
grou_s to try to come up wit_ a relatively inexpensive solution. _He ao_e this

answers your qu_stlons on this matter. If it _oes not, please contact me a_

your convenience.

ORIGINAL StGr'.,_C, _ '

H. G. SPE;NGER:

S_perv,.sor, Process Analysis

Research _ En_ineer_ Section
IPaRA_IATION PROCESSING DEPAR_IENT

HG Spencer:_

.°
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_S.M. Graves, Supervisor
_'J Process Engineering Unit

190 FJMP INCIDENT - D REACTOR

On January 15 the number seven electric process pump located in 190-D
incurred severe damage within an hour after being placed on the line.
The damage, grinding damage to the Interstage sleeve and drive shaft
was not noticed until after the pump was removed from service. The
reason for removal was over-heating of the inboard bearing.

After the pump was removed from service, it was noticed that the inter-
stage sleeve cover was extremely not. Also a loud grinding noise was
heard as the pump was being removed from the line. Since the interstage
sleeve is in direct contact with process water, the possibility of metal
particles flowing into the reactor was eminent. This possibility was
realized when about 19 Panellit gauges located on the near side of the

reactor indicated partial upstream flow plugging, amounting to 10-30 psi,
shortly after the pump was removed from the line.

Action Taken

The plugging problem was discussed on January 18 and a decision was made
to continue operation with the added restriction of monitoring all tubes
with indicated partial plugging. A recommendation was made to the effect
that the reactor was to be shut down if one of the following items occurred:

1. The Panelllt pressure of any tube decreased lO psi or more from
the corresponding pressure as recorded on 1/18/60.

2. The Panellit pressure of any tube increased 20 psi or more from
the corresponding pressure as recorded on 1/15/60 (8 a.m. ).

3. The temperature of any tube increased 5oc or more and this
increase could not be ascribed to normal heat shifts or power
increases.

On January 25, 1960, additional gauges were observed to indicate partial
upstream plugging. In complying with recommendation one above, the reactor
was shut down.

Damage SurveY_,

-- During the outage the reactor flow supply piping on the near side of the
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reactor was thoroughly flushed and examined. The damaged number seven pump
fed only the near side of the pile and all indicated plugging was corres-
pondingly on the near side.

The two screens in the pump discharge lines were removed and cleaned. Steel
particles about 1/8-inch diameter among other debris were found in the screens.
All near side crossheader screens were removed and cleaned. Small rectangular
steel pieces, high carbon alloy steel, about 1/16 inch on a side and stain-
less steel welding bead particles, about 1/8 inch in diameter were found in
the screens. Two crossheader screens, 16 and 18 headers, were found to be
severely damaged. It was also found that the crossheader screens did not
fit snugly against the screen cover case. The cover was designed for 1/8
inch O-rings, _hlch were not present.

All venturis and orifices, from tubes listed as partially plugged, were re-
moved and the upstream screens cleaned. Small steel, alloy steel, particles
1/16 inch and smaller were found lodged in the screens and cross hairs.

A metallurgical examination of the various particles revealed the two types
of material, the high carbon alloy steel and the stainless steel welding
beads.

Damage to the pump drive shaft and interstage sleeve was extensive. That the
small steel particles, found in the mentioned screens, came from the pump
shaft was fairly conclusive from the metallurgical examination discussed
above, and the corresponding Panellit pressure drop on various tubes. The
cause of the pump failure is unknown and will probably remain so. It is
surmised that the trouble was caused by small foreign particles lodging in
the small spacing between the rotating shaft and the interstage sleeve.

Conclusions

Since the outage of January 25, 1960, about ten more Panellit gauges have in-
dicated slight upstream plugging. The affected tubes are randomly located in
the pile and plugging is very slight. This _uld seem to indicate that the
pile coolant flow system was not completely freed of metal particles. Also,
since the near side screens were examined and cleaned, larger particles
(greater than 1/16 inch) must be entering the crossheaders by working around
the screens.

The following conclusions can be drawn from the investigation to date:

1. Metal particles from the damaged pump shaft did get Shrough and
around two sets of 8-mesh screens and entered process tubes.
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2. The pump discharge line screens and the near crosaheader screens
do not fit snuggly.

B. Stainless steel welding beads are present in the coolant piping
and are or have been continually breaking free.

4. The two header screens that were damaged showed signs of continual
internal hammering by large metal particles.

5. The coolant system is not yet free of all metal particles large
enough to cause plugging.

6. A further study should be made to explore possible corrections
to the coolant flow system and to possibly make a P.M. check of
the system mandatory.

ess Engineering Unit

JD Agar:md

cc: RW Reid

.,_ar-Z._



Since the ln_st_le sleeve £s in dLreet ooatact. _Lth process water, the posktblltty

of _tal paz_lcles _ into _ a_me_o_ was emtnm_. _h_Ls posELbl].tty va8

real£zed _hen about 19 _t _su_s locater on the ns_r at4_ of ths reactor

Lu_Lcate(l pax_a_ u_p_ _1_ p_tnK sho_l_r s2_ier the pu_ Was plac_d on

lane.

Ac_ton

5he p_ problea was dts_us_t on J_ 18 and a 6scis/x_ vss na_e to eon_

o_:e'_s_l.o_wJ.t,ht.,be_ rest_ct_n of m:_l.t.o_ _ tubes v:LthLud_Lcst_

p_. A mcomsn_l_n was msds to U_e effect that, the reactor was _.o be shut

If one of t_e fo_ lW _c_:

1. The Pallllt prem_ of sn:r _ube dse_ 19 p_t or note _ the

2. _ l_]._t_ pressure of an}, _.ube _r_aaed 20 ps£ or _re _ the

3. _s te_atu_ at any_ Inermme4 5oCo_ _ and thts /aereass

eou3_ xx_ be _lx_ _ _ heat sh£fts or power Increases.

On J_uuar7 25, 1960,_,l_t_._w_1.tsu_s .ez_ obssrved _o £_l.l,esSeluw_.sl __

lxlUll_ia_.In ecm__ _b zm_._an (I) s]_o__be z_me_orvu shutdove.

_ out_e _h8 _a_r_ s_pp_ __ on the msr st_ of th_ mac_" vss



thoroushl_ _r_usl_ and exsatnsd. _ 6sas_ mmbsr sewm pump fsd on_ ths near

s_de of the pile and al_ _l_cated _ was on the riser atde.

_m screens /_ ths pumpdLi_ 1._ws _ remwmcl an4 e_. Z_el

j_w_lcles abe_ 1/8 _b Ctmstm. _ foun_ Lu _ se_weno. A3.1._ tLdl_ eroso-

_acler Bez_no _ renoved and elmws_. _ reetsnSu3.sr stN1 p_eeos, hL_h

carbon allo_ s_eel, abo_ 1/16 _neh on a slde and s_ss stsel w_ builL

_eles, about .1,/8 _ in cl4._t_r wLlm fouml,_u the _s. T_ cr_msheadsr

scruenm, :1.6and J_ headsrs, _ found to be _I_ _. i_, was also found

that th_ scruens d_d not _ nnu_l_ because of _tastn_ o-r_n_s.

A_ ven_urls and orifices, fr_ _bes _ts_ed as per_al_ plu_sd, wrs mso,ml

_.he _mmtze_ seree_s e:l_aw_. _ stul, sZ.l_r 8_.ul, _r_.e:l_s 1/16

and __ were _o_1 _ Lu the seruns an_ e_u ha_s.

a met_.tut_eal exa_ua_o_ o_ the w_tous particles r_esJ_d _hs t_ t_jpes of

_tezl_t, the ]_ carbon allo_ m_.l, _ _ _s.s _.l, w_ buds.

Dnm_e to _be p_sp dr_ shaft and _nt_rsts_ slsuvo was extensive. _at the

stN1 par_olss cram from _s dud_ _,s i_[Lrl_ eone_._.uJ_ve_ _ mf_._1._.urs_.ea3.

o__io_ _$s_uss_ above. _nform_L_n p_nts to the fact tha_ the pump f_

m_'_nll.

Ccmelu._o_s

8_ _ o_ of _ _, 1.9460,alm:_u+.,ten _ _].l.ti _,aupmba_ i.,d.l._at,md

sl£_. upstresm p.t_. The afTee_ed tubes are ron_k_ located Ln _ pile an_

is vm7 __. _ts wu_ m to _ttea_e ths_ tte _ coolan_ fl_

was no_ c_tel_ f_med of _ parl_c_ss, ktso, _ the ]war elds screens

w_. _ mi e_ans4, _r _e_ss (_Ixeat_r than 1/16 _) _wt
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aamu_ the screens.

en_eri_ the croo mbms_'_ _

conclusions can be drawn _cm the Invention, to date,

I. Uetal p_.t.telsmm _ ttm dsmmmamJlLp,=_ _ d_4 p_: _

sets of c_.,memhso1.oens end entered Jc=m _ss i_ubes.

2. _ pump d.tmeh_ _ w_'qmNms_ _ _ e_-ommml,m_Nl,mrmreeJ_s

do aot fit _.

3. Statnlee8 _teel we_ bee_ds sa'e ixrement in the coolAut p_pin8 and

are c_t_ breskAn__mee.

_. Thm t_ headm_ screens that _re _ _ ml_ns of aontlnual

hmnner'J._by _ net.al, pe,r_lee.

_. _he ooolant s_._m .renot _wt _ of alA m*._A panicles _ enou_

to cmzmmply.

6. A further 8_ud¥ eho_ be nJ_ to exp3_sm possible eoa'_mt.tanm to

coolant _ e_ste_and to _oaeAb_ ne_e a P.N. cboe_ of _ of _he

,_ mnaa_,7.

J.D._
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