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ODOUGLAS /UNITED NUCLEAR, INC. DISTRIBUTION:
. \v N
RV Myers \; ,
DATE October 12, 1967 RK Wahlen o
File
To ¥X. L. Hladek
FROM L. R. lonson

susJECT KW REACTOR SCRAM - 220KV, BREAKER :376 INTERRUPTION

At 11:13 am on 10-6-67, KW Reactor received a scram signal due to the inter-
ruption of breaker ;376 on one of the 230KV feed lines.

At the time of the scram, the reactor vwas operating under an extended Critical
"W" power condition (planned removal of electrical backup facilities during
reactor operation). This power condition was placed in effect so that the
updating modification of the 230KV transmission system could be accompliished.
The planned duration of this condition was from 9-20-67 to 10-8-67. The
wiring changes to breakers 7376 and :372 had been completed and electricians
vere finishing their work on ;372 (cleaning out cut leads and re-tieing wire
bundles) when #376 opened. No wiring changes were being made at the time the
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 power loss, all the backup systems functioned as designed with the
exception of Raw Water Valve :*l. The breaker supplying pover to this valve
was found open; consequently, the valve did not close as it should have.
This allowed water from the filter plant to drain back through this line to
the river. This draining can take 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 breaker and it had gone unnoticed until
the scram occurred.

Process yineer
Research and Engineering

IRM:cs
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DOUGLAS /UNITED NUCLEAR, INC. DISTRIBUTION:

H{ Burton
RV Skinner

DATE June 13, 1966 DECLASS“:'ED GL Smith

To 1. A. Clinton RV ood
FROM R. W. Wood

Ce
sussecT B-C DUAL ARZA YRACOOM" SCRLM, JANUARY 10, 1966 )/}7 Vi C&nzs-‘l‘»
¥ £ion

4% 0303 hours on Monday, Jonuary 10, a racoon grounded the 13.8 kv C2-L8 line
which feeds the 182-B Building from the 151-3 substation. B Reactor scrammed
when an undervolitage condition caused a power failure trip. A96-E—prerws—=
it - VAT - N o

A ems (rman @ ’e

Lt ax—epds C Reactor scrammed when an undervoltage conditvion
caused the PSR-PSRA relays to open. Trip identification display was "Pressure
Jonitor" and "Pressure lonitor Ground."! cLCr.£4q=§§=z=e7raﬁnxé47g .a7;IlnvL.
%wa\«pu‘«j mcr('\'c"/ .

&he)export stean at both 162-3 and-D-eene on vithin feur pinutes,

The/ 182-B electric eyport numps were restored to normal within“nine minutes.
Ong half of the 183-B\filter plant lost power.™-The boilers at the\184-B Build-
ing responded normally to the minor increase in steam usage. All systems
fuactioned Hronerly.,

Discussion

The C2-X2 breaker, located at the 151-B substation, tripped at appro:timately
0308 nours on londay, January 1C, when a racoon grounded a 18.8 kv line between
151-B and 182~B. The CR2-X8 breaker feeds part of the 182-B, 183-B and 1864-3
Buildings. During a subsecuent investigation by Process .ngineering nersonnel,
the information below was obtained and is summarized by building.

151-8

The operator at 151 substation heard the ground annunciator vhen the C2-X8
breaker opened and he started to reset each breaker, The #8 breaker reset.
Total time elapsed - less than one minute. The 74 breaker did not open.

105-C

The reactor scrarmed at 0308 hours when a low voltage condition caused the

PSR and PSRA relays to open (the "fail safe! condition). The trip identifica-

tion display was "Pressure ilonitor" and "Pressure Honitor Ground" detection.
411 HCR annunciators were received excent the supply and #14. The #6 supply

DECLASSI’FID SN




fan stopped operating. The thermal shield and riser pressure charis, as well
as the power level and process Tlow charts, showed no unusual observations.
The thermal shield flow had a blip at 0308 which is similar to the blips oo-
tained when backwashing the 183~C filters. The blip as a single blip (—~7),
while the baclwash blins are usually nultiple (~a~r— )

The gas flow at C was erratic and abnormal and is summarized in The table
below:

mine Interval Minutes Gas Flow (C@I)
0308 Scram _55

0308 - 0328 20 15

0323 - 0343 15 ¢

C343 - 0343 5 L5
0348 - CL50 2 c

0450 Hormal 300

The operator at 115-3 reported that C Reactor did have gas flow during this
time. Io explanation for this conditlon has been found.

The bulk outlet temperature recorder showed no blin. On the control console
extended range recorder, a blip was noted of about a magnitude that would
correspond o 1.1 pover level units.

12G-C
411 systems indicated normal conditions. The nrocess water pressure vas shiked
as expected and decreased normally.

183-C

The systems investigated indicated normal conditions. The basin flows varied
somewhat from each other. The south side flow was at 63.5, spited to 064.2

and then Aecreased to 63.0. The north side flow was at 63.5 and just decreased
to 62,0, It was not determined whether or not, a low voltage condition occurred
at 183-C, supposedly, it did not.

105-3

17
The reactor scrarmed at 0308 when a nower failure indication greater than 25—
cycles caused the PF and PFA relays to oven and the trip identification read
sower failure." The 190 pumps 1 and/or 3 power failure relays opened causing
the scram. A1l steamers on automatic came on immediately. The 190-B pumps
{los. éo?nd 3 did not Trip off; therefore, the undernower relays were open more
vhan cycles, but less than 42 cycles since some 190 pumps would have been
lost if the power failure was greater than 42 cycles. The 115-3 gas pressiTe



for 3 Zeactor fluctuated. Reactor outlet dew tolnds increased 3¢ units. The
outlet 7as nrec fluctvated and af“*wf ed Z,0incnes of tater. The inlet zas
Ireosure f;ucuuu d and ave g g of uaver, he o ﬁWo” *enain:i
relatively consiont.e Total reactor f oW “ecreasei normwnlly, o wouer level
avnormality was ncted. The TORS increased 10 nsi and remained there for 1C
minutes. The loc: header aol been fluctuvating, before the scram, and therclore,

no data ere ‘,.nu..;"."’ S

The #l cnljor - “-u: 3ot A - opened due wo an undervoltaze

: on zuvomziic canie un -
o . . A
lure reloyr is set b %=
wcreasel

ed that the eizort systen
]

B o T~ T s R . emma v
SUWINE Oo L LBYe L

an indilcated “he charis of 16023

= .ty o - . e PN
Tessury s 2% F) \..vc“e\.\.u«,.. ol LU s /
A O I B Al
finally stabilized av 285,

Taree electric exmort nwass ere on She LlﬂO Two of the »numis were affecied

o whe racoon 7rounfi-g e line; tie wnird Hua was on a different “Sronsiorner.
Tac indicaved ermnort e Jrom 102-5 choris decreased from 220 53 »si
renained there for about 5 miautes, lacreased vo 122 »nsi for a few nizutes and
finelly increased o a stable 242 =si. The »umps were nub back on tie line

oy tie normal operating »rocedure, taat ig, using the rotochecl: valives,

velves siovly onen reducling any psressure surzes, The surge suspressers 4id
crele.

123-3

::.4_

The I-C crosstie wes normal, The flume level had a blip of C.5 feet. Four
of the seven 132-3 »wws (71, 2, 2, 7) uere lost.

(W]

100
ot L':"_)
The Zeaeravor fluctuated for 7 minutes, The alr nressure and Za
temperature were normal. Tae slean orecscure vag fluctusting for

al

Tana S : ~ - - b rm ks T T .
Teating siean rCQCLre wag nemel,  The following tanle shows v

>oller naramenters.,

Sciler 1 3Soilsr 2 iler ° Sodler 4
adlr Tlov ((FPH) 37 5=00 20 UQ—wu 4L0=53
Stean Flow (LPFH) 30=50 ic 27~5C R6-145
Gos Temperature (7) 450~540 317 L15-1.55
Teeduatar Tlow (LRI 12-40 20 15-42
reednator Srun
Level {Jeel) Celaf no data 5me3 - 5=1
IT L oL e s Yoneenm
 Slions Slin S N




e

| "

An indicated nressure reduction was noted 2t 0305 and the D steaners tere suarved
within 4 ninuvtes Jthouzh on nenual stort, these swss coan be nlaced on

[ ] a— Y
autonatic and will staz “owrdthin 4 to 10 ninutes. Zlectrics from 3~5 colile an
the line and produced full flow with ¢ minutes ol trin.

Conclusion

It is concluded trnat the stean baclun syetem funciioned normally and gave
alequate nrotecilcn in tils insiance.
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- J¥ Baker ¥ llerus

January 17, 1 RS Bell CH ina
AT, 1968 R Mlip  WR Thorson
A. R. Maguire, Manager S
B-C Reactor Subsection AK Hardin File
Manufacturing Section CE Harkins CGJL\I
JV Hedges 1B
C. G. Jenkins, 170k-B, 100-B, 2-4367 RT Jessen \

POWER OUTAGE 100-B-C AREA

At 0308 on Jenuary 10, 1966, both B and C Reactors "scrammed” due to an
electrical fault on Line C2-18 caused by a ‘raccoon coming in contact with
the 13.8 XV line on top of transformer No. 2 at 182-B Building. Line
C2-18 relayed out at the 151-B Building. Detsils of the occurrences at
151-B are covered in the attachment.

C-Reactor scrammed due to reduced voltage on the pressure monitor system.
The reduction in voltage caused the auxiliary relays of the pressure
monitor ground detector to open, de-energizing the end result relays PSR
and PSRA. The safety circuit trip identification systeam displayed
"Pressure Monitor" and "Pressurs Monitor Ground Detector”.

B-Reactor screamed by a pover failure signal from 150-B Building. The
pover failure relays for pump numbers 1 and 3 opened due to these pumps
contributing pover to the fault. pover failure relays at 190-B
renained open long enough for the and result relays P¥ and PFA to open.
S8ince these relays are timed delayed, 0.26 seconds, the pover failure
relays must have remained open at leest that long. °

" At tbe 190-B Building the steem turbines started due to the pover failure

relays for pump oumbers 1 and 3 opening. The mein process pumps remained
stable and continued to supply normal flov to the reactor.

Pumps vere tripped from the line at 182-B and 183-B Buildings. The surge
suppressors cycled norsally and the turbine export pumps started as a
result of lov export line pressure. No pover equipment vas affected in

C Ares.

This report ves compiled from reports by G. Fiorelli, B-Processing; o
D. G. Winston, C-Prmcessing; C. B. Barkins, B - C Pover; and F. J. Mollerus,
Pacilities Engineering. :

Any questions arising from this report mey be directed to the suthor. |

Concurred by: | W«
P..J. Mollerus C. 04 Jenkins, Engineer

- Principal Klectrical Engineer  Plant Engineering, Mechanical
- : Manufacturing Engineering
CGJ:alz

Attachment | \

$4.5090-250 (123-08) : N
498 G100 BIRLISE. Bass. : °
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NANFORD UTILITIES AND PURCHASING OPERATION

- GENERAL 3 ELECTRIC
® @

RICNLAND, WASHINGTON
29382

January 12, 1966

A. R. FMaguire, Manager
B C Reactors '
Douglas United Nuclear

q.-:\i" i, ‘!338

LIVESTICATION RFCRT
POWER L TelRU2TION ~ 100-B AREA hme

At 3:08 a.n. on January 10, 1966, a raccoqn traveled along tle acrial
conduit pipes into substation C2S2 and onto tie cable terminals of the

Yo. 2 transformer serving 182-B. Tae resulting phase-to-phase and phase-
to-ground faults caused voltage fluctuations, and sensing devices .crammed
the 105~3 and 105-C reactors. ‘he reactors did not recover and were down
an estinated thirty hours. '

Descriotio_r_x_ '

Apparently the raccoon clirbed the conduit wooden sugpport structure to the
- pipes and then down between the 2.4 kv A and B pirase bushings. Thie shockt
threw him diagonally across the transformer top onto or vetucen the 13.8 &v
B and C phase bushings. All bushings, connectors, and the transformar taak
. (ground) show consider able evidence of arcing.

There was a ground annunciation at the 151-3 substation, followed Ly a
breaker-trip annunciation when the relay tripped breacer C2X8 supplying
182-B and other loads. The subsiation operator reclosed ihe breaker in
approximately one mimute.

Corments and Recormendations : -

The incident was unique in that it was a couble fault, siccessively in-
volving two voltage levels, and varying impedances. On the low-siie, i.e
cwrent magnitude remained delow tne instentaneous relgy setiing and the
fault duration did not reach the overcwrens relay's nini-un setting of 72
cycles., It is estinated that the 13.0 kv fault existed between 12 aad ;2
cycles.

The Utility is investigating the possibility of enclosing the transformer

bushiings with hoods, and will chiect with other utilitics who cijrerience

similar animal problems. The access route which the raccoon used in this

instance can be blocked, however, tnere arc numerous alternate routcs in

this and other substations whicnh canznot be ecliminated., e understand tiaat o
100-B has a large population of raccoons living on waste scraps end basin | .
fisn. It 1s recormended that the Arca landlord take steps to eliminate the

food supply or have tne State uildlife Service trap out the atimels.

@ & Sl

Manager

Zlectrical Utility Operation
Cii Salina:ag
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OOUGLAS UNITED NUCLEAR, INC.

DISTRIBUTION:
e
: RG Clough
oATE Junuary 6, 1966 gylnyera
e
To LB
F RO - C. Mclaughlin

JusJECT  PATLURE OP NO. 2 DIESEL AT 132 BUILDING

Duriag a routine startup of the taree diegels at 182 tn ¢
teing conducted at 105-KW, the No. 2 ({esel started and
3vopped. The duration or period of time
{3 the writer's opirion that .t wvas legs

onjunction with an EMS
ran for a short periot ang
that the uni: ran is unknown; however, 1t
L2 one minute. We were busy checkirng

4 Ay
P e wia

-~ -
1 her equipment ana Sperations in cenjun.

‘ith tre 1lesels, Prizsarily the

-penirg of the check valve on No. 3

ii{esel pump {scharge whi

{sfaztory manner at tnis time.

Continued ittempts o start t

<h opened in a sat-
he No. 2 diesel, whi:h

< 7ould estimate at sf; or eight attempts, finally resulte’ in the unit st
runaing. The unit continued to opernte {n satisfactory manner.

arting

fow

that 21esel fue. ceably

hile in operation, it wvas noted
“rom both ends of the fuel supply strainers
T the leak and request2d the agsistance >f

e undt was in Iontinuous operatisn for 1pp
*ie crosstie line Loth t5 KE and Lo Kd. Aft

01l was leaking quite noti
or this engine. We adviged Trar sportati~,
t {esel mechanis.

a h

ey
&t - el

our whilie we flushe::
the flushing and re-

Amntely or
er -ompletion of

starting the No. 2 unit ¢

hree times, initiating signals from

different remote

~3:tions, the unit

The ilesel mechani-
7alves on the {nlet
~eninge regsulted {n

started and operated gat

arrived at 1:0C p.m. He
and cutlet of the strairn

2 1088 of an undetermines

isfactorily in each cage.

repaired the leaks, which vere in the
ers, and {t was his opinion that this
amount of fuel 01l ”rom the straier

nrd/or fuel lines to the cylinders from the

t.ie lines resulted {n air {n the fuel ofl 1y
“C restart the No. 2 diesel finally exhauste
‘he engine fired and operuted satisfactorily

Since the repair of the leak by the mechanis

strilners. loss of the fyuel oll from
nes to the :ylinders. The attempts

< the air in the fuel line after which
as -lescrited above.

y two remotely {nitiated starts of this

ergine have been completed satisfa

of the engine's faf}
previously described

» and we are quite

We concur with the mechanic's diagnosis
arting due to air in the fuel line as
certair that this was the root of the troub'e.

After witnessing the above

since the incident, I am of the opialon that

described {n:{lent ind subsequent startups of the engine
tne trouble has been eliminnted.







DOUGLAS / UNITED NUCLEAR, /INC. DISTRIBUTION:

DATE November 22, 196 5

To Distribution

FROM Ro W. Hooper - R' W. WOOd

sussect  RAW WATER TRIP - C REACTCR
MAY 10, 1965 - ADDENDUM

Ref "Raw Water Trip - C Reactor, May 10, 1965,"
R. W. Hooper and R. W. Wood, dated 5-26-65
(Confidential Undocumented)

Sirss Ltz date of issuancz of the above refzrenced document, addi%ioral facts
ravre been presanted. In light of these facts, raferencad stabtemersz iz “he
parzzs document are revised to read as follows:

CBSEEVATION 2 - PASE 2

The schedule called for valving off the crossunder to allow blarking of +%=
crossinder valve to permit downcomer repairs. Although the front face specialis®
wss 2ew to Supplemental Crews (vacation relief) and was not familisr with C
Reaxbor procedures, this 1s still a standard procedurs at all reastors $o
nosify the control room when velving is to take place during +kis asxitizal
psricd and to raquest them to relay this information to the 190 contmol zcom.
Zn tils case, communicetions procedures failed to give adequats coolan*
haskip.

OBSEXVATION 4 - PAZE 2

A 1.90-3 operator saw ths TORP dropping. Sincz he had hesn informed by Tos*o..
mews Teclclans that they wers going to take the gauges out of servizz hs
aggumed that tle reduction was caused by the Instrument Techriciams bekind *-
wamirol pelzl valving off “the TORP pressura gauges. This assumpbilon was zwo-.
neouz, although reasonable, and could have been verified.

[

OBSERVATION 9 - PACE 3

cff the cressunder is five electric pumps. However, had 3hs 100 0

omlng .
Operator been izformed of conditions azzording to proceduses, <his irzidscH
:0u2d hava been avoided.

EECOMMENDATIONS 3 -~ PACGE 4

Ac 2xtanglon hardle should be installad above the high fank valwve pit %o allcw
sL:ir opening and closing of the valve during high vslozity flushas., The pree
g3t valve, located inside the high tank valve pit, is located such that it is
a zafsty hazard to operatz the valve. An extension valve wculd also alicw flow
to b2 shul off faster “han is now possible; thus, the high tanks will =ct drain
2¢ fer and - if needed - mcre watsr would be awvailabls sooner in a- aMELTETLLT,




R.
E.
c.
c.
A,

R.

[

R.

M.

RAW WATER TRIP - C REACTOR

MAY 10, 1

— DB 3
W. Baker 1704-B
S. Bell 1704-H
G. Clough 1704-K
E. Dunn 170k-X
o Filip 105-2
N. CSross 1704.D
E. Harkins 1704-B
R. Magilize 170%-B
V. Myers 170k.K
R. Piar:ce 10%.¢
W. Reid 1704.D
W. Wood 105=3

Clinton »~

170L=D

100-B
1008
100-K
100-K
100-B
100-D
100-B

100.3

100-K

100-B
100~D
100-B

100-D

D-UN
D-UN
D-"IN
D-UN
DN
D-UN
D-UN
D-UN
DY
D-"I¥
DN
D-UN

D-UN



PE iy .
N34

TRRAL ST 3% FE 00 N DEPARTME T

® GENERAL £ ELECTRIC

' RICHMIAND WASHINGTON

. October 25, 1965

R. S. Bell
Manager, Manufacturing

NO, 3 165-KE TURBOGENERATOR FAILURE OF OCTOBER 9, 1965

Summarx

At 12:30 p.m. on October 9, 1965, an oil leak from the auxiliary oil pressure
regulating valve supplying bearing lubricating o1l to No. 3 turbogenerator at
165-K: was observed. Nos. 1 and 3 turbogenerators supplied by Nos. 2 and 3
bollers respectively were in service supplying 1000 kw's each to the 4160 volt
buses at the time. The Power Supervisor called Maintenance for assistance and
instructed his operators to prepare No. 2 turbogenerator for service and to
place 1t in service if the leak could not be stopped. At 1:48 p.m., shortly
after the weep hole on the regulating valve was blocked to stop the oil leak,
the loading to No. 3 turbogenerator dropped off. Three to four minutes later
the 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 abunormal coudition., No, 2 turbogenerator was
placed in service at 1000 kv loading at 2:04 p.w, - '

Descrigtion:

At 12:30 p.m. on October 9 an 0il leak vas observed in the pressure regulating
valve No. 17 supplying bearing lubricating oil to No. 3 turbogenerator at 165-KE.
The Pover Supervisor believed the o0il leak to be due to & leaking diaphregm
flange on the regulating valve, Maintenance vas requested to stop the oil leak
'41f possible and the two boiler room operatcrs vwere instructed to prepare No, 2
turbogenerator for pre-start operation and to place this unit in service in the
event Maintenance vas unable to stop the oil leak., The supervisor then pro-
.ceeded to 183-KE Building. He returned to the 165-KE boiler room when notified
by the 165-KE Chief Control Cperator of the generator failure, . The Pover
Supervisor notified the Processing Supervisor of the failure at 1:55 p.m,

Maintenance personnel investigated the leaking oil pressure regulating valve

and found the discharge to be from the valve top exbaust port rather than the
diaphragm flange. Maintenance then proceeded to install gasket material secured -
by hose clamps over the leaking discharge port. At 1:48 p.m., shortly after the . '
valve discharge port was covered, these events occurred: & ,

1. 165-KE Control Room

. - Chief Control Operator observed the loading on No. 3 turbogenerator to drop
off. He attempted 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. 165-KE Boiler Room .

The Chief Operator was in the vicinity of No. 1 turbogenerator unit when an

annunciator sounded on No. 3 turbogenerator control panel. Upon investiga-

tion, the annunciator for low turbine vacuum had activated and the generator
load was 2ero. No annunciation vas 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 conditions in No. 3 boiler.
Both Fireye systems, with accompanying annunciation, vere cycling from one
burner to the other, .

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

The Chief Operator then proceeded to No. 3 turbogenerator control station
and noted that the turbine first stage steam pressare and vacuum vere zero.
He believed the trip and throttle valve to be tripped, but vhen he closed
the manual screved stem, an annunciator alarm was received indicating the
genecrator breaker had opened. Approxiuntely three to four minutes had
expired since the initial anuunciatiou.,” Two electrical limit switches are
. provided on the trip and throttle valve to: (1) open the generator breaker
. and activate an annuncistor, and (2) activate electrical circuitry im the
_steam turbine pump starting medium. The trip and throttle valve must be in
the closed pooition ror these Oyiteln to be activatcd
No. 2 turbogenerntor vus then placed in aerviea ut nornnl 10td at 2 Oh p.l.
'\, \, ( : : :

\.

Observations .,

s

rolloving the return of conditionn to nor-nl, lo. 3 turbogpncrator vac
. started in an attempt to diagnose the cause of the failure. When the’
' ' turbine speed had attained 3000 rpm, normal is 3600 rpm, the governor relay-
valve 0il pressure had exceeded 120 psig (normally 80 psig at 3600 rpm) end:
__ :the auxiliary, oil pump had not sbut down.. This vould indicate low o1l iy
; ‘pressure in the supply line tc thw oil re;ulating vulvc bccaule luv precluro
‘. cauges the auxiliary oil pump to opernte., D R

Maintenance's inspection of the oil lyntel revealed tho f°11°“1ng.l ; ',Af,'

.~ a, The diaphragm in regulating valve had ruptured, thereby peruitting 011:
. - to flow into the top.valve section and out the eocapa port’ (port
~ previously blocked by usintenance)

b. The 80 psig pressure regulating valve, a valve thnud of the regulltin‘ SRR
. valve that leaked, was found to be worn such that a malfunction could
. o7 have occurred, thereby creating the high oil preuure (120 psig at
3000 rpm). : |

.2, Examination of the pressure regulating valve revealed a diaphragm failure,
The diaphragm was not original equipment but was one that had been cut

R N U L e i A ‘ [
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from a sheet of diaphragm material. We have no record of this diaphragm
ever having been replaced and suspect that it wmay have been done during
coustruction. This is the first trouble ve have had on any of these
regulators in the ten years they have been in service, They are checked
periodically to see that they are maintaining the proper pressure but no
other P.M. is done on them,

S8ince this failure, we have checked the diaphragm in the No, 2 KW turbo-
generator lube-oil regulating valve, wvhich was the only one available, It
appeared to be in good condition but was replaced on the basis of its ten ’
years of service.

3. Examination of the 80 psig regulating valve showved the valve to be worn
but no other abnormality was detected.

4., No annunciations vere received at No, 3 turbogenerator control panel of
lovw lube 01l pressure that would activate the trip and throttle valve,

5. Generator failure occurred at 1:48 p.m.; however, 105-&3 Processing vas
not notified of the incident until 1 55 P.u. R

‘ 6. Pover Supervisor was not present when' the failure occurred although he vas
C . avare of unusual couditious.,”

.\ﬂ‘ ) ’N\_; : ) . B
T. The turbogonerator trip and throttle valve closcu uutouatically ouly on
lov bearing oil pre'sure (s poig), turbine overlpood, or generator breaker ..

tripo [ (‘

8. The Proeclling Supervlnor vent to 165-xx vhen notified of the failure to
. Aetermine firsthand if he would have to shut the reactor down. Process L
: Standards permit reactor operation for up to 10 minutes.with only one turbo=-. ...
generator on line. Specific instructions vere given to the Reactor Bpecial- .. .
' 1st to rewaiu in the 105 control room to receive messages from 165 control
room, : ) K

.9; Pcrnono directly iavolved included: -

F. L. Nucke, Supervicor, vaer

C. L. Stairet, Supervisor, Processing

T. A, Huske, Chief Control Operator

J. R, Miller, Chief Operator s v
-0, B. Godviu, Journeywan Operator - = = . . oo
G. N. James, Supervisor, Maintemance ' ' .
G. M. Byerly, Pipefitter

. ‘Probable Cause of Failure

011 system pressure probably cycled momwentarily after the regulating valve veep
hole was blocked, trippiung the "trip and throttle™ valve. The "trip and
throttle” valve failed to close sufficiently to engage the limiti switiches, -
Manual closing of the "trip and throttle” valve tripped the breaker, isolating
the geunerator froa the bus.

G d W v el e e B m W o @ N Y W o Ne o wte N N W W NN N W e v W e e W S e



e XTYR Fey

cenenal @ ELecTRIC

-
. .

R. S, Bell - b October 25, 1965

Corrective Action 'raken or Planned

1. Pover Supcrviloru and the 16'5 Chief Control Operators vere instructed to
inform the Processing Supervisor immediately of any failure of emergency
systems,

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

3. The 80 psig o1l pressure regulating valves vill be given Class A overhauls
as they become available.

4., Power Supervisors have been instructed to be present during sbmormal
lituntiono involving emergency backup facilities insofar as practicable.

5. Thorough inspections of all turbine "trip and tb.rottle valves vill be

made as units are available. N

6. Manufacturing !ngiuecring vas requested to reviav the design of turbine
"trip and throttle” valve limit lvitchet \ >

' ' N
. 7. The Processing Supervisor vas cluuohed oo leaving the 105-KE Buildina.

8. "“Certification" of Pover Snpervilorn as a longer range program vill be

pushed. . \
\ \ N "

9. Manufacturing !ny.bcu;in. vill be requested to reviev ENB's and PM programs
affecting tnrbogem{uorl in light of thil failure.

‘\\(\ ‘;
%:‘
n-xw Reactor

Roy E. Dunn:r

ce: RG Clough

JW Fryaier
SM Graves
JC MclLaughlin

~ BEJ 0'Black ,

%, RJ Pyzel-RV Myers : L O T
RV Retd . ‘
EE Weyerts :
File
LB
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October 1b, 1965

EMERGENCY GENERATOR LOSS - 165-KE

At about 12:30 a.m,, on October 9, leakage was noticed in the lube oil
system of #3 turbo-generator, which was on the line supvlying backup pover
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
1:54 a,m., #3 turbo-generator tripped off the line due to low lube oil
pressure, At about 2:04 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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ML Paught -

&N Graves

J¥ Green

CN Gross

JW Bedges

AR Maguire

FJ Mollerus

EJ 0'Black v
OC Schroeder
FF Vlacil

N
At approximately 9:15 a.m. ) 1965, a pover interruption to two
220/13.8 XV transformers (§o$: T and 3) caused power to be removed
from buses 1, 3, and 4 at 100-D Area, resulting in the loss of all
but two 4500 HP pumps and scram of the 105-D Reactor. A recovery
attempt by D Reactor wvas successful, ' :

A critical W pover condition vas set for Electric Utilities to perform
v meintenance wvorkyon the 220 KV system. The bypess around ¢ T
. ‘ bgr- ;—; and A-346 and bus-tie dreaker A-3h wvas closed.
Breaker A-342 vas open, and breakers A-3hks and A-35 wvere closed. - '
Transformer §@ vas being fed through breaker A-345, and transformers
#1 and #3 vere being fod through breakers A-346 and the bus-tie A-3ekh., oA
When an attempt vas made to close A-342 during tha(performanty of
the wvork, it failed to close and bus-tie A-34h cpened. This removed
rovar from transformers #1 and #3 and tripped off all but two of the o
200 kp pump wotors,’ causing D Reactor to scram. The emergency S SR
generator at 184-D came on as it should. The supply fans and dampers § ’
at 105-D operuted properly, and the trip indicator in the 105-D Control
Room indicated the proper readout. The opsrating status of D-Reactor
alloved 1 1/2 hours for scram recovery vhich ves sufficient time to
return all pover to mormal and recover from the screm using cold -
start-up procedures. Jo_ improper equljent operatich Vis reported.
m'm’n;o of the breaker -lmfion has not as yet been determined.
Yore investigation of the problem will be made by Rlectrical Utilities
vben D Reactor goes dovn for at least a minimm outage.

, t Plant Enginsering-Rlectrical SR
. G Koiun/m o ' i o e

ce: Letterdook
File




dly 23, 1965

Q. W, Vells, Manager
D Reastor Power
1704~D Building, 100-D Area

. PRELIMEMARY REPORT Lz
POVER INTERRUPTION - J0O=D AREA ~

On July 22, 1965, at 9116 s.n. a three mimte partial electrical outage
cocurred at 100-D, interrupting two-thirds of the power to the Area and
MIOS—D._

mnmmnmwmmuamummm
power by 9119 s.m., snd the resstor subssquently rescversd.

An investigatiea found there had besn no lumea operstional errur, how-
over. an odor of smoke was detested in OCB Ne. 3h2. Elestrical ehesks
of ts fouand they were mormal. The situstion prisr 0 the
Sneident, was hen re-established, the eperstion slmlsted, and m
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July 1, 1965

M. A, Clinton, Supervisor
Process Engineering

BPA POWER INTERRUPTION AT K PLANT

Ref: Letter, G. Kestell to Distribution, "Power Interruption
to Bus #2, 165-KE, June 25, 1965," dated June 30, 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. KW reactor was operating at the time and was unaffected by
the power loss. KE reactor had been down since 8:24 p.m., on June 23, The
power loss caused #4 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, o

The power loss also caused all three emergency backup diesel powered pumps
to start, The TORP at KE prior to the incident was about TO psi, and sinde
the discharge pressure available from the diesels to the reactor, which was
valved for charge-discharge operation, is about 110 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 340 tubes uncapped on the rear for charge-discharge,
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-ful 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

U
DECLASSIFIED



54—3000—438 °

GENERAL @D ELECTRIC DECLASSIFIED ,

M. A. Clinton ~2- July 1, 1965

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-T2 closed,
as required by Process Standards, which would have created enough back
pressure at KE to provide adequate last-ditch flow to KW if needed.

Process Engineering

SA Wood:md

R
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September 21, 1964

M. A, Clinton, Supervisor
Process Engineering Unit

190-H PROCESS PUMP COOLING COIL FAILURES

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-L4 shift the 190 people informed us
that No. 4 pump had a leak in its cooling coils. They indicated that they
had shut the water off to the coil, 1Ifi 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 a1r 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 4-12 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
sppear 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 sysiem 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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ENCLOSING MOTOR FRAME PROPER
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COIL COIL

TO EXHAUST
PLENUM

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:

l. 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 veaults they are located in contain extremely

high voltages.
R%?z4 f:./&aLAAUL

Process Engineering Unit
Process Technology Subsection
Research and Engineering

RF Greene:md

cc: JW Frymier
. RW Reid
RE Spicka
RF Green-LB
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April 19, 1363

8. 8. Jones, Engineer
Reactor Engineering

K REACTOR IOW-LIFT PUMP MOTOR PATIURE

A recent failure of a Westinghouse low-lift pump motor (#3) at XKW has led
to the request that RAE evaluate the safety aspects of operating with a
substitute motor (1500 hp G-E river pump motor). Fhysical limitations will
not permit a flywheel to be used with the substitute G-BE river pump motor.
I bave been told that the river pump motor can be used and, in fact, one
vas uged as a low-1ift motor more than two years ago.

The recent failure is the third failure of this nature. One of the failures
was on & prototype pump under Project 775. The other two failures have
occurred since Project CGI-883. Although the cause of the problem has not
been definitely dstermined, vibration or some unbalance allowing the rotor
to contact the stator appears to contribute to the failure. Three motors
have been modified in an effort to eliminate this problem and I understand
that they are planning to have the remeining nine motors modified.

Utilization of the spare Westinghouse low-iift pump motor to replace the §3
unit puts us in the position of having no spares. Thus, another failure
would require five-pump operation if an alternate motor cannot be made avail-
able. During bulk temperature limit operation this would require at least

a 10 per cent reduction in level. Therefore, an incentive does exist for
using & river pump motor as & substitute replacement.

When Bob Bell asked me for RAE evaluation of operation with a river pump motor
used as & lov-lift motor, he mentioned the following:

1. If snother pump should fail, he would plan to install a river pump motor
as a low-1ift motor.

2. To provide spare motors so that the Westinghouse motors can be sent back
for the modification, he may have a river pump motor installed as a low-
11t motor.

In view of the above, I am asking that you evaluate the reactor safety aspects
of operating a X reactor wvith a G-E 1500 hp river pump motor without a flywheel
driving one of the low-lift pumps.

I would imagine that an evaluation of this motor usage would be desirable before



8. 8. Jcoes -2- April 19, 1963

ths next motor fails. Bven without another failure, an evaluation within
a couple of weeks would be appropriate in order for Bell to continue his
plans for reworking of the remaining motors.

Engineer,
Process Engireering Unit

IC lessor:md

ce: RS Bell
MA Clinton+"
WH Radtke
RW Reid

FW Van Worner
I1C lessor-File
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IRRADIATION PROCESSING DEPARTMENT

GENERAL @D ELECTRIC

. RICHLAND, WASHINGTON

M. A. Clinton, Supervisor /
Process Engineering

165-KW_TNiC IDENT

e

At about 11:42 p.m., April '@, the KW reactor was valved, asper procedure,
to go onto the crossunder line. At this time, Nos. 3 and 4 low-1ift pumps
were supplying the reactor and the V-72 valve was open. The reactor valving
status was such that all crossheader valves (four inch) were closed and the
two-inch bypass valves on the A-B side fully open. According to procedure,
the re:xt step would be to remove the No 4 low-1lift pup. A call wes made
. to 165-KW control room at about the time previously indicated. In shutting
off the No. b pump, it is customary to close first the discharge valve--vhich
was done. With the No. L4 discharge valve closed, the chief operator, by
error, then took the Io. 3 low 1lift off the line. It is assumed that the
Iic. 4 P.D. valve was fully or almost closed at this time. The riser pressure
at KW reactor dropped to at least 38 psi (at mercoid locatior or 20 psi TORP)
because the mercoid 3A on A riser (ELP) was set at 33 psi and did trip the
steam turbine and the three diesels at 182. These four pieces of machirery,
\ . incidentally, performed as designed.

On the power side, as soon as the pressure in the line dropped, the Nos. 3 and
L check valves banged 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 1lift. The diesels were kept running until it could be determined tiat no
further trouble e:xisted.

The entire matter was unknown to me until the end >f the day on April §, when
you inforrmed me. The supervisor's log at 105 KW W* carmed ¥ not thoroughly
read by me,Kkheld very sketch information concerning the whole affair.

Only one standard violation is involved. According to PCA #3-20, the V-T2
valve should, at the time the low 1ift was to have been removed from service,

have been closed. .
WHFE
2

Process Engineering
774
WH Radtke:md .

cc: WH Radtke (2)
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APPENDIX
The procedure for the crossunder initiation was follcwed by 105 personnel.
FCA 33-20 was violated.
Corrective action was taken at 105-KW as soon as was humanly possible.

The Tlow to KW was recduced to less than 14,800 zpm (fact) and probably
less than 7,000 gpm (estimate).

Teuperatures showed that no siznilficanl trouble in flow recductlon vas
experienced.

All bvaclwup components perfcrmed as designed.



' R. 8. Bell
Manager
KP-KV RRACTOR OPERATION

GATION OF UNUSUAL mmu

Y )

Attendance
3 corlett JC Melaughlin
OR Eastvood a riorelli
Wi Radtke AG Clough
1C lessor X¥ WoKay
WT Carpenter

Description of Incident '
' J. Co M chairmanned the {nvestigation, opened at 11:00 e.m. by

]
resding a prepared description of the incident (latter, J. C. Mclaughlin to
R. 8. Bell, April 3,_1963 waich 1s here briefed: '

At approximately 11:42 p.m. on April T, & Chief Control Operator
at wSm,mumwnoormuuupulﬁuonmwsa
control board for tie 105 X resctor to go on Crossunder. The
£inal step in the procedure was to remove ¥o. » low 1ift process
pump from service. ALl prepaxrstory steps in the procedure had
.been completed correctly. The procedure up to his point bad
 4solated all flow from ¥o. A lov 1ift pump to the reactor via
cmnn-m.:mmnoiwmmmnwopmm
provided by Wo. 3 lov 11ft vis A and B risers. . o

' and up to pressure almost immediately upoR receipt of signal
which must htnoriw nr trip cm "'A" riser. T

AR




R. S. Bell ' -2- Aoril 24, 1963

Chief Control Operator stated to the Specialist and also to,his own Supervisor
that he was "bugged” (his own words) because these requests for pressure drops
came to him on the 182 telephone system instead of the direct 105 KW-165 KW
voice power phone.

The ensuing discussion of this previcus happening developed the following:

a. That the direct 105-165 phone should be used in requesting process
changes.

b. Trat lack of cammunication or improper communication did not cause
the incident being investigated.

¢. That the occurrence of four hours defore should be considered irrel-
evant to this investigation except insofar as it offers evidence
regarding the emoticnal stability of the operator Llavolved, especially
since he asserts that this upset of four hours previous was the prin-
cipai cause of his making tue serious error.

The next phase of the discussion concerned a number of proposals for mechanical
nr electrical prevention of human 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 starting on any sequence of
switcning. QOoe by one the proposals vere disposed of, most being found imprac-
{:al. Regardiing those proposals that could be adopted, there was a lack of
wianizity, in fact some strong arguments against adoption.

The employee's record as & Chief Control Operator was considered. He has made
four observed errors on the control board, any one of which was potentially
serious, within the past five months.

There followed a discussion of the need for capable operators regardless of the

sumber and complexity of safety devices intended to prevent mistakes. The human
factors involved in a supervisor's rating an employee he has to work with wvere
also mentioned.

Recommendations
I, That the Chief Control Operator be reassigned to a position of less critical
operational responsibility or in lieu of this action a more comprehensive
supervisory coverage be maintained of his operational performance.

2. That i{nvestigation be continued on mechanical or electrical devices that
could lessen the opportunity for operator mistakes.

Investigation adjourned at 12:55 p.m.

JCM:KWM:ap .

€3: WJ Ferguson. RT Jessen Rd Reid
CH Creager AR Maguire °  OC Schroeder (L)
CN sross WW McIntosh rile (3)
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__ RE:; ATTACHED ROUGH DRAFT REPORT, ' CWER_DISTURBANCE OF JULY 10, 1962" -

The attached report may bWesfo _to _you. Manufacturing is plenning a . . _
____formal report on this fncident. _FEO has extensive investigations underway and plan _
.‘ _.to issue reports and recommendations_in about 30 days. I plan to send Windsheimer

some questions which should be included in their review. Please return this draft

_..after you are through with it.

. RWR:mf SO L e
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IHTRODUCTION St o L

On July 10, 1962, at about 0016 hours, a Ffault occurred in a current transformer at
Midway on a Priest Rupids Dam line. The fault caused a power disturbance in the HAPO
distribution system which was sufficient tc scram all operating reactors. B and C
reactors were in shutdown status at the occurrence; all others, except KW, were at
equilibrium power levels. This report provides a preliminary summery of the
associated events at the various reactors.

SUBSEQUENT ZEVEITS

So far as can be determined, the disturbance was enough to trip out the 190 pumps at
the 0ld reactors (except C), all the hizh 1lift pumps at KE, and all but two of the
high lifts at KW. Boller and stean turbine response was fully adequate at all of
the old areas, including DR, which had some difficultiess @n the April 6 outage ,
Delafpeclery
. ﬁoiler resjonse and reactor flow were likewise ep? at the X's.
The lack of trip-out of the C reactor 190 pumps is most likely due to less sensitive
separation relay settings. There pumps are driven by induction motors and do not

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

the other old areas.

At D and DR reactors, the 181 and 153 electric pumps and the 105 building 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 smnitary water, tripped off.
At C, two 133 high 1lift pumps supplying the filtered water loop tripped off. Backup

steam turbines came on the line automatically in replacement.

t

-
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At F, the ventilation fans were unaffected, the 181 pumps tripped off, and two of
183 pumps tripped off. At H, where the front 151 bus was put out of service due to

a failed circuit breaker, half the 131 and 133 pumps and the ventilation fans tripped
out. One steam exhaust fan was on the line and continued, the other steam puwp was
down for maintenance. At KW and IE, all six low 1ift pumps continued to operate;

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

on while the supply fans tripped off.

There was no case noted of discontinuity in critical instrument and lighting power,

except at H, where some lights were lost for five to eight minutes, and the exide lights

did come on.




2= July 12, 1962
The export system was supplied entirely by threeelectric pumps at B. These
putps 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 restebilization of the pressure. The D area pressure chart
showed about three minutes for this transient. The normal suppressor cycle
time 1s two minutes; considering the time scale on the recorder charts, the

above times are consistent with this.

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

On opening in response tc the disturbance, circuit brehker C54% at 151-H shorted

to ground causing main breaker on line CL-200 to open,, thus de-energizing the

e @ﬁwwwwﬁ+-&Atp P VRN VY
front bus. Loss ofﬂ?ront busAtripped out 190 pumps and epproximately 50 per

cent of 181 and 183 pumping facilities. 12 feeder to 105 was connected to front
bus and lost power, thus accounting for loss of normal lights and exhaust fens.

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
fans, ete. Upon lossvof L2, the emergency line #1 (line 7 from 151 rear bus
through 184 facility) supplied bus #3 in meking the automatic switch to
emergency A.C. Bus #3 was separated from #2 by electrical interlock which kept

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

At 0020 hours, the 151 operator, under instructions from 200 area dispatcher,
switched line 12 from the dead front bus to rear bus thus restoring L2 to
service in 105 resulting in tﬂefteturn oi’ﬂnrudt‘lights to service. (This
accounts for the reported five to eight minutes t£at lights were out in 105

control room)
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The 184 turbine alternator was not called upon for service during the outage
since it responds only to de-energizetion of line 7 from 151 building. Line

T is on the rear 151 bus. It was energized throughout the outage and actually
supolied the emergency power for the outage to 105-H.

COMMENTS

The gereral picture seems to be that the distwpbence wes sufficient to trin off
the high pressure pumps, but sufficiently short that trips of other electrical
loads were nixed. It was avparent that the disturbance was too short to

actuate the 1G4 emergency pover turbine-alternators, excest possibly at U

where local occurrences played a role. The battery-powered D.C. motor-alternador

&
systems at C and H were switched on the line. L

In addition to the failed circuit breaker at H, the failure of two high lift
pumps at KW to trip off appears also to have been a malfunction. Theré'ére
two 13.8 kv buses supplying the high 1lift pumps at each reactor. One under-

voltage relay at each bus should separate all three motors from the bu$~1n

such a disturbance. J{Q,L; Lquﬁ ;AVML;LJYJhﬂ q“wllu\” §nqc A¢nu;~vVL ~
' KZO,LEFﬁ L

Further details are given in the tablef which follows,

| A L sl
DECLASSFIED

s



Duré!l!n

Change in 190 pumps Steam
at Scatus as or high lifts of boiler Minimum Miniaun
Reactor Disturbance Result of Dist. at K's Disturbance performance TORP Flow
B Shutdown Nune 2 on line, both Very short Fully 60 Shutdown
tripped out. adecquate
C Shutdown lioune o change V: ry short Ditto lic change Shutdown
D Equilibriun Scramned, did Tripped out. 2k cycles, Ditto 85 30,000
not recover but very
short.
bR B,uilibrium Ditto Ditto Estimated Ditto 89 335,00
at 30 cycles.
F Equilibrium Ditto Ditto 2k cycles Ditto 70 26, 600
but very
shoxrt.
I Equilibrium  Ditto Ditto #2 bus was Ditto 87 29,100
tripped out
due to circuit L
breaker failure#. 1 oL
Brief dist. on #1. te
KE E uilibrium Ditto Ditto Origirally stated Ditto See flow 65,000%%
K Hown-EB uilibrium Ditto 4 Tripped; Shorter Ditto See flow 48, 500%* .
2 did. notéq([ o
. ¥&-vere manually
: removed¥
¥ Tuae two high 1ifts which did not trip out went into severe cavitation almost imstantly.
#%Quly three modified low 1lift pumps have been instelled at KW, versus five at KE, in connection with the g:
K flow increase project. <
*_0
g
H
P RS ‘—%s:‘ﬁ_‘,“‘e-‘ &
., ot n
DECLASSIFEY




3 of Turbines River
Resctor  on automatic Punps
B 3 on manual 5o0n, 3
(shutdowu) tripped dfd
C -- o =
D Didn't
trip off.
Dit 8 (.'[’M’{}
F T ([o 'h '-' ‘”f’:
u 1 / fﬂ[./
KE liot appl. 8 on,
KW Not appl. 8 on,
6 tripped

6 tripped emergency bus
supplied fans tripped

183 Pumps
Low lifts
at K's

3 on, 1
tripped

2 high 1lifts
on, these
tripped, twr-

bine autometically

came ong.

Did not trip

¢ ﬁfﬂe
lt;-‘f <3

-
b4

/

Los o
S { u;/_

All 6 remaxndqj Electric exhausts

separated,

from boilers.

Same as KE

. Emergency Power

confinement to Critical Instru-

Fans mentation on Lighting

Electric not HNo interruptionf noted; neither 184
aflected.

Same as B

Same as B.

Same as B

Same as B

All electric

tripped, 1 on
steamer exhaust on, exide lights were on.
remained on, other

turbine nor gasoline powered alternator
came on.

Brief flickem noted; DC motor - alternator
switched in; 184 diesel generatur was not

actuated.

No loss noted; neither 184 turbine nor
gas povered altevuator was actuated.

Same as D

Same as D

Lighting serviced from failed bus out for

§ mine; DC motor-alternatur sct came on,
184 turbine-

alternator did not come on;

steamer down for

Momentary flicker in lights noted.

stayed on; supply

off.

Same as KE

No effect noted.

1
\J‘l

not expected to.

296T ‘2T ATnr
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DON'T SAY IT --- Write It ! DATE__ July 10, 1062
To_S. M, Graves FROM__P. J. Zimmerman/vhone

+

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.

“BE SAFE - BE WISE - ENJOY ANOTHER SAFETY PRIZE™ e
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IRRADIATION PROCESSING DEPARTMENT

GENERAL @D ELECTRIC

‘ RICHLAND, WASHINGTON

May 29, 1962

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

BETTER RECORDS ON APRIL 6 ELECTRICAL POWER FAILURE

Ref: 1. Rogers, G. J., Preliminary Report on the Effects of the
Electric Power Failure of April 6, 1902, on the Production
Reactors, HW-73339, April 16, 1902.

2. Letter, Investigation of 230 KV Power Qutage, L. L. German,
Mey L, 1962.

3. Rogers, G. J., Effects of the Electric Power Failure of
April 6, 1962, on the Production Reactors, HW-73602,
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 next year. 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 1, 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 veen shut down and how many tubes were open?

2. Vhy were 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 observations, and are there any implications
for other reactors?

® 77 DEGLASSIFIED
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There should be & complete post-incident description as well as pre-
incident description. Which low-1ift 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 known todey, 1s subject to change in the future, and
any future re-examination of the incident would be hampered if the number
were unavailable. Qur 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 parsgraph that the
export surge suppressors cycled normelly upon the power failure. Normal
today may not be normal a year from today and we may wish to know what
normal was.

. The export pumps were not started, the document says. What 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?

Coolant flow was somewhat low at DR reactor. What 1s normal flow; what
was the flow supplied? A primary cause for the reduced flow is given,
implying other causes--unstated. :

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
normel shutdown pressures$ thus the maximums may have come close to
flushing fuel, for all we now. Description and explanation of the
fluctuation and its implications, if any, are needed.

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.

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.

The paragraph on the forced dnﬂﬂgﬁ'fan is quite inadequate and wauld be
s0 even were it understandable.

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.
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11. Normal response of the 184 steam turbines needs to be described, in addition
to the details provided on the various failures.

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
peovle generally. The circuit breaker malfunction at 105-C (page kL,
paragraph 1) might be of a great deal of interest, for similar reasons.
Circult breakers are vital safety gear; however, we should leave the
significance and revorting 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 vattery-powered emerzency lights useful--unusable?

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? Detalls
on the air switch may ve desirable. Since the coniinement ventilation system
will likely be modified in the future, description of the design snould be
recorded at least by reference.

15. What plugged the needle valve on the dump-valve operator and why?

16. The brief laudatory paragraph on personnel performance and reaction is re-
assuring, if g&qe. I cannot quite believe everything 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; however, 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 hunch all is not well with utilities performance. Why was the power off
for up to two minutes cr, specifically, was or was not BPA reclosed in a few
seconds by 151 operators at B and F? I think this is a very impertant 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 supeprisory contrcl question.

o
—

upervisor, cess Analysis Unit
Prccess Technology Sub-Section

HG Spencer:m® DECLASS!F!ED

cc: JH Brown
AGS-1.3
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S. M. Graves, Supervisor
Process Engineering
1704-D BUILDING, 100-D AREA

BPA LOSS

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

(1)

(2)

(3)

(&)

Reactor flow - The Foxboro flow recorder at 105-F indicated that

the reactor flow prior to the power outage was 88,500 gzm. The
chart also indicates that the flow dropped to a minimum of 29,000
gum and then increased to 32,000. The 29,000 grm was that flow
produced by the seven steam turbine pumps that were on automatic
and the 32,000 gpm 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 cbtained
because of the small interval of time (less than two minutes).

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.

Bulk outlet temperature - The Bristol bulk outlet temperature
Tecorder showed =n B7° 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, chart
readings after scram are not listed.

Graphite central zone temperature:

"G" Stringer Temperature
1073 640° ¢
1266 6530 C
2662 6570 C
3466 6520 ¢
3484 632° ¢
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(4) (Continued)

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 will submit the data to him when it 1s completed.

A Aosr

L. C. Lessor, Engineer
‘ll’ PROCESS ENGINEERING

ICL:cs

ce: File
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3. M. Graves, Supervisor
Process Engineering Uait
Proceas lechnology 3Subsection

BPA LSS - APRIL 6, 1962

The following iaformation {s requested froa all reactors areas -~ sxcept

D and DR, whlch have been coversd - for the pover failure inecldoat. 7This
informtion is to be obtained from the comventional operating lnstrusenta-
ucal)::cceunu reading of the charts (-5 ainutes to + 1 hour folloving
sciaa).

——1. Eeagtor flov at sad folloving scrma.® /

—2. Reactor power level at and following seraa.”’

3. Reactor bulk cutlet tesperature at and following seraa. + 7°.3 -1/ 8

4. Oraphlte cestral tone tempsratures. Hogh O L7 —Lis- 5T

5. Per ceat Helims, #5746 bl 7- bS50 - Gow-5 7P

5. Prom Power Nowse: Boller musher and stemm load with sufficieat
frequency to piot bdoiler load changes.

M“ummmmfummnu«ptnwm.

I e,

3. 3. Jonas (bl
Beactor #dngineering Unit
Rasearch and Engineering

S8J:v«
-7

ce: 3M Graves (7) -
W Yan doraer
88J-File

+ About 5~10 atnute Lntervals.
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BPA 1068
The attached lstter frou 3. 3. Jones requests collecticn of certain information Just

mior to and folloving the DM outage an Agril 6. Would you plesse arrangs to obtain
this information within the next tw weeks (particularly before avallable records may
be lost or destroyed). I would suggest that this assiznment aight be appropriste to
Zive 0 the engineering asalstants. Plesase furward the completed data to me and I

will arrange to give 1% to Janes.

ac: SM Graves-L3
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5. M. Graves, Supervisor
Process BEngineering

POWER FAILURE IN HAPO IOOP
ON _APRIL 15

At 3:09 p.m., on April 6, 1962, a fault in the #3 leg of the HAPO loop 1s
believed to have been sufficiently large to cause both the §l and the #2
legs of the loop to relay open asimultanecusly. The exact cause and location
of the fault in the #3 leg has not yet been determined. As a result of the
total failure of the HAFO loop, all of the production reactors lost primary
electrical pover. The loop was re-energized at 3:11.5 p.m., and normal
electrical power distribution was established by 3:17 p.m.

General

At the time of the malfunction, H reactor was in the midst of a large-scale
retubing program, having been shut down six days before. As is normal for
an extended outage, the reactor was valved down to very low flow, with the
entire flow easily supplied by one electric process pump--in this instance
#8 electric. Normal high tank filtered water and export line raw water
facilities were available for automatic backup. Because of the lowv flow
and top-of-riser pressure associated with shutdown conditions, the automatic
pickup instrumentation on the 190 turbine backup punps is unreliable.
Egsentinlly, vhile the turbine pumps are valved to the process asystem and
are 1dling they are, for prétical purposes, under manual control during
shutdown conditions. Agein, consistant vith normal pructice, the filtered
water supply to, among other things, the fog apray system was pumped by
ons electric and one steam pump simultanecusly.

Emergency Electricsl

When the primary power failure occurred, all electiric pumping, of course,
stopped. In addition, all building lights, elsctrical instruments (apparently),
and building electric supply and exbaust fans failed. Before the suxiliary
lighting came on, one partable standby Exide battery-light wvas manually turned
on to provide some control rvom lighting. Subsequent chart examination shows
the 184 steam powered gemerator functioned normally, coming up to speed within
15 seconds of the power fatlure. Following 184 gemerator operation, the
auxiliary lighting im the control room and front and rear elevators becanme
operatiovnal. Additionally, the electrical instrumentation, amunciator panel,
etc. became operational again.

Secondary Water
Following the power failure, there was a period of about two to three minutes,
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during which time the TORP decayed to 50 psig (as resd on the 105 ganges),
before the 190 steem turbine pumps were manually brought up to speed. As
the TORP decayed neither high tank check valve opened, as they theoretically
should have based upcn previcus functional checks. Subsequent tests show,
however, that vhen the reactor is throttled and supply header flow is thereby
quite low, the high tanks check valves open about 5 peig lower thaen they do
at pormal unthrottled high flow. Therefore, it seems the high tank check
valves were just at the incipient point of opening when the turbine pumps
nicked up the pumping load. As the turbine puups picked up load, there was
a brief pericd during which the TORP exceeded normal shutdown TORP by 65
psl, before settling back to normal.

Reactor Confinement

Upon power failure, all four motors driving the building supply and exhaust
fans failed; hovever, the steam turbine drivem exhaust fans did not pick up
the load as they were designed to do. The turbine driven exhaust fans were
manually started as quickly as possible, negating the ilmmediats possibility
of determining the cause of failure. 8Subsequent inquiry has revesled that
the building intake dampers remained open, in contrast to their design.
Additional checking by H Processing personnel and (G-T91 project engineers
ahow that sticking control valves apparently caused both the damper and

the exhaust turbine maidwmetion. The presumption is the sticking is atiribu-
table to oil and varnish entrainments in the air supplied to the control
valves frum the badly overloaded 190 air compressor.

Raw and ¥iltered Water Punps

The rav water export system functioned as designed when the surge suppressors
opened at 182 upon power faillure. As the suppressors were cycling, the
indicated rav wvater prasse at 105 vas only 30 psig. After the surge
suppressors reset themselves the rav vater system slowly stabilized back

to normal pressure--{t is estimated that this took adbout 10 mimtes.

Upon power loss the filtered water system pressure fell from 105 to 60 peig,
being sustained at this pressure by the steam pump which was simultaneocualy
pumping with the electric pump. later, as the electfic puvp was restored to
service there was some presmuae fluctuation in the filter system, hovever,
nothing sufficient to cause safety concern.

Conclusions
The power failure showed the adequecy of the present backup system, at lesest

during shutdown conditions. At least one englneering item and one procedural
item require correction to ensure a high level of reliability and perscmnel
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oafety, however. Engineering-vise, an improved source of oll free
instrument air should be promoted as scon as possible. To enhance
personnel safety during electrical power fallure, the portable Exide
battery lights should have their switches checked routinely so the
lamps automatically turn on during power failure.

,l,,)

7

PZ::V Engineering

BR Creger:md

cc: JW Frymier
AK Hardin
R Reld o
AP Vinther

BR Cremer-File
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April 19, 19562

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

BPA LOSS - APRIL 6, 1962

The following information is requested from all reactors areas - except

D and DR, which have been covered - for the power failure incident. This
information is to be obtained from the conventional operating instrumenta-
- tiom by accurate reading of the charts (-5 minutes to + 1 hour following
scran).

l. Reactor flow at and following scram.®*

2. Reactor pover level at and following scrami

3. Reactor bulk outlet temperature at and following scraa.

4. Graphite central zone temperatures.”

5. Per cent Helium. ./

6. From Power House: Boiler number and steam load with sufficient
frequency to plot boiler loed changes.

Thuse data are requested for sll reactors except D and DR.

3. 8. Jones
Reactor Engineering Unit

Research and Engineering

88J:vw

ce: SM Qraves (7) e
W Yan Wormer

83J-File

* About 5-10 minute intervals.
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April 19, 1962

WR Smit . .
BR Cremez; SA Wood EM Graves /~5 7] " (Z/
Iﬁi I;;::’;éer PJ Zimmerman 7) 4

BPA_LoSS
the attached letter from S. S. Jones requests collection of certain information Just
prior to and following 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 engineexring assistants. Please forward the completed data to me and I

will arrange to give it to Jones.

cc: SM Graves-1B
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ELECTRIC POWER OUT/GZ - D JR3A, ~APRIL 6, 1862

On April 6, 1552 a2t 3:11 p.m. = complete loss of electric power occurrsd et D Area
scramaing both D end DR Reactors. Althcuzh electric power was restorad zt 3:15 p.m.,
an all clear was not recelved to restart the 150 electric pumps in time to malke a
scranm recovery. D Reactor was started up following a minimum outage cf 34.3 hours
and DR Reactor after an outage of 35.5 hours. Tae following surmarizes the experi-
ence at both Reactors and ia Power duriaz this neriod.

D REACTOR

D Reactor had been in operastion for 29 “wours siace the last outege. &% the time of
the power failure the reacior was at nonzquilitriun operating conditicn. 411 turn-
eround poison nad been removed except for thres splines and the culcuﬁqted scran
recovering tire was 19 minutes. Tae o*°"at123 pCwer level was 1730 171 J’tn a bulk
outlet temperature 8L.5° C. There weres 20 'al operating p“ob’nms at tae time
the scram occurred. All safety circuit ajSt woried according to des;gn exvept
for the 105 emerzency electric power supoly and the exhaust fan turbines. Process
water flow dropped from 87,000 gpm to 35,500 opm, cnd there was no desecteble in-
crease in bulk cutlet temperature due %o the flow loss. TFollowing resioration of
instrument pover, approximetely 45 secondsafter the scram, the "corn-gopper' tem-
perature monitor indicated individuzl exit tube temperatures of 50° C on tae hotest
tubes. The temperature gradually decrezsed ©o less than 32° C within 15 minutes.
The thermal shield flow dropped from 1200 zpm to 660 zpm due to transfer of supply
from normal process water to filter water back-up.

The 105-D electric supply did not trensfar to the emergency power supply although the

184-D emergency alternator came on the line. Further investigation revealed a design
shortcoming in the newly installed 105 cistribution system (Project CGI-861) which
prevented the emergency power supply to transfer. Project Engineering has been
alerted of this fault and is redesigning the system to eliminate this problem. Vhen
the emergency supply power failed to transfer, the emergency gasoline generator came
on the line in about 45 seconds and supplied instrument power to the control room.

All supply and exnaust fans dropped off the line, and the steam driven exhaust fans [
failed to come on as designed. No. 9 exhaust fan turbine had been previously iso-
lated from the system for repairs. No. 10 exhaust fan should have come on the line,
but it did not. Pailure of this fan to operate was found to be due to the fact that
the Ruzzles-Klingman air operated valve in the turbine steam supply line failed to
open. These valves were known to be unreliadle end Project Design has been working
on tals problen since they were installed durinzg Project CGI-TOl.

DECLASSIFiED
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worik accomplished during the outage, in
piztail replacement and front nozzle

< i~ Y 3
r face gzs leak repairs,
L

rajor
ar lacenrent.

re
DR RELCTOR

Prior to the scram the reactor was operating near-ecuilibrium power levels of
18C0O 7M. The reactor had been in operation 78.8 hours since the last outage.
All safety circuit systems and emergency electricesl pcower supply worked accord-
ing to design. Tae process water flow dropped below the normal value expected
after the complete loss of power due to failure of Ho. 5 boiler to pick up the
steam losd as repidly as needed. Process water aropped immadistely to epproxi-
mately 22,500 gpm, and within six minutes follcowing the scram, two edditional
steam pumps were placelon the line at 1¢0-DR bringing the flow back up to 31,000
gpm. The fer top of riser pressure drogned to a wminimum of 50 psi and the top

of near riser to 80 psi following the scram.

g dditional steam pwzps were

I=)
added, the pressure increased to aptroximately &0 . There was no indication
that hizh tanks cut in during this period. Illoniterinz of individual exit tube
temperatures with the "corn popper” indiczted a meximun tube temperature of 50° C
shortly after the scram. As the process water flow was increased the tube itemper-
ature decreased to 35° C. Bulk outlet temperature decreased to 32.5° C about one
minute after the scram and over the nextu 20 minutes grzdually decreased to 25° C.

D= o

The thermal shield pressure dropped to 6 psi an
near normal pressure of 45 psi. The thermal sh
with filtered water.

recovered almost immediately to
eld cooling flow was being supplied

TR 7]

The reactor was down for a total of 35.5 hours which was 1.5 hours beyond the
minimur due to difficulties encountered durinzg the helium leak check.

“ajor work accomplished during the outage included thermocouple and RTD repeirs,
helium leak check for processing tube leaks and ges leak repairs.

POWER BUTLDINIGS

181-D Building - all pumps dropped off, all switches were cleared and pumps were
nade available when power was restored.

182-D Building - No. 4 electric condenser pump 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 buildinzgs - All equipment operated satisfactory except the 183-D electric
driven hi-lift pump. The copper oxide rectifier burned cut when attempting to

start this purp, and it was necessary to use a fire extinguisher to extinguish the
flemes in the rectifier. The damaged rectifier was replaced during the outege.
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13L-D Build - The emargency generctor cams on th ine automatically and

functioned sgtlsfacgorj during the entire period. The
heater controls worked satisfactory. Tze toiler cont
but the steam pressure dropped 10 psi delow the norms
on the systen due to malfunciion of Iic. 5

tests will be required to determine cause of this failure. The normal steam
load before the outaze was 3,000 lbs per hour with these boilers. Trhe steam
load during the power failure was 351,000 1bs per hour, an increase in load of
262,000 1bs per hour.

ol worked satisfactcry,

pressure of 230 psi (

boiler force draft fan. Additional |
\

1i
e deareator feedwater
70
1

160-D/DR Buildings - A two to three minute delay was experienced in closing the
150-D and DR cone valves due to failure to immediately restart the control valve
motors after normal power had been restored.

The process water pressure at 150-DR dropped to 55 psi with seven stecm driven
purps on automatic. Two additional idling pumps were “immediately placad on the
line to raise the pressure to 90 psi. Trailure of the seven steam driven pumps
to deliver adequate pressure was due to the lower siexm pressure caused by

failure of No. 5 boiler to pick up the loal as rspidly as needed.

The 190-D annex No. 2 pump motor would not resiz
points. Cleening of these points corrected t©

OVERTIE HOURS REGUIRED FOR D-DR OUTAG=S

Exermt NonExempt
D Processing 0 T2
DR Processing Q 0
" Maintenance ol 149
Total ak 221

PR
T 7 LSt
for Manager
D-DR Reactor Operation

JT Baker:met
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SLECTRICAL PCUZR TATLURS
H PCZ3 C2EILRICH

-

A power failure (C.iticzl Z) occurred on the HAPO loop of the 230 XV

electric

P,
(2]
€. A

2
[9]

N 2 2 ~
ten at 3:09 B, April o, 1

\O

2. The system was re-energized

at 3:11.5 P cnd returned to normel at 3:17 Pl

A plsnned extended tube replacenent outcze was in progress at 10C-H
Ares, consequently only minimum power equipment was in service to support

. shutdovm flows. All emergency ecuinment functioned as designed.

190-H Building

No. 8 Annex puap was supplying process water flow with the by-pass (
e

(/Conditions Prior to the Outage

. - s . o sama w
valve. No. 2 and lo. 13 turbine driven vpumps were idling at no Jload. w g’

No. 2 turbine contiols were set on sutomatic zt the sub-panel. The turbine14&4!/ '

acceleration controls in the 190 control rooa were set on manual. Akﬁf

Conditions following electrical failure

Irmediately after failure, the 190-H Chief Power Operator accelerated
" the No. 2 turbine pump menually with the master pneunatic control. Process
header pressure Iluctuated between 10 ead 120 psi TORP. No. 8 Annex pump

was restarted and resumed normal pumping at 3:13 PM. No. 2 turbine was

| returned to normel emergency service ot this tine.
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Building 184

Conditions mnrior to outage

No. 2 end 3 voilers were in service,gzenerating 25,000 and 2,000
ounds steam per hour, respectively. All emergency eculpment was set for
> J A e

automatic operation.

Conditions following electricel failure

The emergency generator accelerated immedictely ond the generstor

breaker closed in approximately 14 seconds.

No. 2 and 3 boiler stean generating rates increased to 52,000 and 47,000
pounds steam per hour, respectively, with a total load vick-up of 50,000
pounds stecin per howr. team pressure reduced froan 228 to 225 psi

momentexrily.

The 1700 aresa breaker cpenad on povwer loss and was not reset until

normal power wes restored at 3:17 Tl.

Building 183

Conditions nrior to outage

The head nouse and filter bay were shut cown. The high tank pump
and No. 2 steam driven emergency oump (idlirg--no load, autcmatic control)

were in service.

Conditions following electrical feilure

The filter floor operator received a lovw pressure annunciator signal on
the emergency weter system. He irmediately surveyed the pump room and
observed that Ilo. 2 emergency stemn punp naé accelerated and vas main-

taining system pressure with some flucuation (60-100 psi). The high tank

pump was returned to normal service vhen electriczl power was restored.
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Buildinz 182

Conditions prior to outage

No. 4 electric condenser water puip, Ho. 1 stean (governocr  control)
and lNo. 2 electric export water nwms were in service. The two e:port
water pumps wers in service to supnort 1C0-D firea operations throush

import utilization.

Conditions following elect“*cal felilurs

Annunciation was received in 183 Zuilding hesd house of difficulties
within 182 RBuilding, -and an opercior wes dispetehed to investigate. Io. L
electric condenser vater pump had sﬁopped, but no attenpt wes nade to start
a steam driven condensb” vater punp since this is not essential to shutdown
opération.

No. 2 electric export water vuwap vas stopped, but the stean driven
export water vump was operating wuader full governor control (no condensing).

The operztor could not determine if the surge suppressors had cycled
on powef foilure, but it is_assumed they did. System pressure reduced
irmedistely from 245 to 10 psi, increased to 172, reduced to 155 for

approxinately three minutes, then éncreazsed to the normal 250 psi. Total

elapsed time in cycling was approximately 12-15 minutes.

No. 2 export and No. 4 condenser water pumps were returned to normal

when electrical power was restored.

Builéinz 181

Conditions prior to outaoge

LY

Two electric river water pumps were in service to maintain 182

reservoir level.
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Building 181 (coat.)

Conditions followingz electrical foilure

Both pumps stooped, but no attenpt weas made to start steam driven

puaps since adequate reserve wvas neinteine

B}

in 182 reservoixr.
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rea v ost. o in o ¢ sex tentici.
An inforrel investigation wes h l' tﬂ“ the incident tc oniain a veltler
understancing of whet hed happened. TFollouing is a listing of statements
pertinent to the power cutaze as it aifected the reacicr. '

1. H Reactcr had been shut dowm for siii days. The reactor ccolent flow
was ab shutdoun pressure, with all isacers valved down such oid
flow through the reactcr was win within Process Standerds. Tube
reolaceucnu operaticns were in o

ck

ch |-
—

1)

(0]

2. The electiric rover failed v 3:39 P... The system was re-energized
at 3:11.5 Pii and was nornal at 3:17 Bl

3. Iighting in the 105 building wes lest for a short pericd of tire
until the area emergency alUy:Qatcr ciclked up the lcad as designec.

e the conirol rocu ias darl;, it could not be deterrined with
ainty thet the instrumentation wes functicning on energency 105
wer es designed. However, wien lishts were restored <GSUlLuth

! “2 or less), it wes cuicldly destermined that coolant
sure nad nct darcpped low enocugh tco recuire high-tani ccolant.

34

=
.
u
£

c- 0

5 ¢t O O
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0 O

W

3

3

=

'‘Oomg o

were surges on the import ccolant pressure, but an irmediate
specticn revealed that the irport syster had functioned as designed;
it hed not tripped and supplied coolent to the reactor.

Ul
e 3
o I
©
H
(o]

6. Upon failure of the electric rewer, the emergency ventilation system 1
did nct functicn as cesigned. : '

-
&. The derpers in the supply air cucts did nct close, apparently due oy o
tc sticking. f) J

B The master controller for the steam exhaust fans and dampers did nct \\ N
function. Tius, there was nc sxhaust fan in service until it wes
nanuelly started. 4 later investigation revealed that the provable
cause cf tae failure could be the result of entrained oil in the
compressed air to the contrcller.

: T
Z :
‘o g :
A {:"‘ -—t.

<e
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Plonned ccrreciive neasures to insur: funcilo

systcn in the fubture include dally tosus cnd

Guring ouvarss &s wall &s during cperaiticn.

snould To recuced ccnsiceravly by thac instell
n ,

S et TN
11l T.ie near iuvure.

Precject Znzineers for CCG-791 have recheci.zG bl
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ern faults an
additional recomsiendations as their instoction ceterzines.
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an ifntervunvion of DPA electrical

~ower o the 100 Area A a saactors including 130 I3

and [I7. At I normal conditicns (sutdom shebus) were restored ot 3:20 D.ml.
LT :E noizal conditions (operating lncincing ai-h 1384 pumds) were restored
at 3:22 p..

The loss of all DPA elect:i al service aiended Tor anprowimately 2 minutes.
e interruntion v“s reporsed as ccousel Irom a fauli on tae ‘o. 3 230 &7 line.
A nlanned Cllt cal MY euisted v fault with ljo. I iz open
at 100 7 end the _JO loon onen e T for lize malintononse On
this gestion of the line. Tae ciers at 10O T oon 10. & LB
ed at 130 3 om [lo. L line to © oll eleetrical scivice O
ths 100 ireas '

At 100 { Areas energency power ”quit: ~esponded as ver Gesila ToIIng
over all electrical loads witiout any incidents. ALY lo LiTT
’ DTS DI ue.:.:-ed in service excepnt ;.o. 5 _ow ;L_“t wiizhh has Teen moved o
-2 emerseacy tus to Jus A as pari of 4z Ca- 833 Project, which wien cci-
leted will also move 0. 2 low lift frowm (-7 busses O D bus, ang will
Le normal design criteria for une se Dunys Lo éron out of service on & J:A
seseraticn. Cnly 1o. o mwd has teen v;a:;ud %0 date in both IZE & I and
caens éropping ouvl of service was LS Per desizn.
113 gervice water nurs (3) ab 147 axd (3) &t [ remained in sexvice. Al
siver Humos et the 181 Bldzs. drosled ouv of cervice as Del cesign. AL
sher nredetermined as der desiza sarvices supdlied from the B-Z-C-I0 busses
susnlied by the emergency senerators remaliasd in service.
m.tg gotion at both 100 I -‘eas -ras iniciated Ty the tripning of the L7
releys iz cubicles 17 A and 25 A. These ave nhase sequence and under voliage
relays designed to protvect +the local emersency senerators in case of line
under voltaze. These 47 relays trizped the Gl o oand 86 X2 relays, walch
in twrn trin all 01*cuwt wrecier s reguizred to seperate the emergency tusses
R-T-C-T from the 2PA sysvem and dros all predesisned nonrequired equinnens

rom the avove busses.

A1 high 1ift Humps dropped off
cn the 13.C ¥V bus vars. o 27
safety circuit and all equinment

the line as all electrical power was lost

relays (under voltage e) tripped the 105
5 oon the 22C T osusses A-D-1-11 as der design.
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Doiler performance was entirely sasiclastor cad stean loads are shown

in the following tadulation:

Boilexr 0. : Deifors CUlc .z
0. = 1 15,500, Der
mo. 33 15,cc0 v
To. L1 1_2’/3: 1

0. 2 :’:I —-D,bvu it ti

n

~s of the voilers.

As shovn they are well below tie 36,C0C,: per Id. oAt

1

'

[ g
e
3
) €

o
1
e~
3]
3
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[
-
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-
1=

N
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S b
A

H - < Al e - aamde A= Teta hl - oy =
There 18 no recorarny of seneraeor” locds 5o tae loads oa thae 3 nerators
B}

! -

and their sexformance were noted Ly Vi

ohoeiwation by the Supervisors

3 3
and onerators during the short nerlod tae crargency existed. fLoeor dlns
to “heir ouservetions ia both arccs ths [entravdls nicked up the load
instantly with a normal voltaje a;d freguenc 2on of 3““ ﬁatﬁlj
200 volts and 2.5 cycle Gron in Ireguend wLis & recovery to nesr normal

in less ©than two minutes, which :s noILLL Tauoverd, as observed in our

rezgular scheduled gccblc:avLo" “asts ol The

Senerators.

Toad oz the zenerators under tiae enerzency condision averazed aboud
3,000 7 »er wait.

ts all emergeacy eguizment Funcitionaed as Der desi-n and onerating con-

IJ—-J

ditions stapilized uader the emergeacy conciition < (loss of ZPA Do"e”)

w0 irmediate action was initiated to : »eturn o ornaW via 2PA uavil

[

advised Ltne system was sbtable. Uson Tre ceipt of this advice the nec-

essary procedures were initiated to resior e nomml operating conditions.

\/’ @ 5// /\Mb‘”
W O, llera uonllv\~/>
Laaa;er SN

Z-i37 PCUER OPERATIONS

s

5 - -
Anproved: -—-- . A A
X. S. Sexl

an iy

-] FZACTOR OPERATION

JC..:a

ce: rile
‘13
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Manager
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BPA ELECTRICAL FAILURE - APRIL 6, 1962

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

SUMMARY

1.

Electrical Qutage at 105-F - Tae 105-F reactor was tripped out at
3:09 p.m. on April &6, 1962, and for various reascas did not have
normal electrical back-up for approxirately six minutes. Scme or
all of the reasons are listed Telow.

105 Emergency Alternator - This piesce of equipment apparently woried
satisfactorily tut. readings on certain 1qsufuments were erratic.

184 Emergency Generator - Normal operation was obtained in about 15
seconds but then tripped out after 11 minutes due presumably to vibra-
tion and a worn latch.

Electrical Equipment Room in 105-F - Considerable difficulties were
experienced in switching the electrical loads in this room during
the first five minutes or so of the outage. It may be that a design
change will be required to automatically transfer the electrical
power from the 184 emergency generator to the reactor buildings.

Top of Riser Pressure - Contrary to previous reports, no major 4iffi-
culties were experienced with this phase of the outage.

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

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.

SRR
DECLASSIFIED
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PRELININARY RESULTS OF OUR INVESTIGATION (liumoers used - same as Swiary)

1.

Electrical Outage at 105-F - The reactor was without normal or energency

power for epproximately six minutss due to an apparent inability of
the new electricel equipaent r»C“Julj installed under Project CGI-85L
to automatically transfer the emergency electrical power from tas 1E%

generator without a mznual re-set. Ws undersiand that this seme
difficulty was experienced by voth ths B and D reactors. This apparent
design inadequacy is being investigated at the B reazctor today, and

since the reactor is down, an actual t,ot can be made. In the rean-
time, we will procead to instruct dota Processing end Elecirical
people as to what additional procedures must be put into effect in
case of another electrical failure in the near future.

105 Emergency Alternator - No edditicncl commeantis regarding this
equiprent at tais time, -- see Swmmary.

184 ZErarzency Generator - As stated in the Summary, this eguipment
started and operated satisfactorily for 11 wminutes but then because
of vioration and a worn latch, tie turdine trippesd out. An ogerating
delay was exparienced in reclosing the generstor draker, but tae
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 L-12 shift of the same day, and after an hour of
operation, tripped out agein. Ia case of an electrical outage, the
power operators have been instructed to watch this particular trip
point to prevent the generator Ifrom dropping the emergency power.
Repairs to the latch will be mede during the next outage or other mod-
ifications may be made sooner.

105 Electrical Ecquipment Room - Preliminary known details regarding
this equipment ere covered under item 1 above.

Top of Riser Pressure - No additional comments at this time,-- see

‘Summary.

Horizonizl Control Rods - Only four of the present seven rods (three
being half rods) are fixed to scram 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 velves 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 agein interrupted during switching in the equipment control room.
The remaining two rods entered the unit without difficulty when
normal oil pump pressure was applied ---this 1s, under non-emergency
conditions. .

}." " ' ' v e ' ' T i ' ' 0 [
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7. Building 181 Pump Motors - The reason why two motors at the river
pump house started automatically is unknowa. However, certain electri-
cal changes were supposed to have been made sometime ago to prevent
the motors from starting automaticelly and perhaps these two motors
did not have this particular desizn change completed. This, too,

will be investigated during the next outage.
LANAGER C;:;;Z//

F REACTOR OPZRATION.

CN Gross:cs
ce: RG Clough, Jr.

MP Johnson
ZJ 0'Black

RM Scott
. File
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Co S, 5-C Reactor Cszeruvion

<
Sa pyte v » o - s - .- oo A = v At e et o
ol po"er ;u;l ~a, AL wower wo the 1351-3 sussuoticn

autas. a5 o resulit, Ttae eatire arved
should have beea without power watil such tiue as the 1E4-3 emerzency
generctcrs ant the 105-3 Uasol::.e coneraces fuacticned. Tae viue
ltﬂuh" sower was extended beycnd Thlis time dus 1o °qy¢oﬁenu airlicuiiies.
At btz wine of the failure, C Reactor wes 3hut down gﬁd 3 Recctor wus

llost 2quipzment functioned as dasignec. The energency steam twrtines
acecelerated in a Tov sec0“d~ cud supnilzd cuple cooling water to tae
. ‘:eactc:s. Scme of the difficulties zimerisngsd with the emergency
2quinient are:
1. &% B Rezclor, i mnersency
er saocuwid n ve been supsil ciuain 85 seccnls Tae long delzy
saused by tne tripping of - bresiers
atin- ologsure Of the euerzsacy oover circult. Yas pover was
suca time as necessary circuit breakers were manually
The Soult in tae operctioa of the systen was & dasizn
his odroblen is velind rasolved and o design change Ls be-
red to correct the situztion. In addition wo corrzetion
of this dasizn inadequacy, it is Jelt that at least one power level
indicator should be battery cperzted IO dcte;&ine the condition of
the reactor during ebnormal situstions such as existed during this
. power interruption. Action on thig iten h;ll be initiated throuza
emensty AR,
Water oressurs increases were opuained twenty ninutes after shus-
dowvn, -uv full pressure was not reolized until 50 ninutes after

shutdcim. Tais time deley, along with resetiing of the HCR posi-

tion iadicosors precluded a hot startup recovery.

2. Tne C Razcior erergsncy Feherator av i34-B was on automatic DOSL-
tion, but failed to autcnatically supnly energency Dower. Tae
— stean supnly solenoid valve required onual one ration. nergency
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power was suonlied in epproninately 25 seconds. The
beinzy repcired. Tae engrgency in circuit at 1
close as recuired. ~T2s%s will be conducted dwring t

K Ceriine tne di ties. &3 at 3 React

- TS Ao
outage to o
<l

cetors ol rea

< .
CTOor nover e

3. The DC emerzency lighting civeuit ot 1E4%-3 foiled to functicn.
Towr suvsequent tests disclosed no mzjlwncvion.

o} circuits did not cpercte
due to incorrect switen setitincs. Tae weasikly check list will be

revised to prevent a reoccurrcace.

In swinery, mcst of the critical
equipnent, cperated with cartain
of our Pil checi fre lon to Teviss
2s necessary. & fo tae recounended

changes.

¥WJ Ferzuson:WoH:fe

ce: JV Zaker
ZZ Duan
WD Hamilton
I Herkins
Rl Smithers
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Tesearch and unroinecying
GALNTIS CT oIPLIL S FAILULL
Attaclhed is a zerovt of the 3IL-1LY0 cl-ctrical power incident of April I,

]

1C5%, bazod rartly on date and cvidence availal:lw and rartly on ensinecring losic.
Inguiiicicnt data and Zacts -rarve availallc to ner it an enrsineerins enalyeis ac
such, The casge wrag chavacierized by (1) lachki of cata, () denial of accees o
vital infomacion, (3) cdelay in supnlving data rv-ocuzst-d, and (4) -oor cuality of

cagic infoimmation surnlied, Under item (&%) the copy of the oscilldrraph records

ruquested is unraadable and cculd not Le enlarced for detail:d study as nlannzd.

It as soucwhat dieconczrting to find that no ninutes vere available of the offi-

0
e

al invesgtisation, although a jrcat deal of emphasis wvas slaced on the conments

Delay dcmonsgtracions ~ere ﬁade/tut have little more weight than performances by
sliilled tochnicians. Ia gencral it seems logical to say that the performancez from
safeir standnoint vas according o plan, with miinor malfur tieninz which has been
quickly rzco~nired and corrccted. On the other hand the performance of the hich
scor was erratic, inconsisitcnt and demonstrated a lakk of
intcogratod syston planninz, involvias coordination of the T4 network and the HATC
loops. Continuity of full scale opcratioﬁ;s éonendent upon provision of a second

“re

and indensndent sourcns of clictrical zower otacy than iliduavw,

T

Tlord D. llobtins
2l zactor Froces

T .:cc
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The lanford clictrical nower distributicon sycoctun was scparated from the Zounneville
Power adninistration network on TFridar, Jnril 3, 1952, &ll reactors opzracing at
the tine scrminad and all z2icont onc stayed dovm aftur nover was reglore
in annrociabkle dovm time, Any iacident vicallr @ifacting the onzration ol the

ould e eranined in the light of nuclear rzactor safety with particulaz

wofnvance “o suc tadan aé zainty coatrols, el=ctrical switching and iz nerfommancs

Tac incident in quastion vas serious wnoush dn that it »nut in sinwlzancous jeonardy

all omerating rcactors hut still more grave in that it brince into foeus the cuestion
ag to whstiacr :he HATC electrical netwoul: ncets the rizorous performance criteria of
nodern pover gystems. Jaesc roquiremenits, towever stringent :v:\\"av Beer:, Leeqns
cven more crracting vhen eranined from the unconpromisine viewnoint of nuclcar(safety.

S

“he objective of this report is - tvelex isorously analytica%)but\_r ther is
intended as ax/commcntary of ideas on the major factors involved in the incicent
bascd on a reviecw on all data, rerortc and information available, and uvon some c:it-
ploratory £ield worlt.

(‘Ll'l [2ab $4

diid

The total loss of outside electrical power to all lanford reactors on April 6, 1962
-
vas orought about Ly a heavy fault on 170\ 220-17V transmission line wwmbos—swies ncar

its temminus at llidway switching station, folowecd Ly improper operation of the relays

on transmission lines nuribers one and two. There is no evidence to show that the

£

P
-

fault was caused by arroneous manipulation of switcihies at Il Qeactor following repa
on a line section there. There is considerable evidence emwe—it—ts—logicatr th:at the

fault occurred near l{idway and vas possibly initiated Ly severe wind and sanc stoin

:

condizions. Sufficient data anc evicence was not available to malie an cngincering



. ~ P : s ) - nes
analvsis eoported DY proper docunentation. 4 stbsequent fault at ilidway on July 10,
1962 is discussed in the report because it sgupports the credibility of some of the

1

observations nacde.

The €ollowinz ideas are presented as considered opinions regarding the incident in

»
question:
1, Deactor clectrical systems nerfoimed as planned except for minor malfrnctions which

have been corrected.

P

2. The high voltaze electrical system periomrmed in an erratic and unprecdictable

nannes.

The high voltage svsten should be considered Irom an integrated system standpoint
)

for plarMng so that any fault anywherc is cleared precisely anc guickly.

w

&, A second connection to the DTA networlk independent of llidway (such as Fa?nklin
switching station) could ensure continuity of full scale operation i 1arse cnough
capact

nd properly relaved,

‘e

5. The second outage demonstrated that ilidway is vulneralle,
5, The second outage demonstrated that failure of one piece of equipment (the liidway
current transfoimer) can cause failure of the systen.

7. Tailure of one type of equirment in various strategic locations (such as the GCi-15

relays) can cause failure of the system,

8. Terformance of the GCI 17 velays at !lidway on transmission line ilo. 3 indicates that
replacenment of the present GCI 15 relavs at iiidway on Line lo. lknd 2 is advigable
as recormended,

i.vﬁ T T Xy 1? r‘"\"E 'I E‘Trﬂ
CImOIIOLOGY CF TIE TICIDIT (7232)

Frior to the incident 230 XV transmission Line llo. 3 was opened at station A-21 by
opening 0il circuit brealker llo. 4-379 and its associated disconnects to permit work on
& 2 &
1 av . - - -
line section A7-9.( ) OC2 ilo. A-375 at 7 Jeactor, OCB llo. A-396 at KE Reactor, and

associated disconnects were open, isolatinz line section A7-9 from transmission line



o, 1 from the west anc line ilo. 2Zrom the east. Two figures adapted Zrom I7-7C07C are
sihotm in Appendi:r 3 for convenience, Tigure 1 showes a simplified zeographic one line
of the IIATC networi and Ticure II is a simplified one line diagran of :tlie WATC networl:
showing circuit bLreaker numbering, rating and location. A complete and detailed de-
scription of the IAPC hizh voltage comnlex: can Le found in nievious documents.(z)(3)(4)

The essential details ol the Hidway switching station ave chovm on a simpliZied one linc

diazzam as Fizure III, Annendin 2.

s

s

All reactors were provided with 230 [V powerpy the loos formed by transnission lincs

To. 1 and le. 2. Line o, 1 wag nrotected by GGD Tlo. 4-335 at lidway, and Line Vo, 2

e

was protected by CCI llo. A-114 at llidwvay. Transmission Line ilo. 3 was encrrized and

arotected by OC2 llo. 4-50 at llidway but was Tdead-endedY at I Arca switchvazd A-21 and
at linc gwitenhyvard 4-22, & niles soutlr of T Deactor. Disconnect switeh 4-359, noimaly

open, located at switchyard A-22 was also open on the day of the indident,

Transnigsion Line llo. 3, a 795 lICI-ACOL steel tower line without overhead rround wire,
except on the fisst seven towers from ilidwav and the first six towers ou: from X reactor

1

switchyard, was thus cnergized Lut idle for its entire le-gthi. The line is about 15.5
nmiles long from :ilidway to point I with a lateral to Il DNeactor, switchrard A-21l, about

3.1 niles long. Ground switches A-7375, A4-7379 and A-7390, all on the line section

under repair, would normally all be closed.

Predicted veather conditions were favorable for the scheduled maintenance. Zx:amination

of photographs of

the line secticn under maintenance revealed that the cables compric-
ing the line were in bad condition and certainly needed wenlacement. Appavently normal
safety precautians werc taiten and the repair was completed without delay or mishé} in
spite of the fact that the weather conditions changed radically. The change in weather

was recocnized as hazardous but tle repair woirl had proceeded to such a point that it

could not be abandoned and nommal servicelestored, so was completed in spite of high

winds with heavy duct and debris conditiong, CJome =imileweeds iz “eln- “lom alzu:
an< could have pilcdtqkn thie tmanrnicsion line at sona of T uetemig,




s cean fo indisatc that tlhe vepair had Deen Iinislhied, all cuound gritches orened
and that the disconects associated with OCZ XAIZRN A-379 were closed. The position of
0C2 o, A=270 and A=390 and tleir associated disconnects was not covered in any rerorts
but investigation shows that ther were open durins the repair nrocedure and were still

orven when the incident occurred.

DISCUSSION

~he conditions indicated alove prevailed on April 6, 1952 at 3:09 P, ii. (1509 hours)

at which time a purported double line to ground fault occurred on Line llo, 2., ‘“here

vas no nositive sequence load on this line at the time so the fault would tierefore hbe

L 1 .

congosed of necativdand zero sequence coniponents only. Such a fault could be caused x
byl =] i o -

Ly lishitnins, massing of weeds on the line, dust, or by causes unknowtm. It is not liltel-

1 1

thac such a favli cculd liave been causcd by closing a circuit brealier in on a sicunded

line., o zan~ible evidence is availalble as to the exact cause of the fault. Line ilo.

3 is nrotected by a 13,000 (VA o0il circuit breaker bank with a 3 crecle opening tinme

capability. The breakers are controlled by GCi-17 Neactance Distance Ielays, Type

18CGr

+=38 ~round relavs, Tvpe CFZ Thase Comparison ILelavs, Type CV-1 uncdervoltage relavs,
7vne I1JS svnchonism checl: relays and type VAR-11-D40OA, Federal Pacific recloser relays.
(5)(8)(7)  Gircuit breaker bani: A-36 was opened at 3:09 P by its GCi-1T7f relavs, clear-
ing the fault in 3-3/4 cycles as indicated by oscillograph films. ODIreakers were re-
closed by the recloser reclays, and held, in approximately 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 exutinguished (cleared) within about 17 cycles from the time of breaker
opening. (;11 tining is based on fault time as time zero.)

Transnission line llo. 1 is protegted at its ilidway terminus by a 15,000 IIVA oil circuit

faultd current interwp vion (2)

breal:er bank (A-SSS%hcontrolled Ly GCl«1l5 directional distance rclars. Reclosing

relavs havebeen installed recently and are Federal Pacific Type VAR-11=D40A set for
did

4-1/2 scconds as on Line lo. 3. This brealier «ee not operate\‘during the incident.

The GCII type is designed to see, and operateﬁ;on, faults on the transmission side of

s



the bus. 7The line section between liidway substation and the D-C leactor substation

(A-2) is protected by oil circuit brealiers banks A-322 and A-323 each ratedat 10,000 IiVA

interrupting caracitr and 3 cyle opening speed. The biecaliers are controlled by differ-

(o
ential relays and GGl 15 directional distance rclays.(”) Zhe A-322 and A4-323 breakers
were onencd br the GCi-13 relays anproxzimatelw 1-3/4 creles after breakers A-55 aad

ovened line o. 3 or in 3-1/2 cycles from fault time (tine zero). The operation of

these relays during the incident represents maliunctioning Lecause:

] N

1. =“he relays opevated after tiie faull had Leen cleared.

~

2. Jhe relavs blould noz have crened on a fault Leyond the lliduar Lus.,

Cubsequent field tests of the GCI-15 by others under gimulatcd faults scem to indicate

that an inheveunt wecaliness exists in this trpe of relar in that tic inmpioper coordination

] ohm , .
of the contacis allows the @+ unit contacts to close before the cirectional and over-
-

current concacts @an onen followins a faulis, (Fipure IV).
. = \&
c,u4$lL‘- \ “A‘A‘
Teports of conferences withMtilities made by others indicate that this conclusion is

justified and that the unreliable characteristics of
of Jiwuz_
recognized for an apprecialle periodAand that the deficiencv can be corrected by re-

17, ()

the GCll-135 have been known and

building the GCI-15 oxr replacing it Ly the GCHI-

Transuigsion Line ilo. 2 is rrotected bt the ilidway substation by CC3 bank A-~1l4 rated

o
at 15,000 LIVA with an openin:: time of 2 cveles. The breters are controlled by suitable

relars including GCII-15 directiornal distance relavs, VAll-11-D40A Federal Facific re-
closers, and type IZCC around rclays.(lo) This breaker did not onerate during the
incident. The next nrotective breakers on llo. 2 line are located at the 251 substation
(A-8) (Figure V). The brealer bankes nroceeding from llidvay substation are A-386, A-384
and A-2C02. ilone of these brealicrs opened although they are interposed between the
breakkers which did open, at 10C F, and the fault, The next breakers in the line are

those at substation A-5 at I leactor arca. These breakers ave equipped with the



*

GCi-13 relays but no reclosers. The brealiers at A-0 substation in oxrder of their
position in the line proceecdinz from ilidway are A-300, A-3564, and A-352, Dreaker bani
A-355 vas tvioped by its GCI-15 relav and opened at 8-2/4 cveles fron tine zero, or
3 cvcles afer fault clearance., Operation Lere was improper in that the tripping
occurred after the fault had been properly cleared by Ilo. 3 transmission line breake
A=-50 at llidwar and also because the A-300 relays over reacihed the three breakers at
substation A-3 (A-300, Au3fam A-304, and 4-382) and the line bureakers at licuvay (A-114).

lloreover the relaws scent to have trlpnedkn first conc which is bounded by (or sihould be)

&

()

53 ner cent of the distance to tiwe next Lreaker bani, in thig case, 4-302 at Cubstation
Ul
P S A

RZSTORATION OrF I UIIGH VCLTAGID NZWwCIil

ealier banl: 4-55 wagc sropuwly wuclosoed by its VAL-L1-D40A elay aft:r an zlanged tinwe

-
s - -

. .

(from fault time coro) of &= ’”\ seconds. Dreakor banlk 4A-360 was closcc nantally by

7§
. - o . - . - - A
the A-0 substation onzrator 2.5 minutes (9C0CO creles) after tiie fault., Tlosve of thes

"

Lreakers wmergized the 22C KV switchyard at all r:actors. Drealiers A-222 a c n-323 were
ar?*°xtwuu

closed manually by tle substa:zion operator at A-2 substation (lal-d)'Len veconnu later,
reconnccting transnission line Ilo. 1 into tiie loon. OSince the broakers at ilidvay, 4-326
Line o. 1, A-114 on Lin: Jo. 2 and .4-35 on Lin: llo. 2, are all s:t to rzclosc altier
4=1/2 scconds (270 cveles) thcre axirm exists no reason for delaving reclosur:z of any

or all brealkers in the loon. (Figure V). Ideallr any liac scction under fault should
be clearedly the two nearcst breakers, in each dirsction from the fault, in 2 cycles and

“he limization on reclosure in th:

restored acain in the shortcst possibl

shortest nossible tine is the danger of awe zestrilie,if less than 17 cycles is chosen

PO

as a mininua. TFurther limitations extending this nindnum time wnight be the sp ed

closinc canabi i f of I&e brealiers and tinmc of clearance from the bus of loads which

\tb

cannot tolerat:hre%josu“é



oo ACTON RESFOLSE

. The status of the production reactors at 2:C9 (3:10) I on april 6, 1962 was as follows:

D Reactor - operating at equilibrium power level

C Reactor - dour

D Leactor - operating at equilibrium rowver \level

DR Reactor - oneratine at equilibrium rower level

F DReactor - operating at equilibrium pover level

I Leactor - dowrn

2 Reactor - orerating at 2/4 equilibrium power level

W ieactor - owcraciny at cquilibrium power level

The operating reactors, B, I, DA, T, K& and K =weye scrarmed by the nower Luss
relayes in about l;r cveles from the time of onening of OCD bank 4-35 at lliduway ox 20.-2/¢4
cycles frow time zero., Tae operating reactors transferred in each cagc to their respec-

' tive secondary svstems. Lone resorted to the tertiary (last ditch) svstcms, The opera-

ting reactors attempted to recover folbwing the restoration of power 2.5 minutes after
the fault. XL Reactor only succeeded. Thi¥drcactor recovered at 3:42 which vwas an
mkz® clapsed time dovn,from time zero)of 23 rmiinutces. The performances of the reactors
were as follows:

b Leactor rccovered on april 7, 1962, 5:55 EM (1€55), downtime was 27 hours 46

minutes.

C Reactor scheduled down was brought up at 2:45 FiI (1345) on April 7,1962. No delay

was attributabtle to the powsr outage.

D Rzactor recovered on aApril &, 1942 ar 1:3C Aif (0120). Downtime was 34 hours and

21 minutes.
D Reactor recovered on April &, 1962, at 4:22 Al (0422)., Downtime vas 27 hours
13 minutes.

. F Reactor recovered on aApril &, 19352 at 9:34 sif (0954). Dovmtime vas 42 hours

and 45 minut:zs.



"

reactsr was on extended scheduled shutdown until April 14, 1662 at 3:59 Fif (155%)
r H]

»
b

at which time it was up in normal wanner. Power loss incident did not interfere

)
er
o
n)

witt schiedulzd »rocadure.

il Leactor recovered ty a hot startup on Apxil 5, 1662 at 3:42 Fii (1542). Downtime
23 miautes.

Ki/ leactor did not attempt to recover but staved down because of scheduled shutdown.

The reactor was up again on arril 10, 1932 at 11:48 AM (1148) in normal manner.

In the discussion abovi the time citzd for thc reactor to recover is definod as the

e

me of the fault until criticality was achizved,

.

ela~sed time from the t

Availalle data and reports do not offer enouzh information on vhich to tase a sound
cnzineering analwvsis of all the event s which took nlace in thie incident. That a

double linez to ground fault did occur is rcasonably certain bas:d on ths fact that

reporte irom the a-Z substation (131 I) and the a-) substation (1321 F) arvee vith -ach
ouX &ssf‘vee_
other =omee Loth @ouis witn the loj at lidray svitchint station. Oscillozranh records
W o v Sartmy.

taken at Mld’ay)a—se con&{rﬂ this conclusion. All svidence fizes the slace of the

e

«f operator at liidway was on dutv at the time of the incident

.

fault near iiidway. The ch
and sav the reflcction of the flash. lHis impression was that (1) it wag within the

first three tover spans from liidway, (2) was not lightning.

o evidence of lightningy faults avpears in the ilidvway log on thisdate nor was any
lightning observed in the vicinity. In addition to this, the towers near idway are
equioped vith overhead sround lines (static wires). ilone of this, however, precludes
the :ossibilitfx of lizhtning striking the Uo. I line within Zone 1 from ilidway, vass-

ing along the line and zoing to zround near llidway. Field obscrvation with 7power

classes revealzd no wvidence of a heavy flash-over line to linz to ground. leteorologica

renerts £ron Sﬂ\ﬁnpedc lasz, lincl ton, Vakima and Jalla JallAa indicate no lightning
en tiac dav oo osrion. Comellan setoL o e o o =7 Li-T.irninn in cthe distance.

Thi oposcililicr ~Z e Li-Tmine auzs’te Lodng ght -rimary causs of the fault on llo. 3




e reniocr bassd on oxisting evidence.

tlaintenance records and the investigating cormittuc report indicate that Mo, 2 t¥ans-
nission lin: was cavcfully imsrected firom liidray to the K Zcactor substa:io%py £l
Construction iLngineering and Utilities Opwration group.(g) cach tover was climbed and
inspccted as closely as possible includin:z pstring insulators and the jumpers at the
dead end towers at liidway. ilo evidence of arcing was found ecxcept on cuspension insu-
lators. The 3 phase string on tower lio. 20 was replaccd and tested. Some cvidenct of
burning was olbscrved Lut ras iudred to Lc the result of lizhtning flashovers antedacing

.

the prosent incident. Simila: strinss found on tovers ilo. 3C and IO wore removed and

(¢

7

inspected with the sane results as abova. All insulacore were aprroved for service as

a vesult of the toste.

re

Subscguent field inspection by the auther of the first five towers at llidway revealod

no evidence of flashover as nentioned nreviously. The arrangement of torers on lo. 2

transmission line near iiidvav is showm on the field sketch, Fizure VI. Static or over-

. ‘y

head ground lines extend from lliduway to and including lo.7 tower. The llo. 1 tower is
a tall dead c¢nd tower in line =ith a row of similar towers all facing north. This
tover is well protected on the windward side by other towers and lines. Tower MNo. 2
is a turningz tower facing northeast and not protected from the prevailing wind side

by other towcrs. Doth towers are clzarly shown in Fijure VII (4ppendix 3), a photo-

1

zranh taken on July 1C, 1952, loo..ing north from iiidway substation roof. Tower o, 1

. . ’ .
is in the foreground, center, and lNo. 2 to the rcaders left in the near tackground.
) 3 3 <

X,

Clcarances on tower No. Z appear to Le critical, even under guiescent conditions. Two
of the jumpers lhave insulator strings, the third one does not. The result of this
uns'mmetrical arrangement is unequal movement under strong wind conditions especially
if the wind is gusty. The position of the towerlfis such that the angle between the

incoming and outzoins conductors is less than 9C degrees thus making the clearance on

2o,
o

and unequal and causing uncrugictatlc
Hq'ané o g i é‘” i

saired o
.S Tumble wvee ther debris cou

the two westerly conductors (3.8 C phasges)
ditio

! impa
movements under” strong gusty wind con s

n



easily nile up in the corners, cspecially on C and 3 phase wires.,

Tower io. 2 is shown in a similar photograph (Figure VIII), and is idencified as the

L

o

low tower Lo the readers vizht o centaqin the near background; Similér conditions
nrevail on this tower cxcept that the angle is not so acute and the tower is so placec
that the nrevailing vind direction is nearly pavallel to the conductors. There is a
strong possilbility that under the conditions rrevailing at the time of the fault, strenz
zusty vinds, thick dust conditions and with a great deal of flying debris, that the
rcsistance to zround and betireen lines dropped to such a point that an arc was formed.
Flashover teste at the University of Vashinoton indicat: that .ven a srall discharge

i

NG

m

et » pPlus

0]

1111l initiate a ueavy avc vhich has low rcsistance arnd no reactance. The

-

the fact that a: least two cxperienced operators at ilidvay hcard a loud noise and onc

Py
grobable
saw a flash wakes it pogstbix thac one of these towers is the locale of the fault wich

Yo. 2 tower as tue rniogt likely suspect. 1ilore specifically with viclent zalloping of

chie cenductors and lumnars duc Lo gusty uind conditions -oupled with thick dust debris

.

conditions phase wirc C would be most likely to o to ground involving nhase wire 3

on the next voltage peait. The physical conditions ave élearly shown in Figures L{ and

~r

“)

evidence of this arc should be visille, most probably on C »hasc jump:r on ilo.

Qloseun rhotograshs algo talen on July 10, 1952 from the foot of zach tower. Jome

"

tEEN
tover. The awvc could aiso have started in tower Mo. 3 or tower io. 1. | t was aLeo
obscrved tha. the grounding of tlhese tovers was not narticula.ly good and thal the
grounding of tue sta:ion is in our orinion inadequa.e for the nresent size of the
facility. liigh resistance grounds Increase the possibility of Marcing grounds" with
resultant high frequency transients and the possibilitf of a voltage peak of three
times the nominal line to neutral crest.(lz)(lz)(la> The violent results of such an
arc ars shiown on Figures XI and XII, photographis taken recently of a current trans-

former failure in a Priest Rapids transmission line terminus at lidway Switching

Station of 3FA.



In this incident th: arc causad Ly the failure of the current transformer tas properly
cleared but an oil fire znsued. The smoke from the oil fire cause an arc betveen
adjacent Aisconncct suitches soing to the 220 XV auxiliary Lus (vhich was encrzized).
TFigure HIII (Appendix 3) clearly shows that an arc did indced form between the dis-
connects which were in the zosition showvn, Tha spacing between the disconnects ie
approximataly 12 £f= feet. The szcond arc was at first a sinsle line to sround (12
crcles), then for a tire was line-to-linz to sround (1 evele), then was a linc to line
to line to ground (15 eycles) faulr. Ielarins failsd to clear the fault properly,
normallsy C cyclcé, allouins the fault to rmmair x cveles aﬁd cauging th= voltage on th:

iiddwar Lusses £o dron below 30 XV (nonin 230 V). all Tanford reactors secrarmed.

.

The scecond incident wras in no rray connecited with the april 5 trouble but the impact of
the lat:r occurrence on the analvsis of the first casc cannot be ignored. I certainly

illusiratzs the Trumble amiom that in dealing with nuclear reactor cafety anv system

i'nc\'pA'\‘o\e.
EMAT Ot

e
imnlicatews nwust be judzed on the basis that an incredible secquence of

events can occur at anyvtime.

ZFFLCT 01! JIANFORD SYSTEL

The oscillogzrams of the fault of April 5 was obtained and enlargzed to study the tran-
sient portion. TFigure HIV shows tihe actual oscillogram trace and Figure iV the blown
up portion. It is apparent that the fault was on lo. 2 line with a current crest of
appronimately 5CCC ampercs. The official report of the incident describes the fault

as follows: "3y examination of the oscillograph charts from Hidway, it was determined
that the fault on the llo. 3 line was a double (3 and C) nhase to ground fault., This is

. ‘ .
the first doublzs nhase to sround fault in the history of the Hanford system operatlons"("

The lidway log is not in acrecment with the stateunient above. a4 transcrint of the April

~

5, 1962 entry from the llidway substation log reads as follows:

3§07, A 36, Hanford Wo. 3 line relayed and reclosed.

-

Targets: GCi 3 nhase Z-1, Carrier,



Carrier Ghd., Inst. Gnd. Overcurrent,
Jii Annunciator 3,00C amns or over.
236 - 7.5 = 15C (12CO arps)

Ji. on A

Jiioon & 114 - 5 x 12C (O0C anps)'

"

'*he emphasis on the simnificance of the doublec phase to ground fault, supported by
tentuous evidence, is not understandable here. Any transmission line protective relay
systen st guard against single line tc zround (zero szquence), line to line (negative
secuence), linc o line to line (positive sequance), and various cormbinations of these
tvp:s of faults. It is true that avsroxmimately 7C per cerﬁbﬁ all cower system faults

ne to ground (negative

,(13) i

i

ar: line to prouand (zero sccuence), ten per cent are couble 1

(0]

anc zcro scquence) and only five per cent are 3 phase (positive cequence)

&

th the

rermainine fiftcen per cent of wvarying combinations ol these.

The capabilities of the GCil-15 rclays which protect.transmission lines lio. 1 and 2
are as follovs:(c)
"These dircctional distance relays meet the prezsent-day demands for high speed
nrotection of transmission lincs. They operate on reactance and, therefore,
arce universally anplicablz to all lines, even very short lines where arc re-
sistance can apprcciably affect distance measrement. They are normally used to

protact cither singlce or parallel transmission lin2s against phase to phase,

three nhasc, and double nhase to sround faults)When so used, line-to-line

sotentials are emploved on the relay units. 3y using GCI r2lays energized
e -‘- - n - . - — > )
fron line-to-¥Q neutral potentials, protection can be provided against

sinnle-phasc=-to-zround faults" (EMP\\&S‘\'& ‘OFP\:.A)

The canabilitie £ the Xtyne GCI 17 rclays which protect transuission line Ho. 2

‘ a 2 as follows:

WTwse GCo relays inctantly isolate faults occurring within the nrotected



zone, operate in a short (intemediatz) time on faults on the noxi section,
nd in a longer (back-up) time on faults in otiicr sections to which it is
desircd to sive back-up »rotection. The types GCI17:4 and GCX 172 relays provide

this characteristic 3-step, timz distance protection against three-phase faults,

rhase-to-phase faults, and double phase~to-sround faults.!

.
&

The e

r')

cords siacw that duriag the fault line ilo. 1 was feceding 12CC anvxrcv)aﬂa lio. 2

line 5CC ampcre%,into the fault. 3reaker bank lo. 4-285 was also carrying 8CC amperes

and was ncarer to che fault than 4-2355 but did not open.

O

In the second case on July 1C the current on the :three transnission lines seeme to

have Leen Jo. 1 line, 150C amnercs; ilo. 2 line, 12C0 auperes; iJo. C line, 120C ampercs.

T

ilone of tic Lrzakers protectinsg these lines oneratced even thouzh the sccond phasc of

2334

the fauli: was sustained for about 20 cycles. The GCI rolaye concernzd in this second

. :

and sinilar case did not malfunction as nostulated in tiz april 5 cass. The inevitablc

conclusion ceems to o that tha velaying system cannot be dopended upon o clear the

1,

TIATIC systein preciscly in a planned and timely manncor by rcason of #ither maladjusctuent

or inconsistent mallunctioning.

e b s
encenc o

iy
e,
]
o)
3
~~
(6]
o
o
2
]
n

had Leen awvailalls am arril 1, 10720, =lhien such a rerformancs "ould nave nullified the

== b

advantazae.

It vas mentioned ezarlier that all rcacto:qécrammed pronerly and none had to o to th:

4

last systenn, Come eloctrical malfunctions occurred at some of the

e} (15

reractors nicely sumariced <$wwTlogers:

.
[N
[H]
cr
o
-
=
o
G

tertiary (

"he rost significant cquirment maliunctions were: (1) slow load pickup by one

voilnr in 184-D, (2) failurc of automacic transfer to emergency clectric powcr at

103-3, D and 7, (3) failur= of turbine driven cxhaust fans to start automatically



at 105-D and 1 and failure of suply air ventilatinz damper automatic closure

at 105-11; and (&) failure of loop KER-2 to durp automaticallwy.!

In additien te the above :xergency pover €4 € building was not autcmaticall:
ccaure of a circuit breaker malfunciion. The 3, D and T failurcs ver:
desizgn error iIn the rilayin~ -~zovided by Troifect CCI-C31. Tromnt and

a~cressive action szume to have been zakien to correct these malfunctions.
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FIGURE IX
TOWER NO. 1, LOOKING UP AND NORTH FROM TCWER BASE




TOWER NO.2, LOOKING UP AND NORTHEAST FROM TGHER BASE
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FIGURE XTI :
CORE OF FAULTED HAEFELY CURRENT TRANSFORMER .-
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IRRADIATION PROCESSING DEPARTMENT

GENERAL @D ELECTRIC —

RICHLAND, WASHINGTON

May 12, 1961

S. 4. Graves, Supervisor
Process Engineering
PROCESS TECHINOLOGY OPERATIOK

BPA VOLTAGE FLUCTUATION

The electrical cross tie across the Cascade lountains, connecting castern
and western Washington in t..e ZPA power grid, was out of service for main-
tenance on Wednesday, ilay 3. 2ecause an overload condition develored in
the Seattle-Puget Sound area, electrical circuit bLreaxers began parting
on the Portlard-3Seattle part of the grid at CJCf. A4s this transient corn-
dition progressed, the portion of the total lcad carried by Priest Rapids
and Coulee Dam shifted.

While ti:e electrical grid in eastern Washington remained integral, tle
load s.uift vetween Priest Rapids and Coulee Dam caused a voltage fluc-
tuation and a very slig.t freguency dip. As recorded at llidway, the
freyuency dipped momentarily from 6C cycles per second to 59.5 and tzen
back to €0 cycles per second. Thae root mean sguared voltage in the HAPO
locp dropped from 230 KV to 216 KV and then overshot to 24C KV before
stabilizing back to 230 KV.

In spite of no critical power situations existing in the HAPO 230 KV
loop, all of the reactors had indications of the voltage fluctuation.
Of tue seven operating reactors at the time, only H Reactor was immedi-
ately scrammed. Investigation disclosed the following conditions were
observed at the reactors at the time of the voltage fluctuation:

105-H - The control room lights dimmed momentarily, and numerous
annunciator panel lights lighted, including the "normal drive HCR" annun-
ciator, the "3X phanocharger" annunciator and the "instrument supply"
annunciator. While the preceding annunciator lignts were srpecifically
observed, there is a definite possiblity tnat others may have been on as

well.

The reactor operator noted that the HCR's nad not moved, so he immediately
started to reset the annunciator panel. Simultaneously, the control room
lignts, which had dimmed momentarily, brightened greater than normal and
each of the four "Deckman 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 scrammed.

Very shortly after the trip on 37 row, nwnerous otner row relay lights
lighted on. 2 row and above. A rapid survey of the Panellit board

DECLASSIFIED
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revealed no geuges resting on a trip point. Preparatory to making the
hot recovery, two successive 10 psi TORP reductions were ordered and the
Panellit board was reset.

Examination of the flow recorder chart, after recovery, showed that the
flow abruptly dropped avout 1iCO gpm at 0907, acd slowly lost an additional
1CC to 200 gpm over the next minute. At 0YlC the chart siiows that the
flow was starting to increase again as the two successive 1C psi TORP
reductions reduced flow another 2000 gpm. As the reactor went critical

at 0917, the TORP was progressively increased until the flow was back to
the pre-scram level.

105-F - The reactor was operating wher the power-supply incident cccurred.
Annunciator lights indicated a 190-F Power failure; though other than a
momentary slight loss in flow, there were no other indications of failure.
The reactor continued operating witiiout incident.

105-D - The reactor was operating when the power-supply incident occurred.
Several annunciator trips were received, but all were reset ilmmediately. A
nomentary loss of 35 psi TORP was noted.

105-DR - The reactor was operating when the power-supply incident
. occurred. Several annunciator trips were received, but all were reset
immediately. A momentary loss of abouc 1000 gpm was recorded.

105-KE, KW - Both reactors were operating when the power-supply incident
occurred. Various annunciator trips were received at both reactors, but
all were immediately reset. A loss of about 3000 gpm of flow was recorded
at each reactor. An 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 24 hours after the incident, the reactor was
scrammed when a VSR dropped into the reactor, tripping the SNM relay,
giving & 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 time of the BPA power incident.

/
105-B - The reactor was down at the time of the power-supply incident.
Process water was being supplied by steam turbine pumps, with the electric
pumps set on recirculation. Power was lost to five of the electric process

punps.
‘ Assimilating the observations at all of the reactors, the following con-
clusions can be reached.

.
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1. Probably all of t.e reactors received "Beckman trip" annunciators
because of t.ie 0.5 cycle per second frequency 4dip.

[}¥]

In all probability, H Reactor was not scrammed b a 3Beckmen trip in
spite of wnat the annunciator panel showed. Tne reason for t:is 1s
taat all of t.e Beckmans are designed to allow as much as a 2C cycle,
1/3 second) ?requenCJ dip., In contrast, the relays in the annunci-
ator circult allow no such delay.

3. In all probability all reactors, as well as F, probably received a
"Pover failure” annunciator lignht. However, as in the case of the
Beckmens, there is built into the power failure relays a provision
for up to a 2C cycle frejuency dip. Again, owever, there is no such
freguency dip provision in the relays in ti:e annunciator circuit.

L. Practically as a matter of certainty, H Reactor was scramned by a
low trip on one of the 25-75 Panellit gauges on 37 row. The following
analysis will szow tals reasoning:

Total instantaneous flow reduction 1200 gpn
Individual tube flow reduction 1700 gom

1:C0 tubes
‘ 1 gpm/tube
The equation governing flow through the venturis is:

76\, H—P

Rearranging, F2 = (2.76)° (PFH) - (2.76)2 (Pp)

il

]

Then, t:e total Panellit pressure deviation is given as follows:
de: P dar + P
Fry OFFH Jp

Performing the indicated differentiation yields:

ap, - —l:éF.—:’é)E] aF + [1] apry

Assuming a typical tube flow of 45 gpm, and & Pry reduction of 35
psig due to the 35 psig TORP reduction:

app = -[g_()ié” (- 159___>+11J -35 psig)

tube

® | dPp = 90 - 35 = -23psig
7.6




84—5000—002

IRRADIATION PROCESSING DEPARTMENT

seNerAL & ELecTRIC -
® ,

DECLASSIFIED

RICHLAND, WASHINGTON

- b -

Thus, if any 10-9C Panellit geuge was initially operatingeat less than
33,  or any 25-75 Panellit gauge was initially at less than L, tie
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
wnich reg.larly operate at between LO to 50.

In conclusion, the scramming 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 remaia unavoideble any time a sudden TORP or flow
reduction occurs. The solution to this situation is elther to replace
the 25-75 gauges with 10-30 gauges or to pre-set the 25-75 gauges to
read higaer. Unfortunately, reither solution is wholly without compro-
mising drawbacks.

\
C"/»/'_/.'

B. R. Cremer
Process Engineer

BRC:rb

ce: AP Vinther
File
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PRELIMINARY OBSERVATIONS OF REACTOR TRANSIENTS
D ILECTRICAL PO ON _OF MAY 1

A number of observations vere made during the pover reduction of May 3,
1961. They include:

1. Riser pressure reduction of approximately 35 pei.
2. Flov recorder reduction of approximately 1000 gpm.
3. 16 point recorder temperature increase of .5 degrees (very questionable).
4. Apparent pover level reductions shown by deviation recorder and Beckmans.

Probably the best measure of what really happened is the riser pressure
recorder since,

l. The riser pressure is not subject to changes in instrument voltage.

2. The flov recorder is phase sensitive and cannot be relied upon to give
a true measurs of flow with abnormally lov instrument voltage.

. 3. The 16 point recarder cannot be relied upon to give a true measure of
rapid ocutlet temperature changes because of the slow response time of the
., ‘tbhermocouples. The present couples tied into the 16 point recorder may
7 take from two to five seconds to respond. In addition, the .5 degrees is
\ very questionable because no indication wvas noted on the recorder strip
| chart at the time of the power reduction. Changes in chart speed made
since the pover reduction make an "after the fact” examination of the

charts practically a guess.

4., A slight flow reduction will not cause any appreciable change in reactor
power level. Indications of level reduction by the deviation recorder and
Baclkmans result from reduction in instrument voltages rather than actual

power level changes.

Even the riser pressure reductidn may not be completely sccurate since there

may be a certain amount of overpwing by the recording needle. In addition, a
nomentary pressure reduction mey not result in a significant flow reduction because
of the inertia of the wvater in the piping system. The indicated pressure reduc-
tion vas about 35 psi vhich would correspond to a total flow reduction of about
2500 gpa. The resulting incresse in bulk outlet temperature would be about
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2.5 degrees, hovever, because of the possible riser pressure recorder
overswing and fluid inertia, the actual bulk temperature increase vas
probably less than 2.5. In any event, the water temperature in the
downcomer was still below saturation temperature,

Gene Blanchette is examining the 190-pump transients more closely and expects
to have a more detailed picture in the near future.

A. Russell
Process Enginsering
RESEARCH & ENGINEERING SECTION

AR:mf

cc: SM Craves
. A Russell-File
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RESTRICTED DATA DISTRIBUTION

This docuwent containe restricted data as l. DS lLewls
defined in the Atomic Bnergy Act of 1954. 2. JL Benson -
Its transmittal or the disclosure of its 3. SM Graves:
contents f{u any manner to an unauthorized k., AK Hardin
person is prohibited. 5. RW Reid

6. HG Spencer
September 27, 1960
D. S. Lewis, Acting Manager

D & DR Reactors Operation
IRRADIATION PROCESSING DEPARTMENT

TRANSFORMER BURNUP INCIDENT AT DR

Ref: (1) Letter from JL Benson to SM Graves, "Transformer Burzup
Incideat at DR," 4/25/60.

(2) Letter from DS lLewis to SM Graves, "Transformer Burnup
Incident at DR," 6/10/60.

(3) Personal notes of S8 Jones.

We have looked into the nuclear safety implications of the subject and
silmilar possible incidents and bave reached ihe conclusions that there are
60 auclear safety implications in any credible incident or action that
causes trip-off or shut-off of primary pumps. In this context, "nuclear
safety” excludes the effect of a bulk temperature surge. The problem of
iemperature surges from this cause will be discussed later.

Our main concern as regards nuclear safety in this type of incident vas
whether or not the fev main pumps left running would cavitate and vibrate
80 badly as to endanger the water piping. We find that tests which simu-
lated conditions of interest in 558 p?nsc vere run several years ago. The
conclusion from the test observations{3) is that the vater piping is not
endangered.

As regards the damage of pumps frem cavitation during such incidents, we
belleve thut mamnual action of the operators can be reliled on to limit che
duration to an acceptable period. After all, such incidents will be quite
infrequent. It may be that some operator education is called for in this
area, both from the standpoint of what to do after something huppens, as
well as on not initlating such cavitation inadvertently. We have not tried
to determine whether or not such educativn is now adequate, considering this
to be the responsibility of Povwer Management. In any event, we believe that
such education, if needed, would be adequate and likely preferable to
installation of sutomatic devices.

T
DECLASSIFIED
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D. 8. Lewis September 27, 1960

As regards t:e bulk cemperature surges resulting from this kind of incidant,
a division into two types of causes may be made:

1. Incidents .n wnich the puwer luss relays Initiate scram.

2. Incldents which power loss relays did -ot initate scram and scram ls
initiated by the Panellit system.

The f.ra- type can never be more severe than a BPA power failure, and it is
properly allowed-for by present bulk cuilet temperature restrictions.

The secound type may or may not be a little more severe than a BPA-caused surge,
depending on Panellit trip settings. Included wiih this second type should be
operator error im hanollng the discparge coie valves, as well a8 nadvertent
cut-off of pumps. We believe that the presently assumed surge magnitudes and
frequeacies, in bulk limit calculations, pruperly allow for inese possibilitiecs.
Reactor Engineering concurs in this view, We th.nk the frequency of this type
of incident is extremely low. This does not wean that every reasonable effort
should not be made to preveun: tiese incidents., Again, a8 suggested above, we
believe the main preventive measure should be operator education, if this is
not now adequate.

We have done some thinking about automatic equipment to keep the ope.avor from
turuning off pumps or closing d:.scharge valves, when they should not be turned
off or cloased. We have Lot cowe up with any workable ideas, but there may be
some. We do not think there i3 much Justificat.oa for such equipment, and do
not plan any further action, but you may wish to ask one of the engineering
groups to try to come up with a relatively inexpensive solution. {f e uope this
ansvars your questions on this matter. If it Joes not, please coantact me at
your convenience,

ORIGINAL SIGNcT ¢

H. G. SPENCER

Supervisor, Process Analysis
Research and BEngloeering Sectiox
IRRADIATION PROCESSING DEPARTMERT

HG Spencer:mf
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M\&. Graves, Supervisor

Process Engineering Unit

190 PUMP 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 Panellit pressure of any tube decreased 10 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 5°C or more and this
increase could not be ascribed to normal heat shifts or power
increases.

On January 25, 1960, additional gauges were cbserved 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, which 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 would 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 through and
around two sets of 8-mesh screens and entered process tubes.
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The pump discharge line screens and the near crossheader screens
do not fit snuggly.

3. 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.

. [ ocess Engineering Unit
JD Agar:md
cc: KW Reid
JD Agar-LB
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190 RIMP INCIDENT - D REGCTOR
On Januaxy 15, the number ssven electric process pump located in 190-D incurred

severe damage vithin an hour after being placed on the line. The damege, grinding
damage to the interatage sleeve and drive shaft, was not noticed until after the

pump was removed from service. The reason for removal was over-hesting of a main
bearing.

Since the interstage sleeve is in direct contact with process wvater, the posaidility
of metal particles flowing into the resctor was eminent. This possidility was
realized vhen about 19 Penellit gauges located on the nsar side of the reactor
indicated partial upstream flow plugging shortly af¥er the pump was placed on the
‘ line.
Action Taken
The plugging problem was discussed on January 18 and a decieion was mede to continus
operation with the added restriction of monitoring all tubes with indicated partial
plugging. A recommendatiocn was msde to the effect that the reactor was to be shut
down 1if ocne of the folloving items occurred:
1. The Penellit pressure of any tube decreased 10 psl or more from the
corresponding pressure as recordsd ca 1/18/60.
2. The Panellit pressure of any tube incressed 20 pasi or more from the
corresponding pressure as recored on 1/15/60 (8 a.m.).
3. The tempersture of any tube increased 5°C or more and this increase
could not ba ascribed to normal heat shifts or powver increases.
On January 25, 1960, sdditicnal geuges were cbserved to indicage partial upstream
. plugging. In complying with recommendation (1) above the resctor was shut down.

Damage Survey
During the outage the reactor flow supply piping on the nser side of the reactor vas
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thoroughly flushed and examined. The dameged mmber seven pump fed only the near
side of the pile and all indicated plugging was on the nesar side.

The two screens in the pump discharge lines were removed and clesned. Stesl
particles about 1/8 inch diamster wers found in the screens. All near side cross-
header screens were removed and clesned. Swmall rectangular steel pieces, high
carbon alloy steel, ebout 1/16 inch on & side and stainless steel welding bud
perticles, sbout 1/0 inch in dismeter were found in the screens. Two crossheader
screens, 16 and 1 headers, wers found to be severely demaged. It was also found
thet the screens did not fit mugly because of missing o-rings.

All venturis and orifices, from tubes listed as partially plugged, were removed
and the upstream screens cleaned. Small steel, alloy steel, pearticles 1/16 inch
and smaller were found lodged in the scresns and croes hairs.

A metallurgical examination of the various particles revealed the two types of
material, the high carbon alloy steel and the stainless steel welding buds.

Damage to the pump drive shaft and interstage slseve was extenaive. That the

smmll steel particles came from the shaft vas fairly conclusive from the metalliurgical
examination discussed above. Information points to the fact that the pump failure

vas cuased by an inherent fault in the design of the pump shaft and interstage

seelve.

Conclusions

Since the outags of Japuary 25, 1360, about ten more Pansllit gauges have indicated
slight upstream plugging. The affected tubes are randomly located in the pile and
plugging is very alight. This would seem to indicate that the pils coolant flow system
vas not completely fyeed of mstal perticles. Also, aince the near side screens

vere examined and cleaned, larger particles (greater than 1/16 inch) mmt be
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entering the crosshesds== "
--aioving conclusions can be drawn from the investigation, to date:
1. Metal particles from the demaged pump shaft did get through two

sets of 3-mesh soreens and entered scme process tubes.

- 8TOund the screens.

2. The pump dischurge lins screens and the nesxr crosshesder screens
do not fit snuggly.

3. Stainless steel welding beeds are present in the coolant piping and
ars continually breaking fwee.

4, The two header screens that were dameged showed signs of continual
hamnering by large metal particles.

5. The coolant system is not yet free of all mstal particles large snough
to cause plugging.

. 6. A further study should be mede to explore possible corrections to the

coolant flow system and to possidbly make a P.M. chack of part of the
system mandatory.

J. D. Agar
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January 19, 1960

J. T. Baker, Manager (2)
D Processing Operation
D-DR Reactors Operation

190-D PUMP INCIDENT

The following letter refers to the 130-pump failure on the swing shift of
1/15/60 at which time partial plugging was noted in about 19 tubes at D Reactors.

It ls evident that the plugging, upstream of the pressurs taps, is caused by
iron and bronze particles collected in orifice screens.

It is recommended that the reactor continue to operate provided the following
steps are taken:

1. All tubes that have 10 psi or more decrease from the Panellit pressures
as recorded on 1/15/60 (8 a.m.) should have outlet temperatures and
Panellit pressures recorded at lsast twice a shift.

2, All orifice tubes on the near side of the reactor (from colums 51 thru
74) should have Panellit pressures recorded at least once a shift.

3. The resctor be shut down inmediately if any one of the following occurs:

a. The Punellit pressure of any tube decreases 10 psi or more from the
corresponding pressure as recorded on 1/18/60.

b. The Panellit pressure of any tube increases 20 psi or more from the
corresponding pressure as recorded on 1/15/60 (3 a.m.).

c. The temperature of any tube increases 5°C or more and this increase
cannot be ascribed to normal heat shifts or power increases.

The above P.nellit pressure stipulations hold only for 7-pump operation. In the
event of S-pump operation a nev datum plane must be picked.

The recommendations should hold until 1/22/60 at which time the situation will
be revaluated.

All suspect header screens and orifice screens should be flushed and clesned during

the next outage.

Process Engineering Unit
Research and Engineering Section









