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Performance-based instruc: mits (IUs) are attached to the less
plan as student handouts {ter the lecture on Loss of Class 1E
Electrical System. the student should be givea adequate self-study
time for the IUs The instructor should direct selif-study activities
and be available to answer . 1ons that may arise concerning the 1
material After self-stud the student will perform, simulate
or discuss (as identified . he ister signoff criteria list) the
overed in the instructiong the presence of an evaluator




LO-LP-60 3-01

Following complation of this lesson. the student will possese thoge knowledges

systematically identified for the performance of Loss of Class 1E Electric System
tasks.

11 LIST OF OBJECTIVES:

1. State the immediate operator action i1r7uired on loss of 1E electri-
cal systems, AOP-18031. Include RNO ad substeps of the immediate

action.

2. Describe why the affected train diesel generator must be te ipped
following a loss of one train of 1E electrical systems.
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LESSON OUTLINE . NOTES

INTRODUCTION

AOP-18031-C, loss of Class lE Electrical Svstems
addresses the loss of one train of either 4160VAC
or 4B0VAC Class 1E electrical system

Present Lesson Objectives
PRESENTATION
Symptoms
Loss of off-site power to one train of 1lE elec-
trical system (1AA02 or 1BAO3) concurrent with
diesel failure to tie on same train
Electric fault on 1AA02 or 1BAO3
Loss of one train of 480V Class 1E powe y
Immediate Operator Actions Objective 1
If loss of a 4160V AC Bus., then

Trip the affected train diesel generator
"

s RNO

1) Dispatch a PEO to shut down the DC

DG will be operating without cooling unless

power 18 restored to 1E bus which supplies

NSCW pump DG will be damaged if operated Objective 2
without cooling water

This step assumes that the diesel generator
in the affected train is perating without
NBOM cooling due to lack of power to NSCW
A

The step alsc assumes there is no means of
readily restoring NSCW in & timely manner

The purpose of this step is to prevent dam-
age to the diesel generator due to over-
heating

Subsequent Operator Actior

Verify running or start the Liowing components

Two NSCW puaps




LESSON OUTLINE:

MDAFW pump if AFW 18 initiated
hiller

Depending on plant conditions at time of
los f 1E, some or all of these omponents

w'1ll be operaling in the non-affected train

The purpose of this step is to ensure ade-
quate system and component cooling for in -
tinued plant operation

[f the listed components are not running
and cannot be started, the RNO actions 1i
rect the cperator to procedures or to take
actions which will compensate for the
deficiency

RNO: Initiate appropriate AOJ

Verify the unaffected train Class 1F 480V switch
gear (listed n procedure) is energized

The purpose of this step is to ensure the
unaffected bus is fully energized

The load centers may have tripped from
perturbations generated by the loss of
the Class 1E train

1f any load nter on the unaffected
train has t: ittempt to restore

power to

Verify the listed M . the non-affected train
energized

The MCC (caters # unaffected train may
have tripped from . hations generated by
the loss of the

f 1ABB is de . | emergency bora-
ion valve & . he 1noperable

from the
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LESSON OUTLINE

NOTES

RWS1

Normal boration path

1) Dispatch an operator to restore powe r
to the MCC

Verify 125VDC battery loads less than listed
limits

The four batteries listed in this step are
omponents of the 125VDC ESF systems

1) The systems provide source of contin-

uous power for ontrol instrumentation
and DC motors

The battery chargers in the affected

train will be inoperable and the bat-
teries subject to discharge

The 125VDC batteries are the only sup-

pPly to the 125VDC loads and 120VAC
instrument power

i

g & .
1) 8 determine selective stripping

t ome boric acid transfer pump

This is @ conserva e measure designed to

ensure thet borat apability is present

RNO

No¢ boric a mg perable and bora-
tion is req . then becrate from RWST

Start one reactor




ITI. LESSON OUTLINE

This is a

ensure makeup capability
ENO

[f Rx makeup water Pump 1s inoperable
ensure chg pump suction shifts to RWST
when VCT level falls to the low= |l ow
"‘kr; BO"ln int

initiate applicable Tech pecs
Repair Ffaulty equipment

verify fault condition is
the affected bus

leared and restore

Restore the affected buses

This step will result in a V1 FHBI, and
CRI actuation

Restore DG for auto start

[f DG output breaker did not close on
undervoltage bus and offsite power is

available, the sequencer will need to be
reset

Restore affected train components
13 Return to procedure in effect
SUMMARY

Raview Objectives

STATE THE IMMEDIATE JFERATOR ACTION REQUIRED ON
LOSS oF 1k ELECTRICAL SYSTEMS AOP~18021
INCLUDE RNO AND SUBSTEPS OF THE IMMEDIATE ACTION

Trip the affected trai diesel generator
DESCRIBE wHY THE AFFECTED TRAIN DIESEL GENERATOR
MUST BE TRIPPED FOLLOWING A LOSS op ONE TRAIN OF
1E ELECTRICAL SYSTEM:

‘he diesel mav be damaged
cooling water

perated without
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LO-IU-60323-001-01; Respond to Loss of Class 1E Electrical Systems

PERFORMANCE OBJECTIVE

siven a8 loss of Class 1F trical Systems, respond

trical Systems

liesel generator must he tripped Unaffected

train components must be
erified running or started A boric acid

transfer pump and a react t
makeup water pump must be started Required Technical

specifications must
power must be restored t

conditions allow wWhen Class 1F
generator must be aligned for

met The affected bus must be restored and
affected train omponents as plant
trical Systems are restored. the diesel

automatic starting All communication and activities must be performed ir

Ll

accordance with current. approved procedures

INFORMATION

Possible causes ot a loss of one

train of Class 1E electrical power
include

Fault on 4160V AC Class lE bus 1AA02 or 1BA03
Bus feeder breaker failure
respactive diesel generator
Loss of a reserve au:iliary

with subsequent loss or failure of the

transformer (RAT) with subsequent loss
failure of the respective diesel generator

This instructional unit Rddregses the first
feeder breaker or loss of @& PAT should not
because the diesel

cause only Failure of a bus
result in a loss of a 1E bus
generator should re-energize the bus
lass 1E bus, the feeder breaker will

generator breaker will be locked out

For a fault on a
trip and lock out, and the diesel
because of the bus fault,

SYMPFTOMS OF A LOSS OF ONE TRAIN OF CLASS iB ELECTRICAL POWER AS A
RESULT OF A PAULY ON 4160V AC CLASS IE BUS

ol

Symptoms inc“:

] 4160V SWGR "1AA02 (1BAO3) TROUBLE annunciator
2 Bus 1AA02 (1BAO3) voltmeters ammeters. and phase potential lights
indicate that the bus is dr-energized

SEQ A (B) TROUBLE annuncia .or

DG1A (B) GENERATOR TROUBLE annunciator
DG1A (B) HI TEMP JACKET WA"ER OUT annunci
DGIA (B) HI TEMP LUBE OIL- W annun

Train A (B) inverter and better:

!

wuble alarms
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SYmptoms 1 and 2 should be present with a loss of one train of Class |
electrical powe v Symptoms 5 and 6 indicate that the d

‘,Lr"\J“ rREnNerar ¥ 11
the affected train is Operaling without NSCW ooling due t wercurrent

ckout of ite generator breaker Fhese symptoms will

probably not appear
immediately

edure 18031 "loss f Class cal Systems ., " is

symptoms of a loss of one train

lass 1} electri al
a fault on 4160V Ar Class bus 1AAD2 or 1BAO3 are

f this procedure are to protect the plant and
ipment, verify that the fault has been leared, and restore the affecte
equipment as required by urrent plant mditions Notr tiat this

procedure addresses onlv one possible cause of a lossg « 148 1E train
ther events may not result in wvercurrent lockout of esel generator

breaker Also note Plant Vogtle Procedure addresses & 1o of omw

train
Llass 1E electrical power only: Plant Vogtle Pi

cedure 1910¢ 08§

Power." provides actions to respond to a loss of bo

al power

NOTE: If 120V AC vital instrument panel 1AY2A (1BY2BR)

is being powered
bv its associated «80/120V Al

regulated transformer, the ESF sequencer
for that train A (BR) 1 be inoperable

. A0\

NOTE: Step 1 of Plant Vogtle Procedure 18031 is an inmediate operator
aCction

RESPOND TO LOSS OF CLASS 1E ELECTRICAI SYSTEMS

rip the dxesek_g»neratur in the affected train
[rip the diesel generator in the affected

= train by 19prv&sxng both

EMERGENCY STOP pushbuttons

r

This procedure Step assumes that

The diesel generator in the aff. | ¢ iN 18 operating without NSCW
ooling due to lack of power ! S f the

breaker {(sutomatic closure)

NO means of readily restor ing

lockout of i{ts generator

The intent of this procedura steg

lamage to the diesel
generator due to overheating [T depr, both

EMERCENCY STOP buttons
train, dispatch a PEO te

panel

@

fails to trip the diesel generator v uf '

locally shutdown the diesel at the

NOCTE: A trip (or fat

g feeder breaker from a
RAT will result in

ure of the respective
liese] generatoy !

e bDreaker manually
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you will have no means of insuring that the fault that caused the
normal tncoming feeder breaker to trip has been cleared

Ensure the appropriate equipment is running on the non-affected train,
Verify running or start the following components in the non-affected train:
1. Two NSCW pumps

Two COW pumps

One CCP, if PD pwrp is inoperable

One ACCW pump

Motor-driven AFW pump, if the AFW system is initiated

ESF chiller

N e W

Depending on plant conditions at the time of the loss of the train of Class
1E power, some or all of the non-affected train components listed above may
be running. The purpose of this step is insure adequate system and
componient cooling for continued plant operation.

If two NSCW pumps in the uneffected train cannot be started, inadequate
cooling of the ACOW is possible; initiate Plant Vogtle Procedure 18021,
"Loss of Nucle.c Service Cooling Water."

If two COW pumps cannot be started, initiate Plant Vogtle Procedure 18020,
"Loss of Component Cooling Water." The availability of cow pumps is of
particular concern if an RHR cooldown is being conducted and the spent fuel
pool hac heavy cooling requirements.

If the PD pump is inoperable and a CCP cannot be started, charging flow to
the regenerative heat exchanger and the RCP seals will be lost . Initiate
Plant Vogtle Procedure 18007, "Chemical and Volume Control System
Malfunction,™ Section B, "Loss of Charging Flow."

If an ACOW pump cannot be started. initiate Plant Vogtle Procedure 18022,
"Loss of Auxiliary Component Cooling Water. "

If the APW system is initiated and tie moror-driven pump in the affected
frain cannot pn started, verify that the turbine~driven AFW pump is
operating. "

" -
If the ESF chlilot in the non-affected train is out of service, containment
cooling could become & concern. Restore the chiller to operation.

Verify the non-affected train is fully energized.
Verify that the Class 1E 4BOV load centers in the NON-AFFECTED train are
ene’ -ized:

Train B Train A
-- 1BBO6 -~ 1ABO4
~=- 1BBO7 ~-=- 1ABOS

1-3



- 1BB16

(he purpose

19
& fully

that

Verify
alarms are
Train B

-~ 1BBA

-~ 1BBB
LBRC

I BBD

BBE

1BBF

A wi

th the

vhich loads

LO-1U-60323-001-C1; Respond to Loss of

INB1O

tripped from

Of this procedure step is to insure that the non-affected bus
energized Load centers in the non-affected train mav have
perturbations generated by the loss of the Class 1E train I f
enter on the non-affe- te train has tripped, attempt t restore

'h!" \ ad

“heck vercurrent relavs reset
heck the load center overcurrent lock=out relay reset
Attempt one manual reclosing of the load center 480V A feeder

Dreaker

present

train may have tripped from perturbations generated by the loss of the
lass 1E train Dispatch an operator to attempt to restore power to any
MCC that is not energized Attempt one reclosure of the 4BOV feeder breaker

from the respective 480V load center

heck battery

Verify that
-~ 1AD1B

-= 1BD1B:
1CD1B

-= 1DD1B:

The four batteries listed in this proced

ire step are components of the 125V
DC ESF systems These systems provide a source of continuous power for
ntre instrumentation, and DC mortors [he battery chergers in the
\ffected train will be inoperable, and the baticries will be subject t
rapid discl.arge This is of part AT ncern because the 125V DO
batteries are the only components § ving 125V DC loads and 120 VAC
inatrument power If the loads on the batteries exceed the limits establi-
shed above, notify the shift super The shift supervisor will
letermine whether ads can be strippe trom the erloaded ba“teries and

Class 1E Electrical Svstems

IAB1S
INBO]

ente

the MCCs the NCN-AFFECTED

QEA

in train are energized (nou trouble

on the
Train A
-~ 1ABA
~= 1ABB
1ABRC
1ABD
LABE
-= 1ABF

load centers, the motor control centers

in the non-affected

discharge rates.

125V DC Battery Loads are less than the following limits

290 amps (Train A)
290 amps (Train B)
100 amps (Train 2)
80 amps (Train B)

\s‘.i} be

stripped
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'IH'ﬂ"»’* 1;\,,!.-1'\
serable the e

isted abo

NOTL: Esmergency boration valve H\ 104 noperab trom the

te room 1 F M 1ABB is de energize nmring this pr ecdure

MCC 1ABB 18 inoperable and emergen

reqgquired ha;wi"’. Aan
perator to manuslly

Ensure mntr';s' «ﬁi'ﬂ' lf;v

start oue boric wcid transfer Fromg

tarting one boric wcid pump is a . mReEasure designed t
i}

0 insure
@t boration apability {s present ] ) it1on IS required AND no b ri

acid transfer PUBp 18 operable, open RWST charging pusp suction ve

SLArt one reactor make Up water pumg

Like procedure step ¢ the action taken

Reusure designed to {insure that make

n this rten 18 & mservative

i apabi ¥ I8 present

react makeup water pump annot be started, verify that harging

transfers to RWET on VOT
Systems and componen (s
initiate Technical Specificatio
initiete Maigtemance to repair fau) vipwent, if necessary

Verify that the fault cendition has b leared
alfected busses by initiating

and then restore the

\’Q"h  § i]d.’«' ¥ ‘t'l!‘
Procedures

4160V AC 1E Elec
"4BOV AC 1E Fle

re restoring the affecte

te and i{solate the fault
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6032300101 Kespond to Loss Class 1§ Electrical SYstens

rocedure 18013) addresses which the
me train of lass 1} electrical power
m 4160V A lass 1B bus LAADZ or 1BADY
Bus feeder by eaner failure with subsequent loss
respective diese) Benerator
[ & regerve auxiliary transformer (RAT with subsequent

' failure of the respective diegel kenerator

# the diesgel Renerat in the affected train tripped

Btie Procedure 180317

with a loss of one train lass 1E electrical Power, load centers
and motor control enters in the non-affected train may trip from
perturbations generated by the loss

8. True

Fulse

The relationship } etween 120 DC battery apacity and

lischarge rate is
firectly Proportional

- I'rue

t False
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I. PURPOSE STATEMENT:

s ’
eystemat)

Il. LIST OF OBJECTIVES:

Crioe why a significant decreasing RCH temperature
N & signiticant increase in RCE pressure is -
power plants,

CORnCers




EVENT REPORT, BER 4-86, LOBS OF POWER TO T

:

T ' e - (r ave
WL, LOE > TEL INTROL S8YS

TRANSIENT A SECO ON DECEMBER 26,

LESSON OBJECTIVES

ONCE THROUGH STEAM GENERATOR
MAIN BTEAM BYSTEM

MAIN FEEDWATER BYSTEM
AUXILIARY FEEDWATER BYSTEM

-~

RCE TEMPERATURE AND PRESSURE DUKING TRANS

PRESSURE TEMPERATURE LIMITE
MAKEUP/HIGH "RESSURE INJECTION SYETEM

a1

RUL BYSTEM RESULTING IN OVERCOOL ING TRANSIENT

1ENT
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lil. LESSON QUTLINE:

NOTES

[, INTRODUCTION

A, This case study focuses on the cooldown transient
#t Rancha Seco

B. Event

1.

10,

Co Prescnt Lesson Objectives

Tontrol power lost to the inteqgrated control
tystem

8., FReactor was at 76% power

Rapid reduction in feed 4)low
Heactor trip on high RCS pressure
Auriliary feedwater actuation
Steam atmospheric dump open

No integrated control available to
4, Auxiliary O;Od flow

b. Atmospheric dump valves

€. Eteg,

Repid cooldown

81

RCS repressurization due to §1 ¢low

Uncontralled cool down

11, PRESENTATION

A. Plant Description

i,

Babcock & Wilcox “WR
&, 967 MW electric
b, 2 loops
1) Once through SGs

€. Superheated steam systen

Dec. 2o, 1989

LO~TP-60991-001

LO=-TP-60991~002

LO=TP-60991-003



lIl. LESSON OUTLINE:

MEW syster wimilar

LAl Aary

Stean

teNOwater

14 B

systen

DL Systen

qtie

s M

dinates sgui

generated

iwater )¢

atmospheric

osition

Jroine b

YyD&A%S

position

,p
power to

\'.i‘.

indications go

Lose control of
contro

the
Frecursor Events
8imi vents
Rancho

Caused

tall to

"o

room

instrument

Rancho

|

LOosSs 04
similar

Crystal

Loss of

Sec

ntegrated
this event

ver

instrument

vaive

integrated

certain

control

steam dumpe)

coatrol

system

position

tO mid~scale

equipment from

noﬁ'ﬁutl..'

tystem
(198%)

Very

power




1ll._ LESSON OUTLINE :

RCS temperature 582 Ta

pressure 2150 peig

integrate contro

ot Control Power ir

413 loss of 24

grated control system

A, 1C8

Etartup and main

valves closed

Main feedwater

IC8 controlled auxiliary

trol

Atmospheric
position

3)  Btoam dump

Main fecdwater pumg
minimus speed

RCE tempera‘ure and

Resctor scram

1S sec. after init

OL systsnm

the

BN
vl control

demand signals went to

block

valves to

- mp

vaive open to

integrated Control Bystes

pPpower within inte~

1C8)

mig-scals

feedwater control

to S0%

valves closed

pedwater con-

mid-postition

valves open to mid~-

Rid-position

Speeds decreass to

Rressure increase

(tripped RIGN pressure at
at i o
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l. LESSON OUTLINE

[ o <

9. Buxiliary ‘..:w‘{.' initiated

{ Both mai teedwater Ve were manuail
tripped Dy operator pe” procedure
g ) QOI00OwW :.F"A
’ 3 ioment operators dispatch to manually
inse stoam dump valves (turbine bvpass
Of ooldown and Repressurization

8l initiatey

ately features control opens AFW valves full
Der
incicate FRIR water level goes cffscale | ow
perators take manual control of AW control
valves to reduce AFW flow and cool down effects
Steam butble formed in reactor vessel head
€6 pressure decreases to below condensaty pump

shutoff head ~ cond pumps beagarn feading BG an

additional 1000 gpm

Auto feedwater isclation on low steem line
pressure

RCS preswure increases due to 81 flow

PTS limite viclated (7.8, limits not viglated)

Atmospheric dump valves and turbine stesam dump
"

Dypass valves closed

Cperator error causes AFW valve to A gan to go
tull open

B gen AFN valve closed to 1/2 open

"A" AFW manual

isolation valve cor-ode and
jammed on full speed position
B" BG AFW contrul valve manually full closed
86 level go above 9%5% full

K | ) .

Flant has
) ) [ v
Incresscs
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._LESSON OUTLINE:  NoTEs

‘ 1t te
restart

in ‘4 Mminy

I8 have secured the cooldown by
recent fire protection mod

lowed closing atmospheric dump valves and
turbine bypass valves from control rooe

SDiems

on from MUT closed on safety fuatures actu-
4% reqQuired

Borated water storage tank valves openey as
reguired

Uperator recirc water to MUT teo reduce PCS
pressure increase

overtlows

‘Derator close suct.on from borated water stor-

They did not real
age tank

12e that the suc~
tion from MUY
closes on ESF
actuation

Makeup pump damage, l2ak occurs (o pump room

Uperators entered "primary water' flooded pump
FOGW wWithout protective gear to fsglate leak

SUMMARY
Fundamental Causes

Failure tn recognize the affects of loss of
POwer to the cantrel room and ingdiceting systens

Resulted in overcooling transient
DPelayed recover,

Plant and industry @xperience war not applied

Review Lesson Objectives
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LESSON OBJECTIVES

( REPLACE THIS PAGE WITH THE LATEST
REVISION OF THE LESSON OBJECTIVES)




VI. FIG'JRES
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Figure |
Once-through Steam Generator (Schematic)
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Figure 7
Makeup/High Pressure Injection System
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This case study material includes a description of
an actual evenr in @ nuclear plant for use in training
The material is prepared to enabie the reader (or
IAStrucior) to recognize and analyze the operationad
aspects (and "feel the reaiity”) of selected events and
o personally derive the benefit of analyting someone
¢ise s experience. The overail purpose is to help the
readers avoid a similar mishap (or be better prepared
f @ similar mishap occurs) in their plam

The case study approach is one method used
effectively by other professions w learn from the
€xperience of others. Maxy different approaches and
TEInRgs can be used with this method Examples
Incliude individual or group discussions in the
lassroom and role playing in the sivinlator setring
The objecrives to be ackieved Auring a case study
SAould be tatlored to the cudisnce. therefore, the
preparanon of questions is left for the wser since the
maierials can be used 10 meet multiple ovjectives for
VVYIRG cadiences. In preparing a case ftudy, the
Joliowing key zlements should be applied by the

presenter

® apgrecianon that the event occurred and has the
poteniial o recwr

& (he sequence of evenis (scenario)

W a compleie description of the evemt and factors
affecting the even:
8 an octline 10 emphasize understanding of the
event
¢ r@icanons that the event had occurred
' ocanses(s) of the evens
* Jactors that affected the severity of the ev-
lessons learned from the event
plant-specific cor rective actions to prevent
recrrence of this or similar events at own
plart
plant-specific actions to mitigate the severin
of the even: should it occur ar own plant

This case study material focuses on the cooldo
transierk sxperienced at Rancho Seco on Decembet

A

26, 1988, The material includes an event description
that covers major operator actions and equipment
failures related to the event. In addition, some

INSUUCIor aids are provided 1o assist the instructos




I. SUMMARY

LOnw ol power was lost 10 the integrated contro’
system, a non safety-related system, while the reacw.
Vas operatng at 76 percent power. This resulted in a
rapid reduction of main feedwater flow. “sllowed by a
reaclor trip on high reactor coolant Sysiem pressure
and automatic initiation of the auxiliary feedwater
system. Addiuonally, without integrated conuol
Sysiem power, auxdiary feedwater flow to the steam
generatons and steam flow timough the amospheric
Jump valve and turbine bypass valves could 9t be
controlisd from the conarol room Auxiiary feed-
water flow, together with this steam flow. produced

an excessive and rapid reactor coolant system cool
down and depressurization, sufficient to automatically
initiate the safety features actuation: system High
pressure uyection flow resulted in subsequent reactor
coolant sysiem repressurization while teniperature
was st decreasing

A detailed chronology of the event is presented in
Attachment A. Antachment B is a description of the
key plant systems that were involved in this event
Attachment C describes earlier events that had lessons
dppropniate to the December 26, 1985 ovenooling
event




. PLANT BACKGROUND INFORMATION

m

lant Description

The Rancho Seco Nuclear Generating Siation has
a Babcock & Wilcox pressurized water reactor rated
at 967 MW electrical. Superheated steam at 925 pPag
'$ generated in two cuce-through steam generators
(Figure 1). This steam (Figure 2) powers the high
pressure turbine, the two turbine-driven maun feed-
water pumps and the dual-drive auxiliary feedwater
pump. The safety valves that protect the steam
generators can accepr full power steam flow to
accommodate a reactor scram at high power. In
addiiion, turbine bypass valves and atmosphenc dump
vaives are provided. The main feedwater system
schematic is shown in Figure 3 and the auxiligy
feedwater system in Figure 4. One set of auxiliary
feedwaier control valves is controlled by the safety
‘catures acruation system. A parallel set is contiolled
by the integrated control system

The integrated control Sysiem automatically
coordinates the action of equipment 1o match power
gemerated 1o power demand. Its functicas include the
control of steasm header pressure, control md position-
ng. leedwater flow, steam dump valve posiaon, and
sieam Dypass va. ¢ position. On loss of power 10 the
AiEgraied controi system, centain valves and instru-
nent indications go o mid-scale. in addition.
Operators lose control of cenain equipment from the
control room

Detailed dezcriptions of plant systems that played

pancipal roles in this event are found in Atiachment
B

Precursor Events

Events had occurred at Rancho Seco ad at
similar plants that were precursors o the December
28, 1985 event. On March 20. 1978, a cooldown
transient took place in Rancho Seco. caused by 2 loss
of power to the non-nuciear nstrumentation, which
produced spurious input 10 the integrated concrol
Sysiem. Although the power supplies for the non
nuclear inst waentabion and the integrated control
System are suniilar, corrective actions we e 'aken only
for the non-nuclear instrumentation

A loss of integrated control System power
occurred at Rancho Seco on January §, 1975 that
‘lutiated an event very sirdlar 1o that of December 26
1988, Also in 1975, a B&W study concluded that the
power supplies for the non-nuclear instrumentation
and the integrated contro! system were vulnerable to
single failures. The plant made no significant changes
in equipment or procedures

A February 26, 1982 failure of non-nucles:
Instrument power supplies at C. ystai River initiated
plant ransients. As a result, niany B&W plants, not
ncluding Rancho Seco. implemented a plant modifi
cavon for independently closing the atmospheric
dump vaives. Also, Rancho Seco did not install an
override control for the auxiliary feadwater system.
recommended in studies on the reliability of the
non-nucl  .strumentation and integrated conurol
systems

These precursor avents and studies are descnbed
more fully in Avachment C
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IV. EVENT DESCRIPTION

M

nitial Plant Conditions
On December 26, 1988, Uve unit was operating at
a Steady-staie power o 76 percent (710 MWe). The
FEACIor coolant system average temperature was $82
jegrees Fahrenheit and the pressure 2150 psig, both in
the normal range. The integrated control svstem was
in full automatic
The operating crew included four senior reacior
perators: the newly qualified shift supervisg -, the
backup shift supervisor, the shift wechrical advisor,
and the senior conirol room operator. In addition,
Jere were two reactor operators and six non-licensed
Operttors. The senvor control room Operator was on a
plant tour but returned (o the control room within two
minuies after the stant of the event

Loss of Control Power In the integrated
Control System
At (M 13, the "Loss of ICS or Fan Power” annun-
clator alammed. The 24-voit de control power within
the integrated control system was lost, resulting in the
tollowing
& Most integrated control system demand signals
Went 1o mid-scale. The immediate effect was
that the startup and main feedwater contro
vaives closed to about 50 percent; the main
leedwater block valves closed: and the in-
iegraied control system-controlled auxiliary
feedwater Control valves. the atmosphenic dump
valves, and the turbine bypass valves opened 10
m.d-position

Main fecdwater pump speeds decreased o

muumum speed, resulting in their in Dility w
feed the sieam generators

® The temperature and pressure of the reactor
coolant system started 1o increase. The reacior
scrammed on high reactor coolant system
pressure about 15 secnnds after the loss of
imegrated control system conyol power. At the
same time, auxiliary feedwacer flow initiated
Bot!. main fsedwater pumps were manually
tnpped as required by procedure.

Since the loss of integrated control system control
power repositioned the integrated control system-
controlled auxiliary feedwater fiow control valves the
amosphenic dump vaives, and the turby e bypass
valves to partially open positions, the ‘'ut began a
rapid cooldown. Equipment operators were dis.
patched o manually close the turbine bypass valves
and iniegrated control system-controlled auxiliary
feedwater flow control valves. .Rancho Seco does
not have main steam isolation valves. )

Reactor Cooldown and Repressurization

The course of the reactor coolant system tempera
ture and pressure during the transient is shown in
Figure §. Reactor coolant system pressure de
due 1o the rapid cooldown and the safety features
acfuabion system inviated on low mactor coolant
System pressure. As a resuit, the safety features
aCtuauon system-controlled auxiliaiy feedwater
control vaives opened fully. The operators took
manual control and closed these valves from the
control room to reduce the excessive feedwater flow
10 the steam generators.

The indicated pressurizer water level went
off-scale low due 1» reactor coolant system contrac
tion. The pressurizer empties; and a steam bubhle
‘ormed in the head of the reactor vessel. Steam

s 4
Wil




generator pressure decreased to the point at which the
condensate pumps bcgan feeding each steam pener-
3L0r; Uus increased flow w the steam generators b y an
addiuonal 1000 gpm. This condition continued until
the main feedwater system was isolated automatically
when main st*am line pressure dropped below 415
psig. Although the reactor coolant sysiem (empera-
ture was sull decreasing, its pressure started o rise as
the high pressure injection and makeup pumps ra’sed
he level in the pressunzer. Reactor coolant system

ndit:ons now violated the B& W designated
‘emperature/pressure limits for pressurize 4 thermal
Shock ol the reactor vessel (Figure 5). The technical
Speciricauons limits were not violated

The equipment operators manually isolated the
atmospheric dumy ~alves and turbine bypass valves,
but haa difficulty closing the auxiliary feedwater flow
conurol v alves An operator partally shut the "B"
auxiiiary feedwater valve believing it was fully
‘\osed. He then operated the "A" auriliary feedwater
vaive. Since the "A" valve position indicator showed
the valve to sull be open, he continued to tumn the
valve operator  ith a valve wrench. However, he had
not disengaged the automatic controller and applied
Excessive lorque, causing the valve Ooperaior o fail in
4 marner that resulted in th» valve reopening. He
then tnied o shut the manual isolation valve (FWS.
063) downstream of the "A" control valve but was
unable 1o move it because it was jammed by corrusion
\0 the open position. A second operator arnived at the

B” auxiliary feedwater valve and shut the valve
complezely

in the meanwhile, the level ir steam generator

A" exceeded the 95 percent level, The operators rsd
NOL stop the turbine-driven auxiliary feedwater pvap
a§ required by plant procedures because past exreri-
ence had taught them that they would probabls be
unable 1o get the pump restarted. The motor. driven
pumps werne also not shiut down out of conc:m that
they might not restart when needed. The s ater level
conunued (o nse, and the "A " steam genLrator
overflowed,

While the auxiliary feedwater vals €3 were being
manually closed, operators in the cor trol room
determined that uie power supply breakers for the
integrated contml system were tnrped and restored
iniegrated ~ontrol rystem po'ver by reclosing the
breakers. The "A" auxiliary ferdwater vaive was then

closed from the control mom and the cooldown
lerminated The reactor coolant system had cooled
down 190 degrens Felwenheit in 24 minutes.

During the cvent, the operators did nct maxe use
of a plant modification, instailed for fire protection
purposes, for remotely closing the atmosptenic dump
vaives and the turbine by -pass valves. “se of this
system could have terminated the cool”own transient
sooner

Other Problems

The makeup pump can no - nally take suction
from the makeup tank and/o the borated watey
Storage tank (Figure 7). W.en the safety features
actuauon system initiate: during the transient, the
suction valve from the makeup tank closed. and the
fuction vaive from the borated water storage tank
opened. The operarors later recirculated water from
the high pressure injection pumps (10 the makeup tank
(0 Stop the presure increase in the primaiy system
AS 2 result, t.c makeup tank overflowed, and the
Operators c’osed the suction (.om the borated water
Stor=ge 1.k so the makeup pump would draw more
water from the makeup tank. However, they failed 1o
realize. that the suction from the makeup tank hag
clos” 4 on safety features actuation system initiation
As a result, there was no suction to the running

r.akeup pump; it was damaged and leaked primary
System water. To isolate the pump, operators entered
the flooded makeup pump room without wearing
respirators or high top boots.

Post-event Technical Review

The failure of the power supply monitor caused
the compizte lose of dc power within the integraied
control system as determined by a post-event engi-
Neenng evaluation. The design of the monitor made it
susceptible (o resistance changes at the input. A
defective factory-installed WInng connection in the
inegrated control system cabinet caused the high
resistance. Also, the ume delays assccoiated with the
dutomatic tnpping of control power switches were
only 0.1 seconds, which is significantly iess than the
expected 0.5 seconds. The shorntened delay could
have made the system more susceptible 10 spurious
loss of control power




V. INSTRUCTOR AIDS
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VI. FIGURES

Figure 1
Once-through Steam Generator (Schematic)
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Figure 2
Main Steam System (Schematic)
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Figure 2

Maiii Feedwater System (Simplified)
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Figure 3

RCS Temperature and Pressure During Transient
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Fiovre 6
Pressure-temperature Limits
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Vil.

ATTACHMENTS

Attachment A
Event Chronology

(4:13:.47 "Loss of ICS or Fan Power” annunciator

04:13:7

alarm occury.

Most ICS demand signais go to mid-
scale. The startup and main feedwater
(MFW) valves close 0 50 percent. The
MFW pump speed decreases to the
mirinium speed of approximately 2500
rpm and the main feedwater block valves
close; with the plant initially at 76 percent
power, this reduction in MFW flow
increases RCS pressure, One of two sets
of auxiliary feedwater (AFW) flow
control vaives, the atnospheric dump
valves (ADV) and the turbine bypass
valves (TBV) open 10 50 percent demand.

NOTE: The plant has two paralle! sets of
AFW flow control valves. One set is
controlled by the in.egrated control
system (ICS) and the other by the safety
features actuation system.

Control room operators notice MFW flow
decreasing rapidly and RCS pressure
increasing. Operators open the pres-
sunzer spray valve in an attempt (0 stop
ine RCS pressure increase.

04:14:01

04:14.03

04:14:04

04:14:06

04:14:06

04:14

04:14:11

The reduction in MFW pump speed
causes a low MFW pump discharge
pressure of tess than 850 psig that
automatically starts the motor-driven

AF ~ pump.

Reactor scrams on high RCS pressure. A
turbine trip i« initiaied by the reactor trip
A contrei room operator closes the
pressurizer spray valve in anticipation of
RCS cooldown and depressurization.

A peak RCS pressure of 2298 psig is
reached. The steam generator code :afety
valves Iift and subsequently reseat.

The AFW dual-drive, steam and electric
pump, auto stants on low MFW pump
discharge pressure (850 psig).

NOTE: This AFW pump is steans-driven
throughout the transient.

Peak RCS hot leg temperature of 606 5
degrees Fahrenheit is reached.

Control room operators reduce RCS
letdown flew in accordance with emer-
gency ¢ perating procedure “Reactor Trip
Immediate Actions.”

AFW flow begins 1o both once-through
steam generators through the ICS-
conuolled AFW flow control valves.



(Operators note pressurizer level decreas-
ing and fully open the "A" high pi1=s ure
njecuon valve fo: more makeup fow

04:16:55

04:17:10

Uperatory recogruze the beginning of an
overcooling t-ansient. The loss of IS
power also results in loss of manual
control of 1CS-controlled valves from the
ontrol mom. Non-licensed operators are
lose eight valves at four different
inthe piant: 4 TBVs, 2 ADVs
and 2 AFW flow control valves. The ICS
fallure lefi these valves open to 50 per
cent demand. The AFW flow control
vaives are outdoors where it is cold, dark,
and foggy

sent o ¢
ocelions

04:18:58

04:20

Makeup tank level is decreosing rapidly
Operators open the borated water storage
tank (BWST) discharge valve on the "A"
side (0 provide an additional source of
makeup water

04204

Uperators sian the “B" high pressure
injection (HPI) pump to increase makeup
llow to the RCS fron: the BWST

Opcrators trip both MFW pumps. AFW
flow is greater than 1000 gt to each
sicam generator. A control mom operator
annources that the ; lost ICS power

RCS pressure has decreased from 2298 10
1600 psig and pressurizer level decreased
from 220 w 15 inches. The safety fea-
fures actuation system (SFAS) automati-
cally ininates. A, B, C, end I HPI
injecuon valves opan to predetermined
positions. Selected SFAS equipment,
ncluding the moterdriven AFW pump
automatically sheds from the vital buses
and sequence loading o SFAS equipmen
begins. AFW, SFAS-controlled vaives
travel full upen. "A” and "B" low pres-
sure injection/decay heal removal pumps
aulo start in the recirculation mode
Diesel generators auto start but do not
close onto the vital buses since there nas
teen no loss of power 10 these buses

(4:21:25

O4:21:4

The "A" HPI pump stants on the SFAS
signal; "3" pump was already operating

The control room operator takes manual
control of the SFAS-controlled AFW
flow control valves and closes them

The motor-driven AFW pump automati
cally sequences back onto the vital bus
and restarts

RCS temperature
degrees Fahrenhe:

'creases below SO0

Pressurizer level is off-scale 1nw. Sub
cooling mergin 13 88 degrees Falwrenheit
and increasing

The shift supervisor sends a computer
technizian to check the ICS power supply
The tschnician reports that all four iCS
24-VDC power suiplies are de -erergized

Luring the next 20 minutes. the shif
SUpervisor, senior control room operator
.and STA also inspect the ICS powes
supplies and Jdo not recognize that the
power supply switches S1 and S2 are off

NOTE: As the pressure decreases, the
running condensate pumps begin 1o
supply MFW 1o the steam generators
through the idle MFW pumps. This adds
approximately 1000 gpm of flow 1o each
stean generator

Minimum RCS pressure of 1064 psig is
reached with the RS iemperarure at 464
degrees Fahrenheit

Although the cooldown continues, the
combined flow capacity of the two HPI
pumps and the makeup pump, along with
the reactor vessel bubble, begins to refill
the pressurizer although the level remains
below the indicatind range. RCS pressure
beging to increase
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The control room operator tuottes HPI
injection flow. RCS pressure continues 1o
increase bul pressunzer ievel remains
off-scale low

Sleam generator pressu ¢+ nave decreased
o 435 psig. Main steam line failure logic
actuates and closes the MFW valves
MFW flow from the condensate pumps is
stopped

ADY and TBV isolation valves are shut
iocally by the operators using
handwheels

Using the valve handwheel, a non-
\icensed operator attempts o close the

B" AFW ICS-controlled flow control
valve that feeds the "B" steam generator
When he encounters resistance, the
Operator believes he has completely
closed the valve. AFW flow 10 the "B"
OTSG, however, has then decreased by
only about 40 percent.

Using the valve handwheel, 3 non-
licensed operator atiempts to close the
ICS-controlled "A" AFW flow control
valve that feeds the "A" stieam gaenerator

The "A" AFW valve is ciosed. The
Operator, encountenng resistance and
noung !/2-inch of uncorroded valve stem
visibl., believes the valve is only 80
percent closed. He leaves 1 locate a
valve wrench.

Pressunizer level retumns on scale and is
increasing. Subcooling margin is 170
degrees Fahrenheit. Operators throttle
HPI injection valves o reduce the rate of
nCreass

The operators swop the "C" RCP due w0
core li(} restrictions. The makeur tank
overfills

The operators stop the "A” HPI pump

04:29:40

04:29:45

The non-licensed operator uses a valve
wrench on the "A' AFW, ICS-controlled
flow control valve. The manual portion
of the valve operator is damaged, and the
vaive lails to the open position. The
operator calls the control room and is told
to close the "A" AFW manual isolation
vaive

RCE pressure peaks a second time at
1616 psig. RCS temperarire is 422
degrees Fahrenheit

The control room operator closes the C
and "D" HP! valves 1 reduce the repres
sunzavon while temperature is still
decreasing

The shift supervisor declares an unusual
event. The senior control room operaiot
notifies state and county agencies

The control room operator initiates nor-
mal pressurizer spray to decrease RCS
pressure in an attempt to retum to condi
uons outside the pressunzed thermal
shock region

Strip chants indicat ~ at the A" steam
generator is overfiling with the overflow
entznng the steam lines. The operators
do not note this and do not stop the AFW
pumps

Unaware that another operator helieved
he had already closed the "B" AFW
control valve, a non-licensed operator
amve, at the valve and closes it all the
way. AFW 0 the "B" steam generaior is
stopped

Suction from the borated water ¢ rage
lank is closed with the intent that the
makeup pump draw more water from the
makeup tank.

A non-licensed operator attempts to close
the "A"™ AFW manual isolation valve with
a valve wrench but it will not move




4:39

(440

04:43:54

(449

The RCS subcooling margin resxches a
peak of 201 degrees Fahyeaheit and
begins w decline. RCS temperature is
390 degrees Fahrenheit, RCS pressure is
1430 psig. This was approximately 800
pst beyond the pressurized thermal shock
guidelines.

An SRO discovers that the switches to the
ICS dec power supplies are tripped to the
off position. ICS power is restored by
closing these switches.

NOTE: Initially the ADVs, TBVs, and
AFW valves receive a demand signal to
80 fully open when power is restored.
However, the control or isolation vaives
for all but the "A" AFW line have been
closed. The control room operators
switch © manual control and shut the
valvesg,

All AFW flow 10 both steam generat
ceases. The RCS begins 1o heat up. 1.
lowest RCS temperature of 386 degrees
Fahrenheit is reached, and RCS pressure
{1413 psig) is being reduced. The plant
cooled down 190 degrees Fahrenheit in
24 minutes.

After noticing a loss of RCP seal injection
flow. an operaior restarted the "B HPI
pump to re-establish RCP seal injection
flow. The loss of seal flow was due to the
failure of the makeup pump.

Leakage (steam) from the damaged
makeup pump is released via the auxiliary
building venulation system. The
auxiliary building stack radiation munitor
alarms and shifts exhaust to the charcoal
filiers. Smoke from the damaged makeup
pump causes a fire alarm that isolates the
auxiliary building ventlation sysiem.
stepping the release.

04:52

05:00:10

05.05

05:.09

05.27

05:40

0606

08:41

The backup shift supervisor collapses in
front of the control panel. He had previ-
Ously assisted in closing the ADV and
TBY manual isolation valves. An am-
bulance was summoened at 05:05.

An operator tripped the makeup pump
after recognizing it was damaged. An
operator opened the makeup tank suction
valve, which allowed primary system
water to spill out of the damaged makeup
pump onto the pump room floor. The
operator subsequently shut the suction
valve. Approximately 450 gallons are
spilled.

RCS pressure decreased. A 3-hour soak
is initiated. (RCS pressure = 870 psig,
RCS temperature = 428 degrees
Fahrenheit.)

Both AFW pumps are manually stopped
while the steam generator level is
reduced via the drain lines 1o allow re-
establishment of normal MFW flow with
the condensate pumps.

Non-licensed operators isolate the
makeup pump by entering the pump
room. The room contained airborme
radioactivity and 3 to 4 inches of con-
taminated water. The operators do not
wear respirators or high-top shoe covers
and become contaminated from the water
on the floor.

Main stean; line failure logic is "in-
hibited.” This permits MFW flow to the
steam generators.

Control room operators "bypass’ SFAS

The unusual « vent is termunated.



Attachment B
Reactor Systems Description

Mus section describes the pnncipad plant systems
nvolved in the December 26, 1985 incident

A. Integrated Control System
The integrated control system (ICS) is a non-
ty related system that automatic ally coordinates
uon of plant equipment 10 match megawatts
ited to megawans demanded by balancing steam
Oduction and steam use. Its functions include the
following

4 contol steam header pressure by modulating the
turbine throttle valves

® control sieam production by signalling the
movement of conuol rods 10 maintain constant

FEacior average temperature and by modulating
the feedwater flow

control main feedwater pump speed o maintain
a specified pressure drop across the feedwater
control valves

control the bypass of steam around the turbine to
the condenser through the turbine bypass valves,
and control the dumping of steam to the atmos-
phere through the atmospheric dump valves

Loss of dc power within the ICS will cause the
‘oliowing automatic actions: turbine bypass valves
ind atmosphenc fump valves 80 0 the 50 percert
‘emand position; "urbine throttle valves remain “as
§ . man and startip main feedwater (MFW) flow
control vaives go «: the S0 percent demand position:
Speed of the MFW pumps goes 0 minimum, initiaung
auxiliary feedwater i‘gw (AFW) on low main feed-
water pre.st e the recorders for main generator
'requency and MFW fiow, but not the flow meters go
10 mid-scale positions; the MFW stop valve is closed
dutomatically, isolating flow through the main MFW
flow control valve, but ot the flow thwough the
startup MFW flow convol valve: AFW (ICS) Mow
~ontrol valves go to the 50 percent demand PO,
and the reactor control rods remain "asis." The ruds
can be controlled manually. Also. Operators in the
control room lose remote control of ICS-controlled
plant equipment. Plant personne! must then go o
locauons throughout the plant to operate ICS-
contruiled equipment in a local, manual mode

An aliernate system, independent of 1CS power,
10 Operate the atmospheric d imp valves (ADV) and
the turbine bypass valve (TBV) from outside the
control room was installed as a plant modification for
conurol of the plant in case of a fire

B. Main Steam System (Figure 2)

Superteated steam at 92 psig is generated in
each of the two once-through steam generators
(Figure I). The main steam sy stem distnbutes steam
10 the high pressure turbine. the two turbine-driven
MFW pumps, the dusl-drive AFW pump, and to other
miscellaneous loads. TBVs and ADVs are provided
10 accept excess steam from the system. The TBVs
and ADVs, combined with control rod motion, are
designed to accommodate up to a 50 percent step
decrease in turbine load without actuarng the code
safety valves

C. Main Feedwater System (Figure 3)

e MFW system consists of two turbine-dnven
feedwater pumps and associated piping, valves, and
instrumentation necessary (o provide feedwater o the
once-through steam generators. Each pumn is capable
of supplying both steam generators with &1 ercent
cepacity aganst full secondary pressure. In
automatic, the ICS controls the MFW pump turbine
Upon loss of , 7S dc power, MFW pump turbine
speed 1§ rur buck to & minimum speed at which the
pumps Wil not pump against any significant steam
generator pressure. The positions of the main MEW
flow control valves aig startup MFW flow control
valves are normally controlied automatically by the
ICS. The moior-operated VTW stop valves, located
imumediateiy downstream ¢ main MFW flow
control valves, automaucally close on loss of ICS de
power

D. Auxillary Feedwater System (Figure 4)
The AFW sysiem actuates auton.atically on 'oss
of both MFW pumps (at a discharge pressure of less
than 850 psig), loss of all four reactor coolant pumps
(RCP). or upon receipt of a safety features actuation
system (S.7AS) signal indicating a reactor coolart
System pressure of less than 1600 psig or a reactor
building pressure of greater than 4 psig. Two AFW
pumps are provided. One AFW pump is motor oper
ated and the other is equipped with both a steam
furbine and an electric motor mounted on the same
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sheft as the pump. AFW flow can be either automati-
cally or manually conirmlled using air-operated flow
conuol valves. The position of these valves is con-
trollec by the ICS. Handwheels are provided that
¢nable the operator 0 operate the valves locally if
necessary.

E. Makeup/High Pressure Injection
System (Figure 7)

The makeup system is used 1o mainta.n reactor
coolant system (RCS) coolard inveritory and 1o pro-
vide cooling and lubncation 1o the reactor ~oolant

pump seals. Water 1o the makeup pump can be sup-
plied from either the makeup tank (MUT) or from the
borated waier siorage tank (BWST). The MUT is the
normal supply 1o the makeup pump through a motor-
operated suction vaive from the MUT and a manual
puinp suction isolation valve. Upon ac-uation of
SFAS, the suction valve fmm the MUT closes to
isolate the MUT While the supply valves from the
BWST open.



Attachment C
Earlier Events

Duning its first year of operation, Rancho Seco
underwent several transients caused by loss of power

o the integrated control system. As a result of these
ntrol system Was modified
n 1975 10 provide a redundant power supply. Lair

reiated events are described below

transients, the integrated

A. Lightbuity Event on March 20, 1978
A severe transient resulted from a loss of power

(0 the non-nuciear instrumentation, which provides
one input signal to the integrated control system
Dunng this event, which has come (0 be known as

the lightbuib incident,” an operator was removing a
light bulb from a back-lighted push button in the
control room. While handling the bulb, he dropped it
INto the cavity ieft after removing the bulb retair.er.
This caused a shont circw.. in the non-nuclear instru-

ient power system and resulted in a mid-scale failure
of signals being sent to the integrated control system
The loss of non-nuclear instruments initiated a plant
transient and caused the fature of control room
instrumentation usually used by operaiors o deter-
mine plant conditions. Although the conldown rate of
the pnmary system was excessive--the plant cooled
down 300 degrees Fahrenheit in 80 minutes--the
dperators were able to stabilize the plant During the
event, the safety features actuation system: actuated
dutomaticaily because of iow reactor coolant system
pressure. Afler reviewing the event, the utilivy
changed the light socket design and the size and
-onfigurauon of fuses. New instrumentation inde-
Denaent of the non-nuciesr instrument system was
installed, and procedures for loss of the System were
prepared

Th= integrated control system power supply is

imilar 1o the non-nuclewr instrument system power
Supply, particularly with respect to the mle of the
power supply monitor, However, similar changes
were not made (o the integrated control system power
supply, and no procedures were developed or training

conducted for the loss of integrated control system
pOwer

B. Loss of Integrated Control System
Incident on Janu:ary 5, 1979

In this event, the loss of the integraied control
system reswited in a reactor cooldown that sxceeded

the Limits in the piant technical specifizatons. The
loss of power resulted in the feedwater valves going
10 the mid suoke position, wiich caused the reactor
coolant system pressure to increase causing »
scram.  Subsequent oveicooling caused reactor
coolant systein pressure 10 decrease causing safety
featuies actuation system actuation, which in tumn
caused auxiliary feedwater 1o initiat®. Thus, the
course and consequences of this event were very
similar to the December 26, 1985 invident. The
cooldown in the January 1979 incidert was not as
severe as in the lightbulb incident. No changes were
made in the design of the integrated control system or
in procedures for loss of integrated control system
power

reaclior

C. BAW-1584 "Integrated Control System

Rellabllity Analysis,” August 1979

in response to one of the Three Mile Island action
items, B&W performed a reliability analysis of the
integrated control system, as reported in BAW. 1564
The B&W report noted that the most prevalent mal-
functions and failures associated with the integraced
control syste:n were its power supplies. Specifically
the power sunply is vulnerable single failures with
significamt consequences. When the report was
prepared, approximately one-third of the reactor
scrams at B& W-designed plant. vere caused by
problems asscciated with the integrated control
system.

D. Crystal River Event on February 26,
1980

in tus B&W designed piant, the powes supply
monitor tnpped the non-nuclear insirument power
supplies causing instruments 1o fail to mid-scale. In
response to the faulty instrument input, actions initi
ated by the integrated control system and non-nuclear
instrumentation controls resulted in plant transients
and acuvation of safety sysiems. Some of the B& W
designed plants, not including Rancho Seco. subse
quently made medifications 1o override closure of the
atmosphere dump valves upon loss of integrated
COnurot system power

E. NRC and indusiry Studles

Other studies of the reliability of non-nuclear
instrument and integrated control & /stems and the
consequences of their failure demonstrated the need
or improvenients and modifications. Rancho Seco




had not implemented an improvement recommended
n these stdies, the installation of the SMErgency
icedwater initiation and control system. In a

transient, this system would take overriding co
auxiliary feedwaic: L0 prevent both

overfillir g the steam 5:m‘rau'~r\

oolir




INPO Significant Event Repor:, SER 6-85, Loss of
Power to the Integrated Control System Resulting
g Transient

Rancho Seco Action Plan for Performance
Improvement

'REG-1195, US. NRC, Loss of Integrated Control
System Power and Overcooling Transient a

Rancho Seco on December 26, 1985
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March 20, 1990
[ELIMINARY NOTIFICATION OF EVENT OR UNUSUAL OCCURRENCE PNO-11-90-16

{ Is preliminary notification constitutes EARLY notice of events of POSSIBLE

Lb1IC Interest significance. The information
cation or evalustion, and 1s basically ol
date.

safety or
s as infti1ally recetved without verifi.
that 1s known by the Regfon I staff on this

FACILITY: Georgia Power Company

CILITY Licensee Emergency Classification:
Yogtlie Unit 1

Notification of Unusua) Event

Docket No. 50-424, 50-425 Y T Alert

e 110 Area Emergency
e CNGral Emergency
e V0T Applicable

SUBJECY: SITE AREA EMERGENCY AT VOGTLE UNIT 1 LOSS OF OFFSITE POWER

Naynesboro, GA

At 9:68 a.m., EST the licensee notified the NRC they were n a2 Site Area Emergency for
Unft 1 due to & loss of offsite power with a concurrent 1oss of onsite emergency diese!
generator capability., The loss of offsite power was caused by @ truck accident onsite.
Unft 1 was 1n cold shutdown at the time of the incident for refueling. Reactor coolant
temperature peaked at 136°F and scabilized &t 100°F after AL power was restored.
The licensee has cowngrided to an Alert st 10:15 a.m. EST based on restoration
Of onsite diesel power,

nit 2 was at 100 percent power at the time, tripped normally, and was unaffected by the
S Of offsite problem of Unit 1

-

fon I has dispatched a team to the site headed by L. Reyes

The State of Ceorgia has been notified.
g

This fnformation is current as of 11:20 a.m. on 3/2¢

LS

CONTACT: S. Ebneter - B841.5089
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CILITY: VosrLy REGICN: 2 NOTIPIGATION DATE: 03/30/90
|UNITS ONERE STATE! GA |NOTIPICATION TIME: 09158 (pp:
RX TYPE: (1)'W-4aL5, {2} Wed=Lp | EVENT DATR; 03/20/90

—— —— EVENT ™rvg, ClxiG(ClT;
NRC NOTITIED L1 aAssER LAST ' 7. 72 DATR: 0¥/20/90
HQ OPs CrriIcea: JOMN MACKINNON '

» o

{ A €ITE AREA ENEROGEVCY r
10 CrR 8ECTION

|
AARC 80.73(s) (1) (1) EMERGENCY DECLARED }

\—

Raane G S T~
UNIT |scRray CODE RX CR

!

b ¥

L

TIAL FLANT 8TATUS BEFORZ L Frs:te PCWER, THER pa RESERVE
ATLTARY TRAXSFCPKER{RAT; ' LAGGED OUT For MAINTKNANCI, "ar epg TAGSED

OUT AND 7TORN APART FOR MAINTENANCE, "al PAT WA SUPPLYING POWER 0 UNiT 3,

| REACTOR COOLANT SysTEN TEMPERATURE WAS Bring YAINTAINED BY RHR COCLING, aND
THE REACTZR VESSEL HEAD s ON BUT 17 3 VLLY TEZNSIONED,

| A TRUCK TOPPLED A TOWER OVER IN T el (ITCHYARD WHICK cav THX UNIT
d VAN T T t!:NERSIZB N v OF CFrFSITE PO¥E @GN TO UNIT 1
"A* EDG. Tyr "A' BL I D } FOR UNXNOWN C84icsy
THEY S8TARTED i T BIGNAL, THE "A" BDgG TRIPPED ON

| LOW JACRE:T waT AT 088608 LICENSEE LOCALLY
STARTED TER EDG, Tu: (P ° TRE riow JADKET WATER PRESS!

{ CURRENTLY tan 4 <NG PROPERLY AND IS SUPPLYING

| TRAIN BUSES, SNUTES THAY THEY LosT CFP81T

| TENPERATURE INCRIASED FRON por THIS MPAN
CF 1.3 F/ain. KEEIN YAl TRAIN BU

: RESTARTED wan TRAIN RMR ND €001
NOW). EVENT WAS DOWNGRADED 70 ALERT AT AT o
VIAN THE uaw EDG, LICENsEYR IS CLEARING THE TAGO Sy AT
EET wpr pay WAR RRENTRCIZED, VHET & Was 47 +VUR POWER WHEN VOLTAGE
TRANSIENT UNIT 3 CAUSED A LOSS or THE UNIT 4 "B' RAT. THIS CAUSED a REACTOR
TRIP FROX 100% POWER, ALL RODS FULLY INSERTED FuLly INTO THE CORE AND THE
PLANT I8 2N A STABLE ROT SKUT N_CONDITION, THER UNIT 2 “B' ypg STARTED aND
18 BUPPLYING POWER TO ¢ ' sRAIN POWER SUPPLIES AND THE "A" RAT i8 STILL
BURRPLYING POWIR T0 UN . TRAIN
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The Nuclear Regulatory Commission staff has dispatched a special Augmented

Inspect1on Team (AIT) to Georgia Power Company's Vogtle nuclear power plant near

AJgusta Georgia where a Site Area Emergency was declared for a period of time

on Tuesday. March 20, 1950, after a truck backed into a power pole, knocking out

é‘f“ i'offsite power to the plant's Unit 1 reactor.

§§>i{4 ;i‘;,, NRC officials said the ‘team, composed of inspectors from the agency's

Te ;TI;Q headquarters in Washington, D.C., and Region 1I office in Atlanta, would arrive
. at the plant on Thursday, March 22, They said the AIT would conduct an independent
evaluation of the sequence of events during the incident and the company's response.
The special AIT inspectior will be conducted in addition to inspections by NRC
resident inspectors at the facility and those done by inspectors from the rec‘onal

office who responded to the event when it occurred.

The AIT will prepare a report of its findings, and copies will be made

available to the public as soon as the report is complete and ready for release.
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Alert declared at V‘i’)gt
after truck hits tower .:

iy John Winters
Seafl Writer
Vogtle Nuclear Power Plant's
Unit 1 suffered a power loss early
Tuesday, automatic netification sye-
terns failed to work and backup pow

er equi ipment took more than 30 mb v

uies L0 ol bl wed

There was no release of r.dia!hn
and no threat to pisnt employees or
surrounding residents, sccording (o
Georgia Power Co officials, i
though the first site emergency in

un piant’s history was called. A site
emergency is the second-most seri
ous of four nuclear incident levels

The site emergency was called at
940 a m , about 15 minutes afler a
construction subcontractor’s truck
backed into a transmission support
tower, knocking out power to Unit 1,
said Ken McCoy, vice president of
the Nuclear-Vogtle Project for Geor
gia FPower. The piant is neasr
Wayneaboro

Joit § waz In the middie of & re

fueiing cvck and was not OWIL. £
Unit 2, which was operating at 100
percent power, automatically shut
down afler sensors detecied the
electric power problem in Unit |

Unit 2 currently is in a “stable"
condition. Mr. McCoy sald the reac-
tor could be restaried by loday

Some state and county officials
were not nolified of the problem for
an hour becsuse (he auiomatic

e

!'1» ~ase pee NOTIFYING on SA

ain‘of events -
About 0220 a.m. <7 A

@ 9& Alﬂl
m,,:qh
*meum,w
i is called after on- and off-
gile power 10 the reactor s of
,mors *han 15 minuteg
cﬂo«um The it

«mvmnomngmo.nw
: four nuciear incident levels -

r.‘. 147 pm. ~ The'siert in
canceled

ol

e —

an alert - the second-ic west of




tht ‘\ugualn thromrlt

Notifying
concerns
officials

Coatinned from 1A

phaone sysiems didn't work and each
agency had o be ..’;.'.:\1 one al a
time. The sysiem is supposed to i
multaneously send notifications and
information sbout mishaps o the
agencies. When it failed, & worker
had W phone each agency and read
the information over the telephone CE L
“The notification didn't work e s AN
roperly,”™ Mr. McCoy said. "It took
onger than necessary That
A0 &rea we are going o have W
strengthen For some reason
the (amtomatic system) didn't
work.'

Mr. McCoy also said that only
one persan was making the notifica
tion calls and that the company was
looking nto why more personnel
weren't used

Ken Qlark, a spokesman for the
Nuclear Regulawry Commissiot
which oversees commercial nuclear
planis, said, “We have been salis
fied with what Georgia Power has
dobe" in handiing the incident

But Mr Clark sad h

«» Wednesday, March 21, 1990/ §A

uale anyone.” Mr. Porterfield said
We were Lalnng freely with peopie
Was reviewing the situatio ¢ in aclor 1 al Georgia Power and there was 4
ine whether anything needs W be creased from about 10 degrees indicauon of any need (to evacuate
changed. NRC officials were non- 118 degrees, Mr. McCoy said residents)
committal about whether fines or It would have taken about 24 Mostly we've been dealing with
specific changes would be required !. wurs  before L'.e waler boiled rumors,” he added
until thetr investigation is complet ough to begin melting fuel rods in A sile emergency is called when
ed Lm reactor core E‘-;'. officials said on- and off-siie reactor power is lost
Another problen urr manual valves could have been for more thas 1S minutes
cause backup r systems falled opened & ow water to flow by The site emergency was reduced
Lo Kick In promptly gravity to the reactor core, keeping to an alert - the second-least seri
Unit | has four redundant power the fuel rods cool enough for several ous nuclear mcident level - at 10:15
sources - two transformers and two  days or even weeks a.m. The alert was canceled at 1:47
diesel generators “I'd like to commend the em ploy- p.m
Because Unit | was being re- ees '\.r their prompt manner of ac Mr. McCor said Unit 1 is .‘u"\(’ﬂ
fueled, one transformer was out of tion." said A. W [lal .mu@, president uled to restart April 9, adding tha
service Lo repiace oil, and one diesel  and chief executive officer for Geor he didn't see any problem xQ
generator also was down for an gia Power. “We annually have prac- meeting that schedule despite Tues
overhaul. Procedures allow those tice drills they are good training day’s accident
systems to be shut down during a re-  sessions. and they worked
actor refoeling Earl Porterfield, director of the
But after the truck knocked out Burke Cou nty Emergency
the seccnd transformer, the second ment Agencs ¥, Was

Manage

d at 10:16

diesel generalor failed 0 start

wrompuy Al O

£ secunxd generator start




e Anguzta Chroniated
m

' Wednesday, March 21, 1990

Outage at Vogtle means-
moment of fear for som

By Johs Winters ! L wasn't m‘r ) wn'

"k Dlaige gty ok o o
Avner as gegun‘

ready for % mo: tu'vtnqbamburgmﬁ

lhenoneolhudaucha:n call Said. - e

+  him and said there was a problem at The noon rush was the big ex :
\‘oﬂJe Nuclear Power Plant ment of the day for Mr. Delaigle =
Mr

ended up being a busy day for bigger than the tutige and
. igle, who operates A&A site
Minit Mark and Restaurant, approx- .
imately a mile from Plant Vogtle's all,” Mr. Delalg
main gale. . .
- The restacrant served about Georﬂad
twice Its noemal 100 customers as they
glant personnel came over to eat’
' ithout power, the plant's cafeteria

e amun

. ' :" o "
R = - - ar- " s < s B - ..YQ..q“”

‘ Outage feports draw criticism.
e iy . 1 <

Coutinoed from 1A wasn't any radiation leak and ev--

But for some, there were & erybody was relieved.” ~ =~ =

few scary moments early on At Johnson's Beauty and Bas-

In Waynesboro, Judy Ivey ber Shop in downlown Waynes
Was al work as store manager of boro, Amy Kutrufis said ‘she
the Golden Pantry when a cus heard about it on her car radic as
tomer came in about moon and she drove toward Augusta Brom
asked If she had heard the news St Simons, Ga. = vamd w1

“I didn't know what had hap- “I heard there was some sort
pened ™ said Ms. Ivey, who im- of crisis, but I wasn't too wor
mediately turned on the radio. I ried,” she said “If it had been
thought we might be blown to something dangerous, the police
bits at .’xrstbéc'l‘luethm kind of wouldhavebeenouttongp_g‘;
Scare you because people ys Over at Taylor's Drugs,
seem 1o blow '?m..“" of Propor-  nie at the lunch camterhﬁ
tion. RS \ mostly  about misinformation

About the time Ms. Ivey was that originally circulated -~ firgt
sister inlaw, Sandra Ivey, came - yated, then that It wasngos- Ca
lnwu.ht.ber;en.hég;f bout - “1 was real busy. I really

Sandra lvey about the = : - g :
outage 1 - caused when o truck  didn't bother with it,” said Cath

backed into a tower - op her car ~ rine Pate. “If something bap-

radio : pens, it's going to get you . . . But
“I just caught the tailend of It s m When you stop and

it. I beard the word ‘evacuate’ think about it

and turned the radio up. “Mainly, we just tried 1o fig-
“l remember thinking, ‘Oh ure out what was really going

Lord, it's our time to go,' " she on,"” she adder . “We just .

added. “But then I heard there to the radio.™~_ e




What caused the 1st 1A EDG trip?

Presently the cause of the trip is unknown. It is
suspected the Jacket water pressure switch caused both
trips but this has not been determined. The
investigation is continuing A special test is being
developed to duplicate the event and identify the cause

of the trig
What was the RWST 1lvl at the time of the SAE?

Approximately 78X

~

¥hich Accum iso velves were open/worked on?

At the time of the event only 1HV-8B08D was being
worked on.

What (related) CVCS check valves were open for maint?

1-1208-U4-036 (Normal charging check valve) was open
**%x 1-1201-U4-007 and 1-1201-UB-144 (RTD bypass
manifold isolation valves) were being worked but
the valves had not been breached at the time of
the event %xxx
What man/auto valves must be operated to gravity feed from
RWST?

O

-
- 3
@
s ]
o
<

re several gravity feed paths, but with respect

to this event the valves that would have to be open to
gravity feed through RHR are 1HV-8812A or 1HV-8812B.
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EST

1059

1100

1101

1105

1112

1116

1130

1140

1140

1141

*Times are not confirmed

TIMELINE

Message {3 completed to Georgia

Briefing in TSC concerning accountability,

PA announcement made for non-essential personnel
to leave protected area and report to admin bldg
parking lot

Containment personnel hatch interlocks set

Message # 4 initiated by ENN communicator in TSC
using Primary ENN for both Georgia and South
Carolina ,

Unit 2 in Mode 3

Message # 4 completed to All agencies by TSC ENN
communicator

Unit 1B RAT has offsite power to hi-side
Message #5 initiated by ENN commrunicator in TSC
1BAO3 energized from RAT 1B

Pressurizer manway installed

Message #5 completed by TSC communicator

Page 5




1159

1203

1205

1212

1222

1225

1229

1231

1235

1238

1241

VR-\
TIMELINE

All buses off of 1BAO3 energized
Train B NSCW started

Train B CCW pumps started

Message # 6 initiated by TSC ENN communicator
Message # 6 completed by TSC ENN communicator
TSC Briefing

Public information leaves EOF and returns to
Visitor Center

TSC receives Status of personnel accountability

Train B RHR pump started
lessage f 7 initiated by TSC ENN communicator

RHR Train B place in shutdown cooling mode
RHR Train A placed in recirec

Message # 7 completed to All agencies TSC ENN
communicator

Page 6

*Times are not confirmed






due to switchyard accident
backed into insulator support

Unit 2 Trip - unit stable

Unfit 1 DG-1A started, tripped 1 minute 20 seconds
after breaker closure. PEO dispatched t
investigate DG trip. SRO dispatched to investigate
sequencef.

Diesel started and loaded properly
C SAE) s T
Cde

te Area Emergency,declared » Loes of power

A train sequencer reset & D/C 1A Auto started and
tripped 1 minute 10 seconds after breaker closure,

Start .nitial notification of SAE using SC Backup
S L%

LocaI otart of DG-1A - pcier to 1E Bus, NSCW and
CCW pumps on A Train (ons. ‘e piwer restored)

NRC operations center notified of SAE




te Area Emergency

lity
(PESB) notif by ED via communicator

ons Center (Birmingham)

GFPC
Har

Public Infor ) | Atlanta notified by Ray
|
is

1

Completed initial notifications to Aiken,
Allendale, Barnwell, SRS, S.C. (CEMA and BCEMA not
notified)

ENN communicator conducte roll call to test
equipment




1500, 3/23 VR-2

EST TIMELINE o>

O 4

1015 Called GEMA on commercial phone numbers, did not
transmit message due to confusion by communicators

1015 George Bockhold relieves John Hopkins as Emergency
Director. #2 Emergency Notification form approved
by ED.

1015 " Site Area Emergency cCowngraded to Alert, Diesel

Generator maintaining load.

. 1016 Initial notificat{ion made to Burke County EMA on
commercial telephone

(‘ *1017 Alert Plant Page announcement made.
1020 0SC Activitated
1022 EOF ENN communicator test ENN equipment from EOF
1026 TSC Actlvatjd
;\-@,\ W,
Rt g
1030 ersonnel dispatched to Met Tower to relay data

1034 Steam generato: Primary manways secured
1035 EOF Standby Status
1035 Message #3 started by communicetor in Control Room

(using BUENN)

Page 3
*Times are not confirmed



TIMELINE

ation message § 1

Initial Notification completed to CEMA

Containment Equipment hatch bolted

Data from MET Tower building 10 mete: height,
u;hj J40%; Delta T = 3.0

Radiation monitors inforuwation received from
PERMS; all normal

Message #2 completed to Georgia

Message /3 completed to All South Carolina
agencies,

Corporate Office Birmingham contacts Publie
Jnformation - Atlanta with {nit{al {nformation

Vpﬁirts Control Room to TSC.
M. A

A1 oy | -:“»l‘u A

Mesvage #2 & #3 completed to Burke County., ED at
ISC and assumes duties and responsibilities.




1500,
EST

1059

1100

1101

1105

1112

1116

1130

1135

1140

1140

1141

3/23

»

"

VR-2
TIMELINE

Message /3 coupleted to Georgie

Briefing in TSC concerning accountability,

FA announcement made for non-essential personnel
to liave protected area and report to admin bldg
parking lot

Containment personnel hatch interlocks set

Message # 4 initiated by ENN comwunicator in TSC
uninY Primary ENN for both Georgia and South
Carolina

Unit 2 in Mode 3

i

Message # 4 completed to All agencies by TSC !NN‘
communicator

Unit 1B RAT has offsite power to hi-side
Message #5 initiated by ENN cowminicator in TSC

IBAO3 energized from RAT 1B

: :“..;s. P v
.[ugriur manway installed
iy :.&'

gl
{

. ﬁoiiazo #5 cumpleted by TSC communicator

Page §



omrunicator

manager leaves EOF and returns

receives Status of personnel accountabi

B

Train B RHR pump started

Message # 7 completed to All agencies TSC ENN
communicator

Page 6




sage § 8 completed t« l agencies by TSC
municator

Offsite powver res 'd - plant in normal refu
configuration

04 people unaccounted for by security

anrgcn;v Termi

Message / 9 (Terminati™) initisted by TSC ENN
communicator

Message § 9 coupleted to all agencies by TSC ENN
comrunicator

lease concerning termination of emergency

ﬁonfererae in Atlants
Joint News Releasge to Media

Press Conference at Vogtle
E

Page 7
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REPORT NARRATIVE (PER SECTION 4.6)

EVENT DATA COLLECTION

CHRONOLOCY.

PERSONAL STATEMENTS . . .(Figure 2)

ROOT CAUSE DETERMINATION (PER 00058-C),

ADDITIONAL SUPPORTING 1TEMS

ERTL TO NUMBER EACH PAGE OF THE FEPORT AND ENTER APPROPRIATE

PAGE NUMBERS, ADDITIONALLY, THE ERTL WILL ENSURE THE EVENT
REPORT NUMBER APPEARS ON EACH PAGE OF TEE REPORT.

INFORMATION WILL BE PRESENTED ON THE INDICATED FIGURE.

|
|
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FORCED REDUCTION INCONTROLLED RELEASE
PLANT TRANSIENT LIQUID INVENTORY LOSS
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Ihe react

outage, ) reactor cor load had bee mpleted and the rea

head was place ‘ ghouse had completed e initial pass to

Lhe reactor vessel head 48, and was awaiting permission from the

Roam to begin the ‘e'S'xn'H'u_;. Reactor Coolant System (RCS) ley
being maintained at M{ (187'«11") with 1A Resfdual Heat F’e"v.,»al (RHR)
pump in service for decay *ut removal, RCS temperature was bLeing maintained
at approximately 90°F degrees per the two connected incore tr.cv'cl couples.
fhe Emergency Boration Water Source was the Reactor Water Storage Tank (RWST).
It was at 9% ley ’a;;'g;. 600,000 gallons) with & boron concentration
of 2457 ppm. The Emergency Boration Flow Path was from the RWST through
IA Centrifugal ('aw-n; Pump (CCP) and the alternate charging flow path \13
IKY-8147, Both 1A and 10 Safety Injection (S!) pumps were capable of being

racked in and operated in the hot leg injection mode 1f needed.

INOPERABLE EQUIPMENT/ABNORMAL SYSTEM ALIGNMENT

There were man uipment and several abnorma)

system configurati outage maintenance activities

in progress,

“1B" Diese) Generator (D/G) was out of service for a required 18 month
ma intenance 1inspection, "1B" Reserve Auxiliary Transformer (RAT) had been
removed from service for an o1l change. BAO3, the “"B" Train 1E 4160 Volt

b | a)
A AWV S
switchgear, was tem; power from “1A" RAT through i1ts alternate supply breaker.

Unit Auxiliary Transformer

All '\ r.-.' sm' gear was being powered from the
1 =1, ’MM and Unit Auxiliary Transformer Backfeed to the 13.8KY
OV Non-1E Busses" was used to establish power to 1NAOI, INAO4, and

18 CCP was removed from service for various corrective maintenance work
orders. T

he Chemical and Volume Control System (CVCS) letdown flowpath had
been out service for various maintenance activities and was being aligned
for return to service,

There were several R
The A:cmulatcr f4 Isolati
Check Valve (1-1208-U6-036) were disassembled for repair. A1l Steam Generator
(S/G) Nozzle Dams had been removed, but only S,/G's #1 and #4 had their primary
manways secured, Maintenance was in the process of restoring the primary
manways on S/G's #2 and #3. It was necessary to maintain the RCS level at
mid-loop for the valve repairs and the $/G manway restoratio

ions. In addition
the pressurizer manway was removed to provide a RCS veat path,

CS valves and manways open 1inside Containment.
on Valve (HV-8808D) and the CVCS Normal Charging
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HOpkins directed Ron LeGrand
nanner, e also directed

The pressurizer manway

Jhn realfzed he had

Jwohn called Ron back

to continue inside Containment.
elieve that all RCS openings,
secured. Power had been

1t was announced that the
Bockhold, who by now had assumed
oveé the manway because tie plant
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MAR-24-'92 16:54  1D: SONOPCO-VOGTLE TEL NO:!1-205- 277008 . ..

EVALUATION OF POTENTIAL EXPLOSION IN THE VOGTLE SWITCHYARD

PESCRIPTION:

This study evaluali ¢ the impact of & support services vehicle in the
switchyard either wurniig or exploding. This truck ‘s postulated to carry
materials which are normal1‘ used 1n servicing motorized equipment. A
typical support services vehicle 15 assumed to carry the following

materials:
Gasoline 100 Gal,
Diesel Fuel 300 Gal,
Waste 011 100 Gal.
Water 100 Gal,
Antifreeze 50 Ga).

168 Hydraulic Fluid 100 Ga).
Transmission Fluid 100 Gal,

Grease 50 Gal,
Motor 011 100 Gal.
Gear 011 100 Gal.
#32 Hydraulic 013 50 Gal.

Two scenarfos are evaluvated, The first scenarto places the typical
vehicle at the same location as the truck which was involved in the March
20, 1990 event. The second scenario Klocos the typical vehicle in the
electrically worst case location of the switchyard (1.e. potentia)
simultaneous damage to the greatest number of electrical trains). For
each scenario the following events are considered.

FIRE A1l combustible materials on the typical vehicle are
consumed in a fire

EXPLOSION 1. Realfstic case - § gallons of gasoline vapor in free air
explesion with fire of remaining matera).

2. Worst Case - 100 gallon gasoline tank fyll of vapor
at the upper combustible 1imit (approx, 8 gal, of
vaporized gasoline) exploston without tank mitigation of
blast with fire of remaining matertal,

For the worst case event the evaluation established a defined area of
affect as shown on the attached sketch #1. The evaluation then considered
the damage to equipment located within these areas and determined the
impact to plant capabi'fties, and analyzed the abi)ity to pitigate the
effects of the damage and bring the plant to a safe orderly thutdown in
accordance with the desfgn bases. With the exception of the March 20, 1990
event the evaluation considers that the plant s operating at 100% power
in 1ts norma) design configuration. A1l equipment {s considered
operational prior to the event,
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COMCLUSIONS

The evaluation concludes that for each postulated svent the protection of
the health and safety of the public 15 matntained and that the plant can
be shutdown {n an orderly manner as previously analyzed in the design

bases ¢f the plant, A summary of the evaluation for each event s
dttached.



M -24-'90 16:9% 1D SONDPCO-OGTLE TEL NO! 1-205-07-708% and PRé

EVENT EVALUATION ¢ )

RESCRIPIION;

; ssac1f1:d)truck located at site of March 20, 1990 event (see
sketch #]

+ Sparks from damaged cables 1gn1to combustible material on truck
onvtlopin' the truck and Yoad in flames.

' gonb::tib e material is assumed to be released and oxidized on
ocation,

- Combustible materis) quantities are »ssumed to be actual truck
inventories (see attachment #))

RESULTS.

- The total BTUs roleased from {re 103,451,800

« Phase 3 conductor 1s npgroxln‘ttl¥ 16 ’oot above truck bed (fire
base). Full effect of heat from fire wil) be radisted to
conductor/insulator, (Flame height approximately 28 ft. based on
data protont;d {:r ;:g1;no in the Handbook of Fire Protection

y the ’

- site source 1ines are approx!matol‘ 50 ft. above truck bed
(fire base) and would be effected by heat from fire,

- Protective relays from offsite source 1 would clear phase to
ground fault,

The following equipment would be lost:
Offsite source #1 - RAT INXRA and 2NXRB
ANALYSLS OF RESULTS:
- No mpact to Safe Shutdown of plant due to avatlability of second

source of offsite power
» Protective relays would clear faults.
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EVENT EVALUATION ¢ 2
RESCRIPTION:

« Typical vehicle Yocated at site of March 20, 1980 event (see
sketch #])

= 8 gallon spi11 vaporized Tocally

- Sparks from damaged cables ignite vaporized gasoline in a locs)
free afr explosion of spilled materials and fire tnvolves
rcmainlng combustible materials on th. vehicle,

* Combustible materials, except § gallons of spiiled gasoline, 13
assumed to oxidize on Jocation.

- Combustible materfa) quantities are assumed to be actua) vehicle
inventories described 1n event #1.

- Safe standoff distances are derived from . Capacity

Ak

%{PW]W Plant Structures o Resist

BESVLTS:

< The § gallon gasoline free air explosion {s approximately
equivalent to 78 pounds of TNT,

‘ Yhojexplosion evaluation {s enveloped by the event evaluation 3
explosion,

. I?o fire damage 15 enveloped by the event evaluation #1 and #3

res.

- Event evaluation #3 results in greater potentia) to damage
equipment and fs the controlling event based on loss of both
off-site power sources.

ANALYS1S OF RESULTS:

See event evaluation 03
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EYENT EYALUATION #3

RESCRIPTION:

« Typical vehicle located at the site of the March 20, 1990 event
[see skelch 1))

- Gasoline tank filled with gasoline vapor at the meximum
combustible Vimits,

- Combustible material quantities are assumed to be actual truck
fnventories-see event evaluation #]
Sparks from damaged cables fgnite gasoline vapor resuiting 1n an
explosion

« Ko credit 1s taken for mitigating effects of tank wall on
explosion area of effect

« Actual inventories (see event evaluation #1) of remaining
combustible materfals are assumed to burn locall

- Safe standoff distances are derived from NUREG/CR-2462, Capacity

Lloadings,

g{p?&g&zgxlsggfz Plant Structures To kesist Blast

RESULTS:
« The 100 gallon ?asolint tank filled with vapor at the upper
t

combustible Yim felds approximately efght galloas of gasoline
or an equivalent 135 pounds of TNT.

- Safe standoff distance 1s approximately 133 feet for a structure
with ductility of 3.0 and fu of 54,

- Reserve auxiliary transformers (RAT) INXRA and 2NXRB are located
within the safe standoff distance and are thus considered damaged
resulting in loss of off-site power source #1 to Usits 1 and 2.

- Fire damage is enveloped by event evalution #1 and results in no
equipment losses beyond those of the initiating event or the
resulting postulated explosion.

ANALYSIS COF RESULIS:

This event 15 enveloped by event evaluation #6. See analysis of
results-event evaluation #6,
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EVENT EVALUATION #4

RESCRIPTION:

- Same as event evaluation #] except as fo)lows.

- Combustible matertal quantities are as specified for a typice)
service vehicle in the evaluation description,

. {ypical vehicle located as shown on sketch £ *Worst Case®
ocation,

+ Same as event evaluation #1 except for slight bigher BIU rates.
- Depending on fire pattern both off-sight power sources could be
lost via fire in trenches and damage to overhead 1ines,

AMALYSIS OF RESULYS:

+ See event evaluation #6. Event evaluation 76 enveloping of
worst case events,



EVENT EYALUATION ¢8

DESCRIPTION;

« Same as event evaluation #2 except as follows.
« Combustible material quantities are as specified for the typical

service vehicle in the evaluation description.

. T{pitl? vehicle located at worst case location s shown on
$

eteh ).

The § gallon free atr explosion {s approximately equivalent to
75 pounds of TNT,

« The explosion evaluation s enveloped by event evalustions #4

explosion,
}?o fire damage 15 enveloped by event evaluations #4 and #6
res.

- Event evaluation #6 results in greater potentfal to damage

equipment and 1s the controlling worst case location event based
(n Toss of both off.site power sources.

ANALYS1S OF RESULTS:

Sec event evaluation #6.



EVENT EVALUATION ¢

e5 evenl evaluation #3 except as follows
DUstible quantities are as specified for a typica) service
vehicle in the evaluatior description.
Typical vehicle located at worst case location &t shown on
sketch #],

RESULTS:

Explosion approximately equivalent to 138 pounds of TNT,

Safe standoff )33 Ft. for «30 andfiy 54,

A11 equipment Yocated within safe sCandoff distance s Assumed
”ana?nd

insulators located within the safe standoff distance are assumed

+

10 fafl resulting fn the Yoss of electrical circufits (11nes) due
phase to ground faults being ¢)eared by the respective
protective relaying systems.
WIng equipment systems could be taker out of service by
the operation of the protective relaying:

\ .
The f¢

off-site source #] - RAT INXRA and RAT 2KIRB
off-site source #2 . RAT INXREB and RAT 2MXRA

vAatt 1 Matn Transformer - UATS

vnit 2 Main Transformer . UATS

Ire camage is enveloped by event eva! atior M4 and

vaI1QN Ga dyt
"t £ L} 1<
W f_._"l.;‘n.;..u

s and effects analysis (FSAR Table.3.1:3) of tre loss
' from the off.site power Supply syster (off.site source
On system safety functior capadility, A
Ve seen by the safety related equipment as th
'S started by the related seavence.
of voltage (loss of the preferred power source) 1s sensed by four
unaervoitage devices. Two-out-of-four undervoltage logic trip the
ncoming preferred power source to 1s0late the ‘fety systems, start the
diesel generator and sequence the safety relatec .o0ads on to the
electrical distribution system. Hence protecting the hea)th and safety of

the public through an orderly plant shutdown in accordance plant design
bases
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ATTACHMENT 91

R .

Liquid Gallons Ib/gal Lbs. Bwb Buw's

Sasoine — "~ 94| ®7¥ %38 21000 11261800 ]
Dese F ST L. a6 T3 22 kL]

Waste Oil (Tank Empty) 0 7.8 | 0| 20000

Water | 40 NIA 0

Antitreeze | 18 N/A [
,Eﬁ!‘_c}&m 00 T8 780 g
Transmwasion Flyig 80 7.8 608
Gronse 10 78 1368 | 20000

Motor Oil 1 (1] 7.8 494 A
Gear OF 86 78 a4 W

#32 Hyorauiic Ol T2 7.8 190

Total Bry's Re 1 1
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EVENT EVALUATION 02

RESCRIPTION;
. Tgpscal vehicle Tocated at site of March 20, 1990 event (see sketch
")

- 5 gallon sptl) vaporized locally

- Sparks from damaged cables fgnite vaporized ?asol1no in & loca) free
atr explosion of spilled materials and fire ‘avolves remaining
combustible materials on the vehicle

- Combustible materials, except § gallons of spilled gasoline, fs
assumed to oxidize on location

- Combustible material quantities are assumed to be actual vehicle
inventories described in avent ¢}

« Safe standoff distances are derived from

1963

Results

* The § gallon gasoline free afr explosion {s approximately equivalent
to 75 pounds of TNT

- Safe standoff distance is ‘pgroximatnly 108 ft for a structure with
ductility of 3.0 and fu of 54

- Offsite source | which feeds reserve auxiliary transformers (RAT)
INXRA and 2NXRB 15 located within the safe standoff distence and 1
thus considered damaged resulting in loss of off-site power source #)
to Units | and *,

- The tota) BTUs released from fire « 103,451,800

« Phase 3 conductor 1s ngproximatoly 16 feet above iruck bed (fire
baso{. Full effect of heat from fire will be radiated to conductor/
insulator. (Flame hefght approximately 28 feet based on data
presented for gascline in the f
by the SFPE.)

- Offsite source 1ines are approximately 50 feet above truck bed (fire
base) and would be effected by heat from fire.

. :ro%lctﬁon relays from offsite source | would clear phase to ground
i,

o)

The following equipment would be lost:
Offsite source #1 - RAT INXRA and ZNXRB

ANALYSIS OF RESULTS

Failure modes and effects analysis (FSAR Table 3.1-3) of the loss of
preferred power from the offsite power supply system (offsite source 1 or 2)
indicates no effect on system safety function capability. A momentary loss
of power will be seen by the safety related equipment as the associated
diesel generator fs started by the related sequence.

Loss of voitage (loss of the preferred power source) is sensed by four
ungervoltage devices. Two-out-of-four undervoltage logfc trip the incoming
preferred power source to fsolate the safety systems, start the diese)
enerator and sequence the safety related 1oads on to the electrical distri.
ution system. Hence protecting the health and s:fctg of the public through
an orderly plant shutdown in accordance plant design bases.
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EVENY EVALUATIOK #2

QESCRIPTION:

Typical vehicle located at siie of March 20, 1930 event (see sketch
€7) '

Combustible material quantities are assumed to be actual vehicle
inventories uescribed in attachment #l

- % gallon gasoline spi)) vaporized locally .

- Sparks from damaged cables ignite vaporized gaseline in a local free
air explosion and fire invalves remaining combustible matertals on
the vehicle ‘

- Combustible matarials, except 5 gallons of spilled gasoline, 1s
assumed to oxidize on location

Safe standoff distances are derived from <0462, Capacity of
Nuclear Power Plant Structures to Resist ] september
1983

I §

The 5 gallon gasoline free afr explosion 15 approximately equivalent
to 75 pounds of TNT

Safe standoff distance 1s approximately 108 ft for a structure with
ductility of 3.0 and fy of 54

- Offsite source | which feeds reserve auxiliary transformers (RAT)
INXRA and 2NXRB is located within the safe standoff distance a«nd is
thus considered damaged resulting in los. of off-site power source #)
to Units 1 and 2.

Reserve Auxiliary transformers (RAT) INXRA, Unit Auxiliary
transformers (UAT) INXAA and INXAB, and Main Step-up transformers
(MET) numbers 1, 2, and 3 are located within the safe standoff zone
an¢ are assumed damage” resulting in the loss of service of this
equipment

The total BTUs released from fire « 103,45),800

- Phase 3 conductor s approximately 16 feet above truck bed (fire
base). full effect of heat from fire will be radiated to conductor/
insulator. (Flame height approximately 28 feet based on data
presented for gasoline in the Handbook of Fire Protection Engtneering
by the SFPE.) This conductor 1s assumed to fail due to the fire.

- Offsite source #]1 lines are approximately 50 feet above truick bes
(fire base) and would be effectec by heat from fire. The offsite
source #1 15 assumed to fail due tc heat and/or arcing to ground
through combustion gases

. :ro%ect1on relays from offsite source 1 would clear phase to ground

ault,

The following equipment would be assumed lost:

Offsite Source #1 Lines

RATs INXRA and 2NXRB

Unit 1 Main Step-up Transformers 1, 2 and 2
UATs INXAA and INXAB

Los an e o0 -
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ANALYSLS OF RESULTSL

Failure modes and effacts analysis (FSAR Table 3.1:3) of the loss of
prefer-ad power from the offsite power supply system (offsite source 1 or 2)
indicates no effect on system safety function capability. £ momentary loss
of power will be seen by the safety related equipment as the associated
dissel generator is started by tha related sequencer.

Loss of voltage (loss of the preferred power source) is sensed by four
undervoltage Jdevices. Two-out-of-four undervoltage ‘ogic trip the incoming
preferred power source to isolate the safety systems, start the diesel
generator and sequence the safety related loads on tn the electrical distri-
bution system, hence protecting the health and safety of the public through
an orderly plant shutdown in accordance plant design bases.
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