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I. PURPOSE STATEMENT:

-~

This case study 19 desigred to provide understanding of the events leading up to,
during, and the corrective actions associated with the loss of RHR cooling at

Diabio Canyon.

Incluged in the case study are the actions taken at Plant Vogtle

to reduce the possibility of a similar svent ocourring.

Il. LIST OF OBJECTIVES:

1.

Describe briefly the initial conditions for cperating with the
RCS at mid=loop.

List the instrusentation used to monitor RCS level when operating

at mid~loop. :

Ligt the instrumentation used to monitor RCS temperature wheu
oparating at std-loop.

Discuss the events that lcd to tha loss of RHR cooling at Diadlo
Canyon,

Describe the actions that the operators took to mitigate the loss of
RHR coeling.

Describe the possible consequences that could result from a loss of
RHR cooling.

Dpior 2 cRioh. taken to reduce the probability of @ similar wvent
fre o oo Cing st Plant Vogtle.



LESSON OBJECTIVES

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




nced a (oes
Apt the irred.  Acco
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the environment

10 Canyon Unit 82, a +o oOp Westi ou 19 Mue PWR,

Capacity factuyr 80)

123, on 4/10/87, Operating in Mode I, 7 days after shutdesn for ite
TAFSL refueiing outage, loss of both RMR trains RECUrred for 2 period
ipnroximatel 9 hours. The 1noss of RHR Cooling was complicated by
removal of ¢t ontainment equipment hatch (relesse path to the
environment) IS hot leg mid-locp level Operation, and steam generator

TANway removal in progress during the event.

that “eat removal was 08T, the reactor coclant heated

Gy STeam was ventad from the RV head. water scilled
tially unsealed 56 manwavs INtO Che containnent due o

on of the RCS, and contatnment Fad.OQas activity was obse

'

t allowed to continue, the loss
Janage and an environmental releaze

DETAJLED EVENY DESCRIPTION

plant had been shut
‘ outage,
cContainment building equips

e Cersonnel airlock 0 en




ot WHR was PEFRD IR 4% wol &% 0.l
e RHR syvetem.

®C SOwn ¢ the mid=ioop level to sunpe

. i WL

®a0 aress f0r planned steanm yenerator

ng MOniLtored by a temporarily installed reactos di11y
snaication system consisting o¢ a tygon tube manomater

Cand J electrical systems (ir wide and rarrow range

QFf Nervice due t2 on the o L aCcident

R pressurizer by a temporary vent

FRAXE" were racked

\ y

oY
o)

DRINQ maintained by ser 9 ®HLUSN water to the RWET or ¢
w

.

CNArQIng pump was available for immediate service.

The swing shiét was maintaining the RCS level at o near the canterling
the hot leg, and below the i . LCN water could enter tne

area of the steasm generators. Le 4% Deing controlled by balancing the
Maxeup and letdown flown (by 41¢ om the VCT via the normal charging
RAth through an idle centrifuga Qing pump

A W M

1

Event Inftiastion

At approximately 2043, a plant ocperator onened ] on
OFTION O A reactor coolant pump seal water
pertorm a local leoak rate test. ® Control room wat not informed o

Start ot the test. The portion of the Bysiem had baen tagoed out with &
CiRarance and the valves necessary ¢ 1sClate the penetration éor

were independently verified to bhe sed.
engineer [eft the areas.

the test
Riter opening the valve, the
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Unknown to the Invelved personnel, une of the valves positioned in the
Closed position wes improperly seated (noter this valve 1s reach rog
Operated ang is difficuit to position), When the plant engineer opened
this valve, RCS 4low from the drain line to the RCDT began., This leaksge
from the RCS was immediately seen an & decreass in VCT level by the
control room operators and caused RCDT level to incresse as reported by
the auxiliary bullding operetor,

The cuerator compensated ‘or the docrease 1n VCT level by increasing
letdown flow from the RCE, Indicated vessel level begun to decrease on
the temporery RULIS, The operators sttempt to cestore VCT level by
increasing letdown flow resulted in a slow decrease in RV level.

At 2054 the ABD reported that RCDT level had increavsed, anu shortly
thereatter the RCDY pump automatically startes and stopped I3 times to pump
down the RCUT to control the high level.

The operators 1sclated charging and letdown #1ow paths to stup the leak,
'he resulting loss of flow inte the VCT, and the flow ou* the ieak test
orain caused VCT level to decrease rapidly, but irdications in the control
roum showed the level decresse in RV level had stopped. The auxiiiary
tullding operator reported the leak into tne RCDT was approximatelv 30
g‘t'.

Loss of RHR Couling

21251 The control room operators noticed that the AnpRrage on the #2 RMR
pump began to fluctuate, This pump was shut down and the #1 pump was
started. This pump &leo shuwed fluctuating amps and wae shut down.
Operators ware dispatched to vent the PUMPS and seal coolers on hoth RMR
pumps.

At this point RMR cooling canability was lost and the operators had no
method of wonitoring i1nccre temperatures, Vortexing or cavitation were
SuSpRCtad as the cause of the pump motor current fluctuations.

Sinca the apparent vortexing or cavitation were unexpected, the validity
of the temporary RV level indication i1n the controel room was suspected,
An operator was dispatched to chech local RY tyQon tube indication insice
the containaeni,

The status of the steam generator narway removal wWaS reqQuestad by the
shift foreman. This was done to ensure that no personnel were inside, or
in the vizinity of the steam generator manwavs of channel heads, betore
the RHR valves were opened to allow Gravity flow from the RWBT (o f11]1 the
RS,

2138: The outist valve on the YCT was closed to stop VCT inventory loss.
This isolated the VUT #rom the BO07 a~a the cdecrease in VCT leve! stopped.
The RV level continued to decrease.
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22000 The plant aoginesr onered the vent valves associated with the
PEnetration deing drained. After opening the valves he ledt to éind a WP
fechnician to assist in the leak rate test,

22071 The RMR pumps were reported vented,
<210t RV indicated level begins to increase, R°S heating up.

2211 The 81 puinp was started, Pumo amps were tluctuating and the pump
way stopped,

3371 The shiét foreman declared a Significant Event, MR ¢low had been
(o8t for greater than an hour, ADOuUt this same tine the plant engiresr
discovered a large amount Of water which he believed wes associated with
fis draining evolution, The engineer notified WP personnel of the spill
and closed the vent valves.

2230t Contairment activity le els were observed to he increasing. Air
sanples were initiates to determine the source. WP personnel began
evacuation of persornel on the elevation of the elevated radiation readings
inside containment,

Restoration of RMR Cooling

20411 Operators believed steam was LRING generated in the RV due to the
INCreasing trend on the temporary RVLIS. Also, the control room was
notified that the steam generator manways had not Leen removed «l though
some of the bolts had been detensioned., Valves were opened to allow
ravity flow of water from the RWST to the RCS, the indicated RV level
Ievelec ofé and began uecreasing due to the cooling ef+act of the RWST
water entering the RCE., Charging and letdown were asiaplished,

22801 Th leak path was isolated and reported to the control room by
personnel inside containment,

22541 RMR pump 2 was started ang SWR cooling flow was establianed,

Shortly atter ‘he_pump start, the oumg discharge temoerature rose to
appraxxnatolv 2207F, Mithin § minutes the temperature had gropped Lo less
than 2 '

22561 Fluctuating amperage was rotes =n the runni vy RWR pump. The RWST
to RMR pump suction valve was coere: ' - .ncrease nakeup to the reactor
versel, Pump amps wtabilized and *. .. el incressed rapidly,
approzimately S in/min,

2298: Fersonnel tngide the contai *“* -~sported steam venting $rom a
ruptured tygon tube on the reactor ¢t cart, Conta.nment evacuation was
crdered. RCS was beginning to pre:: - UR to the air 10 the systen,
23131 The leak from the heag .e-: TFi. Leavage from the stean

Jenerator manway$ was aiso reports
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Fram this point~on. the orerators restored the plant to & normal lineup.

Ve INSTRUCTORS AIDS

. Fundamental Causes and Discussion Topics

1.

2.

The operatore did not fully understand the behavior associated
With the temporary RY level ind. ation system,

Vesse! level indications are provided by

b,

Tygon hode connected on RCE loop | intersneciate leg and
vented to the pressurizer

RVLIE fout of service during the Dianla Cenyvon event)
Tempurary system using a diféerential pressure trans.itter

ferding a signal to a recalibrated and relabeled accumulator
level 1ndacator in the control room.

Levels ara influenced by:

€

d.

The refarence leg for the temporary level instrument and the
tygon tube are connmcted to the intermediate leg of RCS loop
1. The level read by these can be approximately 2 inches
higher than actual level at the AR pump suction comnection
due to RHR system flow., The operator should be aware of this
diffprence,

RMR returr water entering the RS piping causes & slightly
higher elevation difference on the cold leg side of the RCE,
Water enters the top of the piping and is directed downwar s,
When the oops are full the water enters the pipe and no
splashing effect 16 mncountered,

Alr ertrainment in the system displaces water and can Je up
to 3% to 10% of the syitem volume in the KWR pump suction
Piping. This is affected by the flow rata through the
System. When the system 1s shut down the wator and the air
separate and RV level decreases lower than it wa® with the
pump running,

Capillary effects on the tygon tubing can cause a higher
indicated level than sctual and prevents fast response to
changes \n level.

Level as read on the tygon tubing should be clearly markea.

Movements f the tygon *.5.~g aftect indicated level. Tygon
tubing should be mcuntes 13 orevent movement.



- TUbE 'ree oY 8 alNEC Alr anc Jve &

anstant slope., Alr in the tubing can give  false r
ievel reading., Ensure the tygon tune 1w vented,

At
-8 Y
-~

Temperature diffearences betweer the ROS and *aa leve

LlAstrument. can artdect indicated R7ROS actual 19 v

‘. <OEratlors need to Ve tamiliar with the {QCATION D the KV
struments,

The Bak W2G Caused Dy an 1muroper! sfateC val

MRpLicated Dyt

vi: 2NJ wa%

AN

&, CORIATOrS were NOt fumiliar with how *g determing va L3

POS1ItION on valves with reach »od QLerarors, Flant voqQrie
nas had this proolem also

« AN engineer cpened the valve that inttiated e event, ™ae
engineer should have had an operator perfcrm the value

pasisianing.

By The valvae that w=as rot #ully seoted wap uitdicult ta position
dug Lo the design ot the reach rod assendly

J LONErOl ronm Qperators were nat

t aware that local leak rate
Lteuting was in orgress, Opecators nesd 0 be aware of all

wQ" in progress at all Cimes that affect the integriy ot the

RN
{ N
RLS,

Cperators dicd not Kfiw the status oF the S6 menway removal .,

This affec’~ 408 integrity,

' yur &

« uring the Fleny Lhe Dpertlors wire uncertain of nlant
valve lineups

JULRGe activities were 10t coordinated.

s

. JRRCATOrS *hould hae a teel for what instrusents are tellirg
tham and some 4 the fiTationg adseciated with

instruments,

The ecutpment hatch was of4., The RS now hag direct vernt

PALD LU Atmosphere ~unsideration should be given laht the
3 mAAmays warq to &

~

o
L
-

3
O

. Tha length of time operation
ry 2 fiss100 product boundaries
tine,

at mid-loon was to

neTe inetiective d

(3
@

.
.
o =

« The only temperaturrre 1 si1cacian available ws the RMR loop
Lenperature.  Qpeators wers unisary of the reactor hegatup
CALD, . TN0y Ghsass AR R Rlal "R a AR

2.8 7oinuld. T RB3 ¢ RCS was unoerestimated

"~ a . s -

Frocedures «ere cdes
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Shiftkbrxo4:ng dig not mention leak rate tests that had been
dpproved but not started,

Pursonnel did not inform the control room prior “o starting 2
teat,

The RMR pump erratic rurrent was observed ang trioped by an
cperator that was not a neater o the shift crew,

Communications ware poor.

1) The RO shuuld handie communications and relay them back
to the shi¢t supervisor, This was 1ot done and a lack
of clear in‘ormation into the cantrol room was a
distraction,

2] Operators did not pass along information gupRriences
that occurred prior *o the event and prohiens that were
encauntered were not documented in the comtrol room

logs.

Tne event was classified as a NOUE instead of an ALERT, The
shift ‘oreman classified tha event Decause ne determined that
RHR was not inoperable. Gravity feed frow the RWST would

have veen ineffactive 1 the RCS pressure reached approximately

<% psig.

Pressurization of the RCR could cause additional leakage paths,

A,

0.

Alr 1n the RUY caused an unexpected pressurization of the RCS

L) A water/steam filled system wouid allow condensation ta
Qccur 1n the £6 tubes and no pressu-ization,

Alr 1n the systum also iniiibits heat transfar from the fuel
Lo the zomlant,

At Dindlo Canyon mig-loos cperation was to continue for an
indefinite pariod of tine.

€. Work activities tnat hava the potential for draining the RC3

should not be dors when cperating at mid-looe.






TABLE 1
FERMANENT PLANT INSTRUMENTATION AVAILAR

OURING MID-LOOP OPERATION e

{_|IBQIN.8 ITBAIN_P (DESCRIRTION 'WARATIQY na.egg
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i

- ¢ v s |

Il IP[~0001 IP1-0802 (AW PURR SUCtion preesurs |Lecal 10= 800 Beig ¢
12 1Pl«10614 | IRt puse discharge pressureilocal 1 0=1000 pei1g |
I3 | IFI-1061% |AMA pume discherge preseure|l.ocsl 1O~ B0 Pwig 1§
14 17180810 1F18-00611 |NMA PuUte diesnerge 4lom Ihocal 10=1300 gpa
135 IP1-403 iPl-409 IRCE wive range pressurs | Q& [0=3000 peig ¢
e IPI-408 IPl-41@ IReczter vesvel pressure IR 10=3000 gwig |
17 (P1-a3n IPL-429 (Reaceor vesewl preseure | GCR 10~3000 paig |
§8 1PI-0813 I1HI-0al” [Awm PUMg dieciarge preusurs | GMCE 0= 300 peig |
19 (FI<0l®A (FI-g198 |[mut te RCH cold leg flow | PN 10=3000 gois |
HOIFIC-4180 17 I0-4190 (M0 Station for AMA ngate LB 19= 100 % ]
. | | (@XCNArQEr ByDane vaive | | i
P INIC-408A (NIC-4078 1M/a Rati0n for YR heat = - Q= 100 % 1
] ) lexchange” outlet valve | | i
H2ITR=0012 (| TR=C613 |Pen recorde”s for RMR asat | OMCH O~ 4CO daoF 3
o | fengianger 17102 & gul.ot ! | {
§ ! | tod0er atur e ) | i
CI3IFI-0108 IF{-019% |cane an 9 IPE0A, PEOBIC - B000 gom  §
HAIF.C-188 (FIC-2' 90 | paae e & IR PP 10~ 100 ¥ !
NI IHIC-20a0 |NIr-078 isanw ap 7 SRR PADD I - 100 % i
ViSiTI-0048 | TI-4088 |mmR Neat wxehanger wutlast PUDA , PB0B | BO-400 gegd |
N ) | R eaper atuwre i | H
MTILT=1311  JLT-1321 (Meactor vawse) lovel | G0 'O~ 120 % t
B tvarioue) | (various) e Enit Thavreocs oles | KR (O~2300 gwg® |
I 12R per train - %0 total lcomputer | [
! b . 4 3 ‘ !
§1® (W EEE % iFrevewrizer lavel (csld) = 2 10= 100% !
§

20 ¢ LAt ¥ IMAT preoseuwre | vy 10« 100 peig
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TABLE 2

PLANT ELEVATIONS ASSOCTATED WITH RCS LEVELS

v
pe]
ot

55 [
>

£
L
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193

- -
- -

87

z
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@3
Rl

MINIMUN RUST LEVEL

RWST OUTLET NG2ZILE LEVEL
TOP OF STEAM GENERATOR U~-TUBES

PRESS RIZER SURGE LINE NOZ2LE LEVeL
A Flowae

TOF OF RCP SEAL PACKAGE

BOTTOM OF ACP SEAL FACKAGE

NOINA, RCE LEVEL (172 LOOP "UlLL)
CENVRRL INE OF ACF QISCHANGE PP ING

ART INLET PIPinG

CENTRIOLIME Reft PUMS D IIOHGEE PP ING



2LL5EM Potential Cause

Automatic closure of AR [nstrument vallyre. errgr
R

SUCTicn valvas from RCS hot lags Maincenance or testing

Automatic opening of Pressyrizer Instrument fallyre, arrar
PORV‘s from COPS Raintenance or testing

Aytomatic infittation of Emergency Instrument fallyre, error
“ore Cooling System Maintenance or testing

Automatic inittation of Auxtliary Error during maintanance or
Feedwatar Systen testing
‘utomatic snergization of

Errur quring maintenance or
SSUriZer heators )

tasting

.

Closure or cpening of letdown instrumant fallyre, loss of
prassure cortrol valive ‘nstrument ale, arror durivg
maintenance or testing

Llosure or opening of RNR heat -ontrel failura, loss of
prchanger ocutiet valves 'nstrument alr, error during
faintenance or testing

~losure o opening of RMR haat instrument fallure, loss of
exchanger Dypass valvey InStrument alr, arror during
nintenance or testing

ANEngy Ia charging flow Instrument  failyre, lass
'NStrument altr, error during
TAIRTENANCY or tasting
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3.

3.
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RHR trztﬂ‘ap¢ratxan QuUidance 16 Quven, 1 train in operation with
@ flaw of 3000 gpm in Procedures 12000 - Refueling Recovery,
12006 ~ Unit Cooldown to Cold Siutdown, 12007 - Re‘ueling Entry,
13011 =~ Residual Meat Removal System, ang 130085 - Reactor Coolant
System Drainicg,

During tho draining of the steam qenerdtor U-tubew, guidarce is
qiven for expected RPV level responses (n Procedure 13009 -
Reactor Coolant System Draining.

Minimum level cf 188 feel is meintained whenever the RER 18 in
service per Procedures (2000 - Refueling Recovery, 12008 -~ Unit
Cooldown to Cold Shutdown, 17007 - Refueling Entry, 13008 -
Reactor Coulant System Draining,

13008 ~ Reactor Coulant Systes Draining instructs the cuerator
that only one drain path sha:l be used at a time and operators
shall be  aware o the path being used ., Log entries shall be made
to kesp personnel aware of drain paths,

13009 ~ Rewctor Conlant Syaten Oraining instructs the cperator
that if craining via the RCDT, do not drain from the same loop(n)
that are being monitored for level., Thus filling or draining
Operations should not have an adverse effect on level indication,

13011 ~ RMR gystom has the operator disahle valves B804 A/E when
placing the RYR system into rervice. Thie is able the opening of
SE12 A/B ¢rom the contrel room, Thase vaivas nowever are operadle
from the remote chutdown pancls 4 needed Lo retill air bound

RHR pump suctions on a loss of RMR conling.

B. Hurdwars Changes

1.

2.

Temporary rauactor vessel level indicaters are %o re intcallied on
the control board using 01 accusd! ator ievel insiruments, Bao:h
alarm functione ana trending (nformation will be availadiw,

An aveliation of the ramoval of interiocks assuciated with thas
PRR loop suction valves (s in prooresy.
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VIIl. REFERENCES -

NUREG 1269 LOSS OF RHR SYSTEM

IEN B7-23  LOSS OF DECAY MEAT REMOVAL DURING LOW REACTOR COOLANT LEVEL
OPERATION

GENERIC LETTER 87-12 L0€S OF RHR WHILE THE RCS 1S PARTIALLY FILLED



