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l. PURPOSE STATEMENT:
-

,:-
"- *

. . . .

This case study is desigtied to provide understanding of the events leading up to,
during, and the cort active actions associated with the less of RHR cooling at
Dicblo Canyon. Included in the case study are the actions taken at Plant Vogtle
to reduce the possibility of a sistler event occurring.'

,

'

11. LIST OF OBJECTIVES:
_

1. Describe briefly the initial conditions for operating with the
RCS at mid-loop.

2. List the instrumentation used to monitor RCS level when operating
at mid-loop. e

3. List the instrumentation used to monitor RCS temperature when
operating at mid-loop.

4. Discuss the events that ic1 to the loss of RHR cooling at Diablo
i

Canyon.

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

6. Describe the possible, consequences that couid result from a loss of
*

| RHR cooling.

7. Derm W etion% taken to reduce the probability of a similar event
fre 3 ;mcw -ing at P1 Ant Vogtle.

..
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CASE'S)UDY OF THE DIABLO CANYON LOSS OF RHR EVENT
DURING MID-LCOP OPERATION

1. INTRODUCTION

This case stuoy materini covers a loss of residual heat removal during
mid-loco operation and the phenomena influercing that behavior at PGLE's
Diablo Canyon Unit b2. An event description that covers major operator
actions and plant responsa related to the event are included. In
additton, some instructor aids are provided to assist the instructor.

It should also be noted that other plants have experienced a loss of RHR
and this is not the only case of this event that has occurred. According
to Generic Letter 87-12, 37 additional events have occurred that are
attributed to inadequate RCS water level.

This is significant in that core damage or a release to the environment
could have occurred.

11. SUMMARY

PGLE's Diablo Canyon Unit #2, a four-loop Westinghouse 1119 MWe'PWR,
achieved a capacity factor > 80% during its first fuel cycle.

At 2123, on 4/10/87, operating in Mode 5. 7 days after shutdenn for its
first refueling outage, loss of both RHR trains occurred for a periodapproximately 1.5 hours. The loss of RHR cooling was complicated by
removal of the containment equipment hatch (release path to the
environment), RCS hot leg mid-loop level operation, and steam generator
manway removal in progress during the event.

During ghe parted that heat removal was lost, the reactor coolant heated
fros 87 F to boiling, steam was vented from the RV head, water soilled
from the partially unsealed SG manways into the' containment due to
pressurization of the RCS, and containinent radiogas activity was observed !to increase.

If allowed to continue, the loss of RHR cooling could have led to core
damage and an environmental release of radioactivity,

lit. DETAILED EVENT DESCRIPTlDN

Initial Conditions

The plant had been shut'down, approximately one week, for its initial
refueling outage.

The containment building equipment nat:5 was removed.

The personnel airlock was open.

--

>_ _ _ _
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Containment purte was in progress.
..

Removal of steam generator manways to gain access to the SG channel head
areas was in progress.

Core exit thermocouples were decoupled in preparation f or RV head removal.

Local leak rate testing of containment penetrations was in progresu.

The RHR pumo 2-1 was operating through both RHR heat exchangers, both
trains were cross-connected.

The other train of RHR was operable as well as all anstrueentation
asssciated with the RHR system.

The RCS was drained down to the mid-loop level to support entry ittto the
steam generator head areas for planned steam generator work.

RV level was being monitored by a temporarily installed reactor vessel
refueling Invel indication system consisting of a tygon tube manometer
inside containment and 2 electrical systems (in wide and r.scrow range).

The normal RVLIS was out of service due to work on the post accident
monitoring system.

The RV was vented to the pressurizer by a temporary vent rig.

The Si pumps circuit breaker were racked out.

RV level was being maintained by sending excuss water to the RWST or bymakeup from the RWST.

A centrifugal charging pump was available for immediate servica.

The swing shif t was maintaining the RCS level at or near the centerline of
the hot leg, and below the level at which water could enter the channel
area of the steam generators. Level was being controlled by balancing the
makeup and detdown flown (by flow from the VCT via the normal charging
path through an idle centrifugal charging pump).

Event Initiation

At approximately 2043, a plant operator opened a valve on an " isolated"
portion of-a reactor coolant pump seal water return line to the VCT to-
perform a local leak rate test. The control room was not informed of thestart of the test. The portion of the system had been tagged out with a
clearance and the valves necessary to isolate the penetration for the test
were independently verified to be closed. After opening the valve, the
engineer Inft the area.

Y
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Unknown to the Involved personnel, one of the valves positioned in the
closed position was improperly seated (note this valve is reach rod '

operated and is dif ficult to position). When the plant engineer opened :
this valve, RCS flow from the drain line to the RCDT began. This leakage '

from the RCS was immediately seen as a decrease in VCT level by the
control room operators and caused RCDT level to increase -as reported by,

the auxiliary building operator. '

The operator compensated f or the ducrease in VCT level by increasing
letdown flc4 from the RCS. Indicated vessel level began to decrease on
the temporary RVLIS. The operators attempt to restore VCT level by

,

-

increasing letdown flow resulted in a slow decrease in RV level.
'

, At 2054 the ABO reported that RCDT level had increased, and shortly'

thereaf ter the RCDT pump automatically started and stopped 3 times to pump
down the RCDT to control the high level.

.

The operators isolated charging and letdown flow paths to stup the leak.
The resulting loss of flow into the VCT, and the flow out the leak test
drain caused VCT level to decrease rapidly, but ir.dtcations in the control
room showed the level decrea.se in RV level had stopped. The auxiliary
building operator reported the leak into the RCDT was approximately 30
gpe.

Lots of RHR Cooling.
>

! 2125: The control room operators noticed that the emperage on the #2 RHR
,

pump began to fluctuate. This pump was shut down and the #1 pump was
started. This pump also shcwed fluctuating amps and was shut down.
Operators were dispatched to vent the pumps and seal coolers on both RHR
pumos..

At this point RHR cooling caoability was test and the operators had noi
'

method of inonitoring intere temperatures. Vortexing ne cavitation were
suspected as the cause of the pump motor current fluctuations.

!

| Since the apparent vortexing or cavitation were unexpected, the validity
'

of the temporary RV level indication in the control room was suspected.
An operator was dispatched to check local RV tygon tube indication inside
the containment.

-

The status of the stone generator manway removal was requested by the '

shift forem4n. This was done to ensure that no personnel' were inside, or
in the vicinity of-the steam generator-manways of channel heads, before
the RHR valves were opened to allow gravity flow from the RWST to fill the
RCS.

2130s Ths outlet valve on the VCT was closed to stop VCT inventory loss.
This isolated the VCT from the RCDT and the decrease in VCT level stopped.

| The RV levtl continued to decrease.

,

.

4
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22001 The plant.'ogtneer coered the vent valves associated with thea
penetration being dratned. Af ter opening the valves he lef t to find a HP
technician to assist in the leak rate test.

2003: The RHR pumos were reported vented.

2210: RV indicated If vel begins to increase. R2S heating up.

2221: The si pump was started. Puma amps were fluctuating and the pump
was stopped.

2227: The shift foreman declared a Significant Event. RHR flow had been
lost for greater than an hour. About this name time the plant engineer
discovered a large amount of water which he belteved was associated with
his draining evolution. The engineer notified HP personnel of the spill
and closed the vent valves. ,

2230: Contairment activity levels were observed to be increasing. Air
samples were initiateo to determine the source. HP personnel began
evacuation of personnel on the elevation of the elevated radiation readings
inside containment.

Restoration of RHR Cooling

2241: Operators believed steam was being 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 been removed .ithough
some of the bolts had been detensioned. Valves were opened to allow
gravity flow of water from the RWST to the RCS, the indicated RV level
leveled off and began cecreasing due to the cooling eftret of the RWST
water entering the RC9. Charging and letdown were established.

2250: Th leak path was isolated and reported to the control room by
personnel inside containment.

2254: RHR pump #2 was started and RHR cooling flow was establ13hed.

Shortly after the, pump start, the auto discharge temoerature rose to
approximgtely 220 F. Within 5 minutes the temperature had dropped to less
than 200 F.

2256: Fluctuating amperage was noted cn the runntay RHR pump. The RWST
to RHR pump suction valve was ocenec tc :ncrease makeup to the reacter
vessel. Pump' amps stabilized and AV 'avel increased rapidly,
approximately 5 in/ min. '

2258: Fersonnel inside the contair -" 'eserted steam venting from a
ruptured tygon tube on the reactor ~ = 4 .ert. Containment evacuation was

,

ordered. RCS was beginning to pren - :ve to the air in the systea,
t

2'313: The leak from the head vent + ?. . Leakage from the steam
generator manways was also reporta-

|

1

. . _
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From this point'oitthe operators rest.ored the plant to a ncemal lineup.
| IV. INSTRUCTORS AIDS
i ,

*

A. Fundamental Causes and Discussion Topics

| 1. The operators did not fully understand the behavior associated
i with the temporary RV level ind.Lation system.
|

| 2. Vessel level indications are provided by: I

t ?

a. Tygon hose connected on RCS loop 1 intermediate leg and -

i vented to the pressurizer
!

| b. RVLIS (out of service during the Diablo Canyon event)

c. Temporary system using a differential pressure transJ,atter-
feeding a signal to a recalibrated and relabeled accumulator i,

level indicator in the control room. ,

3. Levels ara influenced by:
,

~

s. The ref erence leg for the temporary level instrument and the
tygon tube are connected to the intermediate leg of RCS loop
1. The level read by these can be approximately 2 inches'

higher than actual level at the RHR pump suction connection
due to RHR system flow. The operator should be aware of this
di f f erence. -

,

b .. RHR return water entering the RCS piping causes a slightly.
higher. elevation difference on the cold-leg side of the RCP. p
Water ertters the tcp of the piping and is directed downward._

When the . cops are full the water enters the pipe and no
splashing effee.t is encountered.

!

Air entrtiinment in the system displaces water and can.be upc.
t

to 5% to 10% of the system volume in the RHR pump suction 'i
piping. This is af f ected by the flow rate through the.

system. When the system is shut down the water and the air ,

separate and RV level decreases lower than it was with the
pump running,

d., Capillary effects on the tygon tubing can cause a higher
indicated level than actual- and prevents f ast-response to
changes in level. "

e. Level as read en the tygon tubing should be-clearly marked.
,

f. Novaments' d the tygen tseteg affect indicated level. Tygon
,

tubing should be mountes to orevent movement. I

i
-

.

i

-
. .
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g. Tyho'r-t9be should be free,cf entrained air ano have a
constant slope. Air in the tuoing can give a false high
level reading. Ensure the tygen tube is vented.

_

h. Temperature dif ferences between the RCS and the level
;- instruments can aff ect indicated verses actual leval.

4. Operators need to be familiar with the location of the RV level
instruments.

5. The 7,eak was caused by on introperly seated valva; and was
complicated by

a. Operators were not familiar with how to determine valve
position on valves with reach rod operators. Plant Vogtle
has had this problem also,

b. An engineer ' opened the valve that initiated the event. The
' engineer should have had an operator perform the valve

positioning.
,

6 The valve that was not fully seated was difficult to positionc.
due to the design of the reach rod assembly.

'

d. Control room operators were not aware that local leak rate
tasting was in pegress. Ocerators need to be aware of all,

wo"4 in progress at all times that ef fect the integriy of the
RCS.

Operators did not kriow the status of the SG manway removal.c.
This af f ect = MC5 integrity.

f. During the trA;eient the nporters wure uncertain of plant,

valve lineups,

g.. Outage activities were ret coordinated.

hr Operators *hould havo a teel for what instruments are tellic.g
them and some rf the limitations associated with instruments.

%
1. The etntpsent batch was off. -The RCS now has direct vent

path-to atmosphere. Consideration.shculd be givea taht the
SG mAnways.warti to be_ removed. The length of tine operation
at mid-loop was to be -long and 2' fission. product boundaries
were inef f ective during this ttaa.

J. The oniv temperaturree indicacion available ws the = RHR loop
temperature.

Oceatorswgggggggprgg[,}hg,rgagtog,heatup
3"k'7 min)IT.'*0kik80/akec!theRCS~wasuncerestimatud.

''

k. Procedures were ceficle-* .

1.i

,

-
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1. Ghtft briefing 4110 not mention leak rate tests that had been-

- ,

approved but not started.

m.. Personnel did not inf orm the control room prior to starting a
. test.

,

The RHR oump erratic current was observed and trioped by ann.
operator that was not a member of the shift crew. |

o. Communications were poor.
,

1) The 80 should handle communications and relay them back
to the shift supervisor. This was not done and a lack*

of clear information into the control room was a
distraction..

,

2) Operators did not pass along information experiences.
that occurred prior 6,o the event and problems that were
encountered were not documented in the control room
logs.

.
.

.

p. Tne event was classified as a NOUE instead of an ALERT. The' .

shif t foreman classified the event because he determined that
RHR was not inoperable. Gravity feed from the RWST would

- i

have been ineffective. if the RCS pressure reached approximately
27 psig.

5. Pressurization-of the RCR could cause additional leakage paths.
,

Air in the RCS ceused an unexpected pressurication of thw RCSa.
,

1) A water / steam filled system wouid allow condensation to'

. occur in the TG tubes and no pressurization.,

'

b. Air in the system alsoJinhibits hrat transfer from the fuel
to the coolant.

6. At Dar.blo Canyon mid-loop cperation was to continue fer an
indefinite period of time.-

-
,

,

Work activities.tnat hava the potential.foradraining the RCSc.
should not be dons when operating at mid-loco.

.

9
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TABLE 1
PERMANENT PLANT INSTRUMENTATION AVAILABLR

I

DURING MID-LOOP OPERATION I
I

_
- - - . !

,

,

t 1I8eis.e iI5els_f iDESGBI!I1ON
- -)

ILOG6I196 i %,*.95g- -

: -
a._

- _ . - -! ' 11-(P!-0401 IPA-0602 IMM pues suct t om pressure ILocal-
:

-

---a :12 |P!-1061A I IMHR puas dtscharge pressurell.9 cal 10- 800'peng 8-

'

13 1 IP!-10415 IMHR pump' discharge pressurellecal 10-1000 peng-) i'

to 1713-0410 IF!S-0411 I10 -300 estg iif1HR.pume,dascMarge flees | Local 10-1500 gaa 3 ;15 IP1~403 IPI-405 IRCS =1de eange oressuro .IGMCS 10-s000 potg j86 IP1-40s iPt-418 IRosator vest.e1'pressuee iEMCS 10-3000-petg i37 iPI-438 IPI-428 1 Reactor veasel preesure . |lGMCS33 iPI-0414 l>I~0615 IRHR 'pume 4h scherge preasureIEMCS 10-3000 pstg 9
'

19 IFI 418A IFI-619A- IRHR to NCS col 4 leg ~ flees | GMl"S IO-5000 gele I
10- 300 poig I

110lFIC-4184 17'10-419A IN/A station for RHR Meat IEMCS 10- 100 X |l I i lawsManger hypana valve t- 1
_ #li'lHIC-604A INYC-407A iM/A station f or AHR heat 4CMCS |0- 100 7, 1-| 8 I lewchanger outlet valve -1 1 4

,

1121TR-0612 ITM-0413 IPen. recorder for RMR. heat . IOMC6 10- Sco dag 1I t i leuchanger sn19: ar cutiot I i 4

'

4 1 1 Itemocratures I i 1t13iFI 6183 i FI -6199 Isame as S
114 |F C-4 t 95 IFIC-4',98 l emme es 6 IPSO 4,PSDSIC- 5000 - gpa 9

_ ,

413iH!C-4063 iH2C-6073 isene as 7_ IPSM4MBCSl o- | 100 1 1t PSM,P904i6 100 % iIleirT-6048 iTI-4053
IRMR beat enchangwe outlet- |PSDA,P305 ISO-400 Wegf I

,

'
3 i i itemperature

_ i ~l i! 1171LT-1311 ILT-1321 IMeester Messel levd IGMCW 10- 120 1 i-lit t t vari ous) I (vari ous) Icare gai t . Thermocwei es -i lEW
_ 10-2300 seg7 I

_ .

I 1 1 1251 ps.r train - So total icomputer i II : - * ;,

; sicI L14%2 iPressuriaor 1evel (cald) IQMCS - 10- 1001 1

i 1 1 :
12ct PI-0449 (P9tT pressure 10fC3n m

| _ -
10- 100 pelg Im-

_
-
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l
'
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PTANT ELE'4TIONS ASSOCIATED WITH RCS LINEL5

4

201' N!N! NUN RWST LEVEL
!

I

I

I

I 1

| |

| .|

|

i.

|

1
'

~1- 223' MWST OUTLET NC,ZZLE LEVEL
I

221* TOP CF STEAM GEPdMATOR U-TU8f.5
'

1

1

I
*

I
,

I

+ 196 * PRESSURIZER SUAGE LINE W ZZLE LEVCL
.i,, gqi a.v p\qa. -

-193' TOP OF RCP SEAL PACKAGE
'

I

4-- 190' 307 TON OF RCP SEAL PACKAGE
I

188* N0fh L RCS LEVEL i1/2 LOOP FULL)
'

'

'
,

-4~ 187* CNNYTMLINE OF ACP DISCHWISE P! PING
I

-

-4- 184* fdMT Il%ET P!PIPC
1 .

I

I
I
i
i
l
!
i
|

I
124* CENTa#LINE M PUNP DISCHWtSE PIP! Mil.

'

-

i

| I

*
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1. Automatic closure of RhR Instrument Yallure, error duringsuction valves from RCS hot legs maintenance or testing .,

2. Automatic opening of Pressurizar Instrument failure, arrer duringPORv's from COPS- maintenance or testing

3. Automatic initiation of Emergency Instrument failure, error duringCore Cooling System maintenance er testing,

4. Automatic initiation of Auvillary Error during maintenance orfeedwater System testing
t 5. Automatic energitation of Error during maintenance erPressurizer heators testing

5. Closure or opening of letdown Instrument failure, loss of
pressure control valve instrument air, error duttag .

Maintenance or testing.
7. Closure or opening of RHR heat Control failure, loss ofexchanger outlet valves instrument alt, error during

Ealntenance or testing
8. Closure or opening of RHR heat Instrument failure, loss ofexchanger bypass valves instrument air, error during

nalatenance or testing
3 9 Changs in charging flew Instrument failure, loss of
( instrument air, error during

maintenanco or tssting-

,

.

b

>
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VII. ATTACHMENT S - -
. . .

ATTACHMENT A
*

.

PLANT V0GTLE RESPONSC TO GENERIC LETTER B7-12

Some Post-event Technical and Administrative Investigative. Actions Taken at
i

Flaat Vogtle
.

The detailed event description performed af ter the Diablo Canyon loss of RHR
cooling resulted in the NRC insulng Generic Letter 97-12, Loss of Residual Heat
Removal (RHR) While the Reactor Coolant System (RCS) is Partially Filled, and *

NUREG 1269, Loss of Residual Heat Removal System. These reports identified
factort that either contributed to or caused some aspect of the event.

Additionally, other problems were identified that had the potential to furthercomplicats'the event.

Generic Letter 87-12 requested answers to specific questions posed by the NrC on
how a similar event occurring at Plant Vogtle is prevented from happening oractions planned to prevent this event. Some of these actions are providedbelow.

A. Several procedure related deficiencies were identified and corrected.
1. Procedurec 12000 - Refueling Recovery, 12006 - Unit Cooldown to

Cold Shutdown, and 12007 - Refueling _ Entry have been revised to
require at least 2 inters thermocouples to bn maintained
operable during periods of mid-loop operation. If the RPV head

-is removed, the disconnection - of these- thermoccuoles will be
delayed until the last possible moment and restored at ths .first .
opportunity af ter the head 1( replaced.

s

J 2. Guidelines f or monitoring reactor vessel level when. draining or
'

filling the RCS have been er.panded. More information concerning
the parameters to be monitored is also given in Proceduren 12000~

- Ref uelino Recovery,12006 - Unit Cocidown to Cold Shutdown, and -
12007 - Ref ueling Entry,

a. Continuous monitoring when changing levels when PIR level-is-( E

17%

3'
O. Periodic level checks are required 'between thEcontrol room

indicators and the tygon tuce every 4 hours.

A continuous tygon .tute -atch is requireo if no control roomc.
indicator .is available.

d. A continuous'monitorte;: t9e tyqcn tube level de/rfng.-

mid-loop oceration 15 : ?? tv 13005 renctor coolant-a

syctem_ draining.

N
r

?
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3. RHR trIirroperation' QUldance is given. 1 train in operation with. !
a flow of 3000 gpm in. Procedures 12000 . Refueling Recovery, -

^

i12006 - Unit Cooldown to Cold Shutdown,12007 - Refueling Entry,
,

t

13011 - Residual Heat Removal System, and 13005 - Reactor Coolant
iSystem Drainir,g.
J

i

4. During the draining of the stsam generator U-tubeu, guidance is |

given for expected RPV level responses in Procedure 13005 -
Reactor Coolant System Draining.

!

5. Minimum level cf 188 f eet is maintained whenever the RHR is in
service per Procedures 12000 - Refueling Recovery, 12004 - Unit
Cooldown to Cold Shutdown, 12007 - Refueling Entry, 13005 -

,

'

Reactor C olant System Draining.
-|

6. 13005 - Reactor Coolant System Draining instructs the coerator-- Ithat only one drain path shall be used at'a time and operators :j
shall be aware o the path being used . _ Leg entrien shall _ be made
to keep personnel awars of drain paths. I

7 13005 - Reactw Coolant System-Draining instructs the operator I

that if draining via the RCDT, do.not dr.ain from the same loop (s)
that are being monitored for ' level. Thus~ filling or draining i

operations should not-have an adverse;-effect on level indication.,

8. 13011 - RHR tystem has the operator disable valves 6804 A/B when
placing the RHR system into rervice. Thie is-able the opening of
8812 A/B from thw control ~ room.

-

- These valvss however-are operablei from the remote thutdown pancis -if needed to refill = air bound'

RHR pump suctions-on a loss of.-RHR cooling.

B. Hkedware Changes-

1. Temperary reactor vessel level indicators are to ce intcalled -on
th-n control board:using fit accumulator level instruments. Both
alarm functions ano trending information will be availabin.

2. Ant avalt.ation cf the removal of interlockx associated with ths'
- mR loop suction valves is in-progress.

.
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