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PTTACHMENT 1]

TC: A1Y licensees uf operating PWRs and holders of construction
perinits tor PkRs

fent lemen:

SUBJECT LOSS OF RESIDUAL HEAT REMOVAL (RHR) WHILE THE REACTCPR COOLANT
SYSTEM (KCS) IS PAPTIALLY FILLED

Pursuant to 10 CFk 50.54(1), the NRC is requesting irformation to assess sefe
vperation of pressurizec-water reactors (PWRs) when the reactor coolant system
\RC5) water level is telow the top of the reactor vesse! (PV). The principal
concerns are (1) whether the RHR system meets the licensing basis of the

plant, such as General Design Criterion 34 (10 CFR Part 50, Appendix A) and
Technica! Specifications (TS), in this condition; (2) whether thrre is a
resultant unenalyzed event that may have an impact upon safety; ¢nd (3)

whetner any threat to safety that warrants further NRC attention exists ir

thic condition.

Our concerns regarding this issue have increased over the past severa) years,
and lessons learned from the April 10, 1987 Diablo Canyon loss-of-RKR event
require an assessment of operations and planned operations at a)l PWR
Fecilities to ensure that these plants meet the licensinc basis. Study of the
Uieblo Canyon event has led to identification of unanalyzed conditions that

are of significance to safety. Although Diabloe Canyon never came close to core
“emage, enc could have withstoed the loss-of-RHR condition for more than a day
with no operator action, slightly different conditions could have led to an
etCident involving core damage within several hours, One unanalyzed conditior
1nvolves boiling within the k(S in the preserce of air, leading to RCS
pressurizetion with the potential for ejecting RCS water via cold-leg openings,
such as could exist during repair to a reactor coolant pump (RCP) or te a loop
tsolation valve. The lost water would no longer be available to cool the core,
and 1f makeup water werc unavailable, the core could be damaged in a
significantly decreased time. The pressurization could also affect the
Capability to provide mokeup water to the core. Other unenalyzed situations

ire also possible, and occurred at Diablo Canyon (e.qg., boiling in the core)
The seriousness of this situation is exacerbated by the practice cof conducting
cperations with the equipment hatch removed, and by the lack of procedures that
address prompt containment isclation should the need arise.

lees of RHR and related topics are not a new concern to the NRC staff. This
tupic has been addressed in numerous communications with the licensee. Yet,
these events continue to occur at a rate of several per year. This condition
needs to be tully considered in order to ensure compliance with the licensing
basis. Therefore, we request that you provide the NRC with a descriptior of the
pperation of yeur plant during the approach to a partially filled RCS conditior
and during operation with a partially filled RCS to ensure that you neet the
'yeensing basis.,  Your description 15 to include the followir




/

A cetailed description ot the circumstances and conditions under which
your plant would Le entered into and brought through e draindown process
ind operated with the RCS partirally filled, including any interlocks that
rould cause ¢ disturbance to the system., Examples of the type of
informatior required are¢ the time between full-power operation and
reaching a partially filled condition (used tou determine decay heat
cads); requirements tor minimum steam generator (SG) levels; changes 1n
the status of equipment tor maintenance and testing and coordination of
such cperations while the KCS 1s pertially filled; restrictions regarding
testing, operations, and naintenance that could perturb the nuclear stean
supply system (NSSS); ability of the KCS to withstand pressurization if
the reactyr vessel head and steam generator manway are in place;
requirements pertaining to i1solation of containment; the time required to
replace the equipment hatch should replacement be necessary; and
regtirements pertinent to reestablishing the integrity of the RCS pressure
boundary .

A detailec des.ription of the inctrumentation and alarms provided to the
perators for controlling thermal and hydraulic aspects c¢f the NSSS during
operation with the RCS partially filled. You should describe temporary
cernections, piping, and instrumentetion used for this RCS condition and
the qual:ty contro! process to ensure proper functioning of such
cornections, piping, and instrumentation, including assurance that they do
not contribute to lcss of RCS inventory or otherwise lead to perturbation
of the N555 while the RCS is partially filled. You should also provide
description of your ability to monitor RCS pressure, temperature, and
level after the RHR function may be lost.

Identification of all pumps that can be used to control NSSS inventory,
include: (&) pumps vcu require be operable or capable of operation
nclude information about such pumps that may be temporarily removed

rom service for testing or mainterance); (b) other pumps not included in
item 8 (above); and (c¢) an evaluation of items a ard b (above) with
respect to appiicable TS requirements.

+

hoaescriptieon of the containment closure condition you require for the
nduct of operations while the RCS is partially filled, Fxamples of
ireas of consideration are the equipment hatch, personnel hatches,
containment purge valves, SG secondary-side condition upstream of the
¢lation valves (including the valves), piping penetrations, anc
electricel penetrations. /

keference to and a summary description of procedures in the control room
of your plant whick describe operation while the RCS 15 partially filled.
Your response should include the analytic basis you used for procedures
development. ke are particularly interested in your treatment of
draindown to the condition where the RCS 1s partially filled, treatment
of mnor variations from expected behavior such as caused by air
entrainment end de-entrainment, treatment of boiling in the core with and

without RCS pressure boundary integrity, calculations of approximate time

.




from loss of RHR to core damage, leve! differences in the RCS and the
tffect upon instrumentation indications, treatment of air in the RCS/RHR
systen, includina the impact ¢f ¢ir upon NSSS and instrumentation
response, and treatment of vortexing at the connection of the RHF suction
line(s) to the RCS,

Explain how your aralytic basis supports the folluwing as pertaining to
vour facility: (a) procedural quidance pertinent to timing of
operations, required instrumentation, cautions, and critical parameters;
b} operations control and communications requirements regarding
operations that may perturb the NSSS, fncluding restrictions upon testing,
maintenance, and coordination of operations that could upset the
condition of the NSSS; and (c¢) response to loss of RHR, including
regaining control of PCS heat removal, operations involving the NSSS if
“hK cannot be restored control of effluent from the containment if
containment was not in an icnlated condition at the time of loss of FHR,
and operdations to provide containment isolatiorn if containment was not
1colated at the time of less of RHR (guidance pertinent to timing of
operations, cautions and warnings, critical parameters, and notifications
15 to be clearly described).

(6) A brief description of trainine provided to operators and other affected
personnel that is specific to the issue of operation while the RCS is
partially filled, e are particularly interested in such areas as
maintenance personnel training veyarding avoidance of perturbing the NSSS
and response to loss of decay heat removal while the RCS is partially
filled.

(7) Identification of additional resources provided to the cperators while the
WCS is partially filled, such as assignment of additional personnel with
specializec knowledge involving the phenomena and instrumentation.

(&) Compariccn of the requirements implemented while the RCS is partially
filled anc requirements used in other Mode 5 operations. Some
requirements and procedures followed while the RCS 1c partially filled
may not appear in the other modes. An example of such differences is
operation with a reduced RHR flow rate to minimize the likelihood of
vortexing and air ingestion,

(9) As a result of your consideration of these issues, you may have made
changes to your current program related to these issues. 1f such changes
have strengthened your ability to operate séfely during a partially filled
situation, describe those changes and tell when they were made or are
scheduled to be macde.

Enclosure ] containe insight which experience indicates should be well
unders<tood before commencing operation with a partially filled RCS, Your
response to this 50.54(F) letter request should encompass th¢ tepics contained
in Cnclosure 1. Additional infogrmation is contained in the NRC Augmented
lnspection Team report, NUPEG-1269, "Loss of Resicdual Heat Removal System,
Nieble Canyon Unit 2, April 10, 1987." A copy of NUREG-1269 is enclosed.
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Sincerely,

Frank ., Miraglia

Associate Director for Projects

Office of Nuclear Reactor Regulation
.S, huclear Regulatory Conmission




ENCLOSUPE © TO ATTACHMENT ]
«NEORMATION PERTINENT T( LOSS OF RESINUAL HEAT KEMOVAL SYSTEMS
WHILF THE RCS 'S PARTIALLY FILLED

Many maintenance and test activities conducted during ar cutace require
fowering the water level 1n the reector coolant system (RCS) to below the top
of the reactor vessel (RV! cr (as is dore many times) to the centerline
elevation of the RV nczzles. This operating regime is sometimes known as
“mi¢-loop" operation, It places unusual demands cn plant equipment and
operuiurs because of narrow control margins and limitations associated with
equipment, instrumentation, procedures, training, and the ability to isolate
containment. Difficu'ty in controiling the plant while 1n this conditicn often
leeds to loss of the residual heat removal (RHR) system (Table 1),

Although this 1ssue has beer the topic of many communications and investications,
such events contirve to occur ot a rate of several per year,

Pecent knowledge has provided additional insight into these events. Altlough
the full implicat‘~ns of this knowledge remain to be realized, our preliminary
assessments heve clecrly established real and potential inadequacies
os50C1ated with operatiun while the PCS is partially filled, These include:
not anderstanding the nuclear steem supply system (NSSS) response to loss of
FHPR, inadequatr instrumentation, lack of analyses addressing the issue, lack
ut applicable procedures end training, and failure to adeouately address the
safety mpact of loss ct decay heat vemoval capability.

The following 1tems are applicable to these conclusions:

Plants enter an unanalyzed condition if boiling occurs following loss of

RER, For example:
Unexpected RCS pressurization car occur,

No pressurization would cccur with a water/steam-filled RCS with

water on the steam generator (5G) secondary side, because KCS stean




would ~oncense 1n the SG tubes and the condensate would return to the
Kv. Air in the PCS can block the flow of cteam through passages,
such a5 the entrance portion of SG tubes, so thet steam canrot reach
cool surfaces. Failure to con”~use the steam causes pressurizaticn
in the kCS until the air compresses enough for steam to reach cooled
tube surfeces. This pressurization occurred during the April 10,
19€7 event at Lieblo Canyon since the R(S contained air. Pressure
reached 7 to 10 psig, and would have continued to increase 1f RHR had
nut been restored. The operators began to terminate the event by
ollowing water to flow from the refue!ing water storage tank (RWST)
into the RCS. Increasing pressure would have eliminated this option,
and would have jeopardized options involving pumps with suction 1ines
aligned (in part) to the RCS,

Water that ordinerily woulc be available to cool the core might be
forcec cut of the RV, thereby reducing the time between loss of RHP
and initiation cf core damage.

This 1s a potential concern whenever there is an opening in the cold
leg, cuch as may exist for repair of reactor coolant pumps (RCPs) or
loop 1solation velves, Upper vessel/hot-leg pressurization could
force the PV water level down with the displaced water lost through
the cold-leg opening, A corresponding decrease in level would occur
in the 56 sice of the crossover pipes between the SGs an¢ the RCPs.

This occurrence could be particularly serious 1f the cold-leg
openine were large or 1f makeup water flow to the FCS were small, as
from a charging pump, Cold-leg injection with elevated pressure in
the upper vessel may not provide water to the core.

FCS water level instrumentation nay provide inaccurate irnformation,

There are mary facets to this issve. !nstrumentation may be indicating




a level that differs from level at the RHR suction line, a temporary
instrument rey be in use thet has no indication or alarms in the centrol
room, and design and instaiiation deficiencies may exist. We have
observed the following:

(a) Ccrnections to the RCS actually provide a water level indicatie .p-
stream of the RCP location. This water level is higher than the
witer level at the RHR suction connection because of flow from the
injection tu the suction locations and because of entering water

injection location,

Ingestion of air at the RKP suction connection will result in
transperting air into the cold legs; this can potentially increase
pressure in the 2ir space in the cold leys relative to the hot legs.
Level instrumentation may respond to such a pressure change as
though RCS leve! were changing. In additicn, such a pressurization
would move coli-leg water into the hot legs ard upper RV (or the
reverse 1f a depressurization cccurs).

(b) Use of long lergths of small-diameter tubing which can lengthen instrument
response time and cause perturbations such as RCS pressure changes
to eppear as level changes, installation with tubing elevation changes
which carn trap air bubbles or water droplets, and installation which
makes it pessible for tubing to be kinked or constricted.

mcmentum, wnich increasec level on the RCP side of the cold-leg

‘¢) Some installations provide nc indication in the control room, yet
leve! 1s important to safety. Some provide one indication. Others
provide diversity via different instrumentation, but do not provide
independence because they share common connections,
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Tygon tube installations faintly marked at i-foot intervals that
have no provision for holding the tube in place.

‘&) Instrumentation 1n which critica) inspections were no* performed
after the installation,

(f]  Instrumentation in which no provisions were made to ensure a single
Phese in connection tubing or that tubing was not plugged,

(9) Use of 1nstrumentition without perforning an evaluation of indiceted
RCS level behavior and instrument response,

vortexing end air fngestion from the RCS into the RHR suction )line are

not always understood, nor 1s NSSS response understood for this
condition.

—

—
o

On April 10, 1987, Diablo Canyon operators reduced indicated RCS
evel to plant elevatior 106' 6" immediately after steam generator
tubes drained, and indications of erratic KKP pump current were
vbserved. Restoring the PCS level to 106' 10" was reported to have
eliminated the problem. wHR operation was terminated a few houre
later at an indicated level ¢f 107' 4" because the operators observed
erratic kHk pump current indicetions. The licensee later reportec
that vortexing initiated under these conditions at 107' £-1/2", and
was fully developed at 107' 3-1/2". Procedures in place at the time
vt the event incicated the minimum allowable level to be 107' 0" /the
hot- and cold-leg cenrterline elevation) or 107' 3".

bl Additional phenomena appear to occur under air ingestion conditions,
These include:
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Level indicetion 1s nany times available only in containment via g
“ygon tube. Some plants provide one or more level indicatiors in
the contro! room, and adaitionally provide level alarms.

(b) Typicaliy, PHR system temperature indication 1y the only temperature
provided to the operators. Loss cf RHR leaves the operatur with no
k(S temperature indication. This car result in a 1S violation, as
occurred at Diablo Canyon on April 10 when the plant entered Mode 4,
unknown to the cperators, with the containment eouipment hatch
removed. It also resulted in failure to recognize the seriousness of
the heatuj. rete, or that heiling had initiated.

¢! RHR pump motor current and flow rate may not be alarmed and scales
may not be suitable for operation with a partially filled FCS,

{¢) KHK suction and discharge pressures may not be alarmed and scales
mdy not be suitable for cperation with a partially filled RCS.

Licensevs typically conduct operations while the RCS is partially filled,
the contzinnent equipment hatch has been removed, and cperations are in
progress which impact the ¢bility to isolate containment. Planning,
procedures, and training do not address containment closure in response to
l0ss of KHF or core damsge events. This is inconsistent with the
sensitivity acsocieted with partially filled RCS operation and the history
ot loss of RHP under thic operating condition,

Licensees typicall, conduct test and maintenance operations that can
perturb the PCS and RKE systen while in a partially filleg FCS
cendition.  The sensitivity of the operation and the historical record

indicate this 15 not prudent.
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37 LOSS-0F -DHR* EVENTS ATTRIBUTED TO INADEQUATE RCS LEVEL

1rujah

Beaver valley |
Millstone 2
Salem |

Beaver Valley 1

Trojan
McCGuire |
North Anna 2
North Anna |

McGuire |
North Anna 2

Suffy |
Sequoyah 2
McGuire 2

Trojan

OC Cook 2
ANQO-?2

Zion |
North Anng 2
Catawba |
>equoyah |
lion 2

ya ! .,"'-ir"'.‘
wWaterforg
equoyah |

ablo Canycn

heat remova

Date

05/21/77
03/25/78

04/17/78
09/04/78
03/04/79
06/30/79
01/17/80
V4/08/80
04/11/80
03/05/81
06/26/81
03/02/82
07,30/82
10/19/82
10/20/82
04/05/83
05/03/83
05/20/82

05/17/83
08/06/83
12/31/83
01/09/84
05/04/84
05/721/84
08/29/84
09/.4/84
10/16/84
04/22/85
10/09/85
12/14/85%
03/26/86

7/14/86
01/28/87
V4/10/87

Table 1

Duration

55 min.
10 min,
10 min,

Unknown

60 min.

Unknown

34 min.

Unknown

35 min.
70 min,
54 min.
75 min.
50 min,
46 min,

36 min.
33 min,
Unknown
Unknown
8 min.
26 min,
60 min.
Unknown
77 min
43 min,
62 min
40 min,
25 min,
35 min.
45 min,
120 min.
81 min.
43 min.
75 min
49 min
221 min
90 min
85 min

Heatug

Unknown
Unknown
Unknown
Unknown
145-175°F
150-208°F
Unknown
Unknown
None
101-108°F
102-168°F
140-150°F
105-130°F
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
103-195°F
Unknown
Unknown
105-201°F
Unknown
140-205°F
110-147°F
Unknown
140-175°F
<1°F

A 16° |
114-210°F |
138-175°F |
95-115%¢

100+-220°F |
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IN 87-23
Vay 27, 1987
Page 2 of 5

The event becen at about €:43 pm, when 2 test engineer in preparation for a
planned contafnment penetration local leak rate test, begar draining a section
0f the reactor coolant pump leakof return Yine, which he belfeved tc be
isclated. However, because of a leaking boundarv valve, this actipn caused the
volume cortro) tank fluid to be dreined through the interced test section to
the reactor ceolant drain tank, The control room cperators, vho were not aware
thet the encineer had begun conducting the test procedure, increasecd f'ow to
ctop the fluid reduction from the volume contro) tank, A few minutes later the
operators were informed that the reactor coolant drafn tank level was increas-
ing but they could not determine the source of the leakage. Although the
actual level of coolent in the reactor vesse) was apparently droppinc below the
minimum intended level, the indication of leve! in the vessel remained within
the desired control band. At 9:25 p.m, the electrica) current of the active
RKR pump (No, 2-7) was observed to be fluctuating., The 2-1 pump was started
and the 2-7 pump was shut down, However, the current on the 2-1 pump also
fiuctuated, so 1t was fmmediately shut down as well,

The operators did not irmedifately rafse the water level in the reactor because
they sti1] dic not know either the source of the leakage, the true vesse)

level, or the status of the work on the steam generator manway,. Operators
were sent to vent the RHMF pumps., One pump was reported to be vented at 10:02
p.m. At 10:21 p.m. an attempt was made to start this RKR pump, but the current
fluctuated and 1t was shut down again. Durfno this period the operators did
rot know the temperature of the coolant in the reactor vessel because the core
exit thermocouples hac beer disconnected {n preparaticn for the planned refuel-
wng. By 10:3C p.m, afrborne activity levels in the containment were increasine
erg personnel hegan to evacuate from the containment buildine.

At 10:3F p.m, when the operators learned that the steam generator manways had
rct been removed, action was inftiated to rafse the reactor vesse! water leve!
by adding water from the retueling water storage tank, About 10 minutes later
the test engineer 1dent{fied the source of the leakage and stopped ft. Ry
10:8) p.m., the vessel Tevel had been ratsed sufficiently to restart one of the
REF pumps, The indicated RHR pump discharce temperature immediately rcse to
220 F. At this time the reactor vessel was slightly above atmospheric pres-
sure &nc steam w2s venting from an opening in the reactor vessel head.

Discussion:

The NRC has documented numerous instances in the past where decay heat removal
systems have been disabled because pump suction was lost while the plant was
being operated at low reactor coolant water levels, JE Informatior Notice
86-101 describes four such events that occurred 1n 1985 ard 1986, NRC Case
Study Report AEOD/C503 describes siy such events that occurred in 1984, five
that occurred in 1983, and seven that occurred in 1982. If Information Notice
£1-09 described an event 2t Reaver Valley in March 1981, The case study report
further indicates that a total of 32 such events occurred from 1976 through
18€4. The documentation includes descriptions of a total of 23 events that
have occurred since 1981 involving loss of decay heat removal capability
resultinge from a loss of pump suction while operating at reduced water levels.
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IN 87.23
May 27, 1987
Page 4 of &

NPC communicrtions 1n the past have expressed serious concern with failures to
meintain acecuate decay heat remove! capabflity. If Information Notice 81-09
pointed out that loss of shutdown cooling capetility had been found to be a
petentially sfonificant contributor to the tote! risk. AEND/C503 gnd other
sources incicate that the time aveilable to restore shutdown cooling before
core uncovery can occur 1s not necesserily large. At four davs after shutdown
fron long-term power operation, with the vesse) drained down to the PHP suction
loss level, the vesse) water can heat to the botlina point in about 1/2 hour.
Under such conditions boiloff to the core uncovery level can occur in less than

two hours.

Following the loss of decev heat removal capability on April 10, 1987 at Diablo
Canyon, PGIE took a number of actions to prevent 1oss of RHR suction durino low
level operation and to improve recovery should such a loss occur. These
actions included the following:

Eveluation of the reactor vessel level indicatino system to determine the
level at which vortexiro would occur and the effect of vortexing on the
level measurement,

Enhencements of the instrurmentation to include accurate level measurement, oo
alarm cepability and core exft temperature measurement during low level ’
operation,

Enhancement of procedures to Ynclude reauirements “cr verifying proper RHP
pump suction before starting the csecond RKR pump, Also included are '
precautions specifying minimum vessel levels as a function of PHR flow.

Improvements in wort planning, control and communication to 1ncluce a

restriction of the work scope to ftems that do not have the potential to
reduce RCS {nventory.

Improvement of nperator trair‘ng including a discussion of the potential
ceuses of RHR flow lecss, as wel)l as recovery procedures.

> kP{ {5 cur ently considering additional generic action on this 1ssue.




IN 87-23
May 27, 1987
Page 5 of 5

This information notice requires no specific action or written response.
1€ you have any ouestions about this matter, please contact the Regional
Ldministrator o the appropriate recional office or this office.

‘

e hnnitlin & Bvrns 3
Charles £, Rossi, Director |
Division of Operational Events Assessment
Office of Nuclear Reactor Regulation
|
|
J

Techrical Contacts: Donald C Kirkpatrick, NPR
(301) 492-8166
Warren C Lvon, NPR

(301) 4¢€2-7605
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L1ST NF RECENTLY 1SSUED
INFNRMATION NOTICES 1087

v ttacnment |

1. B7-23
May 77, 1087

Tnformation Nate of
Notice No Sybiect Tssyance Jssued to
i
g7-2? Nperator Licensing Requali- 5/72/87 A1) research and
ficetion Examinations at nonpower reactor
Nonpower Reactors facilities,

1.2 Shutdown Order lssued Recause 5/11/87 A1) nuclear power
Licensed Operators Asleep facilities holding
while on Duty an 0L or CP and all

1icensed operators.
g7.7? Hydrogen Leak in Auxiliary 4/20/87 A)1 nuclear power
Building facilities holding
an 0L or CP
8F-10¢ Degradation of Reactor 4/20/87 A1) PWR facilities
Sup., 1 Coolant System Pressure holding an 0L or CP,
Boundary Resulting from
Roric Acid Corrosion
PE. 64 Deficiencies in Upqgrade 4/20/87 A1l nuclear power
Sup, 1 Programs for Plant facilities holding
Emergencv Operating a CP or OL,
Procedures,
£5-6) Misadministrations to 4/15/87 211 licensees
Sup, 1 Patients Undergoing Thyroid authorized to use
Scans byproduct material
B?-19 Perforation and Cracking of 4/9/R7 A1l Westinghouse
Rod Cluster Control Assemblies power PWR facilities
holding an NL or (P
87.18 Unauthorized Service on 4/8/87 A11 NRC licensees
Teletherapy Units by Non- authorized to use
\icensed Maintenance Personnel radioactive materia)
in teletherapy units

749 Response Time of Scram 8/7/87 A1) GE BWP facilities
Instrument Volume Leve! holding an OL or L
Detectors

(L = Operating License

b |

b
e Construction Permit
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