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)id S UNITED STATES<( J NUCLEAR REGULATORY COMMISSIONI

g *' s, j WASHINGTON, D.C. 20555-0001

****
APR 1 6 1994

Mr. Thomas J. Saporito, Jr.
Post Office Box 7603
Jupiter, FL 33468

Dear Mr. Saporito:

I am responding to your letter of February 22, 1994, to Chairman Selin
regarding water level instrumentation. Although you are entitled to your
opinion of the Chairman's performance on the television program aired in late
February, the subject of this letter is the NRC's handling of the technical
issue that you raised in your letter, particularly the issue of BWR water
level instrumentation. As you stated, Paul Blanch raised these concerns and
he deserves credit for bringing this matter to our attention. Reactor vessel
water level instrumentation is critical to the safety and operation of boiling
water reactors (BWRs) and the NRC has taken actions to address this issue.

On July 22, 1992, the staff requested activation of the BWR Owners Group
(BWROG) Regulatory Response Group, and held a public meeting with the group onJuly 29, 1992, to discuss this issue. The staff issued Information Notice
92-54 (Enclosure 1) on July 24, 1992, to alert licensees to the potential for
level instrumentation inaccuracies caused by rapid depressurization. On
August 19, 1992, the staff issued Generic Letter (GL) 92-04 (Enclosure 2), in
which it requested that each BWR licensee (1) evaluate the impact of potential
level indication errors on its facility, (2) notify the staff of any
corrective actions taken, and (3) provide its plans and schedule for
corrective actions. In response to the GL, all BWR licensees implemented
short-term compensatory measures including operator training and procedures.

The BWROG proposed a program to resolve the concerns discussed in GL 92-04,
which included a full scale testing program. The NRC staff determined that
continued plant operation was acceptable until hardware modifications could be
implemented, and agreed to allow the BWROG to proceed with their test program.
The basis for continued operation as discussed in the GL was as follows:
(1) the level instrumentation is expected to initiate safety systess before a
significant depressurization of the reactor and, therefore, before significant
errors occur; (2) emergency procedures currently in place in conjunction with
operator training are expected to result in adequate operator actions; and
(3) an abrupt depressurization event resulting in a common-mode, common-
magnitude level indication error is unlikely.

New information was obtained during early 1993 that led to the issuance of NRC
Information Notice 93-27 (Enclosure 3) on April 8,1993, and NRC Bulletin
(NRCB) 93-03 (Enclosure 4) on May 26, 1993. This new information included
(1) report of an event at the WNP-2 plant involving significant level errors
during normal plant depressurization (a 32 inch level error occurred and

;

recovered over a two hour period); (2) data from a test program conducted by ;
the BWROG that confirmed the potential for significant errors in the level

|instrumentation; and (3) a report submitted by the BWROG on May 20, 1993,
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(Enclosure 5), that discussed the possible effect of level errors on safety
system response during accident scenarios initiated from shutdown conditions,
such as draindown events. In NRCB 93-03, the staff requested that each
affected BWR licensee take additional short-term compensatory actions to
address level errors during normal depressurization conditions and that they
implement hardware modifications during the next cold shutdown after July 31,
1993.

Each affected BWR licensee has completed these short-term compensatory actions
and has committed to implement hardware modifications to the level
instrumentation. To date, 21 of the 36 affected BWR units have completed
implementation of hardware modifications. Eight units are currently shutdown
and will complete modifications prior to restart. By June, 1994, only 4 units
will be operating without hardware modifications installed, and all are
scheduled to shutdown by 10/94 and will implement modifications prior to
restart.

The NRC considers this issue to be very important and is continuing to take
actions, including requests for timely implementation of hardware
modifications, to ensure that it is addressed adequately. Thank you for
informing us of your concerns about this issue.

Sincerely, originaI Signoa By
tilLLIAM T. RUSSELL

William T. Russell, Director
Office of Nuclear Reactor Regulation

Enclosures:
As shted
cc: Paul M. Blanch
DISTRIBUTION
CENTRAL FILE PDR

SRXB R/F ACUBBAGE

ACUBBAGE R/F RPERCH l
TCOLLINS EDO RF (gt9821)
RJ0NES

4

MVIRGILIO
ATHADANI

WRUSSELL/FMIRAGLIA
LREYES
FGILLESPIE
NRR MAILROOM 12G18 GT0009821
DCRUTCHFIELD

*See Previous Concurrence
SRXB:DSSA* SRXB:DSSA* SRXB:DSSA* TECH EDITOR *
ACUBBAGE: BAH RPERCH TCOLLINS MMEJAC |

3/11/94 3/11/94 3/11/94 3/14/94

MkA/D:DSSA ADT:NRR D:NRR ED0 OCM
MVIRGILIO* ATHADANI* WRUSSELL* JTaylor* ISelin*

)((/94
3/14 /94 3/16/94 3/28/94 3/29/94
Document Name:A:\SAPORITO.GT ,



ENCLOSURE 1.
'

t UNITED STATES.

NUCLEAR REGULATORY C0t911SSION
OFFICE OF NUCLEAR REACTOR REGULATION

WASHINGTON, D.C. 20555

July 24, 1992

NRC INFORMATION NOTICE NO. 92-54: LEVEL INSTRUMENTATION INACCURACIES
CAUSED BY RAPID DEPRESSURIZATION

Addressagi

All holders of operating licenses or construction permits for nuclear power
reactors. _

Puroose

The U.S. Nuclear Regulatory Commis'; ion (NRC) is issuing this information
notice to alert addressees to potential inaccuracies in water level indication
during and after rapid depressurization events. 'This problem may affect the
indication of pressurizer level for pressurized water reactors (PWR) andIt is expected that
reactor vessel level for boiling water reactors (BWR).
recipients will review the information for applicability to their facilitiesHowever,
and consider actions, as appropriate, to avoid similar problems.
suggestions contained in this information notice are not NRC requirements;
therefore, no specific action or written response is required.

Descriotion of Circumstances
!

Northeast Utilities (NU) filed a licensee event report |On April 17, 1991,
(LER) for Millstone Unit 3, documenting pressurizer level instrument ;

According to the LER the inaccuracies result from non- |inaccuracies.
condensible gases collecting in the condensing pots of the instrumentThe LER stated that pressurizer level would be used to makereference legs.
decisions concerning operator actions directed by the Emergency Operating ;

Procedures (EOP).
|

During the previous operating cycle, HU monitored the accuracy of thepressurizer level instrumentation and observed a worst case error of 3.6% of>

full scale and also confirmed that non-condensible gases had accumulated
The root causes for the accumulation of non-inside the condensing pots.

condensible gases-in the condensing pots were 1) the instrument lines sloped
upward from the pressurizer to the condensing pots and, 2) a restricting
orifice in each instrument line prevented the free flow of steam and non-NU
condensible gases between the pressurizer and the condensing pots.
corrected the problem by removing the condensing pot and changing the
instrument line slope.

Westinghouse and Combustion Engineering performed further engineeringevaluations and concluded that during a rapid depressurization of the Reactor
.y
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Coolant System (RCS), during certain design basis accidents, the release of
non-condensible gases could result in a level indication error of about

The staff has evaluated the effects of this error+40 percent of full scale.
and determined that the only unacceptable actions that could be taken by
operators as a result of this error are to prematurely teminate safetyThe staff furtherinjection (51) or to fail to re-initiate SI if required.
determined that the pressurizer level instrumentation is not used as the
primary parameter evaluated by operators for safety injection termination andotherthat PWR emergency operating procedures direct operators to consult
instrumentation and parameters (reactor vessel level monitoring system, RCS
subcooling and a stable or increasing RCS pressure) prior to terminating SI.

ForBWRs,reactorvessellevelindicationsystem(RdlS[eidr's'hadalsobeen
~ ~

identified in the past and the staff issued Generic Letter (GL) No. 84-23,
" Reactor Vessel Water Level Instrumentation in BWRs" to address the concern.
This GL was based on the BWR Owners Group (BWROG) report (SLI-8218 issued in
November 1982), " Inadequate Core Cooling Detection in Boiling Water Reactors."
However, these documents do not specifically address the non-condensible gasThe staff hasevolution concern associated with rapid depressurization.
requested the BWROG to address this issue and GE is preparing a report on
behalf of the BWROG.

Northeast Utilities (NU) made a notification to the NRCOn July 15, 1992,
under Section 50.72 of Title 10 of the Code of Federal Regulations (10 CFR
50.72) regarding inaccuracies in reactor vessel level indication at Millstone

This notification indicated that the level instrumentation may notUnit 1.
provide accurate indication following a rapid depressurization event as a
consequence of the expulsion of water from the reference leg due to the
release of non-condensible gases in the instrument reference leg. In a
conference call with NU on July 21, 1992, the licensee stated that the Yarway
level measurement instrumentation which provides the automatic actuation of
safety systems at Millstone Unit I would not be affected by this phenomenon.
However, the GE/MAC level instrumentation, which is used for indication,
feedwater control, and containment spray pump interlocks, would be affected.
Following a rapid depressurization event, the operator might receive
inaccurate information from the GE/MAC instrumentation leading the operator to

The licensee has estimated, based un a
perform inappropriate manual actions. conservative analysis, that the upper bound of the error in the GE/MAC

Millstone Unit 1 is
instrumentation could be as much as 15 to 20 feet.
currently in cold shutdown for service water repairs, and NU is reviewing the

error analysis and a possible modification to the condensing pot arrangementin order to reduce inaccuracies in the level indication to an acceptable level
before restart.
In a conference call on July 22, 1992, the staff informed the BWROG of the

|
'

results of the Northeast Utilities' analyses and the licensee's planned
The BWROG indicated its position that the error would not exceed

4 inches if the reference leg configuration is installed in accordance withactions.

vendor recommendations.
1
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The NRC has activated the BWR Regulatory Response Group and scheduled a
meeting to discuss this issue at NRC headquarters in Rockville, Md., on
July 29, 1992.

Discussion

inaccuracies in level instrumentation in PWRs and BWRs could affect theGL 84-23, BWROG report SLI-8218, and vendorperformance of safety functions.
recommendations are intended to provide guidance to preclude the operators

The inaccuraciesfrom taking improper actions during normal plant operation.
caused by rapid depressurization events in PWRs have limited safety
significance because instrumentation other than that for pressurizer level isFor BWRs,used by the operators to determine appropriate manual acti_ons.
however, large errors in level indication may have greater safety
significance. An evaluation by the staff is continuing and when the
evaluation is completed the staff will determine if additional regulatory
actions will be necessary.

IfThis information notice requires no specific action or written response.
you have any questions regarding the information in thit notice, please
contact one of the technical contacts listed below or the appropriate Office
of Nuclear Reactor Regulation (NRR) project manager.

Ab y [ fm
YarlesE.Rossi, Director
Division of Operational Events Assessment
Office of Nuclear Reactor Regulation

Technical contacts: Hukam C. Garg, NRR
(301) 504-2929

Tim Collins, NRR
(301) 504-2897

Attachment:
List of Recently Issued NRC Information Notices

>
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LIST OF RECENTLY ISSijED
NRC INFORMATION NOTICES

cate ofInformation
Notice No. Subject Issuance Issued to

92-53 Potential Failure of 07/29/92 All holders of OLs or cps
for nuclear power reactors.

Emergency Diesel Gen-
erators due to Ex-
cessive Rate of Loading

91-52, Nonconservative Errors 07/16/92 All holders of OLs or cps
for Westinghot.se (W)-

Supp. 1 in Overtemperature Delta- designed nuclear power
Temperature (OTAT) Set- reactors.point Caused by Improper ,

Gain Settings

92-52 Barriers and Seals 07/15/92
All holders of OLs or cps
for nuclear power reactors.

Between Hild and
Harsh Environments

92-51 Misapplication and 07/09/92 All holders of Ols or cps
for nuclear power reactors.

Inadequate Testing of
Molded-Case Circuit
Breakers i

92-50 Cracking of Valves in 07/02/92 All holders' of Ols or cps
for BWRs.

the Condensate Return 1

Lines of A BWR Emer-
gency Condenser System

92-49 Recent Loss or Severe 07/02/92
All holders of OLs or cps |

'

for nuclear power reactors.
Degradation of Service
Water Systems

92-48 Failure of Exide Batteries 07/02/92
All holders of OLs or cps
for nuclear power reactors. i

92-47 Intentional Bypassing 06/29/92
All holders of OLs or cps
for nuclear power reactors.

of Automatic Actuation j
of Plant Protective
Features

OL = Operating License
CP = Construction Permit
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[ '' ) w ~ g NUCLEAR REGULATORY COMMISSION
; oj wAsmNGTON, D. C. 20555

%fm<5AFjf August 19, 1992
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TO: ALL BOILING WATER REACTOR (BWR) LICENSEES OF
OPERATING REACTORS

SUBJECT: RESOLUTION OF THE ISSUES RELATED TO REACTOR VESSEL
WATER LEVEL INSTRUMENTATION IN BWRs PURSUANT TO
10 CFR 50.54(F) (GENERIC LETTER NO. 92-04)

Puroose

The U.S. Nuclear Regulatory Commission (NRC) is issuing this
generic letter to request information regarding the adequacy of
and corrective actions for Boiling Water Reactor (BWR) water
level instrumentation with respect to the effects of
noncondensible gases on system operation.

Backcround and Safety Considerations

As discussed in NRC Information Notice No. 92-54 " Level
Instrumentation Inaccuracies Caused by Rapid Depressurization,"
the staff is concerned that noncondensible gases may become
dissolved in the reference leg of BWR water level instrumentation
and can lead to a false high level indication after a rapid
depressurization event. The dissolved gases which accumulate
over time during normal operation can rapidly come out of
solution during depressurization and displace water from the
reference leg. A reduced reference leg level will result in a
false high level indication. This is important to safety because
water level signals are used for actuating. automatic safety
systems and for guidance to operators during and after an event.

On July 29, 1992, the NRC staff held a public meeting with the
Regulatory Response Group (RRG) of the Boiling Water Reactor
Owners Group (BWROG) to discuss the effect of inaccuracies in the
reactor vessel level instrumentation system in BWRs. During the
meeting, the BWROG and its consultant, General Electric Company
(GE), presented the results of analyses assessing the safety
implications of the postulated error in level indication. The
analyses consisted of two basic parts:. (1) an-assessment of the
mechanism and potential magnitude of errors in the level
instruments and (2) a-review of the relevant licensing basis
transients and accidents to determine the effect of this error on
plant response, including post-accident operator actions.

The BWROG analyses indicated that significant errors in. level
indication can occur as a result of degassing the instrument
reference leg if noncondensible gas is dissolved in the reference
leg and if the reactor abruptly depressurizes below 450 psig.

--93081900 h
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The NRC staff reviewed the BWROG analyses and selected design
basis accident scenarios which lead to a lowering of the reactor
vessel water level and has concluded that automatic safety
systems will be actuated at pressures well above 450 psig, even
for postulated worst-case noncondensible gas concentrations in
the reference legs. Therefore, the !!RC is confident that all
emergency cooling systems will initiate as they were designed to
do. In addition, the BWROG discussed diverse signals which would
also initiate ECCS for reactor water level lowering events. The
NRC staff reviewed the back"n systems and concluded that the ECCS
would be initiated by diver signals as analyzed by the BWROG,

After ECCS actuation, reactor water level indication is used by
the operators for long term actions (i.e., maintaining adequate
reactor water level and ensuring adequate core cooling).
Operators would not utilize only reactor vessel level indications
to determine accident mitigation actions but would also utilize
other indications such as containment pressure, temperature, and
humidity to determine accident mitigation strategies.
Additionally, events characterized by gradual depressurization
would lead to a reduced error in the indicated level. There are
two or four reference leg columns in each plant, depending on
plant design. The amount of noncondensible gases dissolved in
each depends primarily upon system leak 3ge and geometry. Because
of this, a common mode, common magnitude level indication error
is unlikely. Operators would therefore see a mismatch in
indicated level alerting them to a level indication problem.
Finally, emergency procedure guidelines (EPGs) state that when
reactor vessel water level is indeterminate, operators should
flood the reactor vessel using at least one pump guided by the
unaffected diverse instrumentation (i.e., high containment
pressure indication). Reactor operators are trained to deal with
these situations should they occur.

Upon reviewing the information provided by the BWROG and the
staff's assessment, the staff concluded that interim plant
operation is acceptable. The bases for the staff's conclusions
are as follows: 1) the level instrumentation is expected to
initiate safety systems prior to a significant depressurization
of the reactor; 2) emergency procedures which are currently in
place in conjunction with operator training are expected to
result in adequate operator actions; and 3) an abrupt
depressurization event resulting in a common mode, common
magnitude level indication error is unlikely.

For longer term operation however, the staff considers potential
water level instrumentation inaccuracies an important issue
because level indication has safety and control functions in all

.-
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Generic Letter 92-04 -3- August 19, 1992

modes of BWR operation. Furthermore, since the analyses provided
are of a generic nature and the magnitude of possible errors
depends strongly upon plant-specific factors such as system
leakage and geometry, it is important that the analyses be
reviewed promptly by all individual licensees.

Basis for Comoliance Determination

The level errors that could result from the effects of
noncondensible gas may prevent the level instrumentation systems
in BWRs from satisfying the following regulations:

(1) General Design Criterion (GDC) 13, " Instrumentation and
control," which requires that " Instrumentation shall
be provided to monitor variables and systems over their
anticipated ranges for normal operation, for
anticipated operational occurrences, and for accident
conditions as appropriate to assure adequate safety."
Existing instrumentation may not accurately monitor
reactor vessel water level under accident conditions.

(2) GDC 21, " Protection system reliability and testability,"
which requires that "The protection system shall be
designed for high functional reliability... commensurate
with the safety function to be performed." The
instrumentation may not be reliable under rapid
depressurization conditions.

(3) GDC 22, " Protection system independence," which requires
that "The protection system shall be designed to assure
that the effects of natural phenomena, and of normal
operating, maintenance, testing, and postulated
accident conditions...do not result in loss of the
protection function." The natural phenomena of
degassing may cause a loss of the reactor vessel water
level indication function following a rapid
depressurization.

(4) Section 50.55a(h) of Title 10 of the Code of Federal
Regulations (10 CFR 50.55a(h)), which requires
that protection systems, for those plants with
construction permits issued after January 1, 1971,
shall meet the requirements stated in editions of the
Institute of Electrical and Electronics Engineers
Standard " Criteria for Protection Systems for Nuclear
Power Generating Stations" (IEEE-279). Section 4.20 of i

IEEE-279 requires that "The protection system shall be
designed to provide the operator with accurate,

{
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Generic Letter 92-04 -4- August 19, 1992

complete, and timely information pertinent to its own
status and to generating station safety." The water
level instrumentation for the reactor vessel may not be
accurate after a rapid depressurization event.

Recuested Actionq

1. In light of potential errors resulting from the effects of
noncondensible gas, each licensee should determine:

a. The impact of potential level indication errors on
automatic safety system response during all licensing
basis transients and accidents;

b. The impact of potential level indication errors on
operator's short and long term actions during and after
all licensing basis accidents and transients;

c. The impact of potential level indication errors on
operator actions prescribed in emergency operating
procedures or other affected procedures not covered in
(b).

!

2. Based upon the results of (1), above, each licensee should )
notify the NRC of short term actions taken, such as:

Periodic monitoring of level instrumentation systema.

leakage; and,

b. Implementation of procedures and operator training to
assure that potential level errors will not result in |
improper operator actions.

3. Each licensee should provide its plans and schedule for
corrective actions, including any proposed hardware

|

modifications necessary to ensure the level instrumentation '

system design is of high functional reliability for long
term operation. Since this instrumentation plays an
important role in plant safety and is required for both
normal-and accident conditions, the staff recommends that
each utility implement its longer term actions to assure a
level instrumentation system of high functional reliability
at the first opportunity but prior to starting up after the
next refueling outage commencing 3 months after the date of
this letter.

I
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Generic Letter 92-04 -5- August 19, 1992

Recuired Information

Because of the importance of plant-specific aspects of this issue
and the potential magnitude of the errors, the staff requires,
pursuant to 10 CFR 50.54(f) and Section 182 of the Atomic Energy
Act, that you provide a response to this letter by September 27,
1992.

Merely committing to evaluate the safety significance as part of
the individual plant examination (IPE) program is not an
acceptable alternative to the actions described herein, since the
licensee should resolve this issue as a matter of compliance.

Backfit Discussion
|

In accordance with NRC procedures, the actions requested herein
,

are considered a backfit to assure that facilities are in |
compliance with existing regulatory requirements discussed above. '

Thus, a backfit analysis is not required by 10 CFR 50.109 (a) (4) (1) ,
I

and the staff performed a documented evaluation as discussed in )

10 CFR 50.109(a)(6). The documented evaluation is provided in |
the preceding discussions.

Burden Information
|

This request is covered by Office of Management and Budget I

Clearance Number 3150-0011, which expires May 31, 1994. The I
estimated average number of burden hours is 200 person hours for |
each licensee response, including the time required to assess the ;

questions, search data sources, gather and analyze the data, and |
prepare the required response. These estimated average burden
hours pertain only to the identified response-related matters and
do not include the time for actual implementation of the
requested actions. Comments on the accuracy of this estimate and
suggestions to reduce the burden may be directed to Ronald Minsk,
Office of Information and Regulatary Affairs (3150-0011), NEOB-
3019, Office of Management and Budget, Washington, D.C. 20503 and
to the U.S. Nuclear Regulatory Commission, Information and |
Records Management Branch, Division of Information Support |
Services, Office of Information and Resources Management, |
Washington, D.C. 20555. |

Although no specific request or requirement is intended, the
following information would be helpful to the NRC in e7aluating )
the cost of complying with this generic letter:

'

(1) the licensee staff time and costs to perform requested
inspections, corrective actions, and associated testing;

(2) the licensee staff's time and costs to prepare the requested
reports and documentation;

_
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Generic Letter 92- 04 -6- August 19, 1992

(3) the additional short-term costs incurred as a result of the
inspection findings such as the costs of the corrective
actions or the costs of down time; and

(4) an estimate of the additional long-term costs which will be i

incurred in the future as a result of implementing ;

!commitments such as the estimated costs of conducting future
inspections or increased maintenance.

I

Please address your response to this generic letter to the U.S.
Nuclear Regulatory Commission, Attn: Document Control Desk,
Washington, D.C. 20555 pursuant to 10 CFR 50.4(a) of the NRC's
regulations.

Sincerely,
1

|

\n rk
James G. Partlow
Associate Director for Projects
Office of Nuclear Reactor Regulation

|

Enclosure:
List of recently issued generic letters.

Technical Contact: Timothy E. Collins, NRR
(301) 504-2897
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LIST OF RECENTLY ISSUED GENERIC LETTERS

Generic Date of
Letter No. Subiect Issuance Issued To

90-02 ALTERNATIVE REQUIREMENTS 07/31/92 ALL LWR LICENSEES
SUPPLEMENT 1 FOR FUEL ASSEMBLIES IN THE AND APPLICANTS

'

DESIGN FEATURES SECTION OF
TECHNICAL SPECIFICATIONS

87-02 SAFETY EVALUATION REPORT 05/22/92 ALL USI A-46
SUPPLEMENT 1 NO. 2 ON SQUG GENERIC LICENSEES WHO

IMPLEMENTATION PROCEDURE, ARE SQUG MEMBERS
REVISION 2.

92-03 COMPILATION OF THE CURRENT 03/19/92 ALL NUCLEAR POWER
LICSNSING BASIS: REQUEST PLANT APPLICANTS
FOR VOLUNTARY PARTICIPATION AND LICENSEES
IN PILOT PROGRAM

92-01 REACTOR VESSEL STRUCTURAL 3/06/92 ALL HOLDERS OF OP
REVISION 1 INTEGRITY, 10CFR50.54(f) LICENSES OR CONST.

PERMITS FOR NUCLEAR
PWR PLANTS (EXCEPT
YANKEE ATOMIC FOR
YANKEE NUC PWR STA.)

1

92-02 RESOLUTION OF GENERIC 03/06/92 ALL HOLDERS OF OP
ISSUE 79, UNANALYZED REACTOR LICENSES OF CONST. i
VESSEL (PWR) THERMAL STRESS PERMITS FOR PWRs
DURING NATUP.AL CONVECTION
COOLDOWN

92-91 REACTOR VESSEL STRUCTURAL NOT ISSUED ALL HOLDERS OF OP
INTEGRITY, 10CFR50.54(f) Revision LICENSES OR CONST. !

Listed PERMITS FOR NUCLEAR |
Above PWR PLANTS (EXCEPT

YANKEE ATOMIC FOR
YANKEE NUC PWR STA.)

)
* 89-10 CONSIDERATION OF VALVE 02/14/92 ALL LICENSEES OF OP
SUPPLEMENT 4 MI5 POSITIONING IN BWRs NUC PWR PLANTS AND

HOLDERS OF CONSTRUC. ;

PERMITS FOR PWR 1

PLANTS l

* NOTE: 89-10 Supp. 4 -

Accession No. 9202070037 has been changed to 9202250311.

:
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ENCLOSURE 3.
e .

UNITED STATES |
NUCLEAR REGULATORY COMMISSION |

0FFICE OF NUCLEAR REACTOR REGULATION ;

WASHINGTON, D.C. 20555
.

1

April 8, 1993 ,

;

NRC INFORMATION NOTICE 93-27: LEVEL INSTRUMENTATION INACCURACIES OBSERVED i

DURING NORMAL PLANT DEPRESSURIZATION !

Addressees |

All holders of operating licenses or construction permits for nuclear power |

reactors.

PurDose :

The U.S. Nuclear Regulatory Commission (NRC) is issuing this information
notice to alert addressees to inaccuracles in reactor vessel level indication
that occurred during a normal depressurization of the reactor coolant system 1

at the Washington Nuclear Plant Unit 2 (WNP-2) and to the fact that errors in
!

!

level indication may result in a failure to automatically isolate the residualIt is expected that
heat removal (RHR) system under certain conditions.
recipients will review the information for applicability to their facilitiesHowever,
and consider actions, as appropriate, to avoid similar problems.
suggestions contained in this information notice are not NRC requirements;
therefore, no specific action or written response is required.

Backaround

As discussed in NRC Information Notice 92-54, " Level Instrumentation
inaccuracies Caused by Rapid Depressurization," and Generic Letter 92-04,
" Resolution of the Issues Related to Reactor Vessel Water Level
Instrumentation in BWRs Pursuant to 10 CFR 50.54(f)," noncondensible gas may
become dissolved in the reference leg of water level instrumentation and lead

,

|to f alse indications of high level af ter a rapid depressurization event.
Reactor vessel level indication signals are important because these signals
are used for actuating automatic safety systems and for guidance to operators

,

i

While Information Notice 92-54 dealt with |
during and after an event. potential consequences of rapid system depressurization, this informationi

notice discusses level indication errors that may occur during normal plant
cooldown and depressurization.

[Descriotion of Circumstanqu
|

during a plant cooldown following a reactor scram at (On January 21. 1993,
WNP-2, " notching" of the level indication was observed on at least two of four |" Notching"
channels of the reactor vessel narrow range level instrumentation.This increase occurs when a
is a momentary increase in indicated water level.
gas nubble moves through a vertical portion of the reference leg and causes aThe notching at
temporary decrease in the static head in the reference leg.

,

;

i
_
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April 8, 1993
Page 2 of 3

WNP-2 was first observed on channel "C" at a pressure of approximately
827 kPa [120 psig). Channel "B" experienced notching starting at
approximately 350 kPa (50 psig]. At these pressures, the level error was on
the order of 10 to 18 centimeters [4 to 7 inches) and persisted for
approximately one minute.

Beginning at a pressure of approximately 240 kPa [35 psig), the level
indication from channel "C" became erratic and, as the plant continued to
depressurize, an 81-centimeter (32-inch] level indication error occurred.
This depressurization was coincident with the initiation of the shutdown
cooling system. The 81-centimeter [32-inch] level error was sustained and was
gradually recovered over a period of two hours. The licensee postulated that
this large error in level indication was caused by gas released in the

The
'

reference leg displacing approximately 40 percent of the water volume.
licensee also postulated that tr.; siow recovery of correct level indication
was a result of the time needed for steam to condense in the condensate
enamoer and refill the reference leg. The licensee inspected the "C"

Thisreference leg and discovered leakage through reference leg fittings.
leakage may have been a contributing factor for an increased accumulation of
dissolved noncondens1ble gas in that reference leg.

The licensee determined that the type of errors observed in level indication
during this event could result in a failure to automatically isolate a leak in
the RHR system during shutdown cooling. The design basis for WNP-2 includes a
postulated leak in the RHR system piping outside containment while the plant
is in the shutdown cooling mode. For this event, the shutdown cooling suction
valves are assumed to automatically isolate on a low reactor vessel waterFor the January 21,level signal to mitigate the consequences of the event.
1993 plant cooldown, the licensee concluded that, with the observed errors in
level indication, the shutdown cooling suction valves may not have
automatically isolated the RHR system on low reactor vessel water level as

The licensee has implemented compensatory measures for future plantdesigned.
cooldowns to ensure that a leak that occurs in the RHR system during shutdown

These measures include touringcooling operation would be isolated promptly.
the associated RHR pump room hourly during shutdown cooling and backfilling
the water level instrument reference legs after entry into mode 3 (hot

The licensee is also evaluating measures to minimize leakage fromshutdown).
the "C" reference leg.

Discussion

The event described above is different than events previously reported because
of the large magnitude and sustained duration (as opposed to momentary A
notching) of the level error that occurrea during normal plant cooldown.
large sustained level error is of concern because of the potential forIn addition, the scenario of acomplicating long-term ooerator actions.
postulatea leak in the RHR system evaluated by WNP-2 suggests that some safety
systems may not automatically actuate snould an event occur while the reactor
is in a reduced pressure condition. Generic Letter 92-04 requested, in part,
that licensees determine the impact of potential level indication errors on

,
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automatic safety system response during licensing basis transients and
The information in this notice indicates that sustained level

instrument inaccuracies can occur during a normal reactor depressurization.
accidents.

Therefore, events occurring during low pressure conditions may also be
complicated by level indication errors.

If
This information notice requires no specific action or written response.
you have any questions about the information in this notice, please contact
the technical contact iisted below or the appropriate Office of Nuclear
Reactor Regulation (NRR) project manager.

-

Brian K. Grimes, Director
Division of Operational Events Assessment
Office of Nuclear Reactor Regulation

Technical contact: Amy Cubbage, NRR
(301) 504-2875

Attacnment:
List of Recently Issued NRC Information Notices

,
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LIST OF RECENTLY ISSUED
NRC INFORMATION NOTICES

Date ofInformation
Notice No. Subject Issuance issued to

93-26 Grease Solidification 04/07/93
All holders of OLs or cps
for nuclear power reactors.

Causes Holded Case
Circuit Breaker
failure to Close

93-25 Electrical Penetration 04/01/93
All holders of Ols or cps
for nuclear power reactors.

Assembly Degradation

93-24 Distribution of 03/31/93 All holders of operator and
senior operator licenses at

Revision 7 of NUREG-1021, nuclear power reactors.
" Operator Licensing
Examiner Standards"

93-23 Weschler Instruments 03/31/93
All holders of OLs or cps
for nuclear power reactors.

Model 252 Switchboard
Meters

93-22 Tripping of Klockner- 03/26/93
All holders of Ols or cps t

for nuclear power reactors. |
Hoeller Molded-Case |

Circuit Breakers due to |
Support Level Failure I

!

93-21 Summary of NRC Staff 03/25/93 All holders of OLs or cps
for light water nuclear

Observations Compiled power reactors,
during Engineering Audits
or Inspections of Licen-
see Erosion / Corrosion
Programs i

93-20 Thermal Fatigue' Cracking 03/24/93
All holders of Ols or cps |

for PWRs supplied by |

of Feedwater Piping to Westinghouse or Combustion |

Steam Generators Engineering. |

All nuclear fuel cycle
93-19 Slab Hopper Bulging 03/17/92 !licensees.

All U.S. Nuclear Regulatory
93-18 Portable Moisture-Density 03/10/93

Commission licensees thatGauge User Responsibilities possess moisture-density
during Field Operations gauges.

i

-...- -

OL = Operating License
CP Construction Permit

j
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NRCB 93-03

UNITED STATES
NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C. 20555

May 28, 1993

NRC BULLETIN 93-03: RESOLUTION OF ISSUES RELATED TO REACTOR VESSEL WATER
LEVEL INSTRUMENTATION IN BWRs

Addressees

All holders of operating licenses or construction permits for boiling water
reactors (BWRs) with the exception of Millstone, Unit 1, and Big Rock Point.

Purpose

The U.S. Nuclear Regulatory Commission (NRC) is issuing this bulletin to
(1) notify addressees about new information concerning level indication errors
that may occur during plant depressurization, (2) request that all addressees
take certain action (s), and (3) require that all addressees report to the NRC
if and to what extent the requested actions will be taken and notify the NRC
when actions associated with this bulletin are complete.

Backaround

As discussed in NRC Information Notice 92-54, " Level Instrumentation
inaccuracies Caused by Rapid Depressurization," and Generic Letter 92-04,
" Resolution of the Issues Related to Reactor Vessel Water Level
Instrumentation in BWRs Pursuant to 10 CFR 50.54(f)," the staff is concerned
that noncondensible gases may become dissolved in the reference leg of BWR
water level instrumentation and lead to a false high level indication after a
rapid depressurization event. Generic letter 92-04 requested that addressees
determine the impact of potential level indication error.s after.a raoid
depressurization event on how the plants are operated. Generic Letter 92-04
also requested that addressees take short term compensatory measures to
mitigate the consequences of potential level indication errors after a rapid
depressurization event and provide the staff with plans for long term
corrective actions, including any proposed hardware modifications. The

generic letter requested that addressees implement the long term corrective
actions during the first refueling outage commencing after November 19, 1992.

The industry, through the BWR Owners Group (BWROG), requested a delay in the
implementation of the long term corrective actions until a de-gas test program
could be completed. The test program was intended to gather data to support
the design of any necessary hardware modifications. On December 2, 1992, the
staff agreed to extend the deadline for the submission of addressee plans f7
the long term actions to July 1993, with implementation at the earliest
opportunity.

-930528017T-~
a
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Description of Circumstances

During a normal plant cooldown on January 21, 1993, operators at the
Washington Public Power System, Unit 2 (WNP-2), observed a sustained level
indication error of 0.81 meters (32 inches] that gradually recovered over a
period of approximately 2 hours. The licensee determined that errors of this
type could result in failure to automatically isolate a leak in the residual
heat removal (RHR) system during shutdown cooling operation. On

April 8, 1993, the staff issued Information Notice 93-27, " Level
Instrumentation inaccuracies Observed During Normal Plant Depressurization,"
to discuss level indication errors that may occur during normal plant
depressurization.

Discussion

Following the event reported by the licensee at WNP-2, the NRC staff requested
the BWROG to evaluate the effect of level indication errors on events, such as
reactor pressure vessel (RPV) drain-down, initiated from low-pressure
conditions. Several paths have the potential to drain the RPV. Operator
misalignment of one or more valves can establish a flow path resulting in a
drain-down of the RPV. Several events of this type have cecurred at operating
BWRs. Automatic isolation signals based on low RPV level are normally
credited for terminating these events. However, automatic isolation of the
RHR system, and other systems, will not occur if there are large level errors
in multiple instruments.

In response to the staff request, the BWROG submitted a report, " Supplementary
Information Regarding RPV Water Level Errors due to Noncondensible Gas in Cold
Reference Legs of BWRs," to the NRC on May 20, 1993. The BWROG determined
that the most limiting drain-down event is an RPV drain-down to the
suppression pool through the low-pressure coolant injection suction flow path.
The BWROG report indicated that, for this event, the core could reach 1100 *C
(2000 *F) in as little as 16 minutes if there is no makeup to the coolant
system.

On the basis of the assessment of the NRC staff and the information provided
by BWROG, the staff concluded that additional compensatory measures are needed
for normal cooldown evolutions. Although the interim procedures currently in
place are appropriate for events initiated from full power, they are not
adequate for providing protection against events initiated during cooldown
when automatic safety systems may be defeated by level instrumentation
inaccuracies. In addition, BWROG has completed a reference leg de-gas test
program. Although the data are still preliminary, initial results of the test
program show that large errors in the indications from the level
instrumentation are possible. This information and the event at WNP-2 confirm
that the noncondensible gas problem is real and not theoretical, and that the
problem applies even to slow depressurizations. Therefore, for longer tm.

operation this problem needs to be addressed promptly with hardware
modifications and immediately with compensatory measures for cooldown !

conditions. |
1

I

|

|
,
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Millstone, Unit 1, is exempt from this bulletin because Northeast Utilities,
the licensee, has already implemented a hardware modification to prevent the
buildup of noncondensible gases in the RPV level instrumentation reference
legs. Big Rock Point is exempt from this bulletin because the RPV level
instrumentation system installed at that facility is not susceptible to the
de-gas problem described in this bulletin.

Recuested Actions

1. Short Term Comofnsatory Actions

(a) Within 15 days of the date of this bulletin, each licensee is
requested to implement the following measures to ensure that potential
level errors caused by reference leg de-gassing will not result in
improper system response or improper operator actions during
transients and accident scenarios initiated from reduced pressure
conditions (Mode 3):

(1) Establish enhanced monitoring of all RPV level instruments to
provide early detection of level anomalies associated with
de-gassing from the reference legs.

(2) Develop enhanced procedures or additional restrictions and |

controls for valve alignments and maintenance that have a i
'

potential to drain the RPV during Mode 3.

(3) Alert operators to potenti?lly confusing or misleading level
indication that may occur during accidents or transients
initiating from Mode 3. For example, a drain-down event could
lead to automatic initiation of high-pressure emergency core
cooling systems (ECCS) without automatic system isolation or low-
pressure ECCS actuation.

Facilities that are in cold shutdown during this 15 day period are
requested to complete the above actions within 15 days of the date of
this bulletin or prior to startup, whichever is later.

(b) By July 30, 1993, each licensee is requested to complete augmented
operator training on loss of RPV inventory scenarios during Mode 3,
including RPV drain-down events and cracks or breaks in piping.

Facilities that are in cold shutdown as of July 30, 1993, are
requested to complete this action prior to startup from that

'

;

shutdown.

All of the short term actions described above shall remain in effect until
the hardware modifications described below have been implemented.

2. Hardware Modifications

Each licensee is requested to implement hardware modifications necessary
to ensure the level instrumentation system design is of high functional

.
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relicbility for long-term operation. This includes level instrumentation
performance during and after transient and accident scenarios initiated '

from both high pressure and reduced pressure conditions. The hardware
modifications discussed here are the same as the modifications requested
in Generic letter 92-04. Since the level instrumentation plays an
important role in plant safety and is required for both normal and
accident conditions, the staff requests that these modifications ba
implemented at the next cold shutdown beginning after July 30, 1993. If

a facility is in cold shutdown on July 30, 1993, ehch licensee is
requested to implement these modifications prior to starting up from that
outage.

Reportina Reouirements

Written reports are required as follows:

(1) Addressees choosing not to take the requested '.hort term actions must
submit a report within 15 days of the date of this bulletin containing a
description of the proposed alternative course of action, the schedule
for completing it, and a jcstification for any deviations from the
requested actions.

:(2) By July 30, 1993, all addressees must submit a report providing:

(a) the description of the short term compensatory actions taken, and

(b) a description of the hardware modifications to be i.oplementeo at
the next cold shutdown after July 30, 1993. If an addressee
chooses not to take the requested actions ipec!fied in the Hardwart !

Modifications section, the report shall contain a description of ,

the proposed alternative course of act, ion, the schedule for |

completing it, and a justification far any deviations from the
requested actions.

(3) Withi.' 30 days of completion of the requested hardware modifications, a
report confirming completion and describing the modification implemented. |

Address the required written reports to the U.S. Nuclear Regulatory
Commission, ATTH: Document Control Desk, Washington, D.C. 20555, under oath
or affirmation under the provisions of Section 182a, Atomic Energy Act of
1954, as amended, and 10 CFR 50.54(f). In cddition, submit a copy to the .

i

appropriate regional administrator.
:

Sackfit Discussion

The level errors that could result from the effects of noncondensible gases in ,

fthe level indication reference legs may prevent the level instrumentation
systems in BWRs from satisfying the following regulations:

(1) General Design Critee.on (GDC) 13, "Instrementation and control," of
Appendix A to 10 CFR Part 50 which states: " Instrumentation shall be
provided to monitor variables and systems over their anticipated ranges

x
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for normal operation, for anticipated operational occurrences, and for
accident conditions as appropriate to assure adequate safety." Existing
instrumentation may not accurately monitor. reactor vessel water level
under normal cooldown or accident conditions.

(2) GDC 21, " Protection system reliability and testability," which states: i
"The protection system shall be designed for high functional I

reliability... commensurate with the safety function to be performed." ,

The instrumentation may not be reliable during and following normal '

depressurization and rapid depressurization. ;

(3) GD; 22, " Protection system independence," which states: "The protection |
system shall be designed to assure that the effects of natural phenomena, ;

and of normal operating, maintenance, testing, and postulated accident
conditions...do not result in loss of the protection function."
Degassing may cause a loss of the reactor vessel water level indication
function during and following normal depressurization and rapid |
depressurization. j

(4) Section 50.55a(h) of Title 10 of the Code of Federal Reoulations (10 CFR !

50.55a(h)), which requires that protect.sn systems, for those plants with l
construction permits issued after January 1, 1971, meet the requirements |

stated in editions of the Institute of Electrical and Electronics
Engineers Standard, " Criteria for Protection Systems for Nuclear Power ,

Generating Stations" (IEEE-279). Section 4.20 of IEEE-279 states: "The l

!protection system shall be designed to provide the operator with
accurate, complete, and timely information pertinent to its own status I

and to generating station safety." The water level instrumentation for |
the reactor vessel may not be accurate during and following normal '

depressurization and rapid depressurization.

The hardware modifications discussed here are the same as the modifications
requested in Generic Letter 92-04 and, therefore, the modifications are not I

considered to be addH ional backfits beyond those requested in Generic Letter i

92-04. The short te n mpensatory actions requested by this bulletin are
considered necessary u nsure that the addressees are in compliance with
existing NRC rules anc regulations. Therefore, this bulletin is being issued
as a compliance backfit under the terms of 10 CFR 50.109(a)(4).

I

A notice of opportunity for public comment on this bulletin was not published R

in the Federal Reaister because of the urgent nature of the short term
compensatory actions requested by this bulletin and because the hardware
modifications requested are the same as those previously requested in
Generic Letter 92-04.

Ea.p3rwork Reduction Act Statementa

This bulletin contains information collection requirements that are subject to |

the Paperwork Reduction Act of 1980 (44 U.S.C. 3501 et seq.). These
requirements are e vered by Office of Management and Budget clearance number |

3150-0012, which a pires June 30, 1994. The estimated average number of
'

burden hours is 200 hours per licensee response, including the time for

,
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reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of
information. Send comments regarding this burden estimate or any other aspect
of this collection of information, including suggestions for further reducing
reporting burden, to the Information and Records Management Branch
(MNBB-7714), U.S. Nuclear Regulatory Commission, Washington, D.C. 20555; and !

to the Desk Officer, Office of Information and Regulatory Affairs, NE0B-3019, J

(3150-0012), Office of Management and Budget, Washington, D.C. 20503. |

Compliance with the following request for information is purely voluntary.
The information would assist NRC in evaluating the cost of complying with this
bulletin: J

(1) the licensee staff time and costs to perform requested inspections, i

corrective actions, and associated testing

(2) the licensee staff time and costs to prepare the requested reports and
documentation

(3) the additional short-term costs incurred as a result of the inspection
findings such as the costs of the corrective actions or the costs of down
time

(4) an estimate of the additional long-term costs which will be incurred in
the future as a result of implementing commitments such as the estimated
costs of conducting future inspections or increased maintenance

If you have any questions about this matter, please contact the technical !
'contact or the lead project manager listed below or the appropriate Office of

Nuclear Reactor Regulation project manager.

V d&<; amel G. Partlow
Associate Director for Projects
Office of Nuclear Reactor Regulation

Technical contact: Amy E. Cubbage
(301) 504-2875

Lead project manager: James W. Clifford
(301) 504-1323

Attachment:
List of Recently issued NRC Bulletins
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LIST OF RECENTLY ISSUED
NRC BULLETINS

Bulletin Date of
No. Subject Issuance Issued to
.

93-02 Debris Plugging of 05/11/93 All holders of Ols'for
Emergency Core Cooling nuclear power reactors.
Suction Strainers

93-01 Release of Patients 04/20/93 Brachytherapy Licensees ;

After Brachytherapy Authorized to Use After- 1

Treatment with Remote loading Devices

90-01, Loss of Fill-0il in 12/22/92 All holders of OLs or cps i

Supp. 1 Transmitters Manu- for nuclear power reactors.
factured by Rosemount

92-03 Release of Patients 12/08/92 For Action - Brachytherapy ;

after Brachytherapy Licensees Authorized to use j
the Omnitron Model 2000 ;

High Dose Rate (HDR) |
Afterloading Brachytherapy
Unit i

For Informatioll - None

92-01, Failure of Thermo-Lag 330 08/28/92 For Action - All holders of
Supp. 1 Fire Barrier System to operating licenses for l

Perform its Specified nuclear power reactors. |
Fire Endurance Function for Information - All i

holders of construction I
permits for nuclear power |

reactors.

92-02 Safety Concerns 08/24/92 For Action - All Teletherapy .

Relating to "End of Licensees !

Life" of Aging For Information - None !
ITheratronics Tele-

therapy Units

92-01 Failure of Thermo-Lag 06/24/92 All holders of OLs or cps

330 Fire Barrier System for nuclear power reactors,
to Maintain Cabling in |

Wide Cable Trays &nd i

Small Conduits Free from
|Fire Damage
|

|

OL o Operating License
CP o Construction Permit

i
,
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: uclear ?.eactor ?.egula:' Ons
2 ashing:en 30 20555

Attention: V. T. Russell. Associate Director
Inspection and Technical Assessmenc

Swt ovFERS' GROUP TRANSMITTAL OF SUPPY N YrARYsubject:
INFORZATION PMARDING RPV VATER LEVEL

Enclosed is Supplementary Informacion r* Barding the saiecy assessment of :he
slow depressuri:acion effecc on RPV vater level inscrumencacion. Inis

material addresses the concerns outlined in IN 93-27 and ocher scenarios in
'tich the Residual Heat Removal (RHR) syscem shutdown cooling isolation may be
-

needed or which have the pocential :o drain the vessel.

'he comments / positions provided in :his lottar have been endorsed by
a

subscancial number of the members of the Sk'ROG ; however, i: should not be
interpreted as a commit =ene by any individual member to a specific course of
.ction. Each member must for= ally endorse the .BWROC position for that posi-
tion to become that member's position.

? lease call George $ :amoack (GE) ac (408) 925-1913 or =a if you have any

questicns.

7erv truly yours.

' 2 -- y,L__ ___

G. J. Seck, Chairman

NROC Vater Level Instrumentacion Co:maittee
Tel: (215) 640 6*50

EXEC 6T/GJ3/PJK/r
Enclosure

cc: AC Thadani, NRC
CL Tully, 3'JROG Chairperson
LA England. IVROG Vice Chairman
SWROG Primary Represencatives
Water Lavel Committees
NRC Documenc Mana6ement Branen
SJ Stark OE

\f.;qxwewrr7-
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GENE 46644-0593
DRF A0043647-D

May 1993

Supplementary Information
Regarding RPV Water Level Errors

due to
Noncondensable Gas in

Cold Reference Legs of BWRs ;

!.

!i m'
,d>1PV / QMEMReviewed by:

G.B. Stramb6ck
|Safetv Evaluations Programs afanager

T i %~7.dd |
Approved by:

R.C. Mitchell
Safety and Commumcauons Projects Manager

General Electne Company
San Jose. California

May 1993
|
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IMPORTANT NOTICE REGARDING
CONTENTS O'.: THIS REPORT

Please Read Carefully

The only undenabngs of Genemi Electne Company (GE) respecting information in this
document are contained in the contract between the Boiling Water Reactor Owners' Group
iBWROG) and GE as identi6ed in the respective parucipating unlities' BWROG Standing
Purenase Order for the performance of the work desenbed herein, and nothing m this
document shall be construed as changing those individual contracts. The use of this
information except as de6ned by said contracts, or for any purpose other than that for which
it is intended, is not authonzed; and with respect to any ottier unauthorized use, neither GE or
any of the contnbutors to this document makes any representauon or warranty, and assumes
no iiability as to the completeness, accumev. or usefulness of the informauon contained in this
document.

1
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Executive Summary

This report was prepared as a result of an event wnich occurred
at WNP-2. The event highlighted the importance of
considering the potennal for reactor water level instrumentation
errors resulting from degassing of cold reference leg
instrumentauon following routine depressunzation of the RPV.

Although the principal concern is with the ability to terminate a
reactor draindown or mitigate an RHR piping failure by
automatic isolation of the RHR shutdown cooling line, other

tnp setungs also are potentally affected.

A highly conservanve analysis with degraded instrumentation
snows that suiscient time is avatiable for operators to respond
:o a dramdown event. The analysis concludes that with proper
operator awareness of the potennal for RPV level indication
errors degassing can be recognized and accons taken such that
there is no undue safety signiricance during hot shutdown.

Basea on this evaluauon. It is concluded that a substantial
safety hazard does not exist.

t
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Supplementary Informationt

Regarding RPV Water Level Errors
due to

Noncondertsable Gas in Reference Legs of BWRs

L0 Background

L! Previous Norchine Studies

The issue of notching of the reactor water level instnamentation signals due to the
dezassmg of noncondensable gas in BWR cold reference legs has been widely reviewed
in response to Nuclear Regulatory Commission (NRC) concerns expressed in Genetic
Letter 924t' Initial review by the BWR Owners' Group: (BWROG) has concluded that

e issue of noncondensable gas does not pose a substantial safety hazard on operating
BWRs following a rapid depressunzation from normal operating condinons.

However, during an invesugadon of an event at Washington Nuclear Project. Unit 2.
4WNP-2) January 21. 1993. Washington Public Power Supply System (WPPSS)
penonnel idenniied a safety funcuon of the water level instnamentanon not previously
addressed within the scope of the BWROG report and not previously discussed with the
NRC. The WPPSS concern was that the auto closure function of shutdown cooling (SDC)
isolation valves may be lost due to erroneous indication resulting from degassing of
noncondensable gas in Reactor Pressure Vessel (RPV) water level cold reiemnce legs.
This concem occurs at low reactor pressures while all previous evaluations addressed
effects resulting from rapid deoressurization from near rated conditions.

Since this event, the NRC has issued Information Nonce 93 27, " Level Instnamentation
Inaccumcles Observed during Normal Plant Depressurization""

3l WNP-2 Event Summary

WNP 2 was in a hot shutdown condition following a reactor scram. The plant was being

depressun2ed in accordance with normal plant procedures. Although some minor
notching was recorded as the depressurization proceeded. when SDC was inidated a more
signiscant merease occurrrd on the narrow range channel C of water level
mstrumentation. With the initianon of SDC, RPV pressure reduced from about 20 psig
to 10 psig and Channel C experienced signidcant degassing which resulted in a transient
increase in indicated RPV level of about 32 inches on narrow range instrumentation. The
level indicanon recovered to within 6" in approximately 25 minutes and fully recovered

within 2 hours.

Dunng an evaluation of the safety signi6cance of this event at WNP-2 WPPSS personnel
identded that this response on Channel C could have delayed closure of the SDC

I
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isolatic ves. These valves receive an isolaton signal based on RPV low water level
.

|
(Level 3) to prevent a loss of RPV inventory in the event of a moderate energy break in a

i
Residual Heat Removal (RHR) line while the system operates in shutdown cocling. )

WPPSS personnel concluded that the event was not safety sigm6 cant due to
instrumentanon in the WNP-2 design which would have alerted the operators of RHR
room rloocing with sui 5cient time for operator action to isolate the RER system. In
aadition WNP-2 is conducting hourly tlood tours of RHR pump rooms. j

(

l3 Mircose of Evaluauon

!The purpose of this evaluation is to provide the BWROG with supplementary informadon
on the safety significance of degassing of RPV water level cold reference leg !
instrumentanon following routine slow depressurization. While tne evaluanon was

initiated based on the WNP 2 event. it also considers other scenarios in which the RHR
|

shutdown cooling isolation function may be needed or for which the potential to drain the |
RPV exists.
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2.0 Evaluation of Safety Signinennce ;

GE NE has conducted a comprehensive review of the safety signi6cance of water level
instrument errors resulting from cold reference leg degassing in BWR/3. BWR/4. BWR/5
and BWR/6 product lines during SDC operation. The imponance of this concern 2s
highlighted by recent plant observauons and conservauve BWROG tesung which show j

that, deoending on plant specinc con 6gurauons such as instrument line size and routing,
a signi6 cant amount of degassing can occur as the RPV is depressunzed below 50 psig.
Many BWRs would be expected to be affected to a smaller extent than ponrayed in this |

evaluanon. Nevertheless, sui 6cient degassing can affect the automatic instrument tnp
|funcuens for all instruments shanng a common cold reference leg.
i

BWR/1 and BWR/2 plants do not rely upon cold reference leg instrumentauon for safety |
I

system initiation and are thereicre not spec 16cally addressed by this evaluanon. However.
the effect of degassing on any long term acuens required based upon' post-accident
momtonng instrumentanon in BWR/l and BWR/2 plants is addressed by existing
Emergency Procedure Guidelines (EPGsf and previous issued BWROG communications
to plant operators *

11 Acolicable Events for Consideracon

2.1.1 Applicability of Iniual Operanng Conditions

Dunng OPCON 1 (Power Operaton) the reactor mode switch is in the RUN positionthis
which requires reactor pressure to be greater than about 750 psig (in most plants):
operating conriidon was considered as the initial condition in the previous BWROG Safety

2Assessment ,

In OPCON 2 (Startup/ Hot standby), the reactor is critical and RPV pressure could be at
any value up to normal operaung pressure. If the reactor has been recendy staned up it
is likely that noncondensable gasses will not have had suf5cient time to accumulate in the
RPV water level cold reference legs. In addition, any potennal events initiating from

OPCON 2 are considered to be bounded by the OPCON 3 evaluauon.

Dunng OPCON 3 (Hot Shutdcwn), events that cause a rapid reduction in the RPV water
!evel may be the most signincantly affected by the occurrence of RPV water level errors.
This operaung condition also is selected for further evaluation because it corresponds to
the condition m which the most signidcant degassmg has been observed to occur.

OPCON 3 is normally of short duration in companson to other operaung conditions. At
a reactor cooldown rate of 100'F/hr the transition from 135 psig to cold shutdownf 25'F/hr
(OPCON a could be as short as 2.5 hours; at a slow reactor cooldown rate o
:ne transition could take S hours or more. Because a rapid reduction in RPV level can

3
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occur at any ume dunng OPCON 3. the safety significance of degasstng is reducea
sigmticantly by the limited time imme under which a rapid reduction in RPV level could
occur.

I-
In OPCON 4 (Cold Shutcown> or OPCON 5 (Refueling), the plant is depressunzed and
any degassing would have already occurred.

Any events which occur durmg OPCON 4

or OPCON 5 would be bounded by consideration of the OPCON 3 evaluauon.
| Therefore it is not necessary to consider water level errors due to degassmg dunng these
'

conditions any further in this evaluauon.

;.l.2 RPV Draindown Events

Valve mispostuoning events which cause reductions in RPV water level have occurred
during cold shutdown or refueling operaung conditions and in all cases they have been
isolated by RPV level instrumentation logic. GE Service Information Letter (SIL) 3884
Jiscussed the applicanons of valve interlocks to limit the occurrence of draindown events.
The Insutute for Nuclear Power Operauons (INPO) Sigm5 cant Operaung Expenence
Report iSOER) 87-2' discussed seven dratadown events occurnng between 1983 and
1986.

In 1990, the BWROG investigated draindown events occurring during cold shutdown
(OPCON 4) conditions. A summary of the results relevant to this evaluation are included
in Attachment A. These results are approximately applicable to the OPCON 3 condition,
but are non-conseavative because they do not account for the effect of RPV pressure on

the mte of draindown. It is evident from Attachment A that the level 3 RHR isolation
funcuon is an important safety feature for avoiding the low RPV water level safety limit
for draindown events. Due to the non-conservatism, this imponance is heightened during
OPCON 3.

2.1.3 Piping Failures

At pressures below about 150 psig, only piping leaks are normally required to be
considered in the licensing basis. Nevertheless, piping failures can occur in any
pressurtzed line dunng OPCON 3 and have been considered in this evaluation. Such
pipmg failures are considered to have an extremely low probability of occurrence due to

j

the low system pressure and margins inherent in reactor system piping design.

Piping breaks, instrument line breaks or a recirculation pump seal failure inside primary
containment can initiate high drywell pressure trips or low-low reactor water level (LevelI

3 tnps which provide protecuve funcuans for initiation of some Emergency Core
Cooling (ECC) systems.

Piping failures outside of contamment are in general protected by isolations denved fromHR
the RPV level instrumentation. As indicated in Attachment B. these include the R

4
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shutcown cooling lines (Level 3) and Reactor Water Cleanup tRWCU) lines (Level 2 or
Lcvel 3 on some plants).

hstrumentation Considerations''

RPV LevelInstrumentauon Configurauons and the Effect of Degassing2.2.1

The condgurations of RPV level instrumentanon are indicated in section t.0 of the
This section discusses the effect of degassing on the contiguration andBWROG report;.

mp logic for the various BWR product lines. Figure 1. based on a BWR/6 design,
shows the various narrow range and wide range instruments used to provide protecdve
mps. Fuei zone, shutdown range and post accident monitoring channels used for

All BWRs are similar except most BWR/3 and
operator awareness also are shown.
BWR/4 plants contain two cold reference legs rather than four.

The effect of degassing and the resultant water level signal bias on these trip funcuons is
to delay the actuauon of safety funcuans cunng postulated RPV water level reducuens.
If an extended response occurs ano actual water level remains below the reactor vessel

Astrument tap _for the vanable leg of aitnstrument, the &ip functions associated with that
instnament will not occur regardless of the actual water level response in the RPV.
increfoEa'n I~mportant consideEninTn this evaruati6Ei~s'recogniiiori of theTargin

~

between the tnp funcuon setpoint and the RPV variable leg tap in comparison with the
size of the postulated RPV water level response and its duration.

2 . '' . Typical SDC Isolauon and other Water Level Setpomts

Water level serpomts were reviewed for different BWR proct.ct lines to assess the margin
available to accommodate responses in incicatai RPV water levei. The results of this -
review are provided in Table 1.

As shown m Table 1. BWR/4, BWR/5 and BWR/6 plants typically have between about
20 and 23 inches of margin between the level 3 trip and the narrow range variable leg
instrument tap. Although a smaller margin exists between the Level I trip and the wide
range instrument tap, the Level 3 Inps are the first line of defense against a reduction in
RPV water level during OPCON 3 and are the focus of this enluation.

All BWRs use the safety grade narrow range tastruments (see Figure 1) to provide a low
water level (Level 3) isolation signal in addition to other reactor protection signals. This

Remote manual and high system
| funcdon provides protection agamst a dramdown event.

pressure automanc isolation also are provideo in all BWRs.

It also can be seen from Table 1 that a small margin exists of about 8 inches between the
Level 2 :np and the mstrument tap for BWW3 plants. SWR /3 plants use the Level 2

5 :
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signal for inication of Core Spray systems, actuanon of the Automauc DepressunzauonA much larger
System ( ADS) and closure of Main Steamiine isolauon valves (MSIVs).
margin exists to the Levei 3 :np.

13 wumotions for Analysti

Based on the consideration of potennal events and concerns associated with degassing,
conservauve assumpuons were selected to make the results of this evaluation applicaole
genencally to BWR product lines.

2.3.1 Imual Condiuons

inical RPV water level is assumed to be controlled by the plant operator m the normal
control band as indicated on narrow range instrumentauon (between the Level 4 and

RPV pressure is between 0 pstg and 135 psig and decreasing consistentLevel 7 alarms).
wuh a normal plant cocidown.

The cooldown and deuressunzauon are assumec to be accomplished by the RHR system
Initiadon of SDC

m shutdown cooling mode. The MSIVs are assumed to be closed.
may occur at any pressure between zero and the RHR shutdown cooling interlock which(

ranges between 75 psig and 135 pstg. Therefore this assumption is reahsuc. !
|

i

The reactor is assumed to have been shutdown for about 3 hours and core power is in the
decay heat range. This assumpoon is realistic cased on expected conditions following a
reactor scram. For a routine shutdown with manual control rod insenton, decay heat
would normally be less than that considered in this evaluadon.

:.3.2 Effects of Degassing

Degassing of the cold reference legs followmg a rouune depressunzanon is assumed tol

have occurred ano affected both wide range and narrow range level instntments shanng a
common reference leg. It is assumed that this degassing causes a sustained
instrumentation bias with a magnitude in excess of the difference between the Level 3 trip
setpoint and the narrow range tap 03WR/4. BWR/5 and BWR/6) or the Level 2 tnp

;
'

setpoint and the wide range tap (BWR/3).

For purpose ui evaluauon a bias of 30" was arbitranly assumed based on the typical
values shown in Table 1. This magnitude of bias was selected to be sufficient to imttate
Level 7 alarms and Levei 8 high pressure makeup system tnps. It is further assumed that
We magnitude of the bias is less than an amount which would allow these setpomts to
clear if level subsequently lowers.

This assumpoon is conservative because the response of RPV water level mdicauons nasduration. The
typically been obsened to be smaller than this amount ci bias and of short

6
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Preliminarv

.loagest ooserved response occurred dunng tne WNP 2 event t25 mmutesnits of the BWROG test program cased on a slow cepressurization of the WNP-2
These data suppon the

cence leg C contiguration are summanzed in Taole 2.'

astumpuon that an extreme bias does not occur.

All water ievel instrument channels are assumed to ' e atiected and result m ao

simultaneous bias of the water levei mstrumentation. This assumption is extremely
conservauve relauve to plant experience, but has oeen made to emphasize the inherent
safety of the exisung instrumentauon. It is unlikely that all cold reference legs
exDenence the same degree of bias due to degassing because of differences m line
rouung and amount of leakage. Nevenheless, the simultaneous loss of all channels is not
eliminated from consideration.

2.3.3 RPV lastrumentation Availability

For BWR/4.5 and 6 plants. Level 2 tnps are assumed to oe available; Level 1 and Level
3 tnps are assumeo to be unavailable due to the magnitude or the bias. Level 2 tnps are
operaole because the amount of bias cue to degassmg also is assumed to oe less than the
difference octween the level 2 tnp and its instrument tap or about i12*

Level 2 Inps are assumed
For BWR/3 plants. Level 3 trips are assumed to be available:
to be unavailable. Level 3 tnps are avatlable assummg the amount of bias due to

% gassing is less tnan the difference between the Level 3 trip and its instrument tap orThe data from the BWROG tests shown in Table 2 support this assumption.
aut 66"

2.3 A Initiatmg Event

A draindown of the RPV is assumed to occur due to inadvertent opening of the Low
Pressure Coolant Iniecuon (LPCI) sucuon path. This occurrence is unlikely because most
BWRs have mstalled interlocks or admtmstrative controis ts recuce me prooability of this
event occurnng. Such interlocks and controls are discussed in SIL 3S8' ano INPO SOER
C T. Because the draindown event can result m a rapid RPV inventory loss the
dramdown was considered the most limiting event from the standpoint of operator
response.

For BWR/3 plants an addiuonal potenual initiaung event is a piping break inside
This event ts considered to be more limiting than a draindown event due toh d cedcontamment.

the unavaliability of the Level 2 trips used for ECC system initiation even thoug re u
system pressure makes such events extremely unlikely during OPCON 3. Nevenheless.
:he ECC systems would be automaucally mitiated by high drvwell pressure in response to
creaxs inside containment and no operator actions are recuired. This is accressed by the
previous BWROG evaluation;. Therefore piping breaks for BWR/3 plants do not need to

,

be evaluated further.

.,
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2.4 safev significance

2.4.1 Operator Actions

The following discussion is based on a teview of the Emergency Procedure Guidelines *
(EPGs). Available RPV level indicanon normally consists of narrow range normal
indicauon. . vide range or post-accident monitonng instnimentauon from a cold reference

In addition, fuel zone and shutdown range instruments which use otherleg mstniment.
reference legs are available for additional guidance in following the EPG steps.

When degassing occurs the initial RPV water level response is an assumed 30' increase
in indicated water level. Following receipt of the high water level alarms and tnps
ILevel 7 and Level 8), no EPG entry condition is satistled. Nevertheless, operators
would be expected to initiate investigaton into the cause of the alarms and tnps.

Following initiation of the dramdown event, when water level lowers below the indicated
RPV scram point (Level 3h the RPV Levei Controi guideline (RC/L) is entered. RC/L
requires n anual initiation of the emergency diesel generators, closure of containment
isolanon valves and initiation of ECC equipment as needed. RPV level is required to be

In bothmamuuneo in the normal range or at least above the top of active fuel (TAF).
cases the safety signiticance relies upon an operator assessment of RPV water level
indication availability and the ume available for operator action.

For BWR/3 plants, the RHR salves automatically isolate in response to the level 3 tnps
to terminate the draindown. Automacc initiation of ECC systems from the level 2 tnp
would not be necessary. Fuel Zone RPV level indication may be used to provide
indication that water level can be restored by plant operators using normal makeup
sources. If RPV level cannot be determined. RPV tlooding (Contingency 4) is required
by tne EPGs. Such conditions are addressed m a utility's operator traming program.

For BWR/4. BWR/5 and BWR/6 plants. EPGs require remote manualisoladon of the
RHR SDC line when it has been determined that the Level 3 signal has not occurred.
Additional RPV level indicanon is available from the wide range instruments, post
accident monitonng instrumentation or fuel zone instrumentation.

2.4.2 Evaluation of plant response

Because the draindown is automancally isolated in BWR/3 plants, the followmg
discussion applies to the BWR/4. BWR/5 and BWR/6 product lines. As indicated in
Attachment A only a few minutes are available before reaching TAF following the most
severe dramdown event from an initial normal water level. Plant operators have been
sensitized to tne water level degassing phenomenon' 80 and several alarms would alert the

|

operator to take action.
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Pnor to any dramdown event, plant operators would normally be controlling RPV water
level as moicated by the narrow range instrumentation. The earliest indicauon to alert
plant operators would either be the high water levei alarms llevel B or tr:p signais (levei
9 wnen the degassmg occurred. Regarcless, as RPV tevel lowers, the low water level
alarm tievei 4) would occur unless an extreme bias has occurred.

Suincient miormation is available to alert me operator to take action in accordance with
the EPGs. but the closure of the LPCI succon valve may take up to one minute for a full

If isolation has not occurred. High Pressure Core Spray
stroke (see Attachment B). i tore RPV level.(HPCS) would initiate tfor BWR/5 and BWR/6 plants) to beg n to res
However. even at the HPCS pump "run-out" flow, the maximum draindown tiow rate.
shown m Attachment A. can exceed the capacity of the HPCS system. Therefore, the
draindown could proceed until RPV level has lowered to.the top of the jet pumps (about
2/3 core heignt).

Without operator action tor HPCS operanon m BWR/5 and BWR/6 plants) to provide
maxeup. RPV water level would continue to lower below the 2/3 core height due to
steammg. Core heatup would eventually commence and result in fuel damage if reactor
makeup is not restored. GE studies, conducted to support early revisions of EPG
conungencies . indicate that without coolant makeup a cote temperature above 200CFF can7

occur in about 15 minutes after reaching the 2/3 core height level.

Addiuonal operator actions which could be taken as an alternate to isolation include
uutiation of ECC systems in accordance with EPGs or alternatively increasmg makeup
flow from the control rod drive (CRD) system in accordance with SIL 2008

2.1.3 Safety Signtiicance

For BWR/3 plants, degassing of cold reference legs causes the unavailability of Level 2d
tnos used for ECC system initiation. Followmg a drywed piping failure safety is assure

For a draindown event.
by oiverse insuumentauon wnich initiates the ECC equipment.
isolation is highly probable.

In BWR/4, BWR/5 and BWR16 plants. degassmg of cold reference legs may cause the
unavailability of both Level 3 and Level I automatic tnps. Although a RPV draindown
event can lower RPV level from Level 3 to TAF in about 2 minutes, a total of more than
17 minutes are available for operator recognition of the dramdown, isolation of the line
or initianon of a core makeup system before core damage might occur. His time is
sufficient to assure operator acnon. especially considering instructions already provided to

Based on this available time for operator response, and the lowplant operators *
prooability of the event, the unavailability of the Level 3 and Level 1 trip logic does not
have an uncue safety sigm6cance for RPV draindown events.

9
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Conclusions

- This saiety evaluadon addresses the signi6cance of the potential loss of RPV water level
instrumentation resulting from degassing of the cold reference legs during hot shutdown
and low reactor pressure.

The evaluanon of plant response to a highly conservative degradation of the RPV water
level instnimentation durin'g a RPV draindown event shows that alternate water level
indicadon is available for operator recognition of the need for action to restore core
cooling. Furthermore, at least 17 minutes is available for the operator to initiate core
cooling. Tarough several BWROG communications *", BWR operators are sensitized to
the potenual for a degassing effect which further enhances their awareness of needed
operator action.

Therefore, it can be concluded that with proper operator training and awareness of RPV
level indicacon, degassing can be recognized and actions taken such that there is no
undue safety sigm6cance dunng not shutdown (OPCON 3L Based on the preceding
evaluanon. It is concluded that a substantial safety hazard does not exist.
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