UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

LONG ISLAND LIGHTING COMPANY Docket No. 50-322 0.L.

(Shoreham Nuclear Power Station, Unit 1)

N Nt Nt Nt Nt N

COMBINED DIRECT TESTIMONY OF MARC W. GOLDSMITH

AND GREGORY C. MINOR ON BEHALF OF SUFFOLK COUNTY REGARDING

SUFFOLK COUNTY CONTENTION NO. 3 AND SCC CONTENTION 8

DETECTION OF INADEQUATE CORE COOLING

Dsoz

May 25, 1982 5

of!

8205280.%4 |



Summary Outline of Suffolk County Contention 3
and Shoreham Opponents Coalition Contention 8 Testimony*

Suffolk County contends that LILCO and the NRC Staff have not
demonstrated and confirmed that Shoreham has adequate instrumentation and
procedures to detect and monitor the onset of inadequate core cooling
(1CC). LILCO has thus failed to comply with applicable regulatory
requirements.

The testimony demonstrates the inadequacy of Shoreham's current water
level instrumentation method to detect ICC as a result of the problems
and potential errors associated with that system. The testimony makes
recommendations as to needed improvements in Shoreham's design and
instrumentation to detect and monitor the onset of ICC, and outlines the
value of supplementing existing instrumentation with in-core
thermocouples to provide improved more direct measurement of the onset of
ICC.

The GE/LILCO position opposing the installation of additional instruments
to detect ICC is discussed. The NRC's position under NUREG-0737 and
Regulatory Guide 1.97 Revision 2 is also discussed.

LILCO should be required to comply with existing NRC regulations and
provide additioral instrumentation (such as in-core thermocouples) to
supplement current water level instrumentation to provide an improved

direct measurement of (the onset of) ICC.

*/ ASLB Memorandum and Order, March 15, 1982.



Attachments*

1. SER Open Item #44 - Level Measurement Error (SNRC-614) SNPS-1
FSAR (3/29/82).

2. Board Notification - Errors in BWR Vessel Water Level Indication
(BN-82-08) w/attachments (Feb. 9, 1982).

3. “Safety Concern Associated with Reactor Vessel Level
Instrumentation in Boiling Water Reactors" from C. Michelson,
NRC Office for Analysis and Evaluation of Operational Data to H.
Denton, NRR (January 20, 1982).

4, SP29.023.02, Common Level Control

5. SP29.023.04, Level Restoration

6. SP29.023.09, Reactor Pressure Vessel Flodding

7. NRC Letter, Eisenhut to Denton, (September 11, 1981).

*/ ASLB Memorandum and Order, March 15, 1982.



Direct Testimony of Marc W. Goldsmith and Gregory C. Minor
Regarding Suffolk County Contention 3 and SOC Contention 8
Detection of Inadequate Core Cooling

Q. Please state your name, address, occupation and qualifications.

A. My name is Marc W. Goldsmith, and my business address is 400-1
Totten Pond Road, Waltham, Massachusetts. [ am President of
Energy Research Group, Inc. My name is Gregory C. Minor, and my
business address is 1723 Hamilton Avenue, San Jose, California. I
am Vice President of MHB Technical Associates. Our qualifications
have been submitted to this Board separately.::/

Q. Would you please state the contention on which you are testifying?

A. This testimony addresses S.C. Contention 3 and the nearly
identical SOC Contention 8. S.C. Contention 3 provides:

Suffolk County contends that LILCC and the NRC Staff have not
demonstrated and confirmed that Shorcham has adequate
instrumentation and procedures to detect and monitor the
onset of inadequate core cooling (ICC). NUREG-0737, item
I1.F.2 requires that instrumentation provide an unambiguous,
easy-to-interpret indication of inadequate core cooling.
LILCO has taken the position that no additional instruments
are needed and that current water level instruments are
sufficient. But these instruments are not a direct
indication of core cooling and core temperature (as are
in-core thermocouples) and thus may not prcvide an

unamb ‘guous, easy-to-interpret indication of ICC or fuel
failure under certain conditions. There is insufficient
diversity of instrumentation to assure that a common event
(e.g., drywell high temperature interfering with water level
measurement) cannot cause a loss of direct measurement
capability. Because there is no direct fuel temperature
measurement and because other instruments (e.g., fission
product detectors, steam line radiation monitors and hydroger

**/ This testimony was prepared under the overall supervision of
Marc W. Goldsmith., Mr. Minor was primary author for answers
on pages 9 and 10.



monitors) become inoperative under some accident conditions, there

is no assurance of indication of the onset of ICC. Tnerefore,
LILCO's design and instrumentation are inadequate to detect and
monitor the onset of ICC and do not comply with 10 CFR 50,
Aopendix A, GDC 13, and 10 CFR 50.55a(h).

What is the purpose of the testimony?

The purpose of the testimony is to discuss concerns as to the
adequacy of instrumentation and procedures at Shcreham to detect
and monitor the onset of Inadequate Core Cooling (ICC). It
discusses the inadequacy of Shoreham's current water level
instrumentation and outlines the need to supplement the current
instrumentation with additional instrumentation (i.e., in-core
thermocouples) which will provide an improved more direct
measurement of the onset of ICC.

What causes inadequate core cooling?

Inadequate core cooling of the nuclear fuel can result from
numerous initiating events and failures. The prime initiating
events and failures are:

0 a loss-of-coolant accident - depending on the size of the
pipe break, the loss of reactor water may be exceptionally
rapid (large break) or very slow (small break); and,

0 coolant flow blockage: flow blockage could occur due to a
control rod drop causing fuel cladding failures or from a
mechanical failure causing a localized channel blockage
within the fuel.

In addition Lo the above, some other examples are, an ATWS event,
stuck open primary system valves, and feedwater pump failures, all
in conjunction with ECCS problems or allowable failures (e.g.,
technical specification allowing degraded status).
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What are the results of inadequate core cooling?

The initiating events discussed in the previous question coupled
with failures in ECC systems, could result in a loss-of-coolant
from the reactor core. Failures to implement corrective actions
either by lacking the appropriate equipment, receiving the wrong
information from inaccurate instruments, or following a procedure
incorrectly could lead to ICC. The result of ICC could be failure
of the cladding, releasing radioactive gases to the primary,
followed by fuel melting (core melt), which in turn may lead to
subsequent failures in the reactor pressure vessel or primary
piping followed by the release of radiation.

Is it important to detect inadequate core cooling early?

Yes. Early detection will minimize the maximum temperature
approached by the fuel and cladding by flooding the vessel,
shutting the chain reaction and increasing the coolant flow rates.

What methods are used at Shoreham to detect ICC?

Shoreham uses only a water level measurement technique for ICC
detection. The direct means of detecting ICC is to measure the
temperature of the fuel cladding. There are also two measurement
techniques which provide a direct implication of ICC: (i)
measuring the water level in the reactor vessel to determine if
the coolant level is higher than the top of the active fuel and
(ii) measurement of coolant temperature in the region of the fuel
(e.g., thermecouples in or near the core). At Shoreham, water
level indication systems are used as the most direct measure of
core cooling. The Shoreham reactor uses an uncompensated
reference leg indication, known as the cold leg or GEMAC, to
indicate water level within the vessel. Several independent
GEMAC's are used. A GEMAC system consists of a reference leg and



a variable leg connected through a differential pressure
transmitter to numerous level indicating, level transmitting, and
flow controllers. There are two narrow range redundant reference
leg instrumentation systems for Shoreham. In addition, there is
also a wide range level instrumentation system. An explanation of
the operation of Shoreham's water level instrumentation is
contained in Attachment 1. Currently at Shoreham the operator
receives his core cooling measurement information through
interpretation of water level instrumentation described in
Attachment l.l/ This instrumentation relies basically on the
same principles for both narrow range and wide range level
detection. As shown in Attachments 22/ and 3,2/ there are
numerous potential mechanisms for failure of the water level
instrumentation. There is also the potential for a single evert
to interfere with all water level measurement. In addition,
because of potential control-protection system interaction some
water level system failures could send misleading information.
Therefore, current water level measurement instrumentation in my
opinion does not have sufficient reliability to keep the operator
informed of the water level or the on-set of ICC.

There are at Shoreham several indirect core cooling measurements
that an operator may use to supplement the direct water level
measurement. These are fission product monitoring at the off-gas
ejector, pump pressures and flow rates, steam flow, temperatures,
neutron flux monitoring, and system performance. Most of these

SER Open Item #44 - Level Measurement Error (SNRC-614) SNPS-1 FSAR
(3/29/82).

Board Notification - Errors in BWR Vessel Water Level Indication
(BN-82-08) w/attachments (Feb. 9, 1982).

“Safety Concern Associated with Reactor Vessel Level
Instrumentation in Boiling Water Reactors" from C. Michelson, NRC
Office for Analysis and Evaluation of Operational Data to H.

Denton, NRR (January 20, 1982).



measurements would be lost to the operator in the event of a
containment isolation. An event that would cause containment
isolation would also scram the reactor and would isolate the
reactor pressure vessel from normal routes ot core cooling and
steam flow. The fission product route to the off gas ejector
would be closed, feedwater and mair steam flow would be shut and
neutron flux would go down to the source range or shutdown flux
range. Therefore, in the event of a containment isolation, these
measurements would be unavailable to the operator. Therefore, the
operator would have to rely primarily on water level detection
through water level instrumentation systems.

Are there any other available methods to detect ICC which are not
used at Shoreham?

Yes, in-core and core exit thermocouples would provide more direct
coolant measurement and a continuous fission product monitoring
system is another both method that could be used at Shoreham to
provide a diverse means of detection of inadequate core cooling.

In-core or core exit thermocouples could be placed within the
coolant flow using existing instrument thimbles that lead through
the reactor core for other instrumentation. These thermocouples
placed near the top of the reactor core or somewhat above it would
see temperature rises as the core water level decreased and would
begin to indicate the onset of inadequate core cooling. As these
thermocouples would be regionally placed within different
quadrants of the core, they may also provide indicators of
localized coolant flow blockage as they would measure coolant
temperature near the outlet of the fuel. If the temperature of
the in-core/core exit thermocouples was to begin to rise with
little or no change in water level, then the operator would be
alerted to a potential problem. In addition, if the two
independent water level indicating systems (e.g. System A and
System B of the cold reference leg type at Shoreham) were to give



different indications of water level, the core thermocouplzs would
provide information as to which is the correct one and allow the
operator to take appropriate action early in the process possibly
preventing the onset of inadequate core cooling.

Why is another direct method to determine inadequate core cooling
necessary at Shoreham?

Shoreham's method of detecting water level could result in false
level indications {i.e. delayed detection of onset of ICC) to not
only the operator but also to automatic emergency core cooling
equipment as well., Shoreham's vessel level instrumentation is
susceptible to reference leg flashing and consequently loss of
accurate level indication. One method of losing accurate water
level indica*‘~n would be a rapid vessel depressurization in
conjunctio . hotter-than-average containment environment.
In addition, as enumerated in Attachment 3, there are several
mechanisms by which water level instrumentation has failed in
other plants causing a control and indication interaction which
has the potential to mislead both the operator and the automatic
equipment as to the actual water level. The need for diversity
and reliability in water level instrumentation is demonstrated by
the following:

1. There is no assurance that a common event cannot cause a loss
of accurate level measurement capability (see Attachment 2).

2. A failure in a water level instrumentation line (e.9., an
equalizing valve leak, excess t low check valve leak, drain
valve leak, etc.) could cause an inaccurate reference leg
level. These examples could cause a reference leg level
decrease which “would cause all the differential pressure
instruments connected to that line to indicate false high
reactor vessel water level." (See Attachment 3). In a water
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level instrument system transient, both high and low level
water alarms could be activaied in the control room.
Depending on which indicator the control room operator
chooses to respond to, erroncous actions could result.
Becaute of the potential for conflicting indications and
automatic actions as a result of the control and indication
interaction, both operator response and automatic plant
response could be hampered in such an event. “Automaiic
plant response must be relied upon to terminate and control
the transient. This is confirmed by operating experience
which shows several cases where operators did not respond to
such events and automatic protective action was needed to
terminate the transient." (See Attachment 3).

What has been done about the previously discussed water level
instrumentation problems?

In order to deal with the ambiguity that may exist as a result of
the different failures of water level instrumentation, the BWR

4
Owner's GPOUP—/ has responded with emergency procedure

guidelines. These guidelines have been specifically adopted at
Shoreham and are reflected in Shoreham's Emergency Procedures,

specifically procedures SP29.023.01, Common Level Control,
$P29.023.04, Level Restoration, and SP29.023.09, Reactor Pressure
Vessel Flooding. These procedures are attached as Attachments 4,
5, and 6.2/ These procedures are complicated and could

“General Electric Evaluation of the Need for BWR Core
Thermocouples”, General Electric Co., 1981.

Shoreham Emergency Procedures: SP29.023.01, Common Level Control;
S$P29.023.04, Level Restoration; SP29.023.09, Reactor Pressure
Vessel Flooding.
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therefore add to confusion during an event that may lead to
inadequate core cooling. For example, procedure SP29.023.01
requires the operator to restore and maintain the reactor pressure
vessel water level between 12.5 in. and 54.5 in. This procedure
makes no indication until one gets to step 3.4 as to whether water
level can be determined and makes no indication as to whether the
water level system may or may not be accurate. How to check water
level is not made clear. Therefore, this procedure could lead to
ICC by not providing a caution or an indicator that under certain
conditions it may be possible that the water level indicator is
inaccurate.

Very h2avy reliance is placed on the water level measurement
system by both the procedures and the operator during operation.
Procedures continually direct the operator to confirm or verify
water level (see e.g. SP29.010.01, Emergency Shutdown).

Therefore, it is important for the operator to have a high degree
of confidence in the instrumentation and for the instruments to be
reliable.

In your technical opinion, are NRC regulations and regulatory
guidance violated by using Shoreham's current methods to detect
ICC?

Several General Design Criteria are violated by the current water
level instrumentation and by the potential for lack of detection
of ICC. General Design Criteria 13, 24 and 35 are violated by the
current water level instrument design and it is possible that 10
CFR 50.55a(h) may also be violated. In addition, it may be
possible to violate the emergency core cooling Timits on maximum
cladding temperature (2200° ) contained in 10 CFR 50.46 by a
failure to initiate emergency core conling systems in a timely
manner that would prevent exceeding the limit,
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General Design Criterion 13 of 10 CFR 50 Appendix A, states:

“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,
including those variables and systems that can affect the
fission process, the integrity of the reactor core, the
reactor coolant pressure boundary, and the containment and
its associated systems. Appropriate controls shall be
provided to maintain these variables and systems within
prescribed operating ranges."

The methods employed at Shoreham to detect ICC could provide
erroneous water level indications which would result in ICC.
Therefore, appropriate controls to maintain variables and systems
that can affect the fission process, the integrity of the reactor
core, the reactor coolant pressure boundary, the containment and
its associated systems within prescribed operating ranges are not
provided at Shoreham.

10 CFR 50.55a(h) states:

“For construction permits issued after January 1, 1971

protection systems shal)l meet the requirements set forth in
editions or revisions of the Institute of Electrical and

Electronics Engineers Standard: ‘Criteria for Protection
Systems for Nuclear Power Generating Stations.' (IEEE-279)
in effect on the formal docket date of the application for a
construction permit. Protection systems may meet the
requirements set forth in subsequent editions or revisions of
IEEE-279 which become effective."

LILCO has not demonstrated that Shoreham's method of detecting ICC
meets the requirements set forth in editions or revisions of the
IEEE "Criteria for Protection Systems for Nuclear Power Generating
Stations (IEEE-279). Thus, LILCO has not demonstrated that it can
assure the independence of the vessel level sensors necessary to
prevent control/safety interaction as required by IEEE-279 Section
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4.7, In fact, there is indication that the instrument lines of
the level system do not meet IEEE-279 (see Attachment 7).9/
Further, there is evidence that single failure criteria of
IEEE-279 Section 4.73 and 4.74 are not complied with “n the vessel
level 1nstrumentation1/ which would be inputs to the Feactor
Protection System and to Inadequate Core Cooling indication.
Therefore, 10 CFR 50.55a(h) is not met.

General Design Criterion 24 of 10 CFR 50, Appendix A, "Separation
of Protection and Control Systems” states:

“The protection system shall be separated from control
systems to the extent that failure of any single control
system comporient or channel, or failure or removal from
service of any single protection system component or channel
which is common to the control and protection systems leaves
intact a system satisfying all reliability, redundancy, and
independence requirements of the protection system.
Interconnection of the protection and control systems shall
be limited so as to assure that safety is not significantly
impaired."

In the BWR water level instrumentation system, a single failure in
the sensing line that serves both protection and control systems
that can cause control system action, does not leave intact a
system satisfying all reliability, redundancy and independence
requirements for the low vessel level protective function. Thus
Shoreham's water level detection system does not meet this GDC.

10 CFR 50, Appendix A, General Design Criterion 35, “Emergency
Core Cooling" states:

"a system to provide abundant emergency core cooling shall be
provided. The system safety function shall be to transfer
heat from the reactor core following any loss of reactor
coolant at a rate such that (1) fuel and clad damage that
could interfere with continued effective core cooling is
prevented and (2) clad metal-water reaction is limited to
negligible amounts.

6/ NRC Ttr/Eisenhut to Denton, September 11, 1981, Attachment 7).

7/ See discussion above, plus Suffolk County Testimony on 78).



Suitable redundancy in components and features, and suitable
interconnections, leak detection, isolation, and containment
capabilities shall be provided to assure that for onsite
electric power system operation (assuming offsite power is
not available) and for offsite electric power system
operation (assuming onsite power is not available) the system

safety function can be accomplished, assuming a single
failure."

Because a single failure may cause loss of the safety function of
the ECCS as stated above under GDC 24, Shoreham also fails to meet
this criterion.

Has the post-TMI experience, as discussed in NUREG-0737 and
Regulatory Guide 1.97, been satisfactorily answered by LILCO?

No. The TMI Action Plan requirements contained in NUREG-0737,
“Clarification of TMI Action Plan Requirements" at IT.F.2,
“Instrumentatios for Detection of Inadequate Core Cooling," may
not be met. This item states that indication of ICC must be
unambiguous and easy-to-interpret. NUREG-0C737 states that water
level instruments could be supplemented for this purpose by
additional instrumentation such as in-core thermocouples. Because
Shoreham instrumentation could be ambiguous or misleading, it is
necessary to supplement the existing water-level instruments.
Because of the potential for misleading information, Shoreham does
not comply with this NUREG-0737 requirement.

Further, Regulatory Guide 1.97, “Instrumentation for
Light-Water-Cooled Nuclear Power Plants to Assess Plant and
Environs Conditions During and Following an Accident," Revision 2
(December 1980), states:

“"Tables 1 and 2 of this regulatory guide should be considered
as the minimum number of instruments and their respective
ranges for accident-monitoring instrumentation for each
nuclear power plant.* [Emphasis added].
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Table 1, "BWR variables", provides for core thermocouples to
monitor core cooling and indicate the potential for breaching, or
the actual breach of, fuel cladding. The guide states that four
thermocouples should be provided for each quadrant and that a
minimum of one measurement per quadrant is required for
cperation. The guide requires installation of core thermocouples
on the following schedule;

“. . .plants scheduled to be licensed to operate before June
1, 1983, should meet the requirements of NUREG-0737 and the
Commission Memorandum and Order (CLI-80-21) and the schedules
of these documents or prior to the issuance of a license to
operate, whichever date is later. The balance of the
provisions of this guide should be completed by June 1983."

LILCO's commitment consists solely of implementing the generic
resolution of this issue between the BWR Owner's Group and the
NRC. Neither the time for implementation nor any Shoreham
specifics to meet the thermocouple requirements are detailed in
the FSAR.§/ Indeed, since there is no such resolution at this
time, there is no means to judge the adeguacy of LILCO's

position. In our view, LILCC has failed to demonst-ate compliance
with regulatory requirements.

What is recommended to improve Shoreham's design and
instrumentation to detect and monitor the onset of ICC?

There are several systems and or components that could supplement
Shoreham's current water level detection instrumentation. The
system providing more direct measurement of in-core coolant
temperatures and the potential for ICC in my opinion are in-core
and core exit thermocouples.

1I.F.2 "ldentification of and Recovery From Cenditions Leadin? to
Inadequate Core Cooling." Shoreham FSAR Vol. 16, Rev. 22 - July
1681.



In-core and core exit thermocouples provide several advantages
when supplementing current water level instrumentation.

‘.

These are:

Events that can cause 2 loss of direct water level
measurement capability (e.g., drywell high temperature
interfering with water level measurement) would not affect
the in-core thermocouples in the same manner. In-core
thermocoupies can provide an improved indication of ICC,
either confirming or disputing current water level
measurements, since thermocouples would not give erroneous
indication of ICC under the same conditions that would cause
water level systems to give erroneous indication,

Water level measurement systems indicate a reduction in the
reactor vater level. However, there are many transients
which usually result in this level reduction, such as main
steam isolation valve (MSIV) closure, steam line break, LOCA,
loss of feedwater, etc. that may not result in ICC. In-core
thermocouples would confirm adequate cooling under most
conditions (an exception being during the use of core
spray). During zore spray the thermocouples would probably
read core spray water temperature ard not bulk coolant
temperature.

In-co~e thermocouples can serve to detect local flow blockage
and inadequate core spray distributiong/ which would not be
possible with water levei indication alone. There have been
some cases of localized flow blockage in nuclear power
plants. The use of in-core thermocouples could, depending on

the number and location, provide an indicator of regions or

9/ “Board Notification - Japanese Core Spray Distribution Tests Un a
Simulator BWR/5 Configuration" (BN-81-49) from R.I. Tedesco, NRC

Division of Licensing to ASLB for the Shoreham NPS (12/11/81).
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areas of the core where the coolant temperature is higher
than would be normally expected and could indicate localized
flow blockage. In addition, the use of in-core thermocouples
might potentially indicate inadequate core spray distribution
such that it may allow the operator to use other means of
providing core cooling. Use of water level detection alone
would not indicate regional or spacial variations within the
core which may become apparent through the use of localized
or regionally placed thermocouples.

In addition, several indirect methods exist that might provide the
operator with information relative to the onset of ICC. These
methods are less preferable than the more direct method of in-core
thermocouples. These methods in my opinion have limitations in
detecting ICC. These are:

1)

2)

3)

The use of a continuous reactor coolant water bleed to
measure fission product levels within the reactor coolant
water under all conditions. This system would have to remain
in operation during containment isolation so that a
continuous reading of fission product levels could be
obtained. This would detect cladding failure and fuel melt,
but may not give much advance warning.

The use of steam area thermocouples in conjunction with
pressure measurement to determine whether saturated steam or
superheated steam is exiting from the core region. If super
heated steam was detected, that woc.ld indicate uncovery of
the fuel in the active region of the core.

Additional neutron flux monitoring with finer resolution to
better determine water level changes using neutron flux
measurements in the core. It appears that the neutron flux
monitoring for full core uncovering would be clear and
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unambigious. For partial core uncovering thermal neutron
flux might show a drop off. Thus there would be a
significant uncertainty for its use as a level
measurement.lg/

Will in-core thermocouples improve the operator's diagnostic
capabilities?

Yes. Recent events in operating plants have shown that the
ability of the reactor operator to successfully respond to
sccident conditions is highly sensitive to th: quality of
information he can obtain and process concerning the state of the
plant. This information can only be provided to the operator by
the plant instrumentation. It is most useful, if it is a direct
reliable and accurate indicator of the variable to be used. The
closer the measurement of the specific variable to be used
usually, the smaller and fewer the number of potential errors that
might exist in the indicator, instrument or control that displays
that variable. Errors in instrumentation and measuring of
parameters can be cumulative. Therefore, the further away from
the actual parameter to be measured the greater the potential for
error in accurately representing the specific variable.

The operator's capability to both diagnose and respond to
inadequate core cooling will be greatly improved by information
that will be available to him through the use of in-core
thermocouples. This information, used in conjunction with the
current water level instruments, can provide better insight into
total core cooling and can better detect localized blockage or
region specific problems.

10/ General Electric, "A Prepublication Version of Section 3.5.2.3 of

NEDO-24708, Diverse Methods of Detecting Core Ccoling".
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wWhat is LILCC's position on installing additional core-cooling
instruments (specifically, in-core thermocouples)?

LILCO and General Electric, as the prime supplier, have taken the
position that, “BWR's do not need in-core thermocouples for any
purpose.“ﬁf “In the BWR, water level is the primar measure of
accomplishment of cora cooling during accident situations. . .These
systems (reactor water level measurement) are adequate and sufficient
to reliably monitor water level during all inventory threatening
events .-5-/

However, General Electric recognized, in its emergency operating
guidelines.g/ that flashing in the cold reference leg level
instrument lines can occur, which represents a source of error in
level indication. But, according to G.E.l/ "even if
flashing/boil-off were to occur, it would not be a concern if the
operator follows the emergency procedure guidelines (EPG) and
maintains reactor level in the normal water level range." In
addition, G.E. states that the error due to flashing/boil-off would
be eliminated if the operator takes corrective actions.l/ Reliable
or accurate indication of a parameter is important to an operator.

If the information received by the operator is inaccurate,
unreliable, or untrustworthy then the operator would be forced to go
to another source for that information or to take some form of action
which may not be correct. Operator response is in part based on nis
level of trust in a particular indicator or instrumentation. If the
operator does not have confirming or comparative instrumentation for
a particularly important parameter, it is difficult for the operator
to detect errors and take corrective action. Instrumentation that
may be unreliable should either be corrected, less reliance placed on
the instrumentation, or other instrumentation that woild provide
increase® reliability or confirmation of the accuracy of the
information should be provided. However, in the case of water level
instrumentation, comparative information, through some independent or
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diverse technique is not provided at Shoreham., Rather than
correcting this problem by providing additional information, G.E.
appears to place the burden of detecting inadequate core cooling on
the operator when, in fact, the operator cannot take adequate
corrective action unless proper instrumentation is available to
provide core cooling measurements.

General Electric has been aware for several years of the problems
related to the potential for false level indication. In fact, in
September 1980, General Electric again notified its customers of the
importance of compensating for these false level indications in cold
reference leg instruments caused by flashing in the sensing lines.2/
The result of the recognition of this false level indication has
continued to be procedural fixes and not the provision of either
additional indicators using diverse or more reliable methods and/or
improving the reliability of the cold reference leg instrument.

What is the NRC's position on installing additional instruments (i.e.
in-core thermocouples)?

NRC suggested (NUREG-0737) how the water-level instruments could be
used in conjunction witn in-core thermocouples. For example,
water-level instrumentation may be chosen to provide advanced warning
of two-phase level drop to the top of the core and could be
supplemented by other indicators such as incore and core-exit
thermocouples provided that the indicated temperatures are correlated
to provide indication of the existence of ICC and to infer the extent
of core uncovery. Alternatively, NRC (NUREG-0737) pointed out that
full-range level instrumentation may be employed in conjunction with
other diverse indicators such as core-exit thermocouples to preclude
misinterpretation due to any inherent deficiencies or inaccuracies in
the measurement system selected.

Do any other reactor systems use in-core thermocouples?
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Yes. In-core thermocouples are used in westinghOuse.ll/ and

Combustion Engineering Pressurized Water Reactors.lg/ Combustion
Engineering recommends that the thermocouples be located within each
neutron sensor, with the grounded junction located approximately 18
inches above the top of the active fuel.lé/ These in-core
thermocouples (chromel-alumel type)lﬁ/ provide information on the
fuel assembly outlet temperatures at selected locations. From this
information, core coolant temperature distribution can be determined.

The number of thermocouples installed is dependent on the reactor
power (e.g., the number of thermocouples would be about 6! for 1300
Mwe reactor core - System 80).12/ In-core thermocouples have been
in use for many years and will not add significant new failure modes

or mechanisms within the reactor core.

What would satisfy the concerns relative to detecting inadequate core
cooling at Shoreham?

The major concern is that the operator at Shoreham Nuclear Power
Station has the potential to lose accurate water level indication and
therefore lose early detection of inadequate core cooling. This
concern is currently addressed by the use of compiex procedures. Use
of procedures to compensate for hardware insufficiencies is
inadequate. It is inadequate because the operator does not have
alternate methods using diverse instrumentation to ascertain that the
water level instrumentation is accurate. The installation of in-core

12/
13/

14/

Summary Description of Westinghouse Pressurized Water Reactor Nuclear
Steam Supply System, Section 14, pp. 14.1-14.5

System 80, Nuclear Steam Supply System, Combustion Engineering, Inc.,
Section 7.1.

Inadequate Core Cooling Instrumentation, L.A. Banda, of Combustion
Engineering, 1981.

Chromel-alumel thermocouples may perform better than other types
under high radiation fields.
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thermocouples as articulated in Item [1.F.2 of NUREG-0737 and in
NRC Regulatory Guide 1.97 Revision 2 could provide the necessary
supplement to assure the operator that water level was changing or
that instrumentation protecting the core from ICC was in fact
accurate. The major concern could be satisfied through the use of
in-core and exit-core thermocouples or through the use of another
indicator that would provide as directly as possible to the
operator knowledge of the approach of ICC. Until current water
level indicators are supplemented by diverse means, LILCO wili not
have complied with NRC Requirements.
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ATTACHMENT 1

SER Open [tem #44 - Leve] Measurement Error
(SNRC-614) SNPS-1 FSAR (3/29/82)
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- - .
by a condcnsine chambher at jts tep whizsh contiruou
reactor steam and drains excess €oncdensate back to the rea \
through the upper level tap connecticn to the condensing chamber
The upper vessel level tap cornection is locate. in the stean 2o
above the normel wvieter level inside tha vassol, Thus, the refar
leg presents a constant refererce static head of water to the »
pressurc tap on the d/p transaittor. The low=-pressure tap of th
transmitter is piped to a lover-level tap on the reactor va
is located in the water zene helaw the normal wvater level
vessel. The lcu-pressure side ©f the transmitter thus gen -
static head of water/steam inside the vessel above the lower ves
level tap., This head varies as a function of reactor water leva
above the tap and is the "variable leg" in the differcntial prass:y
measurcd by the transmitter. Lower taps for various inst urients ar
located at various levels in the veccel water zone to accecimedats
both narrcw- and wide-range leovel Feasurements (see Figure 2).

v prensda
ly ccné

The ccld reference leg is filled zna maintainzd full of cond
s by

(o]

u'. [

Typical reactor level indicators and recorders are shown on Figura
3. This figure also shows the condensing chamber, Shoreham level
instrumentation, including elevations and set points, is shown in
Figure 4.

.

Problem Deccription:

Small (e.g., .01 ft2) and intermediate (e.c., .04 £t2) break accide
(LOCA's) that discharge steam into the drywell (at temperatures as

..

- -
N

high as 340°F) for an extended time period result in substantial heat-

Lup of components/air in the drywell (inciudine reastor water level
scnsing lines)., If the reactor is subsequently depressurized helaw
118 psia. water in the reacter water level sensing lines located ip
the drywell will flash. ’

a

General Electric has conservatively evaluyated many steam broazk ac
dents and has deternmined trat, for the worst case scenario (=mali b
accident with ADS operaticn afs r 1200 s=ecounds), flashing will resc



in a Joss of up to 207 of the water in the sensing lines. Water in

tice varizhle leyg sensing line will be replenisng DY urain back o

the reacter, while vater in the reference leg sunsing line will

ceatinug to be graedually d¢rleted due to boil-off. I1f no operater

action is taken, oll of this w-ter could, fer the wors. case, Lboil

olf after morc than 10 hours after the aceident. Loss of vater frex

the reference leg results in a senscd rocactor water igvel that is

higher thun the actual reacter water level. Shorcham reacter water

loval instruncntation utilizes two reforence legs for the narrow and

wigu-range leval insireséntaiton. Utilizing instrumcntatien Lpweday

to the longer leg (werst case), a level error of a;p:oxiﬁ41elﬁ\9.l:)

could occur. It should b2 noted that all reactor water level achivaited

safety trips will cccur since they would initiate before the reactor

is depressurized below 118 psia., -
e

Cperator Actions and Conditicns that Prevert and/or Eliminate Ilashine/

E211-01{f:

Flashing/Coil-o0ff will not occur if:

¥

a) The break discharges two-phase fluicg cnly;

b) The drywell achieves the higher temperatures before level is
recovered such that the saturated liquid spilling out of the
break and cooling the steam lines and drywell envircnmant
teriminates the heatup transient;

€) The operator initiates drywell spray befcre the reactor is
depressurized below 118 psia;

d] The reacter pressure is maintained above 118 psia.

In addition, even if flashing/boil-off were to occur, it would not be
a cencern if the operator follows the chuargency procedure guidelines
(EPG) and maintains reactor level in the normal water level range.
Furthermore, the ersror due to flashing/boil-off will be elimirated if:,

e ——

—

a) The operater follows the EPG and takes acticn to refill the
reference leg after reactor depressurization if the temperature
near the reference leg has excecded the reactor saturation
towmperature and continues recactor injecticon until the temper-
ature near the reference leg is belew 212°F; or

b) The operator determines that a flashing/boil-0ff condition
exists and takes corrective action to refill the reference
leg. 1Indications available to the operator that indicatc
reference leyg flashing/boil-off are:

ator to monitor wa

1) erratic level in2ication
2) mismatch tetween narrew, wide and upset range level indi-
cators and recerders (Note: Since EP3 reguires the cper-
ke L+

r level from multiple indicatica

- ’
he should be aware of level instrument mismatech and hence
flashing/boil-=gfs conciition=.)




' Conclunisn: .
( -

Considcerineg the L}"'

ited nushor of cvents, operateor errors and
conscrvative aralyveis assuwretions deseriied albove, the probabil-.
ity o8 ruference les flne, ac/hoil=off iesultiing in cere uncovery
y dn coensidored extrimely lew. Bven <1 enr agsuma2s that the wvOorst
case scenariv deseribag abuve ozeures, the Op&rutor would receive
| & level 2 nla:r (hzved o the shortar refeorance leg) appreximately
54 minutes prior to initial gore uncovery., If this vere disye-
garaed, he woeuld reoced

Ve angther level 2 alaem (Feyred to the longar

relerence leg) approximately 12 minutes prior to initia) core

unccvery.

sced on the above, it is cmnzluzed that the Shorechanm reactor water
level measurerent instrumcntation is acceptable,
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ATTACHMENT 2

Board Notification - Errors in BWR Vessel Water
Level Indication (BN-82-08) w/attachments
(Feb. 9, 1982)



. UNITED STATES
ol NUCLEARREGULATORYCOnmnsmON

o g 4 WASHINGTON © C 20458

~; ,-‘,/ 4
-’”._‘

Faas®

Oocket MNos. 50-322 FEg g 1382
30-34)
50-258 .
50-387/38s
$0.3156

30-536/557
"CRANDUY FOR: The Atomic Safety § Licensing Boards for:

Shoreham Nuclear Power Station, Unit ]

- Enrico Fermi Atomic Power Plant, Unit 2
William H. Zimmer Nuclear Power Station, Unit 1
Susquehanna Steam Electric Station, Units 1 and 2
Allens Creek Nuclear Generating Station, Unit 1
Black Fox Station, Units 1 and 2

FROM: Robert L. Tedesco
Assistant Director for Licensing
Division of Licensing

SUBJECT: B0ARD NOTIFICATION - ERRORS IN BWR YESSEL WATER LEVEL
INDICATION (Board Notification 82-08) . . -
-

{
ENT Je
Robert L. Tedesco
Assistant Director for Licensing
Division of Licensing

Attachment :
DSI/NRR memo dated 1/15/82

cc: See next page

/4\ ,/
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o NUCLEAR REGULATOKY COMMISSION
o ) ;{ VASHINGTON D C 204985
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JAN 15 1882

MEIMORANDUA FOR: Roger J. Mattson, Director
Division of Systems Integration

FROM: Themis P. Speis, Assistant Director for Reactor Safety
Division of Systems Integration

SUBJECT: ERRORS IN BWR VESSEL WATER LEVEL INDICATION

Attachment-A provides a surmary of the results of work done to cate in the
RSB and ICS3 under Task Interface Agreement 81-21 "Pilgrim 1, Water Level
Yrstrumentation Cscillation.” It is empnasized that review of this issue
i< not complete, even though we have proposed some short and long-term
recommendations. By cQpy of this memo, I am requesting that comments Or
other relevant feedback on the conterts of this memo, and espacially the
proposed recommendations, be provided to C. Graves by 1/27/82.

| h%* .
A T T O T
Themis P. Speis, Assistant Director

. for Reactor Safety
Division of Systems Integration

Fnclosure:

As stated

cc: H. Denton W. Hodges
G. Lainas J. Rosenthal
T. Ippalito C. Graves
S. Rubin B. Sheron
L. Rubenstein G. Mazetis
C. Berlinger H. Thompson
L. Phillips V. Thomas
W. Mills 0. Ziemann
T. Dente (BWR Owners Group) D. Eisenhut
F. Rosa T. Novak
E. Rossi S. Hanauer

CONTACT: C. Graves (x23404)
J. Rosenthal (x2945¢)
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EWR WATER LEVEL INDJCATION LR2ORS
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nTRODUCTION

-

On September 26, 1931, during a routine reactor shutdcwn and cooling cperation
at Piigrim 1, there were several large osciliations of Yarwzy leve) detection
indication (reference 1). The first oscillation ceused high level isglation
followed by low level scram. The oscillations were attributed to high con
tainment temperatures, which caused flashing in the neated reference legs cf

the Yarway instruments. At the time, the reactor coolant temperature was

about 220°F while the temperature in the upper part of the drywell was 240°F,

* 8

In a Task Interface Agreement of October 1981 (reference 2), NRR was assigned

the following action plan items:

1. Review event t> establish the generic licensing implications;

*{0S1/RSB* & 1CSB)

2. Review acequacy of Pilgrim Tech Spec on high containment temperature;

(DSI1/RSB)

3. ODetermine acceptability of oscillations in safety related instruments;

(DSI/RSB & ICSB)

This memorandum summarizes the results of work in RSB and ICSB to date, provides
preliminary responses to the Taskwlnterface Agreement action items and lists

some possible short and long-term solutions. It is emphasized that the in-
formation in this memorandum is preliminary since the review is not completg. A
report dealing with the problem which was prepared for the 8WR Owners was ob-
tained from General Electrié on 12/31/81 and has been given only a cursory review

thus far. Detailed discussions with General Electric personnel will be held

after staff review of the GE report.
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s tne result of the TI-Z accident in March 1979, *oth the staff - d industry

.ave reviewad the acdequacy of level detection instrumentation under accident

jitions. In Aoril, 197¢, TE Bulletin 79-08 (reference 3) reguested information

%

Y ¥ coui . ‘e ‘
from each licensee on vecsel level indicatien. IE 3ulletin 79-21,

Effects on Leval Measurerment" (reference &) was issued in August, 1979.
This bulletin addressed errors in steam generator water level resulting from
high energy line breaks, including LOCA, inside containment and consequential

— e —

high containment termperature which czused temperature increases and pessible
‘_fiasniﬁq‘;f water in the reference leg of the level indicatcr. The problem

was identified in a Westinghouse letter of June 1979, Although the bulletin

required actions from PWR operators, it was also sent as information to all BWR

operators. A staff letter (reference 5) addressing this problem was sent to
all BWR licensees in July 1979, In July, 1979, General Electric notified its

customers of false level indication caused by hich temperatures and possibie

;;;;ﬁ{ngmgf—;;;;f in the reference legs of Yarway level instrumerts under post-
LOCA conditions (reference 6). In.September, 1980, General Electric again
notified its customers of the importance of compensating for these false level
indicstions in Yarway instruments and described false level indications in cold
reference leq instruments caused by flashing in the sensing lines (reference 6).
A staff review and evaluation of level instrumentation errors for BWRs, based

on a review of GE information provided in Aucust 1579 in NEDO-24708 (reference

7) is presented in NUREG-0626 (reference 8).
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indication was provided during 1980 in NEDC-23708A (reference 9) and

procedure guicelines for B8WRs which are presently under s

ccme current information is available in the propesed
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taff review

(see reference 11 and recent revisions) and in the Sroreham docket (refere.ce

12).
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o] measurement systems in BWRs employ differential pressure transmitiers,
2 reference leg connected to a condensing pot and in turn to the reactor vessel
stesm space, and @ variabdle leg connected to the vesse

Several differential pressure cells share cc--an irsulse legs.
comoensated and uncompensated reference leas are emp
mant systems which use a temperature cormdensated reference leg are called
Yarways. Those level measurement systems which use an uncompensated reference

leq are called cold leg instruments or, often, GEMAC.

8WR 1, 2, 3 and some 4's use two redundant Yarways tc generate engineered
safety feature actuation signals and cold reference leg instruments for

indication and control. The remaining BWR 4's and all 5 and 6's use

redundant cold reference leg systems exclusively. ////

-



detector is presented in Figure 1. Sieam co

schematic of & Yarway level

in the condensing emter maintains the reference leg water leve) by cverfiow

to the variable leg. The condeMdsate heats the variable leg which, in turn, heats

the referer~e leg. A thermal shield is provided to reduce heat loss to containrant

and to meintain relatively high reference leg temperatures. For snort coluinn 1arways ,

metal clamns have elso been used to imnrcve heat transfer between the legs.

Information in reference ¢ indicates that the reference leg temperature is roushly
equal to I;cal containment temperature plus 40 percent of the difference bertiween

reactor steam temperature and local containment temperature. For example, a local
containment temperature of 135°F and steam temperature of 546° (Tsat at 1000 psia)

would result in 2 reference leg temperature of 300°F.

The sensing lines leading from the Yarway to the differential pressure cell
outside-of the drywell are 1" schedule 80 stainless steel piping. Flow in these-

lines is blocked by the differential pressure cell. During normal operation, the

stagnant water in these lines should be approximately at local containment temperature.

If the lines are installed close to each other in containment, they should have
about the same elevation change and local temperature, Hence, the effects of

water density variations along the lines should be cancedled and have a minor effect

on level measurement.

The Yarway level detector, which measures the collapsed water level in the outer

annulus region of the reactor vessel, is subject to a number of uncertainites.

™

Those resulting from differences between actual and assumed values of average
coolant density in the annulus (affected by system pressure subcooling and
carryunder) were shown to be small in reference §, However,in 1979 the General
Electric Company identified rather large uncertainties associated with nigh
reference leg temperatures that could occur under some accident conditions [steam

line brezrs) for which local containment temperatures up to 340°F are predicted.

.
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.ne high reference lec terneratures would result in
in addition, a constant incdiceted Tower water level could be reached even tnocugh
the actual water level has dropped well below the low lev
vessel. Henee, GE recommended that its customers review calibration of the Yarway

instruments, increase certain trip puints and take other corrective actions to com-

sensate for this effect.

High containment temperature combined with reactor depressurization can also lead

rence le

)
e}

to false water Tevel readinas because of flashing or boiling in the ref

— -

—

or the sensing lines within containmeni{ leading to the differential pressure sensor.
Flashing in the lines might accur during depressurization if the lgcal containment
temperature exceeds the saturation temperature corresponding to vessel pressure.
Flashing in the reference leg might be expected eariier in the transient because of the
higher initial temperatures in the reference leg. The GE communication of 1979 was
concerned only with the effects of flashing in the reference leg of Yarway i.struments,

Apparently, flashing in cold reference leg instruments was considered to be of minor

importance at the time. In a later communication (Seotember 1980), flashing in the

-

sensing lines of cold reference leg instruments was also considered.

Flashing in the reference leg or lines could occur during normal system depressuriza-
tion in preparing for initiation of RﬁR cooling or under accident conditions. Ouring
the cooldown event at Piigrim on 9/26/81 (see reference 1), flashing of the reference
legs in the Yarway instruments was indicated by several oscillaticns-in the level
readings. At the time, the reactor coolant temperature was 220°F and peak lecal
containment temperatu:es were about 240°F. ' Under accident conditions such ;s é
steaml ine break, local containment temperatures can reach 340°F. Hence, when vessel
pressume drops below about 112 psig (pSat at 340°F) flashing could occur in the
lines. [If it is assumed that the reference leqg temperature rapidly increases to the
steady state value fbr a containment temperatur: of 340°F and RCS temperature of

5¢6°F, flashing in the reference leg might occur when vessel pressure drops below

about 327 psiag (P.,, at 422°F).
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. (imes such that the vessel pressure is about equal t& conts
sure. In this case, as discussed in reference 13, the rapid reduction in containment
oressure following initiation of the containuent spray, combined with the delay in
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were conducted to confirm that large errors in level indication could occur.

:

solution to this flashing problem involved installation of a cooling jecket around the

reference leg which was supplied with water from the containment spray line.

Even without a break, loss of the non-safety grade containment coolers would cause

the containment to heat up and cou1g cause flashing upon depressurizaticn.

With respect to the flashing problem it should be notedthat there would be a time

delay involved in the heating of the reference leg and lines under accident condi-
tions. A delay in heat transfer would be expected because of the relatively Targ;
amount of metal in the walls of the reference leg and lines and the relatively low

heat transfer coefficients expected for surfaces in contact with the corntainment atmos-

phere. In reference 9, the thermal time constant for the Yarway detector was estimated

to be about 20 minutes. This value may have been calculated assuming only high

temperature air. For steam-air mixtures, the condensation on cold surfaces results
p

in appreciably larcer heat transfer coefficients than those for air at the same temp-
erature. It should also be noted that water expelled by flashing in the heated
reference leg and corresponding line to the differential pressure sensor may-not

be replaced guickly. At the high containment temperatures and lower vessel pressure

expected under accident conditions, the condensing chamber could cease to function
Hence, refill would be delayed until sometime after the vessel water level increases
to 1 point above the tap leading to the condensing chamber. Even under these cir-
cunstances, t2iling Eou1d occur for a while in the reference leg and lines as tie re-

of cegraded ccre

ntinued high local containment temperatures. In the case

sult of co
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rime peripds with large false indications of vessel water level. In
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lines could be reguired te remove non-concensibles,

of Lhe

Cold Reference Leg Instruments

L schematic.of a cold reference leg instrument is presented in Figure 2. In this
case, the reference leg upper level is maintained by overflow of condensate in the
condensing chamber back through the tap to the vessel. 1ater density effects and
flashing inthe lines within containment which lead to the differential pressure sensor
could be of concern. Changes of elevation in the lines inside of containment range
from 1 to 40 feet in operating plants. Hence, flashing in the lines under accident
conditions could cause false water level indications and delay in refill problems,

such as those discussed in Section A. Flashing in cold reference leg level instry-

ment lines was recognized in the guidelines developed by GE (reference 11). This Al

T e — A i ) o

situzation (loss of reliable 1#vel indication for both heated 2nd cold reference leg

- ———— i
- — i m—

N———

detectore) was treated by operator inctructions to initiate ADS and BCCS actuation

to fill the vessel and overflow to the suppression pool via the 3/R valves.

b ————




1 ZUR vessel level instrumentation, to some dearee, is susceotible

?E"b' 1 incd

icagtign

oD
(%

asning ang consequential loss of
following rapic¢ vessel depressurization such as observed at Pilgrir
The ceneric EWR emergency procedure guidelines*include caution anc

ac;ion statements related to loss of level indication. The suscesta-
bility of the level indication system to substantive non-conservative
errors during event sequences which include depressurization, and the

adequacy of emergency procedures is discussed below.

Review adequacy of Pilgrim Technical Specification on high containment

temperature.

The Pilgrim Technical Specifications do not include drywell temperature

as a limiting condition for operation. We believe such a specification

would be nrudent to prevent undue equipment aging. However, a LCO on the pre-

accident drywell temperature will not preclude post accident loss of
s d

vessel level indication.

Determine acceptability of osciliation in safety related instruments.

-
Engineered safety feature actuation signals are generated using the

following process variables:

High pressure core spray (HPCS) - vessel level or drywall pressure

Low pressure core spray (LPCS) - vessel level or drywell pressure

*These guice

e-ployad

Vines are presently under review by the staff and are not, to date,
Cc2rating Reactors.

-




- 10 - | \

Low pressure coolant injection (LPCI) - vesce vel or drywell pressure
tuytcratic depressurization system (ADS) - vessel level and drywell pressure

Containment Spray (CS) - vessel level and drywell pressure

Reactor Core Isolation Cooling (RCIC) - vessel

o

Delays in initiation of engineerad s fety features cue to reference leg

heatup and boiloff have been considered in response to It Sulletins 79-08

-an; 79-21. The staff conc1uded<ih NIREG-0626 that for all brezk sizes, the

reactor either depressurizes fast enough to allow timely initiation of the low
pressure system on high drywell pressure, or the breaks are small enougn that
of the reference

-
Ll

(at worst) ECC functions occurred befcre the potential bcilin

L&

leg fluid.

furthermore, ESFAS systems employ latching circuitry except on the ADS

level permissive to ensure that safety actions, once initiated, go to

completion (IEEE 279).

Hence, conczarns rglated to initiation accuracy:for automatic safety systems
due to reference leg heatup and/or flashing *and concerns related to potential
reference leg fluid oscillation have been previzysly and adequately addresses
for design basis events: however, there are event sequences invoiving

multiple equipment failure which will require manual initiation of engineered

safety features.

- For some accident scenarios involving a break inside containment, adequate
indication of actual vessel water level could be lost for all pertinent level
instruments as the result of flashing and boiling in the reference legs.

The emergency guidelines (reference 11 and revisions) consider the case



yhere the ~perator has recognized that vessel level cannot be determined.

For this case, the guidelines involve actions to depressurize the reactor

and to refill the system until it Qverflows to the suppression pool via

the S/R valves. =c.ever, if the operator fails to reccznize that he has
lost level indication and has a false high reacing of water level, he !
take action to throttle or stop ECCS systems in orcer to avoid filling steam

lines or to reduce load cn emergency power systems. In this case, the flash-

ing or boiling in the reference legs could lead to operator actions prejudicial

to plant safety.



X

aliminary. Once we have received feedback from people on the distribu-
srd et with the SWR Owners Group, they will be finblized.

w

Short-Term Recormendalicns

—

(1) Operators should be warned that all level indication is s.sceptible to

are concerned that cperators may have been trained

A“l

larse inaccuracies.

1 nd upon cold leg instrumentation shouid they reccgnize errors

s

to unduly dep

in Yarway reference leg instrumentation.

A cursory examination of plant procedures at Pilgrim 1 and Browns Ferry

show that concerns related to cold Tegkinstru:en:ation inaccuracies have

e ——
— -

not been incorporated in their procedures. The operators may have been
warned of these concerns by other mechanisms such as training sessions.
We believe that utilities are aware of potential water level inaccuracies
in Yarway and cctd Yeg instrumentation based ongstaff review of GE docu-
ments prepared for the staff and documents prepared for GE cwners. E?r]y
documents recommended reliance on cold leg instrumentation. Later docu-
ments warned that these instruments, depending on the plant specific in-
stailation, might also exhibit substantive indicated level errors. Ve do
not know whether‘or not these concerns and corresponding warnings and

actions have been communicated to the control rocm operators.

(2) Plant specific emergency procedures should be confirmed and/or mocdified to:
(a) Clearly identify which level indicators in the control room employ
-
Yarway reference legs and which employ cold reference legs, and

direct the operator to the appropriate indicators.

(b) Include procedures to help the operator decide when level instru-
mentation is to be mistrusted. Relate specific drywell temperature
indication, readily and reliably available to the operator in the

-ontrol room, to reference leg temperature.
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conaitions “nd observed instrument responses which incics
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successful refilling of reference legs following flashin

Cperability limits of the temperature sensors uced in (

—
LoV
g

te inciuded in the plant Technical Specifications

Long-Term Recommencations

we believe that it is prudent to provide the operator with continucus rsiia

s
ol

n

level information. Event sequences have been identified during which reliable
indication will be temporarily lost. This potential is addressed in the
emergency procedure guidelines now under review by the staff. Hardware modi-

fications should te sought to address this problen.

We bel‘eve that operator recognition of loss of accurate level information as
addressed in the em2rgency procedure guidelines is cumbersome at best. The
operator is to relate indicated water level and drywell temperature using a
table contained in a caution statement of the emergency procedures. Indicated
water level values beyond the ranges shown in the table are to be mistrusted.

Automation of these actions and decisions seems in order.

Should the operator decide that the water level indicators are to be mistrusted,
the operator is to fi!l the vessel. Supposedly reference Tegs would ultimately
refill. At some pdint in the evenf’sequence. the operator should be previded
with positive means to confirm that reliable water level indi~ation has teen
This problem may not be adequately addressed in the emergency guide-

- i
line procedur?s which are presently under staff review.

restored.
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(3)

(4)

o) potential "plant modificaticns are being cunsidered by the staff,
rot our inlent 10 dictate hardware fixes Father, w2 give the below
endations as iliustrations that reference leg flashing is a tractable

em

Perform piant specific analysis of susceptibility of cold leg
|

strumentation to reference leg flashing and/or loca

-
I

water expulsion. Those plants which are designed with small

vertical drops of reference legs inside the drywell should be satisfactor;

as designed.

Consider rercuting of reference legs to meet condition (1) above.

Install temperature measurement of the reference leg. Such measurements :
ould be used to confirm operability following a drywell temperature E

excursion and subsequent cooldown. The measurement w.uld be of little

use should high drywell temperatures be sustained.

Develop means to cool the reference leg by establishing flow within the
leg. Two techniques have been suggested: (1) the temporary opening of
equalization galves and/or drain valves, and (2) pumping water with a
positive displacement pump from outside the drywell, up reference lines
and into the vessel. Equalization and drain valves are local manual
valves. They.are hypothetically accessible following an accident. The
drain lines are routed to the waste treatment system. Following v;;sel
depressurization, reference leg flashing and subsequent vessel filling in
accordance with emergency procedures, temporary opening of the valves
couid be used to ensuc-e reference leg filling. No hardware modifications
would be required. Should a sufficiently large LOCA occur, or should an

-

e.=nt sequence involving multiple equipment failure occCur, such that the
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ATTACHMENT 3

*Safety Concern Associated with Reactor Vessel Level
Instrumentation in Boiling Water Reactors"
from C. Michelson, NRC Office for Analysis and Evaluation
of Operational Data to H. Denton, NRR (January 20, 1982)
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MEMORANOUM FOR: Harcld R. Oenten, Director y
Office of Nuclear Reactor Reculation "

FRCM: Carlyie Michelson, Oirector
Cffice for Analysis and Zvaluaticn
of Operational Data

SU3SJECT: SAFETY CONCERN ASSOCIATED WITH REACTOR VESSEL LEVEL
INSTRUMENTATION IN BOILING WATER REACTORS

Fallowing ccmpletion of the peer review,‘we have completsd our case study
{enclosura) un vessal ]evel instrumentaticn in 20iling water re:ctors (8WRs).
The study was initiated following events at Srunswick 1 on January 20, 1¢81
an¢ 8rowns Ferry 2 on March 31, 1981. :

The study included the review of 2 number of operating reactor events invelving
gwR vessel level instrumentation. The review has shown several Cis&s wnere
interacticn between plant control systems and protection systems are evident,
Cur evaluation of these cises has raised the safaty concern of a single

random failure in the vescel level instrumentaticn system causing a centrol
system acticen that could (1) result in a station condition requiring protective
action and, at the same time, (2) prevent proper action of some of the
protectiQn sysiem channels designed to protect against such a cendition,
leaving the remdining protection system channels to provide the protective
functionl® A further single active failure in the remaining channels could

then prevVent the required protective actions.

e study addresses the interaction between feedwater control, reactor
protecticon, containment isolation and energencCy core cooling systems and
includeg our findings and recommendaticns regarding these systams and the
safety concern. _
' . -
Althaugh we do not consicder the postulated control system or protection
system interacticn an immediate concern, we do consider that the safety
cencern and asscciated problems need to be addressed. Thus, the enclosed
report 1s forwarded for your information and appropriate action.

If you have any questions regarding this report, please contact Frank Ashe
cr Matthew Chiramal of my staff. Mr. Ashe can he reached at 492-4442 and

¥r. Chiramal at 492-4441.

Carlyle Michelsen, Director
Office for Analysis and Zvaluation
of Operational Data

€aclosure:

AS §t2%ed

- o -
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SAFETY COMCIAN ASSOCIATED WITH EACTOR VESSEL LzveL

REAC
INSTRUMENTATION IN 30ILING WATZIR

Oy the
:CS FOR ANALYSIS anD SYALUATION

CF CPERATIONAL 0ATA

January 1382

Prepared by:  Mat=Sew Chiramal
frank Asne

Nct2: This recgrt 2ocuments resylss sf Studies grecared sy v QFFice
far Analysis and Zvaluation of Jeerational Jaza wish regars %29
saveral sperating avents. The findings zsntained in 1S regort
are provideq in sucoore of other angeing NRC acsivisies conceraing
these events. Sinc2 the ;stucdies ars ongoing, he resors is ng: i
necessarily final, and tne findings do net represent ce position )
3r requirements 3f Ine program of fice of she ‘luclear Aequlatory (

-cmmission. )
smmissio
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Gur review 3f coermating reactior events iavelviag Beili t2r reacsaor ' “WR)
essel level instrumentition has shown saveri] = =nere intaraction detween
piant contral systems and nratacticn systams is evident. This insarac=icn
Sasically due % flufa csupling ana sa ¢f instrument sansing line

4ttached sensors that monitor vessel level and provide ingut ta the

-

and csntrol systems.

tNesa cases has raised
2using 2 controi systam action that (1) resylts in a station ¢3ndi
:}cTion 2ng, 2t Ne same time, (2) zravents srager cTuation of srotee

tion systam cnannels designad 23 ins? 2 ndi $io! a2 deliave

the anysical i . W 'Tation may not fully

neat e inta: the regulations f ) ] Pratacticn and zantral
systems and the single failure :riteria,!ss delineatad in Genera] Qesign
Criterion 24. 3ased upon cperating experisnca, we delieve =ha: 2 single randam
faflure in the instrument sansing lines should aow Se cansidersd in impl smenting

B2 279-1

[n this study we have not conducted 2 derailed dlant specific review of lavei

instrumentation installation, Sut have canfined cursalves 3 3 jeneral avaluation.
.

This study iddressas the intaraction detween feedwatar contral, reacear sratacsicn,

srimary cantaimment isslation, and smersgency core cocling systams. The affece of

the interaction may vary from that detailed in this study Zecending an the

details sf the installaticn of she instrumentation. wWa sian =3 axgand he scope

.

of the study lazer % cansicar the

“w

ffects of intaracsions 4ue *»

mentaticn zermissive iantarlocks providea =3 e recirculation asump consrs) ind

residual hezt remgval systems
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This resors is intended 3 intraduce = safety concera relateq =3
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vessal level instrumentation. e ngsa shas similar Myiq csupiing »
fluid 2 r

(8]

Dlams
could 2:x13% Seteesn C3ntrol ang arstaction systam fastrumentation smas menitor
other farametars such as staam Mlow, ~22r low 2nd Tiquia lavels asz ncen

3WRs ana “4Rs. %cweter. our initial ~eviaw of Sperating reacter svents nas
identified the IR vessel layel instrumentation systam scecifically as ane
tnat involves sucn zrotiems. Wi slan =3 c3ntinue cur raviaws 3¢ seriting
axzeriancas 3t d0th 3WRs and 2WRs for svents involving similar sroplems that

-

cculd affect safs cperation of welear plant unizs.

- -,:‘



{n the design o/ the instrumentation used in cantrel and protazeien systams,
cSNsSCious 2rTort has deen made %o 2nysicaily sezarate the 4iffarens sansors usad.
In reviewing 3WR vessal level instrumenzation drawings of operating plants
orovidel in FSARS amd in otner associatad 4o umentation (e.g., NEDC 10139,
*Compiiance of Protacticn System 23 Industry Critaria: G2 3WR NSSS,® June 1870),
~& note that the sansors used for cantrol §YStams sere shown mountad an ‘nstrumens
Tines that are separate from other ins<rument Tines asscciatad wi=h s8nsars used
‘1 protection systams. However, review of sperating exoeriencs and 2 faw 37 =»
'as dJuiit" inssrumenctation drawings snow that sansors for arataceion and canzrol

systams may de mountad on common instrument 1ines.

ceriencsas

This study is dased on Licansae Zvent lasorss (LERs) and Muclaar Power

§

(NPEs) iavelving 3WR Tevel instrumentation. The 2vents are listad in Aopendix

A. The avents cited are axamples of how eccurrencas invelving instrument lines
and/or reiatad {tams can lead %3 erronesys reac=ar vessel level indicasions.

T™e praplem of contrel and protaction systam intaricsion sTudied nere is agpiicable

o cperiting 2WRs and those with canssruc<ian peraits.
2. OISCUSSION CF SAFETY CONCZAN *

There nave deen i number of documentad avensts involving 2ctzntially arrcnecus
indicaticns 3y reactar vessal watasr Tevel iastrumentation it cperating 3WRs
(Aopendix A}. The evants in general show =4 T 2 single failure invalving cne of
the instrument legs cinnectad 33 <ne level measuring diffarential sressure cells

1

affact 2]l instruments connectad %3 aicner Sr Leth Tegs. A review 5f asach

0
O
[
“

2vent shows 2R3t the effact an che 3lan= varies, dependiang an zhe instrumencs

affacted ang on e funczion of cthosa ingtr.uments. Thus, the in1tiating “ailure



aither led %0 2 pFant wrip or was detac=ad and corrected By the slant cgeratsrs
without significantiy affecei ing plant operation. Our review ranged furtner afiala

to consiger the ceatrs! and srotec CTive funciisns of he instruments invelveq.

3W. vessal watar lavel is measured Jy means of 4iffarans:a] Aressure sensaq
aCross Two instrument lines. [n general, ocerating 3WRs use ‘aur canstanst

 —t 4 ]

referenca legs and seven variable legs (sae Figura | #ar 2 trpical installation).
The canstant refarence is abtained Jy means of conssant tesd cSndansing chambers.
TwQ 37 t3e i3ndensing chamoers have 2 tamperaturs Comoensated csiumn ang an

quxiliary nead chamter. The other champers have nc tampe-isurs cimgensasio

The laval instrumencs connected 2 tamrceriture come

n
3
[l
[
ot
o
[}
3
W
\
“w
A}
o
=
()
W
0y
“w)
w
“w
¥
0y

usad 0 menitar vessel watar lavel ia tne acsident ar «ice ringe (typically -133
te +80 incnes with instrument zers 323 inches ioove vassal zars.) The =0
without (amperaturse compensated refarance 1235 ire ysaq far aermal or narrow

range level instrumentation (zere 23 50 faches with instrument zers 323 inches

“h
O

aove vessal sra.) These refarenca Tegs are alsg ysed far instruments chas
70nTtar watar level inside the core sarcud (-100 inches =3 =200 incnes with

instrument zerc 3180 incnes above vessal 2ero.) A fifth refar ence champoer is
for e water level instrumentasion in the refuel range (zara %3 -4Q0 inches

#1th instrument zers 323 inches apbove vessale® zars,)

Revisw of the LI3s raised 3 concarn regariing the lavel instrumens tation that
monitars the normal aor narrow range of the vessel watar level, This is 4iscussed

Selow.

2.1 Qescristicn of 2eac=ar Yessal Lavel lnsirumentatian “enitaring Normal
3r liarrgw <ance

The Tevel instruments tnat monitar mgrmal or 74rraw range of the vessel wacar

Tevel ire connest2d icrass =wo 2airs of instrument lines (See Figure 1). Gne

3é¢ir 37 instrument lines nas zhe f3l ITewing Tavel inssrumen=s:
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The c3nstant refsrance

89 associataa with tnesa instruments is 3lso useq
as the refarence or the shrcud leve! monitsr LITS 3-52. The ather zair

of instrument lines mas:

LIS 3+298C and¢ 3-2080

LIS 3-203C and 3-2030

LIS 3-i8§

LT 3-80
The csnstant reference leg is alss usad By shroud level monitars LITS 3-52
and LT 2-42.

The functions performed Jdy these instruments ire is follaws:

LS 3-208 A, 3, C, O HPCI and 3CIC sursine trip on hign
vessal lavel,

LIS 3-203 A, 8, C, O ' S¢ram and primary containment
isolation on low level. HPCI and
RCIC turdine trip on nigh level,

LIS 3-184 and LIS 3-185 Aute dlowdown sermissive an
Tow level,

LT 3-33,L7 3-80 and 2-206 Faedwaiar contral systam incuts
(A nigh water level srip af

the Main ind reictor faedwatar
turdine is alse orovided oy
® the feedwatar contrsl systam).

LITS 3-32 and LIS 31-82 Containment spriy iatsrlock an
Tow=1ow=T0w lavel,
The pnysical arringement of thesa level instruments on =wo sesarats sets of
instrument lines 15 such that the A and 3 sensors are cannec=ad 0 cne sat of
fnstrument Tines and ne C and J sansars 33 anctaer sec. These sensors sravids
TAgUT T3 protacticn channeis in the slant srotactian and smergency core csoling
systams. The orotaction systam and smer~gjency zare 23ciing syscam Tegic arrange-

7113 ‘or inesa 3R instrument channels are she ysual ONe=Qut-Qf-Twl-Thice




-

zenfiguraticn using channel (A R C) AND (3 oR J) arrangement. The tuc sats aof

instrument 1ines are separated and isslactad in eir physical csnnection =3 she
“eactor pgressure vessel. Thus, the irrangament of these level Instruments assa-
clatad #1tn the plant protacticn syssem mezts the Single Failure Critarion of [EES

279-1371, paragraph 4.2.

-

The same instrument Tines, Nowever, 2lso have raicesr /assal Taval zanersl

]

L
L

sransaittars 3-33 and T 3-206 an one sat; LT 1-3J an the atner) nountad
en Nem. These =wransmittars srovide input %3 the 2lant's faedwacar cantral
systam (Zee Figure 2). Zich TFinsmitiar gravides an Jutlut signal ranging from

.n
A

L

L8]

=3¢ T2, wnich rescresants the normal watar level ranging fra- zars 0 =20 inches
1t ncrmal cgerating pressure. Cerrecticns for wazar Censity changes irs nade dy
FRACTAr prassure meisuraments. Signals from Pressure transmittars (shown on

Figure 2) are applied 3 lavel carrection amplifiers £3 accamolisn this. Zicn of

tne tiree Zorrectad level signals is colied 22 2n alarm uynis. The thres ilam
$nit Jutouts are connected in 3 “#C-Qut-of-thrsze cafacidancs Togical 23 arsvida
1130 «atar lavel trip (+34 inches) *a e main ind reac=ar faedwatar sursines.
Tne three correctad signals are alss displayed in me cantral reom, as are the
tAree rassure aonitars. The carrectad level signal from eisher sanswi toar
3=33 ar LT 2-40 is salectag 3y the c3ntre® room cceratar far Jse in e

e salactaqd level signal fs recarded in sne canerai
rom. It s also suocpliad %3 %w alam $nils, the faedwatar Symass valse czn-

wrallar, 2 Tevel flow arrar summing device, and he f2edwatar zanteal ngce

. ® .
S812CT2r Switith (one 2r tiree slament cantreal).
3r IaRs 'n general, eignt resctsr vessal "avel indicasers and e rec3rigrs

. . .

ife Jraviced fn the nain cantral raom 23 2id the veratar. Hign and low lave!
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122] inputs %3 the c3atrsl ~sem INNUACT TS systam and *ne giant computar

system 2ise inform the operatar ., vessal lave] status.

.

The ¢sntrol roam indicaisrs®ing recarders are:

4
w

(i) two level ingicators (LI 3-32 and LI 3-52

(LR 3-82) meni

o

or the shrcud level. These instruments ire aormally

pezged 7791 3t =200 inches during powe= operation:

-

.

iing range (zers

‘2] 2ne tevei ingicator (LI 3-23) monitars the refue

%3 =400 incnes);

(3} two level indicatars (LI 3-46A and LI 3-463) MCATISr Ine aczigent

range (-133 inches 3 - 30 inches):

LI 3-33, LI 3-60 and L 2-206) monitar

—

ayel indicators

e

nermal range (i2rc %3 +80 inches). A reactor Tevel/feed flow

W0 Den recsrder in the sontral room 21sa continucusiy monisars
the Tavel signal selectad for the feedwactar contral system (aisher
LI 3-33 or LI 2-80 signal).

Juring normal 2ower 2cperation, five indicatsrs and one recorcer (numbers 3 ang
b .

: icove) would De usad Jy the sperater %3 moeniter level. Caatrol room alarms

1

~ou! he cperater 3 0normal conditions. The refueling ringe level

d alert

ingicatar (numper 2 above) is not calidratad for sperating conditions and is

not used during ncrmal sceration.

2.2 Zffect of Instrument Line Tailure an 2lant Srgtec=ign and Central Svstams

1nstrument 1ine connecsed 3 whe cinstant head csndensing

Be
»
-
“
-3
w
b= |
.
)
i

2qualf27ag valve Teak, axcass “iw zneck valve leak, drain




L)

»—

valve Te2k, etz.) could zause tne referencs leq 'evel 25 cecreasa.

cecrease in reference Teg Tavel would cause all the differential srassure

instruments connectad 3 that Tine % indicate false high reaciar vessal wa

lavel,

Referring to Figure , if such 2 failure was =3 ocZur in tne refarence leg

of the normal range level senssrs A and 3, then LIS 3-208a43, LIS 3-203

-
1
i

-

A$3, LI5S 3-184, LT 3-33 and LT 2-°0§ would al sanse an increasing lavel,
(LT 3-33 was selectad oy the conu=3l room Scerater for the layel iasys
te tne feedwatar ciatrol systam (with the faeawatar c3ntral mode swizn
in either the cne or three alement central), then she feedwacar systam
would reduce feedwatar flow inty the reactsr vessel. Tnis would tang

0 decrease the actual reacisr vessel water lavel. If prompt ogerazar

action is not taken 2 manually contrsl the fsedwacar systam, then
sventually the vessel Teve would resch =me Tow Tevel scram setsoine.
However, scram level sansors LIS 3-203A23 woul4 sanse a high Tevel and
would not actuatz. Therefore, LIS 3-203C20 an the radundant instrument

lines woyld bde regquired 22 provide the necassary orotactive action.

in such an avent the contral room level fndicators, recorders and alarms
-
~ould be providing amdiguous levei information %3 the cceratsr. Tne =wo
accident range ‘ncicatars (LI 3-46 A43) would 329171 show true level, byt
anly one of the ncrmal range level indicaters (in this instance LI 2.40)
woulad ‘nafcate true level. The other =wo normal range Javel ingicatsrs
(LI 3-33 and LI 3-2C6), 15 well as the level recarzer pen, would show an
grrinegus nign leveli. [f, ocn the sther nand, the failure was =3 aczur in

the reference leg associitad with normal lave] sansars C and 2 (i.a.,



LIS 3-203 C30, LIS 2-208 C82, LIS 3-135 ang LT 3-8C) and 1f LT 3-50 was salactaqg
far Tevel input o the faedwater control System, the affects would e similar
witn the follewing excesticns: (1) enly 3he ncrmal range lave
(LI I-80) ang tge level recorder would show =he arrinecus increasing level:

(2) =82 high level <ursine/reactar srip would not oC2ur, since c¢nl,; sne of the

-

threc level transmictiars associated with the Feeawa ter control. systan would Be
affectaq.

N J
[n eitnher case, during the ensuing plant transient, doth 7igh and low }avel /

giarms could 2e 3ctuated in the cantral rooc. Jecending on the tyse af

A

instrument failure, the plant ~ould 5000 exzervancs 3 low Tava

—
g

the reduncant unaffectad instrument channels ang

- e

(5]
n
"
|
[
o
w

2 7igh Tavel urdine I

.

af these conviicting indications and syssmasis actians

trip/reaceor trip. Al

crulg hamoer timely and c3rrect speratar reszcnsa % sucn an avens. Autsmasic |
plant resgense must e relied upon 3 tarminass and con 3l the transient.

T™his is confirmed 3y cperating experience (see Agendix A) wnich shows séveral
c2sas wnere operators did not mespgond %3 such svents ind dutamatic protactive \

iCtion was needed I3 t2rminata the transient.

[f the failure in the instrumentation causes a /ery gradual decreasa in

-
the referenca Teq Tevel, then actual reac<ar lavel csuld fall %o the low lavel]
scram satsoint (because of the feedwater cantrol systam action) Jefgre e

faise level accearing %2 Tevel sensars in the f3iled instrument lags rises

to the high level turdine trip satioint. Liw level reacear scram wouldg

-

Jccur due = actuation of redundant level sanscrs (LIS 2-203 C30) en sna

-

ventially, the ssurisus nign level sensad coyld

other instrument |ines.




Cause main ang rejc=ar feedwatar Wriine trias 2n SH0-QUT-0Ff-tnrae ¢sincidence

7ign level frem the alim 15 in the feedwatar cantrel systam, [f, on

- b
]

=1@ other nand, the rate of increase 3f sourious level is Faster, 3 high level
i [ Swo-qut-gf-three n1gn level) af +ne [21n and reactor f2edwatar turdines
(an¢ consaguent reacear trip due %2 main turdine trip) could sesur cef3re tne

vessel Tevel reiches the Tow level scram sathoint. I[n 2ither case, the

Fail.=e would cause a 3purious nign level =5 he sansad. The control svssam
=20 evel %9 de sensed. 3
~0ul2 then cayse a reducstion in the true vessal Tevel, wnica zayld require the

Fotaciive action of Tow Tevel scram af sne reactor.

w

is intaraciion Setween the faedwacar s2ntrol systam ang she reacesr

o
b |
)
oy
o
O
ot
O
= |
“i

ystam 15 the safaty concarn in at the Initiating instrumens
—\ ]

Tine failure could cause adversa f2edwatar zantral SYStam actisn ragquiriag

——

Tow vessel lavel zratacsive ictiens and, at the sama time, would alss pravent
e T

sraper action of certain low layel srotacticn systam channels.

2:3 The Safety Concern and Relatad leculations

General Jesign Critaricn 24 an s@daraticn of protaction and csntrel systams
statas, "The protaciion systam shall @ sezaratad from csntral systams ss
e axtent that failure of iny single can:rz] System cimponent Qr channel,
ar f31lure or removal from service of any single prataceian systam comgconent
or <hannel w~nicn is common %3 she entr2l and aratacsien systams laaves
fatace 2 system satisfying all reliadilisy, redundancy, and indezencencs
requirements of the sratection System. [ntarcaonnecsion aof the srgtaction
ing cantrol systams shall e limiteq s 4S5 T2 assur2 tmat safaty is ao:
significantly impaired.” In the 3IWR Tevel instrumentasicn systam, 2 single

line that ciusas cantral sys<am aczion, does a0t

ailure in the sensing
Teave intact a systam satisfying al! reifapiligy, redundansy and incesencenca

TRILTTements far the Tow vessel level zrazaceive functian,



-i37; 2armrasn 4.7.2 on entral and Pr3taction system fataraceian
statas, 'Shere 3 single ranaom f111ure can ciuse 1 Izntea) system action wna-
resylt fn'g iénerating ssasion csndiztion FRIVITING protactive icTien ang can
1l 50 sreyens Priper action of 3 Srotactlive system Channei cesigneqd =z pratecs
393710s< the conditign, she "emaining redundant sretaciion channels snali Se
capatie of sroviding she Ar3teciive acsion 2Ven wnen cegraged 3y 2 sezanz
ranaGm failure." This requirement of [f:: 273 augments the reQUirament of
ieneral lesign Critarion 24 an T2aving intacs 3 trotacticn syssam Satisfying
ail relfaility, redundancy, ang ingesendencsa requiremencs 37 e Jrataceicn
systam on failyre of any single caneral Systam camsonent ar chanmel!, 3=z
L9371 is, nowever, limited in 5Cloe 2o :he srotaction systam @vis2s ang
circyitry from sensar = actuation cevica inout temminals. NRC nas ‘nlarpresad

this 0 axcluce ne fluig sansing lires. @

—— -

3as2d uypen Sperating exgeriencs, we delieve shas 2 single randem failyre

tn the sensing line should now se Cinsigered ip implementing [z:z 378-1871.
(It is notad =nas the 1377 and 1380 editions of [z:: Standars 8C3, whicn
are latar versions of [EZ2 273-1971, 4a adaress she sudjecst of sansing
lines and inclyge them 25 zars of sne Arotaction syssam.)

. *
Apalying the requirement af Paragrach 4.7.3 =3 e instrumensatian systam
Jnger d3iscussion, the single random failure i5 sne decreasing raferencs
Teg lTevel ang the resulting cantrol System action i Towering of =ne actual

vessal lavel, wnich woul4 require a low leye! Pretective acticn. Twe 2ratsceion

crannels (LIS 3-292a33) ire preventad from cerforming stheir srotactive iczions,

leaving ~edundans shannels (LIS 3-203C30) %0 draovide she FRQuired srotective

.

function. [f 3 single scsive fiflure is now sestulatad in sne 3F e =g



-
-~

..
P
'

-

. 2 g . ¢ . : : ;
FEDATNING channeis, then the required autsmatic pratactive aclicns will

Net oCCur 2t ne low a2t2r lavel scram sacsagine. Further, if one of she 4 .
E .‘ 3 - —.b~\ - m— /
four channels is incceraole due w0 maintenance or requirsq survaillanca, ;>\\
{ - -y - : - S d - \\
ang 15 nct 913"d‘;ﬁ_3_;;’° C°"d':’°fj hen this would tend =3 exacarsats
the safety concern since the single failyre of a decreasing refarenca |se ‘

could defeat the assoctated aytomatic srotective actions at the jow w2 ter
level scram sa%sgint. Under these cinditicns the infsmatica sravided in
fection 2.2 3 nis report continues to be valid ind apcears I make :ne
cancara more significant. However, sinca the tazanical sceci fications ailaw
the level instrument systam 3 remain in zhis degrided noce (that is, three
cperadie channels ang e incoeradie aon-tripped cnannel) for 2 seriod of 4o

t2 only Two hours this iscecs My net e significant in the Srsager contaxs

of the csncarn,
The 2Dcve concern can Se extanded %3 all designs where the sraotacsian systam
uses 3 cne-out-of-Twe-taice logic (i.e., A or C and 3 or 0) %5 initiate
protactive action. Zven if only ane srotaction systam channel is couphed

£ 3 control systam channel (say A), and if =ne single randem failure caysas
2 control systam action requiring pratac=ive acTion and also pravents sroger

action of the protecticon systam channel, 2 “mr<her single icsive f3ilure
of one 2articular remaining reduncant zrotzcsian systam channel (C), will
prevent the required protactive acsions iss3Ciatad with <hesa argtaction

channels.

2.4 Pcssidie unanalvzes Ssauenca of Jizur-encas

Level instrumentaticn sansor LIS 322724 sAr2ugn 3 arovice the f3llowing

pratective actigns



P
cram ¢

Primary cantainment isglatian
4PCl and RCIC tursine trip

Start standdy zas treatmens systam (S3GTS)

ahen Tas channels (LIS 3-203248) sensa a spurious hign level and a rancm

fatlure is postulatad in one of the remaining redundant channels (L] 3-202C

a

srotective iCtions are affacead as foliows:

Scram - Low level scram will not gceur.
Primary cocntainment isolation due =3 law Tevel w11 net oczur.
(Typically Group 2, 3, and 5 - alves are arffacsted.)
2ipelines #ill not isolaca:

- RHR reactor snut:cwn cseling supply

- RHR reac:ar head spray

- Reactar watar cleanup system

- Orywell equipment drain discharge

- Orywell ffow drain discharge

- Orywell purge inles

- Orywell main axhauss 2

- Sugoression chamcer sxnayss valve dyoass

- Suppression champer purze inlet

- Supcression chamoer main exhauss

- Zrywell axhauss valve Jdypass

= Suppression chamber 4drain

= 3HR flush and <drain vent =2 suporession chamser

= OJrywell 2urge 2nd vent ausle:

- lrywell makeun

- 2x%aust =0 ¢

d23resstaon chamser naxkaun

3




.
(&
.

icwever, if isolation of tne apove Plzelines were tryly needed, 2xciuding

the lines 1ss0ciited wish =ne FRaCT3r watar cleanus systam. i would still

22 obtained Dy ather diverse TeaNs wN1ch initiata on A1gh reactar Suilding

ventilaticn exhayss: radfation and/or high drywel) aressurs,

(3) 4PCI ana-RCIC surdines will recaive a nigh lavel sris signal

(wnen LI5 3-202 A&3, connecsad =a 3ne sat of instrumens Tines,

TR3Ches spurious high lavel af .34 inches, ang 17 aj<ver LIS

ot
o
“h

3-203C or 23, c3nnec=2d 3 the cther sa

.
“wr

iAstrument lines,

Postulated =3 “ail high).

R
i
(O

70T receive an iuiimastic ssars signal.

.

The event initiataq 3y the instrument line ‘failure v111 continue ang =ne
Te3Ciir vessal Jevel w11 decreasas due 0 r2qucad or even tarminactag faecnacer
Tow. [f the cperisar does not take corracsive actions, the vessal leve
w111 reach the low-low Tevel and the leve] fns:rumen:S:ion menitSring the
accident or wide range, s;ecificé{‘; sansars LIS 3-33A =ary 0, will iniciace
closure of MSIVs wnich in turn will cause a3 raacear sCram. Sensors LIS 1-33A
through 2 will sense canditions necessary 3 initiats HPCL, ACIC, {CS and cors
SPriy systams. Scrim under these cdnariicns®sould asccur at 4n actual vessel
Tevel wnich is consideradly selow tne nermal low Tevel szram, {Current safet
andiyses normally issume shat 3 scram occurs directly from shme low level
instrunentasion, wnich is defeatad under thesa senditiens, and 7ot indirecsly
Oy the way of MSIVs fram the Tow=1ow level instrumentation.) furtner, wnen the
4317s close, this acticn «i11 tand =0 colilacse the voids cintained in the

vessel fluid ang will fur<her decrease the TTyiz lavel in the reacisr vessal.



i1 adeiticn, 4due 9 =n sresence of nigh lavel =rip

1Wovel, utimatic czeration of APCI and I weuld not cczur in same less
since the nigh level TP signal takes srecadencs gver e Towe=Tow Tavel scare

o — i

initiation signal. 7nis situation of a decreasing 7a

\

couples wish (1) scram shich is inisfatag 2z a vassal

—“N
tar Tavel in :ma vessal,

Tevel Tower *man the

Tnteriock signais. (isam 3

-

gns

acrmal low level scram, and (2) the dnavailapilisy of dutimatis speration of

safaty jrade N1SR Jressure injec<ion s/sTams, iopears

sezyence

Je
.

¢
w

*
O
c
i

-
o0

b

9]
03

of accurrencas.

%9 e an unanaiyzeq

sC2nario initiated by 2 lave! nsIrumentation refarencas ]ag fail

e 1oss of the refarencs 127 in the nermaj

range level

instrumentation causes a spurious incrz2asing lTevel %5 se

se1sed Dy the faedwatar cantrol systam, leading %3 a da
in actual vessel level. 3y the same failure, two low !
grotaction systam channels ars 2isabled. hen == vess

level reaches the low lavel setlcint, reactor scram and
srimary ccntaimment isalatien would normally accur aue )

aCTuatian of redundant low Tevel aratac=ion
unaffactad ‘nstrument Tines. A sostuiatad s
e redundant Tow leyel prataction channels,
disadle the Tow lavel reac=ar Krim. The sp
Tevel sansad 2y the instrumentation of the 3
Tine ¢could cause a turoine rip wnich would,
the re2actor or, basad on the varicus iadica+
in the czatrs! roam and time cermitting, in
cauld initiate manual siCrim ind ciwtainment

ind CIC cauld re manually star<za iF aot Tocked syt by h

channels an zhe
ignal failyre in
nowaver, cauld

uricus high
ffactad fnstrumens
in turq, scram

tions availaple

alers sperizar
isslatisn. 4pC:

-id

failed instrumentaticn. Ctherwisa, low aressurs amersency
c3r2 cooling would have =3 se initiatad %o provide watar 2o
whe vessel. [¥ ao manual iac=ion s t2ken, wnen 1ow=1ow
vessel lavel is reached MSIV cla Sre aind asscciited scram

will occur. Aytsmatic sCCS actuazion will also ze in

C?
itiatagd.

3ased on zhe vailaciiicy of shese Y3rigqus means of dutimatically ing =an ally

1ng the requireq srolaclive iclions, ~e 3¢ not s3nsiger e estulacseq

g
‘STaM 2ritaction sysiam intericsian sracioitatad dy Aydrayglic $r¥aces

-



an IMMedTata safaty concarn: Nowaver, .e 4a consider tRat the safety concara
needs %2 Je addressed.
3. FINDINGS
(1) The nysical arrangement of FE3CTor vessa! sazar lave! instrumentastion
-
in cperating 3WRs is sueh thas Aydraulic ccupling exisss JetWeen sansors
that orovide input t the faedwatar contral system ind o e slant
ratactiom systams. The level instrumentation =has 7CNTL3rs the peratin
range 15 cnysically arranged so thas sensars #Nich sazarately sravig
04T 0 ne faedwater contral system and o S0 channels of :ne reac=ar
Jratacticn systam ang ICCS are cannecsad 3Cross common instrument lines.
(2) Certain single failures in =ne instrument lines can causa 2 cdecreasa in
the refarance leg level aor affecs =me varile leg Tevel of she vessal lTevel
fnastrusentaticn. The ensuing spuricus level is sansad Oy the fesedwaczaer

cantrel systam and two channels of *he Jrotaclion systam. The sourious level

£y sensed Jy the control systam csuld cause the systam 3 respong acversely;
resuylting in 2 plant condisian requiring protective acsion.

(3) Moreover, such a ‘failure tausing incorrect zsntral Systam resconse woula

-

1l $0 prevant sraper ictian dy two of the gratsctian channeis. ![f a
rangem failuyre is now sostulated in gne of the remaining reduncant twe
channeis, then the pgrotecsive funcsion will AGT occur automatically from
the nomal Tow level arotaceive instrumentaticn. This couisg Teag 23 a
slant congiticn wnich 20pears 53 Se Jdnanal vzed.

{4} The 2dceritsr is presented «i=n snflicting informasion wnich May sravent
Rim from taking carrect and timely acticns.



(5] The s1tuasica syslined 1VOwWe suggests thact sa
-
3%I0n systams may not meet the incant 3F the regqulatisns for cceration

22222 4R Tavel instrumens

of jretecticn and control Systeas single failure critarion as delineated

in General Design Criserion 24.
4. COnTLuUSICH -

34R operating axperienca nas shcwn nat a single failure i3 2n incirument
sensing Tine cayuld afface all Tavel sansars shat snare ihe same sansiag line.
Tnere 2153 nave deen svents where interaction has occurred SeThe2n zzntral
Systams and srotaction systams. OQur reviaw of these ccer TIng 2xzeriancas fas
rarsed ne safaty concarn of a single failure in %me IuR vessal laval jagtrumene
taticn causing 3 faedwacar contral systam iction shas Coula L) reasyls in a
candition requiring aratacsive acticns and, at zhe sam time, 2) praveat
proper action of the reactor srotacticn Systam cnannels Zasigned &3 srotact
against such a conditien. e alse consider that certain Teval instrumentasicn
configuration in operating 3WRs M2y not fully neet the intant of General Jesign
Criterion 24. 3asad usen dterating axserisnce we selieve that 2 single
randem faflyre in the instrument sansing lines should new 3@ C3nsidered in
imolementing [S32 279-i871. Al though we do not c3nsider the sostulated caneral
.

S/stem-zrotactiion sysctem intaraction an immediata cancarn we 20 <onsider

that the safety concern ing 3ssociatad zrooiem nesq =3 ne 2ddressed,
§. RECCMMENDATIONS -

Action shoyld e ‘molemented 3 assure “hat utomatic ang manual safa sy~

Pa—
-

.

refated low-low Tavel srare iINC 71gA sressure injecsign fincticns aof

al

“PCI and 2C:C irdines are ags: zraventa

[

r

113

ye

(Y

3y the on-safaty.

‘s

relatad Ni3n leve! s=rég, Far axample, ine 2:3mc=al iystem 3f =PCI and




—~
Lt

—

.
WIC tursines coulz se n0dified 0 provide a 1ow-low lTevel szare signal

“nich sver=s 215 the nign Tevel wrip signal.

Action shoyld se imolamentas 2o assure that orotactive funcsians are
srovided in spite af any adverse cantral Systam-grataction systam intare
dCtion in the marrow mange lavel instrumentation. For examola, the
sraotective functicns srovided Oy the narrow range lavel sansors zayld

. /.
H

3158 Se provided dy the w~ide range leve sensars (In ampioying =he wide=
instrumentaticn, the dasired SUTZUT signal ualisy i s
37 sansitivigy, resdlutign, accuracy and r2022230117 1ty nust 92 caonsizered
3 assure that the initiating s13nals ichisve she regquired srotacsive
function.). This approach would 2@ cansistant wish zne Sinceat of
"altarmata channels” as lefined in zaragraga $.7.4.1 of IZZZ Stancars

278-1971.

Contrasl room ocerators should be trained a3 reclgnize spurious vessal
level indications, and procedures should e provided far c3rrective
iCTions 3 mitigata the csnsequencés of potantial transiencs that may
Je caused dy Tevel instrumentition mal functicas. e Selisve hat the
3WR emergency sracedure Juidelines :rcvjce the dest venicle far =ne
definition of appropriace corrective acticns in the avent 37 Tavel

instrumentation mal functions.

»



. APPENDIX A
—
SYENTS INVOLYING 3%R LEVIL INSTRUMENTATION

The events cited ire examples of 0w ocIurrences favelving instrumens lines and

relataq {tems can lead =3 arroneous vessel laval ingications. The event descrip-
tions are gquotaa directly from the Licansae Zvent epor=s and Nuclear Power

txceriancas.

?lant Name Jat2 3f Zyent Zvant Jescrineia

LR L L

Oys<ar Creek I  Marsh 1370 Quring a1 surveillancs sest an the reacisre
NigN pressure scram SresSsure switznes, it

was cbsarved that the ansing line 23 =<he

i

N3N pressure scram sressure Sa1 2l had
develooed a leak 1% 3 "Swage-Lok" fitsing
which caused a level indicacar 2 fail
up-scale. An attamot was nade 2 tighten
the fitling and she leak fncreased, causing
the excess flow check valve in the srimary
pressure sansing line % close. The resuyl ¢,
¥a5 3 I2ro pressure signal %o she sressurs
.
sensors mountad 3n this rack. (High
Pressurs Scram, High Pressure Isolation
Cendenser sctuation, Caondenser Low Vacuum
Scram 3y-sass, Care Spray Yalve Permigsive,
Triple Law Lavel Ayzs Jegressurization,

-

-2vei Transmit<ar =a feedwatar Cantral

Svsiem, Geactar Pressure ingicatar Trains-

mITIer and iyt Relief Yalve 2ressurs).
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Sinca %he rotactive Instrumens “ion
“imiting C:anditions far Jperaticon cauld agt
°e Met, the cceraisrs were gt iTied o

for a 2lant sautdeown.

Subsaguently, it was detarmined that the
single failurs of

the operat

pize-dreak was $ST ccerap

snersency condensar actuatisn By lowelcw

Tevel 2nd manual speraticn from the 2zatrsl

reom.  Plans were %0 detarmine she wiring

medifications necessary o astaplish =he

ability of the amergency concensars 2

operats2 on a high pressure signal in sne

event of a loss of a s: ngle sressure

sensingeiine. I[n tqe meantime, coerating

cersonnel were made iware of the situation

and reminded that nlant emeriency procedures
call for verification of autcmatic aczion

ind manual ifnitiation of such actions

TeNT sSrly cermmissive switeh L1S-242-3-734 <as

————
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[0

nt ‘ame

Millstone |

Jaz2 of Zvent
Sent. 187

o

veant

found 23 Se incperative. Zecausa :he

redundant 3 Tocz was spe-anle ang 3 manual
override is providea “or ais SW1%Cn, there
~as nc safety nazard., Cricked sellows on a

Yarway Model 3$213CZ lavel suwit=a.

Juring a plant szartup, a discrecancy of

15 incnes was noted Setween he TWo indesene
ient reactar level sansing zslumns. The
TISMATTA was such that half aF sa <PS,

£2CS and primary containment isclasion
systam level switznes ~ere seeing an
indicated lavel

that ~as higher than zhe

actual Tevel in the reac=ar. The aisnaten

could resyit in late inisiazion signals
for the systems in a sisuation wners 3
failure occurred in the lavel switChes that

~ere reiading properly.

L]
An investigation reveaied a valve 2has is
nermally used for filling =he System was

lezking. The water was Jeing drained freom
the reference calumn a2t g rate greatar than
the fake up ~ata dy cincensaticn in the
level coiumn condensing 20t. 4 less af
satar from the referance calumn in a devics

b

SUCN as this causes the indicated leval b

~ise.
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ent Descriotion
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wn

Srunswick 2

The valve o ; replaced and the indicatad

levaels converged such that

ey ware witnin
the reguirements of sme Tecanical Soecifications.
Juring ncrmal sperasicn a small leax

developed in a reacsar Pressure gauge. The
Teak Towersd thne reference leg

Scram and Z2CS initiating Tarway layae!

fﬂSt."JM!."l".S cinnecsad 3 the same praces

w

-

Y20 causing incorrecs

°¢t Tevel indicatig

- |
.

Redundans farvays -ers spe- bie. Mo aravious

similar ocsurrences. Pressure Gauge isslazeg

(AD-50-253/73-12). A Teax develogeq in tNe
3curden tube of Heise Model C MM 7545 0-1300

psig pressure jauge.

i
Curing stare up a level Indicating swit=n

(Yarway] malfuncticnes due @ an intarnal

Teak. The associatad fasTrument zhanne! "d 5

manually eripped. The causa of th
-

-i& 2CCUrrenca

#3ds the treadeq 3ize inside the instrumens

housing leaked Secausa of a crossed threac.

wazter column "3 rafarsnce 123 was low, ora-

ducing 2 =20 inca arrar in = reacidr wastar



Cooper

at2 of Iyans
-
Jan. 1875

vel scram switsnes. *ecdunzan-
Switihes were cperanle ang in sarviza. The

refersnce leg was refilled ind wazar Tave]

repetitive pranlem.

Sk
lines ane

The intagrisy of a1 sansin

Wy

‘alves axtarmz] = = drywall aags scarfirmed,

The d0parant ~aysa %23 21ther evaooration

Cald shutdown. Mile maintananca #35 leing

ferfarmed in the drywell, a FUSTY 530t was
noticed con some Tasulation closa =2 e
reactor. Usea further favestigazicn, i+
#38s Jetarmined =hat 3 STCK in the w0 inen
instruments sénsing line on vessal sene-

.
tration N-llA nag develcced sutside he
safe ang weld, in the neas affaczad zone
(4AZ) 1/2 inch from he ~eld cantar,
History of shig ~€ld shcwed <he ariginal
“eld failaq she 37 ind was cut sut ang
reweldes. The sacand weid failag =ne 37T

N3 ~as ~90airad, The rd seli nassaa



=0 o

. . » - A ,
i1é4n% Name 228 of Zvant syent Jescriseian
c————

The failyre ¥dS the raesyls a2 nateriaj

fiilure in the HAZ o7 L8 o ‘nen sCheduie

(e}

80 ASTM=1-312 ga==. csé Stainlass stee]

a

A

21ice. Thig fnstrumens sap fed the low leg
of the scran and primary centaimens
isolation jeye] Switnes, ay=s dicwecwn
Permissive layal Switines, raicear faeg.

water canersl ang wide range lava

indicazions,

TeNnts wera r2ading Hign “Pstale. Fypesen
investigation revealed thas the Tnstrument
line excess 1oy check valve was leaking
around the 3¢dy ~yt. The Teak 1z =me talve
Caused the <indensing champer ang ref.
irence Teg lavel = dacraase, shye Sausing

© instrumnes 355CCTatad 4i=n hat sansing

Tine 22 read upscale.

drunswick 2 Adarch 1978 Techniciang were performing 4 22stT wnile a3+
. 27% 2cwer (resctor wasap Tave

sarsud) an 2 ‘arsay instrumene ~nen he

main turtine ang f2edwacar 3UMC turaines

“Tioced, causing 3 rFeaciIr scram,



Jdresden 2

May 1879

The scran 9C2urred as 3 resyltegf 3 crassure
change in the camrmon Tevel fnstrument refar.
ence 729 wnich docarently actuazeq -he NCCs
instruments. The Fressure change 32%arently
QClurred due %3 +he SelTows novemaens in the
instrument Seing calidbrates., yo sersanne!
rUor was Zetacsaa, They were snu=zswn

far 2% nours.

An investigatian V85 I3 32 zerfumes s
dgt2mine zthe mos- sutzaole instrumens
drrangement ind sase STcadures recassary i3
pravent refersnca 189 pressure thanges,
The fnvestigation was T2 consist of an

indusstrial survey and a3 design reviaw,

Quring scars 42 the main turaine rioped on
Nigh watar lavel. [t was discaveres at 3
:ackinq.Teax ex1slad 2n the isalation valye
for the lacal sressure indicatien, $-2582-408.
The "3" refarencs 123 drained w3 an ®Bnermaily
Tow lavel thraugh the Packing leak. This
resulteq in in upscala r8ading on all she
Yarways cn instrumens mack 22C6. The "3
refarencs leg ~soe vilve was says =3 isclaca

e Teak wnich isalased he followiag cSmoerants:



?lant Yame Jat2 3f Zyans
T

incicatisn) ang 2<-

"~
o

3233 (»

3-330 (r2acear vign

Pressure scram) via their commen sensing line

FI0T valve. e “3" referencs 183 r30t valve
~ds then ssened and =na

referenca taq #5171

Since the Tachnics] Soeciff

THO instrumant on

. -
” -
cianne:s Jer 3

sriariy reaactar sauscown =235 >2qun

The packiag was tigntaned and sudiectad - I |

Rydra of ;:CG';sf. Mo Teak

- T™he isslation valves for 2$.252.33)

P1-283-508 were ccened and :he zammon sensing

Tine raot valve ¥2s opened, returaing the

systam &3 acrmal.

s L3979 Juring nermai seeration 2 leak deveisgeq in 2

reaciem orassur

jauge. The Teak lcowereq the

-

reference ‘g of sme Seram and ICCS Yarway

level swizznes connectad 0 he same Srocass
ap. As 3 result, the Yarwgys fndicated 2

false nigh level ane “ouid ¢t tave ==izpeq

#1310 <ne settings scecifisq in sections

; B | . - -

“+ave 20Q 2.2.3 3f Tecan:



7lant Yame Jata of Zyent
R
3runswick 1 May 8, 1880

(LER 30-348/03L-7)

leduynd:z < tave] instruments s@re coeridla,

Model C, 3 1/2 imen dial, 3-:1330 asig, #03

tainless St2el 3oyrien
disSovered ia Igyrzon
Causa is fatigue. Giuge isola=ad ind removed.
Vew gauge wizth wide range 2nc imorsved

dourdeon tube matarial sa J¢ installed on

Juring scrmal surveililance, the za» Sivering
the calibraticn acjusmment screw an r=2actor
lTevel instrument, 1-321-L:5-N031 , was
Teaking water, The leak was rezaired and
Pressure Test 3.1.7PC, Reac=ar Tow levael #2
and #3 calidration and func=ional t2ss was
cerfarmed an ne instrument Switeh #2 of he
instrument wouid not acsuate. The rescrean
Timit s >124.33 {acnes i0plied watar, This
event did not affact the health and safaty of
the public. The calidratian adjusTuent

SCrew Cao zasket ~as reslicad, the sontacss

3F swiizh 22 were zlesneq. Sressure Tas:

Les

1.7 2C was zer<armen satisfacizrily ang sne

‘nsirument was rstur-eq TS se™rice.



2lan= ame

=1 5 .-
ritisd K

irunswick

'
-

i

“

Jan. 20, 1981

LER 31-015/02L)

;
30 -

Ty/en<t cescriatian

-

Juring acrmal coeratian wnile conducting

0
o3
2
O
[

surveillance %o satisfy Te
tlons Tanle 2.1.l, reacear va%3r lavel suisa
02-3-L15-1013 or 101D was f3und lass cansar-
vative than allcwed Sy Technical Scecificaszion
Tadle 1.1+l an arae 3C23asi0Nns detaeen

11/3/80 ana 11/25/20. scundant iasvel
Switines wer2 within Tachnical Specificatian
evel swiszies

Timits and in sac= case the

~ere immediataly recalibratas =3 wis=nin its

e

limits. Ne significant nazarsg xisted. 3ee
ittachment for addisignal cetails. Frapaple
Ciuse was zerscnnel arrar wnich resuyl sad

in the intreduction of air in Tevel sansing
Tine. 3ack flushing of sansing lines =3
remove air eliminatad proplen. ievfew

of procadure does ngs ingica*s neey #3p

change.

-
Quring normal plant lceraticn reaciar insirue
went penetration (3!P) vaive, X-33C, shut
with a Centrol Air Supoiy Failyrs Alarm, 2nd
fsolated the varisnia Teq t3 reactar lavel
instruments 3 21.L1S-4017A ana 3 21.07.3231,
snich resyltad in 2 reacear sC ™ an

. -
i

Tevel, This gvent 4id 2ot affe-s e neal =y

3r safety of the suglie.




irdwns Farry 3

'k

day 2§, 12381

2

An axhaustive Investigation 73iled
2 definita causa “ar e RI? valve

This investizasion ‘ncluded 1 lesk

'

7alve zantral ai- SuCoiy, a2 timesd

of the valve 2ellows 2nd a visyal

of the valve ing =nme valve nign M

wh. This is cSnsicdersd in

Swil

- 3

2vent, 3s syssam

)
i)
B
w
w
“i
b
3
W
X
W
wy

acrmal coe~azisng anila

Laval [nstrumentation indicatad #y

resulting in a2 tursine rip. The

Razard %3 the heajsy er safaty of

lnstruments dffectad were: 2-LITS

--
2-L1S-3-2034, 3; 2-L15-1-134. The
scecifications ~era fylly campliea
al 1 timms. fqualizing valve, 3a 2

-

w43 2ariially spen. Zlaseq 2quali

verified reac=ar ~wd t2r instruments

Juring starsus, Following a mainea

FRICTIr ~atar laval fnstrumentasia

0 rayes]

closure,
check on tNe

%

ek chesk
inscecsion

2w isgiacion

i1 upscale
re <as o
e jublic.
-3-32;
s2canical
1% 3t
“L.T3-3-32

1ng vaive,

operaple.

nancs sutage,

n l-llfe3-2024

2nd 3 indicazes full d0sCale ing ~ere ieclareq
tnoseranls, TR <25 10 zanger i3 sne

neaith ang safaty ¥ =me aupiie. iecuncant
SYSTems sece availasie ind cceran’e.




lans ‘iame Jata of Tyoent Zvent Jeszrintian
leference leg was 1gs. 2n the wazar calum
for undetarmined T23s3ns, Causing the 3arwan
model 228 4, vellows s/o@ ingicating swisch,
%3 ingicats “ull ypscala. The “33ir leg was
i 2ackfiilea and the instruments resurnes
0 cperadble ssatus.
Jv§tar lrasek Sept. 3, 1981 3n Septamder 3, 1381 at dporeximastaly 3120
(LER 81-36/03L) ours «nile zerforming a Tyusa a1 lare

Sgray Syssam ! 212ing, one reic+sr sazsr
level indicassr showed a Righ Tavel wnile all

ather level ingicazars ramained stasle and

fn agresment. The ysh in orcgress was
immediataly saminacad ind an invastigaticon
#as inftiated %0 detarmine =he Sause of

the nigh level indicaticn. [t was *aund
that the instrument refarence leg was a0t
filled wisth sazar wnich causad in ar-zreaqys
nigh level reacing on she instrument n
question. The failure of this instrument
resulted in the lass of gne of w0 Tevel
fnstrument channeis in each 3f SWo lavel
instrument syssems. It should Je noted thas
there ire 2g ziging cznnecsions Jetneen the

-3re Ioray lystem ing she i7fectad wazer

v -

‘evel instrumenzaticn reference ez. This




*

(8}

o

#a5 confirmeqd 3y a hane over Nand walidown af

head csuld not se cetarmined. Thars g

A0 Connection which Can 3@ irfar=e4 sertseen

the less af referanca 29 ang e flysa
evolution.,
The raactar ~“3%3r level instrumens in juastion

srovides various Reacar rozecsian Safaguars
Systam funz+4izns 4550C12t2q «ith eacear
Scram, Core Spray faitiation,
Cendansar initiation ang AT#S Recirz 2yump

Triz. Since redundant fns:rumenta:‘on, wnich
#as operadle, also provides thesa finctions

ind since the Resc=ar ¥ds shutdown, venteq,

ind Tess than 212°F, the safaty significanca

of :ﬂfi.even: 's considersg Animal.  Adeistisne
ally, it should se net2q that no change in
cual reactar watar Tevel ocsurred 15 a

result of thig aevant.

iAstrument was 34ckFi1 T34 yi=n cSngensaca

-
-
o~
=
“
O
-
i
1
]
[
2
0
a
-
»
‘0
(3]
.
b= )
O
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w1Ch 3 Zheck af the in w4ment Isnnecstad oo

the reference leg for '22Kage was zerarmeq

“w

-3
-

-

(The foilewing 2avent-cescription is tak oM he INPO-NSAC Analysis anc tvalya-
tion Resart of 1pril 1331 an "d4ign Pressura Zirs Ceoling Systam “al?yne=<an iz

Hash 1.%)

1 June 25, 1320 € 3:49 am, an June 23, 1980, Hassnel ~as

-

* 806 ‘> - i S -
operating at 58,49 3f T1%22 Cwer, lzaracn nz
i - ] -
ccnditicns 2poeired wernal.  lesacIcr Fr2assurs

were running. The reactar wazar

was normal 3t aboys +37 inches.

AT §:45:09 am, sne GZMAC A and C reaces
water level channels signa?éd that the level
nad gquickly risan =3 -38 inches. Wiz 2 aof
the 3 2EMAC channels in icating 2 nign level,
i number of aytimatic aceigns ocsurrag.

The reictor faedwatar Sumos and the tursine/
seneratir wers tripped. Subsacuently,

he reacsar sCrammed.

There ire inree IMAC sran miitars oFf resccar
1 - > - - ] v -
“ater lavel Iinnecta? 3 I sesaraze <vdrayi ¢

Syslams hat sanse 72302 waztar



Sransmictar

Two 3ar=a: ransmittars are 3]
Wis same Ayeraylic systam. The
STInSRitiar, and two otier 2aresn

ransmitisrs, ars s3nnectad %) <Ne

Snly <he ZEZMAC A and ¢ Shannels signalag

(T

Righ resctar satar leval. The 3ZMAC

channei did not si nai

W

over, Jne sac3nd after the 3TMAC A ang

C channels zicked-up an N1gh wazar lavel,

evel 2t -12.5 iaches. dithin &
secsnds, 2!l faur Zarean channels signaleq
that the reactor watar was at +12.3 inches.
Summarizing, GZMAC channels A ang © saig

the wat®r Tavel in the reacear #as 7ign, ang

i other channeis said it was low.

Aithin 2 sezonds afsar the stars of the

event, four channels fngicatad hat <ne
FRACTIr Orassure nad r<san = 1

1201n 2 secings, Taur 3arzoun srinsni ctars

‘22 3 TCw "23Ct3r s3cae iavail 3ng

rFeaciir sycoar< Sysiams. -ACTreisas svgcam



/ent Jescriation

=CeSS5ure and 3 decreisaq reiceap “aar

4 responses 9 3

1oss of feedwacar :nd tirtine/zenerasar

- -

in 18 secsonds, safaty/reiiad
-

valve zgeritisn, camoined ~1tn the ggeraticn

-

of the turdine staam 2¥Tass systams, nad

3rugnt e pressyre down 3 L3230 -

- -~

-

-
t7at the reactir watar lavel nag ~ecavdres bt

Thirty nine seconds af*er the svens Jeqan,
311 four 3artcn channels alarmed 1 sacand
time, fndicating that the reacsar watar lave]

nagd 2gain dropped Selow =12.3 inen

rd
i
"
.

GZMAC 2mannels snowed similar lavels T

113rmec cn e cimoutar. The low ~sacear

~atar lavel [-13") closure siznal is 10z



Plans

Name

L

ot
w

“w

w

o

‘2
~4

-

cvent Descristian

.
i

alarmed. ‘one 3f the somputar i)

arms 1550-
ciated with the closure signals wer2 3ctivices,
This indicatad that the low rFeaCIor watar

level closure signal was she mose Tikaly
ssurce of the “SIV clasure and shat reactar

water level nad drsppes %o -13°.

o

At 35 sacands 2

Ut Secausa tne Tain staim 1{ae
valves had
The 52CI sursine

enly atout 10 sacangs.

recaived a signal 2 stare sys=m tically.

fowever, tue initial niga Tow af st2am %o

wh

instrument that menitars

the turdine causad an

for high sz2am line Maw (symptom of a ste

4

sipe sreak), ictivate erron@ously ane

close the =0 cantaimment isclation valves

in the st2am Tine =3 == HPCI turhyi The

HPCI tusine ran ncmentarily ind ssspped

Juring this period, cceratars al SC were

atlempting 0 stars the 3CIC system.

However, the 3CIC systam ~ould not start and

cintinue 2 run. [t remained itcecerapie

Arughout the



2V3n¢ ‘ame
e —

-
-

- .
ent Lescriotion

Sseritirs reset the AP.. ystem isalasion

ignal that nag seen triggered 2y tae nign

-

st2am Flow surge on the inisial startup
ittemeot.  Tiey then spened :re ‘nocars
fsolation valve in shg spC: turdine staum
supply Tine, wnile ‘2aving the cutdoard valve
closed. 3ut igain, f3r reasans NKTCwWR, an
cditional isglation signal acTivazaq,
calling for closure of the 2lcsed utScars

valve. Qperitsrs then closad the inszara

At three minutes ints the avent the fallowing
ionciticns axistad: The main staam line
fsalation valves -ere closed. Thers was
no feedwatar suppiy %3 the rsactar. Hfeat had
Seen generatsd in the reactar fastar =han it

was remgved. The reactor gressure had risan

= 2ppriximataly 1100 2sig and was Seing
controlled 2y the safaty/reliaf valves. The
ST2aMm was nCw removing the decay heit %3 she

suppressicn zcol.

Adcut I mrautes after the avent Segan, =4

“r

PeUIT3rs rrag 3 liffarent SPCI turtine
STarl-up stratazy. They cleoseq the -0

turdine staa™ sicaly valve, Thig valve



Flant bz

Date of Event

Eveat Lescription

15 Tocated covnstrem of the two isolation

valves and Upstrem of the HPCl turbine

$top and contro) valve, They then reset the
isolation signal thae hed occurreg curing

tne previous start Atte=pt, and opened

the indoard andg utboard isolation values,

The 1so0lation signal wag Cleared, and with 2

Tow reaztor water Teve) signal sti]) gresent,

the HPCI steem supply valve ope neg dutaatically,
The HPCL turbine started, and supplied

water to the reactor vessel.,

Seven and one-half Binutes after the event
began, the water leve] {p the resctor was

&32in close t noreal,
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ATTACHMENT 4

$P29.023.02
Common Level Control



3.C

PURSOSE

The purpuse of this procedure is =o f2sicre and stabilize

EINTRY CONDITIONS

The entry czonditions for this prozadure are anv of

—_—

y A ROV water level less than 12.5°

2.2 Drywell pressure greater than 1.89% psig

2.3 An tsolation condition exists which requires 0R §

OPEZZATOR ACTIONS
3.1 Confirn initlation of the
following. Initiats any
of the actions which should
have initiated but did not,
Jelel VERIFY reaztor scram
AND
Emergency Shutdown),
concurrently with this
procedure.
3.1.2  VERIFY group isolations 3.1.2
consistenr with entry
conditions.
3.1.3  VERIFY autonmatiec 3.1.3

.- - - . -

initiation of ECCS
"Systens consistent with

entry conditions.

S? 29.923.9!
/7

1

Rev,
Pagza

Ref. technical

nitiates Teactor scra-.

specification 3/4.3.2

Pef. technical

specification 3/4.3.3

TR A
’I / o.L£~’ - y
S

2 Py

P 4 B




3.3

o %P r 3 l o Ll gt

start consistgas £t Hh

& T PV p 3T E s al
Reszore and mafatain 3@y water
iaval Bovtegia 12,57 a=4 35,5
“1L% one or owre of tie
followins sysiens:
3.2.1 Conce=zite/FTeedizzer

- )

302-‘ CP-J

3.2.3 RCIC
3.2.5 HPCI
3.2.3 C.3.

3.2.6 LPCI

IF B2V water level cannot
be restored

AND

maintained above +12.5"

THEN miintain RPV vater level
above top of active fuel

3.3

Jelod Digsgl SEMRInL DTS
start ac 1.69 psi
0% =1 33.5

vht

———— "

<72 h2.ze of usisg tiwm

folloving s ste=~s wary wisn

pian® gesditisne. 1@ is

referced zha: the 2inisue

nusber of s
o accomplisa
resizratiss,

3,2.1 Press raanse 1115 =5
£ psiz (Rasf,
SP 23.189.251)

3.2.2 Press range 1115 :¢

£ psig (’e..
Sb 23-‘;?0‘4‘)

3.2.4 Press Range 1115 o
110 psig (Ref.

SP 23.202.81)

3.2.5 Press Range 333 to
psig (Ref.

SP 23,2£3.91)

7.2.6 DPress Range 238 to ¢
peig (Ref.

§ 23.204.4)

NOTE

TAF = +6” as read on fuel

zZone instrumentation LI-P27.

SP 29.723.91 3Rev. ¥
b Paze 2 of &
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S9 0. 0Ny
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' o P
(Level Restocation).
3 5 Parié - rbh T aniwpgasr »a - =
v - \] - S - - & & 5.5 b1 A,
i . c » . 3.3 Ref. SP 89,212
cilassl Ihg &VEDRS B8 infciace
ha T eonmwngaa b~ - -
Che = :* - - 2% TESLLiTes
4 r 1 . - -
J.6 17 RS ater level can bde

‘(j

raintained above 12.5"
ALD

it is deterz=ined that an ener-
gency does not exist,

THEN proceed to the appropriate
station procedure as deterrcined

by Shift Supervision.

3.7 17 SRV's are cycling,
THEN open one SRV and reduce
RPV pressure to between 8(70

and 960 psig.

3.8 WHEN the RPV water level has
stabilized above TAF,

THEN proceed to SP 29.023.02
(Cooldowm).

REFZRENCES

4.1 SP 29.9019.9! Enmergency Shutdown
4.2 SP 29.023.02 Cooldown

4.3 SP 29.023.94 Level Restoration

4.4 SP 23.123.21 C(Condensate

SP 29.223.91 Rev. F
/] Page 3 of &
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ATTACHMENT 5

$P29.023.04
Level Restoration



1.0 PURPOSE

9

active fuel.

2.0 ENTRY CONDITIONS

oz SP 29.023.

Enter this procedure
read on fuel zone iss

3.0 OPZRATOR ACTION

3.1 Liseup for injection and starsg
Puzps Iin at least two of the
following nor=al injection
subsystens:

3.1'1 CS A

232 CS B

3.1.3 LPCT A
3.1.4  LPCI B
3:1:5 Condensate

3.2 1f less than two normal
injection subsystems
(Paragraph 3.1) can be iined

up,

THEN line up as many of the
following alternate injection
subsystems as possible

BUT

DO NOT injecet:

& purpose of this nrocedure is to res

l C\';'-'__" L

e = ™

tore APV vater level to abave top of

3.1.1 Ref. sp 23.293.91
(Core Spray Systea)

3.1.2 Ref. spP 23.223.¢01
(Core Spray Systea)

3.!.3 aef. SP 23.2¢‘001
s ~0w Pressure Coolant
Injection)

3.1.4 Ref. SP 23.204.01
(Low Pressure Coclant
Injection)

3.1.5 Ref. sp 23.193.901
(Condensate Systen)

SP 29.023.04 Rev, F
!/ 7 Page | of 12

£z Pl (Level Control) or sp 29.£22.92 (Cooldeowm)
vhen RPV water level cannos be =aiatained above tOp of active fuel (TAF = +6"
trumentation LI-237).

as



: 3.2.T Reactor Building Service 3.2.1 Ref. SP 23,

! ' Water Systes through (Servi

3w
L B O]
=
—

service water/recirc
loocp ultinmate cosling
wvater crosstie valves
1PL1=20v=0334, MOV-033E,
MOV-P33C, ard MOV-£33D.

ECCS connectioas froz the 3.2.2 PRef. SP 23.185.€1
Condensate Transfer Syste= (Condensate Storage
and Transfer)

. Wy P SLC (test tank or boron 3.2+3  Ref. SP 23.121.0}
tank) (Standby Liquicd
Control)

3.3 IF at any time vater level
cannot be determ ned

THEN proceed as follows.
3.3.1 IF no syste=z
or

gor=al injection
subsysten {s lined up
for injection with at
least one pump running

THEN start pumps in ¥
alternate injection

subsystems which are

lined up for injection.

3.3.2 IF no systea
e
OR
norzal injection
subsysten .

9_& -

2lternate injection
subsystea is lined up for
injection with at least
one pump run-ing

THEN proceed to section
3.8.6 Core Cooling

without injection

SP 29.023.04 Rav. F
/ Page 2 of 12




normal injection
subsystes

o

C._ -
alternate injection
subsystex is lined up
for injection with at
least one puzp running, .
TAZN proceed to
§P 29.23.05,

Rapid RPV Depressurization
3.4  MONITOR RPV pressure 3.4 NOTE
AND IF at any tize the RPV water
level trend reverses or RPV
water level, pressure changes region,
THEN proceed at the step indicated THEN return %o step 3.4,
in the following table.
Table 1
RPV PRESSURE REGION
333 , 333 to 110 110
RICH ! INTERMEDIATE LOW
]
RPV LEVEL INC. ls.s j o ag I 3.7
: |
1" 308 ! 3.8 y 3-9
lpy LEVEL DEC. |

SP 29.023.04 Rev. F
-7 Page 3 of 12




PPV level incrcazing and PPV pressure greater

than 333 ssic (Hiph

Ferion)

3.5.1 ENTEZR SP 29.£23,.21
(Level Control) at Step
3.2.

4

SP 29.023.04 Rev. F

/7

Page &4 of 12



level increasine and RPV pressur

(internsdiste reginn)

1108

Do not depressurize the 72V below 110 3sig

;sufficient tec maintain RPV water level ace running and the sy.

iovailable for injection,

1F EPCI end RLIC are
ao: availabdle
ARD

RPV pressure is
increasing,

THEN ENTER SP 25.023.95
(Rapid RPV Depressurization)

1F HPCl and RCIC are
not available

AND

RPV pressure is not
increasing,

THEN ENTER SP 29.023.01
(Level Control) step 3.2.

1F HPCI
oR

RCIC are injecting
AND

RPV wvater level increases
to +12.57,

TREHN ENTER
S? 29.£23.01
(Level Control) Step 3.2.

n 333 and 110 psig

w
o
w 1)
[

SP 29
/

Page 5 of 12
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e
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level i

ey

110

than

i€s5¢
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e

pressu

“)
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. 3.8 RFV level decreasing and RFV prescure greater than 110 psie

(Intermediate/Xizh recion).

3.8.1 L: HPCI and RCIC are 3.8.]1 Ref. SP 23.2¢2.21
nut operating, (High Pressure Coolant
s Injectiqgn)
THREN restart HPCI i
AND
RCIC RCIC =~ Ref. SP 23.119.¢01

(Reaz:o® Core Isolazio:z
Cocling Syste=)

J.8.2 17 CRD is not operating

AYD
at least 2 nor=al
injection subsysie=s
are lined up for
“njection with pusps
runaing,

THEN ENTEZR SP 29.£23.05
(Rapid RPV Depressurization).

3.8.3 IF CRD {s not operating

AND

!
no normal injection '
subsysten is lined up
for injection with at i
least one pum) |
running, '

THEN start punps in the
following alternate i
injection subsystens ]
which are lined up for

injection.

(A) Reactor Building (A) Ref. SP 23.122.91

ettty Servize Water (Service UYater)

Systen through

service water/

recirc loop

ultimate cooling

water crosstie

valves 1P41-MOV~

933A, MOV-233B,

MOY-$33C, and

pov-¢33D.

SP 29.023.04 PRev. T
!/ Page 7 of 12

- —— ———— -




» connections
the

WHEN 22V water level
i -
Cropg to TAF

perfor= szep 3.8.%
OR
step 3.8.6.

-
.l

a systez

OR
norzal i{injection
subsysten

OR

alternate {injection
subsystea is lined up
for injection with at
least one pump running

THEN proceed to
SP 29.023.95
(Ranid RPV Depressurization)

IF no systen
OrR

normal {njection subsysten
OR

alternate injection
subsystea is lined up
for injection with at
least one pump running,

“HEN perform Core Cooling
without {njection as
follows. .

|y —
NOTE

-l -
AL = +£6° as read on

fuel zone
{nstrumencation

e le B

L1-007.

S¥ 29.023.04 Rev. F

EIns

Page 8 of 12




(A) 1F at any ti=e any
tes

£Y3

OR
nerzal injection
subsystez

OR

alternate injeczion
subsystez is lined
ep for injeczion
with at leas: one
pum) runming,

THEIN proceed to
§? 29.023.05
(Rapid RPV
Depressurization).

(8) W=EN RPV water

e level drops to
(Later) (2/3
core height)

OR
£§ RPV water
level cannot
be deternined

THEN open one SRY.

(C) WHEN RPV pressure
drops below (later),
OPEN all ADS .

valves.

(D) IF all ADS valves
—— cannot be opened,

THEN open other

SRV's until a

total of 7 valves

are open. B

SP 29.023.04 Rev. F
f I Page 9 of 12




————

PPV level decreasing and APV pressure

-

less than 110 psipg
-

(low recion).
LEL L LS
3.9.1 IF no normal {njection
systen is lined up for
{njection with at least
one puzp running,

THEX start pumps in

the following alternate
injection sudbsystexs
which sare lined up

for injection.

(A) Reactor Building
Service Water
Systez through
service water/
recire loop
ultizate cooling
water crosstie
valves 1lP4l-
MOV=£33A,
MOV-033B,
nov-233c,

and MOV-{Q33D.

ECCS connections
from the Conden~
sate Transfer
Systen

(8)

SLC (test tank
or boron tank)

(c)

3.9.2 IF RPV pressure is

increasing,

THEN proceed to SP 29.023.95
(Rapid RPV Depressurization).

3.9.3 IF RPV pressure is not

increasing,

AND

RPV water level drops to
TAF

THEN perform Core Cooling
v thout Level Restoration as
fcllows:

SP 29.023.04

2ef. SP 23.1
(Service Wa:

-~
-

22
er)

(B) Ref. SP 23.185.¢01
(Condensate
Transfer and
Storage)

(C) Ref. SP 23.123.01
(Standby L<quid
Control)

3.9:3 NOTE
TAF = +6" as read
on fuel zone

instrunentation
LI-007.

Rev. F

R Page 10 of 12
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(E)

4.0 FPEFERENCES
b1 s? 29.223.85
.2 s? 29.£23.01
4.3 SP 23.202.01
4.4 sP 23.119.01
4.5 SP 23.186.21
L.6 SP 29.£23.09
4.7 SP 23.2p3.21
4.8 SP 23.123.01
4.9 SP 23.294.01
4,10 S? 23.103.¢01
4.11 SP 23.105.01
4.12 SP 23.109.01
4,13 SP 23.122.01

lz FPV water
level is

restored to TAF

THEIN ENTER
S? 259.0213.¢01
(Level Control)

step 3.7,

(E)

Papid RPV Depressurization

Level Costrol

High Pressure Coolant Injecticn

Reactor Core Isolation Cooling (RCIC) Systes

Control Rod Drive
RPYV Flooding

Core Spray Systex

Standby Liquid Control

Low Pressure Coolant Injection

Condensate Systex

Condensate Storage and Transfer Systenm

Feedwater Systen

Service Water

SP 29.023.04 Rev. F
!/ 7

NOTE

AF = +8% a5 reas
cn fuel zone
instrunentazion

E1-007 .

-9

Page 12 of 12



ATTACHMENT 6

SP29.023.09
Reactor Pressure Vessel Flooding



P__—-—_T-—’———v— o>t wumoer :3.::3.:9
. S—— - o — -~ —_——rc Vil

Approved: Revision c

(Plant ‘anager) T

Effective Date

mM

REACTOR PRESSURE VESSEL FLOODING

BMERCZNCY PROCIDURE

Q.o pureoss

The purpose of phis Procedure is to flood the RPY using all the available
injecticn subsystems.

2.0 ENTRY CONDITICNS

This procedure is eatsred from S? 29.823.8% (Raped RrPY Depressurization) {f a-
of the following eccur:

2.1 Tecpersture necar the cold reference leg {nstrument vertical rucs exceads
the RPY saturation limi:. . ) ' '

2.2 R®Y water level cannct be deterz={ned.

2.3  Suppression chamber pPressure exceeding pressure Suppression lizte.

3.0 OPERATOR ACTICONS

3.1 IF at least 3 Sav's are open, .

THEN close the follouwing
fs0lation valves. .

( ! 3.1.1  ms1v'ye

1321-A0V-381A

1321-A0V-38]3

1521-A0V-381C

1321-A0V~-#381D

1321=A0v~-382A

1321-40V~3823

1321-A0V-382¢ Q
1321-A0V-382D WAR \©

. A ML Draln Line Isolation Valves

1321 mov-3138
1321 Aov-g83

1821 MOV~g33
1321 AQY-289%

SP 29.023.09 Ravs ¢ -- - i . o
/ Pags ! of 8



. R - .
. s L N . -\--voln-‘..’ -

1211 MOV=-249
3.1.4 HPCl lsolation Valvaes

1E41 MOV-g4)
1241 MOV-242
1241 MOV-247
1241 MOVegs4

3.1.8 RCIC Isolation Valves

1251 MOvV-04]
1E5] MOV-342
1ES1 MOv-347
1251 MOovepig

3.1.6 AWCU Tsolation Valves
1G33MovV-931

1C33*M0OV=932
1G33*MOV-341

3.2 IF R?Y water level cannot be

o .

—_—————

deternined,

'H.W cozmence injection into
the RPY with all of the
follewing systems unzi) st
,least 3 SRV's ara open

AND

RPY pressure is -~o® decreasing

AND

RPY pressure'is at lecast 19¢
psig above suppressica chambar

prassure.
J.2.1 C.S.

3252 Condensate

- 3.2.8 LPCI
3.2.3 Ref SP 23.204.31

3¢2.1 Ref SP 23.233.01

- 3:2.2 Ref SP 23.193.01

SP 29.023.09
/7

(Core Spray)

{Condansgaze)

(Low Prezsurs Ccolant
Izlection)

Rev. C
Page 2 of 2



3.3

3.‘

detarnined,

Reactcor 3uilldling Service
Water systonm through
service water/recire
locp ultizace ccoling
water crosstie valves
1?5!—%3?—033A.

MOV-0313, MOV=Q33C and .
MOV<033D

J. 2.‘5

J.2.6 ECCS comnections froz
the zcndensace Cransfer
178782

3.2.7 SLC (Test tazk or boron

tark)

Maintalin RPY pressurs at
leasc 193 psiz atove
suppression chazber pressurs
by throttling {njection,

IF RPV wataz level ¢an bg

THEN eceommence injeczisn tnes
-

the RPV with the follcwing

Systems until RPY water level
is Increasing.

3.4,] £:.5.
3.4.2 Condensate ,
r
3.4.3 LPCT
JO‘.A CRD
3.4.5  Reactor 8uilding Service

water through service
vater/recirc loop
ulti=maze cooling water
crosstie valves
iP41-4CV=0334, MOV-Q313,
MOV-Q33C, and MOV-033D

3.3

§? 29.023.09
/7

Raf sp 23.122.01
(SCarvice water)

-~

3.2.6 Ref 57 23.195.31
(Condensata Sterage
and Transfgr)

3.2.7 Raf sP 23.123. 41

(Standby Liquid
Control)

Throttle inlection on
on subsystens injecting
into the RPY

3.4.1 Re? SP 23.203.¢1
(Cora Spray)
3052 Ref 5P 23.103.01
(Condensa:c)
3.4.3 Ref sp 23.204.0)
N (Low Preszure
lant Injection)
Ref SP 23,106.01

d.4.4
- (Control Red Drive) .

30‘.5 _RQ! s? 2301220:1
(Servica Waiter)

DR4py
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Sehe @ “wwe CONIILCIACNS fZon 3.6'6 taf 3P 13 1as M
e it Bedmiats ¢ - “ade L
c,h,e.co.._e:..u‘e Lransier (Ccndensatc Stor e
87slec=s ’ and Trangfaer)
3.4.7 SLC (Test tank or teron J.4.7 Ret 352 23.123.
tank) (Standty Liquid
- © Centrol)
I? suppression ¢ izter pressure
¢annet te zaintained balow the
iti:a:y centainzant pressure
iatt (Feg. 2)
THEN {nitiace the following
8ystexs Irrespective of whethar .
adequate coras cooling is
assured: o
3.5.1 Drywell sprays ;4%
3.5.2 IF suppressics peol -
. wvater lavel i3 below _ , o
(latar) )
TREN {nitlate suppressicn
peel sprays § T e s " M.
j -
’ . CAUTION
-~ -
Defeating sclstlon interlocks =3y be required es accompligh thn
S:EP 3'6-
IF suppressica chanmber pressure 3.6 Rafaer to SP (later) - B
exceeds the primary containzent - -
pressute limlt (Fig. 2), -

THEN veat the primary conthlncen:
to reduce pressure beleow the prizacy
Coutalncent preszure limis.

SP 29.023.09 Raev. G
B 4 Page 4 of 8



3.8

O

3.9

11 all RPV level
lostrumentacion refersnce colurns

Ce tinue in'scticn uncil te=-
perature neazr the c2ld refarence
-
leg vertical rums {3 belew
212°7
AND

RPY vater level instzumantation
is available

IF it,can be detersised that
the RPY {3 filled

cr
IF RPV pressure is at least
100 psig above supprassicn
chantar presaure,
THEN terminate all iniection
into the R2YV

AND

Reduce RPV watar level until
level {3 indicated on two
separate level indications.

IF BPV watar level indicazion

is not restored within the
=axizum acceptable core uacovery
tize (Fig. 1) sftar commsncizg
terainatlon of Iinjection into
the 2PV, :

THEN return to step 3.7

S§P 29.023,09 Rev. C
!/ / Page 5 cf 8



- e

o ) AND
: suppressicn chaczher pressurs can
can be 2aiazained alcw the pri=azy
containzent ;ressuca lial: (Fig. 2),
<:> Iﬁzﬁ_:a:er SP 29.923.381
Level Coatrol) scep 3.2,
4,0 REFERENCES
.1 S? 25.923.91 lavel Ceontrel
4.2 SP 23.196.91 Centrol 2od Drive
4.3 SP 23.203.91 Core Spray Systea
4.4 SP 23.123,9! Standdy Liquid Czntrol
4,5 82 23.204.9]1 Low Pressure Coaslane Injection
4.6 SP 23.193.71 Ccndensate Systes
4.7 §? 23.195.91 Condensate Storage and Transfer Systan
4,8 SP 23.122.91 Service Watar e

S? 29.023009 Rev. C

e
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MENORANDU! FOR:  Harold K. Depton, Director
Office of luclear Reactor Regulation

FROM: Darrell G. Efsenhut, Director
Divisfon of Licensing

SUBJECT: AEQD PRELIMINARY REPORT - SAFETY COMCERN ASSOCIATED
WITH REACTOR VESSEL LEVEL INSTRUMENTATION 1N BOILIN
WATER REACTORS, DATED SEPTE!'3ER 193]

We, inconjunction with DSI, have performed a preliminary review of the
subject report to determine the irrediacy of {ts safety concern. We
agree with the conclusfon of the report that fts postulated control
system-protection system interaction is not an immed{ate concern. The
report will be distributed by ORAB to the various technical divisions
of NRR for further review; and corments will be provided AEQD within
30 days as requested by AEQD.

The AEQD concern 1s related to the arrancement of the reactor vesse)
level fnstrumentation for at least some of the BWR's. Although based
upon specific plant designs, the evaluation is general and makes no
attempt to fcdentify the specific reactors that would be prone to the
concern. Essentially, the report addresses interactions among the
feedwater control, reactor protection, primary containment {solation
and emergency cooling systems. The sensors used for these syste.s are
arranged fn a relatively complex manner such that there are common
sensing lines to these sensors. A failure of the fnstrument 1ines due
to fnstrurent line break, leakage, or an cpen valve, etc. could result
in erronecus signals from both the control and protective systems.

Plant operating experfence was reviewed by AEQD and faflures such as

valve mispesitioning were identified. The reported operating events

did not result 1n complete loss of function. However, in the scenario

© described in the report, the occurrence of a single failure in the

unaffected redundant channels would result in decreasing reactor water
level, due to reduced feedwater flow, and tripping of the HPCI and RCIC
pumps and also loss of direct reactor scram on low reactor water level,

In addition, some reactor level instrumentation would provide erroneous
indications in the control room, possibly confusing the reactor operations.
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The conclusion of the report, although preliminary, is essentfally that
there 1s interaction betucen the feeduater control system and the reactor
protection system because of the cormonality of the instrument lines of
both systems. Therefore, the level instrusantation configuration in
operating 8iR's may not fully meet GOC 24 and [EEE 279.

fe will evaluate this aspect of the design in our continuing review of

tn2 preliminary AEQD report; however, we do not consider this an {mmediate
concern because 1t appears that for the postulated scenarios 1t would take
at least two failures to cause a control-protection systen fnteraction and
loss of functional capability of the reactor protection systam. In
addition if such an event were to occur, the reactor would scranm auto-
matically by other instrurments, and the operator could manually inftiate
the Automatic Deprassurization System and one of the low pressure injection
systems. Ve therefore agree with the AEQD report that this matter is

not an immediate safety concern.
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Darrell G. Efsenhut, Director

Division of Licensing
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