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

Suffolk County contends that LILC0 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
(ICC). LILC0 has thus f ailed 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/LILC0 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.

LILC0 should be required to comply with existing NRC regulations and

provide additior,al 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.
,
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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.
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Direct Testimony of Marc W. Goldsmith and Gregory C. Minor

Regarding Suffolk County Contention 3 and S0C 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. I 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. I I

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

A. This testimony addresses S.C. Contention 3 and the nearly
identical S0C Contention 8. S.C. Contention 3 provides:

Suffolk County contends that LILC0 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 (ICC). NUREG-0737, item
II.F.2 requires that instrumentation provide an unambiguous,
easy-to-interpret indication of inadequate core cooling.
LILC0 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 provide an
unambiguous, easy-to-interpret indication of ICC or f uel
f ailure 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.
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monitors) become inoperative under some accident conditions, there
is no assurance of indication of the onset of ICC. Therefore,
LILCO's design and instrumentation are inadequate to detect and
monitor the onset of ICC and do not comply with 10 CFR 50,
Appendix A, GDC 13, and 10 CFR 50.55a(h).

Q. What is the purpose of the testimony?

A. 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
instrumentationwithadditionalinstrumentation(i.e.,in-core

thermocouples) which will provide an improved more direct
measurement of the onset of ICC.

Q. What causes inadequate core cooling?

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

o 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,

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

In addition to the above, some other examples are, an ATWS event,
I stuck open primary system valves, and feedwater pump failures, all

in conjunction with ECCS problems or allowable f ailures (e.g.,
technicalspecificationallowingdegradedstatus).

,

|

l
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Q. What are the results of inadequate core cooling?

A. The initiating events discussed in the previous question coupled
with f ailures 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 f ailure
of the cladding, releasing radioactive gases to the primary,
followedbyfuelmelting(coremelt),whichinturnmayleadto

subsequent f ailures in the reactor pressure vessel or primary
piping followed by the release of radiation.

Q. Is it important to detect inadequate core cooling early?

A. 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.

Q. What methods are used at Shoreham to detect ICC7

A. 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: (1)
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., thermocouples 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

,

I GEMAC's are used. A GEMAC system consists of a reference leg and

|
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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 1.1/ This instrumentation relies basically on the
same principles for both narrow range and wide range level
detection. As shown in Attachments 2_/ and 3,3/ there are2

numerous potential mechanisms for f ailure of the water level
instrumentation. There is also the potential for a single event
to interfere with all water level measurement. In addition,

because of potential control-protection system interaction some
water level system f ailures 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 St.oreham 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

i 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).

!

._. _ _ _
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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 of core cooling and
steam flow. The fission product route to the off gas ejector
would be closed, feedwater and main 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.

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

A. 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 cnoling. As these -

thermocouples would be regionally placed within different
.

quadrants of the core, they may also provide indicators of
1 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

|



..

.

_g.

different indications of water level, the core thermocouples would
provide information as to which is the correct one and allow the -

operator to take appropriate action early in the process possibly -

ipreventing the onset of inadequate core cooling.

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

A. Shoreham's method of detecting water level could result in f alse _

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 * *an 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 f ailure in a water level instrumentation line (e.g., an
equalizing valve leak, excess flow check valve leak, drain
valveleak,etc.)couldcauseaninaccuratereferenceleg
level. These. examples could cause a reference leg level
decrease which "would cause all the differential pressure

!
instruments connected to that line to indicate f alse high

-

l 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 activated in the control room.
Depending on which indicator the control room operator
chooses to respond to, erroneous actions could result.
Because 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. " Automatic

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).

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

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

Owner'sGroup/ has responded with emergency procedureS

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,
SP29.023.04, Level Restoration, and SP29.023.09, Reactor Pressure

Vessel Flooding. These procedures are attached as Attachments 4,
5, and 6.5/ These procedures are complicated and could *

-4/ " General Electric Evaluation of the Need for BWR Core
Thermocouples", General Electric Co., 1981.

5/ Shoreham Emergency Procedures: SP29.023.01, Common Level Control;
SP29.023.04, 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 heavy 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.

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

l ICC?

A. 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 limits on maximum

0cladding temperature (2200 F) contained in 10 CFR 50.46 by a

failure to initiate emergency core cooling systems in a timely
manner that would prevent exceeding the limit.

l

|
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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.4

10 CFR 50.55a(h) states:

"For construction permits iscued after January 1,1971
protectionsystemsshallmeettherequirementssetforEhin
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."

LILC0 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, LILC0 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).5/

Further, there is evidence that single f ailure criteria of
IEEE-279 Section 4.73 and 4.74 are not complied with in the vessel
level instrumentation / which would be inputs to the Feactor7

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 f ailure of any single control
system component or channel, or f ailure 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 f ailure 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 ltr/Eisenhut to Denton, September 11, 1981, Attachment 7).

7_/ See discussion above, plus Suffolk County Testimony on 7B).
. - _ _ . _ , __
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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 f ailure may cause loss of the safety function of
the ECCS as stated above under GDC 24, Shoreham also fails to meet

this criterion.

Q. Has the post-TMI experience, as discussed in NUREG-0737 and

Regulatory Guide 1.97, been satisfactorily answered by LILC07

A. No. The TMI Action Plan requirements contained in NUREG-0737,
" Clarification of TMI Action Plan Requirements" at II.F.2,
" Instrumentation 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-0737 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
operation. 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."

LILC0'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.8_/ Indeed, since there is no such resolution at this

time, there is no means to judge the adequacy of LILC0's
position. In our view, LILC0 has f ailed to demonstrate compliance

with regulatory requirements.

Q. What is recommended to improve Shoreham's design and

instrumentation to detect and monitor the onset of ICC7

A. 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.

-8/ II.F.2 " Identification of and Recovery From Conditions Leading to
Inadequate Core Cooling." Shoreham FSAR Vol. 16, Rev. 22 - July
1981.
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In-core and core exit thermocouples provide several advantages-

when supplementing current water level instrumentation. These are:

1. Events that can cause a loss of direct water level
measurement capability (e.g., drywell high temperature
interferingwithwaterlevelmeasurement)wouldnotaffect
the in-core thermocouples in the same manner. In-core
thermocouples 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.

2. Water level measurement systems indicate a reduction in the
reactor water 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 core spray the thermocouples would probably
read core spray water temperature and not bulk coolant

temperature.

3. In-co e thermocouples can serve to detect local flow blockage

and inadequate core spray distribution which would not be -

| possible with water level 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 On 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) 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.

2) 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 weald indicate uncovery of
the fuel in the active region of the core.

3) 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.E/

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

A. Yes. Recent events in operating plants have shown that the

ability of the reactor operator to successfully respond to
accident conditions is highly sensitive to tha 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

I 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.

f

10/ General Electric, "A Prepublication Version of Section 3.5.2.3 of
NE00-24708, Diverse Methods of Detecting Core Ccoling".-

_ __
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Q. What is LILCO's position on installing additional core-cooling
instruments (specifically,in-corethermocouples)?

A. LILC0 and General Electric, as the prime supplier, have taken the
position that, "BWR's do not need in-core thermocouples for any
purpose."SI "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.S/

However, General Electric recognized, in its emergency operating
guidelines,S that flashing in the cold reference leg level
instrument lines can occur, which represents a source of error in
level indication. But,accordingtoG.E.1/"evenif
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.1/ Reliable
or accurate indication of a parameter is important to an operator.
If the information received by the operator is inaccurate,

i 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 his
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 would provide
increased 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 Shoreha'n. 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 f act, 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 f alse 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.

Q. What is the NRC's position on installing additional instruments (i.e.
| in-corethermocouples)?

A. NRC suggested (NUREG-0737) how the water-level instruments could be
used in conjunction with 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)pointedoutthat
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.

!

Q. Do any other reactor systems use in-core thermocouples?

|
|

.-.
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A. Yes. In-corethermocouplesareusedinWestinghouse,El and

CombustionEngineeringPressurizedWaterReactors.E/ Combustion

Engineering recomends that the thermocouples be located within each
neutron sensor, with the grounded junction located approximately 18
inches above the top of the active fuel.E/ These in-core
thermocouples(chromel-alumeltype)El 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.,thenumberofthermocoupleswouldbeabout61for1300
Mwereactorcore-System 80).E/ In-core thermocouples have been
in use for many years and will not add significant new f ailure modes
or mechanisms within the reactor core.

,

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

A. 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 complex 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

-11/ Summary Description of Westinghouse Pressurized Water Reactor Nuclear
Steam Supply System, Section 14, pp. 14.1-14.5

_12/ System 80, Nuclear Steam Supply System, Combustion Engineering, Inc.,
Section 7.1.

13/ Inadequate Core Cooling Instrumentation, L.A. Banda, of Combustion
-

Engineering, 1981.
|
' 14/ Chromel-alumel thermocouples may perform better than other types

- under high radiation fields.
l

l

|
|
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thermocouples as articulated in Item II.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 f act
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 will not
have complied with NRC Requirements.

|

|

|
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ATTACHMENT 1

SER Open Item #44 - Level Measurement Error
(SNRC-614) SNPS-1 FSAR (3/29/82)
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Revicu of P.cactcr Uater Level ?!eisure ont Inntrumentu$ ion:
.

,

The cold reference leg reactor water 1cvel measurement desien ferShoreham is illustrated in rigure 1. Reactor vosscl vater ievel ismeasured by differential pressure transmitters uhich measure the
difference in static head botueen tuo columns of wa'.or.
is a " cold" (anbicnt temperature) reference leg outsido the reacterOne eclu m
vessel; the other is the reactor uater inside the reactor vessel.
The measured differential pressure is a function of reactor unterlevel.

The cold reference leg is filled and mnintained full of condensateby a condencing chc=ber at its tcp which centiruously cond n::c
reactor steam and drains excess condensate back to the reactor vesselthrough the upper level, tap connection to the condensing chamber.The upper vessel level tap connection is located in the steam zene
above the normcl vater level inside the vescol. Thus,leg presents a constant referer.co static head of water the rcferenr:

to the highpressure tap on the d/p trcnsmitter.
transmitter is piped to a lower-level tap onThe lou-pressure tap of thethe reactor veccol which
is located in the uater anne below the normal unter level in thevessel. The lou-pressure side of the transmitter thus sonnes the,

static head of water / steam inside the vessel above the lower veccellevel tap. This head varies as a function of reactgr water levelabove the tap and is the " variable log" in the differential pressurcmeasured by the trancmitter.

located at various levels in the ve:scl unter zone to accc:.nodateLower taps for various instruments are
both narrow- and wide-range icvol acasurements (sco Figure 2).

Typical reactor level indicators and recorders are shown on Figure3. This figure also shows the condensing chamber., instrumentation, Shoreham levelincluding elevations and set points, in shoun inFigurc 4.
. -

Problem Description:
4

! Small (e.g., .01 ft2) and intermediate (e.g., .04 ft2) break accidents
'

(LOCA's) that discharge steam into the dryucil (at temperatures ashigh as 3400F) for an extended tico period result in substantial heat-up of components / air in the drywell,,

(including reactor water levelsensing lines).
If the reactor.is subsequently depressurized below

the drywell vill flash.118 psia, water in the reactor water level sensing lines located in
.

dents and has determined that,Gcncral Electric has conservatively evaluated many stcam break acci-h
accident with ADS opera tion af ter 1300for the worst case scenario (cmall brenh

'

seconds), flashing will :ccu't
.

.
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in a Joss of up to 200 of the uater in the
senning'ny crain bacr. : rum

lines. Water in( the vari:ble leg ue:ud no line will be replenidned
the reactor, while cater i n the reference leg sensing line vill
cont ,: uc to bc gradua; 2 y depicted due to boil-of f. If no operatoraction is tchen, all of this u ter could, for the wors- case, boil
off after r.' ore than 10 .:ours after the accident. Loss of water frcthe reference leg results in a sensed roactor water lqvel that is
higher than the actual rc:tetor water It_ vel. Shorcham reacter waterlevel instrut.:catation utilines tuo reference icgs for the narrou and
vide-range level in s tr :-dn taiton. Util;%ing instrumrnuntion h;;je hto the Icngcr leg (t;rst case), a levc] error o f appro::ima tel(J . I ',,)could occur. It should be noted that all reactor water level acti'entedsafety trips will occur since they would initiate before the reactor
is depressurized below 1]8 psia.

,y
_ - ,

Cperator Actions and Conditicns that Prevo."t and/or Eliminate ricshing/
Bo31-Off:

Flashing / Boil-off will not occur if:

a) The break discharges two-phase fluid en]y;
b) The dryvell 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 environment
tcrainates the hectup transient;

c) The operator initiates dryvell spray before the reactor is,

deprescurized below 113 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 concern if the operator follows the etaar.sancy procedure guidelines
(EPG) and maintains reactor level in the normal water level range.
Furthermore, the error due to flashing / boil-off will be eliminated if:.

7

a) The operator follows the EPG and takes action to refill the
'

.

/ reference leg after reactor depressurization if the temperature
near the reference leg has exceeded the reactor saturation'"." temperaturc and continues reactor injection until the temper-
ature near the reference, 4, , leg is below 2120F; or

;; - b) The operator determines that a flashing / boil-off condition
exists and takes corrective action to refill the referenceleg. Indications available to the operator that indicate
reference leg flashing / boil-off are:

1) erratic level indication
2) mismatch between narrcw, wide and upset range level indi-

cators and recorders (Ncte: Since EPG recuires the cpcr-
to monitor watcr level from multiple indications,ator

he should be aware of level instrument mismatch and henceD flar.hing/ boil-off conditionc.)

~
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Con s i d e r i r:<! t he li ,i ted n:1-$cr of events, o0erator errorc andconservat vc a:'ilycic assurptions deccriLed above,ity . r'p orence it,- the n
1 * fl.ac!: _ng/LCil-of f r esul ting in cere' robabil .

s

/ c a.".
c v~. . .~, s r. *.'. ''1

c.'* t r s . .~ _, ;- unccverv.. . _1 c. .
Even 11 cnr assumas that th e tio ~ s *'-

-
.- -so scenario decerj Leo ,i

-v...- o .. c ,1. ". , the opera *cor trould receivea level /. a s,. a r m (h _ yt.;i to -

the shorter reference len)5, i:iinutec prior to initici c oerc>:ima tely
gcic,.et., he i.culd receive ancthercora uncovery. If this tieN disre-

ic.cl 2 clarm (heved to the lo: c.s-rc.erence leg)
apprcxi nately 12 minuten prior to initial core ~ ~ ~uncovery.

Baced on the above, it is conclu-led that the Shorcham reactor
level mencurement instrumentation is acceptable. water
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ATTACHMENT 2

Board Notification - Errors in BWR Vessel Water
Level Indication (BN-82-08) w/ attachments

(Feb. 9, 1982)

.,.

.
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, ; '} ., . ,4 *. . NUCLE AR REGULATORY COMMISSION
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Doc ket Nos. 50-322 *

=0-341 pgg g 1982 .
~

50-358
50-387/383

- ,

50-456
50-555/557

MEMOFMDUM FOR: 3 AfThe Atomic Sa fety & Licensing Boards for:
.

~

Shoreham Nuclear Power Station, Unit 1
Enrico Fermi Atomic Power Plant, Unit 2

-

William H. Zimmer Nuclear Power Station, Unit i
Susquehanna Steam Electric Station, Units 1 and 2
Allens Creek Nuclear Generating Station, Unit i
Black Fox Station, Units 1 and 2

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

SUBJECT:
BOARD NOTIFICATION - ERRORS IN BWR VESSEL WATER LEVEL
INDICATION (Board Notification 82-08k- -. gr - -

,

In accordance with present NRC procedures regarding Board notificatio.is,
the enclosed information is being provided for your information asi

constituting new information relevant and material to safety issues.
This information is generic and has applicability to all dockets withboiling water reactors.

-

f- -

u

Y c.J s
'

i Robert L. Tedesco
Assistant Director for Licensing

-

Division of Licensing
At tachment :
DSI/NRR memo dated ill5/82

cc: See next page

.
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' JAN 15 1982',

| MEi10RAfiDtli FOR: Roger J. tiattson, Director
Division of Systems Integration

,

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

.

SUBJECT: ERRORS Iti BWR VESSEL WATER LEVEL IfiDICATI0ti

Attachmept A provides a summary of the results of work done to date in the
~

CRSB and QCSB under Task Interface Agreement 81-21 " Pilgrim 1, Water Level
Tnstrumentation Csci11ation." It is emphasized that review of this issue
is not complete, ev'en though we have proposed some short and long-term
recomendations. By copy of this memo, I am requesting that comments or
other relevant feedback on the contents of this memo, and especially the>

proposed recommendations, be provided to C. Graves by 1/27/82.

2 b f' zA
Themis P. Speis, Assistant Director .

for Reactor Safety . .

Division of Systems Integration

Enclosure:
As stated ,

-

cc: H. Denton W. Hodges

G. Lainas J. Rosenthal
T. Ippolito C. Graves
S. Rubin B. Sheron
L. Rubenstein G. Mazetis

<

'

C. Berlinger H. Thompson
L. Phillips V. Thomas.

W. Mills D. Ziemann'

T. Dente (BWR Owners Group) D. Eisenhut
T. NovakF. Rosa S. HanauerE. Rossi

CONTACT: C. Graves (x29404)
J. Rosenthal (x29459)

.

. , . . , , - - -- , - - . . ,-
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: ATTAC! CENT A -

| BWR WATER LEVEL INN CATION ERRORS
_ ,

' '

INTRODUCTION
-

-
.,

On September 26, 1931, during a routine reactor shutdown and cooling operation

at Pilgrim 1, there were several large oscillations of Yarway level detection

j indication (reference 1). The first oscillation caused high level i solation

! followed by low level scram. The oscillations were attributed to high con- ;

I
taincent temperatures, which caused flashing in the heated reference legs of g

_

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.
-

.

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

the following action plan items:

1. Review event to establish the generic licensing implications;
!

'(DS!/RSB & ICSB) -
. .

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

( DSI/RSB) -

3. Determine 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 Task Interface 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 BWR Owners was ob-
I

tained from General Electric on 12/31/81 and has been given only a cursory review
,

thus far. Detailed discussions with General Electric personnel w*ill be held

a fter staff review of the GE report.

-
4

.
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As tne result of the TMI-2 accident in March 1979, 'oth the staff - d industry' -

i-

have reviewed the adecuacy of level detection instrumentation under accident [ '.
. ..

In April,1979, IE Bulletin 79-08 (reference 3) recuested inforcation^

conditions.
-

from each licensee on vec sel level indication. IE Bulletin 79-21, "Te pera tu e-

Effects on Level Measure ent" (reference 4) was issued in August,1979.

This bulletin addressed errors in steam generator v.ater level resulting from
,

hiah energy line breaks, including LOCA, inside contain. ment and consequential

| high con'tainment temperature which caused temperature increases and possible
1

flashing of 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

opera tors . A staff letter (reference 5) addressing this problem was sent to
,

all BWR licensees in July 1979. In July,1979, General Electric notified its

; custom'ers of false level indication caused bys hi,gh temperatures and possible

flashing of water in the reference legs of Yarway level instrumer.ts' under post- -

;
- -

-

'

LOCA conditions (reference 6). In September,1980, General Electric again

f notified its custo,mers of the importanc,e of compensating for these false level

indic:,tions in Yarway instruments an'd described false level indications in cold
4

reference leo instruments caused by flashing in the sensing lines (reference 6).
I

A staff review and evaluation of level instrumentation errors for BWRs, based .

on a review of GE information provided in Aucust 1979 in ffE00-24708 (refe,rence
i

j 7) is presented in tiUREG-0626 (reference 8). I
I

,

o
I

,
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;,dd i t i ona l info ation on the safety significance of errors in or total loss
,

'

of level indication was provided during 1980 in tied 0-2470SA (reference 9) and ' '

i;E00-25224 (reference 10) . Some current information is available in the proposed

e .ergency procedure guidelines for SWP.s which are presently under sta ff review

(see reference 11 and recent revisions) and in the Shoreham docket ( re f er ei.c e

12).
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WATERLSELINSTRUMENTATIO.'i'g,
All level measurement systems in SWRs employ differential pressure transmitters,

e
a reference leg connected to a condensing pot and in turn to the reactor vessel

steam space, and a variable leg connected to the vessel at a lower elevation.

Several differential pressure cells share cc nan i.rpulse legs. Temperature

compensated and uncompensated reference legs are er. ployed. Those level measure-

ment s.ystems which use a temperature co.,pensated reference leg are called

Yarways. Those level measurement systems which use an uncompensated reference

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

SWR 1, 2, 3 and some 4's use two redundant Yarways to generate engineered

safety feature actuation signals and cold reference leg instruments for

indication and control. The remaining SWR 4's and all 5 and 6's use ,j
'

redundant cold reference leg systems exclusively. ,/

; . .

i
=;

!
!
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i

1
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(Heated Reference Leg) Instrument
: P.av

; schematic of a Yarway level detector is presented in Figure 1. Steam condensed

in the condensing lamber raintains the reference leg water level by overfiow

to the variable leg. The conde7tsate heats the variable leg which, in turn, heats

the refererce leg. A thermal shield is provided to reduce heat loss to containment

and to maintain relatively high reference leg te peratures. For short column ',arways ,

metal clar.ns have also been used to imorove heat transfer between the legs.

Information in reference 9 indicates that the reference leg temperature is roughly

equal to local containment temperature plus 40 percent of the difference between

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 a reference leg tempera ture of 300* F.
.

The sensing lines leading from the Varway to the differential pressure cell

outside of the drywell are l'? 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 cance.lled 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_ uncerta,inites. I

~

. . . -- __

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 9. However,in 1979 the General '

Electric Company identified rather large uncertainties associated with high

reference leg temperatures that could occur under some accident conditions (steam

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

__ _.. ._- ___ _.



-b-'

..
! * O

:ne high reference lec tenceratures would result in false hien water level sicnal ..
I In addition, a constant indicated lower water level could be reached even tncuch

the actual water level has dropped well below the low level tao at the reactor ,

'
vessel. Hence, GE recom ended that its customers review calibration of the Yarway

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

pensate for this effect.

High containment temoerature combined with reactor depressurization can also leadi

to false water level readings because of flashing or boiling in the reference leg
x __ -

or the sensing lines within containment. leading to the differential pressure sensor.
,

Flashing in the lines might o,ccur during depressurization if the local containment

temperature exceeds the saturation. temperature corresponding to vessel pressure.

Flashing in the reference leg might be expected ear:ier 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 iastruments.

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

importance at the time. In a later communication (September 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 RHR cooling or under accident conditions. During

the cooldown event at Pilgrim on 9/26/81 (see reference 1), flashing o_f__the . reference
_,

legs in the Yarway instruments was , indica.ted by several oscillations-in the level

readings. At the time, the reactor coolant temperature was 220*F and peak lecal
_

containment temperatures were about 240* F. ' Under accident conditions such as a

steamline break, local containment temperatures can reach 340 F. Hence, when vessel

pressum drops below about 112 psig (p at 340 F) flashing could occur in thesa t

lines. If it is assumed that the reference leg temperature rapidly increases to the

steady state value for a containment temperatura of 340*F and RCS temperature of

546* F, flashing in the reference leg might occur when vessel pressure drops below

about 303 psig (P a t 422" F) .m
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for larger

.per ycenario involving flashing in the reference leg couid occur
-

<

J

}ceats and cir.as such that the vessel pressure is about ecual to contair. ment ores-.
. -. .

In this case, as discussed in reference l'3, the rapid reduction in containment
'

sure. ,

pressure following initiation of the containment spray, combined with the delay in

reduction of cetal temperatures,. could cause flashing in the reference leg. Tests
,

were conducted to confirm that large errors in level indication could occur. The

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

reference leg which was supplied with watt.r 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 could cause flashing upon deoressurization.
. ,.

With respect to the flashing problem it should be noted that 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 large .'

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 containment atmos-

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

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

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

| in appreciably larger 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 quickly. At the high containment temperatures and lower vessel pressure

|

| expected under accident conditions, the condensing chamber could cease to function.
i

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-
;

cumstances, biling could occur for a while in the reference leg and lines as the re-

sult of continued high local containment temperatures. In the case of degraded core
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1ing when water level re ains well below the tap to the cond'eqsing cha-ber and!

.e3 e-

noncondensible gases and superheated steam could be present, there couldJ y tended
4

tir.e periods with large f.alse indications of vessel water level. In fact, purging

of the lines could be required to remove non-condensibles.

Cold Reference Leg Instruments

A 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 ve,ssel. Water density effects and

I 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 instru-
*

\ i
ment lines was recognized, in the guidelines developed by GE (reference 11). This cN !

- - - - - . . _ _ _ . . _ _ _ _ _ _ _ _ - \ 'j
. situation (loss of reliable level indication for both heated and cold referenie leg ,

_ _ - - - - - .
--

.___. ... .

~

. datectors) was treated by operator instructions to initiate ADS and'.ECCS actuation
, . _. __ _ . . _ . . . .

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

.

i
:
|

. :

$.
:

.
.

,

.
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gESFCNSE TO SPECIFIC ACTION ITEMS:

1. Review ' event to establish the ger..ric licensing implications.
.

All 5WR vessel level instrumentation, to some decree, is susceotible

to reference leg flashing and consequential loss of level indication

following rapid vessel depressurization such as observed at Pilgrim i
-

i

The generic BWR emergency procedure guidelines = include caution and
|

action statements related to loss of level indication. The suscepta-

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.

2. Review adequacy of Pilgrim Technical Specification on high containment
,

temperature. |

t

i
The Pilgrim Technical Speci,fications do not include drywell temperature i

!..

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

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

accident drywell temperature will not pteclude post accident loss of
|

vessel level indication.

I

3. Determine acceptability of osciliation in safety related instrumen's.t

-

Engineered safety feature actuation signals are generated using the

following process variables:

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

Low pressure core spray (LPCS) - vessel level or drywell pressure
*These guicelines are presently under review by the staff and are not, to date,
employed a: Cperating Reactors.
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tox pressure coolant injection (LPCI) - vessel level or dry ell pressure.

Autcmatic depressurization system ( ADS) - vessel level and drywell pressure

Containment Spray (CS) - vessel level and drywell pressure

Reactor Core Isolation Cooling (RCIC) - vessel level only.

Delays in initiation of engineered safety features due to reference leg
.

heatup and boiloff have been considered in response to IE Sulletins 70-G5

and 79-21. The staff concluded in NLREG-0626 that for all break 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 enough that

(at worst) ECC functions occurred before the potential boiling of the reference

leg fluid.

Furthermore, ESFAS systems employ latching circ.uitry except on the ADS

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

completion (IEEE 279).
.

Hence, concer.ns r,e. lated to initiation accuracy-f.or automatic safety systems.. .,

due to reference leg heatup and/or flashing and concerns related to potential

reference leg fluid oscillation have been previously and adequately addressec

Eor design basis events: however, there are event sequences involving

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
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/ where -the ,perator has recognized that vessel level cannot be determined.j,

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

:

! and to refill the system until it overflows to the suppression pool via
_

i

: the S/R valves. W.iever, if the operator fails to recc;nize that he has
:
?

! lost level indication and has a false high reading of water level, he m ,ht -

. . . . - . - - - -_ ...

I take action to throttle or stop ECCS systems in order to avoid filling steam

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

,

i

j ing or boiling in the reference legs could lead to operator actions prejudicial
4

to plant safety.
___-
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Th se are ;,reliminary. Once we have received feedback from pe'ople on the distribu-

tion list and .et with the SWR Owners Group, they will be firklized.
.

A. Short-Term Reconmendations

(1) Operators should be warned that all level indication is susceptible to'
- - - . . . - _ .. ..

large inaccuracies. We are concerned that operators r.ay have been trained

to unduly depend upon cold leg instrumentation should they recognize errors

in Yarway reference leg instru. entation.m

-
6

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

show that concerns related to cold leg in.strumentation inacc.u.racies have
_ __ .,_

- _ . ..
- -- - - -

not been incorporated in their procedures. The operators may have been J
k

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 col-d Feg instrumentation based on staff review of GE docu-
'

ments prepared for the staff and documents prepared for GE owners. Early -

documents reccanended reliance on cold leg instrumentation. Later docu-

ments warned that these instruments, depending on the plant specific in-

stallation, might also exhibit substantive indicated level errors. We 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 modified 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- E

:

mentation is to be mistrusted. Rel. ate specific drywell temperature .

c.
uindication, readily and reliably available to the operator in the

control room, to reference leg temperature. .
.

H
c.

-
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,! ( c )' Include procedures to help the operator recognize those pidnt
'

,

e'
conditions --nd observed instrument responses which indicate

successful refilling of reference legs following flashing.

(3) Operability limits of the temperature sensors used in (2)(b) abcve should

be included in the plant Technical Specifications.

B. Lone-Term Recommenda tions

We believe that it is prudent to provide the operator with continuous reliable '

level in fo rma tion. 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-
.

Ifications should be sought to address this problem. 1
I

We believe that operator recognition of loss'of accurate level in' formation.as i

addressed in the emergency 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. E

is

5

Should the operator decide that the water level indicators are to be mistrusted, t

the operator is to fill the vessel . Supposedly reference legs would ul tima tely
$,

refill. At some po* int in the evedt* sequence, the operator should be prev.ided h
with positive means to confirm that reliable water level indication has been I:.

g.

restored. This problem may not be adequately addressed in the emergency guide- S; a.

line proceduras which ar~e presently under staff review. h
;3.

:!
u

q
...

'm

e . _y g - ..-- - _.3. - - __ _7, . __
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./ Severci potential * plant modi fications are being considered by the sta f f.

' It is r.at our intent to dictate hardw6re fixec Rather, we give the below

reco .nendations as illustrations that reference leg flashing is a tractable

pro bl em .

(1) Perform plant spe:ific analysis of susceptibility of cold leg level in-

strumentation to reference leg flashing and/or local heatup and corres-
|

panding water expulsion. Those plants which are designed with small

$ertical drops of reference legs inside the drywell should be satisfactory |

as designed. 2

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

(3) Install temperature measurement of the reference leg. Such measurements

.ould be used to confirm operability following a drywell temperature

excursion and subsequent cooldown. The measurement v;suld be of little

use should high drywell temperatures be sustained.
_

r
H*

(4) Develop means to cool the reference leg by establishing flow within the j
r.

leg. Two techniques have been suggested : (1) the temporary opening of )
ei;ualizationig,alves 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 I

valves. They are hypothetically accessible following an accident. The
* ,

t

r$
*

drain lines are routed to the waste treatment system. Following vessel j

3
depressurization, reference leg flashing and subsequent vessel filling in j
accordance with energency procedures, temporary opening of the valves

a
could be used to ensu. e reference leg filling. No ha'rdware modifications j

f.

would be required. Should a sufficiently large LOCA occur, or should an $:
J

e,ent sequence involving nultiple equipment failure occur, such that the $

.
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/ ..-ssel cannot be filled a bove the reference leg ta?s , this tecr.nicue

euld be of little use. Pumping .,a t er up re ferenc e l egs would cb-
;

viously recuire hardware c.odifications. The flowra te need only be I

high enough to overcome the heat load on the reference legs inside tne

dry., ell under a cc icer. cc-ditions. This te:hnique .ould permit refer-.

ence leg filling even if high dry., ell tempera tures ex isted and the s essel
~

could not be filled to the reference leg tap.

,

(5) Develop means to cool the reference leg by using a coolant jacket and

diverted ESF flow.'
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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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' ~ '0R A.*;DUM FOR : Harold R. Denten, Director \|ca
,'Office of Nuclear Reacter Regulation . ,a i

-
FR C;". Carlyle Michelsen , Direc:cr { h

Crffice for Analysis and Evaluaticn
of Operational Data

SU3 JECT: SAFETY CONCERN ASSOCIATED WITH REACTOR VESS'EL LEVEL
INSTRUMENTATION IN SOILING WATER REACTORS

t

Following ccmpletion of the peer review, we have cccpleted our case stud.

(encicsure) en vessel level instrumentatien in boiling wate rw-- --

The study was initiated following. events at Brunswick I cn banu'ErY7 > a-
'

and Ercuns Ferry 2 en March 31, 1981.
.

The study included the review of a number of cperating reactor events involvingEWR vessel level instrumentatien. The review has shown several cases ~ where
interacticn between plant control systems and protection systems are evident.
Cur evaluaticn of these cases has raised the safety ccncern of a singlei

randem failure in the vessel level instrumentatica system causing a centrol
'

'Q system acticn that cculd (1) result in a. station ccadition requiring protective.

action and, at the same time, (2) prevent prcper actica of some of the -

prctectigli system channels designed to protect against such a ccndition,
leaving the remaining protecticn system channels to provide the protective,

L

functicnf A further single active failure in the remaining channels could
then prevent the required protective acticns.

The study addresses the interacticn between feedwater centrol, reactor
potection, containment isolation and emergency core cooling systens and

Iincludet.. cur findings and recemnendaticas regarding these systems and the
isafety concern. ,

o -

Although we do not censider the postulated centrol system cr protection 1

system interaction an immediate concern, we do ccnsider that the safety |
cencern and associated problems need to be addressed. Thus, the enclosed
report is forsarded for your information and appropriate acticn.

If you have any questions regarding this report, please contact Frank Ashe
er Matthew Chiramal of my staff. Mr. Ashe can be reached at 4g2-4442 and
Mr. Chiramal at 492-4441. ;

'

,g M

Carlyle Michelsen, Directer

) Office for Analysis and Evaluaticn -

of Operational Data
Enclosu re: ,

*s stated
.

0: .. / e.:losure: ,

. See 1;e 2
v



. .
.

. . . '.,
. '

[cc w/ enclosure: J Ati 2 01882. ,

,

R0eYoung, IE *

RMinogue, RES
RMattson, NRR

'

SHanauer, NRR .

DEisenhut, NRR
RVollmer, NRR
Glainas, NRR
JKramer, NRR.

.

FRosa, NRR '

RSernero, RES
KKniel, NRR
JTBeard, NRR

.

EWenzinger, RES
ASzukiewicz, NRR
DTondi, NRR
TIppolito, NRR-

RJClark, NRR ,

JVanVliet, NRR
VStello , OEDROGR
TMurley, OEOROGR
JShea, I?
FCollins, NRR
JTaylor, IE .

'

EJordan, IE -

SMilis, IE
VThomas, IE
RHaynes, Region I
JP0'Reilly, Region II
JGKeppler., Region III
JTCollins, Region IV
RHEngelken, Region V

.

E

e

e

v -r



,
__

,

. .

.

... . .
. . . s

-
.,

.

.

.

A

SAFET( COHCERN AS5CCIATED WITii REACTOR VE5SEL LEVEL
INSTRUMENTATION IN BOILING WATER REACTCRS.

d

.

i

by the

GFFICE FOR ANALYSIS AND EVALUATION

CF CPERATIONAL CATA

January ig8E

.

.

Prepared by: Matthew Chiramal
Frank Ashe

4

.

No te: Tnis recor: eceu=ents results of s dies cre ared by th. Cffice
for Analysis and Evaluation of Ocerational Ja:a wi ta regar: toseveral coerating events. Tne findings contained in :nis recortare pr:videa in succor

of other ongoing NRC ac ivit* es concerning
Since -he stucies are ongoing, :he recort is actnesa events.

necessarily final, anc ne findings ao not represent ne position
or recuire:ents of :ne program office of :ne Nuclear AegulatorjC:=mi s si o n.
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EXEC'JTIVE SUNuRY

cur review of c=erating reac ce events involving boiling water reac:ce ''WR)

vessel level instrumentation has shown several cases onere interaction between
plant control systems and protectica systems is evident. This interaction is

basically cde to fluic c:upling ano sharing of instrument sensing lines by :ne

attached sensors tha} monitor vessel level and provide input to the protectica
and ccntrol systems.

,

Our review of :nese cases has raised the safety c:ncern of a single failure

causing a c:ntrol system action :nat (1) results in a station c:ndition requiring

;rctective ac fon anc, at the same time. (2) prevents ;re er actuation of protec-

tion system cnannels designed :: sectact against such a condition. We believe

:pe pnysical installation of certain 3WR level instrumentation may no: fully

meet the intent of the regulations for ne separation of pro: action and control
v.:

systams and the single failure critaria, as delineated in General Design
Criterion Za. Based upon cperating experience, we believe that a single random,

failure in :ne instrument sensing line's should now be considered in imolenenting
IEEE 279-L971.

In :nis study we have not conducted a detailed plant s;ecific review of level

instrumentation installation, but have confined curselves s a general evaluation. 4.v

!

This study addresses the interaction between feedwater control, reac cr protection,,

!

primary c:ntainment isolation, and energency c:re cooling systems. The effect of

the inter' action may vary from that detailed in thi s study depending on the
! details of :ne installation of the instrumentation. We pian :s expand ne scope

'

of tne stucy later to c:nsicar the effects of interactions due :: level instru-

ments:icn ;ermissive intarlocks providec :s ne recircula icn pump control and
residual heat removal systems.

.

e
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This recor; is intended to introduce ne safety concarn relatec o 3'4R
vessel level instrumentation. We ~ = *.a s d..1'l ar . l ui d c:u pl ing p reo l em s
c:uld exi s beseen centrol anc ra =r-d.cn sys sam instrumentation tha; monitor# " - - -

other ;arace:ars sucn as staam flow, e:ar flow and licuid levels at bota
SWRs and /WRs. However, our initial review of operatino reacter events nas

identified the 3WR vessel level ins: umentation system s ecifically as one
that involves sucn preslems. Ma ^lan .a c .. <.nue w-..- reviews of coerating- . ..

eJ;eriences at botn 3'4Rs and ?WRs for events involving similar preolems that

could affect safe cperation of nuclear plant units.
'
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1. 3ACT. GROUND -

In :ne design c? :ne instrumentation used in control and protaction systeas,

c:nscious effor; nas been made to pnysically separata :ne different sensors used.

In reviewing SWR vessel level instrumentation drawings of coerating plan s

provided in FSARs and in otner associa:ad documentation (e.g., NEDO 10129,

" Compliance of Protection System to Industry Critaria: GE SWR NSSS," June 1970),

we note that the sensors used for ccntrol systams were shown mounted on instr.: men

lines that are separata fr':m other instrument lines associatad with sensors used

in protection systams. However, review of ocerating exDeriened and a f!w Of the

*as buil:" instrumentation drawings snow that sensors for protection and c:n:r:1
systams may be mounted on c:mmon instrumen: 1ines.

Tnis study is based on Licensee Even: Reports (LERs) and Nuclear Power Ex::eriences

(NPEs) involving SWR level instrumentation. The events are listed in Accendix

A. The events cited are examples of how occurrences involving instrument lines

and/or relatad items can lead to errone'aus reac:Or vessel level indications.

The preolem of c:ntrol and protaction system intaraction studied here is applicable
-

.

to Ocerating SWRs and those with cons ruction per sits.

2. DISCUSSION CF SAFETf CONCERN =

Diere have been a number of documentad events involving ::otentially erroneous

indications by reactor vessel water level instrumentation at operating SWRs
(Appendix A). Tn:t evants in general show that a single failure involving one of

the instrumen: legs t.:nnected : tne level measuring differential pressure cells
.

could affect all instruments connected :: ei ner or both legs. A review of eacn
i event shows . hat the effect on :ne ?lan varies, depending on -he instrumen:st

l
'

affec:ed ana on :ne funczion of those ins:r:ments. Thus, :ne initia:ing faiiure

-

I
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either led :o a p}an:
trip or was detected and corrected by the plant cperaters

without significantly affecting plant operation. Our review ranged furtner afiele

.
to cencicer the c:ntrol and protective functions of the instruments involvec.

_

3W?. vessel water level is measured by means of differential pressure sensed

across two instrument lines. In general, operating SWRs use fcur constant

reference legs and seven variable legs (see Figure 1 for a typical installation).

The constant reference is obtained by means of constant head c ncensing cnancers.

Two of tne condensing cha=cers have a temperature c::m:ensated eciumn anc an
auxiliary head chamcer.

Tne other chambers have nc tem erature c::n=ensa icn.
Tne level ins: uments connected :: temcerature c:acensatec reference legs are

used :s monit:r vessel water level in the accident or wide range (:ycically -135

to '60 inches with instrument :ero 523 incnes acove vessel :ero.)The ,,o

without temperature c:mpensated reference legs are used for nomal er narr0w

range level instrumentation (zero :: 50 inches with instrument :ero 523 inches
above vessel :ero.) These reference legs are also used for instruments . hat

monitor water level inside the core shroud (-100 inches to +200 inches with

instrament :er: 360 inenes above vessel zero.) A fifth reference enamcer is.

for .te water level instrumentation in the refuel range (:ero :o -400 inches

with instrument zero 523 inches acave vessel zero.)

Review of the LERs. raised a concern regarcing the level instrumentation that

monitors the normal or narrow range of the vessel water level . This is discussed
below.

2.1
Descriptien of Reac:ce Vessel Level Instrumentation Menit: ring Nomalor :aarrow sange

The level instruments :na: monitor nemal er narr:w range of the vessel water

level are connected across two pairs of instrament lines (See Figure '). One

: air :f instrument lines nas the follcwing level instruments:

.

O
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LIS 3-203A and 3-2083
LIS 3-203A anc 3-2033
LIS 3-18a

.LT 3-206 and LT 3-53

The c:nstant reference leg associatad witn t'.esa inst:u=ents is also usec

as the reference for .ne sar:ud level monit:r LITS 3-52. The other pair
of instr; men: lines ins:

LIS 3-208C and 3-2080
LIS 1-202C and 3-2020
LIS 3-135
LT 3-60

The c:nstan; reference leg is also used by shroud level monitors LITS 3-62

and LT 3-62.

The func icns ;erfomed by these instruments are as follows:

LIS 3-208 A, 3, C, O HFCI and ACIC tur:ine trip on hign
vessel level,

t.!S 3-203 A, B, C, O Scram and primary containment
isolation on Icw level. HPCI and
RCIC turoine trip on high level.

"'
LIS 3-18a and LIS 3-185 Auto bicwdown gemissive on

low l evel .
.

Li 3-53,LT 3-60 and 3-206 Feedwa ar centrol system incuts
- ( A high water level trip of

the main and react 0r feedwa ter
turbine is also provided by,

* the feedwa .ar c:ntrol systam) .

LITS 3-52 and LIS 3-62 Containment scray intericct on
icw-1:w-lcw level..

.

The pnysical arrangement of these level instruments on do separata sets of

instrament lines is such tha: the A and 3 sensors are connected to one sa: cf

instr; ment lines anc ne C anc 3 sensors s ancuer sat. These sensors Orevide

input to protec icn cnannels in =e :lan: protaction and emergency core c:aling
sys tan s. The cratection systam and emergency ::re ::cif ng systam logic arrange-

ments 'cr :nese 3WR instrament cnannel s are Se usual One-cut-of-;,.c-nice

i

)
J
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:enfiguratien using channel ( A CR C) ANO (3 OR 0) arrangement. t

The : o sets of
f

instrument lines are separatad and f scla:ad in nef r ;nysical c:nnection :: :ne
reactor pressure vessel .

Thus, the arrangement of :nes;e level instrument: assc- '

ciatad di ta the plant protection system meats the Single Failure Criterion of IEEE
j279-1971, paragrach 4.2.

-

The same instrument lines, however, also have reactor vessel level c:ntrol
4

transmitters (LT 3-53 and LT 3-2C6 on one set; LT 3-60 on the other) mountad

These :ransmitters provide input :: the pl ant's feedwatar c:ntr:1on :nen.

system (Iee Figure 2) . Each transmitter pr:vides an out:u: signal ranging fra: .

.

10-50 ma, inich re: resents the normal water level ranging fro :ero :: +50 inches
at acroal operating press.ure.

Carrections for watar density chances are made by '

reac::r pressure =easurements.
Signal s fr:m pressure transmit:ars ( shown en

Figure 2) are aoplied c level c:rrection rac11fiers to ac::melisn nis. _

Each of
ne three c:rrec:ad level signals is a: plied : an alarm unit. The three alarm

w
'

unit Out:uts are c nnected in a :wo-cut-of-three c: incidence logical s pr: vide E

1

hign aa tar level trio (*i4 inches) :
t

the main and react:r feedwater tur:ines. 5
a

The :hree : rrec:ad signals are also displayed in :te control rean, as are :ne
nree pressure monit rs. The c:rrec:ad level signal fr:m eitner transmi :ar

e

LT 3-53 or LT 3-60 is selected by the c:ntr:t reem cperat:r for use in ne >

feedwater ::ntrol systam. The selectad level signal is rec:rded in tne c:ntrol ,

room.
:: is al so su: plied :: 0,o alarm units, the feedwa ter bypass valve c:n- '

troller, a level ficw err:r summing device, and ne feedwa:ar c:n:.o1 moce
..

sel ec :r swi t:n (one Or : arse el,etent c nt. ci) . ,r

'
,

-

ar F4Rs in general, eign: react:r vessel 'evel indica::rs and :wo rec:rters [
.

are :reviced in te main c:ntrol r:an c aid ne : era:Or. Mign and low level
r

l

.
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digital in uts c the centrol rean annuncia cr system and :ne plan c:m:u er '

system al so inform ne c: era Or .. vessel level status.
.

The control rean indica::rs'ind recchders are:

(~ ) wo level incicators (LI 3-52 and LI 3-62) and one level recor er

(LR 3-62) monitor the shreud level . These instruments are normally

pegged hig;1 at -200 inches during power oceration;

(2) ene level incica:Or (LI 3-55) moni ces the refueling range (:ero
:s -100 incnes);

(3) two level indicators (LI 3-16A anc LI 3165) monitor ne ac:iden:
range (-155 inches to - 60 inches);

(4) three level indicators (LI 3-53, LI 3-60 and LI 3-206) =cnitor
,

nonnal range (:ero to +60 inches) . A reactor level / feed ficw

two pen rec:rder in the control reem also continuously acnitors

:he level signal selected for the feedwatar contral systen (either
LI 3-53 or LI 3-60 signal).

3uring normal :ower c;eratien, five indica::rs and one recceder (nuncers 3 and,

,

a scove) -ould be used by the Ocerat:r to monitor level . Control reat alanus
1

would aler* the ccera:Or Oc acnormal conditions. The refueling range level
;

l incica:ce (numcer 2 above) is not calibratad for ccerating conditions and isi

f

i not used during normal : eratic'n.
|

3.2 Effect of Instrument Line . ailure en Plant Protection and Centrol Systams

; A failure in :ne instrument line connected :: :ne c:nstant head c:ndensing

cnameer ( e.g. equali:ing valve leak, excass fl:w : neck valve leak, drain.

.

I

{

|

t
t

l

|

[
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valve leak, etc.) c:uld cause tne reference leg level to cecrease. This

decrease in reference leg level would cause all the differential pressure

instruments connectec :: that line t: indicate false hign react:r vessel water
level.

Referring to Figure l', i f sucn a failure aas to occur in :ne reference leg

of the nomal range level sensors A and 3, then LIS 3-208MS, LIS 3-203

MB, LIS 3-134, LT 3-53 and LT 3-705 would all sense an increasing level .

If LT 3-53 was selected by the cent ol reca c eratar for the level incu:

to tne feedwater c:ntrol system (with the feedwater c:ntr:1 made swi en '

in either the one or three element control), then .he feedwater system

,,ould reduce feedwater flow into tne react:r vessel . This would tenc

.a decrease the actual reactor vessel water level . If prcm:0 c: era:ce

action is not taken to canually control the feedwater system, then '

eventually the vessel leve? would reach the Icw level scram set;;cint.

However, scram level sensors LIS 3-203M3 would s' ens,e a high levei and

would not actuate. Therefore, LIS 3-203C3D cn the redundant instrument

lines would be required to provide the necessary protective action.

In such an even: -he control rocm level i.ndicators, recorders and alams

woulc be previding acciguous level infomation to the ccerat:r. The se

accident range indicators (LI 3-46 MB) would still'show true level, but

only one of the nemal range level indica::rs (in this instance LI 3-60)

.ould indicate true level. The other do ner:al range level incicat:rs

(LI 2-53 and LI 3-206), as well as the level recercer pen, would shew an
erroneous hign l evel . If, en the other nand, the failure was Oc occur in

ne reference leg associated with nomal level senscrs C and 0 (i.e.,

.
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LIS 3-203 C30, LIS 2-208 C30, LIS 3-135 and LT 2-60) and if LT 2-60 -as selectac
for level inpu:

, :o ne feedwater con rol system, the effects wcul d :' e similar,
'.i tn :ne folicwing exce :f ons: (1) only one normal range level indica:ce

(LI 3-60) and the level recorder woulc show the err:necus increasing level; and

(2) :na high level tur:ine/reacter trip would not occur, since only one of the

threc level transmitters associated wi th the feecwa ter control. system woul d be
affectac.

In eitner case, during :he ensuing plant transient, both hign anc icw level

alanes could :e actuated in :ne control reoc. Je:ending on :ne ty:e of

instrument failure, :he plant would soon ex:erience a Icw level scram from

unaffected instrument channels and perhaos a high level :uroinethe recuncan

trip /reac r tric. All of these conflicting indications and au::matic acticas

ceuld hamcer timely and correct operat:r res;ense to sucn an avent. Aut:matic
plant res;cnse must be relied upon :: tarminata and control ne transient..

This is confirmed by Operating experience (see Acendix A) wnich shows several
. i

cases wnere operators did not respond to such events and aut:matic pr : active

action was needed :: tanninate the transient.

If :ne failure in the instrumentation causes a very gradual decrease in

the referenca leg level, then actual reactor level c:uld fall :: :ne icw level

scran setpoint (because of the feedwater control system action) ' efore :ne
j' faise lev i appearing to level sensors in the failed instrument legs rises

to the high level turoine tric set:cint. L:w level reactor scram would

actuation of redundant level sensors (LIS 2-203 C3D) on :neoc:ur due ::
i

!

other instrument lines. Zventually, the s:uricus hign level sensed c:uic

|

|
[

l

:

I

,

1
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cause main and

rere::e feed atar tur:ine trips n 0,o-cu:-of-arte coincidence
high Ievel feca ce alam .

its in Me feecwatar control system.
-

.

If,on

the other nanc, the rate of increase of s:urious level is fastar, a high level

trio (:.<o-out-of-three high level) of the main and reac:cr feedaatar turoines
(and consequen: reactor trip due :

main tur3ine trip) c:uld occur before ce
vessel level reaches the low level scram setpoint. In either case, the I

,

failure nauld cause a sourious high level to be sensec.
__ Tne cont ol system

woule -hen cause a reduction in -he t ue vessel level, wnica c:uld recuire ne
;rotactive action of low level scram of :he reactor.

.

Tais in araction beroeen .the feedwa'ter ::n. ol systam anc ne react:r

;retaction sys:am is the safety concern in that ce initiating instrumen:
.

_- --

'line failure c:uld cause adverse feedwater control system action requiring
.

-
-

low vessel level pectactive actions and, at the same time, would also reven:
;7ccer action of certain icw level pro: action system channels.
c-

2:3 The Safety Concern and Related Reculations

General Design Critacion 24 on separation of protection and centrol systems

states, *The protection system shall be separated fran control systams =
t

!

the exten:
. hat failure of any single control system c:m:enent or channel,

or failure or esoval from service of any single protac:fon system ccm:enen:

or channel wnica is c:mmon :s the c:ntrol and pre: action systems leaves

intact a system satisfying all reif ability, redundancy, and independence
-

requirements of :he protection system.
Interc:nnection of the :rotaction

and c:ntrol systems shall be limited so as to assure that safety is not
significantly imcaired.*

In ce 3'4R level instrumentation systs, a single

failure in :he sensing line cat causes con: ci systam action, coes not

leave intact a system satisfying all reliacility, redundancy and indecencence

recut ements for ce low vessel level":r:: active function.
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IEEE 279-1971
parrgra:n 4.7.3 on :entrol and pectaction systen in tariction

states, '"4here a single random fat iure can cause a c:ntrol system action
results in j generating s:stion condi:icn requiring protective acti

: a:

on and can
also prevent prc;er action of a protective systam cnannel designed ::.

pec actagains:
the c:ndi tion, the renaining redundan:

pr:tection channels shall be
ca;atle of ;reviding the protective action even wnen degraded by a second
ranacm failure."

~his requirement of IEEE 279 augments the recuirement of
General Design Criterion 24 on leaving intact a ;r0: action s

ystem satisfying
all relicility, recundancy, and ince;endence recuirements of ne ;rc

:ection
system on failure of any single control system c:c:cnen

or channe!. ;EEE279-1971
is, however, limited in sc:ce to :he protection system d

evices anc
circuitry fren sensor :s actuation device incut terninals.

yRC has inter;re:ed
:his to exclude :he fluid sensing lines._

,.

Based u;cn Operating experience, we believe that a single ra d
n om failure

in :he sensing line should now be considered in implenenting IEEE 27g 197
! 1.(!:

is noted that the 1977 and 1980 editions of IEEE Standard 503
-

i
'

, whica *
are later versions of IEEE 279-1971,

do address the suoject of sensing
lines and include them as part of the protection system )

.

go
Apelying the requirement of paragrach 4.7.3 ::

-

the instrumentation system

under discussion, the single random failure is the decreasing refI-
e renc e,

leg level and the resulting control system action is lowering of
the actual

vessel level, wnich would require a low level pectactive action. Two pr:tection
channel s (L *5 3-203A&B)i

are prevented from performing their ;rotective actions
leaving redundant cnannels (LIS 3-203C30)

,

,
i

to previce ne recuired ;rotec:ivefunction.
If a single active failure is new postulated in one of :ne : oi

,

,
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r.emaining cn.annels., : hen the required aut:matic protactive actions will
'

.

=.

not occur at the icw water level scram se::oint. Furthe if one of c e. I. _ _ . . - .
. - -

---
~ .... s

four channel s i,s inoperaale due :: maintenance or required surveillance,

and is not placed in a trip condition, then this would tend to exacercata%
-

i

-

the safe y concern since ce single failure of a decreasing reference leg

could defeat the associated aut:matic protective actions at the low water
level scram sat:oint.

| Under these c:nditicas the informatica ;revidec in,

.

i

Section 2.2 of this report continues 4 be valid and appears :: make One

concern more significant. However, sinca ce tachnical s;ecifications allow

tne level instrument system to renain in .his degraded moce (that is, three

operahle enannel s anc :ne incperacie.non-t-ipped cnannel) for a :eriod of up

to only two hours this ascect may not be significant in the br:acer contax
of the Concern.

. -

The abcve concern can be ex anded to all designs where ce protection systam

uses a one-out-of-eso-Osica logic (i.e., A or C and 3 or 0) ';c ini ti ata

protective action. Even if only one protection system channel is coupied
...

to a control systam channel (say A), and if the single randem failure causes

a c:ntrol systam action requiring protactive action and alsc ;revents pec er

action of :ne protection system channel, a f=.rcer single active failure
t
'

of one particular remaining reduncan:
l pretac ion system cnannel (C), will

prevent :ne required. protective actions associated with cese ?rotection
I channels.1

l
i

t

i 2.1 pessible Unanaly:ec Secuence of Occur ences

Level instrumentaticn sensor LIS 3-203A :nreugn 0 3r:vice .ne following
i

| protective actions

.

I

i

i
l
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(1) Scram -

:(2) Primary c:ntainment isolation,

(3) HPCI and RCIC tur ine tric

(4) Star stancby gas 0 ea::ent system ( 53GTS)

When twa channels (Lf3 3-203A&B) sense a scurious hign level and a random

failure is postulated in one of the remaining redundant channels (LIS 3-203C

or 0) the prc ective actions are affected as follows:

(1) Screa - L:w level scram will not occur.

(2) Primary c:ntairment isolation due := lew' level will not occur.

(Typically Gr:up 2, 3, and 5 s alves are affec ad.) The felicwing
pipelines will not isolata:

RHR reactor shutdewn c: cling supply-

RHR reactor head spray-

Reac:cr water cleanup system-

~

Orywell equipment drain di scharge-

s -
-

Orywell flow drain discharge-

Crywell purge inle:-

Orywell main exhaus --

.

Sucoression chamcer exnaust valve bypass-

Sucpression chamcer purge inlet-

i Suppression chancer main exhaus:-
i

Crywell exhaust valve bypass+ -

- Sucaression chamber drain

RHR flush and drain vent :: suceression enameer
-

Orywell ; urge and vent :utle:-

Crywell makeue-

i

!
Su :ression enam:er makeu:-

Exnaus: :: SSGTS-

!

.



'

.

'
.

. .

; i

- 15 -

However, if isolatica of :ne acove pi;elines were truly needed , excluding
..

the lines associated wita ne reactor watar cleanu, system, i t woul d still

be obtained by other diverse means whien initiata on hign reactor buildi$g
ventilation exhaus: radiation and/or hign drywell pressure.

(3) HPCI anc-RC*C turoines will receive a hign level trip signal
(wnen LIS 3-203 A&B, connected i:

one set of instrument lines,

reaches spurious hign level of +54 inches, anc if ei-her LIS
3-203C or 0, c:nnected :: the c:her set of instru=ent lines, i s
postulated :: fail high) .

(a) SSG7 system will not receive an au :ma:ic star: signal .

The event initiatad by the instrument line failure sill continue and :ne
,,

react:r vessel level will decrease due :: reduced or even :armina:ac feecwater
fl ow.

If the operat:r does not take corrective actions, the vessel level

will reach the icw-low level and the level instrumentation =onit: ring the
-

accident or wide range, specifidal,}g senscrs LIS 3-55A thru 0, will initia a

closure of MSIYs wnica in turn will cause a react:r scram.
.*

Sensors L!S 3-53A

through 0 will sense conditions necessary :: initiate HPCI, RC:C, ADS and core
.

scray systems.
Scrrn under these conditions'aculd occur at an actual vessel

.

level wnich is consideraoly below :ne normal low level scern. (Current safety
analyses normally issume that a scram occurs directly from the icw level

instrumentation, wnica is defeatad under these ::nditions, and not indirectly

by the way of MSIVs fran the low-low level instrumentation.) Furtner, when the

:45!Vs close, this action will tand := c lla se One voids c:ntained in :ne

vessel fluid anc will further decrease One n uic level in the react:r vessel .

i
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In acci ica, due ::
:ne presence of hign level trip intericck signals. (item 3 /

/

accve), aut:matic 0;eratica of HPCI and RCIC would not cc:ur in some designs
.

since the high level trip signal takes ;recedence ever the icw-low level start /

/' |I
~-

initia: ion signal .
Inis situation of a decreasing water level in :ne vessel, [

"

coupled with (1)
scram which is initiated at a vessel level icwer than :ne

ncrmal icw level scram, and (2) /
the unavailaoility of aut:matic c:eration of

safety grade hign pressure injection systems, acpears to be an unanaij:ed |'
,

secuence of occurrences. |

e

A :y:ical scenario initiated by a level instrumentation reference leg failure
oculd te as felicas:

The loss of the reference leg in the nernal range level
instrumentation causes a spurious increasing level to be
sensed by the feedwater control system, leading to a decrease

-
..

in actual vessel level . By the same failure, twc icw level
protection systen channels are disaoled. '4 hen the vessellevel reaches the icw level set;oint, reacter scram and
primary contain:ent isolation would acrmally occur cue :=
actuatica of redundant low level protection channels on the
unaffected instrument lines. A postulatad signal failure in
the redundant low level protection channels, however, c uld
disaole the low level reactor scram. The spurious high
level sensed by the instrumentation of the affected instrument
line c uld cause a turcine trio wnich would, in turn, scram
the reactor cc, based en the varicus indications availacle
in the c:ntral rccm and time ;ermitting, an aler coerat:r
could initia:a manual scram and c:?.tainment isolation. HPCI
and ACIC c:uld be manually started if not locked cut by thefailed instrumentation.
c:re cecif ng woul d have ::Otherwi se, Icw pressure emergencybe initiated to provide water tothe vessel . If no hanual action is taken, when icw-Icw
vessel level is reached MSIY closure and associated scramwill occur.,

Aut:matic ECC5 actuation will al so be initiated.
l
i

t

!

|
3ased :n :ne avaiiacili ty of these varicus means of aut:matica11y and manually

ace:: lisning :ne requirec ;rcrective ac; ions, we de not c:ns'ider ne cstulatad

c:ntr:1 system pr:: action system intaraction precipita:ad by hydraulic affects

i
L
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an immediate safe:y concern; however, e do c nsider that the safety concern
needs to te addressed.

3. FUt0*NG3

(1) The ;nysical arrangement of reac:ce vesse! water level instrumentation

in c erating 3WRs is such that hydraulic c upling exists between sensors

pr: vide input s the feedwater control system and to the planttaa:

er : action systems.
The level instrumentation :na: monitors the Ocerating

range is :nysically arranged so that senscrs wnica separately previce
incu :: :ne feedwater control system and :

Wo channel s of :ne react:r

protec:icn system anc ECCS are c nnected across c0cman instrument lines.

(2) Certain single failures in the instrumen: lines can cause a decrease in

the reference leg level er affect tne variacle leg level of the vessel level
instrumentaticn. The ensuing spuricus level is sensed by the feedwater

c:ntrol system and two channel s of the protection system. The sourious level
a

sensed by the control system could cause the system to respond adversely,

resulting in a plant condition requiring pec ective action.
.

(3) Moreover, such a failure causing inc rrect ::ntrol systen resycnse would
al s prevent pr:per action by two of the protection channels. If a

cancem failure is new ;ostulated in one of the retaining reduncant two

channel s, then the protective function will not occur aut:matically from
the normal icw level pectective instrumenta ien. This c:ui d. lead :s a
plant conci tion wnich ap ears 53 te unanaly:ed.

t

!

(a) The coerator is ;resentec wi tn c:nflicting informa:fon wnich may trevent
him fran :aking correct and timely actions.

t
_ _ _ _ _ _ _ _ _ _ _
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e c
(5) The si;ua-ica Outlined accwe sugges s :

Dat selec ed SWR level instrumen-

ta-ion systems may no: meet One in en of the regula-icas for ::eration

of ;rctec icn and centrol systems single failure criterion as celineated
in General Design Criterion 24

4. C0!:CL'JSIC ! -

3WR operating ixperience has shown : a: 1 single failure in in ine. rument

sensing line c:uld affect all level sensors that snare :he same sensSng line.

There also have been events where interaction has occurred between c:ntrol
systems and protection systams.

Our review of these c;erating ex;eriences has
raised :he safety concern of a single failure in Me 3WR vessel level instrumen-
tation causing a feedwater centrol system action tha c:uld L} result in a

condition requiring protective actions and, at the same time, 2) preven;

proper action'of the reac ce protection system channels designed to protect
against such a condition.

We .al so consider that certain level instrumentation

configuration in cperating SWR's may not fully meet the intant of General Design
Criterion 24

Based u:en c:erating experience we believe that a single
randem failure in :ne instrumeq:

sensing lines should new be considered in
| imolementing IEEE 279-1971.

Al though we do not censider the ;cs ulated centroli

=

system-protectica systen intaraction an immediate c:ncern we cc c:nsider

that the safety ccacern and associated prcolem need to be addressed,

.

5. RECCMMENDATICNS
-

(1) Action seculd ce fmolemented s assure :na autsna tic anc manual safe ty-
related low-Icw level s ar and hfgn :ressure injection functions of
HPC:

and AC:C turoines are ac ;reventec Or delayed by ne non-safety-
related hign level rio. For axmnol e, ne ::n:r:1 sys tam of MFC: inc

I
~
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ACIC :urtines could be modi fied to pr: vide a low-Icw level star signal ;,
'

-nica Overr d

' s the hign level trip signal .i

.

(2)
Action snculd be imolemented to assure that protective functions ire

:rovided in spite of any adverse control system-crotection system inter-

action in he carr w range level instrumentation. ,ror examol e, the

protective functions provided by the narrew range level sensors could

also be provided by the wide range level sensors (In emp10ying he 4ide-

range level instrumentation, the desired cuttu: signal quality in enns

of sensitivity, resolution, accuracy and repea: ability must ice considered
!

::
assure that tne initiating signals achieve ne re:uired ;r0:ective

. function. ) . This approach would be consistent with :ne ::nceat of

*al ternate enannels" as defined in paragracn 4.7.4.1 of IEEE Standard
279-1971.

.

'(3) Control room operators should be trained :: rec:gnize spuricus vessel

level indications, and precedures should be provided for c:rrective

actions ta mitigate the consequences of potential transients that may
be caused by level instrumentation malfuncticas. We believe that the

;
3WR emergency precedure guidelines provide

Me best vehicle 03r -Me
!

_

definition of appecpriate corrective actions in the event of level
instrumen:q:fon mal functions.:

!

|
! 46*

|

|
!

,

( .

. __
_ _ _ _ _
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APDENDIX A
-

*
-

EVENTS INVCLVING 3'.iR LEVEL INSTR!JMENTATION
.

i

The even s ci:ed are exangles of how oc:urrences involving instrumen: lines and

relatad items can lead to erroneous vessel level incica fons.The event descrip-

tions are quotec directly from the Licansee Event Reports and Nuclear Power
Ex:e riencas.

Plant Name Date of Even: Even: Descrio:1cn
Oys tar Creek 1 . Mar:n 1970 Ouring a surveillance :est en ne reac :r

hign ;ressure scram pressure swit:nes, it

was ocserved :na: :ne sensing line :: :ne
_

high pressure scram pressure swi t:n had

.

develoced a leak at a * Swage-Lok" fitting

which caused a level indicatar Oc fail

up- scal e . An attempt was made t: tighten

the fitting and the leak increased, causing

the excess ncw check valve in the primary

pressure sensing line := close. The resul .

.as a :ero pressure signal Oc the ;ressure
{

_

sensors mounted on this rack. (High
i

Pressure Scram, Hign Pressure Isola: Ton

Condenser actuation, Condenser Low Yacuum
,

Scram Sy-pass, Care Soray Valve Pernissive,{

Triple L:w Level Auta De;ressuri:1:fon,

Level Transmit:ar .reecwater Centr:1

System, teac:Or Pressure Incicator Trans-

mi :er anc a to Relief Yalve Pressure).u.
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O
?lan: Name Dete of Even: Event Gescricti:n

Since the Protec fve :astrument- 'ica

Limi ting Condi tions for Operation coul d not

be met, the coerat:rs were notified ::

precare for a p1an: snutdown.
-

Subsequently, it was determined that the

single failure of this sensing line ;revented

the operation of both isola-ion condensers

u:en recei:: of a reae:Or high pressure
signal . Emergency c:ncenser isola:ica en

pipe-break was still .cceracle as was

energency condenser actuation by low-icw

0 level and manual operation fran the centrol
s

Plans were to detarmine the wiringream.
:
!

codifications necessary 00 estaolish the i
I

ability of the energency condensers :c
k

cperate on a high pressure signal in the

event of a loss,of a single pressure

sensing-line. In the meantime, operatingi

personnel were made aware of the situation

and reminded that plant energency peccedures
i

call for verification of aut:matic ac:ic.n
and manual initiation of such actions

recui red .

l

Peacn sot :m 2 Sect. 3, 1975 Ouring reu:ine surveillance testing, contain-
)

ment s: cay :ermi ssive swi t:n LIS-2-2-3-72A -as
,

h

I

l
|

,

I
- _ _ _ - _ _ _ _ - _ _ _ --
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plan Nace 73 e of Event Event Descoi::icn

found o be incoerative. Because : e

redundant 3 loco was operaole and a manual
.

cverride is pr0Videa for this switen, there

was no safety hazard. Cracked bellcws on a,

,

Yarway Model t:13CE level switen.I

Mills one i Sep t. '1973 During a plant startup, a ciscrecancy of,

15 inches was noted between the :Wo inde:en-

dent reactor level sensing columns. The

mi smatch was such that hal f of the iPS,

ECOS and primary containment i sc l a -ion

system level swi tches -ere seeing an

indicated level that was higher than the
e

actual level in the reactor. The mi s=at:n

could result in late initiatica signal s

for the systems in a situation wnere a

failure occurred in the level switches that
were reading pr:cerly.

.

An investigation revealed a valve that is

normally used for filling the system was

leaking. The water was being drained from

the reference column at a cate greater than

-he make uo rate by c:ndensa:icn in the

level column concensing c t. A loss of|

ater from One reference c:lumn in a device

such as this causes the indicated level to.

rise.|

l

_ _ _ _
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plant Nace 04:e of Even: Even Descri: tion
.

Tne valve w ; replaced and :ne indicated

levels c:nverged sucn that they were within

the require:ents of the Tecnnical Scecifica:1cns.

Monticello 1 July L3, 1975
During nemai cperation a small leat

(75-01T)
developed in a reac:cr pressure gauge. The

leak lowered the reference leg ievei for -he 1

Scram and ECCS initiating Yaro.y level

instruments connec:ad :o the same process

tap causing incorrect level indication.

Redundan: Yar ays aere operable. No previous

simil ar occurrences. Pressure Gauge isola:ac

(AD-50-252/75-12). A leak develoceq in he
.

Scurdon tube of h*eise Model C Mti 7646 0-i500
.

;

l psig pressure gauge.
.

.

3runswick 2 May 1975
Curing start up a level indicating switen...

(Yaruayl malfunctioned due to an internal
leak. The associated instrument cnannel ,<as

manualTy trioped. The cause of the occurrence

was the threaded pipe insice the instrument

housing leaked because of a crossed threac.

Srowns Ferry 2 Aug. la,1977
During start us fran Cold Shutdcwn, react:r

(LE.R 77-03L) water celu=n *3" reference leg was icw, pre-,

!

decing a +20 inch errer in two reactor watar
i *

1
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Plan: Name Data of Even: Even Descri::icn
'

- -.

icw-level scram swi t:nes. heduncan;

switches were Opersole and in service.
The

reference leg was refilled and *a tar level

agreement c:nfinned. This was act a-

.
.

repetitive arcblem.

The intagrity of all sensing lines anc

valves extarnal Oc :Me drywell was ::nfinned.

The a=;arent causa was either eva:cration

of water fran :ne reference leg curing c Id

shutdown, or inadvertant opera:icn of

equalizer Or drain valves.

Cooper Jan. 1976
Cold shutdown.

While maintenanca was being

perfarned in the drywell, a rusty s;o; was
.

noticed en some insulation close ::
. the.

reactor. Upon further investiga:icn, it

was detarmined Mat a crack in the two inen
instrument sensing line en vessel ;ene-

tration N-ilA nad develc ed cu: side the!

safe end weld, in the hea: affec:ad :ene

(HAZ) 1/2 inch fran the weld center.
,

|

Hi story of thi s *el d showed the original

weld failec :ne RT and was cut :u:
,

and

rewelcec.
The sac:nd weld failec :ne RT

and aas re:airec. The :nied eld ;assad
One RI.

.



4 '

. *

- 25 -
.

?ian .' lame
Date of Even; jven: Descri :icn

_

The failure was the result of material

failure in the HAZ of the two inca schedule
-

.-

80 ASTM-A-312 GRTP-304 Stainless steel
pipe.

This instrument tao fed the low leg
,

of the serra and primary contaimaen: .

isolation level switches, auto bicwccwn
.

permissive level swit:hes, reac: r feed-

water ::ntrol and wide range level
indications.

Caccer Dec. 1977
While a; 75" power, curing a plan:

: ur , i t.

was notad tha:
three react:r level instru-

ments were reading high upscale. Further
investigation revealed tha:

the instrumen

line excess ficw check' valve was leaking
,

,
'

around the bcdy Nut.
The leak at the valve

.

caused the c:ndensing cheno' er and ref-

, arence leg 1* Vel to decra=se, hu, causing--

Instrud%nts assccgg gg
*

4 1 ,,a_. sensing--
,

line t: read upscale,

3runswicx 2 March 1978
Technicians were performing a tas while at
97% ;cwer (react:r wa tar level inside

shr ud) on a Yarway instrument . hen the

main tur ine and feedwa ar pump :urcines

trie ed, causing a react:r scram.!

,

,

m N

, _ , , - - , - - -
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?lan: vase Date 'of Even: Even: Descriction
__

The scram occurred as a result of a pressure

change in the c:ccen level instrument refer-

enca leg which a:parently actua ac -he NCCA

i ns truments. The ;ressure change a::aren:1y.
-

occurred due *:a Se bellcws movement in the
instrument being calibrated. No personnel I

error was detected. They were snut: wn

for 25 hours.
'.

An investigation was c be perf0r:ed 50

cetermine the most sui acle instr'. men;

arrangement and tas ;recedures recessary ::

prevent reference leg pressure changes.
.

The investigation was to consis
-

.

cf an

industrial sur/ey and a design review. .

i

Oresden 2 May L979
During start up the main turoine trioped on
hign water level .

It was disc 0verec -hat a

packing leak existed en the isolation valve,

for the local pressure indication, PS-252-603.
The "3"

referenca leg drained to an abncrmally
Icw level througn :ne packing leak. This.

resul tec in an upscale reading on all he

i.

Yaraays en instn=ent rack 2206. The "3"

reference leg rec: valve was snut :: i scl a ta
i

t

he leak wnich iscla:sd the folicwing c ::enents:

.

_ _ _ - - - - ~ _.
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Plan: Name Date of Event
_ Event Desc.-i c tion_

P S- 2 *- ' .; =C , .= .=0 , V.' =- ) c.' .= =e* , =c'a' , ~13, s' c'n ,
- ..

, - -.
,

and LITS-252-593. .

! A c:n:rci systsas :ecanician

locally is: lated PI-252-603 (local :ressure

incication) and ?S-262-550 (react:r hign,

pressure scram) via their c:mmon sensing line,

1

reo valve. The *3" referenca leg ree valve

was then c;ened and ne referenca lag filied.
;

Since the Technical Specifications . equiret

two instrument cnannels ;er tri: syster., an

cederly react:r shutd:wn was :egun immeciately.

The packing was !ghtaned and sucjectad to a

hydro of 10CO' psi . No leaks ,ere ci scovered.
.

The isolation valves for PS-262-550 and
.

PI-253-603
were cpened and the c:mmon sensing

line rect valve was opened, returning thes
>

,

system :: crmal.
.

:<cnticello 1 Sept. 22, 1979
Ouring normai Oceratien a leak deveic ed in a

(LER 79-019/02L-0)
react:r* pressure gauge. The leak Icwered the

reference lag of :ne scram and ECOS Yarway
,

I

level switcnes connected :: :he same ;recass

tap. As a result, the Yarways indicated a,

|

false nigh level and would act have :-i:ced,

within :ne se::ings s:ecifiec in sections

3.1.1 anc 2.2.3 Of Tecnnical S:eci'ica:icns.

|

.

. . - . =-
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Plan: Name Da:e of Event Even: D escri ctica
'

Redunda : level instruments were c: era 21e.
.

One ;revicus similar occurrence reecr:ec in

A0 50-293/73-12. Fressure gauge is Meise
- Model C, 3 1/2 inch dial, 0-1500 psig, H03-

Stainless Steel 3curden Tuce. Scali crack

disc 0vered in Scurden Tune, mos: ;r::able

cause is fatigue. Gauge iscla ad and removed.

New gauge wi th wice range and in:r:ved

Scurden tube ma:arial :: be installed on
cifferent process tao.

3runswick ! May 3, 1960 During acrmal surveillance, the ca: ::vering

(LER 80-Ga8/03L-0) the calibration adjust =ent screw on react:r

level instrument, L-321-L:5-NO313, wa s
.

leaking water. The leak was repaired and

Pressure Tes: 3.1.7PC, Reactor low level f2

and i3 calibration and functional tas: was

performed en ne instrument Swi tch #2 of ne.

instru.=ent woul d not actua ta. The re ertacle
| limi is >l94.53 incnes acplied watar. Thi s

event did not affect.the health and safety of
the public. The calibration adjust =en:

screw cac gasket was re: laced, the contactsi

of r,*1 :n 92 were cleaned. Pressure Tes:

3.1.7 FC *as ;erfor:ec satisfac::rily anc :ne

instru=en: -as returnec : se rvi c e.

.
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Plan .Mame Oate of Even: Even: Descriction
Fi t::a --ick i Nov . 3,19EO .

During acrmal c:eration wnile c:nduc-ing.

(LER 30-084/03L-0) surveillance to satisfy Technical Specifica-
-

tions Taoie a.1-1, reac r watar level swi::n

02-3-LIS-1013 or 101D was f:und less conser--

vative than allcwed by Technical Scecifica-icn

Tasle 3.1-1 on three occasions ber,een

11/3/30 and 11/25/30. Recundant level

swi tenes were wi thin Technical Specifica-ion

limits and in eaca case :he level switches

were immediataly recalibra:ac :o wi nin i s
l imi ts. No significan hazard exi stec. See

attachment for add' itional detail s. Fr:bacle

cause was personnel error wnich resulted

in the intreduction of air in level sensing,

line. Back fTushing of sensing lines to

remove air eliminated preolem. deview
I
!

of procadure does no indica n need f:r
change.

.

3runswick 1 Jan. 20, 1981
Ouring normal plant :ceration react:r instru-

(LER 81-015/02L) ment' penetration (RIP) valve, X-52C, shut

with a Control Air Supoly Failure Alarm, and '

isolated :he variable leg to reactor level|
t

.

instruments 3 21-LIS-N017A and 3 21-LI-3231,
i

wnica resul tad in a reac Or scrim :n icw

level. This even; did not affect :ne neal:n
i

| or safety of :ne :uclic.
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Plant Name Gate of Even: Even Descri::icn

An exhaustive invest'igation failed :: reveal

a definita cause for the RI? valve closure.

This investiga:ica incluced a leak check on :ne

valve c:ntrol af. sucoly, a timed leak eneck-

of the valve bellcws and a visual ins;ection

of the valve anc :ne valve nign ft:w isciation
rwitch. int s i s c:nsidered an isol atac

event, as systam air pressure was acrmal anc.

nc Other valves isolated.

3rewns Ferry 2 Maren 31, 1931
During acrmal c;erations wnfle decreasing Icad

(R0 50-250/21014) for M/G se main:enance, ne React:r Water

Level Instrumentation indicatad full upscale

resul:1ng in a turbine trip. There was no

ha:ard to the health or safety of the pubitc.

Instruments affected were: 2-LITS-3-52;
. m.

-

2-LIS-3-202A, 3; Z-LIS-3-134 The tachnical

s:ecifica:fons were fully cenplied wt n at
al l tira s. Igualizing val ve , .cn 2-LITS-3-52

was partially open. Closec equali:ing valve,

veri fied reactor wa ter instruments oceraole.
; 3rowns Ferry 3 May 25, 1981

During startuo, folicwing a maintanance ,cu age,
(LER 51-027/03L-0)

react:r watar level instrumentation 3-LIS-3-202A

and 5 indicatec full ucscale and .ere ceclarec
inoceracle. There .as no anger :: :.9e

,

heal th and safety f One puolic. Recundan:
|

systems .ere availacie and c eracie.|
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Plan: Name 3 ate of ~ vent ' vent Gescri tien
-

Reference leg was los. On the a ar c:1umn

for unce armined reasons, causing the Bartsn

model 238 A, bellows :yee indica-ing swi::n,

:: indicata full ucscale. The ea tr leg was,

backfiiiec and :he instrumen:s re urnec
1

to cperable status.

ys er reek Sept. 5,1981
On Septancer 5,1981 at accc:xima aly 0100

(LIR 31-36/02L) hour: . nile performing a flusa of Core

Spray Systaa I pi;ing, one react:r wa ar

level indica:Or showed a high level wnile all

other level indica: rs remained stacle and
in agreenent. The flush in pr gress was

~

immediataly terminated and an investigation

was initiated to de:armine :he cause of
!

..

the high level indication. It -a s f:und. -

that the ins:rumen: reference leg was no:

filled wi:3 wa:ar anich caused an errenecus

high level reading on the instrument in

ques:1on. The failure of :his instrumen
!
,

resulted in the loss of one of two levell

instrument enannels in each of two level
instrument sys ems. It should be noted that

there are ac ; icing c:nnections be: ween :ne

Care S ray System and :ne affected wa:ar

level instrumen 2:fon reference leg. This

i
.

I
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Plan: 'Jace 21 e of Even: Even: Cesc.10 icn.g,

was c:nfirmec 3y a hand over hand walkd:wn of

the reference leg piping.

The cause of the cecrease in reference level-

head c:uld not be determined. There is

no c:nnection wnich can be infer ed betwee7

ne icss of reference ieg anc ne -1 usa
evolution.

The react r watar level instrumen; in question

provides various React:r Frctection Safeguar

Systam functions associated wi:n React:r

Scram, Core Spray initiation, Iscla:icn- 1

'

Condensar initiation and ATAS Recirc Pump
Trip. Since redundant instrumentation, wnich

was operacle, also prevides these functions
*

and since the Reacter was shutdown, vented,
,

and less than 212*F, the safety significance,

of this event is considered minimal. Adci tion-I
.

ally, it shoulc be noted that no change in

actual react:r water level occurred as a
resul t of t.*i s event.

ine .ererence leg for ene affected level

instrument was backfilled with c:ccensate
!

-nien rest: red i: :: an :ceracle c:ndition.

A 1anc Over hanc <alke:wn of :ne Reference

'.sg System f:r ;r :e* ::nfigura:icn ::ge ner

t
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plant 4ame Date cf Event Even: Descri: tion

wi th a neck of the. instr.: ment ::nnectac =
.

.,
.s

the reference le? for leakage was ;erfomed

wi th no acnomalities netac.
,

.

(The folicwing event-cescrip:fon is taken fren1
the ;.NPO-NSAC Analysi s and Evalua-

tion .Re:or: of April 1981 on "Mign Pressure C:re Cooling Systact Mal function at
Ha rh 1.*)

Hat:n 1 June 25,1980
At 5:49 am, on June 15, 1980, Ma =n-1 <as

operating at 99.a'. Of ra ac ;cwer. ::erating
conditions appeared .1ccal . Reac::r ;ressure

indica:ad 990 psig. Sc:a react:r feedwatar

pumos, and bc h reactor recircula-ion ; umps
.

. _.were running. ine react:r watar .seve.i
. was nemal at about +37 incnes.

At 5:a9:09 am, the GEMAC A and C reac:Or
.

*

wa ter level channel s signale'd :na the level

1 had quickly risen = -58 inches. 'ii n 2 of
.

the 3 C*MAC enannel s indicating a hign ievel ,

a number of aut:ma:ic ac:icas oc:urrec.

The reactor feedwater ;cmos and the Ouroine/

generat:r were tripped. Sub secuently,

the react:r scrammed.

Tnere are :nree 3EMAC :: ansmittars of react:r

.a tar ievel ::nnectac :: 2 se arata ytrauiic
1

systac:s that sense reactor wa ar level . The
.

. . , - . , _ _ . _ - _ . _
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Plan: 1ame }a e of Eveni Event Cescri : ion

- u;MAC A and C channel transnittera are
.

connected :: One of the hydraulic sys ams.

Two 3 art:n transmitters are ais: c:nnected ::
this same hycraulic system. The GEMAC 3-

channel trans itter, and two ::ner 3 art n

transmit:ars, are connected := -he :ther

hydraulic system that senses reac :r level .

Cnly :he GEMAC A and C cnannels signaled

high react:r wa ter l evel . The 3EMAC 3

channel did not signal a hign level. More-

over, one sec:nd after the 3EMAC A anc

C channels picked-u: on high wa er level,

2 3 art:n transmittars signaled icw reac r

water level at -12.5 inches. Within A

sec:nds, all four Barton channels signaled

that the reactor wa ter was at +12.5 inenes.
t
1

Summarizing, GEMAC channels.A anc C said

the 4attr level in the reactor was hign, and|
|

.
1

c:ner cnannels said it was icw.(

. Within 2 seconds after the star cf :ne
event, four channel s f adicated that he

react:r pressure nad risen : 1045 :sig.
,

| 'ii nin a sec:ncs, f:ur 3ar:on :ransmi tters.

t

signalled a 1cw . eact:r wa:er level and

triggered he isolation of scme of net
!
I

; react:r sue:ce; sys tams. ncreasec system
*

(
r
1

L
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?lant Name Sa a Of Even: Even Jescriction.

;ressure anc a decreasac react:r ,atar

level are anticipatad res; cases :: a

:::al loss of feecwatar and : r:ine/ genera::r

trip. Within 15 sec:ncs, safety / relief,

valve c; era:icn, c:ccined si:n :ne coera:icn

of the turbine staan by;4ss systems, nad

brougn: the pressure dcwn :: 1020 :sig. Wi :n

the decreased pressure, increased voic
r

l

formation causac ne reactor oa ar level ::

rise several incnes and cy 23 sec:nds, the

react:r icw water level had cleared, indicating

that the react:r water level hac red:verec :
at l east +15' inches.

Thirty nine sec:nds after the event began,

all fcur 3 art n channels alarmed a sec:nd

time, indicating that the react:r watar level

had again dr:pped below -!2.5 incnes. The
,

GEMAC channel s snowed simil ar level s. The

react:r ;ressure was new staady at accut 590

psig.

1
,

At 17 .ac:nds, a signal was received. tha-

closec tr.e main starn line isolatien valves.

All tu: ne of the closure signals are

al armec :n te c:::utar. The icw sac::e
oa ar level (-23") closure signal is 7c:I

,

.

l

l .

I J
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O glan- na=e aata of tven: vent oescr4=:ica
-

al amed. ' lone of the c .mputar al ams asco-

ciated wi th the closure signal s -ere activa ed.
1

Tnis indicatad tna tne icw react:r a ar

level closure signal was the most likely,

scurce of the .*4SIY closure and that react:r

water level had de:cped to -38".

At 95 sec:ncs a faec'aa:ar ;um; eas startac,

but because the main staam if ne isolatt:n

valves had been closed, :ne :ce: ran f:r

eniy about 10 seconcs. Tae HPCI turoine

received a signal to start au::ma fcally.

0 However, :ne initial nign 'iew of stan to
-

the turbine caused an instrument :na: =cnitors

for high staam line ficw (s) :ot:m of a steam

pipe break), :o activata err:nWously and
.

.

close the So c:ntainment isolation valves

in the steam iine a :ne HPCI turbine. Tne

HPCI ::.? tine can =ccentar11y and s :oped.

Durine this period, c:erators also '-ere
|

1 attempting to start tne RCIC system.
\

However, the RCIC systam -ould not start and

c:ntinue to run. It remained ineceraole
_5rcugneu the event.

O
.

v e - - -
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?!an: Name 35: cf Even: Ev n Descri:: ion

0; erat:rs reset :ne HPu. ystem isola:icn

signal that had been triggered Oy' ne hign

steam ficw surge en :ne initial star:uo
a ttempt. They then c:ened :te in: car:-

isola-fon valve in :h6 HPCI : rbine s:ezn

supply line, wnile leaving -he cutboard <alve

closed. But again, for reasons unkncwn, an

addi tional isciation signal activa:ac,
, ,

calling for closure of :he closec Ou:: car:

valve. Opera: Ors :nen closed -he in: car

val ve .

At -hree minutes into the event the folicwing

c:ndi tions exi stad: The main starn line

isolation valves were closed. There was

no feedwater supply to the react:r. Heat had

been generated in the reactor fastar -han it

was removed. The reac ce pressure had risen
.

to appr*ximately 1100 ;sig and was being

controlled :y One safety / relief valves. The

,

steam was new removing the decay hea a ne
I

suppression pool,

abcut 5 minutes after :he even; began, :Me

opera:ces triec a ci fferent MPCI tur:ine

start-up stra:agy. They closed the d?CI

1 turoine stara su::1y valve. This valve,

.

|

|

|
t

_ . . _ . _ _ _ _ _ - -
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Plant he:4 Date of Event Event Description ?
-

h *

--

i s l oc a ted covn s tre.u2 o f the tw 1 sol a tion[s-
x-

valves and upstress of the HPCI tm-bine W>:;
.m
?

1.

stop and control valve. y
They then reset the 6-

isola tion signal that had occ: rred d.:-ing $'
g4

toe previous start attecpt, and opened
, w.
s r:.-

1y.
the inocard and outboard isolation vahes. ;h,-

,

The i sol a tion sign al wa s cl e ared , a nd wi th a 2:-

[h'
low rea: tor water level signal still present,

ff,.:.-

c:

the HPCI steen supply valve openec aut:catically.. .v. . .
E3;
..

Tne HPCI turbine started, and supplied s. ..
$-)Q

water to the reactor vessel . 3.Vg. j'
*:.

,.1..; ,

Seven and one-half minutes af ter the event
-

Aa.e:~
&-.

- - began, the water level in the reactor was
,

. a.a
2+3
e ", >, ,4.

again close to nors:al.
,

..

Ed
e:- <

?.}0.

@%
..

l=m
fN

. Si
; 6-< I,:

sU.~.-- i
\

1 -

'tG* * ?.

,

e
1s--n.

fSE

$b-
37.'
Eq
''-esu:s*

' 4%.
W 's
W.4
C b

bs
Sii
$... c-
:I*YU
;E
m , -

us.
.-

;~ -

. . " . . 'f. .-
.

,

I.

O'N, %M
. . - - - - - - -2, l

,
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ATTACHMENT 4

SP29.023.02
Comon Level Control

,
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i
'
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.- Ge~c : s Jn T''iF
. ,,

S? % :b.Jr 29.223..'l *"V I. . -
-,

'
,,,p . . . . .. e : .. r.e n s i o:. F %. .-)2 . N,,

'
( P l.. n : 'unapr) .

. '

Effective R te

LEVEL 00:.- .0L
.

-
.

E.".ERCE::CY ?E2 EIRE 5
'_' !.

, . . . . .1.0 PUR?CSE

The purpose of th!.s procedure is
to res tore and s tabilize R?'.' wa ter levels.

2.0 E::TRY Cc::MTIO!:S

The entry conditions for this procedure are any of the follo ing:
2.1 R2V water level less than 12.5"

2.2 Drywall pressure greater than 1.69 psig
2.3

An isolation condition er.ists which requires OR initiates reactor scrac
.

3.0 OPEEATGR ACTIO:;S

3.1 Confirm initiation of the
following. Initiate any
of the actions which should'

have initiated but did not.

3.1.1 VERIFY reactor scrac
. N:D *
t

i

1

PERFORM SP 29.010.01,
i

-

(E.,. e rge n cy Shu td own ),
concurrently with this
procedure.

3.1.2 VERIFY group isolations 3.1.2 Ref. technicalconsistent with entry
conditions. specification 3/4.3.2-

3.1.3 VERIFY automatic 3.1.3 Ref. technicalinitiation of ECCS
systems consistent with specification 3/4.3.3
entry conditions.

.

/ / . g. c, 'R-:/
.

- - -

, '

.
-

._f.*'\SP 29.023.01 Rev. F '

/ / Page 1 of I. b
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_ _ _ . __ _ _ _ _ _ . _ . .. _ _ _ . .

3.1.. G.t.i F Y d i. w l . n<:: a t o rs 3 .1 '. Die.wl gene n t ors
,

. *-~~ -

_ start c an s is :c at. 'i * h,

4 | start at 1.69 psig' *
ent ry con 'i t ions.

, .

. -en -13 2. 5"
1.2 Re store and ..iintain 2'4 v4.e r 3.! *;oTg.

level ber e:n 12.5" and 3 .5'

wit'. one or :n re of t he T-5:; e of asin;, ::w
f ollowing sys te .s va ry wi:nfollevin: s ys t e..s :
plan . condi: ions. I: is
3ref erred :hs; the min ir..:
number of sys:e_s be use:
to accomplish water level
restera:10..

- 3.2.1 Conde.st:e/Teedwa:e 3.2.1 Press ranse 1115 ::
O psig (Raf.>

SP 23.109.01),

! 3.2.2 CRD 3.2.2 Press range 1115 :c
,

O psig (?.ef.
SP 23.105.01)4

3.2.3 RCIC 3.2.3 Press range 1115 ::
,

57 psig (Ref.*
.

SP 23.119.01)
i 3.2.4 HPCI 3.2.4

.

Press Range 1115 to-

110 ps g (Ref.
,

SP 23.202.01)!

3.2.5 C.S. 3.2.5 Press Range 333 to O
psig (Ref.

SP 23.203.01)
3.2.6 LPCI 3.2.6 ?ress Ran;c 238 to C

psig (Ref.
..Sg 23.204.Cel)..

.
~

3.3 IF R?V water level cannot 3.3 NOTEI

E restored TAF = +6" as read on fuel;

| AND zone instrucentation LI-007
i

na tntained above +12.5"

THEN mintain RPV water level
above top of active fuel

,

.

1

4

4

SP 29.723.91 Rev. y'

/ / Pa3e 2 of 4
:
,

;

,
%'

. ]'
.
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.

,' 3.4 1[ F.r'. iter level cannot be 3.4 ::r;7c
-

,

.11ntain.d ahor: TAF ;r..r-' ' '
* b .. 05 rO13 Cn [ttq!4 5 '*** #

ToCC in%:ru?intation Li-|"s7,
__

cannot be de te rnined ,

THEN proceed to
$? 29.023.0,

(Level Restoratic:1). ,

3.5 I:etify the Uatch Engineer to 3.5 Ref. SP 69.010.01classif - the e ve..: and ir.itiate
the E rgen:y Plan as rz:ut red.

3.6 _I_F P.?'.* a t e r l e ve l ca n b e
restored

K.)

esintained above 12.5"

R:D
!
i

it is determined that an ener-
gency does not exist,

THE:: proceed to the appropriate
station procedure as deter =ined
by Shift Supervision.

i

3.7 Ic; SRV's are cycling,,

1

TilEN open one SRV and reduce
RPV pressure to between 800

*

and 960 psig. '

.

:

3.8 L'11EN the RPV vater level has *

stabilized above TAF,

THEN proceed to SP 29.023.02
(Cooldown).;

4.0 REFEREfCES

. 4.1 SP 29.019.01 Emergency Shutdown
l
,

| 4.2 SP 29.023.02 Cooldown

! 4.3 SP 29.023.04 Level Restoration

4.4 SP 23.103.01 Condensate

SP 29.023.01 Rev. F
/ / Page 3 of 4

s



.

r . J . : , . . .' l f. cater, , ,
*

.
'

,' .6 r,P 23.119.01 Reas :o r Core Isola in, Cooline Ses:c,
> .

,

. '

.
- 4.7

SP 23.202.01 11 : 35 Precsere Cool:n: I njec : i e:.
4.E S? 23.203.0! Core Spray Syste

.

4.9 SP 23.20'.01 Lo. .'ressure Coolan Inje::io-

4.10 SP 2 3.106.01 Control Rod Drive
4.11 Technical Specifications, Section 3/4.3.2
4.12 Tech-ical Specifica:icas, Sec; ion 3/4.3.3
4.13 SP 69.010.01 Conditions for E:ergency A::icn Levels

.

I

{

.

9

.

I

1
,

1
1

.

|

SP 29.C23.01 Rev. F
/ / Page 4 of 4
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ATTACl+:ENT 5

SP29.023.04
Level Restoration
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.
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*

%. .* n f t t e d :.

SP Nanber 29.023.048

Au;e aved :
Revision _ 'T(Plant r:a n.ig e r )

_

Iffective Date
LEVEL PlST3?.CIO!; .

- - - -
__

- .,

IMERCENCY PROCEDUPI
.

j e
,

81.0 PUP _oOSE ' ..V ' f h 4 il
1

The purpose of this procedure is to restore P.PV vater level to abovactive fuel. e top of

2.0 ESTRY CONDITIONS

Enter this procedure from SP
when PSV vster level cannot 29.023.01 (Level Control) or SP 29 023 02 (Cooldova)read on fuel zone instrunentation LI-007).be =aintained above top of active fuel (TAE =+6" as

. .

3.0 OPEP.ATOR ACTIONS

3.1 Liceup for injection and start
punps in at least two of the
follo -ing nornal injection
subsys t ens:

3.1.1 CS A '

3.1.1 Ref. SP 23.203.01
(Core Spray System)

2.1.2 CS B
3.1.2 Ref. SP 23.203.01

(Core Spray System)
3.1.3 LPCI A

. 3.1.3 Ref. SP 23.204.01
g& Low Pressure Coolant

, .

Injection)t

3.1.4 . .LPCI B
3.1.4 Ref. SP 23.204.01|

(Low Pressure Coolant
. Injection)
j 3.1.5 Condensate

3.1.5 Re f. SP 23.103.01
(Condensate System)

3.2 E less than two nortul
injection subsystems
(Paragraph 3.1) can be lined
up,

.
.

; THEN line up as many of the
following alternate injection,

subsystens as possible

BUT

DO !:0T inject:

d!.S'-7
i M- m

,,/;aSP 29.023.04 Rev. F
/ /

. Page 1 of 12
N--

& 6 e. M *6 .h *
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. . - .. .

.

' * 3.2.T Reactor Building Service 3.2.1 Ref. SP 23.122. 01, ,

Water System through (Service Water)
'

service water /recire
loop ultima te cooling

.

wa:er crosstie valves
I P41-::0V-033A, MOV-033E,
M0'.*-03 3C , a r.d MOV-03 3D.

3.2.2 ECCS connections fro = the 3.2.2 F.ef. SP 23.105.01Condensate Transf er Syste: (Condensate Storage
and Transfer),

3.2.3 SLC (test tank or baron 3.2.3 Ref. SP 23.123. 01tank) (Standby Liquid
f Control)

3.3 IF at any tics water level
cannot be dete::tned

THEN proceed as follows.

3.3.1 JF. no syste:

OR
.

-

nor=al injection
subsystes is lined'up

i for injection with at
least one pu=p running

THEN start pu=ps in -
.,

alternate injection
subsyste=s which are
lined up for injection.

.

3.3.2 . J_F, no sys t em .

,
- ..

El
normal injection
subsystem -

_O_R.
-

. .

alternate injection
subsystem is lined up for ,

injection with at least
one pump runsing

THEN proceed to section
3.o.6 Core Cooling
without injection

.

SP 29.023.04 Rev. F
/ / Page 2 of 12

.. . . -
-

_
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=,

.

_ _ " . . , - - -
* 3.3.3 1r a cyrteo

'

, ,

,

SE
l
|

norcal injection
.

'

subsyste:
|

_O_R
.

alternate injettion
,

subsyste: is lined up ,

for injection with at

least one pu=p running, .

T".EN proceed to
SP 29.C23. 05,
Rapid R?V Depressurization

;

3.4 1:0NITOR RPV pressure 3.4 NOTE

i

AND IF,at any ti=e the RPV water
level , trend reverses or RPVi

water level, ' pressure changes region,
i

THEN proceed at the step indicated THEN return to step 3.4*

in the following table.
<

Table 1

RPV PP2SSURE PlGION
.

333 333 to 110 110
RICll INTERMEDIATE LOW

RPV LEVEL INC. 3.5 3.6 3.7|

! | |mpV LEVEL DEC. |3.8 1 3.8 3.9.
,

.

,. .

.

.

SP 29.023.04 Rev. F
/ / Page 3 of 12

_
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.

~

3.3 RPV 1 cl increa:Ing and RPV oressure creat er than 333 esig (High. ,

.

3.5.1 E::TER SP 29.023.01
(i.evel Cont rol) a t Step
3.2.

.

. .

T
-

.

.

.

.

.

SP 29.023.04 Rev. F
/ / Page 4 of 12
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'

3.6 KPV level increasini and RPV pressure between 333 and 110 osig. .
.

'

,' (intern?diate recion)
,

.

cA.~ I u:..

|
iDo not depressurize the RPV belo 110 psig unless nster driven punps
sufficient to cain:ain RPV va:er level are running and the sy. ens are
available for injection.

.

3.6.1 Ij; EPCI and RCIC are
not available ,

M'D

RPV pres sure is
increasing,

,

THI: ENTER SP 29.023.05
(Rapid RPV Depressuri:ation)

3.6.2 IF HPCI and RCIC are
not available

MD

RPV pressure is not
increasing,

! THEN ENTER SP 29.023.01
(Level Control) step 3.2.

t

i 3.6.3 IF HPCI

OR -
;

~ >
!

RCIC are injecting ' .

1

**
AND

RPV cater level increases*

to'+12.5",

THE: E::TER
SP 29.023.01
(Level Control) Step 3.2.

. . * *
..

SP 29.023.04 Rev. F
/ / Page 5 of 12

__
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.



)

3,7 R['V level increasinc and RPV pressure less than 110 psie (Iow recion), ,

e '

3.7.1 IP RPV pressure is
-

increasing,

TF.E!; E:TEP. SP 25.023.c3
( P.a p i d F.C '.' De p r e s su ri.a :1 on)

3.7.2 E RPV pressure is not
increasing,

TRE.?? E!;TER SP 29.023.01
(Level Control) step 3.2.

.

.

.

.

.
. -

SP 29.023.04 Rev. F
,/ / Page 6 of 12
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. _ - __ ~ - _ _

.

*

- 3.8 RPV level decreasing and RPV pressure greater than 110 osie
,' / (Intermediate /Hi;h region).

3.8.1 IF RPCI and RCIC are 3.8.1 Ref. SP 23.202.01
no: opera:ing, - (High Pressure Coolant

Injection)
THEN res:ar: HPCI

A';D

RCIC RCIC ,Ref. SP 23.119.01
(Reae:et Core Isola: ion
Cooling Sys:e=)

,

i

i 3.8.2 IT CRD is no: opera:ing

'

A':D

at leas: 2 no r=al
injection subsyste=s
are lined up for
*njection with pu=ps.

running.

THEN ENTER SP 29.023.05
(Rapid RPV Depressurization).

i 3.8.3 IF,CRD is not operating
'

AND s

1

no normal injection
subsystem is lined up ;
for injection with at I

least one pump |
- running,

|
t
i

TIIEN start punps in the -

ToTTowing alternate !
injection subsystems *

,

which are lined up for
injection.

i

(A) Reactor Building (A) Ref. SP 23.122.01
Service L'ator (Service Water)

"
System through
service water / *

| recire loop
ultimate cooling
water crosstie
valves IP41-MOV-
033A, MOV-0333,

; MOV-033C, and
MOV-033D.

'

: *

* SP 29.023.04 Rev. F
I / / Page 7 of 12
|
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i
!

(B) ECCS connections |
. .

(B) Ref. SP 23.1050c1'

fro: the* ,

(CondensateCondensate .

Transfer System Storage and
* Transf er)

(C) SLC (test tank
(C) Ref. SP 23.123.0or boron tank) (Standby Liquid

Control)
3.S.4 L* MEN R?V vater level 3.S.4 NOTE

cropt to TAT TIT ~- +6" as read on
=

fuel zoneTP.IN perfor: step 3.8.5 instrumentation
LI-007.

OR
-

step 3.S.6.

3.S.5 IT,a syste:

_OR

nor=al injection
subsystem

2.R.

alternate injection
subsystem is lined up
for injection with at.

least one pump running - *

*

THEN proceed to
SP 29.023 05
(Rapid RPV Depressurization),

3.6.6 lj' no system

S.R,

normal injection subsystem

SR,

alternate injection
subsystem is lined up
for injection with at

least one pu=p running,
.

THEN perform Core Cooling *

without injection as
follows. -

.

SP 29.023.04 Rev. F
/ / Page 8 of'12
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. . _ . _ - ._

. .,

'
* "

, ; (A) If at any tine any
a syste:,

_OR
~

1

norcal injection
subsyste: .

),

_O_R
*

alternate injection
isubsyste is lined

up for injectier.
vith at least one
pu=p running,

! TEIN proceed to
t

SP 29.023.05
(Rapid RPV
Depressuri:ation).

.

(3) WEN RPV water
level drops to
(Later) (2/3
core height)

OR
-

IF RPV vater
level cannot
be determined

THIN open one SRV. -

I

(C) tiEEN 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 valvesi

are open., .

! *

.

!

.

:

.

SP 29.023.04 Rev. F
/ / Page 9 of 12
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*3.9 RPV level decreasing arid kPV p're'ssure less than 110 osig -
- *

, ,

(low recion).t '
_

.

.

3.9.1 IF no nornal injection'

syste is lined up for
injectior. with at least
one pu=p running,

TF.EK start pucps in a

the following alternate
injection subsyste=s
whicheare lined up

for injection. _.

(A) Reactor Building (A) Reg, sp 23,122,c;

Service Water (Service Water)
Syste= through
service water /
recire loop
ulti= ate cooling
ester crosstic*

valves IP41-
MOV-033A,.

MOV-033B,
1:0V-033C ,
and MOV-033D.

(B) ECCS connections (B) Ref. SP 23.103.01
fron the Conden- (Condensate

~

sate Transfer Transf er and
System Storage)

(C) SLC (test tank (C) Ref. SP 23.123.01
or boron tank) (Standby Lfquid

Control)

3.9.2 IF,RPV press'ure is
increasing,

THEN proceed to SP 29.023.05
W id RPV Depressurization).

3. 9.3 ' IF,RPV pressure is not 3.9,3 NOTE
-- increasing. TAF = +6" as read

on fuel zone

AND instrumentation .

LI-007.
RPV vater level drops to-

TAF

M perform Core Cooling
v'.thout Level Restoration as
fellows:

.

SP 29.023.04 Rev. F
/ / Page 10 of 12
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_ _ - _ _ _ _ - _ _ .

.
. . ..

-

CAUTIO::|

. .
e *

.

t;PSH requirements for pu=ps taking a suction f ro: the Suppression Pool
.

require a =inicu: level of 14 feet.

.

C AU T I O.'.

Cooldovr. rates greater than 102*F/hr =ay be required to acco:plish
step (A).

.

(A) Open all ADS
valves.

(E) IF not all of the
7.55 valves
can be opened,

THEN o;,en other
SRV's until a
total of 7 valves
are open.

(C) Operate CS
subsystems with
suction from
the suppression
pool.

.
.

- e

(D) 5.* HEN a t least
one core spray
subsystem is

.

operating with
,

suction from
the suppression
pool

AND

RPV pressure is- .

less than 299
psig,

THEN terminate
injection into .

., the RPV from..

sources external
to the primary
containment.

~
. .

SP 29.023.04' Rev. F
/' / Page 11 of 12.
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* '.., .

. ' . (E) E RPV vater (g) r:o7g
. . -

,
e , level is TAT = +5' as read

restored to TAF cn fuel zone
ins t ru::e nta tion

THEN ENTER LI_og7,
SP 29.023.01
(Level Control)
step 3.'.

4.0 FIFEP2NCES

4.1 SP 29.223.05 Papid RPV Depressuri:ation

4.2 SP 29.023.01 Level Control

4.3 SP 23.202.01 iiigh Pressure Coolant Injecticn

4.4 SP 23.119.01 Reactor Core Isolation Cooling (RCIC) Systeo

4.5 SP 23.106.01 Control Rod Drive

4.6 SP 29.023.09 RPV Flooding

4.7 SP 23.203.01 Core Spray System

4.8 SP 23.123.01 Standby Liquid Control

4.9 SP 23.204.01 Low Pressure Coolant Injection

4.10 S? 23.103.01 Condensate Syste=

4.11 SP 23.105.01 Condensate Storage and Transfer System

4.12 SP 23.109.01 Feedwater System

4.13 SP 23.122.01 Service Water

.

|

.

. .

.

.

.
-

SP 29.023.04 Rev. F
-
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ATTACHMENT 6

SP29.023.09
Reactor Pressure Vessel Flooding

g .

.

A

s

e

|
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4- REACTOR PRESSURE VESSEL FI.CCDING-

N

.]NEMERCENCY PROCIDURE 9

O.0 pn.

PuRPOSt ~ *!;
n'if

The purpose of this procedure is
injecti n Subsyste.s. to flood the RPV using all the available

j 2.0 ENTRY CO:iDITIO:iS

This procedure is entered froca SP<

of the following occurt 29.623.65 (Rapid RPV Depressurization) ifI
_a_r.

2.1
Te:perature near the cold reference leg instru::ent vbreical runs exceeds,the RPV saturation li=it.

. '
, ,

2.2
RPV vater level cannot be deter =ined. -

.

2.3 Suppression cha::
2ber pressure exceeding pressure suppression li=it

.

3.0 OPERATOR ACTIONS *

. ,
- -

3.1 -.

JJ at least 3 SRV's are open,
-

.

THEN close the following
-

'

*

isolation valves. -

. '

O - 32t "stv'- - . .

t

=
1321-40V-O'81A

-

'1321-A0V-081'B ^

'

IB21-A0V-081C
.

'

1321-A0V-dSID-

1321-A0V-082A ,

1321-A0V-0823
1321-AOV-082C

g \ O . 37.1321-A0V-082D C

3.1.2 MSL Drain Line Isolation Valves

1321 MOV-038 '

1321 A0V-088
.,

.
'

,,e.'-

( g(\ , h . b \ W {\ b
pp. 7. W, .

. ,,

1B21 MOV-033
v'1321 AOV-089 ''

.

.
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3.1.3 r.; . . . r.a v ... : n s i r.g . s . . a ; .c a . . ; re.; _
. .

) ,*
*

, Izil nov-049,, .

3.1.4 HPCI Isolation Valves
.

a 1E41 MOV-041~
'

IE41 HOV-042 ~ ~~ -
-

. IE41 MOV-047 ~

I -

IE41 MOV-048O
.

'
-

.
-

.

3.1.5 RCIC Isolation valves - - - '

+. .%
IE31 MOV-041 .j#.u'

:; IE51 McV-042 - '

i
1E51 MOV-047

.

.

1251 MOV-048
.

3.1.6 RMCU Isolstion valves
. .

. .

,

IC33*Mov-031
' . .

-

IC33*MOV-032 .'
1G33*MOV-041 ~

, ' '-

'

,.
,

'

I.

3.2 IF RPV vater level cannot be '

decernined ,
~

.TREN ce==ence injection into '

*

| the- EPV with all of the
following systens until at'

'.,least 3 SRV's ara open ~

AND

() RPV pressure is not decreasing
.

,
,

_
,

AND -

i

.

RPV pressure is at least 100 '

psig above suppression chambar
. -

,

pressure.
.

j -
_ , .

3.2.1 C.S. - 3.2.1 Ref SP 23.203.01,

(Core Spray)
.

3.2.2 Condensate
. 3.2.2.Ref SP 23.103 01-

... ..

.g . -

3.2 3 LPCI
3.2.3 Ref SP 23.204.01

(Lov Preccure Coolant
I jection)

_ .- ..
"
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g . . . . - . 3.2.4
Ref SP 23.106.01,

(Control P d Drive)| ."
3.2.,5 Reec:ce Building Service

*

i'

{ Va:er sys:cm through .3.2.5 Raf SP 23.122.01'

service water /recire (Sn e'' ice Wa t e r)<

locp ultir. ate cooling
i veter crosstie valves '

'

I?41-!!0V-03 3 A.
~

'

s

O MOV-0333, MOV-033C and . -
'

nov42m
.

' . .
-

,- 3.2.6 ECCS connections fre:
.

;

the cendensate transfer 3 2.6 Ref SP 23.105 01
systes (Condensate Scerage

and Transf er)
3.2.7 SLC (Tes: tank er borontank) 3.2.7 Ref SP 23.123.01

(Standby Liquid-

Control)3.3 Maintain RPV pressure at
lease 100 psig above 3.3 Throt:le injection on

on subsyste.s injecti::gsuppression chamber pressure ,

by throttling injection. into the RPV
.

' 3.4 IF RPV vatar level can be,
.

~

-

Te~t armined , .

.

g THEN ce==ence injection into _-
.

'the RPV with the following
systecs until RPV water level
is increasing. .

_ 3.4.1 C.S.
Q. 3.4.1 Ref SP 23.2Cr3601-

(Cora Spray)-

3.4.2 Condensate -
.. ~... =: v:_. . . -

. , ,

3. f. 2 Ref SP 23.103 91
'

'

(Condensatc)
-

r

3.4.3 LPCI
,

3.4.3 Ref SP 23.204 01
.

+
.

(Low Preccure
'

''

Coolant Injection) . , ' ,3.4.4 CRD
'

-
.

3.4.4 Ref SP 23.1C6 01
! (Control Red Drive) _.

-

3.4.5 Reactor 3uilding seriice'

vater through se r <1c= '3.4.5 _ Ref SP 23.122 01
'

unter/recire loop (Seretca Uater)
ulti _ste cooling wa te r
cross:le valves .

,

IP41-MCV-033A, Mov-0333, D fMOV-033C, and MOV-033D
Iqp '

O SP 29.023.09 Rev. C
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3.4.o LLLL cce.acetiens ::ca 3.4.6 Ra f' SP 23. !05 01
.

-= the conc,ensato transfer.
.

syste=' (Condensseo stor.yo. .
'j'

' and Tr:ns f ar)?

3.4.7 SLC (Tes t tank or beren 3.4.7 Ref SP 23.123.31ta tk)
(Standby Liquid

-

Control)'

'

3. 5' IT auppression c':=ber pressure
O cannet be aintained balcu the '

prf-a ry centair.= ant pre ssure
limit (Fig. 2)

.

.

E initiate the following .

sysce=s irrespective of whether
adequate cota cooling is ,

assured:

3.5.1 Dryvell sprays s4(
c D3.5.2 IF suppress 10n pool

-- #
.-

Uater level is belou *

; (later) ' '
' '' '

T~ DEN initiate suppression.

*

pool sprays
.. . ~ , . _ _ _ . . - -

-

u-- -

-r CAUTION..

;. '.

Defeating isolation interlocks =sy be required to acco=plish the ~
..

,
,

Step 3.6. ..

-

h. 3.6 IJF,suppressica chamber pressere 3.6 Refer to SP (later) :;dd. 51e,xceeds the primary contain=a.nc
-

',pressuru 11=1: (Fig. 2),
~ ' ' . -.__.

Idyy vent the pri=ary conthintent |
*

to reduce pressure belcu the pri=a ry _

.

-

contain=ent pressure 11=10. '

i
,

'
. .

.

~.

,

%

- '
. . .

.
'

.

- .
.

. i

'

' -

.

. . -

_
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__

_

-~

ou te :.: ac d ,
,,

TilIN fill all RPV level, .

9. d instru.r.entation reference cole =ns<e
! -

.
.

.,
,

mio .

*

.

Cc tinue injectica until te=-
perature cear the cold raf arenc'e 3)O 1es vertie 1 re=s is se1cv

-
,

- -

.
212*p

y
RID

.
-

RPV vate level instrucantatier.
y ,, ,y .. - - - ---- -:-.

3.8 IF it,can be deter =ined that
.

the RPV is filled
, . . . . .

*

CR
-- '

..
.

.I._F RPV Pressure is at least
. . . . .100 psig above supprassion ;

. .. ; . .. . . . . . . . _ ., . . . . . . .chaabar presaure, ..
' ' '

..
, .

_..
..

THEN ter=icate all injoction
'~

'

into the RPV .

i ",

!
AND

.

Reduce RPV vatar level until
level is indicated on two '

O ea = ce 1 vet t=atc==1c= - -

.

3.9 JJ, RPV vatar level indication
is not restored within the -

axi=u:a acceptable core uncovery ~~

time (Fig. 1) af ter coc=enci=g
ter=ination of injection into

-

-

the EPV, :
.

.

THEN return to step 3.7
-

.
.

. -

.

. i

~. ..

.

, ..

.

' -
, . .

.

*
. ,

-
.
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d e c o r =la r.d ,'
:

.

:. .

,.A '? '
R:D

.
,

.,

*
.

1
1suppressica cha:ber pressure can : ~ ._ _ ur_ ; _ -

__ - . . _

can be r.sintained balev tha pri:.2.f
cos:ain=act ;;re ssu ra 11:1: (Fig. 2),

9 -

O THEN enter SP 29.023.01 . /. :-f;-
'

(i.evel control) s tep 3.2. -

. . . . .

4.0 RETEREiCES . v %g' ' .:

. . .

. . ..

4.1 SP 29.023.01 Lavel Con::ci
.. g. . g. . i s. ..

, . . .-

4.2 SP 23.106.01 Centrol acd Drive ..

.

- .

4.3 SP 23.203.01 Core Spray Systes
~ .

4.4 SP 23.123.01 Standby Liquid Centrol ~

4.5 SP 23.204 01 Lou Pressure Coolact' Injection ' ' " ' ' '

4.6 SP 23.103.01 Condensate System
'

*

.

4.7 SP 23.105.01 Condensate Storage and Transfer Systers-

_ _ . _

4.3 SP 23.122 01 Service b'a er --

.

.
.

.

n

.

O -
~

'
~

. . .
.. ._

.-. .
>

t
.

. .

, .-.

. .
.. , . ..,

-

.

-
.

! .- - -
*

.
, ,,

'

.
*

. <
..

.

.

.

. .
.

.
. .

.

. -
.

'
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ATTACHMENT 7

NRC Letter, Eisenhut to Denton
(September 11,1981)
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!!Et:0PfeiDut! FOR: Harold R. De,nton, Director
Office of fiuclear Reactor Regulation

!

FRO:1: Darrell G. Eisenhut, Director
Division of Licensing

SUBJECT:
AEOD PRELI!11tiARY REPORT - SAFETY C0::CERN ASSOCIATED
WITH REACTOR VESSEL LEVEL II; STRUT:Et4TATI0ti Ifi 80ILItiG
WATER REACTORS, DATED SEPTEl*3ER 1981

We, inconjunction with DSI, have performed a preliminary review of the
subject report to determine the irr ediacy of its safety concern. We
agree with the conclusion of the report that its postulated control
system-protection system interaction is not an irr.ediate concern. The
report will be distributed by ORA 3 to the various technical divisions
of flRR for further review; and coments will be provided AE00 within
30 days as requested by AEOD.

The AE00 concern is related to the arrangement of the reactor vessel
level instrumentation for at least some of the BWR's. Although based
upon specific plant designs, the evaluation is general and makes no
atter.pt to identify the specific reactors that would be prone to the

Essentially, the report addresses interactions among theconcern.
feedwater control, reactor protection, prim.ary containment isolation
and emergency cooling systems. The sensors used for these syste.as are
arranged -in a relatively complex manner such that there are cc: mon
sensing lines to these sensors. A failure of the instrument lines due
to instrument line break, leakage, or an open valve, etc. could result
in erroneous signals from both the control and protective systems.

Plant operating experience was reviewed by AE00 and failures such as
valve mispositioning were identified. The reported operating events
did not result in complete loss of function. However, in the scenario
described in the report, the occurrence of a single failure in the
unaff ected 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.

...........f................................
o r r.c: > . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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The conclusion of the report, although preliminary, is essentially that
there is interaction bet.veen the feed <ater control system and the reactor
protection system because of the comonality of the instrument lines ofboth systems. Therefore, the level instrumentation configuration in
operating C:|R's may not fully meet GDC 24 and IEEE 279.

e will evaluate this aspect of the design in our continuing review of
u

~

tna preliminary AE00 report; however, we do not consider this an irrediate
concern because it appears that for the postulated scenarios it would take
at least two failures to cause a control-protection system interaction and
loss of functional caoability of the reactor protection system. In
addition if such an event were to occur, the reactor would scram auto-
ratically by other instrurents, and the operator could manually initiate
the Automatic Depressurization System and one of the low pressure injection

Lle therefore agree with the AE00 report that this matter issystems.
not an it:Tnedtate safety concern.

.

. * -t .nt sid:.Cih
.. -" n. :5

Darrell G. Eisenhut, Director
Division of Licensing

cc: E. Case
R. Pattson
0. Eisenhut '

P. Check
G. Lainas
J. Olshinski -

F. Rosa
G. Holahan
J.T. Beard
T. M m n
R. 4.'.mic
S kkha
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