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UNITED STATES OE AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMI'( SA" STY AND LICENSING BOARD

In the Matter of )
)

CAROLINA POWER & LIGHT COMPANY ) Docket Nos. 50-400 OL
and NORTH CAROLINA EASTERN ) 50-401 OL
MUNICIPAL POWER AGENCY ) _

)
-(Shearon Harris-Nuclear Power )
Plant, Units 1 and 2) )

APPLICANTS' MOTION FOR SUMMARY
DISPOSITION OF CHANGE CONTENTION 44

-AND EDDLEMAN CONTENTION 132

I. Introduction

Carolina Power & Light Company and North Carolina Eastern

Municipal ~ Power Agency (" Applicants'!) hereby move 'the Atomic

Safety and Licensing Board, pursuant.to 10 C.F.R. $ 2.749, for
~

summary disposition in Applicants' favor of Contention 132 by

intervenor Wells Eddleman ("Eddleman 132") and Contention 44 by
-

intervenors Chapel Hill Anti-Nuclear Group Effort and Environ-

mental Law Project (" CHANGE 44").' As' grounds for their motion,

Applicants assert that there is no genuine issue of material

fact te be heard with respect to CHANGE 44 and Eddleman 132,

and that Applicants are entitled to a decision in th2ir favor

on these contentions as a matter of law.

. . . _ . .



. ..
.

. . . .

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

*

.

This motion is supported by:

1. " Applicants' Memorandum of Law in Support of Motions
for Summary Disposition on Intervenor Eddleman's Con-
tentions 64(f), 75, 80 and 83/84," dated September 1,
1983;

2. " Applicants' Statement of Material Facts as to Which
There is No Genuine Issue to be Heard (CHANGE Conten-
tion 44 and Eddleman Contention 132)";

3. " Affidavit of Clarence G. Draughon"; and

4. " Affidavit of Leonard I. Loflin."

II. Procedural Background

CHANGE 44 states as follows:

A direct water level indicator for the
reactor is essential to assure the public *

health and safety. Although it may be true
that there are no absolutely certain
indicators, a direct, environmentally-
qualified level indicator is necessary to
prevent the sort of confusion about reactor
water level that contributed so signifi-
cantly to the accident at Three Mile Is-
land. (FSAR TMI-18).

Supplement to Petition for Leave to Intervene [ CHANGE /ELP), at

16 (May 14, 1982). Eddleman 132 states as follows:

Applicants have failed to provide the
design for a direct water level indicator
for the. reactor vessel.

Board Memorandum and Order (Addressing Applicants' Motion for

Ccdification), at 6 (Jan. 17, 1983). These contentions were

admitted by the Board in its September 22, 1982 Memorandum and

Order (Reflecting Decisions Made Following Prehearing

-2-
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Conference), LBP-82-119A, 16 N.R.C. 2069, 2084, 2109 (1982), as

modified by Memorandum and Order (Addressing Motions for Recon-

sideration and Clarification of the Board's Prehearing Confer-

ence Order), at 5-6 (Jan. 11, 1983).

Discovery has been open on CHANGE 44 and Eddleman 132

since September 22, 1982. See LBP-82-119A, supra, 16 N.R.C. a t.

2113'(1982). Discovery activity with respect to CHANGE 44 has

included: Applicants' discovery requests to CHANGE of January

31, 1983, to which CHANGE responded on March 10, 1983; and

CHANGE's discovery requests to Applicants 'of June 30, 1983, to

which Appl * cants responded on August 12, 1983. Discovery ac-
'

tivity with respect to Eddleman 132 has included: Applicants'

discovery requests to Mr. Eddleman of January 31, 1983, and his

March 21, 1983 responses; Mr. Eddleman's discovery requests to
,

Applicants of March 21, 1983, to which Applicants responded on

April 28, 1983; and Mr. Eddleman's discovery requests to the

Staff of August 31, 1983, to which the Staff responded on

October 12, 1983 (and supplemented on November 21, 1983).

III. Argument

A. Standards for Summary Disposition

The general standards by which motions for summary dispo-

sition are judged are set forth in " Applicants' Memorandum of

Law in Support of Motions for Summary Disposition on Intervenor

-3-
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Eddleman's Contentions 64(f), 75, 80 and 83/84," September 1,

1983, which is incorporated herein by reference.

B. Timeliness of the Motion

The instant motion is timely and the subject contentions

are ripe for summary disposition. A motion for summary dispo-

sition may be filed at any time in the course of a proceed-

ing.1/- Wisconsin Electric Power Company (Point Beach Nuclear

Plant, Unit 1), ALAB-696, 16 N.R.C. 1245, 1263 (1982); see also

10 C.F.R. 5 2.749(a). Here, the sponsors of the contentions

have had ample opportunity -- more than 14 months -- in which
.

to conduct discovery on the issues.

C. Relevant Regulatory Requirements

Following the accident at Three Mile Island, the NRC's

TMI-2 Lessons Learned Task Force made a series of recommenda-

tions, some of which addressed the capability to detect the

approach to and exis.tence of inadequate core cooling ("ICC"),
i

| In particular, the Task Force recommended improvements in

| 1/ Thus the deadline established by the Board as the last day
| for filing motions for summary disposition of safety conten-
| tions (May 16, 1984), Memorandum and Order. at 7 (March 10,. .

! 1983), does not bar an earlier motion. In the case of CHANGE
i 44 and Eddleman 132, the intervenors were advised by Applicants

in January, 1983, that summary disposition would be pursued in
advance of the deadline, so that discovery should be pursued

| expeditiously.

!
! -4-
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operator. training and procedures, the installation of a primary
v

coolant saturation (or subcooling) meter, and consideration of

additional supplementary instrumentation to provide an

unambiguous, easy-to-interpret indication of ICC. NUREG-0578,

TMI-2 Lessons Learned Status Report and Short-Term Recommenda-

tions (July 1979) at A-11, A 12; Metropolitan Edison Company

(Three Mile. Island Nuclear Station, Unit No. 1), LBP-81-59, 14

N.R.C. 1211, 1234 (1981), aff'd as modified, ALAB-729, 17

N.R.C. 814 (1983), petition for review filed.

Subsequently, the Commission approved for in.plementation

by applicants for operating licenses and construction permit

holders, as a part of its TMI Action Plan, certain Staff pro-

posed requirements for additional in'strumentation to detect
'

'ICC. See NUREG-0737, Clarification of TMI Action Plan Require-

ments (Nov. 1980) at item II.F.2 (reprinted in NUREG/CR-2628,

infra, as Appendix A). The requirements included, among other

-things, the conduct of an evaluation of new reactor-water-

level-indication instrumentation.

In NUREG/CR-2628, Inadequate Core Cooling Instrumentation

Using Differential Pressure for Reactor Vessel Level Measure-

ment'(March 1982), which is Attachment 1 hereto, Oak Ridge

' National Laboratory documented a technical review, performed

for the NRC Staff, of a reactor vessel level monitoring system

using a differential pressure measurement system proposed by

-5-
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Westinghouse for pressurized water reactors.2/ The conclusion

of the review is that the Westinghouse proposed system meets

the requirements of NUREG-0737.

In Generic Letter No. 82-28, Inadequate Core Cooling In-

strumentation System (Dec. 10, 1982), the Staff states that on

November 4, 1982, the Commission determined that an instrumen-

tation system for detection of inadequate core cooling consist-

Ing of, among other things, a reactor coolant inventory

tracking system, is required for the operation of pressurized

water reactor facilities. See Attachment 2 (Generic Letter No.

82-28).
,

D. The Contentions are Satisfied

As the above history illustrates, the NPC's requirements

for reactor vessel level indication instrumentation (which
eventually became a requirement for an inventory tracking

system) were still evolving during the period when contentions

were being proposed for adjudication in this proceeding. Con-

sequently, in 1982 Applicants had not yet determined what, if

any, reactor coolant level or inventory indication system to

install at the Harris plant. This situation was reflected at

the time in the TMI Appendix of the Final Safety Analysis

2/ NUREG/CR-2628 was produced to intervenors Eddleman and
CHANGE during discovery.

-6-
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Report and was the available information upon which CHANGE 44

and Eddleman 132 were based.

The situation has subsequently changed, however, in a

determinative way. In an August 11, 1983 letter to the NRC

Staff (Exhibit B to Loflin Affidavit), which was clarified and

superseded by a letter of November 4, 1983 (Exhibit.C to Loflin

Affidavit), CP&L updated its response to Item II.F.2 of

NUREG-0737 and indicated that the Westinghouse reactor coolant

inventory tracking system is being installed as a part of the

ICC instrumentation system at the Harris plant. This system

fully satisfies the call, in CHANGE 44 and Eddleman 132, for

fully qualified, direct water level indication in the reactor

vessel at the Harris plant.

As the Staff has stated:

The addition of a reactor coolant inventory
system will improve the reliability of
plant operators in diagnosing the approach
of ICC and in assessing the adequacy of re-
sponses taken to restore core cooling. The
benefit will be preventive in nature in
that the instrumentation will assist the
operator in avoidance of ICC when voids in
.the reactor coolant system and saturation
conditions result from over cooling events,
steam generator tube ruptures, and small
break loss of coolant' events. The addition
of a reactor coolant inventory system, cou-
pled'with upgraded in-core thermocouple
instruments and a subcooling margin moni-
tor, provides an ICC instrumentation pack-
age which could significantly reduce the
likelihood of human misdiagnosis and errors
for events such as steam generator tube

__
ruptures, loss of instrument bus or control
system upsets, pump seal failures, or

-7-
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overcooling events originating from
disturbances in the secondary coolant side
of the plant. For less frequent events,
involving coincidental multiple faults or
more rapidly developing small break LOCA
conditions, the ICC could also reduce the
probability of human misdiagnosis and sub-
sequent errors leading to ICC.

Attachment 2 at 1.

Further, the NRC has completed its review of the

Westinghouse system and has accepted it for compliance with the

requirement for a reactor coolant inventory tracking system.

As stated in Generic Letter No. 82-28:

The Nuclear Regulatory Commission has com-
pleted its review of several generic reac-
tor level or inventory system instrumen-
tation systems which have been proposed for
the detection of ICC in PWRs. The Combus-
tion Engineering Heated Junction
Thermocouple (HJTC) system and the
Westinghouse Reactor Vessel Level Instru-
mentation System (RVLIS) are acceptable for
tracking reactor coolant system inventory
and provide an enhanced ICC instrument
package when used in conjunction with core
exit thermocouple systems and subcooling
margin monitors designed in accordance with
NUREG-0737 and operated within approved
Emergency Operating Procedure Guidelines.
The details of the NRC Staff review of
these generic systems are reported in
NUREG/CR-2627 and NUREG/CR-2628 for the
Combustion Engineering and Westinghouse
systems, respectively.

Id. at 2. See also NRC Staff Response to Interrogatories (2nd

Set) dated August 31, 1983 Propounded by Wells Eddleman (Oct.

12, 1983), at 42-45 (Staff disagrees with Eddleman 132; Appli-

cants have provided design for direct water level indicator for

-8-
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the reactor vessel; Applicants' system is the Westinghouse

system which has been generically approved).

During discovery, Mr. Eddleman was advised that the NRC

Staff, in NUREG/CR-2628, had accepted the Westinghouse system

and was asked whether Eddleman 132 would be satisfied if Appli-

cants committed to install that~ system in the Harris plant.

See Applicants' Interrogatories and Request for Production of

Documents to Intervenor' Wells Eddleman (First Set), January 31,

1983, at 43-44. Mr. Eddleman answered in the negative based .

upon his understanding of the system, although he had not

reviewed the design of the Westinghouse systur nor seen

. NUREG/CR-2628 at that time. See Wells Eddleman's Response to

Applicants' First Set of Interrogatories and Request.for Pro-

. duction of Documents, March 21,.1983, at 44.

.The same inquiry was made of intervenor CHANGE. See Ap-

.plicants' Interrogatories and Request for Production of

Documents to Intervenor CHANGE (First Set), January 31, 1983,

at 6-7. CHANGE likewise declined to consider CHANGE 44

; satisfied if Applicants agreed to install the Westinghouse

system.- Citing NUREG/CR-2628 as a source of its information,

CHANGE asserted that the Westinghouse system may not be suffi-

| ciently accurate, and that the Staff had not analyzed the

effects of blockage or corrosion. The CHANGE responses were

sworn to by Daniel F. Read, CHANGE President, whom Applicants

-9-
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believe to have been a law student at the time. In response to

specific inquiries made, CHANGE identified no other person as

contributing to its responses. See Response of CHANGE to Ap-

plicants' First Set of Interrogatories, March 10, 1983, at 1-2.

Applicants submit that CHANGE 44 and Eddleman 132 have
.

been satisfied as a result of the change in factual

'
circumstances since those contentions were proposed and admit-

ted for adjudication. The contentions amount to an allegation

that the Harris plant will have no direct means for assessing

the sufficiency of reactor coolant inventory. The facts now

clearly demonstrate that such a system, acceptable to the NRC,

will be provided. The intervenors' attempt to shift the focus

of the litigation to alleged shortcomings of the Westinghouse

system, for which the intervenors have advanced no supported

technical basis, cannot overcome the demonstrated absence of an

issue cf material fact with respect to CHANGE 44 and Eddleman

132 as admitted by the Board.

While the shortcomings alleged in summary fashion by.the

intervenors are superfluous to the contentis :s, Applicants have

responded to them in connection with this motion in an effort

to assist the Board in its assessment of the weight to be given

those arguments.

-10-
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E. The Westinghouse System is Sufficiently Accurate

The very language of CHANGE 44 concedes that ". it may. .

be true that there are no absolutely certain indicators ."~

. .

of reactor water level. In fact, the RVLIS is sufficiently

accurate to perform its intended functions. The ICC instrumen-

tation system at Harris includes, in addition to RVLIS, a

subcooling margin monitor .and a core exit thermocouple system.

See Loflin Affidavit.

During the early stages of a hypothetical ICC transient

(i.e., before reactor coolant system (RCS) saturation is

reached), the subcooling margin monitor informs the operator
,

concerning core cooling and RCS inventory. If saturation is

reached (i.e., the subcooling margin is zero), RVLIS comes into

play by providing the operator with information regarding the

trend in RCS inventory and an approach to core uncovery if de-

pletion continues. If RCS inventory depletes to the point

where the active fuel region of the core becomes uncovered,

then superhe'ated steam will be generated and thd core exit

thermocouple system will observe this condition. The RVLIS

also provides a diverse indication of. core uncovery along with

the core exit thermocouples. Draughon Affidavit at 1 5-7.

In short, the unique contribution of RVLIS during an ICC

transient is to indicate the trend of RCS inventory after

subcooling is lost but before the core becomes uncovered.

-11-
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Thereafter, it confirms the core exit thermocouple indications.

It is not necessary that the capability be provided (assuming

that it is technically feasible to do so) for an error-free

measurement of the level of coolant in the reactor vessel.

The maximum allowable error for RVLIS wide range and nar-

row range indications is six percent of the indicated span.

This maximum error is small enough that ICC transients can be

detected and distinguished from other transients. It also does

not impair the effectiveness of operator actions which, pursu-

ant to emergency operating procedures, will be taken on the

basis of indication changes much larger than the maximum error.

Draughon Affidavit at 116.

Intervenors' unfounded desire for a more accurate inven-

tory measurement appears to ignore the function of RVLIS in the

ICC instrumentation system and the relationship between opera-

tor actions and the indications being provided by that system.

The extensive testing of RVLIS at the Semiscale facility has

demonstrated that it. acceptably tracks RCS inventory. Draughon

Affidavit at 1117-21.

F. The Potential for Corrosion has been
Addressed Adequately in the RVLIS Design

Materials of construction (304/316 stainless steel) of the
capillary tubing, sensors, hydraulic isolators, and differen-

tial pressure transmitters and the fill fluid were selected to

-12-
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minimize cor.rosion.3/ See Draughon Affidavit at 1111-13, 22.

G. Potential' Flow Blockage has been Evaluated

While blockage in the core resulting from a significant

overheating will result in a higher RVLIS indication, prolonged

core uncovery would first have to occur in order to reach this
1

condition. The very purpose of the entire requirement for an

"

enhanced ICC detection capability is to provide the necessary

information, procedures and training to avoid such a condition.

In any case, even with a large amount of flow blockage,. the re-

sulting RVLIS error is small, and the RVLIS will trend with the

vessel inventory and provide useful information for monitoring

the recovery from ICC. Draughon Affidavit at 1123, 24.

?
'

IV. Conclusion

While a basis once existed for CHANGE 44 and Eddleman 132,

that basis evaporated when Applicants made the commitment to

install the Westinghouse RVLIS at the Harris plant. That

. system has been accepted generically by the NRC to meet its TMI

<t. Action Plan requirement for a reactor coolant inventory

_3_/ Intervenor CHANGE's concern appears to have been based at
least in part on a misapprehension that the capillary lines are

[ directly attached to the reactor coolant system. In fact, the
lines are isolated from the RCS through a bellows arrangement.'

See Applicants' Responses to Interrogatories to Applicants of
Intervenor CHANGE /ELP (Contention 44), August 12, 1983, at 7;
Draughon Affidavit at 112.

!
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tracking system to be part of an enhanced instrumentation

system to detect inadequate core cooling. The NRC's acceptance

is based upon a thorough and well documented technical review

of RVLIS, as well as extensive testing of the system. The in-

tervenors' refusal to accept the fact that their contentions

have been satisfied cannot change the situation. Irrelevant

and baseless questions'about accuracy, corrosion and blockage
.

cannot save CHANGE 44 and Eddleman 132 from summary disposi-

tion. Applicants submit that there is no genuine issue of

material fact for hearing on these contentions.

Respectfully submitted,
.

== .

Thomas A. Baxter, P.C.
SHAW, PITTMAN, POTTS & TROWBRIDGE
1800 M Street, N.W.
Washington, D.C. 20036
(202) 822-1090

Richard E. Jones
Samantha Francis Flynn
CAROLINA POWER & LIGHT COMPANY
P.O. Box' 1551'
Raleigh, North Carolina 27602
(919) 816-6517

Counsel for Applicants

Dated: December 7, 1983
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Availability of Reference Materials Cited in NRC Publications

Most dccuments cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices:
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in the NUREG series a~re~available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical information Service include NUREG series ;

reports and technical reports prepared by other federal agencies and reports prepared by the Atomic !

Energy Commission, forerunner agency to the Nuclear Regulatory Commission. {

Documents available from public and special technical libraries include all open literature items, !
'

such as books, journal and periodical articles, and transactions. Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

1
Documents such as theses, dissertations, foreign reports and translations, and non N RC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

i

Single copies of NRC draft reports are available free upon written request to the Division of Tech-
'

nical Information and Document Control, U.S. Nuclear Regulatory Commission, Washington, DC
i 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda Maryland, and are avaiiable
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from tne
Arr >rican National Standards institute,1430 Broadway, New York, NY 10018.
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_ EkECUTIVE SUMMARY

This document presents a technical review of the Inadequate Core
Cooling instrumentation with a Reactor Vessel Level Monitoring System
using a differential pressure measurement system proposed by Westinghouse
Inc., for pressurized water reactors. This system is Westinghouse's
response to requirements of NUREG-0737 to evaluate the need for addi-
tional instrumentation to detect the approach to inadequate core cooling
and in particular to evaluate means for measuring reactor vessel water
level. Because the question of the need for reactor vessel measurement
instrumentation has been a somewhat controversial issue, this report
includes a great deal more mater'ial than is normally found in a technical
review of this. nature. It is the intention to provide in one document,
coverage of all of the relevant material that has accumulated since the
accident at TMI-2.

Emphasis was placed on evaluation of the generic Inadequate Core
Cooling (ICC) Instrumentation system as a whole which includes, besides
the differential pressure reactor vessel level measurement, the satura-
tion nargin monitor, the core exit thermocouples and the display system
(either the 7300, an analog display, or the microprocessor based system
with a plasma panel display). Westinghouse refers to this complete sys-
tem as the Reactor Vessel Level Instrumentation System (RVLIS). Tae
system was evaluated on the basis of documentation supplied by Westing-
house Inc., tests run at ORNL and tests run at INEL (SEMISCALE).

Any generic description of ar ICC instrumentation system is neces-
sarily incomplete when applied to a specific plant because of differences
in the individual plants. In the course of the evaluation of submittals
by the individual licensees, it has become apparent that some ut ilities
have chosen not to install the complete generic system offered by ,
Westinghouse, particularly with respect to location of transmitter out-
side cont ain=ent , use of isolators in impulse lines, and the display
systems.

/

In Sect. I, a brief of the TMI-2 background is followed by a
detailed discussion of the definition of Inadequate Core Cooling (ICC).
In this discussion, measurement variables are defined to provide a basis
for evaluation of the ICC instrumentation system. Follouing, is a dis-
cussion of the evaluation considerations used in the reviews.

In Sect. II, the existing plant instrumentation which can be used
for ICC detection is reviewed and this reviev is followed by an analysis
of the need for additional instrumentation. Westinghouse's proposed
differential pressure coolant level measurement system is described in
some detail.

.

In Sect. III, the testing of the Westinghouse system both at
Westin;nouse, Forrest Hills, and Idaho National Engineering Laboratory,
SEMISCALE, are reviewed. Also Sect. III contains a review of antavses of
small break accidents performed by Westinghouse at the request of SRC and
those are related to the RVLIS.

vii
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[4 Section IV includes the evaluations of the dif ferential pressure
'l: level measurement system with respect to the NUREG-0737 requirements and
'

i the instrumentation considerations. An extensive discussion of the ICC
'

'.'i instrumentation system related_to possible ambiguities incorperates
[C responses to concerns about the system that resulted from the review

''' process and expressed by others.
n

:" ' The conclusion of this evaluation is contained in Sect. V.-

A
'h A brief description of the differential pressure level measurement
.$ system (RVLIS), a brief discussion of the concerns, and a summary of our
.; , conclusions are written below.

ih The RVLIS is a differential pressure measurement system. There are
' [, two trains of differential pressure measurement. On each train there are
%', three differential pressure transmitters. Two transmitters are connected
.1 from the bottom of the vessel to the top of the vessel via tapping exist-
/I ing penetrations [on a Upper Head Injection (UHI) plant, the top con-
g nection is to the Hot Legs]. One of these two transmitters referred to

as the narrow range unit is set up to measure the collapsed level in the;~
vessel (0% to 100%) with the pumps of f. With the pumps on, the narrow

~

range unit is off scale high. The second transmitter, referred to as the
wide range unit, it scaled to read 0% vessel e=pty and pumps off, and
100% with vessel full and all pumps on. With pu=ps off and vessel full,2

the wide range unit reads abou; 33% (15% on a UHI plant). The third
transmitter of one train is connected between the hot legs and the top ofe

the vessel and is referred to as the upper range unit. Westinghouse says
this unit is not to be used except during head ventin;. When the vessel

,

is full and pumps are off, the instrument indicates 100%, the unit indi-.

cates off scale in the 0% direction with vessel full and pumps on due to
the frictional differential pressure.3

~

. These transmitters are connected to'the vessel by armored capillary
tubing. The transmitters are outside the containment wall, and there are

's two isolators in each capillary tube, one close to the vessel penetration
tap point and one close to the containment wall. The capillary tubes are

,
vacuum filled with demineralized desireated water. The isolators have
switch closures that indicate loss of capillary tubing water. Further,
the isolators have valve stops that prohibit excessive fluid trans fer.y.

Problems in this area can be confirmed by the other train measurements.
and by the switch closures. Temperature measurements are made on any
vertical run of these capillary tubes to compensate for density

*

variations.
.

The generic display system for either plant could be an analog proc-

_

escor with panel meter readout (7300 system) or a microprocessor based
- system with a plasma panel readout (microprocessor systa=). Either sys-

| tem is supplied with a strip chart recorder for trending the analog out-
puts. Either system compensates for density variations between reference
legs and the vessel. When the pumps are on, the 7300 system has a li;ht

- telling the operator to disregard the narrow range and the upper range
indications. The microprocessor unit has a status indication for enese
measurements to indicate when they are to be disregarded,,

i

.

.

. viii
~



, .-- -

. ,',

'
.

.

Analyses have been presented by the Westinghouse Owner's Group in-'~
WCAP-9753, of the system behavior with 1 and 4 in, diam breaks. Summary
reports describing the generic analog and microprocessor based differen-
tial pressure level measurement system together with the Saturation
Margin monitor and core exit thermocouples assert that these systems are

,

adequate for detecting an approach to inadequate core cooling for breaks
up to 4 in. diam. Tests of the differential pressure system were added
to the regular testing program at SEMISCALE and the results reported in
EGG-SEMI-5494 and EGG-SEMI-5552. Additional analysis of these results
are forthcoming in ORNL-TMs. Some differences between indications of the
Westinghouse system and the SEMISCALE differential pressure level system
were noted in the upper head. Westinghouse claims'that this dif ference
is mainly a result of differences in the configurations betweeen the
full-sized Westinghouse reactor and SEMISCALE upper head regions. Indi-
cations of other Westinghouse differential pressure level measurements
were in good agreement with the SEMISCALE instruments in the same range.
A repeat test was performed with the configuration of SEMISCALE modified
to simulate a Westinghouse reactor. The dp level measurement in this
test were in good agreement (less than 5% error) with SEMISCALE instru-
centation. On August 8,1981, the NRC requested additional information
from the utilities proposing to use the Westinghouse dif ferential pres-

sure system. Most of these questions have been resolved to the staff's
satis f action, but a few outstanding questions remain to be answered. The
generic description of the system along with the clarification supplied
appear to be adequate for approval of the system for trial installation
and use'. Plant specific features, however, will still require revtew on
a plant by plant basis.

In summary, the systems proposed by Westinghouse do provide an unam-
biguous indication of water level above the core wnen, in fact, such a
level exists. During rapid transients, ambiguous indication may occur,
but are expected to be of brief duration. For cases where the reactor
vessel is filled with a two phase mixture, experimental evidence indi-
cates that the differential pressure systems will indicate collapsed
liquid level or the trending of the reactor vessel coolant inventory.
The conclusion of this evaluation is that the Inadequate Core Cooling
Instrumentation system wnich includes the differential pressure reactor
vessel level indicating system (RVLIS) proposed by Westinghouse will meet
the requirements at NUREG-0737 to provide the plant operator with an
unambiguous indication of the approach to adequate core cooling in small
break LOCA transients. Furthermore, the system will provide the plant

~

operator with a valuable indication of the effect of the recovery meas-
ures. Final approval is contingent on resolution of the open items
listed below.

Generic e,mergency operating procedures have not been provided in the
' descriptions of the Westinghouse ICC systems. Detailed emergency operat-
ing procedures, hcwever, are considered plant specific and must treat
ambi;uities, these will be reviewed separately for each plant. There are
no other significant open issues to be resolved with respect to the gene-
ric Westinghouse ICC instrumentation system.

ix
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I. INTRODUCTION

1.A. Background - TMI

The accidant at Three Mile Island, Unit 2 originating on March 28,

1979, has become one of the most intensely studied technological mis-
haps in history. The ' Report of the Kemeny Commission provides a care-
fut reconstruction of the events during the week of the accident, from
a more human than technical point of view.I The accident was initiated
by malfunctions of a pressure release valve and its actuator indicator,
and propagated by operator errors because of inadequate information
about the true state of the reactor system (loss of coolant through the
leaking ~ or open pressure relief valve). Inadequate training on the
part of'the operators led them to shut off safety injection flow based
on a high pressurizer level indication. By shutting of f the high pres-
sure injection into the primary system that had automatically been
initiated by the control system to make up the loss of coolant from the
pressure relief valve, the subsequent sequence of events led to the
uncovery of and severe damage to the core.

At least one result of the post-TMI-2 studies was the mandate by
the Kemeny Ccemission to the NRC to " consider the need for additional
instrumentation to aid in understanding of plant status."2 Through the
efforts of the TMI-2 Lessons Learned Task Force, the NOC recc== ended
the installation of additional instrumentation (if required) to " pro-
vide unambiguous, easy-to-interpret, inoications of inadequate core
cooling."3 The Advisory Co=mittee on Reactor Safeguards stated:

"The Committee believes that it would be prudent to

consider expeditiously the provision of instrumentation that
will provide an unambiguous indication of the level of fluid
in the reactor vessel. '...The Committee believes that as a
minimum, tne level indication should range from the bottom of
the hot leg piping to the reactor vessel flange area.""

With the publication of NUREG-0737, all operating licensees and
applicants for operating licensees were required to provide a decerip-
tion of any additional instrumentation to indicate inadequate core
cooling and a time table for its installation.5

1.3. Definition of Inadequate Core Ccoling

Before describing the role of the ICC instrumentation system, we
must first discuss the definition of ICC. Simply speaking, inadequate
core cooling must refer to a state of the reactor coolant system in
which it is no longer capable of recovtug sufficient heat from the core
to prevent core damage, i.e., rupture and/or melting of the fuel clad-
ding occurs with release of radioactive materials into the primary'

coolant system. Avoidance of inadequate core cooling is necessary for
safe reactor operation. One definition of inadeouate core cooling that

5is given by the NRC staff is:

1-
- - - - - -. - -- _ __
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N "The staf f considers the core to be in a state of
.; inadequate core cooling whenever the two phase froth level

"] falls below the top of the core and the core heatup is well
; in excess of conditions that have been predicted for calcu-

f{
lated small break scenarios for which some uncovery with
successful recovery from the accident have been predicted.

| Possible indicators of such a condition are core exit super-
'

''1 heat temperature and/or the rate of coolant loss or level
,l drop prior to core uncovery and the extent and duration ofi
4 uncovery."

.

While this is a good phenomenological definition, a more detailed
9.- operational definition of inadequate core cooling is still required to

guide the design and evaluation of ICC instrumentation. To limit the
discussion to manageabic proportions, we will be concerned only with

O situations for which the ICC instrumentation is intended to be used,
i.e., small break LOCAs.''

It is generally accepted by the NRC staff that the use of the ICC
instrumentation is limited to those slow transient situations where
significant response time is available for operator intervention, i.e.,

primarily "small break loss of coolant accidents" (LOCAs). The prog-
ress of events in a large break LOCA is so rapid that the operator

- would not have time to react and the protective measures are co=pleted
j automatically. For large break '.CCAs, the ICC instrumentation would be

i used to conitor recovery. Prior to the T:11 accident, reactor safety
research concerned wita ICC had been limited, mainly, to the study of

~

1arge break LOCA accidents. It is generally realized nov, that ene
small break class of accidents has a much greater likelihood of
occuring. The point which defines the difference between a "scall"

,

. Jj break and a "large" break is then partially defined by a sufficiently

! large interval of time that allows the operator to take action.
- | Because of dif ference in p'lant designs, this period will be different

'r' for the plants of diffe;ent vendors, however, a general scheme for the'

progression of events is shown in Fig. 1 for a 76-c=-diam (3 in.) cold
leg break in a Westinghouse PWR plant. Core uncovery begins about
8 min af ter the break in this model. In these worst case calculations,;

with a 4 in. break, fuel cladding temperature is calculated to reachI

1200*C (2200*F) after about 20 min.7

The definition adopted by Westinghouse is a "high temperature
condition in the core such that operator action is required to cool the

- core before damage occurs."7 From the results of their analyses, the
Westinghouse staff concluded that "a core exit thermocouple reading of
650*C (1200*F) is a satisfactory criterion to alert the operator that
action is required to cool the core before damage occurs."

| We find that this definition is in agreement with the staff
definition.'

i

j
,
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): I.5.1. A Detailed Acoroach to Definine ICC Instrueentation
_

Jg A detailed approach to defining ICC instrumentation has been
described 8 as a three step process. First, an operational defin ion

' for the state of ICC was selected. Second, typical accident even.s
that lead to ICC within the constraints of the definition, were
analyzed. Third, instruments that would indicate the progression of

. , ' one or more of these events were selected and evaluated.

EI II.B.1.1 Definition of ICC. A definition of ICC and the func-
|[ tional requirc=ents tor an ICC Instrumentation System can be estab-
-i lished assuming the following reactor conditions;

1. The reactor is shut down, so only decay power needs to be
-f considered.'

q 2. The coolant level falls below the top of the core due to a
loss of coolant mass from the Reactor Coolant System (RCS).-

' 3. The event proceeds slowly enough so that the operator is
allowed sufficient time to observe the instrument displays and
take appropriate actions.

These conditions provide the boundaries for a regime of sizes of
small break loss of coolant accident (LCCA) caused by either RCS.

rupture or primary coolant expansien due to loss of heat sink (dry out
of the steam generators).

The ICC instrumentation is to be used to warn the operator of the
approach to the state of inadequate core cooling. Before selecting
such instrumentation, a definition for a measureable indic.ation of the

- existence of ICC is required. Once this is established, then it is
possible to define the instrumentation to indicate the approach to ICC.
Several possible indications exist for the state of ICC. The list
below is not exhaustive, but demonstrates a range of possibilities.

.

The following indications for the state of ICC were considered:
_ -

1. (First) occurence of saturation.
2. Core uncovery.
3. Fuel clad temperature increases and finally exceeds the

maximum value predicted for nor=al recovery from an
analyced small break LOCA scenario.

It has been concluded from the s=all break LCCA analysec that
sone events progress slowly enough for practical instrumentation en
reliably detect and display the approach of ICC.

I

l
.

_ _ _ - - - _ . _ - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - '
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. Definition of Events For Anoroach To and Recoverv From ICC

The system of instruments and sensor for detection of the approach
.to ICC provides to the operator a continuous indication of the thermal-
hydraulic states within the reactor vessel during a progression of
events towards or away from ICC. This progression can be divided into
conditions based on the physical processes occuring within the vessel.

.

Conditions Associated with the Annroach to ICC

Condition la Loss of fluid supercooling leading to the first
occurrence of saturation conditions in the coolant.

Condition 2a Decreasing c'oolant inventory within the vessel head,
(from the top of the vessel to the top of the active
fuel)..

Condition 3a increasing core enit temperature due to the uncovery of
the core resulting from the level of the mixture of vapor
bubbles and liquid dropping below the top of the active
fuel.

Conditions Associated with Recover" from ICC

Condition Ib Establishment of naturation conditions followed by an
increase in fluid succooling.

Condition 2b Vessel filled by the increase in liquid inventory so that
the level of the two pnase minture is above the fuel.

Condition 3b Decreasing core,enit steam temperature resulting fecm an
increasing coolant level uithin the core.

1

These conditions encompass all possible coolant situations associ-
ated with any ICC event progression. The conditions denoted with an
"a" refer to fluid situations that occur during the approach to ICC.
Conditions denoted by a "b" refer to fluid conditions which occur dur-
ing the recovery from ICC. Thus, "a" conditions differ from "b" condi-

tions in the trending (directional behavior) of tne associated
parameters.

To provide indicators during the entire progression of an event,
an ICC instrument system consists of instruments that provide an unac-
biguous indication for the state of the RCS for at leact one of eacn of
the ranges of pnysical conditions described above.

Based on this description of the " approach to," and " recovery
from" ICC, instruments were selected to:

1. Provide assuranca that the entire progression of events could
be followed by the selected ICC system.

2. Demonstrate the extent of instrument diversity or redundancy
that is possible with the available instruments.

. . E
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By defining the ICC progression in an operational fashion, the
-

processes of " approach to" and "rocovery from" ICC can be associated*

u.. with measureable physical quantities.

The instrument sensor package selected to monitor the ICC eventI progression consists of: (1) resistance temperature detectors (RTDs),
(2) pressu-izer pressure sensors, (3) reactor vessel level monitors.

employing differential pressure sensors, and (4) core exit thermo--

|j couples (CETs). The signals from the RTDs, CETs, and pressure sensors
1 can be combined to indicate the loss of subcooling and occurrence of
| saturation (Condition la) and the achievement of a subcooled condition

.d following core recovery (Condition Ib). The reactor vessel level moni-H

d toes provide information to the operator on the decreasing liquid
inventory in the reactor pressure vessel as well as the increasing.

'

liquid inventory following core recovery (Conditions 2a and 2b). In=
y core exit thermocouples (CETs) monitor the increasing steam tempera-

tures associated with the approach to ICC as the two phase mixture
level drops below the top of the core and the decreasing steam tempera-~

tures associated with recovery from ICC (Conditions 3a and 3b).

I.C. Evaluation Considerations for Reactor Vessel
Coolant Level Instrumentation

.

The Nuclear Regulatory Commi aion9 requires installation of
reactor vessel coolant level instrumentation or equivalent to datect
the approach to inadequa.e core cooling. Many owners and operators of

'
;

nuclear power reactors submitted their plans for i=olementing this
requirement to the Nuclear Regulatory Commission (NRC) for evaluation
by January 1982. The design requirements for this instrumentation are
provided in Item II.F.2 and Appendix B of NUREG-073710 (see also
Appendix A, this document)., These criteria for the most part are func-
tional in nature'. There are additional characteristics that these- -

; systems should meet fromethe standpoint of the instrumentation and
'

controls function these systems must fulfill. To assist in an objec-
, tive evaluation of the methods proposed for reactor vessel level meas-
^

urement, we present discussions of the instrumentation and controls
characteristics with respect to the different operating requirements.

In response to TMI Task Force Action Plan II.F.2, the nuclear,

'

industry has proposed three different systems of additional information,

to monitor reactor vessel coolant level during the occurrence and
. recovery of a small break loss of coolant accident in a nuclear power^

reactor.

I 1. D,ifferential pressure system proposed by Westinghouse and its
plant owners' group.

2. Heated junction thermocouple system proposed by Co=bustion
Engineering owners' group.

3. Excore Neutron Detector systems proposed by Alson=a Power for
their Farley nuclear plants (Westinghouse NSSS Design) and by
National Nuclear Corporation.

;



*
e,

'
.

7

~

.The operational characteristics of nuclear power reactors may be
divided into four broad classes: normal operation, abnormal operation-
slow transient, abnormal operation-fast transient, and post accident
operation. Abnormal operation resulting from a small break in the
primary coolant system will produce a slow transient with loss of
coolant inventory. An indication of the approach to core uncovery will
facilitate an orderly handling of the problem. Post accident monitor-
ing is needed to determine conditions in the vessel after a loss of
coolant acc ident to insure that the reactor has been brought to a safe
shut down and remains in'a safe condition.

As seen in Sect. I.B above, a set of conditions associated with
the approach to and recovery from ICC is falling or rising liquid (or
two phase mixture) level in the vessel head regica (Conditions 2a and
75). Loss of RCS inventory after the system depressurization to
saturation cannot be detected either by the SMM or CET. Additional
instrumentation is required to eliminate this blind spot for the
operators so that they can observe the entire progression of events.
Reactor vessel coolant level instrumentation is applicable primarily to
the slow transient, small break loss of coolant accident and recovery.
Reliable operation of reacter vessel coolant level instrumentation
during normal reactor operation is necessary, so that the reactor -

operators will be confident in the indications of the instrument = ano
the instruments will be in good operating order if a problemtnat

arises.

Neither the ICC instrumentation as a whole nor water level
instrumentation in particular is required to follow fast transients
resultin; from a large break loss-of-coolant accident, since Reactor
Protection System instrumentation will identify this problem and
initiate automatic coolant injection systems before the operator could
respond to the ICC instrumentat, ion. It is i=portant, however, that the
level instrumentation be capable af surviving such a transient so,tnat
it could be used in post accident monitoring and recovery.

The table below lists in various functional areas, but not
necessarily in order of importance, the considerations used in this
evaluatica to assess the capability of preposed instrumentation to meet*

NUREG-0737 design requirements and application objectives.

General Considerations for Evaluation of
Reactor Vessel Coolant Level Instrumentation

A. Installation Specific
.

1. Requirements on operator
2. Calibration, procedures, in-situ procedures, frequency

standards, etc.
-

3. 3edundancy or diversity
4 Useful outout during normal operation
3. Esse of retrofit or replacement
6. Interference wita refuelin;

\ >
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|~ 3. Sensor and Transducer Specific
-

,

1. Expected in-service life
2. Radiation resistance

'

3. Environmental resistance
4 . Resistance to temperature damage or ef fect
5. Accuracy and resolution,

| 6. Speed of response
i

C. Accident and Post-Accident Monitoring

j 1. Effects of core uncovery
! 2. Effects of reactor internals movements
f 3. Effects of pressure excursions
! 4 Effects of flow variations

5. Ability to measure water quality
8 General technical specifications have been derived based on these

considerations, and these may be found in Appendix C of this document.
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II. ICC. INSTRUMENTATION

II.A Existing ICC Instrumentation

Adequate instrumentation is necessary to diagnose the approach to
ICC and to determine the effectiveness of the mitigation actions taken.
The following is a list of existing instrumentation and conclusions
derived:

Parameters Critical to ICC

The analysis provided in ref. 7 and 11 delineates those parameters
critical for the detection of and the necessary mitigation actions for
the recovery'from an ICC condition.

To briefly summarize those parameters, ICC is detected by either
-high core exit thermocouple temperatures or by a low reactor vessel
level indication (core uncovery) in conjunction with core exit thereo-
couple indications. Mitigation cetions consist of depressurizing the
reactor coolant system-(RCS) to permit injection of accumulator water
and/or to establish low head safety injection flow. The RCS is itself
depressurized by depressurising the . steam generator secondary siae.
Critical parameters at this point are steam generator pressures and
wide range RCS loop temperatures. Once low head safety injection flow
'is established, transfer out of the ICC procedure can be made wnen core
exit thermocouple temperatures are reduced and the reactor vessel level
gauge indicates a levcl above the top of the core.

With the exception of reactor vessel level, all parameters are
monitored by currently existin,g instrumentation.

1. Current Instrumentation
a. Wide range reactor coolant pressure present instrumentation

is available for indicating general RCS pressure trends during
the ICC event. Following ICC events the expected accuracy is
such that this instrument cannot be used for precise deter-
minations of the pressure required to assure onset of low head

'

safety injection flow to the RCS.

b. Pressurizer pressure and level - conditions in the pressuriner
will generally lie outside the ranges of these instruments
during an ICC event in a Westinghouse PWR. Pressurizer pres-
sure and level are not used for determining mitigacion actions
to De taken during ICC.

Auniliary feedwater flow present instrumentation is avail-c.
able for assuring a sufficient flow of makeup water to the
steam generators during an ICC event.

t- 3
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'l i d. Wide range resistance temperature detectors present instru-
- centation is available for determining trends of recover

actions but may not be available for deter =ining the one ICC
l condition for all break sizes.

- e. Core exit thermocouples (CETs) present instrumentation is
available for determining both the existence of ICC and the

- trends of recovery actions.

', f. Core subcooling - saturati'on margin monitor (SMM) - does not
i provide useable information during an ICC condition. It will

y indicate superheat conditions in core coolant. It will help
y' indicate the approach to ICC by showing saturation conditions.

_ General specifications for the core subcooling margin monitors
are given in Table 1 for information.

.

g. Steamline pressure present instrumentat. ion is available for.

determining heat sink availability and heat removal capability
during ICC mitigation actions.

- .

h. Steam generator level present instrumentation is available
for determining the availability of a heat sink for the RCS
during an ICC condition.

J In summary current plant instrumentation can determine. heat sink
availability, to detect the onset of ICC through the SMM and CETs, and,

to detect the effectiveness of mitigation actions following the onset
of an ICC e' vent. The RVLIS permits a continuous indication of all
phases of the approach to ICC as a result of a small break LCCA.

II.3 Need ,for Additional Instrumentation

'

The studies of thee TMI-2 accident generally concluded that addi-
- tional instrumentation to indicate the approach to ICC should be con-

sidered for installation in both operating plants and plants applying
for operating licenses. It was also concluded that too great a burcen
was placed on the operators to diagnose the state of the RCS in the
vessel by inference from the indications of existing instrumentation.
Formerly, (before TMI) the subcooling margin had to be obtained by
taking the indication of the hot leg temperature RTDs and the indica-
tion of the pressurizer pressure sensor and looking up the correspond-
ing amount of subcooling in steam tables (a copy of which was not in
the control room at TMI during the early hours of the accident). The
procedures the operators were following instructed them to infer the
RCS . inventory from the pressurizer level indication. Because the sys-
tem was losing coolant via the pressurizer through the stuck-open PORV,
there was an indicated high level in the pressurizer while the reactor
coolant inventory was low. The decay heat frc= the core caused the
coolant in the primary system to expand, filling the pressuriner. The
operators shut off the high pressure inject'on to keep (so they thought
and had been taught) the RCS from going "se;Ad". With continued loss

!-
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Table 1. Information on the saturation margin monitor
1

|Displav

Inforemtion displayed (T-Tsat, P-Psat subcooled i

Tsat, press, etc.) T-Tsat superheat

Display type (analog panel meter, Analog and digital
microprocessor CRT)

Continuous or on demand Analog - continuous
Digital - on demand

Single or redundant display Redundant

Alarms Alarm - 0*F subcooled for
(include setpoints) RTD and T/C (Caution -

25*F subcooled for RTD;
15'F subcoole,d for T/C)

Overall uncertainty Digital - 4*F for T/C; 3*F

(*F, psi) for RTD
Analog - 5*F for

T/C; 5*F for RTD

Range of display Calibrated region - 1000
psi subcooled to 2000*F
superheat; overall -.

never offscale

Calculator ,

Type'(process computer, dedicated Dedicated digital
digital or analog cale.)

Single or redundant Redundant
calculators

Selection Logic (highest T., Highest T for RTD or T/C
lowere press) (CETs) lowe s t P

.

_m.
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Table 1. (Cont'd.)'

Calculational technique (steam Functional fit - ambient
tables, functional fit, ranges) to critical point

Inout

Temperature (RTDs or T/Cs) RTD, T/C and Tref

Temperature (number of sensors RTD - 2 hot and 2 cold
and locations) leg per channel

T/C - 8 per channel
.

Range of temperature sensors RTD - 0 - 700*F
T/C - 0 - 1650*F

(calibration unit range

0 - 2300*F)

Pressure (number of sensors and 2 vide range - locp
'ocations) I narrow range -

pressuricer

]
Range of. pressure sensors k'ide range - 0 - 3000 psi

Narrou range - 1700 -,3

2500 psi

i

of coolant through the stuck PORV, the core began to uncover because of
the loss of subecoling leading to the for=ntion of void in the reactor
vessel. '

-

Two parameters thad the operators did not have available which
would have aided the operators to diagnose the true state of the RCS
were an indication of the subcooling margin and a direct measurement of
the reactor vessel level. This was also the conclusion of the ACRS in
their initial report on the accident:

". . . Additional information regarding the status of the system will
be needed in order for the plant operator to follow the course of
an accident and thus be able to respond in an appropriate canner.
As a minimum, and in the interim, it would be prudent to consider
cxpeditiously the provision of instrumentation that will provide

._|; . an unambiguous indication of the level of fluid in the reactor

| ' vessel..."12

r; The final report of the "TMI-2 Lessons Learned Task Force"
1.) published in October of 1979 include the following reco==endation:

!

1:
t.
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"Each licensee should be required to define and adequately display
in the control room a minimum set of plant parameters (in cont.rol
terminology, a state vector) that defines the safety status of the
nuclear power plant. The minimum set of plant parameters should
be annotated for sensor limits, process limits, and sensor status.
The annotated set of plant parameters should be presented to the
operator in real time by a realiable, single-failure proof system
located in the control room. The annotated set of parameters
should also be available in real time in the Onsite Technical -

Support Center.
.

"The objective of this recommendation is to require a concise set
.of information that is easily available and assessed by the opera-
tor and the shift technical supervisor to ascertain the safety
status of the operating process. .As a further guideline for the
development of the safety state vector, the status of the plant
process should be designed and instrumented as a function of the
various barriers against the release of radioactivity. For exam-
ple, the two primary barriers are the fuel cladding and the reac-
tor coolant pressure boundary. Thus, parameters such as primary
liquid inventory and coolant radioactivity levels would be princi-
pal components of the state vector for these levels of defense.

Similarly, reactor coolant level, ...would be principal components
of the state vector for the engineered safety feature levels of
defense."13

The high cladding temperatures resulting from ICC can lead as a
first step to rupture of the fuel pin cladding. This becomes more
likely as the fuel is used. The fission reactions lead to a prescuri-
zation of th.e fuel pins due to formation of gaseous fission products.
Secondly, at somewhat higher temperatures, the rate of the chemical
reaction between the water and the Zircaloy fuel pin cladding becomes
appreciable and results in the production of gaseous hydrogen inside
the reactor vessel. Thise was undoubtedly the source of the hydrogen
bubble inside the reactor vessel at TMI-2.

"The NRC Action Plan Developed as a Result of the TMI-2
Accident,"I" identified water level in the core as one of the new
instrumentation needs. More specific requirements were issued in
NUREG-0737, " Clarification of TMI Action Plan Requirements," Sect.
II.F.2, " Instrumentation for the Detection of Inadequate Core
Cooling."15

" Licensees shall provide a description of any additional instru-
mentation or controls (primary or backup) proposed for the plant
to suppi'ement exicting instrumentation (including primary coolant
saturation monitors) in order to provide an unachiguous, easy-to-
interpret indication of inadequate core cooling."

The requirements set forth in NUREG-0737 did not e::plic it ly
require the installation of water level instrumentation in the reactor

-. . .
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vessel, but it did require that such reactor-water-level instrumenta-"

tion be evaluated. Instrumentation to detect inadequate core cooling
4

~

was required to: 1) give advance warning of the approach to ICC, 2) to
cover the full range from normal operation to complete core uncovery.
In practice, ICC systems that have not included reactor vessel level
measurement have been found unacceptable by the NRC sta#fa All three
of the PWR reactor vendors have described ICC instrumentation systems |

that include the saturation margin moaitor (unequivocally required by
all plants) and indications of the core-exit thermocouples. Two ven-,

'

dors have' included reactor vessel level measurement, and one offers an
integrated computer driven ICC display system as a part of an accident

y monitoring system. The small break analyses performed by the vendors.

y after TMI-2 have shown that a period of decreasing reactor vessel
inventory may occur, pcrticularly with smaller break sizes where the

~
water level or two phase mixture level above .is located above the core
in the vessel-head. Indication of level in the reactor head fills in a'

blind spot in the available planc instrumentation. Water level meas-
urement allows the operator to follow the course of the accident and
determine if action or actions are required. The reactor vessel level,

measurement component of the ICC instrumentation is the only direct
measurement of coolant inventory during significant portions of a small
break accident (See summary of analyses in Sect. III.B below).

Similarly, during recovery operations, without a measurement of
reactor vessel level, the oper tor would have to infer the effective-

. ness of the cetions from other plant instrumentation. But, between the
recovery of the core and reestablishment of subcooling, there mcy bc

-

substantial period (hours) where the only ef fective indicctor or the
progress of recovery is a measure of the water or minture level chove,

f the core.
!-

!

| Finally, if a " bleed and feed" mode of cooling were used, it would
be essential for the operator to monitor the reactor vessel level -

- particularly during thg " bleed" operation, to avoid uncovering the
Core.

9

II.C Reactor Vessel Level Instrumentation System - System Description
,

II.C.1 General Descriotion
!

The reactor vessel level inctrumentation system (RVLIS) uses
differential pressure (d/p) measuring devices to measure vessel level
or relative void content of the circulating prie:ry coolant. The

'

system is redundant and includes automatic compensation for potential
teqperature variations of the impulse lines. There are three versions,

of this. system which will be diccussed below.

The three systems are Upper Head Injection (UHI), the 7300 (an
;. analog processor and panel meter display) and the microprocessor based

system (CRT or Plasma Panel display). The last two systems could be

d
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used with either a UHI plant or a non-UHI plant since they differ only
in the processor and display areas. Essential information is displayed
in the main control room in a form directly usable by the operator.

The functions performed by the RVLIS are:

1. Assist in detecting the presence of a gas bubble or void in
the reactor vessel

2. Assist in detecting the approach to,ICC
3. Indicate the formation of a void in the RCS durir.g forced flow

conditions
.

11.C.2 Detailed System Description

II.C.2.a Hardware descriotion - normal olant (non-UHI)

II.C.2.a.1 Differential oressure measurements. The RVLIS
(Fig. 2). utilizes two sets ot tnree o/p cells. The UHI version of the
RVLIS is illustrated in Fig. 3. These cells measure _the pressure drop
from the bottom of the reactor vessel to the top of the vessel, and .

from the hot legs to the top of the vessel. This d/p measuring system
utilises cells of differing ranges _to cover different flow behaviors
with and without pump operation as discussed below:

1. Reactor vessel - upper range (AP )a

The d/p cell AP, shown in Figs. 2 and 3 provides a measurement of
reactor vessel level above the hot leg pipe wnen the reactor
coolant pump (RCP) in the loop with the hot leg connection is not
operating. '

2. Reactor vessel - narrow # range (AP )b

This measurement provides an indication of reactor vessel level
from the bottom of the reactor vessel to the top of the reactor
during nacural circulation conditions. This measurement is from
the vessel bottom to the hot leg for a UHI plant because the

| injection system flow would result in an ambiguous RVLIS output if
'

the connections spanned the upper head.

3. Reactor vessel - wide range (Ag )

This instrument provides an indication of reactor care and
,

internals pr* essure drop for any coenination of operating RC?s.
Comparison of the measured pressure drop with the normal, single-
phase pressure drop will provide an approximate indication of the
relative void content or censity of the circulating fluid. This-

|

!
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| instrument will monitor coolant conditions on a continuing basis
! during forced flow conditions.

'

!

The connections of these transmitters to the vessel is illustrcted
in Fig. 2 for a non-UHI plant and Fig. 3 for a UHI plant.

To provide the required accuracy for level measurement, temperc-
ture measurements of the impulse lines are provided. These measure-

- ments, together with the enisting reactor coolant tempercture
measurements and wide range RCS pressure, are employed to compensate

; the d/p transmitter outputs for differences in system density and

I reference ' leg density, particularly during the change in the environ-

! ment inside the containment structure following an accident.
|
t
' The d/p cells are located outside of the contain=ent to elicinate

the large reduction (appronimately 15% estimated by Westinghouse) of
measurement accuracy associated with the change in the contain=ent
environment (temperature, pressure, radiction) during c.n accident. The
cells are also located outside of coaccinment so that system operction
including calibration, cell replacement, reference leg checks, and

I filling is made easier.

! II.C.2.a.2 System lavout. A schecatic of the syste= icyout for
the RVLIS is shown in rig. 4 There are four RCS penetrctions for the2

| cell reference lines.; one recctor head connection cc a spcre
i penetration near the center of the head or the recctor vessel hacd ve=t

i pipe, one connection to an incore instro=ent conduit at the sect tchle,
and connections into the side of two RCS hot leg pipes.

The pressure sensing lines entending from the RCS penetrctions
| will include manual isolction valves. These lines connect to sealed

capillary impulse lines (at the reactor head, at the seal tchie and at
| each hot leg) which transmit the pressure measurements to the d/p
I transmitters located 6utside the containment building. The capillary

impulse lines are sealed at the RCS end with a sensor bellows which
serves as a hydraulic coupling for the pressure measurement. The
impulse lines extend from the sensor bellous through the containment
wall to hydraulic isolctors, which clso provide hyd culic coupling as
uell as a seal and isolation of the lines. The capillary tubing
entends from the hydraulic isolators to the d/p transmitters, uncre

instrument valves are providad for isolation and bypass.

Figure 5 is an elevation plan of a typical plant snowin; the
routing of the impulse lines. The impulse lines from the vessel head
connection must be routed upward out of ther refueling ccncl to the
operating deck, then to the containment penetration. The connecticn to*

! the bottom of the reactor vessel is routed cnially and radicily to join
with the head connection line in routing to the penetratiens.

; Similarly, the hot leg connection impulse lines are routed toward the
penetration routing of the other two connections.6
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The impulse lines located inside the containment building will be
exposed to the containment temperature increase during a LOCA or RELL.
Since the vertical runs of impulse lines form the reference leg for the
d/p measurement, the change is density due to the accident temperature
change must be taken into account in the vessel level determination.
Therefore,- a strap-on RTD is located on each vertical run of separately
routed impulse lines to determine the impulse line temperature and

the reference leg density contribution to the d/p measurement.correct

Temperature measurements are not required wnere all three impulse lines
of an instrument train'are routed together. Based on the studies of a
number of representative plant arrangements, a maximum of 7 independent
vertical runs must be measured to adequately compensate for density'

changes.

II.C.2.a.3 Microorocessor RVLIS. The microprocessor RVLIS
includes equivalent reactor veusel level indications on redundant flat
panels with alphanumeric displays for control room installation in
aduition to naving this information availcble for display at the
microprocessor chassis. RVLIS is configured as two protection sets, in
certain installations in separated sections of a single instrument rack
and in other installations in two separated instrument racks. In
addition to the reactor vessel level (d/p) transmitter input to the
microprocessor, there are also temperature compensating signals,
reactor pump running status inputs , and RCS parameter inputs to each
chassis of the two redundant sets. The output of each set will be to
displays and to a recorder, as well as an output for a serial dcta
link. A general microprocessor display arrangement is shown in Fig. 6.
A typical display for the other two systems is illustrated in Fig. 7.

II.C.2.a.3.a R7LIS inouts. The system inputs are as follows. If
existing unqualified inputs aEe used, isolation as required is to be
provided by the owner. <

Differential Pressure Transmitters
,

The three d/p transmitters per set are used to measure the d/p s
between the three pressure tap points on the primary system, ce dis-
cussed below:

1. AP is connected between c tap on the head of the vessel and tap3

on the hot leg of one of the coolant loops, which is typicclly
about 4 ft or more above the top of the core.

The direction of this transmitter's output in full scale (20 na)
with the vessel full and cero scale (4 ma) with the vessel emntied
to the hot leg tap. These endpoints are nominsi and are for low
coolant temperatures. If no pumps are operating, 6Pa givec an
indication of level in the region above the hot leg.

___ - -_
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If the pump is running in the loop with the hot leg connection,
this indication will be inval'd and moct likely off-scale in the,

zero direction. The reading uould be flagged as " invalid" under
these conditions. The effect on the indication from the pu=p not
running in this loop, but running in other loops, is less than 10%
of the range.

2. AP is connected between the top of the vessel and the bottom ofb
the vessel. For a UHI plant the top tap is connected to the hot
leg.

APb gives an indication of reactor vessel level when no pumps are
running. If one or more pumps are running, APb will be off-scale
(greater than 100%) and the reading invalid.

The sense of the APb output is such that a 20 ma signal is a
nominally full vessel and a 4 ma signal is for a nominally empty
vessel.

3. AP is a higher range d/p cell connected between the sa=e twoc
pressure taps as AP . AP covers the entire span of all pumps3 c
running e vessel empty. The sense of the AP cutput is thate
20 ma repeesents all pumps running and 4 ma is empty vessel. With
all pumps running and no void fraction, the AP should read 100%e
at zero power. The reading at full power is slightly higher.

Reference Lee Temoerature RTD

The reference leg temperature RTDs are 100 che platinum four uire
RTD and are used to measure the temperature of the coolant in the
capillary tube reference le,gs. This is used to ec=pute the density of
the reference leg fluid.

/

The conversion of RTD resistance to temperature shall cover the
temperature range of 32* to 450*F.

.

Hot Lee Temeerature

Either existing or new wide range hot leg temperature sensors are
used to measure the coolant temperature. This temperature is used to
calculate coolant density.

Wide Ran3e Reactor Coolant Pressure

Either existing vide range pressure sensors or new pressure
sensors will be used to measure reactor coolant pressure. The pressure-

is used to calculate reactor coolant density.

-- -

__ . _ .
. J



1

e
.

,.,

25
1
i

~

Dicital Inours |
l

The reactor coolant pump status signals indicate wnether or not
pumps are runnng. The hydraulic isolators provided on each impulse
line for containment isolation purposes have limit switches to indicate
if they have reached the limit of travel.

II.C.a.3.b Density comoensation system. To provide the required
accuracy for vessel ievel measurement, temperatura measurements of the
impulse lines are provided. These measurements, together with tha
existing reactor coolant temperature measurements and wide range KCS
pressure, are employed to compensate the d/p transducer outputs for
differences in system density and reference leg density, particularly
during the change in the environment inside the containment structure
following an accident. The d/p cells are located outside the
containment.

The reference leg fluid density calculation must cover a range of
32' to 450*F. The fluid is assumed to be compressed liquid water at
1200 psia.

Each of the three d/p measurements will have density corrections
from certain temperature measurements. Some of these will have a posi-
tive correction and some negative dependin, on the orientation of the
impulse line where the temperature is being measured.

Vessel Liouid Dencity Calculation

Three inputs are used to calculate the density of the licuid phase,

in the reactor vessel. The two hot leg reactor coclant temperatures
are auctioneered with the highest used to calculate the density of sat-
urated liquid, of(T). Theewide range pressure signal is used to calcu-
late the density of saturated liquid of(P). The hignest of these two
densities is used as the liquid phase density.

Vessel Vaeor Phase Densitv Calculation

The same basic algorithm is used as for the liquid phase. The
auctioneered high hot leg coolant temperature is used to calculate the
density of saturated steam, pg(T). The cressure is also used to calcu-
late the density of saturated steam, pg(P). The lowest of these two
densities is used as the vapor pnase density.

.

Vennel Level Calculation

This calculation applies only to AP, and AP3

_

{

i
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Pumo Flou d/o Calculation

This algorithm applies only to AP . The measured AP_ is firstecorrected for impulse line water density. An expected aP[ is then
'

calculated for the condition of all pumps running and a full reactor
vessel (no circulating voids) using a technique essentially identical
to that used to calculate the liquid anc vapor phase densities. The
auctioneered high temperature of the two hot leg RTD signals is
auctioneered with the pressure measurements and the result is used to
calculate a d/p correction as a function of temperature. This is a
calculated curve which can be corrected using data obtained during
plant startup. It will have a shape very similar to that of the liquid
density curve.

.

Reactor Vessel Water Level Sienal Comnensation for SEMISCALE Tests
Reactor Vessel Fluid Density

Figure 8 illustrates the differential pressures acting on the.

'i transmitter. The net differential pressure across the transmitter is
defined by the equation:

AP = p h - (o ch g + pg (h-h g) }o

where AP = differential pressure across the transmitter
p = density of reference leg fluid (water) at ambiento

temperature
h = height of measurement span (reference leg)
p, = density of water in reactor vessel

hg = actual height of water in reactor vessel (collansed unter
level when voids are present)

; p = density of sc,eam in reactor vesselg
,

i 1

I When the reactor vessel is full at a=bient temperature, AP across

the transmitter would be zero. The elec*.ronies of the transmitter are
set up so that the electrical output is low (4 ma) when AP is at a
maximum (vessel empty), and the electrical output is high ("O ca) wheni

1 a? is cero (vessel full). The indicated AP is therefore defined by the

| following equation:

'

api = p h - APo

where apt = aP equivalent to the electrical output, or equivalent to
indicated water level.

.

i
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. In terms of indicated water level, the above equation becoces:

pho t = p h - APo

ph-ph+phg g + pg (h-h )=
o o g

where h p = indicated water level.

Since actual water icvel is the desired information, the
16 rewritten to:equation*

ph i - 0,hohg= wg - og

This equation is, therefore, the compensation function to convert
indicated water level to actual water level. Figure 8a is a grapnical
solution of this expression.

During accident conditions when saturated fluid conditions e::izt,
it is assumed that fluid temperatures within the measured span are
essentially the same, and fluid properties are based on a system
pressure measurement. If subcooled conditions exist, fluid properties
are based on a hot leg temperature measurement.

The transmitter measuring the dynamic pressure drop has a span of
minus 32.75 ft (vessel empty) to zero (vessel full) to plus 50 ft (all
pumps operating, plus some margin). The elect rical cutput of the
transmitter at ambient conditions would be interpreted as follows:
4 ms = 32.75 ft, 10.33 ms = 0 ft, and 20 ma = 50 ft. The calculated
output of the transmitter for the standard sytem arrangement installed
in the SEMISCALE facility from ambient to operating temperature i.s
illustrated on Fig. 9. Since there are several variables involved in
calculating this relationship, the relationship was determined by
measurement during heatup of the facility. This data would become the
reference for tests when pumps are operating. A reduction in pressure

drop compared to the reference would be an indication of the presence
of a circulating void condition.

The primary coolant pressure is used'to calculate an expected d/p
correction as a function of pressure. This function is also similar to
the liquid density as a function of pressure curve and is obtained frem
the d/p correction curve versus temperature by assuming saturated
conditions.

The lower of the two calculated d/n corrections is divided into
the naasured d/p. The result is the percent of expected dip and snould
read 100% with all pumps operating and no circulating voids.
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Scaline of Disolaved Values

Each of the three d/p measurements after the preceding calcula-
tions shall be scaled to read in percent. With the vessel full of
water and no pumps running , the outputs of AP, and AP3 should read
100%.

.

II.C.2.a.4.a Plant ooerator interface and disolavs. Informat ion
' displayed to the operator for the RVLIS is intended to be unambiguous
and reliable to minimize the potential for operator error or misinter-
pretation. The redundant control board displays provide the following
information:

1. An indication of reactor vessel level (narrow range) for each
instrumented set displaying vessel level in percent from 0 to 100%
after compensation for the effects of the reactor coolant and capillary

' line temperature and density,' when reactor coolant pumps are not
operating.

2. An indication of reactor d/p (vide range) from each inst ru-
mented set displaying d/p in percent from 0 to 100%, after compensation -

for the effects of the reactor coolant and capillary line temperature
and density effect3, when reactor coolant pumps are operating.

3. An indication of upper range vessel level on each of the tuo
instrumented sats displaying vessel level in percent frc= o0% to 100%
after compensation for any reactor coolant and capillary line density
effects, when reactor coolant pumps are not operating.

All signals are input to the (microprocessor or analog) data anal-
ysis system. The control room display for=at utilizes an alphanumeric
display located remotely from the computational system. The anclog
display system utilizes' panel meters.

Redundant displays are provided for the two sets. Level informa-
tion based on all three d/p measurements is presented. Correction fer
reference leg densities is automatic. Any error conditions such as
out-of-range sensors or hydraulic isolators are automatically dispicyed
on the affected measurements.

There are two display sheets for reactor vessel level the first
is a summary sheet, and the second is a trending of the three vessel
level indications.

The" system provides three analog signals for a single three pen
strip chart recorder.

..
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II.C.2.a.4.b Disolav functions for remote control board. .The
display unit for the microprocessor casea vessel level monitor is the 8
line, 32 character per line alphanumeric display which is located in
the control board remote from the main processing unit. The analog
system display is three panel meters for each of the two trains.

Vessel Level Monitor Summary Disolav

Figures 10 and 11 give example displays. The vessel level summary-

display is shown on Fig, 10. The following is a description of the
-

display.

1. The first line gives the title of the display as shown. The

- use of' the underbar feature delineates this line from the rest o f the
display.

2. The second line gives column headings as shown. Again, the
use of the underbar clarifies the display.

3. The third line gives the measured and normally expected value
from the A?. measurement. The first field gives the titic, the second
gives the measured level, the third gives the normal value for the
current status, and the last field gives the validity status and is
blank under normal conditions.

easurement results using the4. Th e fourth line gives the APb
same format as in line 3.

- 5. The fif th line gives the SP measurement results using thec
same format as in line 3. The use of underbar in line 5 delineates
this line from the next.

.

6. The sixth line gi,ves the status of the pumps as seen by the
unit. The running pumps are identified.

7-8. The seventh line and eighth line are nor= ally left blar& and
are reserved for hydraulic . isolator limit switch indicators, out of*

range sensors and operator disabled sensors.

Trend Disclav

The trend display for the vessel level monitor shall use the
format shown in Fig. 11.

.

.
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Disolavs on Main Processine Unit '

The one-line, forty-character, alphanumeric display on the front
panel of the main processing unit is used to display individual sensor
inputs. The sensor is selected with a two-digit th'umbwheel switch.

The following information is to be given for each sensor:

1. Sensor identification
2. Input signal level
3. Input signal converted to engineering units
4. Status of sensor input.

Disabled Inouts,

.

Any inputs can be disabled by the operator. This action is under
the control of a keyswitch on the front panel of the main computational
unit and causes the processor to disregard the analog input for that
variable.

II.C.2.b.1 Resistence temoerature detectors (RTD). The
Resistance Temper:ture Detectors (RID, assoctctec utta the R7LIG are
utilized to obtain a temercture signal for fluid filled instrument
lines inside containment during normal and post accident operation.
The temperature measurement for all vertical instru=cnt lines is used
to correct the vessel level indication for density changes associated

, with the environmental temperature change.
,

The RTD assembly is a tocally enclosed and hermetically sealed
strap-on device consisting of a thermal element, extension cable and
termination cable. The sensitive portion of the device is mounted in a
removable adapter assembl9 which is designed to conform to the surface
of the tubing or piping being monitored. The materials are all
selected to be compatible with the normal and post accident environ-

Randomly selected semples from the controlled (mccerial, manu-ment.

fceturing, etc.) production lot will be qualified by type testing.
Qualification testing will consist of thermal aging, irradiction, seis-
mic testing and testing under simulation high energy line break enri-
ronmental conditions. The specific qualification requirements for the
RTDs are as follows:

1. Acina. The thermal aging test will consist of operating the detec-
tors i,n a hign temperature environment: either 400*F for 523 h
or per other similar Arrhenius temperature / time relationship.

2. Radiation. The detectors chall be irr:dicted to a totcl icte-
gratec coes (TID) of 1.2 x 100 rads gamma radiation using : C060
source at a minimum rate of 2.0 x 10" rads /h and =enimum rate of
2.5 x 10 rads /h. Any externally exposed organic =sterials snall
be evaluated or tested to 9 x 100 rads TID beta radiation.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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The energy of the beta particle shall be 6 MeV for the first
10 MRAD, 3 MeV for 340 Mrad and 1 MeV for 150 Maad.

3. Setsmic. The detectors will be tested us-ing a biaxial seismic
s imu la t ion . The detectors shall be mounted to simulate a plant
installation and will be energized throughout the test.

4. Hich Encrm Line Break Simulation. The detectors shall be tested
in a saturated steam environment.

Caustic spray, consisting of 2500 ppm boric acid dissolved in
water and adjusted to a pH 10.7 at 25'C by sodium hydroxide, shall be
applied during the first 24 h. The test units will be energized

The RTD device is designed to operate over a temperature range of
-58 to 500*F (the normal temperature range is 50 to 130*F).

II.C.2.b.2 Reactor vessel lavel instrumentation systen valves.

Two typas of valves are supplied tor tne RVLIS. Tne root valve (3/4
T78) is an ASME Class 2, stainless steel, globe valve. The basic
function of the valve is to isolate the instrumentation from the PCS.
The other valve (1/4 x 28 ID), is an instrumentation-type valve. It is
a manually actuated ball valve used to provide isolation in tne fully
closed position. The valve'is hermetically sealed.and utilizes a pack-
less design to eliminate tne possibility of fluid leakage past the
steam to the atmosphere.

II.C.2.b.3 Transmitters, hydraulic isolators. and sensors

differential cressure transmitters. lne c/p transmitters are a seis=i-
cally qualified aesign as useo in numerous other plant applications.
In the RVLIS application, accuracy considerations dictate a protected
env ironment , consequently , transmitters are rated for 40 to 130*F and

410 rad TID.

( Several special requirements for these transmitters are as
follows:

1. Must withstand long term overloads of up to 300% with minimal
ef fect on calibration.

2. High range and bi-directional units required for pump head meas-
urements.

3. Must displace minimal volumes of fluid in normal and cierrange
operating modes.

The first two requirements are related to the vernier characteris-
tic of the pumps off level measurements and the vide range maasure-
ments, respectively. The third is related to the li=ited driving
displacement of the hydraulic isolator wnen preserving margins for
pressure and thermal expansion effects in the coupitng fluids.

_ _ ._. _. >
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The d/p transmitters are rated 3000 psig working pressure and all
-

units are tested to 4500 psig. Internal valving also provides over-
range ratings to full working pressure.

Hydraulic Isolator

The hydraulic isolator is a high displacement d/p switch employed
as a floating check valve which conveys pressures from the RCS ports to
the remote transmitters. In normal operation only small displacements
(less than 10% of range) will produce full scale changes in the con-
nected transmitters. It serves as the second valve on the RCS and also
serves as air isolation valve on the containment building as applied in
the RVLIS application.

Two opposing bellows, liquid filled, are displaced when conveying
pressures (or volumes) between the high pressure (HP) and low pressure
(LP) ports. Displacement forces are as low as possible being only the

'

elasticity of the bellows material. The bellows displacements become
limited when valves on the coupled shaft close, stopping exchange flow
of bellows fill fluids. This valves off the higher pressure of the two
process connections and stops communication with the lower pressure
port. Switch contacts are actuated on approach to these limits to
advise operators of the undesirable operating conditions.

The isolators are rated at 3000 psig working pressure and are
factory tested at 4500 psig. Principal gaskets are metallic for pres-
ervation of pressure boundaries through cost severe postulated accident
conditions. They are qualified for containment environment
applications.

F.ich Volume Sensor

The sensor' bellows unit employed in the RVLIS is a new design to
accomodate the thermal expansion of the capillary fluids in the long

'

lines.

A second major feature of the RVLIS sensors is the inclusion of a
eneck valve. This valve does not interfere with conveyance of RCS
pressures when capillary lines are full and intact. If, however, a
capillary line should fail or leak, the valve will be closed by RCS
pressure preventing further fluid loss.

The sensor housings are rated for 3000 paig werking pressure. All
units are hydro tested at 4500 psig. The principal gasketing is mecci-
lic for ensured integrity in the event of accident exposures to either
radiatipn or high temperatures.

II.C.2.c Accuraev. An uncertainty of 6T. was established as the
design target for tne differential pressure level measurement system.

_ _ . _ . - _ _
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- This is obtained by a statistical co=bination of all uncertainties
including environmental effects (if any) on the instrumentation. For

the upper range instrument, this corresponds to an allowable deviation
of al ft. This will give the operator a good estimate of the steam or
gas volume in the upper head during a situation in which the head vent
would be employed. For the narrow range instrument, this corresponds

to an allowable deviation of about 12.5 ft. This is required to

provide adequate margin against inadvertant use of the ICC operating
guideline and to assure that the vessel level reading can be reasonable
used to the detection of the onset of ICC conditions. It is also

adequate to indicate useful information regarding vessel level behavior
during the vessel refill period following a LOCA transient.

The staff requested that Westinghouse describe in detail how the
r.ystem uncertainties were derived. In particular, they were asked to
detail how the individual uncertainties from the system components were

17combined, to detail the random and systematic errors. Their response
is included here.

Resnonse

The system accuracy of 16% water level was a target value*

established durin; the conceptual design and was related to the dimen-
sions of the reactor vessel (12% from no: ales to cop of core) and core

(30%), and-the usefulness of the measurement during an accicent.
Subsequent analves have establic'ed a system accuracy based on the
uncertainties introduced by each component in the instrument system.
Tne individual uncertainties, resulting from random effects, were ccm-
bined statistically to occain the overall instrument system accuracy.
Some of the individual uncertainties vary with conditions suen as sys-

tem pressure. The following table identifies the individual uncertain-
ties for the narrow range measurement while at a system pressure of
1200 psia.

Uncertainty
Comconent and uncertaintv definition % level

#
! a. Differential pressure tansmitter 22.1
| calibration and drif t allowance,
| (11.5% of span) multiplied by the

ratio of ambient to operating water
dens it y.

j b. Dif ferential pressure transmitter :0.7

| allowance for change in calibration
due to a=bient temperature change'

(10.L% of span for a50*F) multiplied
by the density rat io.

,

d
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Unce:rtainty
Comconent and uncertaintv definition % level

c. Differential pressure transmitter 20.34
allowance for change in calibration
due to change in system pressure
(10.2% of spcn per 1000 psi -hange)
multiplied by the density ratio.

d. Differential pressure transmitter 10.7
allowance for change in calibration
due to exposure to long-term overrange
(20.5% of span) multipli'd by thee
density ratio. *

e. Reference leg tempercture instrument 20.64
(RID) uncertainty of 25'F and or
allowance of 25*F for the difference
between the mecsurement cnd the true
average te=perature of the reference
leg, cyplied to each vertical section
of the reference leg where a measure =ent
is made. Stated uncertainty is based
on a maximum containment tempercture of
420*F, and a typical reference leg
installation.

. f. Reactor co'lcnt density based on auc- 22.3' tieneering for highest water density
obtained from hot leg temperature (26*F)
or system pressure (160 psi). Magnitude
of uncertainty varies with system pressure
and water level, with largest uncertainty
occurring when the reactor vessel is full.

g. Sensor and hydraulic isolctor bellows 11.46
displacements due to system pressure
changes or reference leg temper:ture
changes will introduce minor errors

in the level measurement due to the
small volumes and small bellows spring
constants. The changes, such as pressure
or temperature, tend to cancel, i.e., the
bellows associated with each measurement
move in the same direction. I'.sximum
expected error due to differences in

capillary line volume and local tempera-
tures is equivalent to a level change of
about 5 in., multiplied by the density

,

ratio.

.
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Uncertainty
Comeonent and uncertaintv definition % level

h. Density function generator t.tput mis- 20.50
match with ASME Steam Tcbles limited
to a maximum of:

i. Electronics system calibration, overall !1.0 :

uncertainty limited to less than: E

j. Control board indicator resolution. 10.5

The statistical combinction (square root of the sum of the
squares) of the individual uncertainties described above results in an
overall system instrumentation uncertainty of 23.9% of the level span
for the narrow range indication of approximately 40 ft, or 1.5 f t ,
at a system pressure of 1200 psia. Examples of the uncertainty at
other system pressures are:

uncertainty = 13.6% at 400 psia
~

uncertainty = 4.2% at 2000 psia
uncertainty = 14.6% ct 2250 poia

Rance

The wide range instrument will cover the full range of enpacted
differential pressercs with cil recctor coolcat pumpc runnng. Tae
m nimum span of the wide range inctrument vill chcage with the numoer
of pumps operating. The operator must be aware of the m:nimum spcn for
a given number of operating pumps. Both the narrow range end the upper
range instrument Indications should be set to indicate that the vessel
is full with the pumps tripped.

1

Time Resoonse

The d/p instrument response. time shall not enceed 10 s. Th is t a=c
delay is defined as the time required for the display instrument to

| reacn the midpoint of a 50% step input d/p change.
|
f

Plant Startuo Calibration

| During the plant startup, subacquent to installing the ."NLIS, a
test program will be carried out to confirm the eyctem calibration.'

.The program will cover normal operating conditions and uill provide a
reference for comparison with a potential accident condition. Tae
elements of the program are deceribed below:

|
|
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1. Durin~g~ refilling and ventiag of the reactor vessel, measurements
of all 6 d/p transmitters would be ecnpared to confirm identical
level indications.

2. During plant heatup with all reactor coolant pumps running, mea -
urements would be obtained from the wide range d/p transmitters to
confirm or correct the temperature compensation provided in the
system electronics. The temperature compensat ion, based on a best
estimate of the flow and pressure drop variation during startup,
corrects the transmitter output so that the control board indica-
tion is maintained at 100% over the entire operating temperature
range.

3. At hot standby, measurements would be obtained from all trans-
mitters with dif ferent combinations of reactor coolant pu=ps oper-
ating, to provide the reference data for comparison with accident
conditions. For any pump operating condition, the reference data,
represents the normal condition, i.e. , with a water-solid system.
A reduced d/p during an accident would be an indication of voids
in the reactor vessel.

4 At hot standby, measurements would be obtained from the reference
leg RTDs, to confirm or correct reference leg temperature compen-
sation provided in the system electrenics.

II.C.2.d Ooerat.ar orecedures

Purcose

The objectives of the,se instructions are to establish the require-
ments for the use of the Reactor Vessel Level Instrumentation System
(RVLIS) for various plant conditions and to specify the maintainability
requirements of the system equipment.

Prerecuisites

The capillary lines have been vacuum filled, per theo

installation instructions.
o Ensure that the hydraulic isolators are ceroed (uithin

10.1 in.3).*

Calibrate the d/p cells per instructions of ITT Barton Manualo

for Model 752, Level 3, transmitters.
The process equipment must be scaled using the appropriateo

scaling document.
o Determine the height of the upper top piping above the inside

top of the vessel.

i

.
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Initialization

With the plant less than 200*F and less than 430 psig, obtain the
following data for trains A and B:

(1) With an automatic data logger, record the following:
* T hnt
e. RC5 pressure -

o d/p transmitter output
e signal to the remote display

(2) Manually record:
o level indication readings

hydraulic isolator dial readingso
o reference leg RTD output

(3) Record the above data for the.following reactor coolant pump
operations:

NOTE

The various configurations should be
obtained through the normal startup if
possible

NOTE

Upper plenus will read offscale if pump is
running in the instrumented loop; narrow
range will read offscale with one or more
pumps running. ,

o No pumps running ,

NOTE

An indication of 100% reading represents
a level to the inside top of the vessel.
The height of the upper top piping above
the inside top of the vessel will result
in a~ reading greater than 100%. This
added height is plant specific and must be
determined prior to adjusting the process
equipment (upper plenum and narrow range)
for full scale in..ication.

O one noninstrumented loop pump running
two noninstrumented loop pumps runningc

_, ,
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two noninstrumented loop pumps and one instrumented loop*

pu=p running
o all pumps running -- adjust process equipment so that wide

range indication reads 100%.

(4) With all pumps running, increase RCS pressure - te=perature to-

T,yg no-load and record data refer to step (1) every 50*F
increment. Data of step (2) should be recorded ct 350*F and at

Tav, no-1 ad. Adjust process electronics for density compensation
at T n -1 ad. Verify that wide range indication reads 100%.avg

(5) Trip cll pumps and record data per steps (1) and (2). Verify
that upper plenum and narrow range indication is in agreement
with the reading of step (3) "no pumps running".

(6) Restart pumps in sequence and record wide range readings for both n
,

trains for each pump combinction.

(7) Enter into the equipment programming the expected percent level
for the various pump combinations per the microprocessor instruc-
tion manual.

Normal Plant Ooeration

With the pignt at power, the level readings should be as follows:

Wide range ~110% (vide range reading will increase
from 100% to approni=ntely 110% t.*ith cil

- pumps runnin;, as recctor power is
increased from =cro to 100%).

.

Narrow range Off scale - high.
4

Upper plenum Off scale - low (RCP status light on mein
control board is off)

Any reduction in wide range enpected readings (with all pumps
running) can only be caused by the presence of voids in the circul ting
water. Voids will not exist without reduced pressure which could trip
the reactor, so all cccident conditions will proceed from a conditien
of zero power (100% reading on the wide range). Check that the prec-
sure has decreased or that subcooling meter confirms asturation condi-
tions enist; then readings below 100% are an indication of voids in the
coolant.

If the actual readings differ from the enpected readings by 3% for
a single train, refer to Troubleshooting below.
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If the indication for both trains differs from the expected
readings, refer to the emergency operating instructions for immediate
and subsequent action.

Re fueline

After depressurization and prior to lifting the reactor vessel
head, perform the following steps to prepare the RVLIS:

(1) Close reactor vessel level head connection isolation valve.
(2) Disconnect piping between the isolation valve and the

sensors.

NOTE

Contaminated water residue may
be in the pipe.

(3) Provide temporary plugs for the pipe ends of the removable
section and stationary sections.

Rectore the RVLIS af ter reactor vessel head installat ion as
follows:

(1) Recove pipe end plugs and reconnect piping section.
(2) With the isolation valve open, backfill the piping from

sensors by attacning a water source 'to the sensor vent.
(3) Disconnect waterfill aponratus.
(4) AL .startup (450 psig. 200*F), visually inspect piping /

coupling of tne reinstalled piping for leakage.
(5) At full' system pressure, repeat inspection.

<

Periodic Testing

Plant at Power

Perform monthly calibration checks of the process electronics in
acccedance with the process equipment instruction manual.

Refuelin" Outages

(1) For the d/p transmitters, perform cero check of eacn d/p
transmitter by closing the respective isolation valves and

.
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opening the' bypass valve. If zero reading differs from the
last recorded reading by (*) percent, then recalibrate d/p
transmitter using instructions of Barton Instruction Manual

(Model 752) and the instruction contained in R7LIS system
manual and the appropriate equipment instruction manuals.

(2) Record the appropriate hydraulic isoletor dial readings and
compare results with previous cold shutdown readings.
Readings should be within plus or minus 0.1 cu. in.

(3) Perform the calibration check of the process electronics in
accordance with the equipment technical manual.

(4) Verify the operability of the RVLIS during the startup/
heatup of plant following a refueling or major plant outage
by tracking the displays of the two trains. Readings should
be within (*) percent of the previous recorded readings.

Everv other Refuelinn Outare

In addition to the steps of above, perform the following'every
other refueling outage:

(1) At the process equipment cabinets, read the impulse line RT3
resistances.

NOTE

Take the ambient temperature reading near
the RID and adjust the measured resistance
accordingly. Compare the adjusted resistance
to the driginal results or the previous
recorded data.

(2) Employing a pneumatics calibration, per instructirna for
, normal plant operation at the sensor vent ports, check the

calibration of the transmitters and perform a time response
check of the system. The calibration results should be
within plus or minut (*) percent of instrument span of the
previous recorded data. The time response of the system
should be within 10 s. This is the time required for the
display inctrument to reach the midpoint of a 50,; step input
variable chan;e.

.

\"lNumber to be provided by Westinghouse.

_
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II.C.2.e Troubleshootine. olant at oower. If a single. indication
varies from the expecteu vatue, cnecs cne rotlowing:

(1) Compare hydraulic isolator dial reading with reading taken
from diverse train and those taken at T,y 7, no-load
conditions. Dial readings deviating by mbre than
20.1 cu. in may be indicacive of potential capillary line
leakage: however, it may not be the reason for the deviation
in the display reading until the isolator reached the valve-
off point.

(2) Perform a calibtation check of the process equipment, per the
appropriate instruction manual.

(3) Perform a =ero check of the appropriate d/p transmitter.
If more than one indicator / display deviates from the diverse
. train or from T,yg no-load readings, check the following:

common isolator dial readings versus previous reading*

d/p transmitter valve lineupc
o process equipment power supplies

.

If repairs are required to the capillary lines, the system cust b r-
vacuum-filled and calibrated per the inctructionc contained in the
RVLIS System Manual and the appropriate equipment instruction manuals.

,

d
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'III. DESCRIPTION OF LEVEL SYSTEMS TESTS AND ANALYSES

III.A Performance Tests of Westinghouse d/p System

A variety of test programs have been carried out to study the static
.and dynamic performance of the RVLIS at two test facilities, and to cali-
brate the system over a range of normal operating conditions at each
reactor plant where the system is installed. These programs, which sup-
plement the vendors' tests of hydraulic and electrical co=ponents, will
provide the appropriate verification of the system response to accident
conditions as well as the appropriate procedures for pr,oper operation,'

maintenance and calibration of the equipment. A description of these

programs is presented in the following section.

J III.A.1. Westinchouse Tests

; Forest Hills

,

A breadboard installation consisting of one train of a RVLIS was
installed and tested at the Westinghouse Forest Hills Test Facility. The
system consisted of a full single train of RVLIS. hydraulic co=ponents
(sensor assemblies, hydraulic isolators, isolation and bypass valves and
d/p transmitters) connected to a simulated reactor vessel. Process con--

nections were made to simulate the reactor head, hot leg and seal table
connections. Capillary tubing which in one sensing lica simulated the
maximum expected length (400 ft) was used to connect the sensor assem-
blies to the hydraulic isolators and all joints were welded Connections*

between the hydraulic isolators, valves and transmitters utili:ed com-
cases. Resistance temperature detectors, spe-

pression fittings in most, bellows and volume displacers inside the.hydrau-cial large volume sensor
lie isolator assembliep which are normally part of a RVLIS installation
were not included in the installation since elevated temperature tactin;

was not . included in the program.

The hydraulic isolator assemblies and transmitters care counted at>

an elevation slightly below the s1=ulated seal table elevation.

The objectives of the test were as follows:
, .

1. Obtain installation, filling and maintenance experience.

2. Prove and establish filling procedures for initial filling and

|- system maintenance.

3. Establish calibration and fluid inventory maintenance procedures for
shutdown and nor=al operation conditions.

t-

'j
s
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4 Prove long term integrity of hydraulic components.
5. Verify and quantify fluid transfer and makeup requirements asso-

ciated with instrument valve operation.
6. Varify leak test procedures for field use.

_

Reactor Vessel Simulator

The reactor vessel simulator consisted of a 40 ft long, 2 in. diam
stainless steel pipe with taps at the top, side and bottom to simulate
the reactor head, hot leg and incore detector thimble conduit penetrationat the bottom of the vessel.
this lower cap to the sensor atTubing (0.375 in. diam) was used to connect

the simulated se'al table elevation andthe hot
leg sensor to the head connection was simulated by 1 in. tubingwhich connected the sensor to the vessel.

The reactor vessel simulator was designed for a pressure rating of
1400 psig to comply with local stored energy ~and safety codeconsiderations.

Installation

The system was installed in the high bay test area of the
Westinghouse Forest Hills Test Facility by Westinghouse personnel under
the supervison of Forest Hills Test Engineering. All local safety codes
were consiaered in the construction.
have-been published. No details of tnese test results

Test Results '

'

During test at Forest Hills,
initial set-up and calibration were worked out.the details of the system designThese procedures wereutilized during the following tests at SEMISCALE.

III.A.2 SEMISCALE Tests

A Westinghouse Reactor Vessel Level Measurement System (RVLIS) was
installed on the SZ"ISCALE out-of-reactor facility at the Idaho National
Engineering Laboratory (INEL) so that indications of water level could be
coesared with well characterized differential pressure level sensors andga=na dens itometers that are a part of the SEMISCALE instrumentation.

SEMISCALE is a scaled, highly instrumented non-nuclear model of
1 1/2 loops of a pressurised water reactor.

The vertical dicensions are
similar to a full sized reactor, but ene diameter is essentially enat ofone fuel bundle. Several tests were scheduled at th is facility during
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1981 and the Gestinghouse RVLIS system was installed for testing during
several of these tests.

.

Table 2. SEMISCALE Tests with Westinghouse RVLIS

t
Test No. Test Typej

.

!
j S-VI-3 2 1/2% cold-leg break
i S-UT-6 5% cold-leg break

| S-UT-7 5% cold-leg break with UHI

S-NC-23 natural circulation,

single , two phase, and reflux
S-NC-3 natural circulation'

two-phase,
S-NC-8 natural circulation, reflux

S-UT-8 repeat of S-UT-6 with modified* -

guide tube;<
'

I
I

i
.

~

III.A.2.a Test S-UI-3. An analysis of the parfor=ance of the
<

'I Westinghouse RVLIS showed that the RVLIS gave comparable readings to tha
SEMISCALE level sensors over similar spans. The Uectinghcuse systen
appears in most cases to give a conservative estimate (lower than) cf the,;

I coolant inventory with a two-phase cinture. The Westinghouse level
! readings were compared to collapsed water levels ceasured by SE::ISCALE
| instruments, and ano=alous readings were obtained, however, when the
j system spaned the upper core support plate. Differences up to 150 en (60

in.) were observed between the RVLIS and the SEMISCALE level sensors in
||

'

this case. The apparent cause of the differences was an atypicality in
the SEMISCALE constructio,n that resulted in a flow restrictica in the'

j guide tubes structure between the upper head and upper plenum that caused
an additional pressure < drop.

III.A.2.a.1 Resoonse Time of the RVLIS. Diff erences in the dynamic

response between tne SEMiSCALE level instrumentation and the Ucstingncuse
RVLIS were found. This was assumed to be due to the cuch longer lines

;t used to connect the RVLIS to the test loop (45, 60, and 70 m or 150, 200,
" and 250 f t as compared with a few cm for the SEMISCALE instruments). The

expected response timas for the RVLIS were calculated f rom.17

When the above calculation was carried out, a ti=e con: tant of 2.7 c

.| was found. This agrees with that observed in a special test perfor cd at
i SEMISCALE (Westinghouse Special Pressure Test Procecure SC-WSPT-20) to

confirm the response.

!,
.

I' III.A.2.b Tests S-UT-6 and S-UT-7. The results of the two tests,

i S-UT-6 and S-UT-7, were s1=11ar to enose found in test S-UT-3. Tha
i
c

'
|
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Westinghouse RVLIS provided a conservative estimate of the coolant level.
In S-UT-6, comparing water levels rather than coolant levels, large non-
conservative difference were observed between the SEMISCALE instrumenta-
tion and the RVLIS in the upper head and upper plenum level. This is ,

shown in Fig. 12. In S-UT-7, the RVLIS was used only between the hot
, leg and bottem of the vessel, eliminating the region of suspected

friction losses. The agreement with the SEMISCALE instrumentation in
this span was quite good (see Fig. 13).

III.A.2.c Natural circulation tests S-NC-23. S-NC-3. cnd S-UC-8.
The preliminary data trom tne naturai circutation tests b-hC-26, 5-NC-3,
and S-NC-8, showed a maximum dif ference of 3.7% (1.7 ft) for the condi-
tiens encountered in these tests.

III.A.2.d Test S-UT-8. Test S-UT-3 was a rerun of test S-UT-6
after modification or tne SEMISCALE guide tube to provide a drainage path
similar, between the upper head and upper plenum, to that of a
Westinghouse PWR. An analysis of the data from this test supplied by
SEMISCALE shows that with the modified guide tube, the difference in the
RVLIS decreased from about 5 in. of water to 2 in. after about 100 s,
when compared to SEMISCALE dP measurement. This diff erence is equivalent
to 0.5% of the level measurement. Figure 14 shows a comocrison of the
RVLIS narrow range and a SEMISCALE dP measurement. Additional results
from this test are shown in Fig. 15, wnere the liquid level indication is
compared with SEMISCALE densitometer readings. In this test, the RVLIS
gave a conservative estimate (louer than) of both liquid level and cool-
ant level in the vessel.

During most of the SEMISCALE tests the RVLIS performed as expected
and provided a conservative estimate of the amount of coolant in the test

vessel unaer two phase conditions. Discrepancies found in the comparison
of ucter level in the first peries of tests appear to have been due to
the atypical construction of the SEMISCALE guide tube between the upper
head and the upper plenum. When the guide tube was modified to more
closely resemble the upper internals of a Westinghouse reactor (for
S-UT-8), the RVLIS and SEMISCALE level measurements of the liquid level
agreed closely.

III.A.3 Plant Startuo Calibration

During the plant startup, subsequent to installing the RVLIS, a test
program will be carried out to confirm the system calibration. The pro-
gram will cover normal operating conditions and will provide a reference
for comparison with a potential accident condition. The elements of tne
program are described below:

1. During refilling and venting of the reactor vessel, measurements of
all 6 d/p transmitters would be compared to confirm identical level
indications.

_
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2. During plant heatup with all reactor coolant pumps running, =casure-
ments would be obtained from the wide range d/p transmitters to
confirm or correct the temperature compensation provided in the
system electronics. The temperature compensation, based on a bect
estimate of the flow and pressure drop variation during startup,
corrects the transmitter output so that the control board indicction
is maintained at 100" over the entire operating temperature range.

3. At hot standby, measurements would be obtained from all transmitters
with different combinations of reactor coolant pumps operating, to
provide the reference data for comparison with accident conditions.
For any pump operating condition, the reference data represents the
normal condition, i.e. , with a water-solid system. A reduced d/p
during an accident would be an indication of voids in the reactor
vessel.

4. At hot standby, measurements would.be obtained from the reference
leg RTDs to confirm or correct reference leg temperature compensa-
tion provided in the system electronics.

III. B. Analyses of Performance

Each train of the RVLIS is capable of monitoring coolant cass in the
vessel from normal ooeration to a condition of co=plete uncovery of the
recctor core. This capability is provided by the three d/p tr ns=itterc,
ecch transmitter coverir; a specific rcnge of operating conditions. The.

three instrument ranges provide overlap so thct the measure =ent can be
obtained from more than one display under most accident conditions.
Capabilities of each of the measurements are described belou:

,

1. Reactor Vessel - Upper R:nge
,

The transmitter span covers the distance from the hot leg piping
connection to the top of the reactor vessel. With the reactor
coolcat pump shutdown in the loop with the hot leg connection, the
transmitter output is an indication of the level in the upper plenum
or upper head of the reactor vessel. The measurement will provide
an accurate indicction for guidance when operating the reactor
vessel cad vent.

When the pump in the loop with the hot leg connection is operating,
the d/p would be greater than the transmitter span, cad the trans-

mitter output would be deleted from the digital panel. An invalid
status statement would be indicated.

2. Recctor Vessel - Narrow Range

non UHI-Plant

The transmitter span covers the total height of the reactor vessel.
With pumps shutdown, the transmitter output is an indicctica of the

. .
___
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, collapsed water level, i.e., as if the steam bubbles had been

separated from the water volume. ' The two phase level is slichtly
higher than the indicated water level since there will be some
quantity of steam bubbles in the water volume. Therefore, the RVLI3
providea a conservative indication of the level ef fective for
adequate core cooling.

When reactor coolant pumps are operating, the d/p would be greater
than the transmitter span, and the transmitter output would be
deleted from the digital display panel. An' invalid status statement
would be indicated.

.

UHI Plant

The transmitter span covers a partial height of the reactor vessel,
from.the bottom of the vessel to hot leg noaale elevation. With
pumps of f, the transmitter output is an indication of the collapsed
water level, i.e. , as if the steam bubbles had been separated from
the water volume. The two phase level is slightly higher than the
indicated water level since there will be some quantity of steam

bubbles in the water volume. Therefore, the RVLIS provides a con-

servative indication (lower than)- of the level effective for
adaquate core cooling. When reactor coolant pumps are operating,
the d? would be greater than the transmitter span, and the tranc-
mitter output would be disregarded.

3. Reactor Vessel - Vide Range

In a non-UHI plant the transmitter spans from the bottom of the
vessel to the top of the vessel; in a UhI plant the top connection
is to the hot leg.

The transmitter span covers the entire range of interest, from all
pumps operating with a water-solid system to a completely e=pty
reactor vessel and, th'erefore, covers the measurement spans of the
other two instruments. (In the UHI plant, the wide range d/p covers
the narrow range span.) Any reduction in d/p compared to the nor=al
operating condition is an indication of voids 'in the vessel. The
reactor coolant pumps will circulate the water and steam as an
essentially homogeneous minture, so there would be no distinct water
level in the vessel. When pumps are not operating, this transmitter
output is an additional indication of the level in the vessel,
supplementing the indications from the other instruments.

The output of each transmitter is compensated for the density dif-
ference between the fluid in the reactor vessel and the fluid in the
reference leg at the initial ambient temperature. The compensatten is

based on a wide range hot leg temperature measurement or a wide range
system pressure measurement, whichev,er results in the hignest value of
water density, and, therefore, the lowest value of indicated level.

.

.____ - _
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i Compensation based on temperature is applied when the system is sub-
-cooled, and compensation bas.ed on pressure (saturated conditions) is
applied if superheat exists at the hot leg temperature measurement point.

.

The output of each transmitter is also compensated for the density
' difference between the fluid in the reference leg during an accident uith
elevated temperature in the containment and the fluid in the reference

' ' leg-at the initial ambient temperature. The compensation is based on
temperature measurements on the vertical sections of the reference leg.

For those systems not employing the digital display, the corrected
transmitter outputs are displayed on panel meters - one for each trans-
mitter. Also there is a warning light under the upper range to indicate
if the pump in the loop'with the hot leg connection is operating, to

{ indicate that the meter should be disregarded.

The corrected transmitter outputs'are shown an a digital display
! installed on the control board, one statement for each measurement in

each train. Two three pen recorders are also provided on the control,

board to record the level or relative d/p and to display trends in the
measurements from each train. The display would also indicate waich
reactor coolant pumps are operating, and which level measurements are'

invalid due to pump operation.

During normal plant heacup or hot stand by ope-ation with all rese-
tor coolant pumps. operating, the vide range d/p display would indicate';

_100" on-the display, an Indication that the system is water-solid. If

less than all pumps are operating, the display would indicate a lower d/p
i' (determined .during the plant startup tes'. program) that would be an indi-

cation of a water-solid system. With pumps operating, the narrou range
and upper range displays would indicate off-scale.

'

If all pumps are shutdown, at any temperature, the narrow range and
upper range displays would indicate 1007., an indication that the vessel
is full. The wide range d/p display would indicate about 337. (IST. for

; UHI plants) of the span of the display, which would be the value (deter-
L mined.during the test program) corresponding to a full vessel uith pumps
j shutdown.

In the event of a LOCA where coolant pressure has decreased to a
predetermined setpoint, existing emergency procedures would require snut-
down of all reactor coolant pumps. In these cases, a level will eventu-
ally Le established in the reactor vessel and indicated on all of the

'

displays. The plant operator would monitor the displays and the recorder
to determine the trend in fluid mass or level in the vessel, and confirm

~

f that- the ECCS is adequately compensating for the accident conditions to
prevent ICC.

| Future procedures may require operation of one or more pu=ps for
recovery from certain types of, accidents. When pumps are operatin; wnile
voids are developing in the system, the pumps uill circulate the water
and steam as an essentially homogencous mixture. In these cases, enere

j'
,=
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vill be no discernible level in the reactor vessel. A decrease in the
measured d/p compared to the normal operating value will be an indication
of voids in the system, and a continuously decreasing d/p will indicate
that the void content is increasing, that mass is being lost from the
system. An increasing d/p will indicate that the mass content is
increasing, that the ECCS is effectively restoring the system mass
content.

III.B.1 Discussion of Analysis Ucinc NOTRUMP Code

The analyses performed e ll7 for the 1 in, and 4 in. dian cold leg
breaks demonstrated the need for the assumption of multiple failures in
order to achieve inadequate core cooling conditions, i.e., the loss of
all high head safety *njection and additionally the loss of the accumu-
lators (locked out) in the latter case. The results show that core enit
thermocouples may be used as a reliable indication that ICC conditions
are occurring.

For the 1 in. break the results indicate that most of the recovery
techniques, initiated unen core enic thermocouplec reach 1200*F, are
effective and provide long term cooling to thi core:,

,

Restoration of high pressure safety injaction resultc in beginning
of core recovery in less than 2 min after operator action, and cec-
plete core recovery at 10 min.

Opening of the secondary system steam ducp. valves leads to depres-
suri:stion of the RCS and subsequent delivery by the lov head safety
injection system, and co=plete core recovery in less enan 3 min
after operator actier..

With inventory remaining in the system, reactivation of a reactor
coolant pump leads to , complete core recovery in 20 s after operator
action; as discussed above, it is expected that the system will
slowly depressurize and LHSI will be activated before core exit
temperatures of 1200*F are achieved. Note: The case studied is
conservative in that reactivation of the pump in the broken loop
maximizes inventory loct'to the break; the qualitative conclusions
are applicable to cases in which pu=ps are restarted in any loop.

III.B.2 RVLIS Analvtical Analviis

In order to evaluate the usefulness of the RVLIS during the approach
to ICC, it was debided to determine the response of tne RVLIS uncer n
variety of fluid conditions. The RVLIS response was analytically deter-
mined for a number of small break transients. The response was deter-
mined by calculating the pressure difference between the upper head and
lower plenum and converting this to an equivalent vessel head in feet.
(Note that RVLIS indications will actually be represei.ted by percent of
span.) Saturation density at the fluid temperature in the upper pienum
was used for this conversion. This approximates tne calibration that
will be used for the RVLIS.

,

.. ..
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This indicat ion corresponds to the RVLIS configuration used for non-
UHI plants. The conclusions of the study are expected to be the same for
the UHI configuration. The indication of the upper span (hot leg to
upper head) is not included in this . nalysis. The upper span indication
will be used for head venting operations and will no. be used to indicate
the approach to ICC.

When the reactor coolant pumps are not operating, the RVLIS reading
will be indicated on the narrow range scale ranging from zero to the
height of the vessel. A full scale reading (100% of span) is indicated
when the vessel is full of water. This reading represents the equivalent
collapsed liquid level in the vessel which is a conservative indicction
of the approach to ICC. The RVLIS indication can alert the operator thct
a condition of ICC is being approached and the existence of ICC can be
verified by checking the core exit thermocouples. When the reactor
coolant pumps are operating, the narrow range RVLIS meter will be pegged
at full scale.

,

When the reactor coolant pumps are operating, the KVLIS reading will
be indicated on the wide range scale which reads from 0 to 100%. Th-
100% reading corresponds to a full vessel with all of the pu=ps in
operation.

With the pumps runnings the RVLIS reading is an indicctic. of the
void fraction of the vessel cinture. As the void content of the vessel
mixture increases, the dansity decreases and the RVLIS reading will
decrease due to the reduction in sectic head and friction:1 pressure
drop. The latter effect will be ennanced by degradction in the recctor
coolant pump performance. When this reading drops co approni=stely 33%,
there will also be an indication on the narrow range scale. Th is frac-
tion approximately corresponds to a vessel mass at which would ject ecver
the core if the pumps were tripped.

Four small-break t'ransients under a variety of conditions crc dis-
cussed in the next section. Three of these cases were ohreined fro =
WFLASH analyses and the other was obtained from the ICC analysis using
NOTRUMP. A description of these codes can be found in refs. 7 cad 11.

The transients included in this report are listed in Table 3 unica
gives a brief description of the transient, the plant type, and tne codel
used for the analysis. A discussion of each trcnsient is provided in the
nent section. Figures 16 through 27 provide plots of vessel two phcce
mixture level, RVLIS narrow range readine,, minture and vessel void
fraction, and for Case B with pumps running, RVLI5 vide range readin- and
cold leg mass flowrate.

The two phase mixture level plotted is that which was predicted by
the codes for the mixture height belou the upper support plate. The
RVL!S reading that would be seen is plotted on the sa=e figure for ease
of ccmparison.

_.
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Table 3. Transients investigated

Case Plant Description

A 3 loop 3 in. cold leg break - FSAR assumptions ; WFLASH
2775 MWt

B 3 loop 3 in. cold leg break - RCPs trip at 750 s - 2775
*

MWt otherwise, FSAR assumptions; WFLASH

C 4 loop 2.5 in. break in top of pressurizer - no UHI - no
UHI type pumped saf ety injection pumps not running;
3411 MWt WFLASH

D 4 loop 1 in. cold leg break - no high head safety
Non-UHI injection; NOTRUMP
3411 MWt

*
RCPs tripped at reactor trip, minimum pumped satety injection is

available, minimum auxiliary feedwater is available.

The void' fraction plots are for the core and upper plenum fluid
volumes. The mixture void fraction includes the volume below the two-
phase mixture level while the total void f raction also includes the steam
space c.bove the mixture level.

III.G.3 Transiente Invest 1 sted

Case A
.

The initiating event for this transient is a 3 in. break in the cold
leg. Af ter the break opens ( the system depressurizes rapidly to the
steam generator secondary safety valve setpoint. Consis te nt with the
FSAR asumptions, the reactor coolant pumps are assumed to trip early in
the transient unen the reactor trips.

The system pressure hangs up at the secondary setpoint until the
loop seal unplugs at approximately 550 s, allowing steam to flow out the
break and the depressurization continues. The core uncovers while the
loop seal is draining then recovers when the loop seal unplugs. The core
then begins to uncover again as more mass is being lost through the break
than is being replaced by safety injaction. The core begins to recover
at about 1500 s when the accumlators begin to inject.

This transient does not represent a condition that would lead to ICC
but it does represent a break size in the range that would be most proba-
ble if a small-break did occur. The response of the RVLIS for typical
conditions for which it would be used can be investigated with this
t rans ie nt .
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Af ter the reactor coolant pumps trip the RVLIS reading drops raaidly
to the narrow range scale. It falls until the pressure drop due to flow
becomes insignificant compared to the static head of the fluid in the
vessel. The first dip in the RVLIS reading is due to the behavior of the
upper head.

When the upper head starts to drain it behaves like a pressurizer.
The pressure in the upper head remains high until the mixcure level drops
to below the top of the guide tube where steam is allowed to flow from
the upper head to the upper plenum. When this occurs the upper head
pressure decreases - thereby increasing the vessel d/p - and the RVLIS
reading again more * accurately reflects the vessel inventory. This phe-
nomenon is more prevalent for large-break sizes and the effect will be of
brief duration for breaks in this range. Furthe rmo re , the ICC guidelines
require verification of the RVLIS reading through the use of tha core
exit thermocouples. During this phenomenon, the core exit ther=occuples
would read near saturation temperature. Therefore, this early phenomena
in the upper head will not cause a false indication of ICC.

When the vessel begins to drain during the loop seal uncovery the
RVLIS reading trends in the same direction as the vessel level. The
RVLIS reading remains 'uelow the vessel mixture level and is therfore a
conservative indication.

When the vessel mixture level increases after the loop seal unplugs
the RVLIS reading follows it. Then, RVLIS readings continue to f ollow
the vessel mixture level ti2oughout the transient while underpredicting
the actual two phase leve*,. The wider dif f erence between the RVLIS level
and the two phase level '.ater in the transient is due to the system being
at a lower pressure wh_ch allows more bubbles to enist in the mixture.

Case B
,

This case'is the sgme as Case A except it was assumed that the reac-
tor coolant pumps continued to operate until 750 s. If the reactor cool-
ant pump trip criteria is followed the pumps would be tripped much
earlier in the transient. This case is, however, instructive in deter-
mining 'the RVLIS response when the pumps are running.

After the break opens, the system depressurizes rapidly to the sec-
ondary saf ety valve setpoint, and then begins a period of very slow
depressurication. During this time the upper portions of the system
drain. Due to the reactor coolant pump operation, the two phase minture
in the vessel remains at the hot leg elevation, although the void frac-
tion of the mixture continues to increase.

'

At 750 s (12.5 min) the system has drained to the point that steam
can be vented throudh the break and the system begins to depressurice
more rapidly. The pumps are also tripped at this time resulting in a
collapse of the mixture in the vessel and the core uncovers.

g

. _ . _ _ . . . _
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The vessel continues to drain until the accumulators inject at about
|1000 s (16.6 min) to recover the core. There is a subsequent uncovery

which will be ended when the pressure is low enough for the saf ety injec-
tion to make up for mass lost through the break.

During the early portion of the transient, the wide range RVLIS
reading drops fairly smoothly f rom 100% to about 20%, which is due to the
decreasing mass in the vessel and the decreasing pressure drop as the
pump performance is degraded. The plot of cold leg mass flowrate is ,

indicative of the pump degradation. The oscillations in this plot are
due to alternate steam and two phase flow predicted by WFLASH. When the
flow through the pump becomes mostly steam, the increasing void fraction
of the vessel mixture becomes the predominant factor in the decreasing
RVLIS reading.

,

RCP operation keeps the steam and water mixed enough that the mix-
ture icvel does not fall below the hot legs, although the mixture void
f raction is increasing during this time. This loss of inventory is indi-

,

cated by the continued drop in the RVLIS reading. When the pumps trip,
the steam and water in the mixture separate and there is a rapid decrease
in the core mixture level and mixture void f raction although the vessel
void f raction continues to rise. The fact that mass is being redistrib-
uted rather than lost is seen in the RLVIS reading - there is little
change in the reading (compared to the change in level) f rom 750 s to the
time that the accumulators come on.

The prolonged reactor coolant pump operation has caused the down-
comer to drain so that when the accumulators c'ome on the cold accumulator
water condenses steam in the downcomer causing a local depressurization.
The downcomer pressure is then temporarily lower than the upper head
pressure due to inertia and the RVLIS reading becomes temporarily

. negative.
,

!

This period of erratic sindication is brief (one or two min). The
I pressure will equilibrate and the RVLIS will resume following the vessel

mixtu re, level. This phenomenon has only been observed when the accumu-
.ctors inject when the downcomer is highly voided. There is no apparent
discrepancy during accumulator injection when there is a significant,

'

acount of water in the downcomer. It is believed that this effect is
exaggerated by the modeling tec"-* ques used in WFLASH (which utilize a
hc=ogeneous equilibrium assumptions at the accumulator injection loca-
tion). For the remainder of the transient the RVLIS reading follows the
vessel level closely.

Case C
,

The initiating event for this transient is the opening of the pres-
surizer power operated relief valves (PORVs). The reactor ..oolant
pumps and the reactor trip early in the transient on a low pressuri:cr
pressure signal consistent with FSAR assumptions. Auxiliary feedwater is
available in this case but, no pumped safety injection is assumed.

-

- , , . . - , , * -- -"1 - r w ---"--+-1 ----------1
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The pressurizer mixture level rises to the top of the pressurizer
early in the transient and stays at this level throughout most of the
t ransient. The flow through the PORVs alternates between stean and two-
phase mixture while the pressure in the system drops rapidly to the steam
generator secondary safety valve setpoint. The pressure hangs up at this

,

value until the upper portion of the system has drained and then contin-
ues to decrease. When the upper portions of the primary system (exclud-
ing the pressurizer) have drained the vessel mixture level begins to
decrease and continues until the core completely uncovers.

The RVLIS reading drops rapidly to the narrow range span af ter the
reactor coolant pumps are tripped. When the vessel level reaches the hot
leg elevation, the calculated RVLIS readings begin to oscillate due to
the codeling used in WFLASH. In WFLASH, the hot legs are connected to
the vessel by point contact connections. This modeling technique causes
the hot leg flow to alternate between steam and two phase flow. The
oscillatory behavior of the calculated RVLIS reading continues while the
level remains at the hot legs. The average calculated value during this
period of time shows that the RVLIS reading is a conservative indication
of the mixture level.

: When the vessel mixture begins to decrease, the RVLIS reading
'

decreases as well The RVLIS continues to underpredict the two-phase
mixture level and to follow the trend.

Case D

This case is one of the transients investigated for the ICC study
using NOTRUMP. A more detailed discussion of this transient can be founc
in ref. 7.

The RVLIS reading is b,elow the vessel mixture level throughout most
of the transient and is therefore a conservative indication. The RVLIS
reading follows the same, trend as the vessel mixture level except for
early in the transient when the mixture void f raction is fluctuating.

Included in the plots for this case is a cumparison of the mass
inventory in the core and upper plenum regions to the RLVIS reading.
This comparison shows that the RVLIS reading also corresponds very well
with the relative vessel mass inventory. Also included is a comparison
for the UHI and non-UHI RVLIS configurations. For the UHI RVLIS configu-
ration, the pressure difference is measured from the hot let to the icwer
plenum rather than the upper head to lower plenum. This plot shows a
very good comparison between the two systems, indicating that either will
give a useful indication.

.
.

I

! III .B .4 Observations of the Study

The RVLIS will provide useful infor=ation for breaks in the system
ranging f rom small leaks to breaks in the limiting small-break range.'

For breaks in this range, the system conditions will change at a slow-

.

.-
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enough rate that the operator will be able to use the RVLIS in' formation
as a basis for some action.

For larger breaks, the response of the RVLIS will be more erratic,
due to rapid pressure changes in the vessel, in the early portion of the
blowdown. The RVLIS reading will be useful for monitoring accident
recovery, when other corroborative indications of ICC could also be
observed.

Very few instanc'es have been identified where the RVLIS may give an
ambigious indication. These include: (1) a break in the upper head, (2)
accumulator injection into a highly voided downcocer, (3) periods of ti=e
when the upper head behaves like a pressurizer, (4) upper plenum injec-
tion, (5) and periods of void redistribution.

.

In order to assess the impact of a break in the upper head, a 2 3/4
in. break has been investigated. This break size corresponds to that

expected in the event of a control rod ejection accident. This is the
largest break size that is plausible in a non-UHI plant. A UHI line
break in a UHI plant would result in a larger break, but since the RVLIS
narrow range indication for UHI plants is ceasured from the hot leg to
the bottom of the vessel, the RVLIS indication of vessel level is not /

significantly affected by the upper head conditions.

Ic=ediately af ter the break occurs, subcooled liquid flows out the
break; th is is followed by a brief period of two phase break flow. Dur-

ing this early period, the flow to the upper head is suffteient to cause
tne RVLIS to read offscale high on the narrou range (there would still be
an indication on the wide range after ~2 min). Af ter 4 to 5 min, hou-

ever, the upper head and upper plenum have drain 2d sufficiently such that
steam is flouing through the break, as well as from the upper plenum to
the upper head. The system st,abilizes in a quasi-steady state made with
the primary pressure slightly above the secondary pressure and the level
in the vessel at the hot lag elevation. The RCS remains at these condi-
tions until the upper portions of the RCS have drained. After approxi-

mately an hour, the vessel begins to drain.

During the vessel draining the RVLIS trends with the two phase mir.-
ture level. The RVLIS reads higher than it would if the break were
located elsewhere in the RCS due to flow pressure drop through the guide
tubes.

The RCS pressure remains near the secondary pressure throughout the
transient since the secondary is required for decay heat removal. The

pressure drop due to steam flow throup.h the guide tubes at 1100 psi sys-
tem pressure corresponds to an 11% error on the RVLIS indication.

The RVLIS indication would still provide the operater with aseful
information concerning the trend in vessel level. The operatar would .

still have sufficient information to diagnose the approach to ICC by

using the RVLIS indication along with the core enit th e r=oco u p le s .

_
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This analysis is applicable to all Westinchouse PWR plants, includ-
ing those plants with upper plenum injection (UPI). The normal condition
f or continuous UPI occurs only with the operation of the low heaa saf ety
injection pumps, which does not occur until a pressure of under 200 psi
is realized. The RVLIS =ay not accurately trend with vessel level durtn;
the initial start of UPI. During this short period of time, the cold
water being injected will mix with the steam in the upper plenum causing
condensation to accumulate. This condensation will f orm f aster than the
system response. The system will equilibrate af ter a short period of
time. Upon equilibrating, the system will continue to accurately trend 3

reactor vessel level. For the vast majority of small breaks, the condi-
tion of upper plenum injection does not cause a significant impact. For
the remainder, the impact is very small and within tolerable li=its.

As discussed elsewhere in this section, the time when ambiguous
indications due to accumulator injection and upper head pressurizer
behavior is brief. The situation corrects itself and the RVLIS resu=es
giving a good indication of the trend in level. Both situations result
in an indication of vessel level that is low. The operator cust know
that a brief period of erratic RVLIS indication =ay occur when accu =u-
lators are injecting. This effect is partially real in that the vessel
level may depress for a moment when accumulator injection occurs. Unlike
accumulator injection, the operator will not know when the indicated
vessel level is being af fected by the upper head pressurizer phenomena.
However, no premature indication of ICC will occur since the core exit
thermocouples will still read saturation temperature.

Rapid void redistributions within the vessel, which will not be
detected by the RVLIS, may occur when the pumps are tripped or restarted
when the RCS is highly voided. Transienc RVLIS response may occur as the
RVLIS indication is in the transition between an indication of level with
the pumps tripped and an indication of vessel inventory with the pumps
running. This transition period will be brief. No other conditions have
been identified where v,oid redistribution can occur in the vessel.

Blockage in the core will tend to increase the f rictional pressure
drop and the total differential pressure across the vessel, resulting in
a higher RVLIS indication. The increase in the RVLIS indication would be
most significant under forced flow conditions when the reactor coolant
pumps are operating.

In order for blockage to be present, the core would have to have
been uncovered for a prolonged period of time. A low RVLIS indication
along with a high core exit thermocouple indication would have occurred
during tnis time. If the reactor coolant pumps had been operatin;-

throughout the transient, there would have been sufficient coolin; to
prevent core damage and flow blockage. Therefore, for significant block-
age to be present with pumps operating, the pumps would have been shut
down initially and then restarted af ter an ICC conditien had existed f or
a pericd of time. Based on the history of the transient, the operator
would expect that the RVLIS indication would be higher due to olochage,
and could possibly use the indication to assess the a=ount of danace to
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the core. Although the RVLIS would read high, it would still follow the
; trend in vessel inventory and monitor the recovery f rom the accident.

Under natural circulation conditions, the impact of core blockage is

not large. At a natural circulation flow of 4.5%, the RVLIS error due to

flow would increase f rom 0.5% of the vessel height with no blockage to
about 5% with 2/3 of the fuel assemblies completely blocked from top to
bottom. Under an equilibrium boil-of f condition, where flow supplied to
the core equals the residual heat boil-of f, the RVLIS error due to flow
blockage is negligibia. These sensitivities to flow blockage are illus-
-trated on Fig. 28. Therefore, even with a large amount of flow blockage,

,

the resulting RVLIS error is minimal, and the RVLIS will trend with the
vessel inventory and provide useful information for monitoring the recov-

' ery f rom ICC.

11I.3 .5 Conclusions
-

With the RCPs tripped, the Westinghouse RVLIS will result in an'

l.

underpredicted indication of vessel level while providing an unambi-
guous indication of the mass in the vessel. The Westinghouse RVLIS

,

will also measure the vessel level trend reasonably well.

'2. .Uith the RCPs tripped, it is feasible to determine a setpoint for
the RVLI3 to warn the operator that the cystem is approachin,g an

,

uncovered core.

3. The RVLIS should be used along with the core exit thermocouples to
detect ICC.

4 With the RCPs running, the RVLIS is an indication of the mass in the
vessel.

,

5. When the RCPs are runnir.g, and the RVLIS reading drops to the narrow
range scale, there is significant voiding in the vessel and the core,

would just be covered if the pumps were tripped.

5. A break of sufficient size in the upper head could cause the RVLIS
to give an incorrect indication of vessel mass. The reading on the

i' narrow range meter with pu=ps off will be >100%. The core exit

thermocouples, however, will provide an indication of ICC if
appropriate.,

| 7. Accumulator injection when the downcomer is highly voided could
; result in a temporarily erratic indication.

8. The RVLIS may significantly underpredict the vessel mass while the
fluid in the upper head is flashing. However, use of the core enit

thermocouples will preclude a premature entry to the ICC
procedures.

:

i
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9. Papid void redistributions within the vessel, which will not be
detected by the RVLIS, may occur when the pumps are tripped or
restarted when the RCS is highly voided. Transient RVLIS response
may occur as the RVLIS indication is in the transition between an
indication of level with the pumps tripped and an indiention of
vessel inventory with the pumps running. This transition period
will be brief. No other conditions have been indentified where void
redistribution can occur in the vessel.

III.C. Qualification

Environmental qualification of the RVLIS shall verify that the system
equipment will meet, on a continuing basis, the peformance requirements
determined to be necessary for achieving the system requirements as>

presented above. Verification must include confirmation that those por-
tions of RVLIS equipment which are within the containment will operate
during and subsequent to the conditions and events for which the system
is required to be operational. Verification will include determination
that the system is sufficiently accurate during this time to eeet its
design bacts. The system post-accident environment qualified lif e
requirement for electrical equipment inside containment is 120 d fol-
louing certain postulated events. The electrical equipment that is
instelled outside of containment need not meet a qualified life for an
extended period of time providing replacement or calibration checks can
be made in short enough ti=e commensurate with the reliability goals cf
the redundant ~ syetec. Electrical equipment inside contain=ent shall be
installed such that it is removed from areas where high energy pipe
br?cks or pipe whip could cause failure. The d/p transmitters and elec-
tronic processing equipment shall be located in a low ambient radiation
area.

The RVLIS sensing transmitters and associated electronic processing
equipment shall be locnted in an area whose temperature range is between
40 and 120*F with 0 to 957. debient relative humidity. Nor=al operating
e nvi ro nment for transmitter locations shall be between 60 and 80*F and
0 to 507. relative humidity. The instrumentation shall be qualified to
assure that it continues to operate and read within the required accuracy
following but not necessarily during a safe shutdown earthquake. Quali-
fication of the electronic equipment and reactor vessel level sensing
transmitters applies to and includes the channel isolation device or
where interf ace with a computer is involved, the input buf f er. The loca-
tion of the electronic isolation device or input buffer should be such

that it is accessible for =aintenance during accident co ndit io ns .
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III.C.1 Codes and Standards

The RVLIS is in conformance with the following Codes and Standards:

Reculations

CDC 1 Quality Standards and Records

CDC 2 Design Beses for Protection Against Natural Phenomena

GDC 4 Environmental and Missile Design Bases
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IV. EVALUATION OF THE DIFFERENTIAL PRESSURE SYSTEM

The reactor vessel level monitoring systems proposed by Westinghouse
(Figs. 2 and 3) uses separate sets of three differential pressure cells
in two' instrument.crains. The differential pressure cells measure the
pressure dif ferential between the top and the bottom of the ' reactor ves-
sel (for UH1 plants the measuremenc is between the bottom of the vessel
and the hot leg) and between the level of the hot legs and the top of the
vessel. The trains use a spare head penetration for n pressure tap at

,

the top of the vessel. The pressure tap at the bottom of the vessel is
made at the seal table to the in place conduits used for movable in-core
detectors. The hot leg pressure taps are connected to the hot leg pipes.
Differential pressure cells of differing sensitivity are used t'o provide
wide and narrow range pressure measurements under different flow condi-
tions, i.e. with and without primary pump operation.

One proposed display at the operator's concole will consist of three
level indicators (analog, vertical scale voltmeters) and a light to indi-
care the on/off status of the reactor pumps. The indications are auto-
matically corrected for reference leg densities. Displays are provided
for each of the two trains. The signals from the three differential
pressure cells can be recorded on a strip chart recorder. In addition,
analog input signals and the compensated level outputs are availabla to,

the plant cocputer for monitoring.

Af ter the signals are corrected for reactor coolant and capillary
line densities, the dispicy panel level indicators are intended to behave
as follows:

1. The narrow range indicator displays collapsed uater level in the
reactor iessel from 0% to 100% for vessel levels between empty and
full when the pumps are not operating. When the pumps are operat-
ing, the indication is gr' ester than 100" and would be disregarded.

2. The wide range indicator displays vessel level from 0" with the
vessel empty to 100% with the vessel full and all reactor coolant
pumps operating. With the pumps shut doun, the full vessel indica-
tion would be about 33%. (For a UHI Plant the indication with pumps
off would be about 15%).

3. The upper range indicator indicates level in the upper portion of
the reacter vessel or plenum and displays vessel level frca 60~. to
100% when the water level is between the level of the het legs and
full and the pumps are not ooerating. When the pumps are operating,
the indication is less than 60% (of f scale) and would be disregarded.

A second proposed display system is implemented with a microcroces-
sor and accepts inputs from: the differential pressure cells, the temper-
ature sensors connected to the detector lines, the reactor coolant
temperature senscr, the system pressure sensors and tne reactor coolant
pumps status indicator. A set of algorithms is used to generate water
level indication from the values of the measured differential pressures.

___ - _ ___ -
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The display is alphanumeric and provides a summary of all three dif feren-
tial pressure systems, the validity of the indicated levels and other
system status in format ion , i.e., which pumps are on, alarms, etc. In

addition, the monitor can display trending information in an alphanumerir
mode.on demand.

On November 18, 1980, Westinghouse described their proposed system
at NRC of fices in Bethesda. On this occasion they presented results of
calculations of the temporal behavior of pressure dif ferential across the
reactor vessel and mass invent'ory inside the vessel for several postu-
lated loss of coolnnt events. The results showed that, although pressure
differential and mass inventory follow trend well, there were brief
periods of time during which they trend in opposing directions. In thei:

conclusions, claims of unambiguity in the indications of mass inventory
in the vessel are' made for the case in which the reactor pumps are of f.
For the case in which the pumps are on, voiding in the vessel diagnosis
will be provided by the system but no predictable indication of the
degree of voiding is expected. Inadequate core cooling diagnosis uill
necessitate confirmatory indications by other systems. Erratic readings
are expected under certain conditions, like accumulator injection, break
in upper head and upper plenum injection will require special attention
from the operator. Procedures are to be supplied by Westinghouse cover-
ing these conditions in particular and the RVLIS in general.

IV.A. Application of NRC Criteria from
NUREG-0737, 11.F.2 Appendix 3

1. Environmentally qualified as per NUREG 05S8 based on design basis
accident events: The proposed _ system is stated to conform to the
following codes and standards: GDC- 1,-2-4 ,- 13 ,-16 , - 18 ,-19 ,-24 , - 3 0 ,-
31,-32,-50,-55-56;,10C7R50; IEEE-308-1971, IEEE-323-1971, I EE-338-
1971, IEEE-344-1971, IEEE-384-1977; ASME BPVC Sect. 111; ANSI
B31.1.0 1967 ; RG 1.11, RG 1.22, and RG 1.75.

2. No single failure of instrument or auxiliary system prevents
operator from determining the safety status of the plant:
redundancy provided by dual instrument trains in the system should
meet this requirement. It should be noted, however, that the two
instrument trains have points in common at the penetrations to the
reactor vessel head and bottom. It should be documented that thesa
common points do not seriously' jeopardine the redundancy o: the two
instrument trains.

3. Class IE power source: Provided.

4. An instrument channel should be available prior to accident:
proposed system has readouts during normal operatien.

i
's

'.f

!
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5. Relevant Reg. Guides list.
1.28 QA for design and construction

} 1.30 QA for instrumentation and electrical equipment
1.38 QA for handling equipment and components
1.58 Qualification of inspection, test and examination

personnel.
1.64 QA design of plant
1.74 Qa terms and definitions
1.08 Record keeping
1.123 QA for procurement
1.144 QA auditing

Display systems are stated to ' conform to 10 CFR 50. Appendix B, the
above Reg. Guides have not be addressed.

,,

4

6. Continuous (temporal) indication: provided.

7. Recording of instrument indications: three pen chart recorders are
In addi-provided for logging on one train (which may be selected).

tion, analog inputs and outputs of the level system are available to
the plant computer for loggi'ng and other functions.

8. Indication of instrument sin control room: displays are provided fdr
cach train.

9. Isolation of signal clkannels: p rovided .

10 Verif icat' ion-on-line : no detailed information has been provided
concerning proposed operational procedures. Plant start-up proce-
dures have been outlined.20 The system, however, has been designed
to provide this capability.

11. Service test and calibration programs: as above, no detailed infor-4

mation has been given concering proposed procedures.

12. Control of removal from service: no information has been provided
about proposed procedures.

13. Access to adjustment points: Transducers are to be located outside
the containment and check and test points will be readily
acces s ible .

t'

14 Minimize anomalous readings: the microprocessor system is designed
to indicate when raadings are invalid. The analog system status

must be inferred from status lights which may be confusing. Knoen

ancmalies are believed to be of short duration (1-2 min) and have
been represented to pose no serious problems if indications are
properly correlated with the indications from other plant sen-

sors.21 ' Refer to IV.D 1-11.

15. Recognition and location of components for repair, adjustment or

replacement: No information has been supplied acout proposed
,

procedures.

__
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16. Direct measurement of desired variables: The water level is not
measured directly but is inferred f rom hydrostatic head. Voidin;
will result in error in measurement of actual water level, but in a
conservative (lower than actual) direction. That is, in a voiding
situation, the indicated water level will be less than the actual
level. The differential pressure system does net give direct

s; information about cooling capacity of coolant, but does indicate
total coolant inventory.,

17. Same instrument should be used for accident monitoring and normal, , ,

'u operation: a system of three transducers is required to cover alls

' s ituat ions.. These are integrated into a single measurement system.
Under normal operating conditions, the indication on the vide ranges

readout is 100% on a scale that reads from 0% to 110".22 Testing
procedure is needed. It is necessary to specify the test procedures
and criteria to assure operability of the system.

18. Periodic Testing: no information has been supplied.
*

We believe the requirement of NUREG-0737 II.F.2 (including Appendix
B) are satisfied by the Westinghouse System, except that operating pro-
cedures are needed (covering, in particular, anomalous readings) and thes

plant specific items identified in the conclusions.,

IV.B Application of Instrumentation Considerations

A. Installation Soecific

-1. Requirements on operarcr: the microprocessor system presents-

level information with an indication of the validity of the indi-c

cation. The conditions which lead to ambiguous indications have
been ident ified in 'IV.D.5-9. It is claimed that other indicators

! would inform the operator when to start using inadequate core
! cooling procedur#es. The analog systems have only indicator

~ lights to display the status of the pu=ps (on or off). All sys-
tems include a means for making temperature corrections to the
reactor vessel coolant and capillary line densities.

2. Calibration, procedures, in-situ procedures, frequency, stand-
ards, etc.: System start-up calibration procedures are detailed,
however, normal maintenance and recalibration schedules have not
been specified. The acceptability of these procedures has not
yet been confirmed.

3. Redundancy or diversity: redundancy is provided by dual instru-
*
ment strings. The effect of diversity can be implied by other,

confirming indications of the core-exit thermocouples and the
Saturation Margin Monitor.

4. Useful output during normal operation. During normal operatica
the indications of the tnree differential pressure cells are
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either 100% (on a scale of 0; to 110%) or off-scale. It is
claimed that correlation of the wide range cell with flow rate.

(i.e., number of pumps running) and coolant temperature will tend
. ro maintain operator confidence in the indications of the

system.

5. Ease of retrofit or replacement: no modifications to reactor
vessel required for most Westinghouse type reactors. Top and,

bottom pressure taps use existing penetrations. Hot leg taps
must be added. With the exception' of the ex-core neutron detec-

t tor system, the differential pressure level monitoring system
requires fewer and less complicated changes to the reactor system
than other proposed systems. In addition, applicability to reac-
tors of other manufacturers has been demonstrated.

6. Interference with refueling: interference outside the vessel
only. Lack of internal components minimizes interference, out
potential- problems may arise with respect to the disconnects and
refilling the lines. The procedure needs to be specified.

|

B. Sensor and Transducer Seccific Considerations.
6

1. Expected in-service life: no estimates have been given.

2. Radiation resistance: RTDs specified to withstand a tctal inte-
,

grated dose of 1.2 mrads gamma. The differential pressure cells
which are located outside the containment are specified to uith-

'

stand 10 Krads..

3. Environmental resistance: Devices in the pressure syste=s are
rated at sub;tantially greater pressure than normal operating
pressures. The RTDs'are to be tested in a eaturated steam envi-
ronment, under a spray of boric acid and sodium hydro::ide aad
additionally put through a biaxial seismic test.

4 Resistance to temperature damage or etfect: Most active compo-
nents of the system are located outside the containment area. No
sensitive electronic components are inside the containment. RTDs
have qualification tests specified and hydraulic isolators are
stated to be environmentally qualified for containment s e rv ic e .

5. Accuracy and resolution: Overall system accuracy is specified to
be 6%. This will result in an uncertainty of 2305 mm ( 1 ft) in
the upper head or plenum measurement and 1760 mm ( 2.5 ft) in the
narrow range indication ot total vessel level.

6. Response characteristics: time response is given as 10 s or less
for 50% indication of the differential pressure ins t rument fol-
lowing a 50% step change. (See IV.D.17.)

.
.

.
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C. Accident and Post-Accident Monitorine Considerations.

1. Ef fects of core uncovery: No direct effects.

2. Ef fects of reactor internals movements: Partial blockage of the
core will result in a higher than normal f riction drop during
natural circulation. This is one case in which the reading of

- the differential pressure system is not in a conservative direc-
t ion . Additional friction would increase the head and the system
would indicate more inventory than was actually present. The
degree and significance of this error is identified in Sect.

IV.D.3.
'

3. Ef fects of pressure changes: A pressure excursion acrons the
differential pressure transducers during a depresurication can
cause a decalibration and zero shift in the transducer. Main-
taining the upper head transducer and the narrow range transducer
in an over-ranged condition during normal operation may cause
decalibration of the transducers.

4. Ef fects of flow variation: The wide range d/p indicater will
read 100% output with pumps on, and will be calibrated during
installat.on. Natural circulation flow may cause some errors as
indicted above.

5. Ability to measure water quality: Various co=binations of pumps
will be part of the calibration procedure during installation,
refer to Fig. 9. The wide range indicator should trend water
quality. Short term variations should be disregarded; procedures
are to be developed concerning this issue. When the pumps are
off, all systems will tend to indicate collapsed water level.

.

IV'.C Information Quality

An explicit requirement for the ICC systems is that the in fo rmat ion
provided by the system shall give the operator "an unabiguous indicat ica
of an approach to inadequate core cooling." (NUREG-0737). This has been
the central issue in the evaluation of the ICC instrument systems, but
in particular the reactor vessel level measurement systems, since they
are new instruments. In this section, we discuss the concerns expressed
by ourselves and others with respect to the quality o f Information
derived f rom the ICC instrumentation systems; that is, possible causes of
ambiguity, sources of error, and reliability. In the course of this
review and in discussions with the applicant conditions were ident i f ie d
where th2 RVLIS would indicate other than desired output. It was pointed

out by Westinghouse that these indicat ions should be confirmed to other
instrumentation in all cases. The whale area of operation procedures is
to be addressed by Westinghouse and will cover specifically these
conditions. The RVLIS system is to be phased into operatica ever a
period of time allowing modification to these procedures before they
become standard.

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ . _ _ _ _ _ _ .
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We believe this is a satisfactory solution to the few ambiguous condi-
tions identified below.

A number of questions arose during the course of our review that were
submitted to Wetinghouse for clarification. These are reproduced below
with further comments when necessary. Many of these have already been
discussed in preceding sections of this paper. To avoid redundancy, the
discussions below provide numerous references to relevant points made
elsewhere. Table 4 provides an index to locate particular catagories.

.

IV.D Specific Concerns

IV.D.1 Possible Ambicuous Indication with Pumos on/of f

First, the NRC staff has issued recommendations to owners of plants.

from all three reactor vendors that the pumps be tripped when a small
break LOCA is detected 23 Mass flow anywhere in the reactor coolant

'

system would be limited, therefore, to that within the small break regime,

(0.1 ft'sq max) that is predicted to fall to about 800 lb m/s af ter 100
s. After the depressurication period and upon reaching saturation, the.

vessel head may well be filled with a tubulent two phase mixture. The
differential pressure level measurement system is expected to indicate
reactor vessel inventory under these condi ions even with the pumps
running.

Second, the design d:scription of the indication of the wide range
indicator given in Sect. II.C.2.1.1, describes how the system behaves
when the pumps are running. The initial calibration and set up given in
operating procedures in Sect. II.C.l.C, describe how the wide range
indicator is calibrated to each specific installation. Further
amplification is given in the response'to question 22:17

" Calculations are performed to obtain an estimate of the dif feren-
tial pressure that the wide range instrument will measure with all pumps
operating, from adbient temperature to operating temperature. The calcu-
lations employ the same methods used to esticate reactor coolant flow for
plant design and safety analysis. The calculations are used primarily to
define the instrument span and to provide an estimate for the function
that compensates the differential pressure signal over the full tempera-
ture range , i.e., that results in the wide range display indicting 100%
over the full temperature range with all pumps operating, pumping sub-
cooled coolant. During the initial plant startup following installation
of'the tastrumentation, vide range dif f erent i.al pressure data would be
obtained and u:ed to confirm or review the compensation function so that
a 100% (the scale is 0% to 110%) output is obtained at all temperatures.
Since the calculted compensation function is verified by plant operating
data, any uncertainties in the flow and differential pressure estimates
are eliminated."

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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Table 4. Index to Discussion of Specific Concerns

l. Dynamic effects.

a. Possible ambiguous indication with Pumps on/off IV.D.1
b. Coolant must be quiescent IV.D.2
c. Effect of core blockage IV.D.3
d. Effect of reverse flows IV.D.4
e. Possible ambiguities

.

i. Accumulator injection into highly voided
downcomer. IV.D.3'

ii. Upper head acts as pressurizer IV.D.6
iii, Upper plenum injection IV . D . 7

iv. Periods of void redistribution IV.D.*
v. Bread in the upper head IV.D.9

g. Effect of voids in vessel IV.D.10 -

h. Indication when voiding in core, upper head solid IV.D.11
i. Voiding in the upper head IV.D.12

2. Other error sources
,

a. On-line test procedures IV.D.13
b. How will operational availability be deter =ined: IV.D.14
c. Locction and Display of IC. instruments in control

room IV.D.13
d. Identification of malfunctioning components IV.D 16
e. System accuracy IV.D.17
f. System response time IV.D.18
g. Effect of overranging IV.D.19
h. Location of temperature sensor on impulse lines IV.D.f0
i. Density correction, IV.D.21
j. Draining of impulse lines during accident IV.D.22

k. Effect of dissolved gases in impulse lines IV.D.23

3. Man-machine interface

a. Display of sensor status IV.D.24
b. Does operator have a well defined set of signals to

guide emergency response? IV.D.25
Operator may have too much information (are there tooc.

many instruments?) IV.D.26
d. Do emergency procedures enable operator to avoid IV.D.27

misunderstanding?

.

_ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ . _ _
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Table 4. (Cont'd.),

4 Other Coccerns

a. Emphasis on RVLM system may have confused real
diagnosis requirements. IV.D.28

b. System is scenario dependent IV.D.29
c. System is not relevant to TMI-2 type of accident IV.D.30
c. Definition of ICC IV.D.31
d. Maximum break sir: IV.D.32
e. Survivability af ter large break LOCA IV.D.33
f. How do CET's estimate core uncovery'? IV.D.34
g. Single head penetration IV.D.35
h. Normal in-service live IV.D.36

IV.D.2 The Procosed Coolant Level Indicators Could Oniv Have Value Under
outescent concittons

This concern is somewhat more general than the question of pu=ps
on/off discussed above. The behavior of the system under other dynamic
effects during the small break transie.nt are discussed in more detail
under specific events below.

The single serious case of an malous behavior found in the tests to
date occured in the SEMISCALE tests SUT-3 (re f. 19), and -6 (ref. 24) of
the Westinghouse d/p level system appears to have been due to a design
feature of the SEMISCALE facility which does not 'accuratelv model the~

actual Westinghouse reactors. In S-UT-8,25 a retest with more accurately
modeled upper internals, the Westinghouse reactor vessel measurement
system was in excellent agreement (al*.) with the SEMISCALE level instru-
mentation. (See Sect. 11.A.3 for more detailed discussion.)

o

A more specific cancern in this catagory has been expressed that,
"the main value (sic. of the reactor vessel level instrumentation) would
appear to be for conditions where the system has been depressurized and
the coolant state is known, for example prior to refueling."

Scenarios of the small break LOCA begin with depressurication, =oni-
tored by the saturation margin monitor, followed by establishment of a
water level in the upper regions of the reactor vessel. During the
repressurization period the saturation margin monitor provides sufficient
information about the condition of the coolant. Tests of both the heated
junction thermocouple and dif ferential pressure level measuremment sys-
tems indicate th'at the two systems will be useful and in tact essential
(see Set 11.3) over a wide range of conditions.

.

_ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ . - - - _ __
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IV.D.3 Effect of Core Blockage

There are indications that the TMI-2 core may be at least 2/3
blocked. Westinghouse was asked to estimate the effect of partial block-
age in the core on the. differential pressure measurements for a range of
values from 0 to 2/3 blockage.

The response of Westinghouse to this concern is given below.

" Blockage in the core will tend'to increase the frictional pressure
drop and the total differential pressure across the vessel, resulting in
a higher RVLIS indication. The increase in the RVLIS indication would be
most significant under forced flow conditions when the reactor coolant
pumps are operating.

In order for blockage to be present, the core would have to have
been uncovered for a prolonged period of time. A low RVLIS indication
along with a high core exit thermocouple indication would have occurred
during this time. If the reactor coolant pumps had been operating
throughout the transient, there would have been sufficient cooling to
prevent core damage and thus flow blockage. Therefore, for significant
blockage to be present with pumps operating, the pumps would have been
shut down initially and then restarted af ter an ICC condition had e::isted
for a period of time. Based on the history of the transient, the
operator would expect that the RVLIS indication would be higher due to
blockage, and could possibly use the indication to assess the amount of
damage to the core. Although the RVLIS would read high, it would still
follow the trend in vessel inventory and monitor the recovery from the
accident.

4

Under natural circulation conditions, the impact of core blockage is
not.large. At a natural circulation flow of 4.5%, the RVLIS error due to
flow would increase from 0.5% of the vessel height with no blockage to
about 5% with 2/3 of the ' fuel assemblies completely blocked from top to
-bottom. Under an equilibrium boil-off condition, where flow supplied to
the core equals the residual heat boil-off, the RVLIS error due to flow
blockage is negligible. These sensitivities to flew blockage are illus-
trated on Fig. 28. Therefore, even with a large amount of flow blockage,
the resulting RVLIS error is minimal, and the RVLIS will trend wifh the
vessel inventory and provide useful information for monitoring the recov-

~

ery from ICC."

IV.D.4. Effect of Reverse Flows

Westinghouse was asked to describe the ef fects of reverse flow

within the reactor vessel on the indicated level.

The response of Westinghouse to this concern is given balow.

" Reverse flows in the vessel will tend to decrease the d/p across
the vessel which would cause the RVLIS to indicate a lower collaosed
level than actually exists. The low indication would not cause the
operator to take unnecessary actions , since the EVLIS would ' e used alon;o
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with the core exit thermocouples to indicate the approach to ICC. It is
important to note that large reverse flows are not expected to occur for
breaks smaller than 6 in. in diameter during the ti=c that the core is
uncovered. Large reverse flow rates may occur early in the blowdown

' transient for large diameter breaks but, as is discussed in Sect.
IV.D.32,17 it is not necessary to use the RVLIS as a basis for operator
action for breaks in this range ".

Five conditins were identified which could cause the d/p level sys-
tem to give ambiguous indications. Westinghouse was asked to discuss the
nature of the ambiguities for: (1) accumulator injection into a highly
voided downcomer, (2) when the upper head' behaves as a pressurizer,
(3) upper plenum injection, (4) periods of void redistribution, and
(5) break in the upper head.
response.

,

The following five sections present their

IV.D.5 Accumulator Iniection into Hichiv Voided Doencocer

"When the downcomer is highly voided and the accumulators inject ,
the cold accumulator water condenses some of the steam in the douncomer
which causes a local depressuri:stion. The local depressuri=ction will

'

lower the pressure at the bottom of the vessel which will lower the d/p
across the vessel, causing an epparent decrease in level indication. The <

lower pressure in the downesmer also causes the mi::ture in the core to [
flow to the lower plenum, causing an actual decrease in level. Tne
period of time,when the RVLIS . indication is lower than the actual col-
lapsed liquid level will be brief.

An example of when this phenomenon may occur is when the rector
coolant pumps are running for a long period of ti=e in a sen11 break
transient. After the RCS loop,s have drained and the pumps are circu-
lating mostly~ steam, the level in the downcomer will be depressed. A
large volume of steam will be present in the downcomer, above the low
mixture level, which allows a large a=oant of condensation to occur.
For most small break transients, the reactor coolant pumps will b2
tripped early in the transient and the downcomer mi::ture level will
remain high, even in cases where ICC occurs. When the downcocer level is
high the effect of accumulator injection on the RVLIS indication will be
minor."

IV.D.6 Unoer Head Acts ac Pressuriser

The responce of Westinghouse to this concern ic given below.
"L' hen tne up6er head begins to drain, the pressure in the upper head
decreases at a slower rate than tne pressure in ene rest of the RCS.
Th is is due to the upper head region behaving much like the pressuri er.
The higher resistance across the upper support plate relative to the rest
of the RCS prevents the upper head f rom draining 'quickly. This situation
only cy,ists until the mixture level in the upper head f alls belcu the top
of the guide tubes. At this time, steam is allowed to flow from the--

.
. . .

.
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upper plenum to the upper head and the pressure equilibrates. While the

upper head is behaving like a pressurizer, the vessel differential pres-
sure is reduced and the RVLIS indicates a lower than actual collapsed
liquid level.

This phenomenon is discussed in the summary report on the RVLIS*
relative to the 3 in, cold leg break. Since that time, the upper head
modeling has' been investigated in more detail. It was found that the
modeling.used at that time assumed a flow resistance that was too high
for the guide tubes. Subsequent analyses have shown that the pressuri:ce
effect has less impact on the vessel d/p than was originally shown.
There is very little impact on the results after the level drains below
the ton of tha guide tubes. The pressuriser effect is still believed to
exist and it becomes more significant as break size increases. The
interval of time when the upper head behaves like a pressurizer is brief
and the RVLIS will resume trending with the vessel level after the top of
the guide tubes uncover. The reduced RVLIS indication will not cause the
operator to take any unnecessary action, even if a level below the top of
the core is indicated since the core e::it thermocouples are used as a
corroborative indication of the approach to ICC."

IV.D.7 Uoner Plenum Iniection

"The normal condition for continuous upper plenum injection (CPI)
occurs only with the operation of the low head safety injection pumps,
which does not occur until a pressure of under 200 psi is realized. Th e

RVLIS may not . accurately trend with vessel level during the initial start
o f UPI. During this short period of time, the cold watee being injected
will mix with the steam in the upper plenum causing condensation. This
condensation will occur f aster than the measurement system response. The
system will equilibrate aEter a short period of time. Upon equili-
brating, the system will continue to accurately trend with the vessel
level. #

In the range of break sizes where RVLIS is most useful in detecting
th'e approach to ICC, the system pressure will equilibrate at a level
above the pressure where UPI will normally occur. It is i=portant to
note that the flow from the low head pumps is sufficient to recover the
core and no operator action based oa the RVLIS indication will be
necessary.

For the vast majority of small breaks, the condition of uoper planum
injection does not. cause a significant impact. For the reminder, the

impact is very small and within tolerable limits."

*
West inghouse Elect ric Corpcrat ion, " Westinghouse Reactor Vessel

Level Instru=2ntation system for Monitoring Inadequate Core Cooling,"*

December 1980.

1
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IV.D.8 Periods of Void Redistribution

"During the time when the distribution of voids in the vessel is
changing rapidly, there can be a large change in the two phase minture
level with very little change in collapsed mixture level. Trie use of the
RVLIS. in conjunccion with the core exit th e rmocouples , is still vald for
this situation, however. The only event that has been identified which
could cause a large void redistribution is when the reactor coolant pumps
are tripped when the vessel mixture is highly voided. After the pump
performance has degraded enough that the flow pressure drop contribution
to the vessel differential pressure is small, the change in RVLIS indica-
tion will be very small when the pumps are tripped. As discussed in the
summary report, the approach to ICC would be indicated when the wide
range indication reads 33% (15% in a UHI plant). If the pumps were
tripped at th is t ime , the core would still be covered. The operator
would know that the core may uncover if the pumps were tripped with a
wide range indication lower than 33% (15% in a UHI plant). Prior to pump
trip, the core will remain adequately cooled due to forced circulation of
the mixture. When the pumps trip the two phase level it may equilibrate
at a level below the top of the core. The narrow range indication will
provide an indiction of core coolability at this time."

IV.D.9 Ereak in the Uoner Head

"In order to assess the impa-t of a break in the upper head, a
2 3/4 in. break has been investigated. This break size corresponds to
that expected in the event of a control rod ejection accident. This is
the largest break size that is plausible in a ,non-UHI plant. A UHI line
break in a UHI plant would result in a larger break, but since the RVLIS
narrow range indication for UHI plants is measured from the hot leg to
the bottom of the vessel, the RVLIS indication of vessel level, is not
significantly affected by the ' upper head conditions.

/

Immediately af ter the break occurs, subcooled liquid flows out the
break; this is followed by a brief period of two phase break flow.
During this early period, the flow to the upper head is sufficient to
cause the RVLIS to read offscale high on the narrow range (there would
still be an Indication on the wide range after approximately 2 min).
After 4 to 5 min, however, the upper head and upper plenum have drained
sufficiently such that steam is flowing through the break, as well as
from the upper plenum to the upper head. The system stabilises in a
quasi-steady state mode with the primary pressure slightly above the

|
l

.
.
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secondary pressure and the level in the vessel at the hot leg elevation.
The RCS remains at these conditions until the upper portions of the RCS
have drained. After approximately an hour, the vessel begins to drain.

During the vessel draining, the RVLIS trends with the two phase
mixture level. The RVLIS reads higher than it would if the break were
located elsewhere in the RCS due to flow pressure drop through the guide
tubes.~

The RCS pressure remains near the secondary pressure throughout the-

transient since the secondary is required for decay heat removal. The
pressure drop due to steam flow through the guide tubes at 1100 psi
system pressure corresponds to an 11% error on the RVLIS indicat ion.

The RVLIS indication would still provide the operator with useful
information concerning the trend in vessel level. The operator would
still have suf ficient information to diagnose the approach to ICC by
using the RVLIS indication along with the core exit thermocouples."

IV.D.10 Effect of Voids in Vessel

See Sect. III.B.

IV.D.ll Indication When Voidine in Cor2. Unoer Head Solid

In some tests at SEMISCALE, voiding was observed in the core while
the upper head was still' filled with water. Westinghouse was asked to
discuss the possibility of cooling the ' core-exit thermocouples by water
draining down out of the upper head during or af ter core voiding with a
solid upper head. '

The response of Wes#tinghouse to this concern is given below. See
also the discussion of the SE!!ISCALE tests in III.A.3.

"One of the indicators of an approach to an Inadequate Core Cooling
(ICC) situation is the response of the core exit thermocouples (CETs)
(T/Cs) to the presence of super-heated steam. The core exit
thermocouples will not provide an indication of the a=ount of core
voiding. Response of the core exit T/Cs provide a direct indication of
the existence of ICC, the ef fect iveness of ICC recovery actions , and
restoration of a<iequate core cooling. The core is adequately cooled
whenever the vessel mixture level is above the top of the core and the
core may have a significant void fraction and still be adequately
coole3.

a
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Realistically, an indication of an ICC condition would not occur

until the primary coolant system has drained suf ficientl" for the reactor
vessel mixture level to fall below the top of the core. Westinchouse has
performed analyses which indicate that the upper head will drain below
the top ot the guide tubes before ICC conditions exist. The g'ide tubesu
are the only flow path from the upper head to the upper plenum. In WCAP-
9754,7 " Inadequate Core Cooling Studies of Scenarios With Feedwater
Available, Using the NOTRUMP Computer Code," it was found that inadequate
core cooling situations would not result for. LOCAs of an equivalent size
or equal to approximately 6 in. or less without two or more failures in
the ECCS. In both specific scenarios examined in WCAP-9754, a 1-in. and
4 in, small LOCA, the upper head and upper plenum had completely drained
before the onset of an ICC condition."

In a typical Westingnouse plant, the core exit T/Cs protude slightly
f rom the bottom of the support colucns (F ig. 29) . In this location, th ey
measure the temperature of the fluid leaving the core region through the
flow passages in the upper core plate. Flow from the upper head must
enter the upper plenum via the guide tube before being able to enter the
upper core plate flow passages. In addition, the LOCA blowdown
depressurization behavior must be such that there is a flou reversal for
the core exit T/Cs to detect the upper head fluid te=nerature. The upper
head fluid is expected to mix with the upper plenum fluid as it drains
from the upper head.

The potential for core exit T/C cooling from colder upper head
fluid, wnile the core has an appreciable void fraction is not viewed as a
potential problem for the detection of an inadequate core cooling situs-
tion. Altnough some SEMISCALE tests indicated core v3iding while the

~

upper head was liquid solid, that does not imply that the core exit T/Cs
would give an ambiguous indication of ICC calculations for a Westinghouse
PWR and consideration of the cpre exit T/C design would not result in
ambiguous ICC indications .

i

F In addition Westinghouse was asked to describe the behavior of the
level measurement system when the upper head is full, but the lower ves-
sel is not. Their response is given below.

.

"During the course of a LOCA transient, the upper plenum vill exper-
ience votding before the upper head. The voids in the upper plenum will
be indicated by a lower RVLIS reading. The RVLIS will not indicate chere
the voiding is occurring, but at this point in the transient, it is not
necessary to know where the region of voiding is. In the early part of
the t rans ient when the minture level is above the top of the guide tube
in the upper hea_d, it is sufficient for the operator to know that the
vessel inventory is decreasing, irrespective of the region where voidine
is occurring. At discussed in Sect. IV.D.6,17 ene fluid in the upper

nand does not affect the RVLIS indication af ter the upper nead hag ,
drained to below the tup o' the guide tubes. As discussed above.' the
upper nead will drain before the onset of ICC and tnere will not be an
ambiguous indication during tne period of time wnen RVLIS will be used."

_ _ _ _ ___ __-----_ . . _ - - - - - - - - - - - _ -_ _ J
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IV.D.12 Voidinc in Uoner Head

See Sect. IV.D.6 above.

IV.D.13 On-line Test Procedures

Westinghouse was asked to describe the prciisions and procedures for
on-line verification, calibration and maintenance.

The response of Westinghouse to this concern is given below.

"In general, the system electronics are verified, maintained and
calibrated on-line by placing one of the redundant trains into a test and
calibrate mode while leaving the other train in operation to monitor
inadequate core cooling."

A . general verification is perfonned before shipment, but plant spec-
ific data is not used. The capability exists for the operator to verify
the operation of the system. This would involve disconnecting the sen-
sors at the RVLIS electronics, providing an artificial input, and observ-
ing the response of the system on the front panel and remote display.

On-line calibration of the system is made nossible by the " Card
Edge" adjustments. The P.C. Cards are calibrated at the factory; hou-
ever, if the function is changed or a cocoonent on the cacd is replaced,
the calibration procedure is given within the equipment re ference
manual.

The RVLIS system requires the normal maintenance given to other
control and protection syste=s within the plant. On-line maintenance is
accomplished by placing only one of the two redundant trains into mainte-
nance at a time; this will allow continued monitoring of inadequate core
cooling. #

In addition, sof tware programs are provided so that the front panel
controls and display can be used to perform a functional test, serial
data link tests, calibration tests and deadman timer tests. These tests
are considered part of the operator maintenance procedures and should be
performed monthly." Although plant specific operating procedures have
not yet been written, the generic suggeated operating procedures provided
by Westinghouse are given in Sect. II.C.l.c. Details regarding on line
detection of component malfunction are given in Sect. IV.D.lo.

IV.D.14 Hou Onerational Availability will be Determined

With two redundant systems, intercomoarisons of the indi c at ic a s
displayed by the two systems will provide on-line checking and
operability. In addition, see IV.D 13 above.

I
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IV.D.15 Location and Disolav of ICC Instruments in Control Rece

Th is is plant specific, although indications of all ICC related
instrumentation will be located in a single cabinet (or two cabinets,
side-by-side).

IV.D.16 Identification of Malfunctionine Cocoonents

The response of Westinghouse to this concern is given below.

The cabinet mounted equipment is designed to facilitate pericci:
identify malfunctioning components and ensure the equiptenttests to

functional operability is =aintained comparable to the original des;;n
standards. Component power supply failure is annuniciated in the main
control room. Addition details regarding diagnostic techniques and
criteria to be used to identify malfunctioning co=ponents can be found in
Sect. II.C.2.

IV.D.17 System Accuracv

This is discussed in detail in Sect. II.C.3.c..

IV.D.18 Svstem Resconse Time

Westinghouse was asked to deceribe how the cyste= response time wn:
estimated. In addit ion, they were asked to e:: plain how the response
times of the various co=ponents (differential pressure transducers,
connecting lines and isolators) affect the response time.

The response of Westinghouse to this concern is given below. (see
also Sect. III.A.2.a.l. ,

/ 0

" Testing performed at the SEMISCALE Test Facility in Idaho has con-
firmed that the response ti=e for the RVLIS hydraulics is less than 3 s.
The RVLIS system at SEMISCALE includes sencorc, hydraulic iso lat ors ,,

differential pressure transmitters and capillary tubing in lennths
typical of a reactor plant installation. An independent analysis by ORT
has established a rise time of less than 3 c, wh ich is cons is tent with
the SEMISCALE test. The RVLIS electronics incorporate an adjustable la;
to filter hydraulic noise when reactor coolant pumps are operatin;. Ihe
lag time constant, adjustable up to 10 s, will be set during startup to a
value of about 1 to 3 s. The time delays associated uith the rect of tne
electronics are negligible. The total system response tice will be wel.
below 10 s."

.
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IV.D.19 Effect of Overrancing

Westinghouse was asked to relate their experience, if any, of main-
taining d/p cells at 300% overrsnge for long periods of time.

The response of Westinghouse to this concern is given below.

" Experience in overranging of d/p Instruments has been obtained in
previous applications of d/p capsules similar to those used in RVLIS. In
Dusi Range Flow (d/p) Applications the " Low Flow" transmitter (and/or
gauges) are overranged to 300% or greater by normal flow rates yet
provide reliable metering when required for startup.

Also, test data exists on the basic transmitter design showing about
0.5% effect on calibration with 24 h exposure to 3000 psig overrange.
All units are similarly exposed to this overrange for 5 min in both
directions as a part of factory testing.

There have been instances involving accidental overrange of these
instruments (including RVLIS) as the result of leakage or operator errors
where full line pressure overranges have occurred for up to several weeks ,

with minimal ef fect on instrument accuracy."

IV.D.20 Location of Temoerature Sensor on Imoulse Lines

Westinghouse was asked to describe th'e location of the RTD sensors
on each vertical run of the impulse lines. In addition they were asked
to describe the expected temperature gradients along each line under
normal operating conditions and under a design basis accident. Finally
they were asked to describe worst case error that could result from only
determining the temperature at a single point on each line.

The response of Westinghouse to this concern is given below.

"RTD sensors are installed on every independently run vertical sec-
tion of impulse line, to provide a measurement for density compensation
of the reference leg. If the vertical section of impulse line runs
through two conpartments seoarated by a solid floor, an RTD sensor is
installed in each compartment.

The RTD is installed at the midpoint of each vertical section, based
the assumption that the temocrature in the compartment is uniform oron

that the temperature distribution is linear in the vicinity of the
impulse line. As etated in the response to question 6, an allowance for
tne true average impulse line temperature to differ from the RTD measure-
ment by 5*F is included in the measurement uncertainty analysis. This
allowance permits a significant deviation from a linear gradient, e.g.,
203 of the impulse line could be up to 25'F dif ferent from a linear gra-
dient without exceeding the allowance. During normal cperatian, forced

_ _ _ _ _ _ - _ . . . .
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. circulat ion from cooling fans is expected to maintain compartment tcmper-
atures reasonably uniform. During the LOCA, turbulence within a compart-
ment due to release of steam would also produce a reasonsoly uniform
temperature. Note that the impulse lines are protected from direct jet
impingement by metal instrument tubing channels."

IV.D.21 Density Correction

Westinghouse was asked to describe the source of the tables or rela-
tionships used to calculate density corrections for the level system.
JThe response of Westinghouse to this concern is given below. A

discussion is given in Sect. II.C.2.2.2. and is illustrated in Figs. 8
and 9.

"The relationships used in the analog based RVLIS system, to calcu-
late density corrections are from the ASME steam tables, dated 1967.
These relationships are implemented within the system by means of P.C.
cards that generate an output signal which is a predetermined function of
the input signal. The predetermined functions produce specific scopes
which are added together to obtain the required input-output
re lat ionsh ips ."

IV.D.22 Draininz of I=culse Linec Durin Accident

Westinghouse was as' ed to describe the provisions for preventing tne
draining of either the upper head or hot leg impulse lines during an

errors in the levelaccident. They were also asked to describe resultant
indications should such draining occur.

The response of Westinghouse to this concern is given below.

"The layout of the impulse lines from the upper head and hot leg are
arranged to prevent or hinimi=e the impact or drainage during an acci-
dent. In general, however, the water in the impulse lines will be cooler
than the water in the reactor or hot leg, and there will be sufficient
subcooling overpressure in the lines to that very little, if any, of the
water would flash to steam during a depressuri=ation or containment
heatup. Heat conduction along the small diameter piping and tubing would
be insufficient to result in flashing in a significant length of piping.

The connection to the upper head from the vessel vent line drops or
slopes down from the highest point of the vessel connection to the sensor
bellows mounted on the retua.ing canal wall, so water would be retained
in this piping. Draining of the vertical section i==ediately above the
reactc'r vescel has no effect on the ir 'ei measurement , sinec this sectien

is included in the operating range of the instrument. Drair.ing of the

horizontal portion of vessel vent piping above the vessel also has no
effect on the measurement since no elevation head is involved.

n~
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The connection from the hot leg to the sensor bellows is a horizon-
tal run of tubing, so draining of this tubing has no ef fect on the meas--

urement since no elevation head is involved.

The majority of the impulse line length is in capillary tubing
sealed at both ends with a bellows (sensor bellows at the rector end,
hydraulic isolator at the containment penetration end), so water would be
retained in this system at all times. The water will be pressurized by
reactor pressure, and since the ceactor temperature will be higher than
containment temperature during an accident, the water in the sealed
capillary lines cannot flash."

.

IV.D.23 Effect of Dissolved Gases in Imoulse Lines

Westinghouse was asked to discuss the effect on the level measure-
ments of the release of dissolved, noncondensible gases in the impulse
lines in the event of a depressuri:stion.

The response of Westinghouse to this concern is given below.

"The majority of the impulse lines are sealed capillary tubes vacuum
filled with demineralized, deaerated water. The lines contain no noncon-
densible gases and are not in a radiation environment sufficient for tne
disassociation of water.

The short runs of impulse line connected directly to the primary
system will behave as described in Sect. IV.D.22. There vould be no
error due to gases in the hot leg line since the lina is hori: ental.
Since enere is no mechanism for concentration of gases at the top of the,

reactor vessel during normal operation, this connection to the top of the
vessel would contain, at most, the normal quantity of dissolved gases in
the coolant, and the subcooling <p,ressure during an accident would
maintain this quantity of gas in solution."

IV.D.24 Dicolav of Sensor Status
.

The microprocessor system is stated to display the status of the
sensor input. Describe how is this indicated and what this actually
means with respect to the status of the sensor itself and the reliability
of the indication. The response of Westinghouse to this concern is given

*

below.

"In the Westinghouse 7300 system, "the status of the hydraulic
isclators is indicated by a train status light en the central ocard. The
status of other sensors, such as the wide range RCS pressure dnd
:caperature and the st rap on RTDs, is not indicated. When this train
ctatus light is lit, the operator is instructed to further verify status
by _cheching the dial indicators on the isolators themselves, vaich are
located in an accessible area outside containment."

|
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IV.D.25 Does Onerator have a Well Defined Set of Sinnals to Guide Emer-
cency Response?

The staf f has judged the Westinghouse ICC instrumentation system to
meet thi s requirement.

IV.D.26 Operator may have Too Much Information (are there too many

instruments?)

See Sect. II.B above.

IV.D.27 Do Emergencv Procedures Enable Onorator to Avoid Misunderstend-

ing of those Signals Under Circumstances vnere Accident Dicenosts is
Needed in Conjunction with Emer2encv Actions!

Review of emergency procedures is not within the scope of our evalu-
ation. This is a valid consideration which should be addressed by the
staff in conjunction with other procedures work.

IV.D.23 E=ohasis on RVLM System may have Confused Real Dia2nosis

Recuirements.

While it may be true that reactor vessel level measurements were
emphasized in the early "ersions of REG GUIDE 1.97 without reguard for
situations where no level may actually exist and core coolin; is still
adequate. A casual reader of the clarification of the requirements for
instrumentation for ICC in Sect. II.F.2, p. 2 of NUREG-07 37, mi;ht
possibly intrepret these requirements as placing undue emphasis on level
measurement, when, instead, an instrument to measure reactor vessel level
is cited as an . example of' the type of new instrumentation which should
receive consideration., The clarifications in Item 1, 3, 4, and 5 of
NUREG-0737 emphasize that the ICC in trumentation shall encompass all
necessary instrumentation for indication of the approach, existance and
recovery from inadequate core cooling conditions. None of the PWR
reactor vendors have taken such a limited interpretation of these
requirements as to only propose installation of reactor vessel level
instrumentation, but all of the reactor vendors proposed systems include
a saturation margin monitor, core-exit thermocouples, and some form of
display. Thus, the ICC instrumentation is viewed by the vendors as a
"sys tem" that includes water level measurement, but only as a part of the
overall ICC system.

In our view the central issue for accident d iagnos is requirements is

the detection of the approach to ICC and this has been comprehensively
covered by the requirements of NUREG-0737 and has been satisfactorily
addressed in the Westinghouse ICC instrumentation systems.

_ _ ____ J
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' IV.D.32 Maximum Break Size

,

Westinghouse was asked to assume a range of sizes for "small break"
LOCA's and describe the relative times available for each size break for
.the operator to initiate action to recover the plant from the accident
and prevent damage to the core. What is the dividing line between a
"small break" and a "large break"?

The response of Westinghouse to this concern is given below.
b-

" Inadequate core cooling (ICC) was defined in WCAP-9754,7
" Inadequate Core Cooling Studies of Scenarios with Feedwater Available
using the NOTRUNP Computer Code", as a high temperature condition in the
core such that the operator is required to take action to cool the core
before significant damage occurs. During the design basis, small loss of
coolant ac cident , the operator is not required to take any action to
recover the plant other than to verify the operable status of the safe--

guards equipment, trip the reactor coolant pump (RCPs) when the primary
side pressure has decreased to a specific point, and initiate cold and
hot leg recirculation procedures as required. In the design basis, small
LOCA, a period of cladding heatup may occur prior to automatic core
recovery by the safeguards equipment. The heat up period is dependent
upon the break size and ECCS performance.

An ICC condition may arise if there is a failure of the safeguards
'

equipment beyond the design basis. In that case, adequate instrumenta-
tion exists in Westinghause plants to diagnose the onset of ICC and to

- determine the effectiveness of the mitigation actions taken. The instru-
mentation which may be used to determine the adequacy of core cooling

-

consists of a subcooling meter, Core Exit Thermocouples (T/Cs), and the
Reactor Vessel level Instrumentaion Ss: stem (RVLIS).

For a LOCA of an equivalent siz. 1 to approximately 6 in. or

less, an ICC condition,can only occur .,o or more failures occur in
the ECCS, As indicated in WCAP-9754, n *CC cendition can be calculated
by hypothesizing the failure of all high head safety injection (RPSI) for
LOCAs of approximately 1 in., in size. For a 4 in. equivalent size LOCA,
one can hypothesize an ICC condition by assuming the failure of all HPSI
as well as the failure of the passive accumulator system (a truly
incredible sequence of events).

For LOCAs of sizes.of 6 in. or less, the approach to ICC is unambig-
uous to the reactor operators. The first indication of a possible ICC
situation is the indication that some of the ECCS pumps have failed to
start or are not delivering flow. The second indication of a possible
ICC situation is the occurrence of a saturation condition in the primary
coolant system as indicted on the subcooling monitor. Shortly after the
second indication, the RVLIS would start to indicate the presence of
steam voids in the vessel. At some point in time, the RVLIS will indt-
cate a collapsed liquid level below the top of the core. The core exit
thermocouples will begin to indicate superheated steam conditions. If

appropriate, the RVLIS and core exit T/C behavior will provide unambig-
uous indications to the operator to follow the ICC mitigation procedure.

l m
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''l WCAP-9754 indicates that the selected core exit T/Cs will read .' 1200*F at approximately 11000 s after the initiation of a 1 in. LOCA
~

with the loss of all HPSI. The generic Westinghouse Emergency Operating
Procedures (EOPs) Guidelines instruct the operator to pursue ICC mitiga-
tion procedures when these conditions are reached af ter initiation of a 4

in. LUCA with the loss of all HPSI and the accumulator system. 1200*F is
indicated to occur at about 1350 s. By following the Westinghouse recom-
sended E0P, the operators will have earlier indication of a possible ICC
situation. Recovery procedures to depressurize the primary system below
the low pressure safety injection shutoff head may be followed. These
procedures include correction of the HPSI failure, opening steam dump, or

' opening pressurizer PORVs. The RCPs may be restarted to provide addi-
tional steam cooling flow. Large break LOCAs consists of LOCAs in which
the fluid behavior is inertially. dominated. Small break LOCAs, on the
other hand, have the fluid behavior dominated by gravitational ef fects.
For LOCAs which are significantly larger than an equivalent' 6 in. break,
the ECCS has the maximum potential for flow delivery since the primary
coolant system is at low pressure.

No early manual action is useful in recovering from ICC. Analyses
for LOCAs in this range indicate ambiguous behavior of the core exit T/Cs
and RVLIS early in the accident due to dynamic blowdown effects. This
behavior is temporary and the core exit T/Cs and the RVLIS will indicate
the progress being made by the ECCS in recovering the core. When the
core exit T/Cs and RVLIS may be temporarily providing ambiguous indica-
tion, no manual action is needed or useful. Later in the accident when
manual action may be useful, the core exit T/Cs and RVLIS will provide an
unambiguous indication of ICC if it exists. This unambiguous indication
may be present as early as 30 s af ter the initiation of the LOCA for a
double ended guillotine rupture or a main coolant pipe.

It follows from the above discussion that, for ICC considerations, a
reasonable definition of large breaks are breaks that are significantly
larger than an equivalent 6 in. break. All other breaks are small

#breaks."
.

IV.D.33 Survivability After Large Break LOCA

Westinghouse was asked to estimate the expected accuracy of the
system after an ICC event.

The response of Westinghouse to this concern is given below.

"The accuracy of the system as described in the response to concern
IV.D.17 would be the same for any LOCA-type incident, including an ICC
event, causing a temperature increase within the reactor containment.
Uncertainties due to reference leg temperature measurements and sensor
and hydraulic isolator displacements are included in the accuracy
analysis."

!
_ _ _ . .______ J
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IV.D.34 How do CET's Estimate Core Uncovery?

This is covered extensively in Westinghouse's small break analyses
in WCAP-9 600. Vo l . II .

IV.D.35 Single Head Penetration

This question is related to the single failure requirement of NUREG-
0737, Appendix B, Item 2. Westinghouse was asked to justify that the
single upper head penetration meet's the single failure requirement of
NUREG-0737 and show.that it does not negate the redundancy of the two
instruments trains.

The response of Westinghouse to this concern is given below.

" Redundancy is not' compromised by having a shared tap since it is
highly unlikely that' the tap will fail either from plugging or breaking.
Freedom from plugging is enhanced by, (1) use of stainless steel connec-
tions with preclude corrosion products and, (2) absence of mechanism,
such as flow for concentrated boric acid. It is also unlikely that the
tap will break because it is in a protected area. It should also be
pointed out that in other cases where sharing of a tap occurs in the RCS,
we know of no prior experience reporting deleterious malfunctions of the
shared tap. In the unlikely even: the shared tap does fail, it should be
recognized that RVLIS is not a Protection System initiating automatic
action, but a monitoring system with adequate and redundant backap moni-
toring such as by core exit thermocouples for operator correlat ion."

IV.D.36 Normal In-Service Life
,

Westinghouse was asked to estimate the in-service life under condi-
tions of normal plant op,erations and describe the methods used to make
the estimate, and the data and sources used. Their response is given
below. Based on the assumption of normal conditions and proper
maintenance of the components, the only limitation to the in-service life
will be the availability of replacement parts. It is estimated that in
20 20 y, some of the components will be technically obsolete and no
longer produced. Consequently, the cards may have to be modified in the
future to acco=modate the current technology. Thus, any individual
component failures are regarded as maintenance considerations and their
replacement is necessary to prolong in-service life.

In-Service life which is dif ferent than Design Life and Qualified
Life (*) is dependent upon implementing a scheduled preventative mainte-
nance program including periodic overhaul of the equipment. In this

(*) The system is, of course, qualified to IEEE-323-74, including
the requirement for testing to establish a qualified life. Available
aging information from Westinghouse is contained in Attachment B.

,
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manner, the equipment is restored to a level that continual operability
is ensured. In developing the maintenance program, repair costs may
necessitate replacement of the equipment.

.

If the maintenance program is followed there is no apparent reason
that operation of the equipment cannot be extended.

Some of the equipment is similar to equipment installed in present
Westinghouse plants that have been operating for 10-15 y.

.

*
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ATTACHMENT B

COMPONENT AGING INFORMATION

Qualified
Comoonent Life Re f erence s Comments

""'

7300 Process Equipment 5y 1 'A
AP Transmitters 5y 2

Indicators 5y 3 A I

Recorders 5y 4 A

High Volume Sensors B

Strap on RTDs B

References:
1. Equipment Qualification Data Package EQDP-ESE-13 Rev. 3, 7/81,

" Process Protection System"

2. Equipment Qualification Data Package EQDP-ESE-4 Rev. 4, 6/81,
" Differential Pressure Transmitters, Qualification Group B."

3. Equipment Qualification Data Package EQDP-ESE-14 Rev. 3, 7/81,
" Indicators: Post Accident Monitoring."

4. Equipment Qualification Data Package EQDP-ESE-15, Rev. 3, 7/81,
" Recorders: Post Accident Monitoring."

Notes:

A) Westin house is planning an extension of Subprogram C of their Aging
Evaluation Program (Appendix B to WCAP-8687) to extend this demonstrated
qualified life.

,

B) Qualification testing to establish a qualified life is not yet
completed by Westinghouse.

The following valves are typical of those that have been supplied by
Westinghouse for the Reactor Vessel Level Instrumentation Systems.

W Design Code
W Valve ID Qty Manufacturer So7eificat ion Acolicability

3/4 T 78 4 Rockwell G-952855; Rev 0 ASME B&PV Clas

1/4 X 281 10 Autoclave G-955230; Rev 2 N&S

Engineers

1/4 N 281* 6 Autoclave G-955230; Rev 2 N&S

Engineers

* Shut off valve which is part of the transmitter access assembly,
;

i
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The 3/4 T78 valve is a stainless steel, manually operated globe*
.

valve whose basic function is to isolate the flow of fluid. The valve is

designed for a cycle life of 4000 cycles over the 40 y design life, which
satisfies the normal plant operating requirements established in the
above references specification. The valve is a hermetically sealed
valve, designed to be maintenance free with no consumable materials
making a pressure boundary seal.

The instrumentation valves (W Valve ID's 1/4 x 28I and 1/4 N281) are
stainless steel, manually operated valves, designed to meet the require-
ments of the above references specification, which calls for zero leakage
(environmentally and across the seats), minimal fluid displacement during
stoke and a 1000 cycle life. For normal plant operating conditions, the
metallic parts are designed for a 40 y service life. The consumable '

items, where applicable, are identified in the appropriate drawings and
instruction manuals, with recommended maintenance schedules.

.
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V. CONCLUSIONS

Analyses have been presented by the Westinghouse Owner's Group in
WCAP-9753, of the system behavior with 1 and 4 in. diam breaks. Summary
reports describing the generic analog and micropr.ocessor based differen-
tial pressure level measurement system together with the Saturation
Margin Monitor and core exit thermocouples assert that th'ese systems are
adequate for detecting an approach to inadequate core cooling for breaks
up to 4 in, diam. Tests of the differential pressure system were added
to the regular testing program at SEMISCALE and the results reported in,

EGG-SEMI-5494 and EGG-SEMI-5552. Additional analysis of these results
- are forthcoming in ORNL-TMs. Some differences between indications of the

Westinghouse system and the SEMISCALE differential pressure level system
were noted in the upper head. Westinghouse claims that this difference

.1 is mainly a result of differences in the configurations between the full-

.] sized Westinghouse reactor and SEMISCALE upper head regions. Indications
1;- of other Westinghouse differential pressure level measurements were in
il good agreement with the SEMISCALE instruments in the same range. On
M August 8, 1981, the NRC requested additional information from the utili-
'i t ties proposing to use the Westinghouse differential pressure system.

Most of these questions have been resolved to the staf f's satisfaction, <

[' but a few outstanding questions remain to be answered. The generic
description of the system along with the clarification supplied appear to

*

be adequate for approval of the system for trial installation and use.
Plant specific features, however, will still require review on a plant by
plant basis.

In summary, the systems proposed by Westinghouse do provide an
unambiguous indication of water level above the core when, in fact , such
a level exists. For some rapid transients the RVLIS has an ambiguous
indication, but these conditions are of short duration. For cases where
the reactor vessel is filled with a two phase mixture, experimental
evidence indicates that the differential pressure systems will indicate

,( collapsed liquid level or the trending of the reactor vessel coolant
.~ inventory. The conclusion of this evaluation is that the Inadequate' Core
y- Cooling Instrumentation system which includes the Differential Pressure

'[j Reactor Vessel Level Indicating System (RVLIS) proposed by Westinghouse
;, will meet the requirements of NUREG-0737 to provide the plant operator
'' with an unambiguous indication of the approach to adequate core cooling

;- in small break LOCA transients. Furthermore, the system will provide the
'

plant operator a valuable indication of the effect of the recovery
measures. Final approval is contingent on resolution of the open items*

t listed below.,

V.A.l.a Ooen items to be resolved. Generic emergency operating
procedures have not oeen provided in the descriptions ~of the Westinghouse
ICC systems. Detailed emergency operating procedures, however, are
considered plant specific and must treat ambiguities; these will be

i reviewed separately for each plant. There are no other significant open
l' issues to be resolved with respect to the generic Westinghouse ICC

,| instrumentation system.
.it
i
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V.A.l.b Plant soecific items which must be reviewed individually.''

The generic dif ferential pressure reactor vessel level measurement system
bts been evaluated on the basis of documentation supplied by the
W2stinghouse Co. Any generic description of reactor vessel level meas-
urement systems is necessarily incomplete when applied to a specific
plant because of differences in the individual plants. In the course of

the evaluation of submittals by the individual licensees, it has become #

tpparent that some utilities have. chosen not to install the complete
system offered by Westinghouse, particularly with respect to the use of
hydraulic isolators and sensors and installation of the differential

area. Specific plant dif-pressure transducers outside the contaicment
ferences must, therefore, be evaluated on a plant-by plant bas is in cases
which are clearly not covered by the generic Westinghouse description or
testing program.

- Among the plant specific items which will be reviewed on a case-by-
case basis are:

1. Location of the- display system in the control room.
I2. Integration of the ICC displays into console or rack.

3. Location of the differential pressure transducers outside
containment.

4. Inclusion of hydraulic isolators and sensors in the impulse
lines.

v

Items listed in NUREG-0737, II.F.2 (see Appendix A, this document )
are to be reviewed on a plant specific basis for all plants. Deviat ions
from the generic. descriptions in this document must be justified.

la. Description of display or deviations of instrumentation from
generic descriptions in this document.

Ib. Description of existing instrumentation systems.
Ic. Planned modifications.
2. A design analysis and evaluation of ICC detection instrumenta-

tion. Any deviatitns from generic descriptions in this docu-
ment, or from instruments tested by the Westinghouse testing
program.

3. Additional testing programs, including qualification tests
planned.

4 Evaluacion of conformance with NUREO-0737: II.F.2, Attachment

1 and Appendix B.
5. Description of computer, sof tware and display functions in

plant.
6. Schedule for installation, testing and calibration.

7. Guidelines for use of additional instrumentation, and ar.alyses

used to develop procedures.
8. Operator instructions in emergency operating procedures for

ICC.
9. Schedule for additional submittals required.

__ ... . e . . . _
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All items required in NUREG-0737, II.F.2, Attachment 1, related to
core exit thermocouples are to be reviewed on a plant specific basis.

1. Number and arr.angement of core exit thermocouples.

2a. Description of display map for all CETs
2b. Description of selected CETs and how selected.

'

2c. Readout, direct and hardcopy, capability and ranges
2d. Trending capabilities
2e. Alarm capabilities

I. 2f. Operator-display interface

j 3. Backup displays
, 4. Type and location of displays

e

o, a. usa in normal and abnormal conditions
i b. integration into emergency procedures

h |'
c. , integration into operator training

[ d. alarms and prioritization of alarmsi

t}f 5. Evaluation with respect to Appendix B',
,; 6. Display redundancy, power supply, isolation
,i!| 7. 2nvironmental qualification
'''
; 8. . Availability
t- 9. Quality Assurance procedures
f

a
1 4 All items required in NUREG-0737, Appendix B, will be reviewed on a' p1' ant specific basis.

'

,! 1. Environmental qualification
I

! 2. Single failure analysis
1 3. Class lE power source

4 Availability prior to an accident
,

5. Quality Assurance procedures
6. Continuous indications -
7. Recording of instrument outputs

j 8. Identification of instruments
li 9. Isolatioa

''

}[ 10. In-line Checking
{t) ; 11. Servicing, testing and-calibration procedures
i' .L 12. Administrative control.~of removal from service
! 13. Administrative control of ' access to set point, calibration,

i a'djustments
j .14 . Unambiguous indications
fj '15. Identification of malfunctioning components or modulesn

; j 16. Direct measurement of plant variables
ll' 17. Same instruments used for accident monitoring as for normal,

]'3 operation (to the extent practical)
( {., 18. Periodic Testing
Ill
it

'

j.
. , .

-
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1
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, V.A.2 Limitations-

'

The use of the ICC instrumentation is limited to those transients
which progress relatively slowly and for which operator action is
required to prevent ICC. There is an uncertainty in the measured level

~

associated with the narrow range dif ferential pressure measurement (the
most sensitive) of about 5% or 12.5 ft. The system may not be used
during a rapid depressurization. It is believed that these transients
..ould be of short duration (-10G s), relative to the response time
required for the operator to take action in the regime of small breaks of
0.1 sq ft and emaller. It is not expected to be used for very rapid
transients associated with large breaks, since recovery actions should be
initiated automatically without operator intervention. The system can be
used, however, to monitor the recovery from large breaks. This is dis-

cussed in detail in Sect. I.B.

,
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APPENDIX A

NUREG-0737 II.F.2 INSTRUMENTATION FOR DETECTION OF INADEQUATE CORE
COOLING

Position

Licensees shall provide a description of any additional instrumenta-
tion or controls (primary or backup) proposed for the plant to supplement
existing instrumentation (including primary coolant saturation monitors)
in order to provide an unambiguous, easy-to-interpret indication of
inadeauste core cooling (ICC). A description of the functional design
requirsments for the systen shall also be included. A description of the
procedures to be used with the proposed equipment, the analysis used in.

developing these procedures, and a schedule for installing the equipment
shall be provided.

Changes to Previous Recuirements and Guidance

(1) Specify the " Design and Qualification Criteria" for the final ICC

monitoring system in section, " Clarification" (items 7, 8, and 9),
Attachment 1, and Appendix B.

(2) Specify complete documentation package to allow NRC evaluation of
the final ICC conitoring systems to begin on January 1, 1981.

(3) No preimplementation review is required but postimplementation
review of installation and preimplementation review before use as a
basis for operator decisions are required.

(4) Installation of additional instrumentation is now required by
January 1,1982.

(5) Clarification item (6) has been expanded to provide licensees /
applicants with more flexibility and diversity in meeting the
requirements for determining liquid level indication by providing
possible examples of alternative methods.

Previous guidance on the design and qualification criteria for
upgrading of existing instrumentation was based on Regulatory Guide 1.97,
which is still being developed. Detailed design requirements for incere
thermocouples and additional instrumentation were not specified. The
pertinent portions of draft Regulatory Guide 1.97 have now been included
as Appendix B. Design requirements for incore thermocouples used in the
ICC monitoring syscam are specified in Attachment 1. The only signifi-
cant change in design requiremente, involves a relaxation of qualification
requirements for display systems emenable to computer processing. This

! facilitates procurement of computet systems and makes feasible the use of
..

i

!e
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.

cathode ray tube (CRT) displays that may be needed for proper interpreta-
tion of some reactor-water-level systems under development. This relaxa-

tion can be accomplished without compromise of ICC monitoring reliability
by requiring 99% availability for the display systems, by requiring
poetaccident maintenance accessibility for nonredundant portions of the
system, and by relying on diverse methods of ICC monitoring that include

I completely qualified display systems.

The staff has concluded that the previous installation requirement
of January 1,1981 for additional instrumentation is unrealistic for most
licensees, due to procurement and development problems associated with
proposed measurement methods. Further, the staff cannot find the
proposed methods acceptable f or use until developeant programs have been
completed.

Clarification

(1) Design of neu instrumentation should provide an unambiguous indica-
tion of ICC. This may require new measurements or a synthesis of
existing measurements which meet design criteria (item 7).

(2) The evaluation is to include reactor-water-level indication.

(3) Licensees and applicants are required to provide the necessary
design analysis to support the proposed final instrumentation system
f cr inadequate core cooling and to evaluate the merits of various
instruments to monitor . water level and to conitor other parameters
indicative of core-cooling conditions.

(4) The indication of ICC muet be unambiguous in that it should have the
following properties: ,

(a) It must indicate the existence of inadequate core cooling
caused by various phenomena (i.e., high-void fraction-pumped
flow as well as stagnant boil off); and.

erroneously indicate ICC because of the presence of(b) It must not
an unrelated phenomenon.

(5) The indication must give advanced warning of the approach of ICC.

(6) The indication must cover the full range from carmal operation to
complete core uncovery. For example, water-level instrumentation
may be chosen to provide advar.ced 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 indi-
cated temperatures can be correlated to provide indication of the
existence of ICC and to infer the extent of core uncovery. Alterna-

tively, full-range level instromentation to the bottom of the core
may be employed in conjunction with other diverse indicators such as
core-exit thermocouples to preclude misinterpretation due to any
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inherent deficieacies or inaccuracies in the measurement system .

selected.

(7) All instrumentation in the final ICC system must be evaluated for
conformance to Appendix B, " Design and Qualification Criteria for
Accident Monitoring Instrumentation," as clarified or modified by
the provisions of items 8 and 9 that follow. This is a new
requirement.

(8) If a computer is provided to process liquid-level signals for dis--

play, seismic qualification is not required for the computer and
* associated hardware beyond the isolator or input buffer at a loca-

tion accessible for maintenance following an accident. The single-
f ailure criteria of item 2, Appendix B, need not apply to the
channel beyond the isolation device if it is designed to provide 99".
availability with respect to* functional capability for liquid-level
display. The dis' play and associated hardware beyond the isolation'

device need not be Class 1E, but should be energized from a high-, , '
reliability power source which is battery backed. The quality

i assurance provisions cited in Appendix B, item 5, need not apply to
this portion of the instrumentation system. This is a new
requirement.

(9) Incore thermocouples located at the core exit-or at discrete axial
levels of the ICC monitoring system and which are part of the =oni-
toring system should be evaluated for conformity with Attachment 1,
" Design and Qualification Criteria for PWR Incore Thermocouples,"
which is a new requirement.

(10) The types and locations of displays and alarms should be deter =ined
by performing a human-factors analysis taking into consideration:

(a) the use of this'information by an operator during both nor=al. .

'

and abnormal, plant conditions,,

(b) integration into emergency procedures,

- (c) integration into operator training, and
n
,

b (d) other alarms during emergency and need for prioritization of
:t alarms.
d
9 s

Apolicability

This requirement applies to all operating reactors and applicants
Jor operating license.

.i i
i

, .

""! Imolesentation
!i
8*

This requirement must be implemented by January 1, 1982.

--___ _ _
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Tvoe of Review

A postimplementation review will be performed f or installation, and
a preimplementation review will be performed prior to use.

Documentation Recuired

By January 1,1981, the licensee shall pro *:ide a report detailing
the planced instrumentation system for monitoring of ICC. The report
should contain the necessary inf ormation, either by inclusion or by
reference to previous submittals including pertinent generic reports, to
satisfy ti.e requirements which follow:

(1) A description of the proposed final system including:

(a) a final design description of additional instrumentation and
displays;

(b) a detailed description of existing instrumentation systems
(e.g. , subcooling meters and incore thermocouples), including
parameter ranges and displays, which provide operating informa--

tion pertinent to ICC considerations; and

(c) a description of any planned modifications to the instrumenta-
tion systems described in item 1.b above.

(2) The necessary design analysis, including evaluation of various
instruments to monitor water level, and available test data to sup-
port the design described in item 1 above.

(3) A description of additional test programs to be conducted for evalu-
ation, qualification, andacalibration of additional instrumentation.

(4) An evaluation, including proposed. actions, on the conformance of the
ICC instrument system to this document, including Attachment I and
Appendix B. Any deviations should be justified.

(5) A description of the computer functions associated with ICC
monitoring and functional specifications for relevant software in
the process computer and other pertinent calculators. The
reliability of nonredundant computers used in the system should be
addressed.

(6) A current schedule, including contingencies, for installation,
testing and calibration, and implementation of any proposed new
instrumentation or information displays.

(7) Guidelines for use of the additional instru=entation, and analrses
used to develop these procedures.

-- _ - _ _ - _ _ _ - . _ _ _ _ _ _ _ - _ - .
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(8) A summary of key operator action inscructions in the current s
emergency procedures for ICC and a description of now these
procedures will be modified when the final monitoring system is
implemented. -

(?) A description and schedule commitment for any a'dditional submittals
which are needed to support the acceptability of the proposed final
instrumentation system and emergency procedures for ICC.

Technical Specification Changqs Recuired
'

Changes to technical specifications will be required.

References

NUREG-0578, Recommendation 2.1.3.b

Letter from H. R. Denton, NRC, to All Operating Nuclear Pnwer
Plants, dated October 30, 1979.

II.F.2 Attachment 1. Desin. end Ouclificction Criteria For Prescurized-
Water Reactor Incore Thermocouoles

| (1) Thermocouples located at the core exit for each core quadrant, in
! conjunction with core inlet temperature data, shall be of sufficie.nt
| number to provide indication of radial distribution of the coolant
| enthalpy (temperature) rise across repres'entative regions of the
| core. Power distribution symmetry should be considered when
I deternining the specific number and location of thermocouples to be

provided for diagnosis of local core problems.

,
(2) There should be a primary operator display (or displays) having the

| capabilities which follow:
1

I (a) A spatially oriented core map available on demand indicatin.;
I the temperature or temperature dif ference across the core t.t

each core exit thermocouple location.i

|
)
i (b) A selective reading of core exit temperature, continuous on

demand, which is consistent with parameters pertinent to opera-
tor actions in connecting with plant-specific inadequate core
cooling procedures. For example, the action requirement and
the displayed temperature might be either the highest cf all
operable thersecouples or the average of five highest
thermocouples.

(c) Direct readout and hard-copy capability should be available for
all thermocouple tempera tres. The range should extend from

200*F (or less) to ISCO*F (or more).

- _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ .
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(d) Trend capability showing the temperature-time history of
represenective core exit temperature values should be available
on demand.

(e) Appropriate alarm capability should be providea concistent with j

operator precedure requirement. j
1.

(f) The operator-display device interface shall be human-factor
designed to provide rapid access to requested displays.

,

(3) A backup display (or displays) should be provided with the capabil-
ity for selective reading of a minimum of 16 operable thermocouples,
4 from each core quadrant, all within a time interval no greater
than o min. The range should extend from 200*F (or less) to 2300*F
(or more).

-

(4) The types and locations of displays and alarms should be determined
by performing a husan-factors analysis taking into consideration:

(a) the use of this information by an operator during both normal
and abnormal plant conditions.

(b) integration into emergency procedures,

(c) integration into operator training, and

(d) other alarms during emergency and need for prioritization of
alarms.

(5) The instrumentation cast be evaluated f or conformance to Appendix B,
" Design and Qualification Criteria for Accident Monitoring
instrumentation," as modified by the provisions of items 6 through 9
which follow.

1

(6) The primary and backup display channels should be electrically inde-
pendent, energized from independent station Class IE power sources,
and physically separated in accordance with Regulatory Guide 1.75 up
to and including any isolation device. The primary display and
associated hardware beyond the isolation device need not be Class
1E, but should be energized from a high-reliability power source,
battery backed, where momentary interruptien is not tolerable. The
backup display and associated hardware should be Class 1E.

(7) The instrumentation should be enviconcentally qualifiel as described

in Appendix B, item 1, except .tha'. seismic qualification is not
required for the primary display and associated hardware beyond ine
isolater/ input buffer at a locarlon accessible for maintenance fol-
lowing an accident.

. . . - . - - _, , .
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(8) The primary and backup display channels should be design to provide
99*. availability for each channel with respect to functional capa-
bility to display a minimcm of fcur thermocouples per core quadrant.
The availability shall be addressed in tecnnical specifications.

(9) The quality assurance provist,ns cited in Appendix B, item 5, should
be applied except for the primary display and associated hardware
beyond the isolation device.

t.
!'
,
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APPENDIX B (of NUREG-0737, II.F.2)

DESIGN AND QUALIFICATION CRITERIA FOR
ACCIDENT MONITORING INSTRUMENTATION *

i
'

Applicabf lity
_

| To the extent feasible and practical (in conformance with the stipu-
lations of Appendix A and ancillary requirements), equipment is to be
installed by the apecified implementation dates. Where equipment is
unavailable, precluding conformance with equipment qualification and
schedular requiremente, the implementation dates are to be met by instal-
lation of best available equipment. In such cases, deviations are to be
described and a schedule for the feasible installation of equipment in
conformance with the stipulations of Regulatory Guide 1.97 (when the
guide is used) is to be provided.

Appendix B is consistent with our current draft version of
Regulatory Guide 1.97. We expect no further revisions to our
reqairements.

Criteria

1. The instrumentation should be environmentally qualified in accord-
ance with Regulatory Guide 1.89 (NUREG-0588). Qualification applies
to the complete instrumentation channel from sensor to display where
the display is a direct-indicating meter or recording device. Where
the instrumentation channel signal is to be used in a computer-based
display, recording and/or diagnoctic program, qualification applies
to and includes the channel isolatisn device. The location of the
isolation device should be such that it would be accessible for
maintenance during accident conditions. The seismic portion of
ervironmental qualification should be in accordance with Regulatory
Guide 1.100. The instrumentation should continue to read within the
required accuracy following, but not necessarily during, a safe
shutdown earthquake. Instrumentation, whose ranges are requixed to
extend beyond those ranges calculated in the most severe design
basis accident event Jor a given variable, should be qualified using
the following guidance.

The qualification environment shall be based on the design basis
accident events, except the assuned maximum of the value of the
monitored variable shall be the ealue equal to the maximum range for
the variable. The monitored variable shall be assumed to approach
this peak by extrapolating the nost severe initial ramp associated
with the design basis accident ev'ents. The decay for this variable
shall be considered proportional to the decay for this variable
associated with tt:e design basis accident events. No additional
qualification margin needs to be added to the extended range varia-
ble. All environmental envelopes except that pertaining to the

- -
_ _ _ _ _ _ _ _ _ _ _ _ _
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5. The recommendations of the following regulatory guides pertaining to

quality assurance should be followed:

1.28 " Quality Assurance Program Requirements" (Design and
Construction) ,

1.30 " Quality Assurance Requirements for the Installation,
Inspection, and Testing of Instrumentation and Electric
Equipment"

1.38 " Quality A.ssurance Requirements for Packaging, Shipping,'

Receiving, Storage, and Handling of Items for Water-Cooled
Nuclear Power Plants"

1.58 " Qualification of Nuclear Power Plant Inspection,
Examination, and Testing Personnel".

1.64 " Quality Assurance Requirements for the Design of Nuclear
Power Plants"

1.74 " Quality Assurance Terms and Definitions"

1.88 " Collection, Storage, and Maintenance of Nuclear Power Plant
Quality Assurance Records"

1.123 " Quality Assurance Requirements for Control of Procurement of
Items and Services for Nuclear Power Plants"

1.144 " Auditing of Quality Assurance Programs for Nuclear Power
-

Plants"

Task RS 810-5 " Qualification of Quality Assurance Program Audit
Personnel for duelear Pcwer Plants" (Guide number to be
inserted.) ,

Reference to the above regulatory guides (except Regulatory Guides
1.30 and 1.38) are being made pending issuance of a regulatory guide
endorsing NQA-1 (Task RS 002-5), now in progress.

6. Continuous indication (it may be by recording) display should be
provided at all times. Where two or more instruments are needed to
cover a particular range, overlapping of instrument span should be
provided.

7. Recording of instrumentation readout infor=ation should be provided.
Where trend or transient information is essential for operator
information or action, the recording should be analog stripchart or
stored and displayed continuously on demand. Intermittent displays,

such as data loggers and scanning recorders, may be used if no sig-
nificant transient response information is likely to be lost by such

' devices.

.. .

'M m . . _ _ _ _ . _ _ . _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . - _ - _ _ . _ _ _ _ _ _ _ _ _ _ . _W
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8. The instruments should be specifically identified on the control
panels so that the operator can easily discera that they are
intended for use under accident conditions.

9. The transmission of signals from the instrument or associated sen-
'

sors for other use should be through isolation devices that are
,

designated as part of monitoring instrumentation and that meet the
provisions of the document.

| 10. Means should be provided for checking, with a high degree of confi-
j[j dence, the operational availability of each monitoring channel,

including its input sensor, during reactor operation. This may be,,

p

![ accomplished in various ways; for example:L

;

(a) By perturbing the monitored variable.
.:
1

,; (b) By introducing and varying, as appropriate, a substitute input
.1 to the sensor of the same nature as the measured variable.
1

(c) By cross-checking between channels that bear a known relation-
,

ship to each other and that have readouts available.
,

!

11. Servicing, testing, and calibrating prograus should be specified to
maintain the capability of the monitoring instrumentation. For-

those instruments where the required' interval between testing will<
|

,' be less than the normal time interval between generating station
shutdowns, a capability for testing during power operation should be'

provided.,

I

12. Whenever means for recoving channels from service are included in;

'
the design, the design should facilitate administrative control of

j the access to such removal means.
i'
i' 13. The design should (acilitate administrative control of the access to

| all setpoint adjustments, module calibration adjustments, and test.

[ points.

'l
14. The monitoring instrumentation design should minimize the develop-

ment of conditions that would cause meters annunciators, recorders,,

j alarms, etc., to give anomalous indications potentially confusing to
the operator.,7 3

-o
' 15. The instrumentation should be designed to facilitate the recogni-.

tion, location, replacement, repair, or adjustment of malfunctioning
components or modules.

;- 16. To the extent practical, monitoring instrumentation inputs should be
from sensors that directly measure the desired variables.q

] 17. To the extent practical, the same instruments should be used for

[ acciaent monitoring as are used for the nor=al operations of the
;! plant to enable the operator to use, during accident situations,

.

S1

|

1
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.

instruments with which the operator is most familiar. However,

where the required range of monitoring instrumentation results in a
loss of instrumentation sensitivity in the normal operating range,
separate instrucents should be used.

18. Periodic testing should be in accordance with the applicable por-
tions of Regulatory Guide 1.118 pertaining to testing of instruments
channels.

.
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APPENDIX B. MODEL TECHNICAL SPECIFICATIONS

INSTRUMEhTATION
.

ACCIDEhT MONITORING INSTRUMENTATION

LIMITING CONDITION FOR OPERATION

| 3.3.3.6 The accident monitoring instrumentation channels shown in Table
' 3.3-10 shall be OPERABLE.

APPLICABILITY: MODES 1, 2, and 3.. ,

|
' ACTION:

a. With the number of OPERABLE accident monitoring channels less

than the. Required Number of Channels shown in Table 3.3-10,
either restore the inoperable channel to OPERABLE status within
7 or be in HOT SHUTDOWN within the next 12.

b. With th2 number of OPERABLE accident monitoring cahnnels lese
than the Minimum Channels GPERABLE requirements of Table 3.3-10;
either restore the inoperable channel (s) to OPERABLE status
within 48 h or be in at least HOT SHUTDOWN within the next 12.

c. The provf.sions ef' Specificaticn 3.0.4 are not applicable.

J

SURVEILLANCE REOUIREMEhTS

.

4.3.3.6 Each accident monitoring instrumentation channel shall be demon-
strated CPERABLE by perf omance of the CHAN'?EL CHECK and CHANNEL
CALIBRATION operations at the f requencies shown in Table 4.3-7.*

3/4 LIMITING CONDITIONS FOR OPERATION AND SURVEILI.ANCE REQUIREMENTS

3/4.0 APPLICABILITY
LDilTING COMITION FOR OPERATION

3.0.1 Compliance with the Limiting Conditions f or Operation contained in
the succeeding specifications is required during the OPERATIONAL
!!0 DES or other conditions specified therein; except that upon
failure to meet the Limiting Conditions f or Operation, the associ-
ated ACTION requirements shall be met.

,

t

- . - - - - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ __
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Table 3.3-10. Accident Monitoring Instrumentattor.
*

.

REQUIRED MINIMUM
tib1!3ER OF CilAllllELS
CilA!!NELS OPERAllLEINSTP.lfliEffr

_

l. t.., n e a l n, c r.f P r e *.s.o r e - fles r rr,w Ra nge 2 |

2 1

2. f.r nt a i re.e rst Pree,su re - Wide Pa nge
2 1

s

3. Peactor C<2olant Outlet Temperature - TH0T (Wide Range)
2 1

4. Peactor Celant Inlet Teeperature - TCold (Wide Ponge)
2 1

5. Pre <;surizer Pressure - Wide Range
2 1

;
I6. Pre <;surizer Water Level 2/ steam generator 1/ steam generator

7. !;t eam 1.1 r.e P ress u re 1/ steam generator 1/ steam generator

11 .
?;t eam C< r,e ra t or Wa te r level - !!a rrow Pa ng .

2/ steam generator I/ steam generator

') . ';t var:. I;e ne r al or Wa te r f.evel - Wisie Parige I2
14. Pe f o, I l e.g Wa t e r ';t o rage Ta nk Wa t er favel 1/ steam generator 1/ steam generator

iJ. /.o f f i 1.. r / F e< fwa s e r F f r.w Pa r e I2
e'312. Pea, e ,, r c<,,,l a nt ' p.t < m !;nbcooli ng Ifa rgi n Ife,ni tor 2/ valve 1/ valve

IL !;af ety Va l ve Position In<licator 2 3

I14. Spray System Temperature 2

15. Spray System Pressure 2 1

I16. l. PSI lleader Temperature 2
.

I17, Cont ai nment Tempera tu re 2

I 11 .
On ut a 1 nm..nl U.eie'r 1.e.va.1 - flarrow Ke eige' I?

'/***'' ' ' ' ' ' ' ' ' " '
|a e ' . . .. e . | s e .. . . . e U .e . e i . v. I

18 8.I* We ut '
I/***** 't.'**1'''''

*

e
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Table 4.3-7 Accident Honitoring Instrumentation Surveillance Requirements

CilANNEL CllANNEL
CllECK CALIB RATION-

INSTRUMENT

1. Containment Pressure - Narrow Range H R
~-

2. Containment Pressure - Wide Range H R

3. Heactor Coolant Outlet Temperature - T (Wide Range) H R
Hot

4. Reactor Coolant Inlet Temperature - TCold (Wide Range) H R

5. Pressurizer Pressure (Wide Range) H R

6. Pressurizer Water Level M R

H R
7. Steam Line Pressure s

8. Steam Generator Uater Level (Narrow Range) H R

9. Steam Generator Water Level (Ulde Range) H R
,

10. Refueling Water Storage Tank Water Imvel H R

H R
11. Auxiliary Feedwater Flos Rate

i 12. Reactor Coolant System Subcooling Margin Monitor M R,

13. Safety Valve Position Indicator .
H R r

H R $
14. Spray System Temperature

H R
15. Spray Sysd m Pressure

H B
16. LPSI Header Temperature

H R j17. Contai nment Temperature

18. Cor.t ai nment Water Level (Narrow Range) H R

19. Contai nment Water Level (Wide Range) H R

H R
20. Core Exit Thermocouples

*21. Containment Area Radiation - High Range (a) (a)
*22. Main Steam Line Area Radiation (a) (a)
23. Condenser Air Ejector Noble Gas Honitor - Wide Range H R

24. Purge / Vent Stack Noble Cas Monitor - Wide Range H R

H R
25. Cold Leg IIPS1 Flow

H R -

26. Hot Leg IIPSI Flow
27. Reactor Vessel Coolant Level Monitor H R

-

(a) In accordance with Table 4.3-3.
*!!UREG 0737 item to be operational by January 1, 1982.

.

1
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3.0.2 Noncompliance with a specification shall exist when the require-
ments of the Limiting Condition for Operation and/or associated
ACTION requirements are not met within the specified time inter-

|
vals. If the Limiting Condition for Operation is restored prior ,

'

to expiration of the specified time intervals, completion.of the
ACTION requirements is not required.

3.0.3 When a Limiting Condition for Operation is not met, except as
provided in the associated ACTION requirements, within one hour,
action shall be initiated to place the unit in a MODE in which the
specification does not ap' ply by placing it, as applicable, in:

1. at least HOT STAND 3Y within the next 6 h,

2. at least ' HOT SHUTDOWN within the following 6 h, and

3. at least COLD SHUTDOWN within the subsequent 24 h.

Where corrective measures are completed that permit operation
under the ACTION requirements, the ACTION may be taken in,

accordance with the specified time li=its as measured from the
time of f ailure to meet the Limiting Condition for Operation.
Exceptions to these requirements are stated in the individual
specifications.

This specification is not applicable in MODE 5 or 6.

3.0.4 Entry into an OPERATIONAL MODE or other specified condition shall
not be made unless the conditions of the Limiting Condition for
Operation are met without reliance on provisicas contained in the
ACTION requirements. This provision shall not prevent passage
through or to OPERATIONAL MODES as required to comply with ACTION
requirements. Exceptiond to these requirements are stated in the
individual Specificatipns.

|
|

I *

i
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|

|
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This document, entitled " Inadequate Core Cooling Instrumentation Using Differential
Pressure for Reactor Vessel Level Measurement," presents a technical review of the
Inadequate Core Cooling Instrumentation with a Reactor Vessel Level Monitoring
System using a differential pressure measurement system proposed by Westinghouse,
I nc. , for pressurized , water reactors.

Emphasis was placed on evaluation of the generic Inadequate Core Cooling (ICC)
Instrumentation System as a whole which includes, besides the differential
pressure reactor vessel level measurement, the saturation margin monitor, the
core exit thermocouples and the display system (either the 7300, an analog

'

display, or the microprocessor based system with a plasma panel display).
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T0:
ALL LICENSEES OF OPERATING WESTINGHOUSE AND CE PWRs (EXCEPT ARKANSAS
NUCLEAR ONE - UNIT 2 AND SAN ON0FRE UNITS 2 AND 3)

SUBJECT: INADEQUATE CORE COOLING INSTRUMENTATION SYSTFM*

(GENERIC LETTER NO. 82-28)

Gentlemen:,

On November 4,1982, the Conmission determined that an instrumentation
system for detection of inadequate core cooling (ICC) consisting of
upgraded subcooling margin monitors, core-exit thennoccuples, and a
reactor coolant inventory tracking system is required for the operationof pressurized water reactor facilities.

On the basis of analysis of information provided by licensees, meetings
with industry groups and independent studies by the NRC Staff, the
Commission has found that during a small LOCA, there is a period of time
before the core has boiled dry (indicated by core exit thermocouples)
when the operators have insufficient information to clearly indicate a
void formation in the reactor vessel heed or to track the inventory of
coolant in the vessel and primary system. The Subcooling Margin Monitor
gives early indication of a problem but does not indicate whether the
condition is getting worse or better.

The addition of a reactor coolant inventory system will improve the
reliability of plant operators in diagnosing the approach of ICC and in
assessing the adequacy of responses taken to restore core cooling. Thebenefit will be preventive in nature in that the instrumentation will
assist the operator in avoidance of ICC when voids in the reactor
coolant system and saturation conoitions result from over cooling
events, steam generator tube ruptures, and small break loss of coolant
events. The addition of a reactor coolant inventory system, coupled
with upgraded in-core thermocouple instruments and a subcooling margin
monitor, provides an ICC instrumer:tation package which could significantly
reduce the likelihood of human misdiagnosis and errors for events such
as steam generator tube ruptures, loss of instrument bus or control
system upsets, pump seal failures, or overcooling events originating
from disturbances in the secondary coolant side of the plant. For less
frequent events, involving coincidental multiple faults or more rapidly,

developing small break LOCA conditions, the ICC could also reduce the
probability of human misdiagnosis and subsequent errors leading to ICC.

.

.
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The Nuclear Regulatory Comission has completed its review of several
generic reactor level or inventory system instrumentation systems which
have been proposed for the detection of ICC in PWRs. The Combustion
Engineering Heated Junction Themocouple (HJTC) system and the Westinghouse
Reactor Vessel Level Instrumentation System (RVLIS) are acceptable for
tracking reactor coolant system inventory and provide an enhanced ICC
instrument package when used in conjunction with core exit thermocouple

,

systems and subcooling margin monitors designed in accordance with
NUREG-0737 and operated within approved Emergency Operating Procedure
Guidelines. The details of the NRC Staff review of these generic
systems are reported in NUREG/CR-2627 and NUREG/CR-2628 for the Combustion
Engineering and Westinghouse systems, respectively.-

Other differential pressure (d/p) measurement techniques for reactor
coolant systtyn inventory tracking are acceptable provided that they meet
NUREG-0737 design requirements and monitor the coolant inventory over
the range from the vessel upper head to the bottom of the hot leg as a
minimum.

In order for the Comission to complete its review of your ICC system to
assure that an acceptable system is installed as soon as practicable,
the NRC requires additional information. -

Accordingly, in order to determine whether your license should be
modified, you are required to submit to the Director, Division of Licensing,
NRR, the following information in writing and under oath or affirmation
pursuant to Section 182 of the Atomic Energy Act and 10 CFR 50.54(f) of
'the Commission's regulations ,

l. Within 90 days of the date of this letter, identify to the Director,
~

Division of Licensing, the design for the reactor coolant inventory
system selected and submit to the Director, Division of Licensi_ng,
detailed schedules for its engineering, procurement and installation.
References to generic design descriptions and to prior submittals
containing the required infomation, where applicable, are acceptable.

2. Within 90 days of the date of this letter review the status of
conformance of all components of the ICC instrumentation system,
including subcooling margin monitors, core-exit themocouples, and
the reactor coolant inventory tracking system, with NUREG-0737,
Item II.F.2 and submit a report on the status of such conformance.

.

.
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3. The installation of the ICC instrumentation system shall be completed
during the earliest refueling shutdown consistent with the existing.

status of the plant and practical design and procurement consider-
ations. It has become apparent, through discussions with owners'

' groups and individual licensees, that schedules must adequately con-
sider the integration of these requirements with other TMI related
activities. In recognition of this and the difficulty in implementing
generic deadlines, the Commission has adopted a plan to establish
realistic plant-specific schedules that take into account the unique
aspects of the work at each plant. Each licensee is to develop and
submit its own plant-specific schedule which will be reviewed by
the assigned NRC Project Manager. The NRC Project Manager and licensee
will reach an agreement on the final schedule and in this manner pro-
vide for prompt implementation of these important improvements while
optimizing the use of utility and NRC resources.

Licensees who have completed instaliation of an approved generic ICC
instrumentation system are authorized to make their system operable
prior to final NRC approval for purposes of operator training and
familiarization. However, the ICC instrumentation system should not be
turned on until the licensee has completed the task analysts portion of
the control room design review, and should be used with prudence in
relation to any operator actions or decisions until the plant specific
design and installation has been approved by the staff and instructions
on its use and~ operation have been incorporated in accordance with the
Emergency Operating Procedure Guidelines into approved emergency oper-
ating procedures.

For your convenience in performing the status review (Item 2) of your
conformance with NUREG-0737, a check list of the nine items of documen-
tation cited on pp. II.F.2 - 3 and 4 of that document is orovided in an
appendix to this letter. Even though you may have provided much of the
inforwtion required for our review, we have not yet received all of the
informasion required to complete our review of plant specific instal-
lations for any licensee. In addition, some licensees have modified
their positions during the period when NRC was re-reviewing the II.F.2

* requirements. Therefore, your status report should review for com-
pleteness and reference those earlier submittals, including generic
submittals, which remain valid in response to documentation items on the

~

check list. In addition, you should include a proposed schedule for the
remaining submittals. Information items to be addressed in the sub-
mittal regarding your review of core exit thermocouples for conformance
to NUREG-0737, II.F.2, Attachment 1, and your review of the ICC instru-!

mentation for conformance to NUREG-0737, Appendix B, are also listed in
the appendix to this letter. The staff review will focus on deviations
from tne design criteria.

_ - _ _ _ _ _ ______-_ _ ________ _ _
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This request for information was approved by OMB under clearance number
3150-0065 which expires May 31, 1983. Comments on burden and duplication
may be directed to the Office of Management and Budget, Reports and
Management, Room 3208, New Executive Office Building, Washington, D.C.

Sincerely,
s

.

.
[ I

.N. , 'd ell \ --

r 1 G., t.isenhu Director
Division of Licensing

Enclosure:
As stated

cc w/ enclosure
Service Lists '

Westinghouse Electric Corp.
Combustion Engineering

.
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APPENDIX

Checklist -

for Plant Specific Review of
Inadequate Core Cooling (ICC) Instrumentation System

For Docket No.
.

Operated by:
> *

>- ..

The following items for review are taken from NUREG-0737, pp II.F.2-
3, and 4. Responses should be made to full requirenents in MUREG-0737,
not abbreviated forms below. Applicants should provide reference to
either the applicant's submittal.or the generic description under the
column labled " Reference." There items are required to be reviewed on a
plant specific basis by NUREF--0737 for all plants. Differences from the
generic descriptions provided by Westinghouse, the Westinghouse Owner's
Group, Combustion Engineering, or Combustion Engineering Owner's Group
must be indicaced by "yes or no" in the column labled deviations and
must M justified. Under the Celumn labeled schedule, either indicate
that your documentation of the item is complete or provide a proposed
schedule for your submittal.

Reference Deviations Schedule -
.

1. Description of the proposed final
system including:
a. a final design description of

additional instrumentation and
displays; l

b. detailed description of ex1 sting
instrumentation systems.

c. description of completed or
planned modifications.

2. A design analysis and evaluation of
inventory trend instrumentation, and-

,

test data to support design in -

item 1.
3. Description of tests planned and

results of tests completed for
evaluation, qualification, and
calibration of addit $onal instru-

* mentation.
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4. Provide a table or description
covering the evaluation of con-
formance with NUREG-0737: II.F.2
Attachment 1, and Appendix 3 (to
be reviewed on a plant specific
basis)*

5. Describe computer, software and
display functions associated with
ICC monitoring in the plant.

6. Provide a proposed schedule for
installation, resting and cali-
bration and implementarion of any
proposed new instrumentation or
information displays.

7. Describe guidelines for use of
resctor coolant inventory tracking
system, and analyses used to develop
procedures.

8. Operator instructions in emergency
operating procedures for ICC and
how these procedures vill be
modified when final monitoring
system is implemented. .

9. Provide a schedule for additional
9"bmittals required **

_ ,

.

*II.F.2 Attachment 1 |for Core Exit Thermocouples)

In response to item 4 in the above checklist, the following materials
should be included to show that the proposed systera meets the design and
qualification criteria for the core exit thermocouple system.

1. Provide diagram of core exit thermocauple locations or reference the
generic description if appropriate.

2. Provide a description of the primary operator displays including:

a. A diagram of the display panel laynut for the core nap and descrip-
tion of how it is 1=ple=ented, e.g., hardware or CRT display,

b. Provide the range of the readouts.
c. Describe the alarm system.
d. Dascribe how the ICC instrumentation readouts are arranged with

respect to each other.
~

3. Describe the implementation of the backup display (s) (including the
subcooling margia monitors), how the thermocouples are selected, how
they are checked for operability, and the range of the display.

4. Describe the use of the primary and backup displays. Vnat training
will the operators have in using the core exit ther=occuple instru-
nentation? How will the operator know when to use the core exit
thermocouples and when not to use them? Reference sppropriate -

emergency operating guidelines where applicable. '~

-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ ,
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5. Confirm completion of control room design task analysis applicable to
ICC instrumentation. Confirm that the core exit.thermocouples meet the
criteria of NUREG-0737, Attachment 1 and Appendix B, or identify and
justify deviations.

6. Describe what parts of the systems are powered from the IE power sources
used, and how isolation from non-1E equipment is provided. Describe the
power supply for the primary display. Clearly delineate in two categories
which hardware is included up to the tsolation device and which is not.

7. Confirm the environmental qualification of the core exit thermocoupic
*

instrumentation up to the isolation device.

Appendix 3 (of NUREG-0737. II.P.2)

Confirm explicitly the conformance to the Appendix 3 items listed below for
the ICC instrumentation, i.e., the SMM, the reactor coolant inventory

" tracking system, the core exit thermocouples and the display systems.

- __

Reference Deviations _

1. Environmental qualification

2. Single failure analysis -

3. C1 ass 1E power source

4. Availability prior to an accident

5 Quality Aseurance

6. Continuous indications

7. Recording of instrument outputs (
8. Identification of instruments

9 Isolation '

_

1

.

.

e.ee e

.

% *

e

_
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**For the users of althar Combustion Engineering Heated Junction Thermocouple
(RJTC) System or Westinghouse Differential Pressure (dp) system a detailed
response to the plant specific items stated below should be providad.

Rafarenea ucviations

A. Westinghousa dp System

1. Describe the effect of instrument
vncertainties on the measurement
of isvai.

2. Are the differential pressure

transducers located outside
containment?

3. Are hydraulic isolators and
sensors included in the impulse

lines? ,

B. CE EITC Syr4 tem

1. Discuss the spacing of the
sensors from the core align-

ment plate to the top of the
'

reactor vessel head. How would
the decrease in resolution due;
to the loss of a single sensor
affect the ability of the system
to detect an approach to ICC7

'
,

e
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