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March 31, 1983 822-1090
Gary J. Edles, Esguire Dr. John H. Buck
Chairman Atomic Safety and Licensing Appeal
Atomic Safety and Licensing Appeal Board
Board U.S. Nuclear Regulatory Commission

U.S. Nuclear Regulatory Commission Washington, D.C. 20555

Washington, D.C. 20555

Dr. Reginald L. Gotchy

Atomic Safety and Licensing Appeal
Board

U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

In the Matter of
Metropolitan Edison Company
(Three Mile Island Nuclear Station, Unit No. 1)
Docket No. 50-289 (Restart)

Administrative Judges Edles, Buck and Gotchy:

This follows up on my letter of January 25, 1983, which
provided new information with respect to Licensee's Exception
No. 1 on the implementation of NUREG-0737 Item II.F.2 (inade-
quate core cooling instrumentation).

Please find enclosed a copy of a letter dated March 10,
1983 from GPU Nuclear Corporation (Hukill) to the NRC Staff

8304060099 830331
PDR ADOCK 0S00028%9
G PDR
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A PARTNERSHIP OF PROFESSIONAL CORPORATIONS

Gary J. Edles, Esquire
Dr. John H. Buck

Dr. Reginald L. Gotchy
March 31, 1983

Page Two

(Eisenhut) describing the additional instrumentation proposed
for installation at TMI-1.
Respectfully submitted,

Theam . Bl

Thomas A, Baxter
Counsel for Licensee

TAB: jah
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NUCLEAR REGJLATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD
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METROPOLITAN EDISON COMPANY
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Station, Unit No. 1)

Docket No. 50-289
(Restart)
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GPU Nuclear Corporation
Nuclear Post Otfice Box 480
Route 441 South

Migdietcwn, Fennsylvamia 17057
717 S44-7621

TELEX 84-2386
Writer's Direct Dial Number

March 10, 1983
5211-83-071

Office of Nuclear Reactor Regulation

Attn: D. G. Eisenhut, Director

Division of Licensing [ -
U. S. Nuclear Regulatory Commission $
Washington, D.C. 20555 \ -

Dear Sir: 7 .

Three Mile Island Nuclear Station, Unit 1 (TMI-1)
Operating License No. DPR-50
Docket No. 50-289
Inadequate Core Cooling Instrumentation (NUREG 0737 II.F.2)

In response to the "Order for Modification of License" dated December 10, 1982,
GPUN has developed an Inadequate Core Cooling (ICC) system using the guidelines
of NUREG 0737, Item II.F.2. The system is composed of the following maior ele-
ments:

a. Subcooling Margin Monitor - which indicates the approach to
1CC by showing saturation conditions and superheat conditions.

b. Core Exit Thermocouples - which is available for determining
both the existence of ICC and the trends of recovery action.

c. KCS Inventory Trending System (RITS) - which indicates trend
of inventory in the RCS above the core in the quiescent state and
the trend in void fraction with RC pumps on.

d. Other lnstrumentation - such as wide range RC pressure,
pressurizer pressure and level, emergency feedwater flow, wide
range T , secondary steam pressure and steac generator level
which prgvides additional information concewning heat transfer
from the core to the secondary side under concition of 1CC.

Enclosures | and 2 to this letter describe the RCS Inventory Trending
System which we now propose to install during Cycle & Refueling. The
RITS is a differential pressure system design which is capable of
tracking RCS inventory from both the top of the hot leg and from

the top of the Reactor Vessel head to the low point of the hot leg
with RC pumps off. By using RC pump motcr power and cerrelating it

m
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GPU Nuclear Corporation is a subsigdiary of the General Public Utiities |



Mr. D. G. Eisenhut -2=- 5211-83-=071

to void fraction, GPUN will be able to trend voiding in the RCS with RC pumps
on (Enclosure 2). Enclosure 3 describes the conformance of existing systems
(by reference or information supplied) to the requirements of NUREG 0737, Item
1I1.F.2. The conceptual design and the schedule for submission of engineering
details are discussed in Enclosure 4. For those items for which informatiom
is not currently available, schedules for obtaining it are provided.

In order to proceed expeditiously on the detailed engineering design and long
lead item procurement, it is necessary that we receive your concurrence oo
this conceptual design of the RITS prior to May 15, 1983.

The design of the inventory tracking system described in Enclosures 1 and 2
uses an incore instrument tube as the reference tap for the 4-P system.

It is our understanding that some of the B&W Owners propose to use the decay
heat drop line for this purpose. We believe that the decay heat drop line
may have some advantages over the instrument tube, particularly with regard
to accuracy of the water inventory measurement. We also understand that
there may be concern with the asymmetry of the decay heat drop line. 1In
view of the complicated issues involved in choosing between these locations,
our evaluation is continuing. If the evaluation results in any change to
the proposed design which utilizes the incore instruzment tubes, we will
submit information on this change prior to April 15, 1983. Any change in
our submittal would mot alter our commitment to install a RITS during the

Cycle 6 refueling.

Sincerely,

[ T
= ! — - /(
HY D. Hokill

Director, TMI-1

HDH:LWH: jrg
Eaclosure

cc: R. C. Haynes
J. Van Vliet




Enclosure 1

INADEQUATE CORE COOLING SYSTEM
EVALUATION FOR TMI-1
RCS HOT LEG

AND RV HEAD
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I. INTRODUCTION

History

Following the accident at TMI-2 in March, 1979, a great deal of attention was
drawn tc the subject of inadequate core cocling (ICC) and additional
instrumentation which might be added to monitor the approach to and recovery
from ICC., Soon after the accident, GPUN committed to install a subcocling
margin monitor and wire the installed core exit thermocouples to the plant
computer (June 28, 1979 letter), With the issuance of the TMI-l Restart Report
further details of these systems were provided as well as the expansion of the
range of the hot leg RTD (Thot wide ramge). In the fall of 1980 NRC issued
NUREG 0737 which required an investigation of additional ICC inmstrumentation
which should be considered for installation., During the ASLB hearing in the
spring of 1981 the issue of inadequate core coocling was litigated extensively
and in the December 14, 1981 Partial Initial Decisiom, the Board recommended
that a water level instrument be installed at the Cycle 6 refueling outage. In
the fall of 1981, GPUN completed its evaluatiom of additiomal ICC
instrumentation which employed the service of Dr., Dhir of UCLA and concluded
that a Hot Lez Level Instrumentation System (HLLIS) was apprcpriate, In the
spring of 1982 the NRC indicated that the HLLIS was not sufficient t¢ meet their
criteria for measuring the approach to inadequate core ccoling. Om December 10,
1982, NRC issued an "Order of Modification of License" for T™I-1 that regquired
installation of an ICC Instrumentation system that conforms to the design

parameters specified in NUREG 0737, Item I1.F.2.



REQUIREMENTS

Th. threc pr‘ir‘cfpﬂ recuircrnents for 1'St'g,l.c'|||.1ll\)n to cesect inageguaste

core cceling (ICC), as most recently stated In M G-Q737, are that he
Instrumentation syst ™ must b2 umam™diguous, 1owide advance w.rning, and

cover the full range of operations. The I detegtion system herein

evaluated moets these principal requircments. 1t ¢onsists of three

fnstrumentaticn components: the saturatien weter, RCS Inventory

Trending Sysrom (RTTS) and core exit thermacouples. These three

components when considered *ogether are the (€ detection
{nstrumentation.

The installation of a2  RCS Inventory Trending +ystem ( RITS) in the 23w

NSS system has been proposed as one of the fu.lruments to satisfy 1tem

11.F.2 of NUREG-0737, Instrumentation for Ueteition of Inilesuate Core
Cooling. The purpose of this report is to evaluale the RITS, and
provide an engincering assessment of the powsible benefits of such a

device to 2 plant operator in the event of plant ypsets.

A summary of system uses and an outline of the background, comprise
Section 2 of this report. Section 3 fs & Lriel dnscription of the nyve
including the physical cperating assuptivny and

characteristics. An overview Of lnadeguate Core Cooling (1CC)
fs presented in Section 4. The specific LUCA ang non-L3CA transients

evaluated are contained in Section 5.

A necessary part of this evaluation involucey an analysis of various HP!
flow rates an. the effects cn a small breax (1) LOCA transient. This
analysis is covered in Cecticon & and Teads directly fnto suggested
operat;r guidance for using the RITS, Sectiun /. OQverall report

conclusions can be found in Section 8. Section 9 lists the references
used.




11. SUMMARY OF US3S OF <178

e

Item I1.F.2 of NUREG-0737 specifies t=e ~ecuirement for an unamdigicus
indicaticon of inadecuate core .cooling {ICC). A part of this ICC
ifndicetion could involve water level instrumantation. The 28w XSS
system's unigue design alloms for meesuratcdz cf reactor ccolant level in
the riser scction of the hot leg. Otrer NSS system cosigns 6o not permis
measurement of level at the high point ang must utilize 2 measuremens cof
reactor vessel level (refer to Figure 1). The aaventage of the nee Thnven
Trending system (RITS) is that ho: leg and head voiding will wececde &
possible ICC situation. lne RITS will provice the operator with en
indication of voided conditions in the reactor cocolant system (RIS) eng
dlert the operator %0 the potential for core uncovery.

with the implcomentation of the RITS , the crerator will have at his
disposal an additional fovice for eerly warning of possible ICC events.
Bascd on the level indications, the cperator can teke cenfirmatory
actions such as 2assuring maximum Pl flow, the stedn sonerators are

depressurizing, anc the cmergency feecsater level is bein

(el
o

réiseg 0

“
-~

of the operating rerge. These scticns, as d¢iscussed in tnis repers,
will provide a mass accumulation witnin the reactor vessel 0 insure

adequate core cocling.
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I11. Design Descripticn

The Reactor coclant Inoventery Trending System (RITS) is a system designed
to provide a means for the operator to momiter inm the comtrel room.

¢ The water inventory in the hot leg of each primary locp and in the

reactor vessel when the reactor coclant puzps (RCP) are not operating,

and

o the vcid content of the RCS when the RCP's are cperating.
The RITS is composed of two subsystems to provide the above functions, The
water inventcry trending subsystem is a differential pressure (é/p)
measurerent system consisting of twe identical independent instrument locps
tc measure hct leg inventory and twe identical iastrument locps to measure
resctor vessel inventcery. The "A" lcops will measure the primary coclant
iaventory in the "A" hot leg and in the reactcr vessel while the "3" locps
will measure the iaventery in the "B" hct leg and reactor vessel. The
differential pressure transmitters will be located iz the Reactcr Building
outside of the D-rings. Tge hot leg iaventcries will be measured by
cennecting the transmitters to the high pcint vent ccemnecticn &t the teop of
eazh hot leg and to inccre iaostrusent guidetube via instruzent tubing,
The reactcr vessel inventcry will be sezsureé by ccnnecting the
transmitters to the thermoccuple vent valve ccnnecting in the vessel head
Qnd tc incocre guidetube . Each transmitter will have z wet reference
leg. Temperature elements will be installed oz the reference water
ccluzns, Process instrument and signal conditicming wil be preovided to
correct for water density as @ functicn of water temperature and te provide
anzlcg meter displays in the contrcl rcom. (See Figures 2a.2b,2¢)

The ¢ifferentizl pressure transmitters will be pcwered from, 2nd have the.r

-



signals conditioned by, the existing A2 and B2 Signal Conditicning Cabinets

located in the Comtrol Building El 338'6" for A2 and E1 322'0" for B2, The
Signal Conditioning Cabinets are lE qualified Foxboro Spec 200 equipment
powered from the vital AC buses A and B, respectively.

At the Signal Conditioning Cabinets the input signals from the transmitters
will be converted from curremt to voltage signals, compensated based upon
primary system reference leg temperature process variables and reference
leg temperature, and routed to the Contrcl Room and computer via qualified
isclation devices.

The output signals will be displayed in the Control Room. A "caution" sign
will be mounted by the inventcry indication stating that readings are valid
only when the Reactor Coolant Pumps are idle.

The water inventory trending subsystem will be designed such that a single
active failure will not prevent indicatiom of the RCS imventory in at least
one of the hot legs and in the reactor vessel above the fuel. The range of
the hot leg inventory measurement will account for appreximately 51
vertical feet of water above the fuel while the range cf the vessel
measurement will account for approximately 17 vertical feet of water above
the fuel. Connections to the primary cooclant system will be made via 1/2"
tubing sc that a tubing break is within the capacity of the make-up pump.
The void fraction trending subsystem comsists cf twe identicial independent
instrument lcops to measure RCP motor power., One of the instrument loops
will be associated with an "A" loop reactor ccolant pump and cne with a "B
" locp pump. The monmitored signals will be input to the plant computer
where they can be displayed as RCS void fraction via an empirical
correlation., Since the RCP's are powered from non-lE sources of electrical
power, this subsystem of the RITS will alsc be non-lE, However, the void

-
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fraction trending subsystem will be designed such that a single failure
will not prevent indication of the RCS void fraction at all times when the
RCP's are in operation, The range of the RCS void fractiom indicationm will
be from 0 tol002, Void fractionm indicators will be provided in the
control room. A "caution" sign will be mounted by these indicators stating
that the readings are valid only when the RCP's are in operatioc.
Figure 2. shows instrumentation for the inventory trending using RCP power,
The pump power inputs come from existing power transformers, The Tc inputs
come from the cold leg RTD's. In the void calculator porticn in the plant
computer two cperations would be performed:
a) The saturated liquid and vapor demsities (ef and eg) corresponding
to the Tc input would be determined.
b) The densitites determined in a) would be input to the veid fraction
algorithm with the appropirate pump power and the vecid fraction
computed.
The selector/averager permits the selection for output of void fractiocn for
output of the void fraction for each pump or the locp average. The design
concept assumes that all portioms of the system are classified non-lE,
An estimate of the expected accuracy of the vecid fraction indication based
cn pump current has not been established. The temperature elements and
current transformers have well defined accuracies. The pump, however, is
not an instrument, and assignment of an accuracy to its performance as &
density transducer cannot be expected tc be made with the same certainty as
f£or the other inputs, The accuracy of the indicaticn at the time of
calibration will be determined by:
a) The accuracies of the temperature and current measurements.

b) The ability of the signal processing circuit to match the pump

-




current vs, density curve.
The subsequent accuracy of the indication will change to the extent that
certain conditions deviate from the conditiomns at calibration. The most
significant of these are:

- pump motor efficiency

- motor power supply voltage

- motor power factor

- pump speed

- pump hydraulic torque
In view of the proposed use of the void fraction measurement as a trending
indication, we believe that the absolute accuracy is not as impecrtant as
other characteristics of the measurement. It is more important, in this
application, that the measurement reliably follcow trends in coolant density
and void fraction. We believe that the important information tc be derived
from this indication is not the value of void fractionm at a given moment
but the trend of void fraction with time. Our assessment of the scale pump
test data indicates that the pump current decreases with increasing vcid
fraction in a manner which can provide clear and adequate trending signal
tc the operator. The data indicates that the usable range of the signal
will be limited tc between 15% and 40% void fraction at the pump sucticn,

The process parameters applicable tc the RITS are:



Pressure: 0-2500 psig
Temperature: S0°F=-650°F
Beron Conc.: 22700 ppm

Water Level Ramge: approx. 612" from top of Hot Leg.
approx. 200" from top of RV.

The environmental requirements for the D/P transmitter ard uSsoc iaied
tubing inside the reactor containment building ere:

Normal Conditions

40 year Base Temperature i30°F
Relative llumidity L00L
Pressure Atmos.
Radiation MR/hr 0-100 ;
R/40 yr 3.5 % 0°

Accident Conditions

Temperature (Max.) 275°F
Relative Humidity 100%
Pressure (Max) 50.6 PLlIA
Radiation Mr/hr at T=0 0-100

€ mon. accident exp 2 x 107
Chemical Spray PH € to 1

Tne environmental conditions for the equipment in the (omtrol Builcing

for both normal and accident conditions are:

40 year Zase Temperature 75°F
Relative Humidity €5%
Pressure ACMOs
Radiation MR/hr =10

R/40 yr neglig.die

(&}
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INADEQUATE CORE CCOLING DETECTION SYSTEM - OVERVIEW

Cav.on

The condition of ICC can develop only after a wel) defined set of events
occur. This section is intended as an overview of 1CC and an ICC
detection system. A more detailed discussion can de found in 2efarence

7, "Evaluation of Instrumentation to Detect 1CC™.

First, there must be a Toss of RCS inventory which leads to the
saturation of the RCS. Then the inventory l0ss must continue such that
the core actually starts to become uncovered. This will result in the
heat generated in the core not being removed since there will be portions
not covered with 1iquid coolant. This failure %0 remove the heat can
then lead to high temperatures in the fuel. The ICC condition occurs
when the heat removal capability of the coolant is exceeded to the extent
that fuel temperatures rise to the point of fuel damage. This does
not occur until the core becomes at least partially uncovered because
when it 1s surrounded by liquid coolant, even at saturation temperature,

there is adequate cooling of the core to prevent fuel damage.

The 1CC detecticn system monitors the prerequisite stages of ICC and the
occurrence of ICC. The saturation meter will indicate when saturation
conditions occur and thus provides acvance warning that ICC is a
possibility. MHowever, the onset of saturation conditions dces not in
{tself indicate that ICC will occur. There is a sgectrum of LOCA events
which will cause saturation conditions to occur but will not proceed to
core uncovery or ICC. There are also non-LCCA events wnich will proceed
to saturation conditions but do not have the potential for ICC. Thus the
saturation metar provides advance warning of ICC but is not an

unambiguOus'indication that ICC conditions could occur.
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In 2 small break LOCA of the size which could proceed to the ICC

condition, the inventory loss continuing through saturation condiions
will result in the formation of voids in the RCS. These
voids will contain steam and gases released from the coolant. The gas
content will remain very small until the onset of I1CC. Since there is no
forced RCS flow at this point in the S3 LOCA scenario, steam and gas will
collect at the system high points. The Righ pcints that will beceome void
of 1iquid coolant first in the B&W plant will be the upper RY head and
the upper U bend of the hot leg piping (Figure 1). The formation of
steam and gas bubbles in the hot leg will cause a Tiquid level to develop
which can be inferred from the differential pressure measured by a
differential pressure transmitter connected to the top of the hot leg and
t0 an incore instrumentation tube.
This

instrument would incdicate the level and thus provide
additional information to the operator. The specific nature of the
information would be that the inventory loss is continuing (decreasing
levil) or that the inventory loss rate has been matched or exceeded by
ECC injection rate (steady or increasing level). Thus the RITS would be
additional advanced warning that conditions are progressing toward the
ICC condition.

The RITS not only supplements the advanced warning of the saturation
meter but it also increases the range of the monitoring of the approach
to ICC. Abouts3 : of the RCS inventory is monitored by the

"RITs (top of hot leg t0 .. top of the active fuel ). This
represents about 105 of the total RCS inventory availadble to cool the
core.

The Rirs would also indicate that a level existed in the hot leg for

some non-LOCA transients which do not have the potential for iCC.




However, the non-a2mbiquity of the RITS is a tinme related function.
Early in transient time, the LOCA and non-LCCA behave similar regarding
hot leg level. But as the transient progresses, the level continues to

decrease for the LOCA while, for the non-LOCA, the level will recover.

An incorrect indication of level when a level does not exist could be
caused by instrument failure or a break in the =grITS in;trunent sensory
1ines. However, this would not lead to incorrect actions by the operator
because the action to be taken based only on grTs indication would be to
ensure that the actions taken at saturation conditions were effected as
required. If a RrIiTs instrument malfunction caused an incorrect level
indication, the operator would have additional information on RCS
conditions provided by the other loop grITs., the saturation meter and
other normally monitored parameters. Even if the operator ignored this
additional information and initiated HP! based on an incorrect belief
that inventory has been lost in one hot leg, this would not be an unsafe
action. In the other case where instrument malfunction caused the RITS
to indicate full when in fact a level existed, the operator would not de
directed to secure HPI based on pyrs indication. Rather, securing of
HPI would be based on subcooling conditions. Thus, although the RITS
could provide ambiguous or incorrect indication, it would not cause

unsafe artions to be initiated.

As the S8 LOCA scenarioc continues, the inventory loss is such that the
top of the core beccmes uncovered. The core exit thermocoupies will have
fndicated saturation temperatures since saturation conditons were reached
much earlier in the transient. As inventory continues to be depleted,

the core fyel region becomes uncovered and the temperature of the steam

-
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at the core exit begins to increase above saturation temperature. This

superheated temperature sensed by the core exit thermocoudles is
additional advance indication that conditions are progressing toward 1CC
conditions. Ultimately the conditions of heat transfer would bde such
that core exit thermocouple temperatures would incrzase to the thresholds
for further operator actions. If for some reason, these actions were not
affected, then ICC would occur and would be indicated by the core exit
thermocouples.

-14-
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TRANSIENTS ANALYZED

The transients to be reviewed for this evaluation required certain
necessary modeling characteristics. Of primary importance was an

ddequate nodalization scheme to allow for void formation in the hot leg
during the transient.

Also of importance was to be reasonably assured that a spectrum of small
break LOCA's was represented. The .01 ft.2 preak in the cold leg at

the pump discharge is significant in this regard. B8reak sizes of larger
than. this .01 ft.2 (Reference 6) tend toc continuously depressurize the
RCS as the HPI and break size are adequate to remove produced energy.
The continuous depressurization is also a result of continuous loss of
{nventory as one HPI pump is insufficient to overcome break flow.
However, the depressurization allows for other £CCS to be actuated (CFT
and LP]) within adequate time to assure core covery and safe conditions.
On the other hand, for break sizes of smaller than .01 £¢.2 tne RCS can
be kept at operating pressure and in a subcocled condition through use of
the Makeup and nPl systems. Therefore, the .0l fe.2 break, being
between these two regions, can result in 2n initial system
depressurization but eventual repressurization as decay heat energy
production becomes too large for the HPl and break size cooling
combination. This repressurization will continue until such time that a
condensation surface is established in the steam generators which will

then dominate system response with a depressurization trenc.
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Of the S8 LOCA transients reviewed, the S4# “Blue Book" Repressurization
Analyses had the desired hot leg configuration (Reference 3). Additional
nodes were added (nodes 24 and 25, Figure 3) to more accurately represent
formation of a steam bubbdle between the auxiliary feedwater injection
point and the 180° bend in the hot leg. B8y decoupling these volumes
(nodes 24 and 25) from the steam generator, a steam bubble can form
within the upper portion of the RCS without being condensed through steam
generator interaction. Some points of interest concerning this S8 LOCA

transient (.01 ft.2 preak at pump discharge) are as follows:

Sequence of Events Time (Sec.)
Break occurs (.01 ft.2 at pump discharge) 0
Reactor trip, turdine trip, and RC pump 50
coast down occurs
Main feedwater coastdown ends 65
Auxiliary feecdwater flow to both steam S0
generators
Hot leg void}ng begins 100
HP1 starts 190
Loss of Nat. Circ. fn intact loop 340
Loss of Nat. Circ. in broken loop 650
Maximum repressurization reached 1500
Minimun mixture level at 5 ft. above the top 1700
of the core
Long term cooling established about 4500
Peak cladding temperature 720F (initial
value)

«
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The RCS depressurizes rapidly over the first 100 seconds to saturation
pressure of about 1400 psia (Figure 4). At this point, hot leg and upper
plenum steam formation slow the rate of depressurization.

RCS depressurization continues until about 630 seconds when natural
circulation ceases as hot leg level continues to decrease. The loss of
steam generator heat removal causes the primary system pressure to begin
fncreasing. At 1500 seconds, the maximum system pressure is reached

( 1750 psia) and begins to slowly decrease because steam condensation by
the steam generator is established. This additional energy removal
results in a decreasing RCS pressure transient thereafter. The hot leg
mixture heights are shown in Figure 5. As can be seen from the figure,
natural circulation is lost at approximately 340 secends in the intact

loop and at 2pproximately 650 seconds in the broken loop.

The cases reviewed for non-LOCA events (Reference 1) have a detailed
noding scheme arrangement in the upper regicns of the hot leg so that the
effect of void formation could be observed (NODE 32 and 33, Figure 6).
The specific case reviewed is a study of the impact of RC Pump Trip on
the ESFAS Low RC Pressure signal. Results (Figures 6-11) show that
natural circulation flow was temporarily reduced in the PIZR loop to 45 to
100 1b/sec. from 4 to 6 minutes (refer to Figure 9), with flow steadily
{ncreasing after this time period. The flow in the non-PIR locp remained
relatively unchanged at about 1000 1b/sec. (refer to Figure 10). The
steam bubble was collapsed, natural circulation was fully restored, and a

greater than S50°F subcoocled margin was achieved in the PIR loop.
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The other non-LOCA cases reviewed, Reference 2, involved overcooling

events analyzed in reply to Denton's 50.53(f) Show Cause, Parts A-8 (177
FA Plants). In this report, more than one transient type 1s analyzed %0
address different frequency of occurrence classifications and to assure
the most severe cases are included in the evaluation. Included are
overcooling accidents, such as main and small steam line breaks, and
overcooling transients, such as pressure regulator malfunction and main
feedwater overfill. All these transients retained adequate core cooling
through natural circulation even when analyzed with no operator action
before 10 minutes and with only safety systems used to mitigate the
event. A typical event is a small steam line break (SLB) case (Figures

12 thru 14). Following are the results of this particular event:

Sequence of Events ‘ Time (sec.)
Steam line break occurs 0.0
High flux trip setpoint 4.67
Rod movement starts 5.07
Low RC pressure ESFAS, RC Pump trip, LCOP 16.25
MSIV closes 23.75
Pressurizer empties 25.0
MFRIY closes 31.25
HPI starts to flow 46.25
Aux{fliary Fd initiation to steam 85.7
generator
Hot leg voiding begins 100
Hot leg solid 600

.=18-




A general overviews of hot leg level response for those LOCA and non-LOCA
‘transients reviewed is given in Figure 15. Not shown on Figure 15 is the
level response for other SB LOCA's. However, as stated previously,
larger break sizes result in continuous loss of inventory, and hence a
decreasing hot leg level, until such time as the depressurization

+ actuates other ECCS that assures long term recovery. Smaller break sizes
result in 1ittlie or no inventory loss. The important point %o notice is
that within minutes, hot leg level is completely regained in the non-LOCA
events due to the RC system regaining the sudcooling margin and
refilling. Herein lies the fundamental conclusion that the hot leg leve)
can be a determining parameter for distinguishing between the LOCA and
non-LOCA events. This will then lead to further differentiation of the
appropriate operator actions necessary to mitigate the particular

. events.
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Figure '8
TOTAL STEAM BUBBLE VOLUME VS TRANSIENT TIME (102% FP, 12.2 FTZ
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EFFECTS OF WPI

An evaluation of the effects of changes in HPl flow rates has deen
performed. The transient used as a basis for this analysis is the

.01 ft.2 pump discharge repressurization break from Reference 3.
Calculations were used to show what effects HPI flow rate changes would
have on the transient. Flow rates were altered to correspond with the
flows expected from 1, 2, and 3 HPI pump operation, and at different
times in the transient. Figures 16 and 17 provide a graphical
representation of the results.

The calculational technique used for this analysis assumed a semi-steady
state system response. The conservation of mass and energy equations
provide an iterative process through which HPI flow rate changes alter
the system pressure response. Referring to Figures 16 and 17, it is seen
that these changes in HPI flow rates effect the system repressurization
and refill rates. For this .0l 1.2 preak, and the HPI flow rates

used, the repressurization rates incicate the inadbility of the primary
system to relieve decay energy. Ais HPI flow increases, the
repressurization rate is less sever2. This is due primarily to the cold
water injection decreasing core steam procduction. The trade-off Detween
break flow, ECC injection, steam production and condensation results in
the particular repressurization rates shown in Figure 1l&. Figure 17
{11lustrates the system refilling response as a function of P! flow rate.
It is noted here that tne increase in mixture level at €30 to 200 sec.
associated with the one HP1 transient is not due to refill. 3ut, rather,
the loss of natural circulation causes a swell to occur due tJ the
increase in void fraction from steam buildup within the hot leg. After
800 sec,, the steam is being releasad from the liguid via tne budble

velocity, and a decrease in mixture level results. The same general

1%




trend may de seen with 2 and 3 HPI operation, dut should not de as
severe. Additional model and technique modification would de necessary
to accurately predict this phencmenon. The 2 and 3 HPI results snown on
Figure 17 are the trends associated with system refill as the flow
associated with these HPI quantities are encugh to overcome the breax
flow. As is expected, more HPl flow results in a faster system refill
rate. As ECC injection continues, a mass accumulation cccurs within the
RCS, and should bde indicated by the RITS, At some point in time, system
recovery will be dominated by a deprescurization due %0 the estadblishment
of single phase natural circulation or the boiler-condensor mode.

From this analysis, the RITS i seen as very useful. As the hot leg
level decreases, the operator has a confirmation of a LOCA. The operator
can then confirm that actions taken upon loss of saturation conditions,
{.e. HPI maximization, will ensure that RCS stabilization, refill, anz

long tera cooling will occur within a shortened time frame.
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Inadequate Core Cooling

The present NSS instrumentation provides adequats information %o
allow the operator to respond to transients. Under most transient
conditions, tne primary system would remain subcooled, as measuyred by
the hot leg RTD's, and a measure of the primary system inventory
would be provided by the pressurizer level instirumentation. However,
under accident conditions, such as a small break LOCA, the primary
system could progress to saturated conditions. Under saturated RC
fluid conditions, the pressurizer level ceases to be a reliadle
indication of the primary system inventory. For a 53 LCCA, saturated
conditions would occur prior t0 any possidle core uncovery end wculd
Tast until an actual inadequate core cooling condition developed.

The core exit thermocouple indications are used to determine the
temperature at the exit of the core regicn. These thermocouples «ill
{ndicate above saturation temperatures if the core liguid inventory
fs insufficient to provide adegquate core cooling. Thus, the core
exft thermocouples are a direct indication of inadequate core
cooling and an indirect indication that the water inventory is delow

the top of the core region.

Under current operator guidelines described in "Abnormal Transient

Operating Guidelines", ATOG, (Reference 2) tripping tne RC pumps is

the first preventive action required for a loss of subcooling

margin. The operator then confirms twd actuated HPIs at maxinum

capacity and a balanced HPI flow. Next the operator raises the steanm
y

generator water level to 95% on the operating range.

The water level is raised using EFd in




a continuous and controlled manner as described in the “Sest Methods
For Equipment Operation" chapter of Reference 4. The last action,
which is to attempt to locate and isolate the break is suzgested
whenever a SB LOCA is suspected.

The RITS would provide the operator with additional inforation
relating to the primary system inventory under saturated fluid
conditions. As illustrated in Figure 1, the hot leg piping is the
high point of the RC system. Thus, steam or non-condensible gas
generated within the primary system will ultimately collect at this
high point. The proportion of gas to ste2m will be very small until
such time that ;xcessive fuel temperatures are reached. Steam or gas
generated in the RV will vent itself to the hot legs before the core
is in danger of uncovery because the RY hot leg nczzles are about 1.5
feet above the core region. A level measured in the not leg will
provide the operator with indication of the primary system inventory

trends prior to any indication of the loss ¢f inventory by the core
exit thermocouples.

Based on the review of S8 LOCA and non-LOCA transients, the initial
system responses are similar. For both these types of events, hot
leg voiding and possidble loss of natural circulation will occur,
accompanied by a decrease in the RrITs indications. As the

RITS {nstrument decreases off scale low, the operator will be
alerted to appreciable inventory loss asscciated witn a LOCA and the

potential for core uncovery.

The present instrumentacion will indicate that the plant is in an
abnormal configuration (saturated conditicns). However, there is no
indication of potential core uncovery beyond the fact that the RCS is

at saturation conditions. When the core exit thermocouples are



indicating adbove satyration t2mperatures, the operator is alerted

that inadequate core cooling is in progress.

The rITs will provide warning and trending information, and will aid
the operatar in measuring both the approach %o core uncovery and th2
effectiveness of the systems being used for inventory makeup. Using
this information, the operator can then take confirmatory action
regarding inventory replacement and steam senerator ccoling.
Presently, the ICC guidelines instruct the operator to take these
confirmatory actions, but only after the core exit thermocouples
indicate superheated conditions. With the RITS available, the
operator could begin these confirmatory actions (discussed below)
with the RCS still at saturation, and prior to the core exit

thermocouplns indicating superheated cenditions.

Upon loss of level indication on the RITS instrument, the
operator should examine the performance of the ECCS. The HPI flow
actually being delivered should be compared to the performance curves
utilized in the ECCS evaluations %2 assure that adequate inventary
makeup is being provided to the RCS. 1If the operater finds that
fnadequate injection is being provided, he then would know that the
probability of an ICC situation develeping is significant. The
operator could then maximize ECC flow and decrease the rate of
fnventory loss by depressurizing the SG at the maximum rate allowed
by the tube-to-shell cooldown limits. The success of these actions
could be monitored by the RITS instrument. The inventory
trend of the hot leg, as indicatad by the RITS , would
supply feeddack to the operator on the affect of these actions to
increasé €CC flow and decraase inventory loss. Under S8 LOCA
sftuations with the RC pumps tripped, inadequate core cooling will
not occur prior to the RCS Inventory Trending System,

-23



VIII.

soing off- scale i%a. 1T may thus Se possidle %2 avsid

superheat2d and [CC conditicns &% togather oy confirving these actions

when the  RITS v eHfscale lew and ot waiting untid

the core exit thermoccouplas indicate superheated conditicons.

It is not intended thet RILS jngications be used as a basis for
action once severe superne:ting cancitions develep within the RCS

which weuld invalve such operator a

n

tions 2s starting the AL pumps
with the RCS in a highly voided condition, or r2pid stean gengrator
depressurization. The requirement for such actions will continue %2
be based on the core exit thermocouple indicaticns. The real value
of the RITS will de to provide the operator with a better

opportunity to avoid these cirgumstances.

Thus, the RITS provides the cperator with earlier
warning of tre potential for ICC. The RLIS would

indicate inventiory trends allowing the operator to menitar the

effectiveness of acticns tiken to avoid ICC. AL an appropriate ti=

. W2,

e

these RITS Guideiines, as discussed hersin, could be integrates inte

the ATOG procedures on a plant specific basis.
CONCLUSIONS

RITS will Dde a cetermining parameter in the LOCA vs.

- ~ -~ +« %11
s--e b;i‘.’d..."' wid

decision process. Given evidence of & LOCA transient,

be forewarned of, and will then be able to take confirmatory acticns %o

prevent, a possidble ICC event. Particular operator acticns involve HP!

maximization and stean generator gapressurization. The RCS

Inventory Trending System would provide valuable feedback %3 the

operator concerning inventory conditicons and the effectiveness of

ECC injection to mitigate the transient. The d/p Instrumentation
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is not useful while the RC pumps or the high point vents are in
operation. A reasonadble response time is necessary %0 inform the
operator of inventory conditions. As response time becomes large (i.e.

minutes) the primary function of the RITS tnae of forewarning the

operator of ICC potential, is compromised. However, the complete

perspective is that the RCS Inventory Trending System is to be used

as an additional device that will confirm existing plant information.
The RITS is designed to aid in the determination of RCS conditions by
being coupled with information from other plant indications such as

primary and secondary temperatures and pressures. It i{s not to be used
as a sole indicator of RCS conditions.

The saturation meter, the RITS and core exit thermocouples (exceeding
saturation temperaturs) satisfy the requirement for advanced warning of
the potential for ICC at various stages of the accident. The full range
requirement is provided for by the RITS (top of hot leg to top of core)

and the core exit thermocouples (top of the core o complete core
uncovery). The requirement that the ICC detection instrument system be
unambiguous is satisfied by the core exit thermocouples, since the actual
high temperature in the fuel region is the enly direct measure of whether
or not {nadequate core cooling is occurring. The principal requirements
of NUREG-0737 and how the suggested ICC detection system fulfills these
requirements s summarized in the following table.

NR 0737 Saturation Hot Leg Head Core Exit
Requirements Heter RITS RITS Thermecouples
Advance Warning X B X <
Full Ranmge X X X
Unambiguous X a X



Operator actions are required besed on indications from the saturation
meter and core exit thermoccuple temperatures to preclude the onset of

ICC. There are no direct actions that the operator would take based

solely on RITS . However, if the inventory trend is down (level

decreasing) the operator would verify that actions to be taken at
saturation conditions were taken and that these actions had the expected
results (e.g. actual HPI flow indicated after starting an HPI pump). The
role of the RriTs is to provide the operator information on the progress
of the transient and confirm that the actions taken to preclude ICC are
actually initifated.

-
Taken in conjunction, the saturation meter, RITS, and core exit
thermocouples provide advanced warning and an unambiguous full range ICC

detection system.

. - —— — ——
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ENCLOSURE 2

INADEQUATE CORE COOLING SYSTEM
EVALUATION FOR TMI-1
RC PUMP

MOTOR CURRENT
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1.0 INTRODUCTION

1.

Background

Following the TMI-2 accident, the capability to monitor the primary
system water inventory was identified as a potentially useful accident
management tool. Review of TMI-2 data and subsequent small brezk loss
of coolant accident (SB LOCA) ana1ysesl’2 has revezled that continuous
operation of the RC pumps during the transient resulted in a highly
voided primary system. When the RC pumps were tripped in this condition,
the liquid that was previously dispersed throughout the system via
pumping action, collapsed to the low points of the primary system, such
as the bottom of the reactor vessel and steam generators. C(Conseguently,
the low water inventory at the time of the pump trip could result in an
insufficient level for adequate core cooling.

In the fall of 1979, the NRC made a generic assessment of delaved RC

pump trips during a SB LOCA.3 They concluded that due to the uncertainties
involved in SB LOCA analysis the prudent course of action would be to

trip the RC pumps immediately following an indication that a LOCA had
occurred (RC pressure dropping below the HPI setpoint). It was also
recognized that the immediate pump trip approach was less than optimum,

For examplie, in overcooling events (i.e., steam line break) which cause
shrinkage of the primary system and loss of RC pressure, early RC pump
trip (and subsequent loss of pressurizer Spray) can aggravate thecs
transients and extend the time required to bring the plant into a
controlled shutdown conditon. However, since these transients did not
lead to unacceptable consequences, early pump trip was adopted as &
course of action.



2.0

PUMP_CURRENT

Two mathematical models can be developed which relate pump current
to RCS voiding. Each model is formed using an expression for the energy

transference from the pump to the coolant.

The input three-phase power, Pm, required to drive a constant speec (constant

frequency) sgquirrel cage induction motor can be expressed as follows:

P= 31V (PF)

where ,/3 = accounts for the 3-phase input of power

I = line current (RMS Amps)

v line voltage (RMS volts)
PF = power factor (accounts for energy lost in

setting up the magnetic field)

Similarly, the power, Pp, required t0 drive & pump can be expressed by considering

the development of head:

P . : 3,
fluid density (1b/f¢7)

X
4
®
P
O
"

: 3
Q = volumetric flow (ft"/sec)
H = head generataed by the pump (€%
ny = gverall pump efficiency (accounts for the mechanical

friction at the seals and bearings, hycraulic
friction at %he impelier vanes and the diffuser
vanes, and various other hydraulic lcsses due

to eddy formation.



[f one accounts for the windage and mechanical friction losses of the motor
by considering the motor efficiency, N the transfer of power to the pump

can be stated.
" Pm ® pp

or, inserting the previous definitions,

oy V3, IV (PF) e

The change in current relative to varing fluid density can be azdgressed

by denoting a reference point (o superscript) condition.

L [ ¢ Y 0,0
- o m 1Y (PF) QH

0,,0 0
npo "p® [°V" (PF)™ QH

O

Assuming that the motor efficiency, voltage, power factor, capacity, and head

remain constant, a simple relationship results.

= () %)

Inserting an expression relating void to density,

D.Qf'°(°f°°g)

will yield the desired relationship between vciding and current.



A second model can be developed by considering the transference of torque

within the pump. In this situation,

P =Tga
R e

n

where T = hydraulic torgue transferred from the impeller
to the fluid (ft-]bf)

& = pump speed (rpm)

"1= pump efficiency accounting for the mechanical
friction at the sezls and bearings, hycraulic
friztion and eddy losses within the impeiier.
Hydraulic friction and eddy losses within the
diffuser vanes are not included since only power

transfer at the impeller is being considered.



Coupling equation with tie homologous or normalized relaticn for torque,

-

TE- =8 (olog).

yvields,

Where 28 = normalized torgue
TR’ Yated torque.(ftolbf)

'y density corresponding to TR (1b/ft3)

Assuming that the motor effigiency, voltage, power factor, and operating

point of the pump (2,2) remain constant, a normalized relationship results.

i TRt LS
T @ Gt
As before, >
R S R
3 e ( i ) (,.Io)
a = —
Pt Cg

This completes the development of the mathematical models. The four
. relationships involving gentille sP and void fraction, and pump current

and void fraction are shown in Table 1.



TABLE 1: VOIDING MCDELS

Pump Current

Py
Model 1: a = o "
rioge b-f - g

s ql

52w oY ELITY) e )

..;f o] (I/I ) (.‘IO /
Model 2: a =

Cf = :g



In summary, these models were based on the following assumotions:

Puiap Current, Model 1

1. The motor efficiency, voltage, and power factor remain constant.

2. The pump capacity and head do not degrade.

Pump Current, Model 2

1. The motor efficiency, voltage, and power factor remain constant.

2. Pump speed remains constant.
3. The hydraulic torgue does not degrade.

The validity of these assumptions will be discussed further in Section

when the supporting data is presented.

-
3.0
-



3.0 SUPPORTING DATA )

To utilize the models developed in the last section, suppurting data must
be found to substantiate the assumptions used to develop the models.
Consequently, a literature survey was conducted. This section

summarizes the findings of this study.

Figure 3 displays the operating characteristics of a typical pump
drive motor. Considering the density variation asscciated with
voiding to be on the order of 0 to 40%, the operating range of interest

lies between 6000 and 10000 HP. In this range, wnen & constant voi-

tage is supplied (6600 volits in this case), motor efficiency and
power factor vary by less than 3. As a result, current varies

linearly with power in this range as shown in Figure 3.

The variations in pump speed are small as 'oad changes. Typically,
the inauction motor can generate 1000 HP for every rpm off synchronous.
Therefore, the pump speed can be assumed .0 be essentially constant

when compared to the 1200 rpm synchronous motor speed.

The assumptions of constant motor efficiency and paower factor imply
constant supply voltage. It is recognized that off normal voltages
may occur due to tus transfers, pump starts or grid disturbances.

These perturbations are expected to be of short duration and would



not have & significent impact on the use of pump current for inventory
trending indication. Application of this mezsurement for alarm
or pump trip circuits would reguire provisions for delaying the alarm or

trip signal to avoid spurious actuations.

Operating characteriétics of the pump drive motor in the range of
interest can be summarized as follows:

1. The motor efficiency remains constant.

2. The power factor remains constant.

3. The pump speed remains constant.

Experimenta] datz has been generated concerning the performance of
the pumps under two-phase conditions. These experimental studies

are summarized below.

Combustion Enaineering, Inc./EPRI

In an effort to refine the analytical model of the reactor coolent
pumps under hypothetical iarge break LOCA concitions, Combustion
Engineering constructed a test system which utilized a 1/5 scale
pump. teady state tests were conducted nezr the ogerating peint
(vo/en = 1.0) and the results are presentad in Figures 4 and 3.
(Note v, is defined as the ratio of the actual flow rate to the
rated flow rate and a, is the ratio of the actual speed to rated
speed.) For low void fraction (0-0.1), the pump head (Figure 4)
remained at, or slightly above the water or non-degraced value.

At 0.15 void, the head degrades almost linezrly until the worst

case (20% of the water value) is reached 2t .73 veid.

-



Head then recovers as the single phase steam region is reachec.
A similar behavior is seen concerning torgue, (see Figure §5),
but the degradation is less severe. The degradation in head
and torque at low pressures is even more proncunced due to the
larger density differences between the steam and the liquid.

Losses associated with these two-phase mechanisms are three
times greater at 500 psia than at 1000 psia.

Babcock & Wilcox Company/EPR!

With the same program objectives, B&W constructed 2 test apparatus

to analyze the performance of a 1/3 scale pump using air/water
mixtures to simulate voiding. The results of these experiments are
presented in Figures 6 and 7. Restricting cur attention to the re-
gion around the operating point (v /a = 1.0), the same degradaticn
behavior is seen relative to the Combustion Engineering data. However,
the degradation effects are exaggerated cue to two-phase losses re-

sulting from the large density difference between air and water,

CREARE Inc./EPRI

CREARE Inc. worked in parallel with the two studizs mentionec above.
In their test rig, 2 1/20 scale pump was installed to address the
effects of scaling. Figures € and 9 show the resuits of the tests
conducted near the operating point for low pressure water/air mix-
tures. These results compare quite favorably with the Baw data

presented earlier,

LOFT Research

As part of the Loss-of-Fluid Test (LOFT) Program, RC pump motor ocwer

anc current mecsurements, and their utiTity as indicators of RCS

-10~



inventory is being explored. Current research shows 2 large head
degradation at approximately Z0% void (See Figure 10). This
phencmena is consistent with the other data presented thus far for
scaled pumps. It is interesting to note, that power and current
measurements made during this transient (See Figures 11 and 12,

respectively) do not exhibit the same discontinuity.

The following can be summarized concerning two-phase cegradaticn

of pumps:

1. In al] cases, torcue did not degrade as appreciably as develop-
ed head. This implies that larger losses occur in the diffuser
section of the pump than in the impeller section. The LOFT
data presented in Figures 10 through 12 shows that this is the
case, with the impeller efficiently imparting hydraulic torque
to a two-phase fluid at a homogenecus dersity, while the head
abruptly degrades due to two-phase losses in the ciffuser sec-
tion.

2. A1l degradation effects are minimizeg at pressures above 1000
psia. This is important since the application of the void
measurement will usually be made at elevated pressures (> 1000 psia).

3. Review of the RCS flow for the TMI-2 event reveais that iitile
if any pump capacity degradation occurrec. Therefore, it must be
concluded that scaling effects have not been adequately accressed
by the pump testing summarized in this study. The probable cause
for this discrepancy deals with the inability of these tests t0
scale the bubbles such that the relaticnship between the size of
the bubbles with respect to the vane spacing on the impeller and

diffuser is preserved. For example, if ping-pong balls were

-lle
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suspended in a fluid system, their presence would choke a small
pump, whereas a2 large pump would pass the balls virtually unde-
tected.

In developing the technical approach for the pump current meas-
urement, model 2 (based on torque transfer) is a stronger approach
since only impeller dynamics are invelved. Model 1 (based c¢n
head and capacity) would involve resclving the energy losses in
the pump casing, thus making this approach less desirabie. There-

fore, model 1 will not be considered further.
.

]2
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FIGURE €: Homologous Head at Varicus Pump Inlet Void Frac-
tiocns for First-Quadrant Pumg Cperaticn
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4,0 POTENTIAL USE OF IMVENTORY MEASUREMENT TECHNIQUES IN PLM
| HLF tt icbl PRy

As explained in Section 1.0, the level of RCS voiding must be
known to determine zn optimum pump trip time in the event that
the primary system pressure drops below the HPI setpoint. To use
the proposed models and their associated voiding signals in

l’
pump trip circuitry, the following criterion were used:

1. The trip should be delayed sufficiently to allow the
.HPI to make up the inventory lost for the most probable
small breaks.

2. The trip snould be based on a void fraction sufficiently
large to be outside of the normal noise band associated
with a = 0 Tine.

3. The trip void fraction should be sufficiently small such
that the trip will occur before pump degradation becomes

significant.

Pump current/pover tests at LOFT have shown that a setpoint of .13

(15%) void will meet the above criterion.

This higher
setpoint can be justified since SBLOCA analysis indicates that &
system can proceed to approximately 0.4 void (40%) before the
pumps must be tripped. In any event, either measurement can provide

a conservative indication of void which will yield acceptable pump

13-



trip times for small breaks in @hich the HPI cannot keep up.
When breaks in which the HPI can makeup the inventcry being lost
or when overcooling events occur, an unnecessary pump trip will be

avoided and plant shutdcgn will be made mor: manageable.

A conceptual design for a void measurement system using

pump current would require two inputs:

1. Pump current measurement

2. RCS pressure from the wide range taps located on the

hot legs

The current measurement will be used as the time-verying I input and
the RCS pressure measurement will be used to estimete the suction
pressure at the RC pumps, such that a calculating module can determine
the saturation properties P andcg. The calibration constants I° and

o will be recorded

=1b=
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APPENDIX

;ive the reader a qualitative "feel" for the model , a simple computer code,
/12001, was developed. VOIDCOM model the RCS as a single homogeneous thermo-
iynamic node. Within this node, conservation of mass is determined by considering
the acdition of mass due to the HPI system and the lcss of mass out of a small
sreak. Conservation of energy is maintained by summing the enerqy contributions
to the RCS via the core, steam generators, HPI system, and the break. By
considering the RCS as a fixed volume system, the pressure of this large node can
then be determined using the conservation of mass and energy principles. A
somewnat pseudo primary loop containing a2 RC pump is then
superimposed within the RCS thermodynamic node. The mathematical modeling of the
the RC pump is of sufficient detail to allow the data

presented in Section 3 to be utilized. The output of these component model: is a

-
-
-

simulated signal of current for the RC pump. The
voiding model presented in Section 2 is then applied to yield an
estimate of system voiding (viea pump current) which can be compared

t0 the thermodynamic voiding of the system which is known.

-16-
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A TMI-2 type scenario was used to create a2 voiding transient upon wnich
the models and data could be applied. The chain of events are as
follows: (See Figures 13-18)
1. At time zero, the reactor is at 100% power.
2. Loss of al) feedwater begins just after time zero.
3. As the steam generators provide less of a heat sink to the primary system,
the RCS pressure rises until the PORV 1ifts. (t = 15 seconds)
4. The PDRV sticks open and water continues to flow out of
the break.
5. As the RCS pressure drops below the HPI setpoint, the HPI
flow is throttled off. (This is dcne in this example to
create significant voiding in a2 small pericd of time.)
€. Auxiliary feedwater is valved in and reaches full

capacity (*t = 4 minutes)

w

7. At.20 void, HP! flow is reinstated at full capacity (t = 40 minutes,
8. System inventory then recovers and the RCS returns to a

subcooled condition. (t = 56.5 minutes)

The transient mentioned was analyzed twice, once assuming non-degraced
pump performance, and then a second time assuming that the pumd would
experience scme degradation. In the second anraiysis, & pump head and
torque degradation multiplier was applied which approximates the cdata
presented in Section 3 for the Combustion Engineering data

a8t pressures around 1000 psia. The expressions which were used for

the head degradation multiplier, MH, are as focllows:

M, = 1.0 0.0 = a%0.14
M, = 1.4282 - 3.03 o 0.14 < a < 0.25



— —
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Similarly, for the torque degradation multiplier, :T' the expressions
are,

M = 1.0 0.0 ¢ 20.10

Mp=1.2-2.00 0.10 < o < 0.25

Note the expressions for the multipliers were limited to the range

0 {a < 0.25 due to the dynamics of the problem analyzed.

Review of figures 13 through 10 gives the rzaler a quantitative

feel for the mode]l presented,and the impact that the pump
degradation can have on the resulting estimate. of system voiding.
With these fisures,comparisons can be macde which allow the uncer-

tainties associated with each measurement technicue to be estimated.

In figure 12, the transient behavior of thz ACS system oressure is
shown for both the degraded and non-degradsd cases. OQDue to the
simplistic nature of the VOIDCO4 thermodynamic mocel, the system
pressure is identical for both cases. When 2 loss of all feedwater
occurs, the pressure in the PCS increases from the steady state

vélue until the PORY lifts and sticks open. T“he pressure then Grod

until it settles out tc a saturation pressure determined by the heat
sink provided by the steam generators. At approximately $6.3 minutes,
the HP1 flow, being greater than the leak flow, has brought the LS
back into a solid condition. The pressure then rises until a pressure
level is reached where the leak flow becomes egual to the HPI cacacity

(p = 2050 psia).

«]fie
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The loop flow rate versus time is shown in figure 14. In the non-degraded

case, the reduction in flow is due to changes in systen density only

(equation 1, Section 2). By comparison, when the system void exceeds

.14, the flow rate is further reduced due to the now degraded pump head
(Figure 15). The degradation in flow rate is not large relative to the
loss in developed pump head because it is assumed that the flow rate

varies as the square root of the 2P across the pump.

In figure 16, the transient behavior of the hydraulic torjue is shown.
When non-degraded behavior is assumed, the torque varies as a function
of density only. Under degrided conditions ( a > .10), the transfer

cf torgque becomes less efficient as void increases.

The void estimates predicted using pump current
models assuming non-degraded pump performance are compared to the
actual thermodynamic void in figure 17. I{ can be seen that beth
models produce good estimates of system voiding. Figure 18 depicts

the same estimates assuming pump degradation sccurs. for

the pump current method, the cdegraded pump performances

cause the predicted voiding to be overstated.
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LIST OF SYMBOLS

SYMBOL DEFINITION

A Area

9 gravitation constant
H pump head

1 current

K flow coefficient

aP pressure differential
PF power factor

Pm s motor power

Pp pump power

Q volumetric capacity
T pump torgue

v velocity

'l voltage

v specific volume

" mass flow rate

X quality

Y net expansion factor

void coefficient

%)

s normalized pump speed
normalized pump torgque

I pump impeller efficiency

M motor efficiency

" overall purmp efficiency

) pump speed

o density

v normalized pump flow

Subscripts or Superscripts

G gas phase

L 1liquid phase

TP two-phase

f saturated liquid
g saturated gas

r.0 reference or calibrated state



ENCLOSURE 3

NUREG 0737

EVALUATION OF ICC SYSTEM

FOR T™™I-1




Checklist .
for Plant Specific Review of
Inadequate Core Coo’ing (ICC) Iastrumentation Systen

For Three Mile Island Nuclear Station Unit 1 Docket Ro. _ 50-289

Operated by: GPU Nuclear

Reference Deviations Schedule

1. Description of the proposed final
system including:

a. a final design description of

additicnal instrumentation and

- displays; Encl. 3 Encl. &4 (RITS)
b. detailed description of existing

instrumentaticn systems. Encl. 3
¢. description of completed or . , .

planned modifications. Encl. 1, 2, & 3

2. A design analysis and evaluation of
inventory trend instrumentatiom, and -
:::; g?ta to support design in Encl. 1 & 2

3. Descripticn of tests plamned and
Tesults of tests completed for
evaluatico, qQualification, and
calibration of additional instru~-
mentation.

Enel.

w

Encl: 4

4. Provide a table or descripticn
covering the evaluation of con-
formance with NUREG-0737: II.P.2,
Attachment 1, z::ad Appendix B (to
be reviewved cn a plant specific
basis)

5. Describe computer, software and
display functions associated with
ICC monitoring in the plant.

6. Provide a proposed schedule for
ipstallation, testing and cali-
bration amd izplemectation of any
propesed mew instrumentation or : See Encl. &4
inforzaticn displays.

7. Describe guidelines for use of
reactor coolant {nveantory tracking
systex, and analyses used to develop N
proc.dur... See Encl. 1 See Encl. 4

8. Operator instructioms in exergency
operating procedures for ICC and
how these procedures will be
modified wvhen final momitoring

w

Encl.

ro

See Encl. &

o

Encl. 1

systez is izplemented. See Encl. &4
9. Provide a schedule for additicmal - <A
stmittals Tequired#w ol Sl




Appendix B (of NUREG-0737, II.¥.2)

Confirn explicitly the conformance to the Appendix E items listed below for
the ICC instrumentation, i.e., the S, the reactor coolant inventory
‘Tacking system, the core exit therzmocouples and the display systems,

ro

Reference Deviations
1. Eavironmental qualificatiom Encl. 3 RCP Motor Power/S.\N (Seismic.)
2. Single failure analysis Encl. 3 RITS Taps
3. Class 1E power source Encl. 3 RCP Motor Power
4. Avallability prior to an accident Encl. 3 NONE
5. Quality Assurance Encl. 3 NONE
6. Continuous indicatioms Encl. 3 NONE
7. Recording of instrument ocutputs Encl. 3 NONE
8. Identification of instruments Encl. 3 NONE
9. 1Isclatiom Encl. 3 NONE




Inadequate Core Cocling Instrumentaticn Repert

Item (1)
A description of the prcposed final system incluuing:

(a) a final design description of addiiiomal instrumentation and displays;

Reagon.c:

The final ICC system is composed of the fcllowing elements:

1. The core exit thermocouple system which is described in the TMI-]
Restart Report Sectioms 2.1.1.6.3,1, 2.1.1.6.4,]1 and question 95 of

supplement 1 part 2., Further informaticn is supplied in GPUN letter dated
February 2, 1982.

2. The saturation margin meter which is described in the TMI-l Restart
Report Sections 2,1.1.6,.3.3, 2.1.,1.6,4.3 and question 20 of Supplement 1
part 1.

3, The wide range Th meter which is described in th TMI-l Restart Repor:
Secticns 2.1.,1.6.3.2 and 2.1,1,6.4.3.

4, Other instrumentation which would be useful in monitoring the approach
to ICC include Tave, RCS flow meters, scurce range instrumentation, RCS
pressure and pressurizer level which are all described in Chapter & of the
mI-l ?SARO

S. See Enclosure 4 schedule of additional instrumentaticnm,
Item (b) a detailed description of existing instrumentaztion systems (e.g.,
subcooling meters and incore thermoccuples), including parameter ranges and

displays, which provide operating information pertinent to ICC
considerations; and

Response:
See respouse to l(a)l and 2 above.

Item (c) a descripticn of any planned modificaticms to the instrumeatation
systems in item l.b above,

Response:
See Enclosures 1, 2 and 4.
Item (2)

The necessary design analysis, including evaluation of various instruments
to mopnitor water level, and available test data to support the design



described in item 1 above,

Response:

Our evaluation of various instruments tc monitor water level was described
in the Restart Report Supplement 1 Part 2 Questiocn 25 and to Mr, R, Jacobs
dated December 18, 1981 (Dhir Report), August 26, 1981 and November 13,
1981, See Enclosures ! and 2 for further information.

Item (3)

A description of additional test programs to be conducted for evaluatiom,
qualification, and calibration of additional instrumentaticnm.

Response

See Enclosures 1, 2 and 4.
Item (&)

An evaluation, including proposed actions, on the confcrmance cf the ICC
instrument system to this document, including Attachment 1 and Appendix A,
Any deviations should be justified.

Response:

a. Core Exit Thermocouples instrumentation was decribed in our letter of
February 2, 1982.

b. Saturation Margin Monmitor - see Attachment 1.
¢. Additional Instrumentation - see Attachment 2.
Item (5)

A description of the computer functions asscciated with ICC monitering and
functional specifications for relevant scftware in the process computer and
other pertinent calculators., The reliability of ncnredundant computers
used in the system should be addressed.

Respcuse

The P/T plot and associated computer functions are described in attachment
2 of ocur letter of February 2, 1982 (82-007). The reliability of this
computer system is also discussed in that letter, Further information on
computer function display will be provided in accordance with the schedule
of enclosure 4.

Item (6)
A current schedule, including contingencies, for installation, testing and

calibration, and implementation cf any proposed new instrumentatiom or
information displays.

-




Rcsgonse:

Instrumentation described in la have been instzlled., For the RITS see the
schedule in Enclosure 4.

Item (7)

Guidelines for use of the additional instrumentation, and analyses used to
develop these procedures.

Rclgonsc:

See schedule in Enclosure 4.
Item (8)

A summary .of key operator action instructioms in the current emergency
procedures for ICC and a description of how these procedures will be
modified when the final monitoring system is implemented.

Response:

Emergency Procedure 1202-6B and 1202-39 have been provided to the NRC for
review, Copies of these procedures are also available cnsite, These
procedures will be mocdified as necessary pending outccme of negotiaztions
with NRC on additicnal instrumentation. Enclcsure & provides the schedule.,

Item (9) 1
A description and schedule commitment fcr any additicnal submittals whichn

are needed to support the acceptability of the prcposed £final
instrumentation system and emergency procedures fcr ICC,

Respense:

Additicnal submittals are shown in Enclosure 4.
Item (10)

Changes to the Technical Specification,

Resporse:

Changes ccncerning the saturaticn margin mootior were included with Tech,
Spec. Amendment 78,

Changes concerning incore thermocouple Technical Specifications were
discussed in our letter of February 2, 1982.

Changes concerning additional instrumentaticn ave pending the cutcome of
negotiations with NRC and are scheduled for submissicn in accordance with
Enclosure 4,



Attachment 1

DESIGN AND QUALIFICATION OF THE
SATURATION MARGIN MONITOR

Environmental /Seismic Qualification - The pressure measurement is obtained
from 2 seismic and environmentally qualified senscrs. The temperature
measurement is control grade, and all signals are seismic Category I and
separated for use as redundant signals., The qualification of the meter was
recently discussed in our letter of February l4, 1983,

Single Failure - Redundant channels which are electrically independent are
used.

Power Scurces - The two saturation margin monitors use separate power
supplies (115 Vac 60 Hz) powered from safety grade inverters.

Availability = The operability/surveillance requirements of the saturatiosn
margin monitor are provided in Amendment dated .

QA Requirements - The quality level cf all equipment covered £for the
saturation margin monitor is designated as Nuclear Safety Related, Class IE
and meets the requirements of the OQA plan Rev. 9, The temperature
sensors, plant computer and announciation system are ncnsafety related
components.

Continucus Operation - The saturaticn margia meniter will conmtinucusly
display the margin between actual primary coclant temperature and the
saturation temperature,

Recording Instrumentation - Outputs of saturation margin are provided fcr
trending and alarm announciation by the plant ccmputer.

Displav Instrumentation = Digital display of the margin between actual RCS
temperature and saturation temperature for the existing RCS pressure is
provided in the contrcl rocom on the back panel (PCL).

Isolation - The Tsat computation equipment provides isclation tc the
pressure and temperature signals through the use of isclation devices at
the signal inputs., The Tsat cutputs to the announciation system and the
computer utilize isclation devices toc minimize poctential hazardous effects
from these system.

Testing - Test signals may be substituted for normal RC pressure and
temperature signals to verify operatiom on the Tsat Margin Monitor
equipment. Operating checks cau be performed by reading RC pressure and
temperature and with calculations cbtain the Tsat margin.,

Surveillance - See item &,




Removal From Service - The Tsat Margin Momitor is designed such that all
necessary functicnal tests can be performed cn lipme without affecting other
reactor systems. Any testing that is required to be performed cffline
shall not be required to be performed at less than 15 month intervals,

Access for Adjustment - The Tsat Margin Montiors are rack mounted in signal
processing channel A and B equipment cabinets. Accessibility for these
cabinets is the same as for normal maintenance.

Anomalous Reading - Anomalous readings are reduced to a minimum by items 2,
3 and 9.

Ease of Repair - See item 13.

Directly Measured Variable Sensors - RCS temperature and pressure sensors
provide direct imputs to the saturation margin calculation. ~

Normal/Accident Ranges - The Tsat Margin Monitor cperates over the range cf
-100° to 400°F which is suitable for normal and accident conditicms,

Periodic Testing - Testing is described in item 10 and surveillance will be
provided as discussea in item Ll.




Attachment 2
Design and Qualification of
The RCS Inventory Trending System

1. Eovironmental/Seismic Qualification

The RITS will be envirommentally qualified for the respective DBE emvironments
and will be displayed in the Contrcl Room via the plant computer (nmon seismic
beyond isolator) to provide the necessary trending informatiom for d/p,

The installation will be seismically qualified and the
ranges of the d/p instruments will be commensurate with the measure of the top
of the RC hot leg/RV head to the top of the active fuel. For RCP motor power, see
deviation 1 attached. )

2, Single Failure

The RITS is designed such that no single failure of the instrument or
auxiliaries prevents the Operator from determining the safety status of the
unit. Redundancy is provided by dual instrument trains, However, the twc
instrument trains have taps in common at the penetration in the RV head and
bottom. The commonaltities do not jeopardize the redundancy cof the two
instrument trains since it is highly unlikely that the tap will fail either freo
plugging or breaking. Plugging is prevented by using corrosive resistant
materials and the absence cof flow cf concentrated boric acid. Even in the event
of tap failure, the RITS is not a protection systez but rather a momiterinmg
system with adequate backup from the core exit thermoccuples.

3, Power Supplies

Class lE power source will be provided for the d/p portiocm of the RITS., The RCP
motor power menitoring is non lE as is the RCP's, Display beyond the isclation
device is non class lE for the computer.,

4, Availability

The operability requirements for the RITS will be address in a Tech Spec change
request to be provided as discussed in Enclosure &,

5. QA Requirements

The QA requirements will be those impcsed by the OQa plan Rev, 9 for Nuclear
Safety Systems which include the appropriate reg guide requirements.

6, Continuous Operation

Tae RITS will continuously display RCS trending information (pumps on/pumps
off).

F Recordiqg;lnstrumentation

Outputs of the RITS will provide for trending and alarm in the Control Room via
the plant computer,




8. Displqlélnstrumeuta:ion

Display information will be brought inte the plact computer, Location and type
of display will be part of the Control Room Design Review as the detailed design
progress.

9., Isolation

Isolation of signal channels will be provided up to the plant computer.

10, Testing

Test signals may be substituted for normal RC pressure/level and temperature
signals to verify operaticn of the RITS. Further information will be provided.

11, Servicing Testing and Calibration

Service, Test and Calibration have not been developed at this stage of the
design. They will be provided as shown in the enclosed schedule (Enclosure &4).

12, Removal From Service

The d/p portion of the system will be located inside containment and will be
accessible only during plant shutdown. RC pump motor power instrumentation it
located outside of containment. Because cf the conceptual nature of the design
no further details are available at this time.

13. Access to Adjustment

Same as Item ll.

14, Minimize Anomalous Reading

During RC pump operations anomalous readings are in general masked by the
trending nature of the infqrmation and other available ICC instrumentaticn.

During quiescent operatiomns anomalies are expected to be of short duraticm and
can be checked against other 1CC instrumentatiom,

15+ Regnir

Location of ccmponents €or repair will be identified during surveillance and
calibration, During cperation, because of the simplicity of the system, problem
jdentification will be simplified. For the d/p portion of the system the
transmitters are located inside containment and are inaccessible during power
operations.

16. Desired Variables

Inventory is mnot measured directly but is inferred frcm hydrostatic head.
Veiding will result in some error in measurement of actual level but generally
in the conservative direction (lower). This differential pressure measurement
does not give information about cocling capacity but does indicate inventory.

For void fractiom trending when RC Pumps running experience at LOFT and T™MI-2
together with analytical results of Enclosure 2 show acceptable results using



RCP motor power.

17. Normal/Accident Ranges

The RITS is capable of measuring about 1002 of the inventory above the top of
the active fuel to the top of the candy canes in the quiescent state. For RC
pumps rumnning the RITS measures motor current which is correlated to wvcid
fraction from 0-100%2.

18, Periodic Testing

Same as item 11,

0=



Deviations

l. Reactor Coclant Pump Mctor Power

2'

3'

a. Deviation

The reactor coclant pump motor power is not presently classified lE or
environmentally qualified (EQ). Further, it is not intended that this
instrumentation will be upgraded to lE EQ for the final ICC system.

b. Justification

The reactor coolant pumps in B&W plants are nct classified as lE or EQ
(including Seismic) nor are the associated RCP motor power circuitry.
Experience with the RCP and motor current circuit indicates that they are
highly reliable and relocation of the pumps circuitry is not cost
justified. Present procedures require RCP trip at 1600 psig which is leng
before voided conditions would exist in the RCS.

ce Cost/Benefit Analysis

The RITS is strictly a monitoring system and nct a protecticn system.
Relocation of &4 RCP's switchgear would ccst hundreds cf thcusands o
dcllars large costs in man rem exposure and is therefcre not justifiatle
when evaluated against the small benefit of menitoring in an intermediate
phase of the ICC scenarioc where other ICC instrumentation would alsc
provide indication (SMM).

RITS taps (RV head and single Incore Tube)

a, Deviation

The RITS taps on the RV head and incore tube are single tap points.

b. Justification

The common tap points which minimize penetraticm cf the RCS and
particularly the reactor vessel have a very low probability cf failing frem
either plugging or breaking. Plugging is prevented by using corrosive
resistant materials and the absence of flow cf concentrated beric acid,
Even in the event of tap failure the RITS is not a protecticn system but &
monitoring system with adequate backup from core exit thermccouples.

¢, Cost/Benefit Analysis

Additional taps represent additicnal penetratiom intc the RCS at the
reactor vessel, Added taps would also provide greater man rem exposure,
The cost of the additionmal tap would be on the order of $100,000 which does
nct appear to be justified as indicated abcove.

Saturation Margin Momitor

a. Deviation



The saturation margin monitor indicator in the Ccntrol Recom is not
seismically qualified,

b, Justification
See GPUN letter dated February 18, 1983

¢. Cost Benefit Analysis

Since no digital seismically qualified instrument is presently available,
po cost benefit information is supplied.

=12



ENCLOSURE &

SCHEDULES FOR RITS



ICC Instrumentation Schedule (RITS)

Proposed Final Engineering Design Descripticn 12/1983
Including Display for Hot Leg d/p RV Head d/p
and RC Pump Motor current

Control Room Design Review of ICC Instrumentationm 12/83*x
Start Procurement of RITS Equipment 12/83
Operator Guidelimes for RITS Including Analysis 4/84
Used in Develcping Procedures
Complete Procurement of RITS Equipment 6/84
Commence Installation of RITS Cycle 6 Refueling 7/84
Operating and Emergency Procedure Mods 7/84%
Commence lastallation of Safety Grade (S/G) 7/84
Saturation Margin Momitor (SMM) Cycle 6 Refueling
Submit Technical Specificatiomns for ICC 7/84
Instrumentation
Commence Training of RO/SRO 7/84
Complete Installation of RITS and S/G SMM 9/84
Testing and Calibration of RITS Cycle 6 Refueling 9/84*
Complete traininmg of RO/SRO 9/84
Operation Date of RITS Based on approval
of NRC#
Environmental Qualification of RITS and Incore 3/85
Thermocouples

#Following NRC review of asterisked (*) items.

** Based on a May 1, 1983 concurrence by the NRC on the conceptual design.




