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I.

OO0
WNALYSIS SUMMARY IN SUPPORT OF P@O

AN EARLY RC PUMP TRIP

INTRODUCTION

ORIGINAL

B&W has evaluated the effect of a delayed RC pump trip during the course

of small loss-of-ccolant accidents and has found that an early trip of the

RC pumps is required to show conformance to 10CFRS0.46< A summary of the

LOCA analyses performed to date is provided in Section II. This discussion

Break spectrum results with delayed RC pump trips including estimates

includes:
1. A description of the models utilized.
2. Break spectrum results with continuous RC Pump Operation.
3
of peak cladding temperatures.
4.

Justification that a prompt pump trip following ESTAS actuation on low

RC pressure provides LOCA mitigation.

An impact assessment of the required pump trip cn non-LOCA avents has also

been completed and

use ¢f a pump trip

is presented in Sectien III. This evaluation supporss the

following ESFAS actuaticn for LOCA mitigation since no

detrimental consequences on non-LOCA events were identified.



II. SMALL BREAK ANALYSES

A. Introduction

Previous small break analyses have been performed assuming a loss-
of-offsite power (reactor coolant pump coastdown) coincident with re-
actor trip. These analyses support the conclusion that an early RC-
pump trip for a LOCA is a safe condition. However, a concern has been
identif.ed regarding the consequences of a small break transient in
which the RC pumps remain operative for some time period and then are
lost by some means (operator action, less-of-offsite power, equipment
failure, etc.). This section contains the results of a study to further
understand how the small break LOCA transient evolves with the RC pumps
operative. Specifically, section 3. describes the system respense
with the RC pumps running for B&W's 177-FA lowered-loop plants. In-
cluded in this section is the development of the model used for the
analysis, a break spectrum sensitivity study, and peak cladding tem-
perature assessments for cases where the RC pumps trip at the worst
time.

Section C demcnstrates the applicability of the conclusisns
drawn in section B o a 177-FA raised-locy plant (Davis-3esse 1).
The effect of a prompt tripping of the RC pumps upon raceijyt of a
low prassure ESFAS signal is discussed in section D . Finally, sec-

tion B summarizes the conclusions of this analysis.

3. System lesponse With RC Pumps Running

1. Introduction

Recent evaluations have been performed to exanmine the primary
system response during small Sreaks with the RC pumps operative.
During the transient with the C pumps available, the Zorced

¢circulation of reactor coolant will maintaia the core at or near

D n {5} the saturated fluid temperature. However, for a range of break
sizes, the reactor ccolant system (RCS) will evolve to high void

0 {55‘! fractions due to the slow system depressurization and the high
u i ﬁ] liquid (low quality fluid) discharge through the break as a re-

sult of the forced circulaticn. In fact, the RCS void fraction

will increase to a value in excess of 30% in the short tersa.

—



the long term, the system void fraction will decrease as the RCS
RCS depressurizes, HPI flocw increases, and decay heat diminishes.

With the RCS at a high void fractiom, if all RC pumps are postu-
lated to trip, the forced circulation will no longer be available
and the residual liquid would not be sufficient to keep the core
covered. A cladding temperature excursion would ensue until core
cooling is rcestablished by the ECC systems. The following para-
graphs summarizes the results of the analyses which were performed
for the 177-FA lowered-lcop plants, to develop the consequences of

this transient.

Method of Analvsis

The analysis method used for this evaluation is basically that de-
scribed in section 5 of BAW-10104, Rev. 3, "B&W's ECCS Evaluatien
Model"' and the letter J.H. Taylor (3&W) to S.A. Varga (NRC), dated

'uly 18, 19782, which is applicable to the 177-FA lowered-loop
plants for power levels up to 2772 !Wet. Trhe analysis uses the
CRAFT2? code to develop the history of the RCS hydrodymamics.
However, the CRAFT2 model used for this study is a modification
of the small break evaluation model described iIn the above ref-
erences. Figure 2-1 shows the CRAFT2 noding diagram for small
breaks from the above referenced lezter. The modified CRAFTZ
model consists of 4 nodes to simulate the primary side, 1 ncde for
the secondary side of the steam generator, and 1 node representing
the reactor building. igure 2-2 shows a schematic diagram cf
this model. Node 1 contains the ccld leg puap discharge piping,

ar L ] -~

downcomer, and lower plenum. Node 2 is the primary side of the SG
and the pump suction piping. YNode 3 contains the core, upper ple-
num, and the hot legs. Nede 4 is the pressurizer and noces 3 and -
6 represent the reactor >uilding and the SGC secondary side, re-
spectively. This 6 ncde model is highly simplified compared to
those utilized in past ZCCS analyses. It does, however, zmaintain
RCS volume and elevation relationships which are impertant to

properly evaluate the system response during a small break with

JEl00R
7 DRIGINAL g0

the RC pumps ‘running.



The breaks analyzed
the Lold leg piping
the reactor vessel.
worst break locatic

scribed in the July

in this section are assumed to be located in
between the reactor coolant pump discharge and
Section B.7 demcnstrates that this is the

Ker assumptions which differ from those de-

18, 1978, letter are those concerning the equip-

ment availability and phase separation. These are discussed below.

a. Egquipment Availability

The analyses which were performed assumed that the 2C pumps re-
main operative after the reactor trips. TFor select cases,

after the system has evolved to high void fractions (approxi-
Also,

pact of 1 versus 2 HPI systems for pump injection were examined.

mately 90%) the RC pumps were assumed to trip. the im=-
The majority of the analyses performed assumed 2 HPI pumps.
However, as is demonstrated later, even with 2 HPI pumps avail=:
able, cladding temperatures will exceed the criteria of 10 CR
50.46 using Appeniix K evaluation techniques. Therefore, fur-

ther analysis with only 1 HPI pump would only be academic.

-

b. Phase Separation

The present ZCCS evaluation model created to evaluate

small breaks without RC pumps cperative, (quiescent RCS) uzi-

1749

lizes the Wilson™ bubble rise correlation for all primary svs-

ten control volumes in the CRAFT evaluation. In this analysis,

for the time period that the RC pumps are operative, the pri=-

mary system ccclant is assumed to be hemogeneous, i.e., 10

POOR

phase separation in the system. In reality, the flow rates

in the core and aot legs are low

|

encugh that slip wil

cccur.

This will cause an increased ligquid inventory in the reacto

"

vessel compared to that calculated with the homogeneous zodel.

With the homcgeneocus assumption, core fluid is

4 %+
continuously

circulatad throughout the prizary system and a portion of that
£luid is lost via the break. During the later stages of the

transient, a slip model will result in fluid bdeing trapred in

the reactor vessel and the hot legs. The only method of losing

1iquid during this period will be by boiling caused by th

decay heat. Thus, the assumption of homogeniety Zor

with the RC pumps orerative is conservative.

ode
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Following tripping of the RC pumps and the subsequent loss-of-
forced circulation, the system will collapse and separate.

The residual liquid will then collect in the reactor vessel and
the loop seal in the cold leg suction piping. For this period
of ‘the transient, the Wilson bubble rise model is utilized.

The homogenecus assumption for the period with the RC pumps
operating applies to ncdes 1, 2, and 3 in the CRAFT model.
Node 4, the pressurizer, and node 5, the secondary side of
the steam generators, utilize the Wilson bubble rise model
throughout the transieat as these nodes are not in the direct

path of the forced circulation.

Benchmarking of the & Node CRAFT llodel

Studies were performed tc compare the results of the 6 nocde model
to the more extensive evaluation model for 3&W's 177-FA lowered-
loop plants as described in the latter J.H. Taylor (B&W) to S.A.
Varga (NRC), dated July 18, 1978. The break size selected for
this comparison is a 0.025 f£? break at punp discharge. This
break represents the largest single-ended rupture of a high energy
line (2=1/2 inch sch 160 pipe) on the cperatiang plants. The
break can be viewed as "realistic" or the worst that would se ex-
pected on a real plant. Figires 2-3 and 2-4 are the results of
this compariscen. System pressure and percent veid fraction shewm
in Figures 2-3 and 2-4, respectively, ccmpare very well with chose
rom the more extensive (23 nodes) CRATT2 small bra2ak model. As
in these figures, the difference is not significant and is
less than a faw percent. The computer time for this & ncde model
is, however, significantly decreased. The model utilized Zor
this study is thus justified based cn comparisom of results %o
the more extensive small break mcdel and desirzble because of

its economical run time.

Analvsis Results

ra

The break sizes examined for this amalysis ranged from 0.0
ol 5 - . » . s - »

to 0.2 £t in area and are locatad in the pump discharge piping.

3reaks of this size do not resul: in a rapid system depressuri-

zation and rely predominantly upon the HPIs for mitigatien.

9406l
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Table 2-1 summarizes the analyses performed for this evaluaticn.

The majority of the analyses performed utilized 2 HPI pumpe through-
out the transient. The effect of utilizing 1 HPI pump is discussed
in this section.

Figures 2-3 and 2-6 show the system pressure and average system.
void fracticn transients for the break spectrum analyzed assuming
continuous RC pump operation and 2 HPI's available. In Figure

2-6, the average system void fraction is defined as

vV, =V

Average system veoid, % = x 100

wheze v, = total primary liquid volume excluding the pressuri-
zer at time = 0,

V, = total primary liquid volume excluding the pressuri-
Zer at time = ¢. :

This parameter was utilized in place of the mixturs height in that
the coolant will tend to be homogeneosusly mixed with the RC pumps
operative. Under these assumptions, the core is cooled by forced
éirculation of two-phase fluid and not >y pocl boiling as ia th
case where the RC pumps are nct running and separation of steaz
and water occurs. As shown in Figure 2-3, the system pressure ra-
sponse is basically independent of break size during the first
several hundred seconds into the transient. This occurs because
the forced circulaticn of reactor coolant maintains adeguate heat
transfer in the steam generators: the primary system thus depres-
surizes to a pressure (about 1100 psia) corresponding to the sec-
ondary cootrol pressure (i.e., set pressure of 3G safety relief
valves). After some time (250 seconds for the 0.1 £z2 break), the
svstem pressure will decrease as the break alone ralieves the cora

energy.

Figure 2-6 shows the evolution of the svstem void fracticn; values
in excess of 207 are predic.ed very earlv (300 seconds) into =h
transient. TFor the larger breaks the svstem high veid fractions
occur early in time. TFor the smaller breaks it takes in the order
of hours before the svstem evolves to high void fraction. Core

cooling is maintained during a small break with continuous RC ump
sl

: L0000
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operation regardless of void fraction. In the long term, the sys=-
tem will depressurize and the enhanced performance of the ECCS (HPI
and LPI) will result in reduced system void fraction.

Figure 2-7 illustrates this long term system behavior for a 0.10 ft?

break. For this case, the LPIS are operative at approximately 2300 =+~

seconds, anc a substantial decrease in system void fraction results.
An arbitrary pump trip after approximately 2700 seconds would nct
result in core uncovery. The potential for core uncovery due to

an RC pump trip is thus limited to a discrete time period during
which the natural evoluticn of the system proc.es high void frac-
tions and prior to LPI actuation. For a 0.1 ft' break, this time
period is on the order of 2000 seconds. For smaller breaks, this
critical time could be a few hours even if the operator initiated

a controlled cooldown and system depressurizaticn as recommended

in the small break guidelines.

Although the analyses described above used 2 HPI punps, the effect
of only 1 HPI pump available on the system void fracticn eveluticn
while the RC pumps are operating is not significant. Figures 2-8
and 2-9 show the impact of one versus two HPI pumps on systen ores-
sure and average void fraction transieats for a 0.05 £t break with
the RC pumps operative. As seen from these £€igures, the rasults
with one HPI pump are not significantly different to the two HPI
pump case and are bounded by the spectrum appreoach utilized. With
one HPI pump, the system does depressurize more slowly (less steam
condensation) and a higher short term equilibrium void fraction

is achieved. Also, recovery of the core following a loss of the
RC pumps would e significantly longer with only 1 HPI pump avail-

able.

The majority of the analyses provided in this report uses two HPI
pumps and demonstrates a core cocling problem with worss tize 2usp
trip given that assumpticn. As analysis of cne HPI available cases
weuld only show a larger probdlem, such zases have 210t -een axcten-
sively considered. As demonstratad in section 3.4, the resolution
of this problem, forced early pump trip, provides assurance of

core cooling Zor both cne or twe IPIs available cases. Therefores,

Q444000
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there is no need for further pursuit of the single HPI availatle

case.

The effect ¢f the RCP tripping during the transient was studied by
assuning that the pumps are lost when the system reaches 90% veoid
fraction. Loss of the RC punmps at :his void fraction is expectad
to prcduce essentially the highest peak cladding temperature.
After the RC pumps are tripped, the fluid in the RCS separates and
liquid falls to the lowest regions, i.e., the lower plenum of the
RV and the pump suction piping. At 90% void fraction, the core
will be totally uncovered following the RC pump trip. Thus, the
time required to recover the core is longer than that for RC pump
trips initiated at lower system void fractions. System void frac-
tions in excess of 90% can possibly result in slightly higher tem-
peratures due to the longer core refill times that may occur.
However, the peak cladding temperature results are not expected

to be significantly different as the system pressure and core de-
cay heat, at the time that a higher void fraction is reached, will
be lower. -

N _H

Table 2-2 shows the core uncovery time for the cases analyzed with

the RC punmps tripping at 90X void fraction with 2 HPI pumps avail-

able for core recovery. As shown, the core will be
approximately 600 seconds for the breaks analyzed.

and Show the system pressure and void fraction

uncovered Zo
Figures 2-10
response feor

fraction. As

\ v . SURE :
’,df:ﬁp the 0.075 ££° break with a RC pump trip at %0% wvoid
& seen €hese figures, the system depressurizes faster after the

RC pump trip, due to the change in leak quality, and the void

fraction decreases indicating that the core is being refilled.

Figure 2-12 shows the core liquid level response following the RC

pump trip. The core is refilled to the 9 foot level

with collapsed

liquid approximately 625 seconds after the assumed pump trip.

L2 )

Once the core liquid level reaches the 3

is expected to be covered bv a two-phase

(2]
[

\, temperature excursion would be terminated.

L}

oot elevati

ixture and

on, the core

the c¢laddin
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5. Effect of 1.0 ANS versus 1.2 ANS Decav Curve

An analysis was performed using the more realistic 1.0 ANS decay
curve instead of 1.2 ANS decay curve. The study was done for a
0.05 f£t? break with 2 HPI;s available and pumps tripped at 90%
system void fraction. Figures 2-13 and 2-14 show a comparison of
system pressure and average svstem void fraction for 1.0 and 1.2
ANS decay curves. As seen in rigure 2-13, the system pressure
for 1.0 ANS case begins to drop from saturation pressure (~1100
psia) about 200 seconds earlier than the case with 1.2 NS as a
result of reduced decay heat. Also, the system will evolve to a
lower average void fractiom as saown i. Figure 2-1l4. After the
pumps trip at 90% svstem void fraction, the case with 1.0 ANS deczay
curve has a shorter core uncovery time by approximately 200 sec-
onds compared te 1.2 ANS case. This case demonstrates that the
effect of a delayed RC pump trip may be accaptable when viewed
realistically. A peak cladding temperature assessment for this
case will be provided in a supplementar: response plauned for
September 15th, to the I&E Bulletia 7905-C. ~

6. Effect of No Auxiliarv Feedwater

Analyses have also been performed with the RC pumps available
and no auxiliary feedwater. These analvses all assumed 2 HPI
pumps were available. The system void frac' .on evoluticns for
these calculations were not significantly different from those
discussed with auxiliary feedwater. Thus the conclusicns of

the cases with auxiliary feedwater apply.
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A study was conducted to demonstrate that the break location utilized
for the preceeding analyses is indeed the worst break locaticon. As
stated previously, the analyses were performed assuming that the breax
was légated in the bottom of the pump discharge piping. A 0.075 ftz
hot leg break was analyzed to provide a direct comparison to a similar
case in the cold leg. For this evaluation, the RC pumps were assuded

to trip after the RCS void fraction reaches 30%. Figure 2.15 shows the
average system void fraction transient and the core unccvery times for
both the 0.075 ftz hot and cold leg breaks. As shown, the cold leg break
reaches 90% void fraction approximately 150 seconds earlier than the hot
leg break. Also, the cold leg break yields a core uncovery time of

175 seconds longer than the hot leg break. The quicker core recovery
time for the hot leg break is caused by the g:eaté} penetration of the
HPI fluid for this break. For a cold leg break in the pump discharge
piping, ¢ portion of the HPI fluid is lost directly out the break and

is not available for core refill. For a hot leg bhreak, the full HPI

£fluw is available for core refill. Thus, as shown by direct compariscn
and for the reascns given above, hot leg breaks are less severe than
breaks in the pump discharge piping.

Peak Cladding Temperature Assessment

As described previously, a RC pump trip, at the time the RCS void
fraction is 90%, will result in core uncovery times of approcximately

600 seconds. The peak cladding temperatutres for these cases were
evaluated using the small Sreak evaluation mcdel cor2 power shape used

to demonstrate compliance with Appendix X and 10CFREC.46. Also, an
adiabatic heatup assumption during the time of ccre uncovery was utilized.

This approach is extremely conservative in that the power shape and

- 10 - | 944,059



local power rate (kw/ft) analyzed is not expected to occur during
normal plant operation. Furthermore, use of an adiabatic heatup
assumption neglects any credit for the steam cooling that will occur
during the core refill phase and alsc neglects the effect of any
radiation heat transfer. Using a decay heat power level based on 1.2
ANS at 1500 seconds, the cladding will heatup at a rate will be 6.5
F/S under the adiabatic assumptica. With a core uncovery period of
600 seconds and the adiabatic heatup assumption, cladding temperaturas
will exceed the criteria of 10CFR30.46. Use of a more realistic heat
transfer approach with the extreme power shape utilized for this eval-
uvation is alsc expected to result in cladding temperature in excess of
the criteria. In order to ensure compliance of the 177 FA lowered

loop plants to the criteria of 1OCFR50.46 a prempt trippiog—al the

RC pumps is required. Section 3. demonstrates zf trip of
the RC pumps upon receipt of a low pressure EBF! ignal will result

in compliance to the criteria.
An evaluation of the peak cladding :empera:u[; using a power shape

. encountered during normal operaticn fcor 2 zealistic transient response

with delayed RC pump trip will be provided by September 13, 1979.
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c.

Analysis Applicabi’ - to Davis-Besse I

The significant parametric differ.nces between the raised-loop

Davis-Besse I plant and the preceeding generic lowered-lcop analysis
are in the high pressure injection (HPI) delivery rate and the amcunt

of liquid volume which can effectively be used to cocl the co;e.

The liquid volume differential is due to tne basic desiga difference;
ralsed versus lowered loops. Because of the raised design, svstem
water available after the RC pumps trip will drain into the reactor
vessel. TFor the lowered loop designs, the available water is split
between the reactor vessel and the pump suction piping. Thus, for

the same average system void fracticn, the coliapéed core liquid level
following an RC pump trip is higher for the raised loop design than for

the lowered locp design.

:9

Figure 2-16 shows a comparisca of the deliverad HPI flcw for the Davise-
Besse I plant and the lowered locp plants. As shown, for a similar
number of HPI pumps available, the Davis-Besse I pumps will deliver
more flow. For the delayed pump trip cases presented in section 3.4

of this report, the Davis-Besse I plant will take approximately 450
seconds to reccover the core as opposed tc 3600 seconds for the lowered-
locp plants. Hcwever, it is noted that the core recovery tize is based
cn using two HPI's rather than cne, as required by Appendix K. Use of
only one API pump for Davis-3esse I will result iz core uncovery- times

in excess of 600 seconds. The Davis-3esse I plant cannot be shown to se

in compliance with 10CFR30.46 fcr a delayed RC pump =rip.

Prompt reactor ccolant pump trip is, therefore, necessary to ensure

compliance of the Davis-3esse I plant with LOCFRS50.46.

-
-
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Effect of Prompt RC Pump Trip on Low Pressure ESFAS Signal

As demonstrated by the previous sections, the ECC system can not

be demonstrated to comply with 10CFR50.46 using present evaluation
techaniques and Appendix K assumptions under the assumption of a
delayed !C pump trip. Thus, prompt tripping of the RC pumps i;
necessary to ensure conformance. Operating guidelines for both

LOCA and non-LOCA eventcs have been developed which require prompt
tripping of the RC pumps upon receipt of a low pressure ESFAS signal.
Because no diagnosis of the event is required by the cperator and ESFAS
initiation is alarmed in the control rocom, prompt tripping ¢f the RC

pumps can be assumed.

The effect of a prompt reactor coclant pump trip on an ESFAS signal has
been examined to ensﬁre that the consequences of a small L0CA ar
bounded by previous small brezk anal?seszwhich dssume RC puap trig en
reactor trip. As shown by Table 2-3 at the time of low pressure ZISFAS
initiation, keeping the RC pumps running results in a lower average
system void fraction. This occurs because the availabilizy of the RC
punps results in lower hot leg temperatures and thus less flashing in
the RCS at a given pressure. Thus, a prompt trip upon receipt of an

Y .

STAS gignal will result in a less severe system void fraction evolution

o

than cases previcusly analyzed assuming RC pump on reactor trip.

Conclusions

. - . : e i }
The results of the analyzes described in this secticn

as follows:
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3)

4)

3)

6)

7)

At 40 minutes, the 0.025 f:z

fraction.

break has evolved to only a 47% void

will not result in core uncovery.

Thus, a delayed RC pump trip for breaks less than 0.025 ft

The potential for high cladding temperatures for a small break

transient with delayed RC pump trip is restricted to a time period

between that time where the system has evolved to a high void

fraction and the time of LPI actuation.

Even with 2 HPI pumps available, tripping of the

worst time (90% void fraction) results in a core

which cannot bte shown to comply with lOCFR30.46

assumptions are utilized.

RC pumps at the

uncovery period

if Appendix K

A prompt RC pump trip upon receipt of a low pressure ESTAS siznal

will provide compliance to 1OCFRS0.46.

The above conclusions are applicable to toth the B&W 17

and raised loop NSS designs.
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ASSESSMEMT OF A RC PUMP TRIP ON NON-LOCA CVENTS

Introduction

Some Chapter 15 events a.e characterized by a primary system
response similar to the one following a LOCA. The Section 15.1
events that result in an increase in heat rémoval by the ;;condary
system cause a primary system cooldown and depressurizationm, much
like a small break LCCA. Therefore, an assessment of the conse-
quences of an imposed RC pump trip, upon initiation of the

low RC pressure ESFAS, was nmade for these events.

General Assessment of Pump Trip in Non-1.OCA Events

Several concerns have been raised with regard to the effect that
an early pump trip would have on non-LOCA events that exhibit LCCA
characteristics. Plant recovery would be mcre difficultc, dependence
on natural circulation mode while achieving cold shutdcwn weuld be
highlighted, manual £1il] of the steam generators would be required,
and so on. However, all of these drawbacis can be accc=medated since
none of them will on its own lead to unacceptable censaguences. Alse,
restart of the pumps is not precluded {eor plant ceontrel and cooldown
once controlled cperater action is assumed. OQOut of this search,
three major concerns have surfaced which have appearei t¢ be sub-
stantial enough as to require analysis:

1. A pump trip could reduce the time to system fill/repressurization
or safety valve opening following an overcooling transient. If
the tize available o the operator for :on::clling-HPI £low aad
the margia of subccoling were substantially reduced by the pu=p
trip to where timely and effective operator acticn cculd be
questionable, the pump trip weuld becoze unacceptable.

2. In the event of a large steam line break (maximum overcooling), b
blowdown may induce a stea= bubble in :;; RCS which could impair
natural cireculacion, with severe consequences on the core, es-
pecially 1if any degrece of return to power is experienced.

3. A acre general concera exists with a large steam line break at Z0!
conditions and whether or not a return o power is experienced
following the RC pump trip. If a return to critical is experienc:

natural circulation flow may not be sufficient to remove heat and

to aveid corec dazage.

- 18 o 9‘!0")’;”‘1




Overheating events were not considered in the impact of the
RC pump trip since they do not initiate the low RC pressure ESTAS,
and therefore, there would be no coincident pump trip. In addi-
tion, these events typically do not result in an empty pressurizer
or che formation of a steam bubble in the primary system. Reactivity
transients were also not considered for the same reasons. In addi-
tion, for overpressurization, previcus analyses have showﬁ that for
the worst case conditions, an RC pump trip will mitigate the pressure
rise. This results from the greater than 100 psi reducticm in

pressure at the RC pump exit which occurs after trip.

C. Analvsis of Ccncerns and Results

1. Syvstem Repressurization
In order to resolve this concern, an analysis was performed
for a 177 FA plant using a MINITRAP mcdel based on the case
set up for TI-2. Figure 3.1 shows the noding/flow path
scheme used and Tablell provides s description of the nodes
and flow paths. This case assumed that, as the result of a
small steam line break (0.6 £ ...2 §pli:) or of scme combinatic
of secondary side valve failure, secondary side heat demand
was increased frem 100% to 138% at time zero. This increase
in secondary side heat cdemand is the szallest which results

< in a (high flux) reactor trip aad is very similar to the
r b
—

worst moderate f:ecuency evercooling event, a2 failure of the

.

steam pressure regulator. Im the analysis, it was assumed

,"’ r
C:::) \CQE;z that following #PI actuation on low RC pressure ESFAS, main
(2

~
E;;;j feedwater is ra=ped dowm, MSIV's shut, and the auxiliary
|C’% -y : 1 ) -
— feedwater initiated with a 4C-second delay. This acticn was
(EEE%) taken to stop the cooldewn and the depressurizaticn ¢f the

system as soon as possible after HPI actuaticn, in order to
minimize the time of refill and repressuri

2a
system., Both HPI pumps were assuméd to functien.

"
(2N

The calculation was performed twice, once assuming two of th
four RC pumps running (cne loop), and once assuming

trip right afcer HPI initiation. The analysis shows that th

w
e
+ |

system behaves very similarly with and without pump
‘

both cases, the pressurizcr refills in about 14 to 16 minutc

from initiation of the transients, with the natural circula-

- ] - p <
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tion case refilling about one aminute before the case with

two of four pumps running (See Figures 3.2,3.3). Ia both cases,
the system is highly subcooled, from a minimum of 30°F to 120°F
and increasing at the end of 14 minutes (refer to Figure 3.4).
It is concluded that an RC puzmp trip following HPI actuation
will not increcase the probability of causing a LOCA through

the pressurizer code safeties, and that the opera:é: will have
the same lead time, as well as a large margin of subccoling, te
control HPI pricr to safety valve tapping. lthough no case
with all RC pumps was nade, it can be inferred frca the one
loop case (with pumps running) that the subcocled margin will
be slightly larger for the all pumps running case. The
pressurizer will take longer to £ill but should dec so by 16
minutes into the transient. Figure 34¢shows the coclant
teaperatures (hot leg, cold leg, and core) as a fuaction of

time for the no RC pumps case. ;

Effect o0f-Steam Bubble ca Natural Circulatieon Coclin

n

————

For this cencern, an analysis vas per ormed for the saze
generic 177 FA plant as ocutlined in Part 1, but a

suming that
-
ER

as a result of an unmitigated large SLB (12.2 £t

-

excessive cooldeim would produce void formation in the primary
systcm. The intent ¢f the analysis was to also show the
extent of the void forzacion and where it occurred. As in

the case analyzed in Part 1, the break was symmetric to beth
generators such that both would blow down equally, maxizizing
the cocldown (in this case there was a 6.1 f:.2 treak on ezch

Lo ey

loop). There was no HSIV closure dur

'1

ing the transient on
either steam generator to z=aximize cooldewn. Alsc, the tur~
bine bypass systen was assuzed to operate, up

e
AS. ESFAS was initiated on low RC

-
-
-

until isclatien on ZS
pressure and also actuated 21 (bcﬁh pumps), tripped RC
punpes (when applicable) and iselated the MEWIV's., The AW

was initiated to both genecrators on the low SG pressure
gignal, with sinizuz delay time (both punps operating).

is analysis was performed twice, once assuming all RC
punnps running, once with all pumps being tripped on the IPI
actuation (aftcer ESFAS), with a short (~5 second) delay. In

both cases, veids were formed in the hot legs, but the dura-

M- . aq Y



tion and size were smaller for the case with no RC pump
trip (refer to Figure 3.7).A1:hough the RC pump operating

case had a higher cocldown rate, there was less void

forma-

tion, resulting from the additional system mixing. The

coolant temperatures in the pressurizer lcop hot and cold

legs, and the core, are

shown for both cases in Figures 3.5

3.6. The core outlet pressure and SG and pressurizer

levels versus time are given for both cases in Figures
3.9.
similarly with and without pumps, although naintaining
RC pump flow does seem to help mftigate void formation.

3.8,

This analysis shows that the system behaves very

P
It

punp flow case shows & shorter time to the start of pres-

surizer refill than the natural circulaticn case (Figure 3.

although the time dif

3., Effect of Retura to P

ference does not seem I92

cwer

There was no return t
cases analyzed above.
Midland FSAR, Section

mitigate the conseguen

by reducing the cocldown of the primary

cooldown substantiall
which, in turn, reduc

Conclusions and Sumary

A general assessment
three areas that warrante

a RC pump trip on ESFAS 1

1. It was found that a ¢
the time to £illing o
same tiz 1terval

2. For the maxizum overc
increased the amount
howvever, the percant

affect the ability to

the RC pump trip case due to the reduced overc

o power exhibited by any
Pr

evious analysis exper
L)

has shown that a R

es of an-EQL return to

y increases the subcriti

es or eliminates return

of Chapter 15 non=-L0Ca
d further investigation

ow RC pressure signal.

uzp trip does no

ot
w
e
o
=3
"
e

£ the pressurizer and ap

for operator action exists

ocling case analyzed, th

systes.

be very large

of the BCL
ience (ref.
C punp trip w:
aower condit:
The reduce

H
cal margin

events identi:

for impact of

- - - o - .
of two-phase in the primary loop:;

Based upen the abeve assessment and analysis, it is con=-

cluded that the consequen

ces of Chapter 15

aon=-L0CA events arz
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increased due to the addition of a RC pump trip on ESFAS

low RC pressure signal, for all 177 FA lowered loop plants.

Although there were no specific analyses performed for TECC,

the conclusions drawn from the analyses for the lowered loop

plants are applicable.




Table 2-1. Analvsis Scope With AFW Available

Continuous RC

Break size, Break locaticn pump operation RC pump trip @ 90% void
_ (££2) Cold leg  Hot leg 2 HPT 1 HPI 2 HPI
0.025 X X '
0.05 X x* X x*
0.075 X X X <
0.10 X X X
0.20 X X

*
Analyzed with both 1.0 and 1.2 ANS decay curves.
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Table 2-2. Impact Assessment of Break Spectrum
With RC Pump Trip at 90% Void

Break size (ft?) Core uncovery time (sec
0.10 550
0.075 625
0.05 575

Notes: 1. Two HPIs available during the
transient.

2. Core uncovery time is the time
period following pump trip re-
quired to £ill the inner RV
with water to an elevation of
9, ft in the core which is ap-
proximately 12.ft when swelled.
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Table 2-3.

Comparison of System Void Fractioms

at ESFAS Signal

System void fraction

L@@@”}

C"U

Break size, At ESIAS
(£t<) Pumps on Pumps trioped
0.02463 0.0
0.04 4.47
0.05 0.04
0.055 6.74
0.07 ) 8.06
0.075 0.90
0.085 8.45
0.10 2.17 7.57
0.15 10.70
0.20 6.78
2ok
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NODE NUMBER

1,33

2,34

3,35
4,10
5~7,11-13
8,14
9,32

15

15,24
17,25
18-20,26-28
21,29
22,30

23

31

PATH NUMBER

1,2

45,46
3,5,5,11,12,44
6,7,13,14
8,15

9,16

10,43

17

18,19 26,27
20,21,28,29
22,30

23,31

24,32

25,33

34,35

36,37
38,39,43,44
40,41

42

POOR

DRIGORAL
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DESCRIPTION

Reactor Vessel, Lower Plenum
Reactor Vessel, Core
Reactor Vessel, Upper Plenum
Hot Leg Piping

Priuary, Steam Generator
Cold Leg Piping

Reactor Vessecl Downcomer
Pressurizer

Steam Generator Downcomer
Steam Generator Lower Plenum
Secondary, Steam Generator
Steam Risers

Main Stecam Piping

Turbine

Containment

MINITRAP2 PATE DESCRIPTION

DESCRIPTION

Core

Core Bypass

Hot Leg Piping

Primary, stesm Generator
RC ’w.ps

Cold Leg Piping
Downccmer, Raeactor Vessel
Pressurizer Surge Line
Steam Generator Downcomer
Secondary, Steam Generator
Aspirator

Stean Riser

Steam Piping

Turbine Piping

Break (or Leak) Path

HPI

AFW

Main Feed Punmps

LPY

Table 3.1
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Figure 2-2. CRAFT2 NODING DIAGRAM FOR SMALL BREAKS
(6 NODE MODEL)
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CORE PRESSURE VS TIME,177-LL, 2772 MWt PUNPS ON
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BREAK SPECTRUM-RC PRESSURE WITH
THE RC PUMPS OPERATIVE AND 2 HPI PUMPS
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Percent System Voids, %

BREAK SPECTRUM-AVERAGE SYSTEM VOID FRACTION
WITH THE RC PUMPS OPERATIVE AND 2 HP! PUMPS
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0.1 FT2 BREAK WITH CONTINUOUS RC PUMP
OPERATIGN AND 2 HPI PUMPS
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