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ANALYSIS SUMMARY IN SUPPORT OF
AN EARLY RC PUMP TRIP

I. INTRODUCTION

B&W has evaluated the effect of a delayed RC pump trip du:ing thgvcourse

-_“;ém;mall loss-of-coolant accidents and has found that an eggly trip of the

uﬁﬁéA;;ﬁég-i;‘feq;iféavto show conformance to }OCFRSO.AG. A summary of the

LOCA analyses performed to date is providedbin Section II. This discussion

includes: |

1. A déscription of the models utilized.

2. Break spectrum results with continuous RC Pump Operétion. _

‘3. Break spectrﬁm results with delayed RC pump trips including estimates
of peak.cladding,temperatures. |

4, Justification that a prompt pump trip following ESFAS actuation on low

RC pressure provides LOCA mitigatiom.

- An impact assessment of the required pump trip on non-LOCA events has also
been completed and is presented in Sectiom III. This evaluation supports the

use of a pump trip following ESFAS actuation for LOCA mitigation since no

detrimental consequences on non-LOCA events were identified.
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II. SMALL BREAK ANALYSES

A.

Introduction

Previous small break anaiyses 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 coﬁcern has been
identified 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, loss-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 B. describes the system response
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 semsitivity study, and peak cladding tem-

perature assessments for cases where the RC pumps trip at the worst
time.

" Section ::C demonstrates the applicability of the conclusions

drawn in section.. Bl to a 177-FA raised-loop plant (Davis-Besse 1).

The effect of a prompt tripping of the RC pumps upon receipt of a
low pressure ESFAS signal is discussed in sectiom Bl Finaliy, sec-

tion. E' " summarizes the conclusions of this analysis.

System Response With RC Pumps Running

| 1. Introduction

Recent evaluations have been perfofmed to examine the primary
system response during small breaks with the RC pumps operative.
Durigg’the transient with the RC pumps available, the forced
circulation of reactor coolant will maintain the core at or near
the saturated fluid temperature.. However, for a range of break
sizes,ithe reactor coolant system (RCS) will evolve to high void
fractions due to the slow system depressurization_and'the high
vliqhid'(low quality fluid) discharge through the break as a re-
sult of the forced circulation. In fact, the RCS void fraction -

will increase to a value in excess of 90%Z in the short term. In
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the lbng term, the system void fraction will decrease as the RCS

RCS depressurizes, HPI flow increases, and decay heat diminishes.

With the RCS at a high void fraction, 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 reestablished by the ECC systems. The following para-

graphs summarizes the results of the analyses which were performed
for the 177-FA lowered-loop plants, to develop the consequences of
this transient.

Method of Analysis

The analysis method used for this evaluation is basically that de-
scribed in section 5 of BAW-10104, Rev. 3, "B&W's ECCS Evaluation
Model"! and the letter J.H. Taylor (B&W) to S.A. Varga (NRC), dated
July 18, 19782, which is applicable to the 177-FA lowered-loop
plants for power levels up to 2772 MWt. The analysis uses the

CRAFT23 code to develop the history of the RCS hydrodynamics.
However, the CRAFT2 model used for this study is a modification

of the small break evaluation model described in the above ref-
erences. Figure 2-1 shows the CRAFT2 noding diagram for small
breaks from the above referenced letter. The modified CRAFT2
model consists of 4 nodes to simulate the primary side, 1 node for
the secondary side of the steam generator, and 1 node representing
the reactor building.A Figure'Z—Z shows a schematic diagram of
this model. Node 1 contains the cold leg pump discharge piping,
downcomer, and lower plenum. Node 2 is the primary side of the SG
and the pump suction piping. Node 3 contains the core, upper ple-
num, and the hot legs. Node 4 is the pressurizer and nodes 5 and
6 represent the reactor building and thé SG secondary side, re-
spectively. This 6 node model is highly simplified compared to
those utilized in past ECCS analyses. It does, however, maintain
RCS volume and elevation relationships which are important to
properly evaluate the system response during a2 small break with

the RC pumps running.




- The breaks analyzed in this section are assumed to be located in

the cold leg piping between the reactor.coclant pump discharge and .
the reactor vessel. Section B.7 demonstrates thét this is the

worst break location. Key assumptidns which differ from those de-
scribed in the July 18, 1978, letter are those concerning the equip-

ment availability and phase separation. These are discussed below.

-a. Equipment Availability

The analyses which were performed assumed that the RC pumps re-
main operative after the reactor trips. For select cases,
after the system has evolved to high void fractions (approxi-
mately 90%Z) the RC pumps were assumed to trip. Also, the im-
pact of 1 versus 2 HPI systems for pump injection were examined.
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 CFR
50.46 using Appendix K evaluation techniques. Therefore, fur-
ther analysis with only 1 HPI pump would only be academic.

b. Phase Separation -

The present ECCS evaluation model created to evaluate

- small breaks without RC pumps operative, (quiescent RCS) uti-
lizes the Wilson" bubblerise correlation for'all'primary sys-
tem control volumes in the CRAFT evaluation. In this analysis,.
for the time period that the RC puﬁps are operative, the pri-

- mary system coolant is assumed to be homogeneous, i.e., no
phase separation in the system. In reality, the flow rates
in the core and hot legs are low enough that slip will occur. .
This will cause an increased liquid inventory in the reactor
.vessel compared to that calculated with the homogeneous model.
With the homogeneous assumption, core fluid is continuously
circulated throughout the primary system'#nd.a portion of that
fluid is lost via the break. During the later stages of the
transient, a: slip model will result in fluid being trapped in
the reactor vessel and the hot legs. The only method of losing
.liquid during this period will be by boiling caused by the core
~decay heat. Thus, the assumption of homogeniety for the period

with the RC pumpé operative is conservativé.
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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 cbllect 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 homogeneous assumption for the period with the RC pumps
operating applies to nodes 1, 2, and 3 in the CRAFT model.
Node 4, the pressurizer, and node 6, the secondary side of
the steam generators, utilize the Wilson bubble rise model
throughout the tran51ent as these nodes are not in the direct

path of the forced circulation.

Benchmarkine of the 6 Node CRAFT Model

Studies were performed to compare the results of the 6 node model
to the more extemsive evaluation model for B&W's 177~FA lowered-
loop plants as described in the letter 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 ft2 break at pump discharge. This

- break represents the largest 31ngle-ended rupture of :a high eneroy

line (2-1/2 inch sch 160 pipe) on the operatimg plants. The
break can be viewed as "realistic" or the worst tha't would be ex-
pected on a real plant. Figures 2-3 and 2-4 are the results of
this comparison. System pressure and percent void fraction shown
in Figures 2-3 and 2-4, respectively, compare very well with those
from the more extensive (23 nodes) CRAFT2 small break model. As
seen in these figures, the difference is not significant and is
less than a few percent. The computer time for this 6 node model
is, however, significantly decreased. The mndel utilized for
this study is thus justified based on comparison of results to
the more extensive small break model and desirable because of

its economical run time.

Analysis Results

' The break sizes examined for this analysis rﬁmged from 0.025 ft2

to 0.2 ft? in area and are located in the pump discharge piping.
Breaks of this size do not résult in a rapid system depressuri-

zation and rely predominantly upon the HPIs for mitigation.

- 5.




* 4 P e et e v e+ SO . . .
1 r
(
! .
s
. '

Table 2-1 summarizes the analyses performed for this evaluaticn.
The majority of the analyses performed utilized 2 HPI pumps through-
out the transient. The effect of utilizing 1 HPI pump is discussed

in this section.

Figures 2-5 and 2-6 show the System pressure and average system
void fraction transients for the break spectrum analyzed assuming
_continuous RC pump operation and 2 HPIfs available. 1In Figure
2-6, the average system void fraction is defined as

Average system void, %

where V) = total primary liquid volume excluding the pressuri-
zer at time = 0,

V, = total primary liquid volume excluding the pressuri-
zer at time = t.. ’

This parameﬁer was utilized in place of the mixture height in that
the coolant will tend to be homogeneously mixed with the RC pumps
operative. Under these assumptions, thé core is cooled by forced
circulation of two-phase fluid and not by pool boiling as in the
case where the RC pumps are not running and separation of steam
and water occurs. As shown in Figure 2-5, the system pressure re-
sponse is basically independent of break size during the first
several hundred seconds into the transient. This occurs because
the forced circulation of reactor coolant maintains adequate heat
transfer in the steam generators; the primary system thus depres-
surizes to a pressure (about 1100 psia) corresponding to the sec-
ondary control pressure (i.e., set pressure of SG safety relief
valves). After some time (250 seconds for the 0.1 f£t2 break), the . -
System pressure will decrease as the break alone relieves the core

energy.

'Figure 2—6 shows the evolution of the system void fractionm; values
lin excess of 90% are predicted very early (300 seconds) into the
transient. For the larger breaks the system high void fractions _
occur early in time., For the smaller breaks it takes in the order
of hours before the System evolves to high void fraction. Core

cooling is maintained during a small break with continuous RC pump

-6 -
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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 ft2
break. For this case, the LPIS are operative at approximately 2300

seconds, and a substantial decrease in system void fraction results.

-An arbitrary pump trip after approximately 2700 seconds would not

result in core uncovery. The potential for core uncovery due to.
aﬁ RC pump trip is thus limited to a discrete time period during
which the natural evolution of the system produces high void frac-
tions and prior to LPT actuation. For a 0.1 ft? break, this time
period is on the order of 2000 seconds. TFor smaller breaks, this
critical time could be a few hours even if the operator initiated
a. controlled cooldown and system depressurization as recommended

in the small break guidelines.

Although the analyses described above uséd 2 HPI pumps, the effect
of only 1 HPI pump available on the system void fraction evolution
while the RC pumps are oﬁeraﬁing is not significant. Figures 2-8
and 2-9 show the impact of one versus two HPI pumps on system pres-.
sure and average void fraction transients for a 0. 05 ft? break with
the RC pumps operative.. As seen from these figures, the results.
with one HPI pump are not significantly different to the two HPI
pump case and are bounded by the spectrum approach 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 follow1ng a loss of the
RC pumps would be 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 cooling problem with worst time pump'

trip given that assumptionm.  As analysis of one HPI available cases

would only show a larger problem, such cases have not been éxten—

sively considered. As'demonstrated‘in seétion B.4, the resolution
of this problem, forced early pump trip, provides assurance of

core cooling for both one or two HPIs available cases. Therefore,"




there is no need for further pursuit of the single HPI available

case.

The effect of the RCP tripping during the transient was studied by
assuming that the pumps are lost when the system reaches 90% void
fraction. Loss of the RC pumps at this void fraction is expected
to produce essentially the highest peak cladding temperature.
After the RC pumps are tripped, the fluid in the RCS separates and
liquid falls to the lowest regioms, i.e., the lower plenum of the
RV and the pump suction.pipigg. At 90%Z void fraction, the core
will be totally uncovered following the RC pump trip. Thus, the
time required to recover the core is longer than thatvfor RC pump
trips initiated at lower system void fractions. System void frac-
tions in excess of 907 can poséibly 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..

Table 2-2 shows the core uncovery time for the cases analyzed with
the RC pumps tripping at 90% void fraction with 2 HPI'pumps avail-
able for core recovery. As shown, the core will be uncovered for
approximately 600 seconds for the breaks analyzed. Figures 2-10
and 2-11 show the system pressure and void fraction response for
the 0.075 ft2 break with a RC pump trip at 90% void fraction. As
seen in these 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.

Once the core liquid level reaches the 9 foot élevation, the core

-.is,expected to be covered by a two-phase mixture and the cladding '

temperature excursionm would be terminated.




‘Effect of No Auxilia:y Feedwater

Effect of 1.0 ANS versus 1.2 ANS Decéy Curve

An analysis was performed using the more realistic 1.0 ANS aecay
curve instead of 1.2 ANS decay curve. The study was done for a
0.05 ft2 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 system void fractiom for 1.0 and 1.2
ANS decay curves. As seen in Figure 2-13, the system pressure
for 1.0 ANS case begins to drop from saturation pressure (NllOOk

_ psia) about 200 seconds earlier than the case with 1.2 ANS as a

result of reduced decay heat. Also, the system will evolve to a
lower average void fraction as shown in Figure 2-14, After the
pumps. trip at 90Z system void fraction, the case with 1.0 ANS decay.
curve has a shorter core uncovery time by approximately 200 sec-
onds compared to 1.2 ANS case. This case demonstrates that the
effect of a delayed RC pump trip may be acceptable when viewed
realistically. A peak cladding temperature assessment for this
case will be provided in a supplementary response planned for
September 15th, to the I&E Bulletin 7905-C.

. and no auxiliary feedwater. These analyses all assumed 2 HPI

Analyses have also been performed with the RC pumpsg available

pumps were available. The system void fraction evolutions. for
these calculations were not significantly different from those
discussed with auxiliary feedwater. Thus the conclusions of

the cases with auxiliary feedwater apply.




.2 Break Location Semnsitivity Study

A study was conducted to demonstrate that the break location utilized
for the freceeding analyses is indeed the worst break location. As
stated previously, the analyses were performed assuming that the break
was l€ohted in the bottom of the pump discharge piping. A 0.075 ft2
“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 assumed
to trip after the RCS void fraction reaches 90%. Figure 2.15 shows the
average system void fraction transient and the core uncovery 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 greatef penetration of the:

- HPT fluid for this break. For a cold leg break in the pump discharge

: piping, a portion of the HPI fluid is lost directly out the break and

iéﬂnbt availésle for core refill. For a hot. leg break, the full HPI

fiow is available for core refill. Thus, as shown by direct comparison
~ and for the reasoms given above, hot leg breaks are less severe than
,_brgaks ?@Vthe'Png discharge.piping.

| Peak Cladding Temperature Assessment

As describéd préviously; a RC'pump trip, at thehtime the RCS véid
fraction is 90%, will result in core uncovery times of approximately

600 seconds. >Theﬂpeak cladding temperatures for these cases were
evaluated using the small break evaluation model core power shape used

to demonstrate compliance with Appendix K and lOéFR50.46. Also, aﬁ
adiabatic heatup assumption during the time of core uncovery was utilized.

This approach is extremely conservative in that the power shape and

-
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local power rate (kw/ft) analyzed is not.eipeﬁted to occur during
normal plant operaﬁion; Furthermore, use of an adiabatic heatup
ﬁssumption neglects any credit for the steam cooling that will occur
during the core refill phase and also 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
fF/S under the adiabatic-assumption. With a core uncovery period of
600 seconds and the adiabatic heatup assumption, cladding temperatures
will exceed the criteria of 10CFR50.46. Use of a more realistic heat
transfer approach with the extreme power shape utilized for thié éval—
uation is also expected to result in cladding témperature in excess of
the criteria. 1In order to ensure compliance of the 177 FA lowered
loop planté to the criteria of lOCFR50;46 a prompt tripping of the

RC pumps is required. Section B. demonstrates that a prompt trip of
the RC pumps upon receipt of a low pressure ESFAS»éignal will result
in compliance to the criteria. .
.An eyaluatiou of the peak cladding temperature using a power-shaée
encountered during'norm#l operétion for a2 realistic transient re;ponse

with delayed RC pump trip will be provided by September 15, 1979.

-1t -
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Analysis Applicability to Davis-Besse I

The significant parametric differences between the raised-loop
Davis-Besse I plant and the preceeding generic lowered-loop analysis
are in the high pressure injection (HPI)_delivery rate and the amount

of 1liquid volume which can effectively be used to cool the core.

The liquid volume differential is due to the basic design difference;

‘raised versus lowered loops. Because of the raised design, system

- water available after the RC pumps trip will drain into the-reactor

vessel. For 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 fraction, the collapsed core ;iquid level
following an RC pump trip is higher for the raised loop design‘than for

the lowered ldop design.

Figure 2-16 shows a comparison of the delivered HPI flow for the Davis-

~ Besse I plant and the lowered loop plants. As shown, for aAsiﬁilaf

number of HPi pumps available, the Davis-Besse I pumps will deliver
more flow. For the delayed pump trip cases presented in section B.4
of this report, the Davis-Besse I plant will take approximately 450
seconds to recover the core as opposed to =600 seconds for the lowered- °
loop plénté. Howevef, it is ﬁoted that the core recovery time is based
on using two HPI's rather than one, as required by Appehdix K. Use of
only one HPI pump for Davis-Besse I will result iﬁ core uncovery times
in excess of 600 seconds. The Davis-Besse I plant cannot be shown to be

in compliance with 10CFR50.46 for a delayed RC pump trip.

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

compliance of the Davis-Besse I plant with 10CFRSO0.46.

- 12 =~




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 10CFRS0.46 u;ing present evaluation
techniques and Appendix K assumptions under the assumption of a
delayed RC pump trip. Thus, prompt.tripping of the RC pumps is

necessary to ensure conformance. Operating guidelines for both

. LOCA and non-LOCA events 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 operator and ESFAS
initiation is alarmed in the control room, prompt tripping of the RC

pumps can be assumed.

-

The effect of a prompt reactor cbolaut pump trip on an ESFAS signal has
been examined to ensure that the consequences of a small LOCA are
bounded by previous.small break analyseszwhich assume RC pump trip on
reactor trip.-~ As shown by Table 2-<3at the time 6f low pfessure ESFAS
initiation, keeping the RC pumps. running results in a Jlower average
system void fraction; This occurs because ﬁhg availability of the RC
pumps results in lower hot leg temperatures and thus less flashing inv
the RCS at a given pressure. Thus, a prompt trip upon receipt of an
ESFAS signal will result in a less severe system void fraction evolution

than cases previously analyzed assuming RC pump on reactor trip.

Conclusions

The results of the analyzes descfibed in this section'can‘be summarized

as follows: | | |

1) If the RC pumps remain operative, Eore cooling ié assured regardless
of system void.fraction.

2) For breaks greater than 0.025 ftz; the RCS may evolve to sﬁstem void

fractions in excess of 90%..
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3)

4)

5)

6)

7)

At 40 minutes, the 0.025 ft2 break has evolved to only a 47% void
fraction. Thus, a delayed RC pump trip for breaks less than 0.025 ft2
will not result in core uncovery.

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 pumpé available, tripping of the RC pumps_at the
worst time (907 void fraction) results in a core uncovery period
which cannot be shown to comply with 10CFR50.46, if Appendixz K
assumptions are utilized.

A prompt RC pump trip upon receipt of a low pressure ESFAS signal

will provide compliance to 10CFR50.46.

The above conclusions are applicable to both the B&W 177 FA lowered

and raised loop NSS designs.




III. IMPACT ASSESSMENT OF A RC PUMP TRIP ON NON-LOCA EVENTS

A.

Introduction

Some Chapter 15 events are 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 removal by the secondary
system cause a primary system cooldown and depressurization, much
like a small break LOCA. Therefore, an assessment of the conse-
quences of an imposed RC pump trip, upon initiation of the

low RC pressure ESFAS, was made for thése events.

General Assessment of Pump Trip in Non-LOCA Events

Several concerns have been raised with regafd to the effect that
an early pump trip would have on non-LOCA events that exhibit LOCA
characteristics. Plant recovery would be more difficult, dependence._
on natural circulation mode while achieving cold shutdown would be
highlighted, manual £ill of the steam generators would be required,
and so on. However, all of these drawbacks can be accommodated since
none_of them will on its own lead to unaccebtable consequenceé. Also,

restart of the pumps is not"precluded for plantAcontrol and cooldowm

‘once controlled operator action is assumed. Out gf this search,

three major concerns have surfaced which have appeared to be sub-

stantial enough as to require analysis:

1. A pump trip could reduce the time to system £ill/repressurization
or safety valve 6pening fbllowing an overcooling transient. If
the time available to the operator for controlling HPI flow and
the margin of subcooling were substantially reduced by the pump
trip to where timely and effective operator action could be

' questionable, the pump trip would become unacceptable.

2. 1In the event of a large steam line break (maximum overcooling), the

blowdown may induce a steam bubble in th; RCS which could impair
‘ , nat:urai. circulation, with severe consequences on the core, es-
pecially if any degree of return to power is experienced. »

3. A more general concern.exists with a large steam line break at EOL
conditions and whether or not a return to power is experienced
following the RC pump trip. 'If a return to critical is experienced,
natural circulation flow may not be sufficient to remove heat and |

to avoid core damage.

- 15 -
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Overheating events were not considered in the impact of the
RC pump trip since they do not initiaﬁe the low RC pressure ESFAS,
and therefore, there would be no coincident pump trip. Im addi-
tion, these events typically do not result in an empty pressurizer
or the formation of a steam bubble in the primary system. Reactivity
transients were also not considered for the same reasons. In addi-

tion, for overpressurization, previous analyses have shown that for

the worst case conditions, an RC pump trip will mitigate the pressure

rise. This results from the greater than 100 psi reduction in

pressure at the RC pump exit which occurs after trip.

C. Analysis of Concerns and Results

1. System Repressurization

In order to resolve this concern, an analysis was performed
for a 177 FA plant using a MINITRAP model based on the case
set up for TMI-2, Figure 3.1 shows the noding/flow path
scheme used and Tablel] provides s descriptiom of the nodes
and flow paths. _This case assumed that,‘as the result of a
small steam line break (0.6 ft.z split) or of some combination
of secondary side valve failure, secondary side heat demand
was increased from 100% to 1387 at time zero. This increase
in secondary side heat demand is the smallest which results |
in a (high flux) reaétor trip and is ver& similar to ‘the
worst moderate frequgncy overcooling event, a failure of the
steam pressuie regulator. ‘In the»analysis,'it was assumed.
that following HPI actuation on low RC:pressure ESFAS, main
feedwater 1is ramped‘down, MSIV's shut, and the auxiliary
feedwater initiated with a 40-second delay. This action was
taken to stop the cobldown and the depressurization of the
system as soon as possible after HPI actuétion, i; order to
minimize the time of refill and repressurization of the

system. Both HPI pumps were assuméd to function.

.

The calculation was performed twice, once assuming two of the
four RC pumps running (one loop), and once assuming RC pump
trip right after HPI initiation. The analysis shows that the
system behaves very similarly with and without pﬁmps. In
‘both cases, the pressurizer refills in about 14 to 16 minutés

from initiation of the transients, with the natural circula-
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2.

tion case refilling about one minute before the case with

two  of four pumps running (See Figures 3.2,3.3). In 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 pump trip following HPI actuation
will not increase the probability of causing a LOCA through

the pressurizer code safeties, and that the operator will have
the same lead time, as well as a large margin of subcooling, to
control HPI prior to safety valve tapping. Although no case
with all RC pumps was made, it can be inferred from the one
loop case (with pumps running) that the subcooled margin will
be slightly larger for the all pumps running case. The
pressurizer will take‘longer to £i1l but should do so by 16
minutes into the transient. Figure 34 shows the coolant
temﬁeratures (hot leg, cold leg, and core) as a function of

time for the no RC pumps case. _ -

Effect of Steam Bubble on Natural Circulation Cooling

For this concern, an analysis was performed for the same
generic 177 FA plant as outlined in Part 1, but assuming that
as a result of an ummitigated large SLB (12.2 ft.2 DER), the
excessive cooldown wouldrprpduce void formation in the primary
system. The intent of the analysis was ;o also show the
extent of the void formation and where it occurred. As in
the case analyzed in Part 1, the break was symmetric to both
generators such that both would blow down equally, maximizing
the cooldown (in this case there was a 6.l'ft.2 break on each
loop). There was no MSIV. closure during the transient on
either steam generator to maximize cooldowm. . Aléé, the tur-
bine bypass system was assumed to oferéte, upon rupture, |,
until isolation on ESFAS. ESFAS was initiated on low RC
pressure and also actuated HPI»(boﬁh pumps), tripped RC

pumps (when applicable) and isolated the MFWIV's. The AFW
was initiated to both generatdrs on the low SG pressure

signal, with minimum delay time (both pumps operating).

This analysis was pérformed twice, once assuming all RC
pumps running, once with all pumps being tripped on the HPI
actuation (after ESFAS), with a short (5 second) delay. 1In

both cases, voids were formed in the hot legs, but the dura-
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tion and size were smaller for the case with no RC pump
trip (refer to Figure;3.7);Although the RC pump operating
case had a higher cooldown rate, there was less void forma-
tion, resulting from the additional system mixing. The
coolant temperatures in the pressurizer loop hot and cold
legs, and the core, are shown for both cases in Figureé 3.5,
3.6. The core outlet pressure and SG and pressurizer
levels versus time are given for both cases in Figures 3.8,
3.9. This analysis shows that the system behaves'very
similarly with and without pumps, although maintainiﬂg

RC pump flow does seem to help mitigate void formation. The
punp flow case shows a shorter time to the stért of pres-
éurizer refill than the natural circulation case (Figure 3.9),
although the time difference does not seem to be very large.

3. Effect of Return to Power

There was no return to power exhibited by any of the BOL -
cases analyzed above. Previous analysis experience (ref.
Midland FSAR, Section 15D) has shown that a RC pump trip will
mitigate the consequences of an EOL return to power condition
by reducing the cooldown of,the.primary system. The reduced
cooldown substantially increases the subcritical margin
which, in turn, reduces or eliminates return to power.

D. Conclusions and Summary

A general assessment of Chapter 15 non-LOCA events identified
three areas that warranted further investigatioﬁ'for impact of

a RC pump trip on ESFAS low RC pressure signal.

1. It was found that a pump trip does not sigﬁificahtly shorten
the time to filling of the pressurizer and approximately the
same time interval for-opefator actioh exists. il ,

2. For the maximum overcooling case analyzed, the RC pump trip
increased the amount of two-phase in the primary loop;
however, the'percent_void forﬁatioé is still too smﬁll to
affect the ability to COoi on natural circulation.

3. The subcritical return-to-power condition is alleviated by
the RC pump trip case due to the reduced overcooling effect.

~ Based upon the above assessment and analysis, it is con-

cluded that the consequences of Chapter 15 non-LOCA events are not
- 13 -




increasg due to the addition of a RC pugtrip on ESFAS

low RC pressure signal, for all 177 FA lowered loop plants.
Although ﬁhere were no specifié analyses performed for TECO,
the conclusions_drawn from the énalyses for the lowered loop

‘plants are applicable.

e




Table 2-1. Analysis Scope With_AFW Available

Continuous RC.

Break size, Break location pump operation RC pump trip @ 90% void
(£t2) Cold leg Hot leg 2 HPI 1 HPI 2 HPI
0.025 X X
0.05 X x* X X*
0.075 X 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 (ft2) 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 f£ill the inner RV
with water to an elevation of
9. ft in the core which is ap-
proximately 12.ft when swelled.




Table 2-3. Comparison of System Void Fractioms
at ESFAS Sigmnal

System void fraction

Break size, at ESFAS
(££2) Pumps on _ Pumps tripped
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 7.97
0.15 10.70
0.20 _ 6.78
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QNITRAPZ NODE DESCRIPTION .

NODE. NUMBER ‘ DESCRIPTION
1,33 Reactor Vessel, Lower Plenum
© 2,34 o Reactor Vessel, Core
3,35 - Reactor Vessel, Upper Plenum
4,10 "~ Hot Leg Piping
5-7,11-13 - : Primary, Steam Generator
8,14 Cold Leg Piping
9,32 Reactor Vessel Downcomer
15 . _ Pressurizer
16,24 o Steam Generator Downcomer
17,25 Steam Generator Lower Plenum
18-20,26-28 Secondary, Steanm Generator
- 21,29 Steam Risers
22,30 Main Steam Piping
23 ' " Turbine
31 Containment

MINITRAP2 PATH DESCRIPTION
PATH NUMBER . DESCRIPTION
1,2 . Core .
45,46 Core Bypass
3,5,5,11,12,44 . Hot Leg Piping
6,7,13,14 : Primary, steam Generator
8,15 RC Pumps
9,16 Cold Leg Piping
10,43 Downcomer, Reactor Vessel
17 , Pressurizer Surge Line
18,19,26,27 ..~ _ Steam Generator Downcomer
20,21,28,29 : _ ~ Secondary, Steam Generator
22,30 "~ Aspirator .
23,31 : ~ Steam Riser
24,32 ) _— Steam Piping
25,33 A ~ Turbine Piping -
34,35 ' ' Break (or Leak) Path
36,37 HPI
38,39,43,44 ‘ , AFW
40,41 : Main Feed Pumps .
42 LPI . :
Table 3.1
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fimue 2-2. CRAFTZ NODING DIAGRAM FOR SMALL BREAKS

- (6 NODE MODEL)
&

_-{:@

W o

ol 7 -
Q_@ £ LEAK PATHS 8 & 9

p =
Node No. Identification Path No. Identification
1 PD Piping, DC, LP 1 Core
2 Primary SG 2 LPI
3 Core, UP, Hot Legs 3,10,11 HPI.
4 Pressurizer 4 Rot. legs
5 Containment 5 Pumps
6 Secondary SG 6 Vent Valve
- 7 Pressurizer
8,9

Leak & Return Path
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ATTACHMENT 3

GUIDELINES FOR OPERATOR ACTION




I‘

II.
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GUIDELINES FOR OPERATOR ACTION

'Introduction

Guidance for operator action, during both LOCA and non-LOCA évents, to
account for the impact of the RC pump trip requirement of IE bulletin
No. 79-05C, have been developed and are presented below. The general intent

of these additional instructions is as follows:

1. To establish the basis and criteria for a RC pump trip and
2. To identify plant conditions for which a restart of the RC Pumps, if

. tripped, is permissable.

Section VI provides the "Operating Guidelines for Small Breaks” updated to

include the 1mpact of the RC pump trip requ1rements These guidelines, in

general, apply to any abnormal event where a RCP trip is requ1red and will
be used as the basis for revisions to emergency operating procedures and

operator training.

Basis'and>Criteria for a RC Pump (RCP) Trip

B&W analyses of small Ioss-of-coo]ant accidents, with the RC pumps operative,

indicated‘that the primary_reactor coolant conditions evolve to high void

- fractions during the initial stageS-of}the transient when the system pressure

is still relativé]y high. The consequences of these postU]ated events'wifh
continouous RC pump operation are acceptable as effectlve core cooling is
maintained due to the forced circulation of reactor coolant For a certain
range of small breaks, however, a RCP trip (by any means such as loss of power

or operator actlon) at a time when the coo]ant void fraction is excess1ve1y

h1gh can lead to core uncovery and a potent1a1 for c]add1ng Lemperatures in

excess of 2200F.
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To preclude the potential consequence of an unt1me]y RCP tr1p, the RCP's
will be prompt]y shutdown when RCS conditions indicate a small break in
this size range may be in progress. This action ensures safe plant con-
ditions'as demonstrated by past-small break analyses, under Appendix K |

assumptions, wherein the RC pumps were assumed inoperative early during the

“transient.

In the interim, until design changes can be made to automate the RCP trip,
operating procedure will require that the operator trip the RCP's immediately
following ESFAS actuation due to Tow RC pressure (< 1600 psig). Table

1 outlines the general diagnostic and confirmatory actions which wi11,be
required in addition to other immediate actions in present procedures.

These immediate:actidns apply to any abnormal event which results in
automatic. ESFAS. actuation on low RC pressure and will be memorized by reactor .

operating personnel during tra1n1ng programs.

As indicated above, a prompt tr1p of the RC pumps is required in order to
maintain demonstrated conformance to 10CFR50.46. To provide good assurance

“that the operator will trip the RC pumps when required, the pump trip

criteria (low pressure ESFAS actuation) was chosen over other possible candidates
because it is a clear, simple, and early indication that a small LOCA may

be in progress. The visual indication and alarms in the control room f0110w1ng
ESFAS actuation also alert the operator to the status of the plant, and no
decision process or continuous mon1tor1ng by the operator is required to decide
that an RC pump- trip is necessary. With procedure changes consistent with

Table 1 and additional training, failure of the operate to 1n1t1ate an RC pump

trip when required is believed to be remote.




Table 1: IMMEDIATE ACTIONS REQUIRED FOLLOWING ESFAS ACTUATION

Criteria for RCP Trip

Upon automatic actuation of the ESFAS due to low reactor coolant system

pressure, RC pump operation shall be promptly terminated.

Immediate Action

A. Upon receipt of an ESFAS actuation (indicated via audiable and visual
alarms within the_contrel room) the operator shall immediately verify
that RC pressure is less than the Iow pressure ESFAS seteoint via
examination of wide range RC pressure instrumentation or ESFAS Trip
Status Indication, if available. |

B. If RC pressure is less tﬁan the low pressure ESFAS setpoint, RC pump

» operation shall be immediately terminated by manual depressing the in-
dividual RC pump trip switches in the control room.

NOTE: 1If the E$FAS has been actuated due to'high RB pressure,
the operator shall monitor RC pressure and trip the RC pumps

if pressure decreases below the ESFAS setpoint.

C. The operator shall immediately verify that the RC pumps are tripped by
 visual exam1nat1on of RC pump status indications (status 11ghts motor
current etc.).
D. Following a trip of the RC pumps, tberoperator shall verify that the
auxi]iary feedwater system has been actuated and that SG level is controlled
to the emergency high level control setpoint.to ensure establishment of

natural circulation.




III.

Criteria for RCP Restart

Plant control fdllbwiﬁg abnormal events, including small breaks, is
greatly improvéd if the RC pumps are operative. With forced-cfrcu-'
lation of reactor cooiant, the steam Qenerators and associatéd auxiliary
systems are more effective in removing the}primary system stored energy
and decay heat. The plant is also placed in a more "normal" mode of
operation where more familiar pressure/temperature control procedures
can be employed by operating personnel. Therefore, to compliment the
RC pump trip criteria provided in Section II, conditions under which an
RC pump restart is allowed have also been identified. These conditions
cover both LOCA and non-LOCA events and have been carefuily chogen to
preclude the development of excessive void fractions for small breaks

where an RC pump restart is allowed.

Table 2 lists the conditions under which a RC pump restart is allowed;

For each condition, typical events. for which they apply .and a brief

discussion of the basis for the ﬁc pump restart is.provided. It shou]d_be"
noted that a RC pump restart is not allowed unless feedwater is available

to at least oné-steamlééﬁé;étof;" A cross-reference to the appropriate

sections of the small break Quide]ines where-specific ihformation can be

found is also given. Furfhermore, the criteria given in Table 2 are

not new as each was previously issued in past small break guideline submittals.
B&W has reviewed the juidelines in light of the break size énd»system conditions
for which a RC.pump trip is required and has coﬁfirmed that the RC pdmp

restart guidance is still appropriate.

As indicated in Table 2, system repressurization and the establishment of

subcooled conditions are specified for use on non-LOCA events as criteria

for which a RC pump restart is allowed. For these abnormal events, restart

of the RC pumbé is recommended by B&W when the Pump Restart criteria is satis-

~ fied to aid in plant recovery and control. Emergency procedures'for non-




LOCA events, for which a RC pump trip may be initiated, w1]1 thus be

revised to 1nc1ude the pump restart criteria.
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CONDITION FOR WHICH 2,3
A PUMP RESTART IS ALLOWED

TABLE 2; RC PUMP RESTART CRITERIA !

TYPICAL EVENTS FOR : :
WHICH A RCP RESTART
IS ALLOWED

INSTRUCTION LOCATION
IN SMALL BREAK GUIDELINES
(SECTION)

DISCUSSION

Regain Coolant Subcooling

‘l. P-T conditions indicate
coolant is > 50F subcooled.

Repressurization

1. Stable or increasing
. pressure with PRCS >
. ‘ 1600 psig.

1. Small Leak

2. Small Break within
capacity of HPI sys.

3. Isolated Small Break

4. Non-LOCA Overcooling/
depressurizing event

5. Loss-of-0ffsite Power
Event

1. Small Break within capacity
of HPIS

2. Overcooling/Depressurization
event

3. Isolated Small Break

4.3.4.3.2

4.3.4.4.1

Following any reactor trip event during
which the RC pumps become inoperative
(Yoss of power due to natural causes/
equipment failures or due to a deliberate
trip initiated by the operator), the RC
pumps can be restarted if RC conditions
are stabilized and at least 50F of sub-
cooling is indicated for the existing P-
T state. If subcooled conditions are
indicated, the primary and secondary sys-
tems are directly coupled (ie, decay
heat removal via natural circulation);
and if a breach of the primary pressure
boundary is present also, the resulting
leak will be within the capacity of the
ECCS systems. The operator should restart
the RC pumps (1 in. each loop) return

to low SG Level control, and proceed with
a plant cooldown or maintain the plant
at hot shutdown if the initiating event
is correctable and a return to power
operation possible.

NOTE: The subcooling criteria will be
the principle indicator for a
RCP restart for non-LOCA events.

Certain small breaks will result in a
system repressurization due to momentary
loss of the SG as-a condensor for primary
system steam (ie, the HPIS is refilling
the system and a steam bubble is trapped
within the hot legs above the SG tubes
condensing surface). Small breaks which
produce this primary system behavior

are sufficiently small such that high
void fractions will not evolve if the

RC pumps are restarted. A RCP restart

is thus allowed; this action will equal-
ize primary and secondary pressures and
temperatures and couple the primary and
secondary systems such that an orderly
cooldown and depressurization of the RCS -
can be accomplished. Section 4.3.4.4.1
of the small break guidelines would
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TABLE 2 CONT'D : . -

CONDITION FOR NHICH2'3 : TYPICAL EVENTS FOR INSTRUCTION LOCATION DISCUSSION )
A PUMP RESTART IS ALLOWED WHICH A RCP RESTART . IN SMALL BREAK GUIDELINES :
IS ALLOWED (SECTION) .

apply to a very small break where a sys-
tem repressurization would occur early
(ie, prior to initiation of the second-
ary system depressurization). A RCP
“restart and resulting drop in the primary
system pressure to that of the second-
ary side may allow the HPIS to establish
a subcooled primary system. System
repressurization above the low pressure
*  ESFAS setpoint for non-LOCA events is
also an acceptable condition for an RC .
pump restart. In most cases, increasing . ‘
RC pressure will also tend to re-establish
the reactor coolant subcooled margin
which, as indicated above, is the principle
indicator for a RCP restart for non-LUCA
event. A pump restart, when system
pressure is above the ESFAS setpoint when
the 50F subcooled margin is not yet
established, is permissable since small
. breaks for which a RC Pump trip is re-
quired will not produce the system
behavior.

1

2. Increasing system pressure - Small Break 4.3.4.4.2 4.3.4.4.2 of the small break guidelines
vhere PRCS > + 600 (psig) applies during the cooldown process where
during cooldown process. . the secondary pressure has been manually

S : . reduced below norimal control (hot shut-
~ down) setpoints. A pump bump procedure

is stipulated. The. intent of this action .

is to mix the system so that steam can !

be condensed to allow a system refill. :

If a refill and subcooled conditions

are not established, the 600 psi decrease

in primary system pressure will prevent ’ ‘

high RCS void fractions with an RCP

restart per the guidance provided.

Final Transition to LPI

Cooling
Stablized pressure with Small Break ' - 4.3.4.4.3 For certain small breaks, a primary system
PSS< 100 psig and PRCS : refill may not be possible until low

. > 250 psig : primary system pressures are achieved.

N ) _ Complete depressurization may be

impeded due to steam trapped within the
upper hot leg piping. A bump of an RCP
will depressurize the RCS such that a
transition to LPI cooling per Appendix A
of the small break guidelines is 'possible




TABLE 2 CONT'D

NOTE: 1. An.RC Pump restart is allowed only if feedwater
- 1s available to at least one steam generator.

2. . Standard precautions to be observed prior to pump restart.

A. CCW has been maintained or will be reinstated prior to
starting the RC pumps.

B. Seal injection flow has been maintained to all RC pumps.

C. Seal return is maintained .or is reinstated prior to starting
pumps. :
D. Prcs >-250 psig. )

3. Emergency operating limits for continued pump operétion.
A. Shaft runout (vibration) shall not exceed 30 mils.

B. Frame vibration as measured on the lower motor mounting
flange shall not exceed 5 mils.

CONDITION FOR WHICH 2,3 o TYPICAL EVENTS FOR INSTRUCTION LOCATION DISCUSSION
A PUMP RESTART IS ALLOWED WHICH A RCP RESTART IN SMALL BREAK GUIDELINES '
IS ALLOWED (SECTION)

Continued operation of an RCP s also
allowed since the LPI system will elimi-
nate the potential for further increase
in the system void fraction.

Inadequate Core (_:ooling ‘ ‘ Small Break _ N/A Current considerations of the indications .

of and mitigating actions for inadequ-

ate core cooling may result in the potential
use of the RC pumps under certain condi-
tions. Criteria for use of the RC pumps,

if required, will be developed consistert
with the schedule requirement of Item 5
(short term) of 79-05C,
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Operating Guidelines for Small Break

- Part I and Part II of the "Operating Guidelines for Small Breaks" have

been revised to include the RC pump trip requirement of IE Bulletin 79-05C
and are attached. This information will serve‘as the basis for revisions

to emergency procedures and additional operator training.




Guidelines for Non-LOCA Events

Because of the broad spectrum of system conditions covered by the small

break guide]ines, the operator actions and precautions identified to bring

the plant to a long term cooling mode apply, in general, to any abnormal

event which results in a decrease in RCS pressure. The small break guidelines
will thus be utilized to update the emergency procedures for non-LOCA

events; at a minimum, the following pertinent sections of the small break

guidelines will be incorporated:

1. RC Pump Trip Criteria and SG Level Control actions to promote natural

circulation.
2. RC pump. Restart Criteria
3. HPI Control Criteria
4

. The need to monitor system subcooling limits.

The items will be‘suﬁplementedfby the additional instructions/precautions
to the effect that: ‘ v . | |
1. For non-LOCA events, a restart of the RC pumps (1 per 1oop).and termination
.of SG f111 is prudent to minimize system overcooling due to add1t1on of
cold AFW to the OTSG's.
Note: The establishment of a subcooled condition (>56F) is a clean
indication that a non-LOCA event or a LOCA for which a RCP tr1p
is not required is not in progress.
2. HPI should be: throttled, when 50F subcooling is established, to avoid a
pressurizer overfill.
3. During severe overcooling events, sufficient HPi water may be added, prior
to achieving a subcooled-condition (3_50F) and.e pressurizer level (on-

sca]e),.such that the system may evolve to water solid state when.

the RC temperature recovers to a hot shutdown comdition (~ 530F).




Operator action to control primary temperature (via secondary

steam pressure' control using the turbine bypass valves and/or atmospheric

dumps) may be required to maintain pressurizer level on scale.

NOTE: The Operating Guidelines For Small Breaks have been modified
to include Item 3 above.

With operator training in the post-LOCA recovery methods in conjunction
with modification of existing emergency procedures based on the small
break guidelines, plant recovery-and control can be achieved for any

abnormal event for which an RCP trip is required.




ATTACHMENT 4

AUTOMATIC RCP TRIP SCHEMATIC -




VITAL SOURCE A

VITAL SOURCE A -~
SOl .

CH.| BYPASS

( |
> TRIP | RCPA|

HPI CH.I TRIP
RCP Al LOW POWER
RCP Bl LOW POWER

> TRIP | RCPBI

————> TRIP 2 RCPA2

— 3  TRIP 2 RCPB2

| VITAL SOURCE B VITAL SOURCE B
. A ]

CH. 2 BYPASS r )
| N ' \L  [—> TRIP 2 TA NORM. FEEDER

HP! CH.2 TRIP o -
- .RCP A2 LOW POWER ——3{ AND '

_ - > TRIP 2 TA STARTUP FEEDER
RCP 82 LOW POWER ———-;«/

———> TRIP | TB NORM. FEEDER

—————> TRIP | TB STARTUP FEEDER

ATTACHMENT 4




