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1. INTRODUCTION

Prescnted here are the results of an analysis of hypothetical loss-of-
coolant accidents resulting from postulating small breaks in the reactor
coolant system of B&W's 177FA lower loop plants. B&W's ECCS Evaluation
Model as defined in BAW-10104% was used for the analysis. 4 ,/‘,7 "-'7'7”‘ '/“71’*"1'

Small breaks are defined as rptures of the reactor coolant system
with leak areas of 0.5 ft? or less. Break areas considered for this study
are: (1) 0.44 ft® CFT line break since it has the minimum ECC system ,
available to mitigate the LOCA, (2) 0.5 ft? break at the pump discharge as
it represents the transition break between the small and large break
wodels, (3) 0.04 ft? break at the pump suction which was shown to be the
most limiting small break in BAW-10052.°!

The current analysis of these breaks verifies the conservative nature
of the cladding temperature calculations presented for the same breaks in
BAW-10052 and BAW-10064". Therefore, the analysis contained herein, coupled
with the analyses of BAW-10052 and BAW-10064 provide an appropriate spectrum
of breaks for the evaluation of the effects of small leaks and the

demonstration of the ability of the ECCS to effectively control them.
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2. SUMMARY AND CONCLUSIONS

The various breaks analvzed in Section &4 of this report show that the
core remains covered throughout the transient. During the initial period when
the transient is flow controlled, sufficient flow is maintained such that CHF
does not occur and nucleate boiling heat transfer predominates. Since the
core remains covered by a mixture, pool film boiling will be maintained during
the quiescent period of the accident. This heat transfer mechanism is sufficient
to maintain the cladding temperature within a few degrees of the fluid saturation
temperature (Reference 4, BAW-10064). Therefore, for the maximum linear heat

7

rate covered by BAW-10103, the transient cladding surface temperature will

never exceed its initial value of 660_5l no metal water reaction will occur,

————

and the core geometry will remain coolable as no cladding rupture will occur.
Long term cooling is established as the HPI and LPI pumped injection systems

provide fluid in excess of the boiloff rate due to core decay heat. Thus the
five Acceptance Criteria in 10CFR50.46 are met.

The new modeling techniques used in the CRAF‘I‘22 analvses for the present
studies show improvement in the core performance when compared with the results
of the same breaks revorted in BAW-10052 and BAW-10064. Therefore. if all
the breaks reported in BAW-10052 and BAW-10064 were re-analyzed with the
present model, the same trend of improvement in core performance would be
realized. Thus, the present analyses in conjunction with the analyses of

BAW-10052 and BAW-10064 provide a suitable small break spectrum for demonstration

of compliance of the ECC system with the five Acceptance Criteria in 10CFR50.46.




3. METHOD NF ANALYSIS

The analysis uses the CRAFTZ2 code to develop the history of the reactor
coolant system hydrodvnamics. For small leak analvsis it is sufficient to
use smaller models than are used for large loss-of-coolant studies because
hydrod;namic responses are slow enough for simpler models to describe thea.1
The CRAFT model uses 19 nodes to simulate the reactor cooclant system, two nodes
for the secondary svstem, and one node for the reactor building. A schematic
diagram of the model is shown in Figure 4.1 along with the node descriptions.
Control volumes (nodes) in and around the vessel are all connected by a pair
of flow paths to allow the occurrence of counter-current flow. The break is
located in the cold leg piping efther at the lowest point in the pipe at the .
pump suction, or at a point opposed to the high-pressure injection nozzle
at the pump discharge, or in the core flood line joining the CF nozzle. The
Wilson, Grenda and Patterson3 average bubble rise model is used for all nodes.
Within the core region, however, a multiplier of 2.38 is applied to the calculated
bubble rise velocity. Section 5 of this report demonstrates that a multiplier
of 2.38 in CRAFT2 gives a mixture height within + 2% of that predicted by FOAH‘.
Thus, no FOAM analysis will be needed if the CRAFT2 gixture level remains above
the core by 22 of the active length. '

The following assumptions are made for conditions and system responses
during the accident:
1. The reactor is operating at 1027 of the steady-state power level of 2772 Mwt.
2. The leak occurs instantaneously, and a discharge coefficient of 1.0 is used

for the entire analysis. Bernoulli's equation was used for the subcooled

portion of the transient while Moody's correlation was used in the two

phase portion.
3. No offsite power is available.
4. The reactor trips on low pressure at 1900 psia.
5. The safety rods berin entering the core after a 0.5 second delay from the

time tiic reactor trip signal is reached.
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The reactor coolant pumps trip and coast down coincident with reactor trip.

One complete train of the emergency safeguards system fails to operate,

leaving two CFTs and only one high-pressure injection and one low-pressura
injection system available for pumped injection to mitigate the consequence

of a cold leg break. For the CFT line break, onlv one CFT and one high
pressure injection system is assumed available for providing ECC fluid

to the vessel.

The auxilliarv feedwater system {s assumed to be available during the tramsient.
It mainly removes heat from the upper half of the steam generator during the
initial stages of the transient. When the secondary side of the steam generator
becomes a source of heat to the primary system, the assumption of auxiliary
feedwater maximizes the energy that must be relieved.

ESFAS eignal error band is considered in the analysis to signal the actuation
of the HPI.

The CRAFT2 results obtained from the present analysis are sufficient to meet

the five Acceptance Criteria of 10CFR50.46 in that the core was always covered

by a two-phase mixture, hence no separate thermal analvsis is necessary for

cladding temperatures during the transient. If required, as in the case of

uncovery to within 0.25 feet above the active core (Ref. Section 5), the cladding
heatup can be calculated by the procedure outlined in Section 5.2.3 of BAW-10104A.
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4, RESULTS OF SMALL LEAK TRANSIENTS

This section presents a detailed evaluation of the three breaks considered

along with explanations of the phenomena involved.

4.1 Explanation of Curves

The following categorical explanations are provided to aid in under-
standing the parameters illustrated in the curves:

Core Power' This curve indicates the normalized thermal power

as calculated by CRAFT2.

Core Flow: This curve represents the total flow rates of core paths 1
and 2 of Figure 4.1, The curve shows flow rates mainly during the flow
controlled part of the transient.

Pressure: This i{s the pressure at the top of the core node as calculated

by CRAFT, The core node, in these analyses, includes the core, upper plenum,

e — e p—— s

uoper head, and the core b\pass.

T — e a—

Boil-Off Due To Decay Heat: The liquid boii-off rate is given in terms

of equivalent amount of HPI or HPI + LPI injection rate needed to dissipate

the core decay heat. Mathematically:

in

Where: hg = enthalpy of saturated steam at core pressure

Boil-off rate = (core decay hea: rate) (ks - h, )

hin = enthalpy of injected water

/~*i Inner Vessel Mixture Height: This curve shows the mixture height in the
core node as calculated by the CRAFT code. The lines spanning the curve
indicates the top of the active core, hot leg regions and the vent vaive region.
Core lLiquid Level: This curve, in contrast to that for the inner vessel
mixture height shows the effective core liquid height and volume with the lower
nlenum filled with a mixture at the void fraction calculated by CRAFT2. This
volume is representative of the liquid volume within the core node that would

be used to calculate the mixture height within the core.
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4.2 0.44 Ft’ CFT Line Break

The bresk is assumed to be at the CFT line nozzle joining the reactor

vessel and is limited in area to 0.44 ft2 by the nozzle insert in the CFT line.
Node 13 in Figure 4.1 {s the break node, and the analysis takes credit for one
CFT and one HPI1 pump.

Figures 4.2 and 4.3 show core power and core flow rate respectively.
Rapid initial depressurization (see Figure 4.4) causes reactor trip and start
of reactor coolant pump coastdown within the "irst secord. Flashing of system
liquid slows the depressurization while the steam generator continues to
remove energy from the primary coolant thereby helping to decrease the pressure.
The lower pressure limit of the ESFAS setpoint error band is reached by about
10 seconds which initiates main feedwater and steam line isolation procedures
and signals actuation of HPI. At about 40 seconds, the RCS pressure drops
below the secondary steam penerator pressure and heat removal to the secqndaty
side drops off sharply and becomes a source of heat to the primary causing
a slower depressurization. Svstem flow has degraded such that core flow is
predominately due to natural circulation and quiescent period of transient
begins. HPI system provides makeup starting at about 50 seconds aiding
depressurization., Core flood tank flow begins at 140 seconds aiding further
depressurization but the diminishing leak flow (Figure 4.5) slows the depres- 4
surization rate. The core flood tanks are emptied by about 500 ¢ :conds after
which the rate of depressurization is steady but very slow. Figure 4.6 is
a plot of HPI and total ECC water flow. Long term cooling is assured in that
by 850 seconds the HPI injection rate exceeds the boil-off due to core decay
heat. Figure 4.7 is a plot of core liquid inventory and mixture height.
[t shows that while much of the core ligquid inventory is depleted, the mixture
level predicted by CRAFT remains at a level where it iy able to spill into
the hot legs and, for most of the time, througk the vent valves. Svstem oscillations
are observed after 1120 seconds resulting in a decrease in core liquid volume
and vessel mixture height. These reductions will socon be overcome as the boil-
off rate {s alreadv exceeded by the injection rate and therefore will result
in an increase in the core liquid volume. No cladding temperature transient
will occur since the ccre {s alwavs covered with a mixture and the HPI injection

rate has exceeded the beil-off assuring long term cooling capability.
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4.3 0.5 th Split At Pump Discharge

The break is assumed to occur at the bottom of node 10 of Figure 4.1.
The analysis takes credit for two CFTs, one HPI pump and one LPI pump.

The core power, flow rate, pressure, leak rate, ECC water flow and core
fluid inventory history are shown in Figures 4.8 through 4.13 respectively.
RC pumps and reactor trips occur in less than a second. The HPI actuation
signal is received by about 10 seconds when the ESFAS setpcint on low pressure
limit is reached. The secondary becomes a source of heat to the primary when,
around 40 seconds, the SGC primary pressure drops below the secondary pressure.
The HPI and CFT flow begins by 45 and 109 seconds respectively. The salient
features of system depressurization for this break are similar to tho#e of
CFT liue break except in the present case, the initiation of LPI flow at 191
seconds results in a quicker termination of the transient. The combined HPI
and LPI injection rate exceeds its boil-off due to decay heat by 195 seconds
thus establishing long term cooling. No cladding temperature transient will

occur since the core is always covered by a mixture.

ﬁ;iﬂhQ{OQ_EE?.ngit At Pump Suction

The break is assumed to be at the bottom of node 9 of Figure 4.1. The
analysis takes credit for two CFTs, one HPI and one LPI pump.

Figures 4.14 through 4.19 show éore power, flow rate, pressure, leak rate,
HPI flow rates and core fluid inventory respectively. No CFT or LPI flow
occurred by the end of the analysis since the system pressure remained higher
than the CFT actuation pressure of 590 psi and remained higher than the dead
head pressure of the LPI. The reactor and R.C. pump trip occurs by about
15 seconds. The depressurization is slower in this case compared to the breaks
described previously due to very small size of the break resulting in a lower
leak flow. ESFAS setpoint limit on low pressure is reached by 46 seconds and
the HPI flow begins by Bl seconds aiding depressurization. The system pressure
is still above the secondary pressure and subcooled liquid prevails in the
steam penerator primary side due to the heat removal by the secondary side
of the steam generator. By 120 seconds, two phase mixture is realized in the

SG primary side slowing the system depressurization. The slow rute of depres-

surization continues even after the primarv side pressure drops below the secondary

side pressure at 770 seconds. The steam generator primary side in the broken

loop is filled with steam by 910 seconds. The pump suction nodes in the broken

4.3
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loop contain very little liquid mass after 910 seconds hence the rate of
depressurization increases due to the large volume of steam now discharging
through the break. The HPI flow rate exceeds the boil-off rate due to decay
heat by 1250 seconds, thereby establishing long term cooling. The core is
always covered with a mixture hence no cladding temperature transient will
occur.

In this particular transient, long term cooling is initially established
by use of one HPI pump. No LPI or CFT injection took place since the system
l pressure was above the injection actuation pressures. Thus, it is concluded
that for breaks less than or equal to 0.04 ft2 the HPI alone is capable of

matching decay heat boil-off and maintaining a liquid inventory sufficient

to preclude any cladding temperature excursions.
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5, PHASE DISTRIBUTICN MULTIPLIER FOR
THE CRAFT2 WILSON SEPARATION MODEL

The phase separation model available in CRAFT2 includes the option of
placing a multiplier on the bubble rise velocity cualculate! by the Wilson
model. Although this vel;city is based on the average mixture void fraction,
the use of a proper multiplier corrects it for expected non-uniformity in phase
distribution within the mixture. Because the mixture swelling is closely
tied to the bubble separation rate, varyving this mulrtip’ier zffectively
permits tuning the mixture height calculations. For small breaks then, this
multiplier can be adjusted so that the mixture calculated by CRAFT2 in the core
node matches that produced by the more detailed mixture swelling code, FOAM.
This, of course, would preclude the necessity of doing a FOAM analysis as
long as the mixture is above the core by an amcunt corresponding to the level
uncertainty.

A series of FOAM ilculations were made to determine the amount of liquid
necessary to just cover the core with a froth using the axial nover shaye
given in BAW~10076.6 Results were obtained for pressures ranging from 200
to 1200 psia with a core power of 2.13% and 4.26% of 2772 Mwt. The core
parameters used were those of 177 ¥A plants. Steady state CRAFT2 runs were
made using several different bubble rise multipliers for each combination of
power, pressure and associated FOAM core liquid volume. The equilibrium core
mixture heights calculated by CRAFT2 were noted. Figure 5.1 shows a plot
of difference in CRAFT2 and FOAM mixture height versus bubble rise multiolier
in CRAFT2, A multiplier of 2.38 as seen in Figure 5.1, produces a CRAFT2
mixture level within + 1,8% and - 2% of that calculated.by FOAM over the
range of parameters most likely to exist when core uncovering is a possibility
during a small break accident. Using a tolerance of + 2%, it is concluded
that ne FOAM analysis is need if the mixture height exceeds the active core
bv three inches (0.25 feet). If mixture height drops to less than 0.25 feet
above the core, the cladding heatup analvsis using FOAM results will be done
as outlined in Section 5.2.3 of BAW-IOIOA.S
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1. INIRODUCTION

Presented here are the results of an analysis of hypothetical loss-of-

coolant sccidents resulting from postulating srmall breake fo the reactor coolant
system of Crystal River 3. B&W's ECCS Evaluation Model as defined in BAW-10104

-

vas used for the analysis.

Srall breaks are defined as ruptures of the reactor coolant svater with
leak sreas of 0.5 ftz or less. Break areas consfdered for this study are:
(1) 0.44 ft2 CFT line break since it has the minirmur ECC syste= available to
mitigate the LOCA, (2) 0.5 ft2 bresk at the purp discharre as it represents
the transition break betveen the #rall and large break rodels, (3) 0.04 ftz
break at the pump suctfon which was shown to be the most limiting srall break
tn BAW-10052,1

The current analysis of these breaks verifies the conservative nature
of the cladding tenperature calculatfons presented for the sane breaks in
BAV-10052 and BAN-IOOSk‘. Therefore, the analysis contafned herein,coupled

vith the snalyses of BAW-10052 and BAW-10064 provide an aporopriate spectrum

of breaks for the evaluation of the effects of snall leaks and the dermonstration

of the ability of the ECCS to effectively control then,
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Z. SWPARY AND CORCLUSIONS

The varfous breaks analyred in Section & of this report show that the
core renains covered throughout the transient. During the initial period when
the transfent 1s flow controlled, sufficient flow {s nafntained such that CHF
does not occur and nucleate boiling heat transfer predoninatex, Since the
cora rersine covered by a rixture, pool film boiling will be maintained during
the quiescent perfod of the accident. This heat trensfer rechanism is sufficient
to maintain the cladding temperature within a few deprees of the fluid saturation
temperature (Reference &4, BAW-10064). Therefore, for the raxiru: linear heat
rate coverad by BAG-IO]OSZ the transient cladding surface te-perature will
never exceed 1ts initisl value of 660F, no ratal water reaction will occur, >
and the core geometry will rerain coolable ae no cladding rupture wi1ll occur.
Long tern cooling 1is established as the HPT and LPT purped Injection svstens
provide flufd in excess of the boiloff rate due to core decay heat. Thus the
five Acceptance Criteris in 10CFRS50.46 ave ret.

The new modeling techniques used in the CRM'TZz analyses for the present
studies show fmprovement i{n the core perforrance when compared with the results
of the sare breaks reported in BAW-10052 and BAW-10064. Therefore, if all
the breaks reported fn BAW-10052 and BAW-10064 wvere re-analvzed with the
oresent naodel, the same trend of {uwprovement {n core perforrance wouid be
realfzed. Thus, [the present analyses in conjunctfon with the analyses of
BAW-10052 and BAW-10064 provide a suitable srall break spectrun for demonstration
of compliance of the ECC systen with the five Acceptance Criterlia fn 10CFR50.%46.

s
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HETHOD NF ANALYSIS

The annlysis uses the CRAFT)z code to develop the history of the rea-tor

coolant syster hydrodynsrics. For arall leak auslysim 1t 1s sufficient to
use scaller rodels than are uced for large loss-of-cnolent studirs because
hydrodynacic reeponses are slow ensugh for sivpler rodels to describe them.l
iThe CPAFI wodel uses 19 nodes to si-ulate the reactor coolant syster:, two nodes
for the secondary system, and one node for the reactor building. A sche~atic -
disgran of the model {8 shown in Figure 4.1 along with the node descrlpﬁlonl- ,;51
Control volu-es (nodes) in end around the vessel are all connectcd by a pair
of flow pathe to allow the occurrence of counter-current flow. The break is
located in the cold leg piping efther at the lowest point f{n the pipe at the
punp suction, or st a point opposed to the high-pressure injection nozzle
at the pu~p discharge, or fn the core flood line jo>infng the CF nozzle. The
Wilcon, Grenda and Pattcrcon3 average bubble rise rodel 18 used for all nodes. g
Withfa the core regfon, however, a rultiplier oftlfjpﬂi- applied to the calculated ;?
bubble rise velocity, Section 5 of this report deﬁonstrateo that a multiplier
of 2.38 in CRAFT2 gives a mixture height within + 2% of that predicted by FOAH‘.
Thus, no FOAM analysis will be needed {f the CRA¥FT2 rixtrtc level recains above
the core by 2% of the actf{ve length. e,

The following assusptions are rade for conditions and syatem responses
during the accident:
1. The reactor {s operating at 1022 of the steady-state power level of 2772 Mwt.
2. The leak occurs instantaneously, and a diacharge cosfficient of 1.0 {s used

for the entire analysis. Bervoulli's equation was used for the subcooled

portion of the transfent while Moody's correlatfon vae used In the two

phase porrion.
). Ko offsite pover {s availasble.
4. The reactor trips on low pressure at 1900 psia.

S. The safety roda begin entering the core after a 0.5 second delagy from the

tiwe the reactor trip signal {s resched. .
'




The reactor coolant puwps trip and comst down cofncident wvith reactor trip.

One <5 -lete trein of the emcrgency safeguards system fafls to operate,

leaving two CFTs and only one high-pressure injection and one low-pressure
injection systex avaflable for prped fnjection to mitigate the conscquence

of a cold leg break. For the CFI line break, only one CFT and one high
pressure injectfon system {8 assured available for providing ECC fluid

to the vessel. -

The aurillfary feedvater systen is assured to be available during the transient
Tt mainly removes heat from the upper half of the stean generator during the
fnftial stages of the transient. When the secondary side of the steam generato
becoaes @ source of heat to the prinary system, the assu-ption of auxilfary
feedvater maxir{zes the energy that must be relfeved.

ESFAS signal error band {s considered in the analysis to sfgonal the actuatfon
of the HPI.

The CRAFI2 results obtained fror the present analysis are sufficient to meet

the five Acceptance Criteria of 10CFR50.46 i{n that the core was alvays covered

by & tvo-phase rixture, hence mo separate thermal analysis 1{s necessary for

cladding tecperatures during the transfent. If required, as {n the cuse of

uncovery to within 0.25 feet above the active core (Ref. Section 5), the cladding
heatup can be calculated by the procedure outlined in Section 5.2.3 of BAW-10104A.

.
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. &. KFSIILTS OF SMALL LEAK TRANSLIENTS

This mection presents a detailed evaluatfon of the three breaks considered

along with explanations of the phenomena finvolved.

£.1 BErplanation of Curves

The following categorfical explenations are provided to aid in under-
stending the parameters f{lluctrated fn the curves:

Core Power: This curve fndfcates the normalized thermal power
as calculated by CRAFI2.

Core Flow: This curve represents the total flow rates of core paths 1
end 2 of Figure 4.1, The curve showe flov rates mainly during the flow
controlled part of the transfent.

Pressure: Thie is the pressure at the top of the core node as calculated
by CRAFT. The core node, fn these analyses, fncludes the core, upper plenun,
apper head, and the core bypass.

Poil-Off Due To Decay Hest: The lfquid boil-off rate i{s gfven in terms
of equivalent amount of HPI or HFI 4 LPI injection rate needed to di{ssipate

the core decay heat., Mathenatically:

Soil-of f rate = (core decay heat rate) (h. - hin’
Vhere: h. = enthalpy of saturated steam at core pressure

hiu = enthalpy of infected water

inner Vessel Mixture Hafpht: This curve shows the mixture hefght in the
core node as calculated by the CRAFT code. The lf{nes spanning the curve
fndfcates the top of the active core, hot leg regfors and the vent valve regfon.
Core Liquid Level: Thfs cucve, in-contrast to that for tha fnner vessel.
mixture hefght shows the effective core 1fquid hefght and volume with the lover ?
plenun f{lled with a e(xtu;;dat chérvofd fr#étlon,c;lculnted by CﬁAFtéé This
) |

volune {s representative of ihe liqufd voluze within the core node that would |
|

J
/

&
t;'

be used to calculbte the mfxture hefght within the core.
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o2 oure? CFT Line Br.

The breask fs assu-ed to be at the CF1 .- _ oining the reactor
vessrl snd s 1i~fted In ares to 0.44 ftz by the Y0%iz fosert fn the CFT line.
Kode 13 fo Figure 4.1 1s the break node, and the analysis takes credit for one
CFT nd one HPI purp.

Figuces 4.2 ond 4.3 ghow core pover and core flos rate respectively.

Rapid fnitial depressui’ ation (see Figure &4.4) causes reactor trip end start
of reactor coolant purp coastdown within the first second. Flashing of systen
1iquid alows the depressurization vhile the steam generator continuas to
revove energy from the primary coolant thereby helpine to decrease the preseure,
The lower pressure 1f{mit of the ESFAS setpofnt error baud {s reached by sbout
10 geconds which fnitiates rain feedvater and stean 1ine f{solatfon procedures
and sfgnale actuatfon of KPI. At sbout 40 seconds, the RCS pressure drops
below the secondary stean generator pressure and heat removal to the secondary
side drops off sharply and becores & source of heat to the primary causing

& slover depressurfzatfon. Syatem flow has degraded svch that core flow is
prrdominetely due to natural cfrculatfon and qufeszcent perfiod of transient
begias. HPI systerm provides makeup starting at about 50 seconds aidiog
deprescrurizatfon. Core flood tank flow begine at 140 seconds afding further
depressurfzatfon but the dicinishing leak flow (Figure 4.5) slows the depres-
sur{zation rate. The core flood tanks are enptied by ahout 500 seconds after
vhich the rate of depressurfszatfon {s steady but very slow. Figure 4.6 is

8 plot of HPI and total FCC water flow. Long term cooling fs assured ia that
by B850 seconds the HPI {njectfon rate exceeds the bofl-off due to core decay
heat. Figure 4.7 {e a plot of core 1iquid fuventory and mfxture heighe.

It ahows that while much of the core 11quid inventory fe depleted, the mixture

level predicted by CRAFT rermains at a level vhere ft ¢ able to spfl]l into
the hot legs and, for wmost of the time, through the vent valves. System oscfillat{os
acre obscrved after 1120 seconds resulting fn a decrease {n core liquid volire

and vessel mixture hefght. These reductfons will soan be overcore as the boil-

off rete is alrendy exceedod by the fnjection rate and therefore will result

in en focrease In the core liquid volume. No cladding temperature transfent

vill occur afnce the core {s alvays covered with a mfxture and the .PI injection

rate has exceeded the bofl-off assuring long term covoling capabilicy.




4.3 0.5 Fe’ spife At Purp .. charge
The break s asasured to occur at the bottom of node 10 of Figure 4.1.

The snalysis takes credit for two CFTs, one HPI purp and one LPI pump.

The core power, flow rate, pressure, leak rate, ECC vater flow and core
{luid faventory history are shown in Figures 4.8 through 4.13 respectively.
RC pusps and reactor trips occur in less than a second. The HPI actuation
aignal {8 received by about 10 geconda when the ESPFAS setpoint on low pressure
1twit s reached. The mecondary beccores a source of heat to the primary when,
around 40 seconds, the SG prirmary pressure drops below the secondary pressure.
The HPT and CFT flow begins by 45 end 109 seconds respectively. The salient
featutes of ayatem depressurizatfon for this break are simflar to those of
CFT line break except in the present case, the initiatfon of LPI flow at 191
seconds results 1o a quicker ternination of the transient. The corbined HPL
and LPI injection rate exceeds its boil-off due to decay heat by 195 secondes
thus establishing long terr coolfng. No cladding terperature transient will

occur =ince the core is alvays covered by a nixture.

525,,0.0§_gtf_5p11t At Pump Suctfon

Ihe bresk 18 assumed to be at the botton of node 9 of Figure 4.1. The
analysis takes credit for two CFIs, one HPFT and one LPT pump.

Figures 4.14 through 4.19 show core power, flow rate, pressure, leak rate,
HPI flow rates snd core fluid fuventory respectively. No CFT or LPI flow
sccurred by the énd of the analyuls since the system pressure remained higher
than the CFT actuatfion pressure of 590 psi and re=ained higher than the dead
head pressure of the LPI. The reactor and R.C. pump trip occurs by about
15 seconds. The depressurizatfon {s slower in this case corpared to the breaks
described previously due to very small sfze of the break resulting fn a lover
lesk flow. ESFAS setpoint l{mit on low pressure is reached by 46 seconds and
the HPI flow begins by Bl seconds aiding depressurfzation. The system pressure
is st1ll sbove the mecondary pressure and subcooled lfquid prevails in the
steam generator prieary sfde due to the heat tccowllvby the secondary side
of the stean generator. By 120 seconds, two phase mixture {s realfzed in the
80 primary side slowing the systes depressurfzatfon. The slow rate of depres-

gurfzation continues even after the primary side pressure drops below the secondary

side pressure st 770 seconds. The steam generator primary side in the broken

loop s filled vith stesz by 910 seconds. The pusp suctfon podes iIn the broken




Yoop contain very little liquid rass after 910 seconds hence the rate of
depressurization fncrenses due to the large volume of steam now J(achurging
through the break. The HPI flow rate exceeds the boil-off rate due to decay
heat by 1250 seconds, therehy establishing long term cooling. The core 1is
alvays covered with a rnixture hence no cladding terperature transient will
occur,

In this particular transfent, Jong terr cooling fs fnftislly established
by use of one HPI purp. No LPI or CFT injection took place siuce the systen
pressure wae above the Iinjection actuation pressures. Thus, {1t is concliuded
that for breaks less than or equal to 0.04 ftz the HPI alone is capable of
matching decay heat boil-off and raintainiag & liquid inventory sufficient

to preclude sny cladding tetverature excursions.
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S. PHASE DISTRIBUIION MULTIPLIER FOR
THE CRAFT2 WILSON SPEPARATION MODEL

The phase separation model available in CRAFT2 includes the option of
placing a multiplfer on the bubble rise velocity calculated by the Wilson
uodel. Although this velicity 1s based on the average mixture void fraction,
the use of a proper multiplier corrects 1t for expected non-uniformity in phase
distribution within the mixture. Because the mixture svelling {s closely
tied to the bubble separation rate, varying this rultiplier effectively
perits tuning the wixture height calculatfone. For small breaks then, this
multiplier can be adjusted so that the mixture calculated by CRAFT2 in the core
node matches that produced by the more detatled mixture swelling code, FOAM.
This, of course, wvould preclude the necessity of doing a FOM analysis as
long as the mixture {s above the core by an arount corresponding to the level
uncertainty.

A series of FOAM calculations were made to deterzine the ampunt of liquid
necessacy to just cover the core with a froth using the axisl power shape
given {n BM-‘-IOO?L.6 Results were obtained for pressures ranging froe 200
to 1200 psis with a core powe' of 2.13% and 4.26% of 2772 Mwt. The core
paraceters used vere those of 177 FA plants. Steadv state CRAFI2Z runs were
made using se.oral differeat bubble rise multipliers for each cocbination of
power, pressure and assocfated FOAM core lfquid volume. The equilibrium core
mixture heights calculated by CRAFI2 were noted. Figure 5.1 shows a plot
of difference {n CRAFT2 and FOAM mixture height versus bubble rise wultiplier
in CRAFT2. A oultfplier of 2.38 as seen {n Figure 5.1, produces a CRAFT2
afxture level within + 1.8% and - 2% of that calculated by FOAM over the
range of paraneters most l{kely to ex{st when core uncovering is & possibility
durf{ng a snall break accident. Usfng a tolerance of + 2%, it 1s concluded
that no FOAM analysfs s need {f the mixture hefght exceeds the sctive core
by three inches (0.25 feet). TIf mixtucre height dropm to less than 0.25 feet

}
ebove the core, the cladding heatup analysis using FOAM results wi{ll be done
5

as outlined fn Section 5.2.3 of BAW-10108.
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SHALL BREAE ANALYSIS OF 177 FA LOVERED LOOP PLANTS

The CRAFT model used In these analyres is shown in Figure 1. The model

e —————

Is designed specifically to hanile the scall hreak LOCA. Coatrol volu.".""/tﬁ ,,,(0_(

e ————
and around the vescel are all coanected by a palr of flow paths to allow
the orcurcence of countercurrent (low. Phase separatfion vithin esch control
volume 18 corputed using the Wilson, Crenda, and Patterson average hubble m

terminal velocity correlation. Within the care regfion, hnvever, a nultiplfor
of 2__.19__(: #xplied to the calculated budbble rise velocityv., A cooparison analveir
has shown that a multtlpfler of 2.38 in CRAFT zives a4 mixture heighe vithin ( 5’\
+ 21 of that predicted by FOAM, Thus no FORM anniveis will be needed if che
CRAFT rirxture level remnlns above the care by Z% of the active length.
Calculations were perforred for the following breaks: /2\‘
1. CFT Lime Z2rask (0.44 !t:): This case results ln ninirum 00 wsvien
avatlable to mitigare this relatively large, small LOCA.
2. 0.3 {t.;, Spllc Type Bresk At Pump Iischarge: This case was cdosen
4% 1x represears the transitfon break Lerveen the srall ané Owe Lempe
brass =ySeliy.
3. G.6C 147 2plit Type Break Ar Tomp Sustlon:  Thie cazee wae ceporowd

as e et 1inviting w=2all bLreak In BAN-INDSZ.

The srater feasnnes 3o each rase have shown thst during the initlal
perivd shen The Trassient s flov crmtrolled, sa®Ficient flm ic maiatatined

wuch that CHF Joes not eccwr, end nucleate bofline heat tranafor predozin=trx .,



Since the core vwewites rwveted by the wmixture for the rexsioder of che Cravasent,

poal file dollRag wid) be maintained. This hest cressfer mechanisw is aefficfene

to keep the eladeirg aemrrature within a few depvees of the flutd serura-tan

tesperature. Therelore, the tran=fent rlad tempersture will never excced frx

initial valoe, @3 coersl water resction will occur, mnd the core geou=try wii

rezain coolable as s cirdding rusture will occwur. Tonz torm coaling iz 2lse

established ax rhw M7 Sniection rate is shown 2o svantually excend the Lofl

Off dua teo can. acwr Zast, Thus, the acoeptance critecia of 10CFRSD.46 are

cet.

A brief SprrvSpvine of sach case 18 now SesrryiVed be low:

I. C¥FI SSue Iwask:

Tae boask Y€ acowrad to be at the CiT lioe avzrle lolatag cwe

BV &02 3¢ Alslted {n area to 0.44 fcz by the norzle tasert im the </,C)

OFT Jive. e iS5 in Figure 1 {8 the break node, and the snulivais

taked vl Yoo one OFT and one HPI pPETI.

Figuse J ghoers the synten vrasgura Jistoary durlng Dw s dises

T e

Figeoe ¥ onewz lesk rate thru the break, and Figure 4 1¢ & awse ad

Pl and fatel 00

rv

Lok bailied

water flow. Long term conling ls avsured 2w then

Lar o core decay hest §s exipanded by the %I Zalseina:

rate iy 850 eeconds. Floure § 1e a it of cora Hguld Investurs and

2ixdore Edodrs.

T shows thst vhile ruth of the core Mguid iwmeinarey

In dnplivet, Yae mirture level predicted by CATT reémafne «Z & Lecel

vhere 1€ 3= &t

through the vent

>
.

¥
"

0 spiil frto the Lot leys and, for saag of et~ T

valves. Systor oselliati{ons are cdgecved alemr LOUY



secsnds vexultiag {n a decreave {o cury figuid volume and vesael
eirture hieSight. These temporal pevtusbstions will so0n e seecrare
as the ¥+ ¥ rate i already exceedfs s ¥y the Infectiom 55 snf
therafs »3 30 vasnlt i!; an Increase Im 1% zore liguid voluse. Np
clad tamperature transfent will occur «Inoe the zore is alvarce

covered with @ »izture and the NPT tafecctan has exceedad the ALl aQ¥E

assuring a Jang rers cooling.

0.05 £¢2

Sod4X & Purp Dilscharges

The hovok {2 sssured to be at the Settwn of node 10, The
anaivsis akes rredit for two LFT, nae 9L puep and one LPIL D .

The sretav preceure, leak rate, E0C sater flov and core Sluté
laveatory history are shown in Filigures &, T,4 and 9 respectivelw .
The cosre 1s Alvaws covered by a rivoure wved the hafl off Jue o
decay heat le snceeded by the @1 3 159 imlertion by 19N socaade chuc
establishing long tern coaling.
0,04 112 Felie 3¢ Punn Svctions
Dz brnnk {6 asav-od to he 22 r5e Deidse of made 9. The
enniveliy Tuker credit for gwe LFTs, zae EFPT aod ooe LPT puno .,

o Flowee WL11,12 & 13 showve srvten qtnssure, leak rate,
core Ululd lwwesatury history and HPT wntesr Floaw rates respectively,
The tawe Ls always coveced by 2 miniore 37 the boil ofF Jus eo dow

I250 seconds, Ind' rsrine

heat f& etewrdes by the §P1 flow rate by

AN £5TAT LN dwmaer of losx rerne cagling.,



I this particular transient, loay term cooling Is Initially
established by use of one HPI purp alone. No LPI and/or CFT
fnflection took place since the systenm pressure vas ahove the injection
actuation pressures. Thus for breaks less than or equal to 0.04 ftz
the WL system alone is capable of zatching decay hest boll off and
valntalolog a suitable lfiquid {oventory to preclude any cladding

temperature excursfons,

e ——
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