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Dear Mr. Vrirca: ,, - ^

/Attached is additional ECCS small. break analysis for B&W's 177 Fuel
Assenbly Lowered-Loop IiSS. This ant)1ysis is in accordance with the srall
break nodel as approved in BAW-101_0hA, Rev. 1, "B&W's ECCS Evaluatior

f ._,Model," !! arch 1976.
,, - ) ,7, 1.,,i ,,'w{ ( / bl . (

,- _ . . --

Thin analysis was requested by letters frori J. F. Stol: to K. E. Suhrke,
February h ,1976, and from D. F. Ross to K. Ej'2Suhrke, March 22, 1976 in
connection with the review of BAU-10103, Rev. ,"EUgSAnalysisofB&W's '

177-FA Lowcred-Loop !!SS." The other analysis (.5 ft with large break model), i cc4 *"
_

F('[ ' f
requested in Mr. Stol:'s letter was submitted to you on October 8, 1976. <

This small break analysis predicts results well below the acceptance criteria;
of 10CFR50.h6.

This submittal completes B&W's response to all_the Staff's. questions on
BAU .1.0103 Rev. 2. Follovir.g your review, these analyses will be incorporated

.

1

into BAU-10103 If you have questions concerning this matter, please feel f

free to contact Henry A. Bailey (Extension 2678) of my staff.
|

Very truly yours .

~
.f,;-y, Jo

Kenneth E. Suhrke
!!anager, Licensi,ng

KFS:HAB:de
Attachment

cc: H. B. Borsun (B&W)(2)
Thonas H. Iiovak
Zoltan R. Rosstoczy (!!RC) /
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1. INTRODUCTION
,.

l.
I

l-,

Presented here are the results of an analysis of hypothetical loss-of-
coolnnt accidents resulting from postulating small breaks in the reactor,

coolant-system of B&W's 177FA lower loop plants. B&W's ECCS Evaluation ;[

was used for the analysis, dh: 5'YModel as defined in BAW-101045 " " ''
;

Small breaks are defined as ruptures of the reactor coolant system,

with Icak areas of 0.5 ft' or less. Break areas considered for this study
2are: (1) 0.44 ft CFT line break since it has the minimum ECC system

g.

' 2availabic 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
models, (3) 0.04 f t break at the pump suction which was shown to be the !

#

Imost limiting small break in BAW-10052.1 '

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

p
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. SU M RY AND CONCLUSIONS

The various breaks analyzed 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 naximum linear heat
rate covered by BAW-10103[ the transient cladding surface temperature will

never exceed its initial value of 660F_, 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 HP1 and LUI ou ped 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 nodeling techniques used in the CRAFT 2 analyses for the present
studies show improvement in the core perfornance when compared with the results
of the same breaks reported in BAV-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.

,
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3. METHOD OF ANALYSIS *

The analysis uses the CRAFT 2 code to develop the history of the reactor
coolant system hydrodynamics. For small leak analysis it is sufficient to

use smaller models than are used for large loss-of-coolant studies because
hydrodynamic responses are slow enough for simpler models to describe them.
The CRAFT model uses 19 nodes to simulate the reactor coolant system, two nodes
for the secondary sys tem, 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 either 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 Patterson 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 CRAFT 2 gives a mixture height within i 2% of that predicted by FOAM .
Thus, no FOAM analysis will be needed if the CRAF,T2 mixture level remains above
the core by 2% of the active length.

i i

The following assumptions are made for conditions and system responses
4

during the accident:

1. The reactor is operating at 102% 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.

i 5. The safety rods begin entering the core af ter a 0.5 second delay from the -

time the reactor trip signal is reached.

I
'

.

.
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6. The reactor coolant pumps trip and coast down coincident with reactor trip.
7. One c'omplete train of the emergency safeg'2ards system fails to operate,

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

of a cold leg break. For the CFT line break, only one CFT and one high -

pressure injection system is assumed available for providing ECC fluid

to the vessel.

8. The auxilliary f eedwater system is assumed to be available during the transient.

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.
9. ESFAS signal error band is considered in the analysis to signal the actuation

of the HPI.

The CRAFT 2 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 analysis 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 p'rocedure outlined in Section 5.2.3 of BAW-10104A.

i

,
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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 catecorical 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 CRAFT 2.

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 is the pressure at the top of the core node as calculated

by CRAFT. The core node, in these analyses, includes the cor_e, . upper plenum _, , li'

upper head, and the core bypass. '

~ -- ,

Boil-Off Due To Decay Heat: The liquid boil-of f rate is given in terms

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

the core decay heat. Mathematically:

Boil-off rate = (core decay het: rate) (h -hg)
tihe re: h = enthalpy of saturate d steam at core pressure

enthalpy of injected watert =

,p f Inner Vessel Mixture Heicht: 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 valve region.

Core Licuid Level: This curve, in contrast to that for the inner vessel

mixture height shows the effective core liquid height and volume with the lower

nienum filled with a mixture at the void f raction calculated by CRAFT 2. This -

volume is representative of the liquid volume within the core node that would

be used to calculate the mixture height within the core.

.

4.1
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4.2 0.44 Ft CFT Line Break .

c

The break is assumed to be at the CFT line nozzle joining the reactor;
i 2 i

'

vessel and is limited in area to 0.44 ft by the nozzle insert in the CFT line.

Node 13 in Figure 4.1 is the break node, and the analysis takes credit for one ;

CFT and one HPI pump, i

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

I of reactor coolant pump coastdown within the first secor.d. Flashing of system

| liquid slows the depressurization while the steam generator continues.to

remove energy from the primary coolant thereby helpine to decrease the pressure.
I 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 generator pressure and heat removal to the secondary
side drops off sharply and becomes a source of heat to the primary causing

'

a slower depressurization. Systen 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) slovs the depres- -

! surization rate. The core flood tanks are emptied by about 500 s econds af ter j
i

|I 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-of f due to core decay [
,

heat. Figure 4.7 is a plot of core liquid inventory and mixture height. !

IIt shows that while much of the core liquid inventory is depleted, the mixture ;

level predicted by CRAFT remains at a level where it is able to spill into f
-

i the hot legs and, f or most of the time, through the vent valves. System oscillations !
I

are observed after 1120 seconds resulting in a decrease in core liquid volume j
and vessel mixture height. These reductions will soon be overcome as the boil- [
off rate is alreadv exceeded by the injection rate an'd'therefore will result |

I '

| in an increase in the core liquid volume. No cladding temperature transient- !

will occur since the ccre is always covered with a nixture and the HPI injection j

rate has exceeded the boil-off assuring long term cooling capability.
-

;

|
*
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4.3 0.5 Ft 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 setpoint on low pressure
limit is reached. The secondary becones a source of heat to the primary when,
around 40 seconds, the SG 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 those of

CFT line 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.

4.4 0.04 Ft Split 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 RPI and one LPI pump.
Figures 4.14 through 4.19 show core 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 ptessure 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 81 seconds aiding depressurization. The systen pressure
is still above the secondary pressure and subcooled liquid prevails in the
steam renerator primary side due to the heat removal by the secondary side
of the steam sencrator. By 120 seconds, two phase mixture is realized in the
SG primary side sicwing the system depressurization. The slow rate of depres-

surization continues even af ter the prinary 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 af ter 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 es tablishing long term cooling. The core is
always covered with a nixture hence no cladding temperature transient will
occur.

In this particular transient, long term cooling is initially established
by use of one llPI pump. No LPI or CFT injection took place since the system
pressure was above the inj ection actuation pressures. Thus, it is concluded

that for breaks less than or equal to 0.04 f t the HPI alone is capable of

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

to preclude any cladding temperature excursions,

i
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Y 3''W5. PHASE DISTRIBtTIION MULTIPLIER FOR4

THE CRAFT 2 WILSON SEPARATION MODEL
~ ' '

'

,

| The phase separation model available in CRAFT 2 includes-the option of

placing a multiplier on the bubble rise -velocity calculated by the k*fison
p ,

..

model. Although this velJcity is based on the average mixture void f raction,

the use of a proper nultiplier corrects it Lfor expected non-uniformity in phase

distribution within the mixture. Because the mixture swelling is closely- ',}s
s

tied to the bubble separation rate, varying this multiplier > effectively i
'

s

i permits tuning the mixture height calculations. For small breaks then;s this
. '+ i

multiplier can be adjusted 'so that the mixture calculated by CRAFT 2 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 mixtu're is above the core by an amcunt corresponding 'to the level
!

uncertainty.>

,
,

A series of FOAM calculations were made to determine the amount.of., liquid-

necessary to just cover the core with a f roth using tihe axial,pover shape
given in BAW-10074.6 Results were obtained for pressures ra'nging 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 FA plants. Steady state CRAFT 2 runs were

t

; made using several dif ferent bubble rise multipliers for each combination of.
, .

.
. ;

power, pressure and associated FOAM core liquid volume. The equilibrium core
i

. ,

"mixture heights calculated by CRAFT 2 were noted. Figure 5.1 shows a plot
of dif ference in CRAFT 2 and FOAM mixture height versus bubble rise [ndiciplier . s

in CRAFT 2. A nultiplier of 2.38 as seen in Figure 5.1, produces a CRAFT 2 '

,

{ mixture IcVel within + 1.8% and - 2% of that calculated,by FOAM over the s
/

| range of paraneters most likely to exist when core uncovering is a possibility ~
,

{
during a small break accident. Using a tolerance.of + 2%, it is concluded

! that no FOAM analysis is need if the mixture height exceeds the active core !;

! by three inches (0.25 feet)'. If mixture height drops to less than 0.25 feet

! above the core, the claddinc heatup analysis using FOAM results will be done ( ,

as outlined in Section 5.2.3 of BAW-10104.5
'

,
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1. INTRODUCTION

Presented here are the result 9 of an analysis of hypothetical loss-of-
coolant accidents resulting frcst pos tulating snail breaks in the reactor coolant
systers of Crystal River 3. B6U's ECCS Evaluation Model as defined in BAW-10304

~

was used for the analysis.

Sna11 breaks are defined as ruptures of the reactor coolant fiysten with
leak areas of 0.5 f t or less. Break areas considered for this study are:

2(1) 0.44 ft CFT line break since it has the nininue ECC syste; available to
2

mitigate the LOCA, (2) 0.5 f t break at the pur.p discharre as it represents
2

the transition break between the scall and large break nodels, (3) 0.04 f t

break at the pu::sp suction which was shown to be the nost liniting sna11. break
in BAW-IOOS2.1

The current analysis of these breaks verifies the conservative nature

of the cladding tenperature calculations presented for the satie breaks in

BAV-10052 and BAU-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 snall Icaks and the denonstration

of the ability of the ECCS to ef fectively control then.
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2. St0 MARY AND CONCLUSIONS

The various breaks analyred in Section 4 of this report show thnt the
core rennins covered throughout the transient. During the initial period v' hen
the transient is flow contro12cd, sufficient flow is nointained such that CHF
does not occur and nucleate boiline. heat t ransf er predominate =. Since the

core recains covered by a cixture, pool filn boiling vill be naintained during
the quiescent period of the accident. This heat transfer rechanian is sufficient
to ciaintain the cladding temperature within a few degrees of the fluid saturation

ter:p era t ure (Reference 4, BAW-10064). Therefore, f or the nexti tr. linear heat

rate covered by BAW-10103[ the transient cladding surface to: perature vill

never exceed its initial value of 660r, no cetal vater reaction vill occur, ,

and the core geonetry vill rermin coolable as no cladding rupture vill occur.

1.ong tern cooling is established as the HPI and LPT pu: ped injection systems

provide fluid in excess of the boiloff rate due to core decay heat. Thus the

five Acceptance Criteria in 10CFR50.46 are ret.

The new r.odeling techniques used in the CRAFT 2 analyses for the present

studico show improvement in the core periotrance when co . pared with the results
of the sar e breaks reported in BAW-10052 and BAW-10064. Therefore, if all

the breaks reported in BAW-10052 and BAW-10064 vere re-analyzed with the
cresent nodel, the sane trend of improvement in core perforeance would be

realfred. Thus,|the present analyses in conjunction with the analyses of
BAW-10052 and BAW-10064 provide a suitable nr.n11 break spectrurs for demonstration
of compliance of the ECC sys tem with the five Acceptance Criteria in 10CFR50.46.
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t METil?D OF ANALYSIS
*

<

7

The analysis uses the CPAFT2~ code to develop the his tory of the reactor
coolent sys ten hydrodynonics. For anall Icak analysin it is sufficient to

use scaller t:odels than are u+.ed for large loss-of-enolant studies because

hydrodynscic responses are slov enough fot sic:pler codels to describe them.
The CPAFT model uses 19 nodes to simula te the reactor coolant systen. two nodes
for the secondary sys tem, and one node for the reactor building. A schenatic

diagran of the nodel is shown in Figure 4.1 along with the node descriptions. l //jw7-

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 either at the lowest point in the pipe at the

pu=p suction, or at a point opposed to the high-pressure injection nozzle

at t h e p u'? diocharge, or in the core flood line joining the Cr norrle. The
Wilson, Grenda and Patterson average bubble rise codel is used for all nodes. [
Within the core region, hwever, a cultiplier o(f 2.38 is applied to the calculated 2

-

~_- ,

bubble rise velocity. Section 5 of this report demonstrates that a r.ultiplier

of 2.38 in CRAFT 2 gives a nixture height within + 2% of that predicted by FOAM .
_

nus, no FOAM analysis vill be needed if the CRAFT 2 nixture level recaing above
s-

the core by 2% of the active length. t

The following nsou=ptions are rade for conditions and system responses
during the accident:

1. The reactor is operating at 102% of the steady-s tate power level of 2772 Mvt.
2. ne lenk occurs instantaneous 3y, and a discharge coefficient of 1.0 is used

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

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

phane port ion.
'

3. No of fsite power is available.

4. The reactor trips on low pressure at 1900 psia.

5. The safety rode begin entering the core nf ter a 0.5 second delay frocs the
time the reactor trip signal in reached. '

!

- .

| 3.1
.

!
i

.
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6. The reactor coolant pirms trip and coast down coincident with reactor trip.
7. One replete train of the energency safeguards systen fails to operate,

leaving two CFTs and only one high-pressure injection and one Iow-pressure
injection systec: available for pt'nped injectf on to mitigate the consequence
of a cold Icg break. For the CFT line break, only one CFT and one high
pressure injection systen is assumed available for providing ECC fluid
to the vessel.

.

8. The auxilliary icedvater systen is assuced to be available during the transientc
It mainly renoves heat from the upper half of the steam generator during the
initial stegen of the t ra nsient . When the secondary side of the stean generatoD
becoaes a source of heat to the prinary systen, the asatcption of auxiliary
feed. tater maxir.f zes the energy that must be relieved.

9. ESFAS signal error band is considered in the analysis to signal the actuation
of the RPI.

The CRAFT 2 results obtained from the present analysis are sufficient to acet
the five Accep tance Criteria of 10CFR50.46 in that the core was always covered
by a two-phase r.ixture, hence no separate thernal analysis is necessary for
cIndding teeperatures during the transient. If required, as in the case of

uncovery to within 0.25 f eet 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. }JUfL'IS OF Sf'ALL LTAR TRANSITNTS.

a

This section presents a detailed evaluation of the three breaks considered

along with explanations of the phenomena involved.

i. . I Explanetion of Curves

The following categorical explanations are provided to aid in under-

standing the paraneters illustrated in the curves:

Core Pover: This curve indicates the nomalf red thernal power

as calculated by CRAFf 2.
Core Flow: This curve represents the total flow rates of core paths I

and 2 of Figure 4.1. The curve shows flow rates mainly during the flow

controlled part of the transient.

Pressure: Thip in the pressure at the top of the core node as calculated

by CRAFT. The core node, in these analyses includes the core, upper plenu:3,,

apper head, and the core bypass.

Soi_1_-Of f __Du e To De cay _ Ijf e,at : The liquid boil-off rate is given in tems
of equivalent amount of HPI or ILPI + LpI injection rate needed to dissipate

the core decay heat. Mathenatically:

Boil-off rate = (core decay heat rate) (h -h )

Where: h = enthalpy of saturated steam at core pressureg

h , = enthalpy of injected waterg

inner Vessel Mixture Iteight: This curve shows the rifxture height in the

core node as calculated by the CRAFI code. The If nes spanning the curve

indicates the top of the active core, hot Icg regior.s and the vent valve region, j
Core Liquid Level: This curve, in-contras t to tha t~for.~tfie'~i~nner -vesse1~

~

g[/riixture he_ight shows the effective core Ifquid height and voltne with the lover
- . - - - - _ - . _ . . . -. -

'plenm filled with a cixture at the void f raction calculated by CRAFT 2. This
,

volu:se is representative of the Ifquid voltr:e within, the core node that would !

ibe used to calculbte the mixture height within the core.
. .
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24.2 0.44 Ft CFT Lina Brs

The break is aestned to be at the CfI* ., oining the reactor

vessel and is limited in ares to 0.44 ft by the b z insert in the CFT line.

Node 13 in rigure 4.1 is the break node, and the analysis takes credit for one
s.

CFT ind one IIPI pur p.

Figures 4.2 and 4.3 show core power and core f1w rate respectively.
Rapid initial depressut * .ntion (see Figure 4.4) causes reactor trip and start
of reactor coolant pur:p coastdwn within the first second. Flashing of systen
liquid alows the depressurization while the steam generator continues to

remove energy from the prInary coolant thereby helpine to decrease the pressure.
The Iwer pressure limit of the ESFAS setpoint error band is reached by about
10 cecends which initiates main feedwater and stean line isolation procedures
and signals actuation of HPl. At about 40 seconds, the RCS pressure drops
below the secondary stenn generator pressure and heat renovel to the secondary
side drops off sharply and becor.es a source of heat to the primary caux,ing
a slower depressuri zation. Systen flow has degraded svch that core flow is
predocinotely due to natural circulation and gutencent period of transient
begina. HPI systen provides cakeup starting at about 50 seconds aiding
depressurf ration. Core flood tank flow begins at 140 seconds aiding further
depresourization but the dieinishing Icak flow (Figure 4.5) s1ws the depres-
curization rate. The core flood tanks are et:ptied by shout 500 seconds after
which the rate of depressuritation is steady but very slow. Figure 4.6 is
a plot of RPI and total ECC veter 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.
It abows that while much of the core liquid inventory is depleted, the mixture
level predicted by CRAFT remains at a level where it is able to spill into
the hot legs and, for most of the eine, through the vent valves. System oscillatio:

cre observed af ter 1120 seconds resulting in a decrease in core liquid volte e
cnd vessel mixtut'e height. These reductions will soon be overcoce as the boil-
off rate is alreadp exceeded by the injection rate and therefore vill result
in an increase in the core liquid voltrie. No cladding temperature transient
vill occur nince the core is always covered with a mixture and the !?I Injection

j rate han exceeded the boil-of f assuring long term cooling capability.
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4.3 0 5_ Ft SpIf_t At Pum .scharg7

The break in assuned to occur at the bottom of node 10 of Figure 4.1.

The analysis takes credit for two CTTe, one HPI ptn p and one LPI pu:rp.
The core power, flow rate, pressure, leak rate. ECC water flow and core

riuid inventory history are shwn in Figures 4.8 through 4.13 respectively.
RC pumps and reactor trips occur in less than a second. The HP1 actuation

aignal is received by about 10 seconds whm the ESPAS setpoint on low pressure
limit is reached. The secondary becenes a source of heat to the primary when,
cround 40 seconds, the SG prinary pret:nure dropa below the secondary pressure.
The I&I and CFT flow begins by 45 and 109 seconde renocetively. The salient

features of system depressurization for this break are similar te, those of
CFT line break except in the present case, the initiation of LPI flow at 191
seconds results in a quicker termination of the transient. The cor.bined RPI

and LPI injection rate exceeds its boil-of f due to decay heat by 195 seconds
thus establishing 3ong term cooling. No cladding terperature transient will

occur since the~ core is always covered by a mixture.

4.4 0.04 Ft Split At Pump Suction

' The break is assteed to be at the bottom of node 9 of Figure 4.1. The

analysis takes credit for two CFIs, one HFI and one LPI punp.

Figures 4.14 through 4.19 show core power, flow rate, pressure, Icak rate.
HPI flow rates and core fluid inventory respectively. No CFI or LPI flow
occurred by the end of the analyuis since the syster. pressure rensined 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. pinp trip occurs by about

15 seconde. The depressurization is slower in this case cor: pared to the breaks
described previously due to very anali ef te of the break resulting in a lower
leak flow. ESFAS setpoint limit on low pressure is reached by 46 seconds and
the ITI flow begins by 81 seconds aiding depressurization. The system pressure

is still above the necondary preneure and subcooled liquid prevails in the
steam generator pficuary side due to the heat renoval' by the secondary aide
of the steam generator. By 120 seconds, two phase mixture is realized in the
T4 primary side slowing the system depressurization. The slow rate of depres-

lsurization contintwa even af ter the pricary side pressure drops below the secondary

side pressure at 770 seconds. The sten:n generator priesty side in the broken

loop is filled with stes:a by 910 seconds. The puap suctica codes in the broken

.

.

<'
~

.



,

,,
,

. ..

.

.

loop contain very little liquid nass after 910 seconds hence the rate of

depressuriration incrennes due to the large voltne of stean now discharging
through the break. The HP1 flow rate exceeds the boil-off rate due to decay

heat by 1250 seconds, thereby es tablishing long tern cooling. The core is

alunys covered with a nixture hence no cladding ter perature transient will

occur.

In this particular t ra ns ie n t , Iong tern coolittg is initially established

by use of one HPI putp. No LPI or CFT injection took place since the systerJ

pressure une above the injection actuation pressures. Thus, it is concluded
,

that for breaka Ices than or equal to 0.04 f t' the HPI alone 1N capable of

matching decay hest boil-off and naintaining a liquid inventory suf ficient

to preclude any cladding temperature excursions.

,
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5. PHASE DISTRIBtrIION MULTIPLIER FOR
THE CRAFI2 WILSON SEPARATION MODEL

The phase acparation nodel available in CRAFT 2 includes the option of
placing a multiplier on the bubble rise velocity calculated by the Wilson

nodel. Although this velicity is based on the average mixture void fraction,

the use of a proper multiplier corrects it for expected non-unifored ty in phase
distribution within the mixture. Because the mixture swelling is closely,

tied to the bubble separation rate, varying this r:ultiplier ef f ectively

permits tuning the mixture height coIculatione. For small breaks then, this i

multiplier can be adjusted so that the nixture calculated by CRAFr2 in the core

node catches that produced by the more detailed mixture swelling code, FOAM.
This, of course, vould preclude the necessity of doing a Font analysis as

long as the mixture is above the core by an amount corresponding to the level
unce rt ainty.

A series of FOAM calculations were nade to determine the anount of liquid '

necessary to j ust cover the core with a froth using the axial power shape

given in BAW-10074. Results were obtained for pressures ranging from 200

to 1200 psia with a core pove* of 2.13% and 4.26% of 2772 Mwt. The core

parameters need were those of 177 FA plants. Steady s tate CRAFI2 runs were

made using several different bubble rise multipliers for each conbination of

power, pressure and as sociated FOAM core liquid volune. The equilibrium core

mixture heights esiculated by CRAFT 2 were noted. Figure 5.1 shows a plot

of dif ference in CRAFT 2 and FOAF nisture height versus bubble rise multiplier
in CRAFf2. A multiplier of 2.38 as seen in Figure 5.1, produces a CRAFI2
mtxture level within + 1.8% and - 2% of that eniculated by FOAM oker the
range of paraneters mos t likely to exist when core uncovering is a possibility

during a anaII break accident. Using a tolerance of + 21, it is concluded

that no FOAM analysis is need if the mixture height exceeds the active core

by three inches (0.25 feet). If mixture height dropw to less than 0.25 feet
i

ebove the core, the cladding heatup analysis using FOAM results will be done
as outlined in Section 5.2.3 of BAW-10104.5 '
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St!ALL T251 EAR AKALYSTS OF 177 FA 11%'EREtt 1.00P PLANTS

The CPAFT nodel used in these analynes is shown in Figure 1._ The model

is designed specifically to hanlle the scall break LOCA. Control votnae 4, , .

and around the vessel oro all connected by a pair of finw paths to allow .

the occurrence of cotrntercurrent flov. Phnse separr. tion within euch control
J

voltrie is coriputed using the W11=on, Grenda, and Pat ter. son average, bubb le y '

turninal velocity correin tion. Within the core re;; ion, however, a nultipIf er

of 2.38 is appif ed to the calculated bubble eine velocity. A coeparinon artnivsis-=::
,#hhas shova that .o r: ult.Lplier of 2,38 in CRAFT ;:;tve> a n1xtut - height vath$n 5 -

t 2% of that predicted by I'0A51. Thus no FOO* aturiyrds will be needed if the
.

CRAFT clxture level re::Utins above the core by Z% of the active. len;;th.

Calcuintions utet- pt rforced for the folkrstrw breaks:
__

,

1. Ct I Lim Ecssk (O.44 f L'): Thin ca ,e results in ntnir.us 'UI. v:.vuca '

. . - - .

available to mitigste this relatively large, sma ll LOCA .
22. 0.5 t t Spli.c P pe I\rer.k At Ferrp &fscharge This case v.w cdosenf

.as it re.p res ents the transition break between the sr all .ent 6.c ~ec ge

bresk m dels.

3. C.G L it. 'fp2h ?ype Break 2.t fu p Suetion: Thie: cace u,w rt perced

tN- cu t liriting e.ne.II brenk in nW-lOCS2.
' .n

The cyr tv er.ctrennu Jn ecch rue have slann tha t darinc; the initial

period when the tennnte:nt is fim. cr.ntrolled. ruffielent fier.: 19 nainteinei

n uth tha t ClJ r 23 oe s not occur, end melente bnf i t ne heat tramf t r _ preder=inntes.
t

.

l

h

;

.. . - -
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Since the enre ree xtro. uswced by the est xture for the remsto-3er of the eramfent,
ocol f List boL11m.; wl'n h raintained. This heat treesfer mechanies is adffiefest

w:; ;
to keep the cindd'arg tagerature within a fee degr's es of the fIut f set.ru2-t tsz,a. _ 34
tc:pe rature. Therefore, the trar.-:f ent clad te:perature vill never creecd Ltc .

initial valor, es c'etal .-wter reaction w.111 occur, and the core geometry rRI
re:uin coolable r.s w:: cir.dding rupture vill occur, long tern coolina is alw-

established n.s riv .Lv5 . injection race is sheun to mwnttally excecd the toil
of f du,i to core eivror h/at. Thus, the acceptance criteria of 10CFR50.46 are
cet.

A brief -Sr.pnrSprinn xd each case is now dncrihd behr
I

1. CFI Lim hafe.:

rir. Pocofe 4c ce:cu:.ed to be at the CIT ILne rnzzle jotalog che

PJ smit ic nciteB in area to 0,44 f t by the norele tusert in h -
y

C7T 132.e ., stdr 13 in Figure 1 in the brc.:k node, and the .m.v!y4Lv

t.tkee .~ece. t Yer .one Cr~T s.nd cir.c lip T. pe qi.

?fpm. 2 -sh.* 5 the 1.'f n t e= p re a u ut.2 hir.cory during t.he emL%:? .

Figere ? cheer .1mk rnte thru the braa. xnd Pinure 4 19 4 -

o m e <ic

I'#I .vad wM scc rater flow. Lon.; torn cr.oling ts usured W. Oca
.

the ht.'un Loc se core decay hest - is exmded by the WI ag.s:tinar
r.stw by B30-oscends. F1',;urv 4 Le a p t at. n f core Liqizt<I invs:-nary n:sd
=tr: sre hy?,:r: . It v.tw thst vhtle n6 of the core ligt:(-d tw.w.es: r

.

ta ch; Ds.dt, % : ut r.ture level predicted by C1.A77 mfac s.c .r. Ier>rt
h

where it is -isle to na111' into the lot Iv , a nd, for .m.n t r,C r he : T.:se

threc;;h the vat valves. Systee oncELLtttons are observe <1 aice.c ttC#t.
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seconds resulti-ng in a decrease in curv II.}wid mIu:ve and vesueZ

cixture height. 'Ihese temporal perturbschs vil.1 sorar Se enremtr.=
as the 3- ~f f rate is alte.ady erreedra 1rr the infeetnas rats .sM

"

-
therefo si3.1.r.esn1t in an increase ir4 th- core liquid volu=e. T.'o

.
,

clad tenersture transient vill o: cur since the core is ah,m, *

covere3 vich a 21rture and the HPI tafe.ce.h has exceedwi the FmLL otC
N

absuring a Jag rens cooltug.

2. 0.05 f.t C . lit- At Fw p Discharges7

The bmk 4s mssuend to ' e at t!w &actw2 of node 30. T.seb

analysis takes 1 redit for two CFE, op- 3FT. pwrp and one ISI pw.

Ths systm preesure, Icak rate, ECC water flov and core F.Ecrif

inventoty histagv are shown in Figncu 6,T,4 and 9 respectLvely .
j The teare in Kivev;; covered by a etsxutw a4 the boil off- dwe tn

decoy heet 1:s wr:cceded by the HPI & LPJ .lojection by 193 saconds thus

es tablishing lorre rena cooling.
3. 0.0L f t Slit .At .Punp Svetion

h bn:Jr, f r. i.e,nu~.ed try be .rr r%? M:.csc of rede 9. The

ant *Jved y T tive .c.redit for svo CFTs, cae DC and se LPT pur.p.
He ?tt;me ~19,11,.12 L L3 shcvc s w tvn gn m ure, Icak r.tte,

core t'in tr] tm.wturr history and HPI surer (I:s*.

rates renpcetfvoly,

h cm is z. hays. covered by a simu e 2n6 the ball off .it:a ce decay

tv.u. Sc. <.n cvSeb by the UPI ilow r.etc Err E.2M 1;ccorAs, Ln11 *. arf.nz:

an estd MJm:te. of long tere cocil.ets.
.
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In this particular transient. loog term cooling is initially '

;

established by use of one IIPI psorp nione. No LPI and/or CFT |

1 ;

1 injectf un took place since the sys tets preneure was nbove the injection '

2
'

,

actuation pressures. Thsas for breaks less than or equal to 0.04 f t t

-

the F1 systern alone is capable of matching decay heat boil off and

tentutatning a suttable Itquid inventory to precitAe any cladding

temperature excurofons.
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