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‘ 1.  ABSTRACT

The current SafetyAinjecffon System at SONGS 1 depgnds'on the opération
-of a number of'hydféulicale actuated valves. It is of'interest to improve
~this system and increase its reliability. The RETRAN mode]}of SONGS 1 was
chosen to simulate a Small Break LOCA (SBLOCA) to eva]uate the upgradéd Safety
“Injection (SI) system. Thfé model needed to be'va1idated>pridr to the
‘evaluation of the upgraded system. This report des;ribes the validation

effort.

The RETRAN base mbde] bf SONGS 1 has been modified to simu]étg a SBLOCA
for the existing SI system. The REfRAN model was benchmarked by comparing ifs
results with Westinghouse's results for the SBLOCA simulation performed with‘

. the WFLASH code. The break sizes considered were: 3, 4, and 6 inch diameter
breaks at the cold 1eg'n0221e of Loop'B. In each case the transieht was . |
simulated beyond the time of the clearing 1obp.sea1 and core .
uncovery/recovery. RETRAN results were in excellent agreeﬁent with those of
WFLASH (1) for the séme break sizes. The evaluation of the upgraded SI system

is discussed in a separate document (2).



2.  INTRODUCTION

iThe Safety Injection System at SONGS 1 is different from M6st other 4
PWR's,'sincé it uses the Feedwater puﬁps. Upon recefving'aISafety InjectionA
Signal (SIS), the feedwater pdmps are realigned io ﬁake suction from the SI
‘pum5§ and discﬁarge to the RCS. This involves automatic actionvof several
hydrauTﬁca]Jy actuated valves. It is of interest to improve the SI system and
réduce‘its re]ianée on the opérétion of these valves. Several upgrade options
wére'considered and needed evaluétion. The RETRAN model of SONGS 1 was chosen
to eva]uafe,one of the‘upgrade options for the system response during a-
SBLOCA. However; before thié’eva]uation is -conducted, the RETRAN base model
of SONGS 1 was modified and thg detailed geometry of the loop-seals were
included in the model, and a RETRAN model of SONGS 1 for SBLOCA was
developed. This model was fhen validated in the delowing manner. The
currently existing SI system was included in THE RETRAN model and break sizes
of 3, 4, and 6 incheS were simulated. RETRAN simulation of SBLOCA for these
break sizes was compared Qith the results of the WFLASH simulation performed
by Westfnghouse (1) for the same break sizes. The evaluation of the Si

upgrade is discussed in Reference 2.



‘3. RETRAN MODEL

The RETRAN model of SONGS 1 used to simulate a cold 1eg SBLOCA consists
of 48 contfo] volumes and 78 junctions. Figure 1 shows a noda]ldiagram of the
model. Primary loops A and C are combined into an equivalent loop (right),
and loop B with the cold leg break is modeled as a separate 1oopf The
detai1ed geometry and the e]évations‘of the loop seal inc]uding~tﬁe lower
- elevation crossover 1eg‘was included in the model, since the loop sea]ﬁ
| gleérfng process was of fnterest in this'ana1ysis. Figure (2) shows the loop

seal. Table 1 &tates the steady state initial conditions and the'impbrtant
assuhptions made in this simulation. The break sizes of 3, 4, and 6<in¢hes
cause voiding of large sections of the primary system. The loop flow becomes.
stégnant, and many vo]uhes such as the reactor vessel upperhead and thé
pressurizer become completely vpided of liquid. A bubble rise model was
'vextenﬁively used in the primary system to represent,yoiding of a large section
of RCS under fairly stagnant flow conditions. Vo]umés'were overlapped to
allow mixture leQel crossing the boundarfes without causing rumerical
instability. A detai]ed model of the steam generator including steam
separator and recircufation was used to accurately represent the d%stribution
of coolant in the secondary system. ;The safety injection flow is based on the
-assumption that one SI train is'functionfﬁg with one Tiné injecting, one 1fne

spilling and one Tine blocked. _Figure (3) shows tﬁe ST flow vs RCS pressure.



This is the same SI flow model used in WFLASH. .The upperhéad is
conservatively assumed to be initially at the sameltemperature as the upper'
plenum. A»preésurizer non equilibrium model is ﬁsed in this analysis.
Control §ystems such aS'pressurizer pressure and level, and steam dump/bypass
éontro]s afe assumed to be inoperable. The reactor is assumed»to trip on the
1ow pressurizer pressure.SIS of 1750 PSIA with a one second~de1ay; The
turbine, feedwater pumps, and reactor coolant pumps are also assuméd to trip
on the same signal. Safety injection flow iska§SUmed to reach the RCS 20
.seconds after SI a;tuation. Stéam safety va]ves'are assumed operab1e. The

auxj]iary feedwater system is assumed to be mahua]]yrturned on with a 10

- . minute delay.
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Table 1

Assumptions and Initial Conditions for RETRAN.model

Initi'a]-power: 1002 (1347 Miy)

Break occurs at the cold leg nozzle, loop B cold leg, discharge side of
the pump. ‘

Reactor trip on Tow pressure SI of 1750 psia with one second delay.

. RCP's trip on SIS with 1 second de]a} (quick trip).

Turbine trip on reactor trip signal.
Feedwater trip on SIS.
Auxi]fary feedwater is manua]ly actuated with 10 minutes delay.

Pressurizer level, hot leg and cold leg temperatures were chosen to match
those used in WFLASH. (See Figures.)

Extended Henrey Fauske critical flow model was used for subcooled break
flow, with a discharge coefficient of 1.

Moody's critical flow model was used for saturated break flow with a
d1scharge coeff1c1ent of 1. . .

. A1l control systems especially the steam dump/bypass control system are

inoperable.
SI flow enters RCS‘with 20 second deTay after SIS actuation

One SI train is operating with one 1line 1nJect1ng, one 11ne sp1]]1ng, and
one line blocked.



4. ' RESULTS

Three cold Teg break,sfzes'wefe simulated by RETRAN, and important
parameters weré compafed with WFLASH results given in Reference (1). The
RETRAN results for the‘six inch break is compared in detai]ywith WFLASH.
Figures 4 through 16 provide the results for the 6 inch-break.‘ Résu]ts show
exce]]ent_dgreement between RETRAN and WFLASH. Figures 17 to 21 provide fhe

| results for a 4 inch cold leg break, and Figures 22 to' 26 are for the 3 inch
break; In the cases of 4 inch'and 3 inch breaks, RETRANwresﬁlts arels1ight1y
more cqnservative sfnce they indicate an earlier and deeper core uncovery. A
sensitivity analysis was performed to determine the reason for the difference
between RETRAN and WFLASH results. It was determined that the critical flow
. correlations used in WFLASH were different from that of RETRAN, and that this
| dffferenqe made_RETRAN results slightly more conservative. The RETRAN
simu]qtion of SBLOCA for all three break sizes was confinued beyond the 100p
seal é]earing,'corefuncovery, core recovery, and beyond the point in time .

where SI flow exceeded the mass flow rate through the break.



5. CONCLUSION

The RETRAN model of the SONGS 1 SBLOCA was verified by comparing its ‘

' results to the results of the SBLOCA simulation performed by Westinghouse for

SONGS 1 usin§ the WELASH code. The break sizes of 6, 4, and 3 ihches diameter
were simulated. Break Tocation Qas at the cold 1eg nozzle of Loop B. The
results of RETRAN were in excellent agréement with those of WFLASH. Where
results were s1ight1ydifferenf, RETRAN results were more conservative since
they predicted slightly earlier and deeper core uncovery. A sensitivity
analysis was performed and it was determined that thekreason-for the smal 1
differences in RETRAN and WFLASH reéults wés due to the difference in break

flow models used in the two codes.

It is concluded that the RETRAN model of the SONGS 1 SBLOCA is
successfully benchmarked against the WFLASH code for the range of breaksizes

of interest, and éan'simu1ate a cold leg SBLOCA with acceptable accuracy.

¥
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Plots for 6 Inch Cold Leg Break
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Plots for 4 Inch Cold Leg Break



Figure 17

- SONGS 1 SBLOCA EXISTING .SI SYSTEM.
4 INCH BREAK ‘

PRESSURIZER PRESSURE

2500,.._.,...1,..v.,..,.,....,...f
2000 §
< [
wn
L 1500
Lu .
(4 |
2 .|
L
o !
500 | |
o .’. A S 1 e A . A ' Deaad " 2 1 A A " Y i " e A P 4 " . A A
0 S0 100 . 150 . 200 250 300
TIME (SEC)
RETRAN
o SCE SMAIL BRLAR ANALTSIS

-

- .
% 1.0 ' \
3
LY
: |
.00 .
$00.0: ,\\
0.0 ™
8 g g 8 g g g g g °
i g 8 2 g 8 8 g g 8 8
M se0)

WFLASH



CORE MIBTURE LEVEL FT)

MIXTURE LEVEL (FEET)

20.000

12,500

13.000

12.900

16.000

Figure 18

SONGS1 SBLOCA WITH EXISTIG SI SYSTEM
4 INCH BREAK .
MIXTURE LEVEL FROM TOP OF ACTIVE CO

0 60 100 160 200 250 300

TIME (SEC)

RETRAN

FOUR [NCH BREAK

SCE SMALL BRUAK ANALYSIS
CORE MIxTuRC LEVEL U T)

EENET 1,
LT AT

.......

0.0
100.00
200.00
300.00
400.00

2 8 g s
8 8 g g
Timg ¢SECH

WFLASH

900.00

1000.0



MIXTURE LEVEL (FEET)

- N
w o
——r T

—
Q
Ty

FIGURE 19
" SONGS 1 SBLOCA EXISTING ‘S| SYSTEM

4 INCH BREAK
LOOP SEAL MIXTURE LEVEL

N
O

L

ey

Y

A 'l PO "

A 1 A "

TOP OF CROSSOVER LEG

100

TIME (SEC)

150

RETRAN

2%.000

- 20.000

SEAL iatusf L{viL e

L00°*

13.000

10.000

1.0000

200

250

300

SCE SMALL BRUAK ANALYSIS

FOUR INCH 8ALAK
LOGP SEAL MINTURE (EvEL (FT

.......

0
100.00

300.00

400.00

1 ACHY

TIME 3[O

600.00

100.00

€00.00

900.00Q,

1000,0



2500

MASS FLOW RATE (LBM/SEC)

N
o
o
o

W
Q
o

Figure 20
-~:SONGS 1 SBLOCA EXISTING. SI.SYSTEM .
4 INCH BREAK
BREAK FLOW AND S| FLOW

VY T T T T

.-+ BREAK FLOW
—SI FLOW

.
. .
.
" 1 5 A A A A A A L A A A A 1 & A A A

50 100 ~ 150 200 250
TIME (SEC)

RETRAN

BREAL MASS FLOVAATE 1WR/SLO)

.4

2000.0

1300.0

1000.0

$00.00

300

-~
SCE SMALL BROAR AMALYSIS
FOUR IN(wW BRL AR
BREAK MASS FLOWRAL, (B/S(C)
g g g g g g 8 g g <
i 8 8 8 3 8 8 8 8 8 8
o 2 ~ b4 7 - 2 = e *
HLISL{{4]

"WFLASH



MASS FLOW RATE (LBM/SEC)

1

SAF(TY [N ECTION MASS (. OwRATE 1 8/8072

000

500

1039
$00.00
#00.90
100.90
$9.00
00.00
400,00
100.00
200.00

100.00

Figure 21

. SONGS 1 SBLOCA EXISTING.SI SYSTEM .

4 INCH BREAK
S| MASS FLOW RATE

AL (AR MASRS Mums Snius Ae EEEEL SCEES SEme SEEi S EENEL SEE SIS SEath e GHENL SEME SN SEEE Sume M sm

A A 1 A A A & L A A

S0 100 1350 200 230

TIME (SEC)

 RETRAN

300

‘sn SMALL BRUAK ANALYSIS
FOUR INCH BREAR
SAFETY [MJCCTION MASS FLOVRATE 118/500H
i
}
!
/| ’
8 8 g 8 2 g g g ‘g .
2 g 8 8 g g g g g g §
Time (360

WFLASH



Plots for 3 Inch Cold Leg Break
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Figure 24
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Figure 25
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