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SUMMARY

The present study is to analyze an integral test, BETHSY test 6.9b, which represents the

loss of RHRS accident during mid-loop operation with pressurizer and SG inlet manway open

using the best estimate code CATHARE2. The main purposes are to gain insights into the

physical phenomena involved and to assess the capability of CATHARE2 prediction.

In this work the following assumptions are used. The constant core power was

maintained at 1.3% of nominal power(370kW) throughout the transient. None of the three

steam generators was used as heat sink for this test since they were filled with air and

isolated. Initially the pressure in the vessel was J.12bar. The pressurizer and SG manway

discharges were opened to the atmosphere. Gravity and forced feed injections were started

when the temperature of the heater rods exceeded the setpoints.

Most of important physical phenomena in the experiment have been predicted by the

CATIIARE2 code. The pressure in the upper plenum is predicted lower until 300s after loss

of RUR because the SG manway flowrate is overestimated than that in the test. But the

lime for loop seal clearing and pressure incresing after then are predicted well. The times of

the gravity and forced injections are calculated earlier by 13sec and lOOsec. The core

uncovery lime in CATHARK2 calculation is estimated at 830sec, which is earlier by 18sec

compared with 848sec in experiment. It is demonstrated that not only gravity drain but

forced feed injection are required to prevent the core uncovery.

Although some of disagreements between measurements and predictions are found in the

detailed phenomena, the code predicts reasonably well the overall system behaviors,, including

the system pressure, the times for gravity feed injetion and core uncovery.
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8. 1.

it 2. BETHSY

S. 3. BETHSY 6.9b & 712:3
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5.
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15. Pressurizer DP
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17. SG inlet plenum DP (Loop 1)
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22. Crossover leg DP (Loop 2, SG side)



23. Crossover leg DP (Loop 2, pump side)

24. Crossover leg DP (Loop 3, SG side)

25. Crossover leg DP (Loop 3, pump side)

26. Hot leg temperature (Loop 1)
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48. Integrated SI fluid mass flow

49. Integrated mass flow through SG manway

50. Void distribution in the core
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1.

LOCATION

NUMBER OF LOOP

SCALE VOLUME

ELEVATION

POWER (MW)

RODs

PRESSURE (MPa)

DOWNCOMER

HOT LEG
DIAMETER(mm)

PKL

Erlangen(FRG)

1 + 1 + (2)

1 : 134

1 : 1

1.25

340

4

EXTERNAL

Double 113
Single 81

BETHSY

CENG(F)

1 + 1 + 1

1 : 100

1 : 1

3

428

17.2

EXTERNAL

118

LOBI

JRC(I)

1 + (3)

1 : 712

1 : 1

3.3

64

15.5

INTERNAL

Triple 73.
Single 46.

LOFT

INEL(US)

1 + (2)

1 : 60

1 : 2

50.

1300(FUEL)

15.5

INTERNAL

Double 350
Single 130

LSTF

JAERKJ)

(2) + (2)

1 : 48

1 : 1

10.

1168

16.

INTERNAL

207



ft 2. BETHSY (1/2)

CHARACTERIZATION TESTS
STEADY STATE tests :

. Single phase NC
- Balanced loops (low, high P)
- Unbalanced loops (isolation of 1,2 SGs)

. Two phase NC
- Balanced loops

high p 2% NP
5% NP

low P
- Unbalanced loops
- Non condensible gas

. Degradation of SG mass inventory
- Single phase at PCS (NC, FC)
- Two phase NC

. Two-phase flow forced convection

. Feed and bleed at PCS

SMALL- INTERMEDIATE BREAKS

Cold leg :
2" : - w HPIS 1 FILE

- wo HPIS, delayed uitimate procedure
3" : - safety injection in intact loops

- safety injection in every loop
- pumps on
- delayed pump trip

6" : - UHSN 3%, conservatrice power curve
- UHSN 2%, realistic power curve

10"
Hot leg : 6"
Steam break pressurizer
PV lower plenum
RHRS break

3.1
3.4a

4.1a
4.1aTC
4.1b
5.1b
7.2c

5.1a
4.1aTC
8.1a
5.2a

4.2a
9.1b
6.1a
6.1b
8.1b
8.1c
6.2TC
6.2
6.3
6.4
6.5
4.2b
6.8
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S. 2. BETHSY (2/2)

STEAM GENERATOR TUBE RUPTURE

. Single w HPIS and AFWS

. Single wo HPIS and AFW

. Multiple (6 tubes) w HPIS AFWS

. Multiple + steam line rupture

TOTAL LOSS OF FEEDWATER

. 2 HPIS files, 3 relief valves

. 1 HPIS file, 1 relief valve

. Delayed recovery of AFWS

BLACK OUT AND AFWS FAILURE

LOSS OF RHRS

. PCS open :
- pressurizer
- pressurizer + SG inlet plenum

- pressurizer + SG outlet plenum
. PCS half-open

LARGE BREAKS (refloodine Dhase)
- wo non condensible gas
- with

. to be defined

3.4b

9.3
4.3b
9.2

5.2c
5.2b
5.2e

5.2d

6.9a
6.9b
6.9c
6.9d

6.7a 1....4
6.7b
6.7c..e
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S. 3. BETHSY 6.9b

Parameters BETHSY CATHARE2

Upper plenum pressure (MPa)

Core power (kw)

Pump speed (rpm)

Primary total mass (kg)

Hot leg 1/2/3 void fraction

Cold leg 1/2/3 void fraction

Temperature in core (C)

Temperature in hot leg (C)

Temjperature in cold leg (C)

0.112+0.002

0.0

0.0

1085 ±15

0.6/0.670.6

0.0/0.0/0.0

103±2

1015±

96±2

0.111

0.0

0.0

1084

0.7/0.7/0.7

0.0/0.0/0.0

103

101.5

96
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& 4. BETHSY 6.9b

Event BETHSY CATHARE2

Start od core power ramp 0 0

and Opening of man ways

End of core power ramp

Start of core uncovery

Start of gravity-feed injection

Start of force-feed injection(0.25 kg/s)

End of core uncovery

Increase of force-feed injection(0.30 kg/s)

Increase of force-feed injection(0.30 kg/s)

Transient shutdown procedure
(injection stopped, core power shutdown
and orifices closed)

End of test 5333

38

848

1133

1318

1598

2998

3598

4453

38

830

1120

1220

1600

3000

3600

4453
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RCS open
(manways,
readorhead)

Primary feed
(RWST)

Loss of
RHR

Energy removal by
boiling or spillover
at RCS openings

RWST drained to
elevation of lowest RCS
opening leed stops

No primary
feed

RCS
opening*
secured

Primary feed
(RWST)

RCS
closed No

No
primary
feed

.OrvS:;or:;|:;|
more steam
generator
available

Open
relief
path

Yes

Boil -off
core uncovery,
core damage

Containment
open

Containment
closed

Fission product
release to
atmosphere

Fission product
release to
containment

Flow
delivered to
avoid boiling

RWST drained to
elevation of
drain feed stops

Close
relief
path

Secondary
unvented .

No secondary
feed . j

Reflux
cooling

Secondary
feed

Secondary boiled
off at relief
valve pressure

Nd secondary
feed

Secondary
vented to
atmosphere

Secondary
boiled off at
atmospheric
pressure

Reflux
stops

Redux
continues

Secondary
feed

1. RHRS



Broken loop

surge line

HL break
location

SG3 pressurizer

ACC : accumulator
nozzle

SI : safety injection
nozzle

NS : normal spray
nozzle

pressure vessel

spool pieces

SG2

Intact loops

ZL% 2. BETHSY



Pressurizer
20655
20371

relief nozzle

Pressure vessel

cold
leg

JOQ —8257

5934-

8724—

—6034

hot leg
3656

0)
c
o

5

7748

cold leg
= — 4 7 9 4

(axis)

V 2595 (axis)
intermediate leg

3. BETHSY
J L _ 0

-2164
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steam outlet

feed water,
ring

support
plates

downcomer

flow
distribution"
baffle

feed water
nozzle

fn = 34
tubes J h = 9 to 10.5 m

| radial dimensions
1 of NPP tubes

AA View

4. BETHSY
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Pressurtzer vent

I
J

Pressi ize
SG1 manway vent

- U

i r
LOOP 2.3

1 I I I I I I I

I I I I

Core

J
LOOP 1

5. BETHSY 6.9b Nodalization



circuits pressuriseur
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QBPR

DPQBPR2
3

DPP20

T P B P R I ^ X
1

BC1

P3

w
LU

a.

VRDP11

-- ALB.TFB

TPVPR

IVADPli

decharge pressu
(non utilisee)

ALB2 (densitomfetre raccourci), TFB2
manchette QB sans ajustage

atm.

6. Pressurizer manway configuration (1/2)
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08O
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0161
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Branche chaude 1

vers GV1

11B

piquage de
4" Graykx

902A

§

vers cuve

DP11VB

903A/B
DPQBGV2

901A/B
DPQBGVl

DP11VA 9O4A/B
DPQBGV3

/Grayloc4BGR31 0 i n t-79,3

DPQBGV1.2.3 > 2ono 47

diagrammed! + 0.1

vanne breche
DN15OPN2S

descente a travers
le plarchervers CB

7. SG inlet plenum manway configuration (1/2)
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"Ea

diaphragm 0 41
(manway simulation)

DP11VB
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110.

DP11VA

2-680

111

13

635 (with
2 elbows 45').

\

500 500

(ZU control system measurement only

275
-9000+ g
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S
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O
00 s
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903A DPQBGV3

TPBGV DPQBGV1
DPQBGV2

901B
903B

(through 6'
and 8' pipes)

Ball valve 0 150
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7. SG inlet plenum manway configuration (2/2)
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38. Void fraction in cold leg 1
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41 . Void fraction in surge line
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42. Pressurizer manway mass flowrate
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43. SG manway mass flowrate
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45. Upper head bypass mass flowrate
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46. Integrated mass flow through pressurizer manway
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48. Integrated SI fluid mass flow
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