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Goal&Activities

Creation of an experimental database on the physical phenomena occurring in
the containment of light water reactors during postulated accident sequences
involving core damage and demonstrate the maturity of the main computer
programs developed for containment thermal-hydraulic analysis

Objectives

- to establish, for a severe accident sequence chosen from existing plant
calculations and representative the strength of hydrogen stratification that can be
established into the containment

- to determine whether this stratification, once established, can be broken down
by the operation of SAM devices: sprays, coolers and PARs
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*5 facilities (16 tests)
* one scenario of tests
* initial and boundary conditions

*3 Severe Accident Management systems (SAMs);
sprays, coolers and Recombiners

*Scaling factor
* Effect of Complexity of the Geometry
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JSC
Organization PSI IRSN CEA NRG KIT AECL | JueLicH | 'BRAE | SSCRF-| | wptrikanto || usNRc
RAN PPE || \oKew”
SOCRAT KUPOL-
aCFX-13 | (plant mT
GOTHIC/ | ASTEC FLUENT-6 GOTHIC/ |,
FLUENT . |Tonus. |TONYS | crp GASFLOW | % exr” [*COCOSY | calc) KUPOL FLUENT
S OpenFOA
M/FLUENT
T Spray PL, PO PT,PO PO PO (Fluent) |- PT,PO  |PO PO o
TOSQAN |T2 Spray PT,PO PL, PO PT,PO PO PO(Fluent) |- PO PO lpT. PO
T3 Spray PT,PO PL, PO PO PO PO(Fluent) |- PO PO
M1 Spray PO PO ; PO PT, PO
wisTRA M2 Cooler PO PT,°PO__ |PT.PO__ |PT,PO_ || PT.PO
M3 PAR PLLPO__ |PO PO ) PT,PO__ | PO PT, PO
M4 2 PARs PL, PO PO PT,PO__ | PO PO PO
P1 Spray PL, PT,PO |PO PT,PO PLLPO  |PLPT,PO |- PT,PO  |PT,PO
P2 Spray PL, PT,PO |PO PO PO PL,PT,PO |- PO PT, PO IPT, PO
PANDA |P3 Cooler  |PL,PT,PO PO PO PL,PT,PO |°PT.°PO |pT PO |PT,PO ||PO |Po
b b
P4 PAR PL, PT,PO |PO PT,PO PO agg’ PO, lprpo |PoO PO ko
P5 Cooler  |PL,PT,PO PL, PO pL,PT,PO |°PT:°PO | po PT,PO | |PT,PO
I IS Spray 2 PT/PO - PT PT, PO
K2 Cooler® | PT PT.PO___ | PT® bPT,5PO | PT PT, PO
s1 Cooler | PO PT, PO "PT.°PO  |pr P00 |[PO PL, PT, PO
SPOT
s2 Coolers PT, PO "PT.°PO  |p1po0  |[PO PL, PT, PO

PL: planning analysis, PT: pre-test analysis, PO: Post-test analysis
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Original test scenario

Phase | Phase Il Phase llI Phase IV
[ I [ [
| LOCA Blowdown Corg damage Post core SAM mitigation
o producing hydrogen | damage phase phase
2
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O Interaction of
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Helium and steam Stabilization convective flows
— Steam injection release of helium with helium
in containment in the containment distribution distribution

Time

The following target conditions should be obtained:

- approximately homogeneous steam&air distribution inside the vessel at the end
of the Phase | with steam molar fraction 60 % above the injection point;

- pressure in the containment at the end of the helium injection phase is 2.5 bar;
- He =10% (vol.) above the injection point at the end of the He injection.
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Scaling down & stratification criteria

volume, m3

phase 2_He, g/s

phase 1_steam, g/s

Jirka criterion determine the conditions of stratification in the
propagation of lower density jet in an unlimited vertical extent

[1]

Pue + 0.22Fr2

P

"

oy

UHMC
0 0

“

Hunt criterion determine the conditions of stratificationm of
buoyant jet subject with consideration of vessel walls [2]

\

cTpaTHdHKALHA
| HecTabuneHas obracte

_ £|: 1 2 . Hum )_1 —l:| _L_‘h “-‘57‘—;”;\ % "Bo3BpaTHOe T‘eqeﬂwe" ]
il ’

Hinj_top

o |

[
o
2

CMeleHHe —

0.4 T

3oHa
yCToiunBOI
82
CTpaTAGKELI [ e —

0.2]
0

In view of stratification criteriaimplementation, steam and o
helium injection diameter and height were determined | B




©) oKBM

AFRIKANTOV

A SC <ROSATOM» COMPANY

Scheme of the SPOT updated

1 - heating circuit; 2 — steam supply
pipeline; 3 — helium supply pipeline; 4 —
drainage pipeline; 5 — thermal transducer
racks; 6 - sampling points; 7,8 -
removable inserts; 9 — cooler; 10 — cooling
circuit; 11 - containment model; 12 -
condensate tank; 13 —pump ‘
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Cooler

Cooler capacity of SPOT test facility is determined based on maximum capacity of air coolers for
CANDU 6 NPP heat removal system (containment volume is 50,000 m?3), which is 0.74 kW/m3. For
containment model volume of 59 m3, SPOT cooler capacity is 44 kW.

________________________
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Information and measurement system

thermocouples location in the vessel
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- 9 gas sampling lines;
- chromatograph “Crystall-
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S1test procedure

Phase 0 — preconditioning

phase;

Phase | -LOCA blowdown;

Phase
Phase

Pressure, kPa

Il - He injection;

IV — cooler activation
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Condition before cooler activation

I|ne t27- t43 t= 2750 c

7000

6000

5000

AUOU ........

MM

3000

2000

1000

BUDU atsesessssssnsnsnrs ooseseressiosnistesctnensesatnees : .o

118

116

- 114

- 112

- 110

DD 1000 2000 300[] AUDU
Temperature distribution

before He injection

Phase Il Phase Il
*01 """ 754 m
{? 6936 m
C2
w ST
C3
s * 5.405'm
© c4 C5 c6
£
s 1 4636 m
£ =
L
I |
—f
N 233 m
| Cc8
| B—
¢ “|4|*|'|"ﬁ‘*l—':vi

2000 2200 2400 2600 2800 3000 3200 3400

Time, s

Before cooler activation the He stratified layer above the injection
point is observed

10% -helium; 70% - steam: 20% - air
Below the injection point
50% - air and 50% - steam

________________________



©)OKBM S1: Phase IV — Temperature contour maps

A SC «ROSATOM» COMPANY

Ine t27-t43, t=3250 ¢ line t27-t43, t-4000 c line t27-t43, t=4500 ¢

gnnn:_ ................................ : Rnnn_ ........................... : 5 gnnn_ .................................................................. :
: ; o : 4
7000 7000 7000
116 110
110
6000 6000 6000
P14
5000 Lo 5000 . 5000 e
E ADDD ........ B R E AOUD ........ N TEETETTTIE E ........ 8 T
= . e = : = 4000 :
L i
3000k | pm— L 108 3000 b | — - 100 3000 b-ooe 1| —
2000 ........ O R 1 DB 2000 44444444 B T 2DDD AAAAAAAA 5 TR 95
: : % :
104 § ;
1000 ............. , ............... 1000 ............. , ...............
; i 102 P g ) 3 s 3 = 2 -
“0 1000 2000 3000 4000 "0 1000 2000 3000 4000 - % om0 2000 300 4000
MR MM MM
Temperature stratification “cold” gas-steam mixture -Below the cooler and_ opposite it
___________ above the injection points surrounding the cooler temperature becomes uniformly
before Phase IV -above the cooler the gas

temperature remains constant



©) oKBM

AFRIKANTOV

A SC <ROSATOM» COMPANY

He and steam molar fraction at cooler activation (test S1)
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Test S2 is performed to estimate
the cooler effect on helium
distribution in vessel. The cooler
IS put into operation at the
second phase together with
helium supply to the vessel
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Vessel 2

Injection
pipeline

Vessel 1

Recombiner

Connecting

nineline
Panda test facility

* Total free volume ~183 m’

* Tank height ~8 m, diameter ~4 m

Recombiner
Height ~1 m. flow area ~00.6 m> .
N lr%ax — 10 kW I 126 calculation elements ~ I* Steam and helium jet
HEsteXchanbeE P 1259 gas bonds -l

£ r 157 water bonds r Recombiner jet
e U-tubes -224 e simulation

« Tubing system ~12m?
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Helium injection i, . Sprinkler
pipeline

Tank

Sprinkler

Steam injection
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Containment -, ~T 3

Heat exchanger
¢ Cooled wall
« Surface area ~22 m>
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Calculation results for the experiment with cooler at MISTRA test

@ AFRIKANTOV faCthy
A SC «<ROSATOM» COMPANY
I lanm v I lanm v
= E N !
27 L |
1! |
Z 254 !
=] 4! ' =
. | | <
g 2341 | R |
= [ 2 e O . e S S = |
7 1 i = = |
o 214 = I
a J1 I z I
| | — |
%‘ 1.9—: —— - Pretest | é i : *
= . Post test : I : : ;
£ 1.7 O Experiment | - | | :
‘t 1.5 ] [ : 0 | I : : I COO]EI’
AU L I LA I L L B T T T T T T T T T 1T 7T 71 b.’ -
0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
Time, s Time, s
t=6000s !
8000 0.15—, T .
7000 & 1 |
1 T 0124,
S 6000 z |
. . E . — 7|
Max. deviations Z 50004 = 0,09
= . = [
0 ) - 4000 F 11
F OP=5%(*7...14%) = , ] S 0.06,
. - 1
P 5T=15% (+20 %) 2000 Z o3
1000 | 1
— 20 0 J [
F  dn(He)=3 % (16 %) 0 ol
T T 1T "1 1T "1 r1 L N L N N NN N LI L B L B
| o an(nap) =15 % (16 %) 0.00 Nn0? 0N4A N0OBE 0.0 010 0.12 0 1000 2000 3000 4000 5000 6000 7000
Mole helium _f_raction Time, s

________________________




AFRIKANTOV

@OKBM Calculation results for the experiment with spray at TOSQAN

A SC «ROSATOM» COMPANY

4.0 i
;CE 1 |
— | |
_.=‘ 3.5 1 | E
[=¥] | | g
= 3.0 [ z
; 11 I & |
@ ' = [
= 2.5 =
=) 1 < :
FEJ 20+ ' [ Post test } P |
- I I . = I .
§ 4 : : > Experiment = : Sprlnkler
ﬁ 1.5+ [ I [ {
1 [ I
1.0-4 ! N |
I 1 I 1 | I | 1 I 1 | 1 | 1 I ] I ] I 1 I 1 I 1 | I I 1
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 *
Time, s Time, s
t=4000s | I
5000 — W
. ( Sprinkler
_ 4000-{ 777777 7] S &
Max. deviations - l 3
=
—1 b
E 3000 _ o - *
F OP=14% (+7...14 %) £ 20007 E
F5T=9%(+20%) 1000 /- s
P &n(He)= 15 % (16 %) 4
0.00 0.20 0.40 0.60 0.80 1.00 0 1000 2000 3000 4000 5000 6000
F  on(nap)=25% (16 %) Mole helium fraction Time, s

________________________



@OKBM Calculation results for the experiment with cooler at SPOT facility

AFRIKANTOV

A SC «ROSATOM» COMPANY

Max. deviations

F 3P=9%(+7...14 %)
F 5T=16% (+ 20 %)

F  dn(He)=4 % (16 %)

F  on(nap)=10 % (16 %)

Absolute pressure. bar

Vessel height, mm

la o m v

— — — Pretest
Post test
¢y Experiment

1.5
i 7y
|
-1
0 2000 4000 6000 8000
Time, s
t=9000s
8000 —
_ ol
7000 '
6000~~~ "~~~ q-—-=---------
. O | Cooler
5000 |
J—-—-- ety il bl
4000 |
T I
3000 :
T |
2000 °,
1 |
1000 ]
4 o
0_
T T T T T T ™1
0.00 0.03 0.06 0.09 0.12 0.5 0.18

Mole helium fraction

Mole steam fraction

Mole helium fracture

| la 11 v

= 7
I
|

|
BO o ® W 00 0O

0 2000

8000

4000
Time, s

6000 8000

W

Cooler

* &

________________________



@ OKBM

AFRIKANTOV

A SC «ROSATOM» COMPANY

Conclusions

1. Within ERCOSAM-SAMARA projects stratification of light gas and cooler operation effect on
stratification were studied by experiment at SPOT test facility

2. According to the results of studies, stable stratification of steam-gas mixture through
containment model height before cooler putting into operation was obtained. At that, cooler
operation does hot ensure complete atmosphere homogenization through the entire height of
containment model volume.

3. Numeric simulation of experiments at SPOT, PANDA, MISTRA, and TOSQAN was performed
using KUPOL-MT code with lumped parameters. The results of numeric analysis show that HX
and recombiner operation does not result in complete homogenization of atmosphere in the
containment models; the sprinkler system ensures stratified layer destroying that is confirmed by
the results of experiments.

4. The experiments within ERCOSAM-SAMARA project are the benchmarks and are important
verification material, which can be used for verification of lumped parameter code (LP-code) and
space codes on computational fluid dynamics (CFD-code).

5. It is necessary to perform the additional calculation and experimental studies aimed at
elimination of high-concentration hydrogen generation in the containment volume. Investigation
of joint recombiners and coolers operation can be one of the ways of further studies.

________________________
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Thank you for attention!
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