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- Ho COMBUSTION TESTING IN A 1/20Tw SCALE MEDEL
A EWR MARK III CONTAINMENT

o OBJECTIVE/SCOPE

o SCALING LAWS APPLIED

o TEST FACILITY DESCRIPTION
e TEST RESULTS
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P, COMBUSTION TESTING IN A 1/207H -.
SCALE MODEL OF A MARK I11 CONTAINMENT

¢ CONTRACTOR -

o OBJECTIVES -

e SCOPE

STATUS

ACUREX CORPORATION

PROVIDE A VISUAL RECORD OF
GLOBAL H, COMBUSTION BEuAVICR
IN A FULE 380° MODEL OF A MK
I11 CONTAINMENT

PROVIDE DATA TO ESTIMATE THERMAL
ENVIRONMENT (TEMPERATURES,

RADIANT HEAT FLUX) DUE TO HZ
COMBUSTIOM AS A CONTINOUS FlaMg

41 TESTS PERFORMED INCLUDING TESTS
TO ASSSESS THE EFFECTS OF
VARIATIONS IN:

- TOTAL Hy RELEASE RATE

- BLOCKAGES/IN WETWELL AMNULUS

- SPARGER VS, VENT RELEASE

- NUMBER/LOCATION OF ACTIVE
SPARGERS

- POOL TEMP

- HEAT LOSS FROM QUTER CONT,
SHELL &

TESTING COMPLETED 6/23/83
TEST REPORT BY 10/1/83

JH 6/83
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ALING LAWS APPLI

* FROUDE MODELLING

- APPLICABLE 10 TURBULENTvéUOYANTLY CONTROLLED
RIFFUSION FLAMES

* RESULTING SCALING RELATIONS
LENGTH L

Hy RELEASE RATE  (§)5/2

TIME (5)1/2
VELOCITY (5)3/2
*TEMPERATURE (S)° .
CONCENTRATION ($)°

WHERE § = 1/20 FOR A 1/20TH SCALE MODEL
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1/20tw SCALE Mk 1)1 CONTAINMENT COMBUSTION
VISUALIZATION TEST FACILITY

J. HOSLEP
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PLAN VIEN OF 1/207H
SCALE VISUALIZATION FACILITY
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o MBIXING OF VIDED FROM EACK OF THE 4 CAVERAS
N A SINGLE TAPE WILL ALLOW CONTINUOUS
VIEWING OF THE FULL 380° SIMULTANZOUSLY

J. HosLer
6/83
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‘ | ACTNE SPARGERS

PLAM VIEW

TC 227

ELE VATIOM VIEW

TC 221 | —
(wBEAH)
T 209
| 19’ YC 210 —
, . 19
24" WATER LEVEL (HIGH)
¢
% | i . - / 3 ~ :
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TESTS PERFORMED

o PHASE I
o PHASE 111
o PHASE [V

o NOTE PHASE 1 WAS FACILITY SHAKEDOWN




Test

111

11-2
1.3
1.4
1.5
116
1.7
15-8
1143
11-10
11.11
11412
11012
11-14
1ei8
11418
1117
11418
11419
1121
122
1123
11024

Total
Hy Flow
(r¥fu Scale)

ln/sec

1.0
2.0
1.0
2.0
1.0
2.0
1.0
.0
1.0
2.0

2.0
1.0
2.0
0.8
.2
0.6
0.4
0.6

1/20th Scale Phase Il Test Matrix

Posl Gas
Tenp Temp
= o
1 1
25 %0
1
188 ug

2 11

88 140
188 140

.:u»o « Upper Pos! Dump Water Leve)

No. 11420 Data Recorded.

. we

Pocl
Water

Level

r.’rn'

H2
Release

- Locations

i

§SPGRS + VENTS

Insyl, 40° Foor
I

)

Yes

! i




1/20th Scale Phase 11l Test Matrix

% Tota)
' Test: u{ Flow  Pool Gas  Pool Wy Heat o
| . (PuT? Scale T‘mp Temp Water Release Flux  Insu), 40" Floor

~E 2E  level locations Mess.

: Ml 0.8 lP 190 wo' sapse 312° n_In. Yo In
‘ 111.2 2.0 l
| 1113 0.8 Gm!p.m
i 111-4 2.0
?. 18 0.8 .Lin
1116 2.0 !
| 11147 0.8 .erk" 8A0s+ 312°
‘ 111.8 2.0
i 111.9 0.8 o
| 111-10 1.0 v L
: 11111 1.0 urd '
’ 111.12 0.8 Nx A Tota)
11113 1.0 L 1 T -'1‘- 4 %

'ura o Upper Poc’ Dump Water Leve!

-
Mol « Norma) Operation Water Leve!.

. ——— ——

i . e A A it
.
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| 1/20th Scale Phase IV Test Matrix

Tota!
Test n‘ Flow Pool Gas  Poo! H2 Heat
(Full Scale) Temp Temp Water Release Flux
V-1 0. TR Y ogasse 212° Tota
Iv-2
1vel
o e A ST A |

'U’D « Upper Poo! Dump Water Leve!,

-
'nwL « Norma! Operation Water Leve).

Insyl 40° Poor
i} in
r
b b




AR RESU

= o STEADY DIFFUSION FLAMES ESTABLISHED ABOVE POOL FOR TOTAL Ha
 INJECTION RATES GREATER THAN 0.4 LBM/SEC (FULL SCALE)

o BURNING CHARACTERIZED BY THE FOLLOWING SEGUENCE
= Hy INJECTION BEGINS (ADS + 312° (SORV) SPARGERS)

= WEAK UPWARD FLAME PROPAGATION FROM LOWEST IGNITERS

= ALMOST IMMEDIATELY A FAST DOWNWARD PROPAGATION TO
POOL (MINIMAL PRESSURIZATION <.l PSIG)

= IMMEDIATE ESTABLISHMENT OF STEADY .MES ANCHORED
ABOVE SPARGERS (PRIMARY BURNING)

- STRONG MORIZONTAL AIR FLOWS ABGVE POOL ESTABLISHED
QUICKLY

= DIRECTION OF LOWS DEPENDENT ON ANNULAR
FLOW BLOCKAGE

- BURNING MOST INTENSE IN 312° CHIMNEY (GRAND GULF CONEIG.)
- AS 0, IS DEPLETED FLAMES WEAKEN, GROW TALLER AND
EVENTUALLY MOVE UPWARD AND ANCHOR ON HCU FLOOR
GRATING (3129 CHIMNEY ONLY) (SECONDARY BURNING)

= ALL BURNING TERMINATES

JH 6/83
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EFFECTS OF VARIATIONS IN PARAMETERS
- ON PEAK GAS TEMP (Tg) JUST BELOW HCU FLOOR

o TOTAL Hy FLOW RATE (&)
- INCREASING Q FROM 0.8 LBM/SEC ~ 1.0 LBM/SEC INCREASED
Tg ~ 200%F

- INCREASING § F20M 0.8 LBM/SEC - 2.0 LBM/SEC INCREASED

o NUM3ER OF ACTIVE SPARGERS

- GELETION OF ADJACENT SPARGER (9 TO 8 SPARGERS)
ECREASES T (EFFECT MORE PRONOUNCED AT HIGH
iy FLOW RATE)

- Tg DECREASED ~ 100°F FOR 0.8 LBM/SEC TESTS
- Tg DECRSASED ~ 350°F FOR 2.0 LBM/SEC TESTS

ArEALE.

- RELEASE OF ALL Hf THROUGH A SINGLE SPARGER INCREASED

T, ~400°F (RELATIVE TO 9 TOTAL (2 ADJACENT) CASE)

o

«h
L )




EFFECTS OF VARIATIONS IN PARAMETERS
ON PEAK GAS TEMPERATURE JUST BELOW _ _
HCU FLOOR (CONT'D)

s <

@ .50-50 SPLIT BETWEEN LOCA VENTS AND:SPARGER FLOW
- DECREASED Tg~ 100°F IN HOTTEST CHIMNEY
- Tg IN OTHER CHIMNEYS MAY INCREASE SLIGHTLY

o POOL WATER LEVEL

- LOWERING POOL WATER LEVEL FROM UPPER POOL
DUMP LEVEL TO NwWL:

- HAD NO EFFECT IN REGION DIRECTLY ABOVE
SPARGER

- LOWERED T~ 50° NEAR CENTER OF HCU FLOOR

J. HosLer £/83




EFFECTS OF VARIATIONS IN PARAMETERS
ON PEAK GAS TEMPERATURE JUST BELOW ~~
HCU FLOOR (CONT'D)

z <
! s 9

.0 INSULATING PYREX OUTER SHELL OF FACILITY
- NO RESOLVABLE EFFECT
o REMOVAL OF SOLID FLOGR IN WETWELL ARNULUS AT, 40°
AZIMUTH

LIKELY UNAFFECTED (FLAMES SHIFTED AWAY
FQOM INSTRUMENTATION)

- OVERALL GAS CIRCULATION PATTERNS MODIFIED (FLAMES

LEAN RIGHT RATHER THAN LEFT, SOME “UP” CHIMNEY'S
BECAUSE “DOWN” CHIMNEY AND VICE-A-VERSA),

J.HosLeR £6/83
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-

e 41 TESTS PERFORMED IN A 1720t SCALE MODEL OF A MARK 111
* CONTAINMENT

- OBJECTIVES:

- OVERALL H, COMBUSTION PHENOMENA UNDERSTANDING
- COMBUSTION VISUALIZATION

- ASSESSMENT OF THERMAL ENVIRONMENT IN WETWELL
RESULTING FROM DIFFUSION FLAMES

- SCCPE
- ASSESS EFFECTS CF VARIATIONS IN

- Hy FLOW RATE

- NO. OF ACTIVE SPARGERS
- VENT VS, SPARGER FLOW
- POOL WATER LEVEL

- POOL TEMPERATURE

:‘.f - - ﬁ”-rc- [ ,AALIT .‘— 1.~
- Hu-\n LCS) F .".- uw..D Q""L Uit -\ i g

- FLOW BLOCKAGE IN WETWELL ANNULUS
¢ FROUDE SCALING LAWS APPLIED




SUMMARY (CONT'D)

'@ RESULTS

- PHENOMENA CHARACTERIZED BY STEADY FLAMES BASEN AT POOL
SURFACE FOR Ho RATES ABOVE 0.4 LBM/SEC FULL SCALE

- FLAMES LIFT TO HCU FLOOR LEVEL LATE IN BURN
(0, < 62) :

- e FOR BASE CASE (§ = 0,8 LBM/SEC, 8 ADS +
312° SPRAGER, 185° POOL)

o PEAK GAS TEMP JUST SELOW HCU FLOOR
GENERALLY RANGED FROM 560 TO 700°F (ONE TEST
SHOWED TEMP AS HIGH AS 836°F)

e OBRSERVED HEAT FLUX TO HCU FLOCR FROM
BELOW:

TOTAL~ 4K BTu/HR th
CONVECTIVE ~ 3.2K Bru/Mr Fro

o THERMAL ENVIRONMENT INFLUENCED MOST BY
Hy RELEASE RATE AND NUMBER OF RZILEZASE
LOCATIONS

J._HesLER
6/83




