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L ICENSEES: Mississippi Power & Light Company
I[11inois Power Company
Gulf States Utilities
CLeveland Electric I1luminating Company

FACILITIES: Grand Gulf Nuclear Station, Units 1 and 2
Clinton, Unit 1
River Bend, Units 1 and 2
Perry, Unit 1

SUBJECT: SUMMARY OF DECEMBER 19, 1985 MEETING WITH MARK II1 CONTAINMENT
HYDROGEN CONTROL OWNERS GROUP (HCOG) REGARDING HEAT SINK MODELING

The HCOG is performing tests of hydrogen combustion in a quarter scale mockup

of the Mark III containment. The purpose of the December 19, 1985, meeting

was to discuss revisions based on test data of the method for calculating heat
transfer from hydrogen flames and air in the containment to the containment wall,
drywell wall and equipment in the containment. Enclosure 1 is a list of attendees.
Enclosure 2 is a copy of slides prepared by HCOG. As used herein, HCOG refers

to the Hydrogen Control Owners Group or its consultants.

HCOG summarized the development of the heat loss (heat sink) mod 1 provided in

its July 29, 1985 submittal (Enclosure 2, Sheets 2 through 9). HK.0G also

summarized model changes based on scoping test results from the Quarter Scale

Test Facility (QSTF) and compared the revised model calculations with experiments

giheetszéo through 26). The HCOG summary and conclusions are provided in Sheets
and 28.

The staff commented that several of its previous comments on the heat sink model
appear to have been considered in the revised model; e.g. the geometry of flames
and heated gas plumes, the threshold for start of diffusion flames, and water
films on surfaces. The staff noted that increasing the heat transfer to the
suppression pool brought the model calculations of pressure and temperature into
closer agreement with the (STF test results; however the staff questioned whether
increased heat transfer to the HCU floor would also give close agreement. The
latter assumption would adversely affect survivability of equipment on the HCU
floor. Staff commented that the range of sensitivity studies should be extended.

The most significant item discussed in the meeting dealt with the disclosure by
HCOG of the possibility that the QSTF insulation was inadequate; i.e., insulation
above the pocl became water soaked thereby increasing its thermal conductance.
The staff regards this as a serious problem since it appears a significant
fraction of the heat loss in the QSTF occurs in the wetwell region. While there
may be compensating factors, the staff concludes that HCOG should continue to
investigate this matter to coafirm the actual heat transfer characteristics of
the insulation and should if necessary take steps to ensure that heat transfer
properties are scaled as Froude modeling required.
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The staff said that comments, on heat sink modeling, if any, would be sent via
letter to HCOG following completion of its review of the July 29, 1985 HCOG
submittal. Comments on information provided in the Decenber 19, 1985 meeting
will be included in this letter,
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L. L. Kintner, Preject Manager
BWK FProject Directorate No. 4
Uivision of BWR Licensing

Enclosures:
As stated

cc: See next page
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Tne staff said that comments, on heat sink modeling, if any, would be sent via
letter to HCOG following completion of its review of the July 29, 1985 HCOG
submittal. Comments on information provided in the December 19, 1985 meeting

will be included in this letter.

L. L. Kintner, Project Manager
BWR Project Directorate No. 4
Civision of BWR Licensing

Enclosures:
As stated

cc: See next page
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BACKGROUND

CONVECTIVE AND RADIATIVE HEAT TRANSFER MODES DO NOT FOLLOW
FROUDE MODELING REQUIREMENTS EXACTLY (1.E. SQUARE ROOT
VARIATION OF FLUXES WITH SCALE).

IN REDUCED~SCALE EXPERIMENTS, HEAT TRANSFER BY «..
«++ CONVECTION IS GENERALLY HIGHER THAN NEEDED.
*++ RADIATION IS HIGHER/LOWER FOR OPTICALLY THICK/THIN MEDIA.

THIS FACTOR ALONE WOULD LEAD TO GAS TEMPERATURES IN A
REDUCED~SCALE MODEL WHICH ARE LOWER THAN CORRESPONDING
TEMPERATURES AT FULL SCALE, I[F ALL HEAT SINKS ARE ACCURATELY
MODELED IN THE EXPERIMENT.

ExPecTaTION THAT ABSENCE OF HEAT SINK DUE TO EQUIPMENT IN
1/4-scaLe FACILITY WOULD OFSSET HIGHER HEAT TRANSFER.

NEED TO QUANTIFY EXTENT OF COMPENSATING EFFECTS.



OBJECTIVE

DETERMINE, BY ANALYSIS, THE RELATIONSHIP BETWEEN GAS
TEMPERATURES PRODUCED IN THE 1/4-SCALE FACILITY AND THOSE
EXPECTED IN Marx [I] uNniTS.

ANALYSIS NOT INTENDED TO PROVIDE ACCURATE ESTIMATE OF
ABSOLUTE LOCAL TEMPERATURE LEVELS. HOWEVER, THE GLOBAL
PARAMETER VALUES CALCULATED FOR THE 1/4-SCALE FACILITY SHOULD
BE APPROXIMATELY EQUAL TO THOSE MEASURED IN 1/4-scALE TESTS.



Mip 1984:

EarLy 1985;

Mip 1985:

Late 1985:

HEAT LOSS ANALYSIS
DEVELOPMENT HISTORY

FMRC DEVELOPED A COMPUTER CODE FOR THE CONTAINMENT
Loaps WorkinG GrRoup (CLWG) TO PREDICT THE THERMAL
ENVIRONMENT IN FULL SCALE MARK [l] CONTAINMENTS DUE
TO HYDROGEN DIFFUSION FLAMES.

THREE INDEPENDENT RESEARCH LABORATORIES (LANL, SNL,
FMRC) OBTAINED COMPARABLE RESULTS.

UTILIZING METHODOLOGY DEVELOFED FOR CLWG, FMRC
PERFORMED CALCULATIONS FOR 1/4-SCALE TEST FACILITY
AND A FULL SCALE Mark [l PLANT FOR A SPECIFIC
HYDROGEN RELEASE HISTORY TO BE TESTED.

1/4-SCALE TESTS REVEALED THAT BACKGROUND
TEMPERATURE AND PRESSURE INCREASE BY AN AMOUNT
APPROXIMATELY 1/2 OF WHAT WAS CALCULATED,
INDICATING INSUFFICIENT ACCOUNT OF HEAT LOSSES IN
THE MATHEMATICAL MODEL .

FMRC EFFORT FOR MORE REALISTIC MODELING OF HEAT
LOSSES.



ANALYTICAL APPROACH
ZONE MODELING OF DOMINANT COMPONENTS OF CONTAINMENT FLOW.

GLOBAL CONSERVATION OF MASS/ENERGY FOR SELECTED SUBSYSTEMS

FLAMES, PLUMES, INNER WALL, OUTER WALL, EQUIPMENT, BACKGROUND
GAS, ETC.

HEAT EXCHANGE RATES CALCULATED FROM AVAILABLE HEAT TRANSFER
CORRELATIONS.

OVERALL APPROACH UNCHANGED IN REVISED METHODOLOGY.
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REVIEW OF MODELING APPROACH
DOCUMENTED IN JULY SUBMITTAL

GAS TEMPERATURE/VELOCITY COMPUTATION

® FLAME/PLUME TEMPERATURES/VELOCITY

= BASED oN PREViOUS MEASUREMENTS OF TEMPERATURE/VELOCITY
DISTRIBUTIONS IN HYDROCARBON AXISYMMETRIC FREE PLUMES.

= CONVECTIVE HEAT LOSS TO INNER WALL CALCULATED FROM FREE
PLUME DATA FOR LOCAL VELOCITIES/TEMPERATURES, IN TURN
USED AS INPUT TO FORCED HEAT TRANSFER CORRELATIONS.

* BACKGROUND GAS

= TEMPERATURE CALCULATED BY MASS AND ENERGY BALANCES FOR,
PRESCRIBED ADDITION AND CALCULATED LOSSES.

= CONVECTIVE HEAT TRANSFER BASED ON NATURAL CONVECTION.



To OUTER wALL

To INNER wALL

To EQUIPMENT

To SUPPRESSION
POOL

MODEL OF JULY SUBMITTAL
HEAT LOSS EXCHANGE PATHS

RADIATION

RADIATION

NoNE

NoNE

NoNE

CONVECTION
(FORCED)

ConNvECTION
(FORCED)

None

RADIATION
CoNvECTION (NATURAL)
CONDENSATION

RADIATION
CoNvECTION (NATURAL)

RADIATION
CoNVECTION (NATURAL)

NoNE




MODEL OF JULY SUBMITTAL
HEAT SINK MODELING

= INNER WALL/FLOORS
= SEMITINFINITE SOLID (DRY SURFACE)

- OUTER WALL
= 1/4 scaLEe

= SEMI-INFINITE SOLID (INITIALLY DRY SURFACE)
= Mark Il unirt

= SEMITINFINITE COMPOSITE (INITIALLY DRY SURFACE)
(LINER ON CONCRETE)

= EQUIPMENT/GRATING ETC.

~ DISTRIBUTED UNIFORMLY IN ANNULUS ABOVE HCl FLOOR AND IN
UPPER DOME

= THERMALLY THIN




KEY MODEL CHANGES SINCE JULY SUBMITTAL

'NEH FLAME/PLUME MODEL
2-D WALL PLUME CORRELATIONS WITH A CONSTANT WIDTH EQUAL To
SPARGER DIAMETER (OLD MODEL: FREE PLUMES WITH WIDTH A
FUNCTION OF HEIGHT).

= CONVECTIVE FLAME HEAT FLUX TO INNER WALL 2.5 To 3 W/cml
IMPOSED ON A RECTANGLE DEFINED BY SPARGER DIAMETER AND THE
FLAME HEIGHTS (OLD MODEL: NO DIRECT CONVECTIVE HEAT TRANSFER
TO INNER WALL).

= FLAME HEAT LOSS TO SUPPRESSION POOL (OLD MODEL: NO LOSS TO
POOL )

’PlXED CONVECTION TO EQUIPMENT
AVERAGE BACKGROUND GAS VELOCITIES UP TO 4 FT/S INDUCED BY THE
PLUMES (OLD MODEL: QUIESCENT ENVIRONMENT).

= Mixep (COMBINED) CONVECTION CORRELATIONS HAVE BEEN USED FOR
BACKGROLND HEAT LOSS TO EQUIPMENT (OLD MODEL: NATURAL
CONVECTION HEAT TRANSFER).
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WALL PLUME MODTL

L~

PLUME /INNER WALL
EXCHANGE AREA

FLAME /INNER WALL
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KEY MODEL CHANGES SINCE JULY SUBMITTAL

(ConT.D)

*EQUIPMENT CHARACTERISTIC SIZE FOR BACKGROUND LOSSES

Oup vaLues: 1 fT F/S, 5-3/4 IN. 1/4 scALE
(3 IN., 3/4 IN. RESPECTIVELY FOR PLUME LOSSES)
NEw vALUES: 3 IN. F/S, 3/4 IN. 1/4 SCALE ARE MORE REASONABLE
(SAME VALUES FOR PLUME LOSSES)

'BACKGROUND RADIATION

[MPROVED TO ALLOW EXCHANGE AMONG GAS AND THREE SURFACES
MODELED (OLD MODEL: SURFACE EMISSION AT OUTER WALL
TEMPERATURE, WALL EMISSIVITY EQUAL TO THAT CALCULATED FOR
BACKGROUND GAS).

*CONDENSATION/EVAPORATION

CONDENSATION ON ALL JHREE SURFACES 1S ALLOWED.

EVAPORATION FROM ALL THREE SURFACES ALLOWED UNDER FAVORABLE
CONDITIONS, I+E+« HIGH SURFACE TEMPERATURE AND LOW BACKGROUND
STEAM CONCENTRATION.

OLD MODEL: CONDENSATION ON OUTER WALL ONLY. NO EVAPORATION.



KEY MODEL CHANGES SINCE JULY SUBMITTAL

¥ HEAT LOSS EXCHANGE PATHS

From Fiames FroM PLumes From BACKGROUND GAs

To OUTER WALL Rapiation  None

To INNER WALL RapiAaTioNn CoONVECTION

CONVECTION (FORCED)

To EQUIPMENT NoNE CONVECTION
(FORCED)

To supPRESSION CONVECTION NONE

POOL

NoTE:

RADIATION
ConvECTION (NATURAL)
CONDENSATION/EVAPORAT I ON

RADIATION
CoNvVECTION (NATURAL)
CONDENSATION/EVAPORATION

RADIATION

ConvECTION (MIXED)
10N/ PORA

NONE

UNDERLINED ITEMS REPRESENT CHANGES FROM JULY SUBMITTAL.

* HEAT SINK MODELING

ALL SURFACES ASSUMED TO HAVE SUFFICIENT WATER TO ALLOW FOR
EVAPORATION REQUIREMENT. FILM THICKNESS NEGLECTED IN HEAT
CONDUCTION CALCULATION. (0OLD MODEL: DRY SURFACES.)




KEY MODEL CHANGES SINCE JULY SUBMITTAL
(ConNT.D)

®1/4 SCALE FACILITY SPECIFIC MODELING CHANGES

= YKQC IS ASSUMED TO BE ABOUT 4 TIMES GREATER THAN THE NOMINAL
VALUE BASED ON PRELIMINARY 1/4-SCALE DATA EVALUATION (FURTHER
EVALUATION IN PROGRESS).

= CAMERA PURGES CAUSE AIR ADDITION TO THE TEST VOLUME AT THE RATE
oF 0.013 Ke/s CORRESPONDING TO 0.015 PSI/MIN

*Hy RELEASE HISTORY

= CHANGED TO REFLECT THE OBSERVED COMBUSTION PORTION OF
TesT S-05.1. (OLD MODEL: DIFFUSION FLAMES EXIST FOR HYDROGEN
INJECTION RATES > 0.4 LBS/SEC.)

-15-



CASES CONSIDERED USING REVISED METHODOLOGY

1/4-scALE FACILITY:
BASELINE CASE, COMPARISON WITH THE EXPERIMENT (TesTt S-05.1)

MARK II] UNIT WITH CONCRETE CONTAINMENT:
To EXAMINE THE EFFECT OF ACTUAL EQUIPMENT LOADINGS ON
CONSERVATISM OF FROUDE SCALING

EFFEcT oF 0.15 LB/sec (F/S) TAIL APPENDED TO CASE A RELEASE.
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MODEL VERIFICATION

(TEST § 05.1)
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MODELING OF POOL HEAT LOSSES

* ASSUMPTION OF:

1.  ExcHANGE AREA EQuAL To D2 (WHERE D IS SPARGER DIAMETER).

2. HEAT FLUX To PoOL (PER UNIT SURFACE) EQUAL TO HEAT FLUX
FROM FLAME TO INNER WALL (APPROXIMATELY CONSTANT WITH
HYDROGEN FLOW AND SCALE).

LEADS To:

1. FRACTIONAL LOSS TO PoOL AT 1/4 SCALE EQUAL TO ABOUT 9% AT
PEAK RELEASE AND 547 DURING .15 LBS/SEC TAIL.

2. PoOL LOSSES AT FULL-SCALE ABOUT 4.5% AND 271 RESPECTIVELY
(HEAT FLUX INVARIANT WITH SCALE, EXCHANGE AREA SCALED
GEOMETRICALLY).

* FRACTIONAL HEAT LOSS AT PEAK RELEASE FOR 1/4 SCALE (~9%) APPEARS

REASONABLE, LOSS AT LOW FLOW TAIL (~54%) 1s woT.



MODELING OF POOL HEAT LOSSES
(ConT.D)

% PRESENT CALCULATIONS

1. ELImMINATE UNREASONABLY HIGH POOL LOSSES AT LOW FLOW BY

SETTING POOL HEAT LOSS EQUAL TO CONSTANT FRACTION OF
RELEASE RATE.

2. SHOW EFFECT OF 9% AND 232 HEAT LOSS AT 1/4 SCALE.

VERSION UNDER DEVELOPMENT:
MORE REALISTIC MODEL WILL ESTIMATE POOL L0SS AS
"
OpooL = 0"X A UNTIL Loss FRacTION (% Loss = OpooL 78707) ExceeDs

SELECTED THRESHOLD (~25%Z). FROM THAT POINT ON % LOSS IS HELD AT
THRESHOLD VALUE.
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SENSITIVITIES STUDIES

INCREASE LINE PLUME LENGTH T0 1/9TH OF INNER WALL
CIRCUMFERENCE, IN AN INTERMEDIATE VERSION OF THE MODEL. THE
RELATIVE DIFFERENCES BETWEEN GRAND GULF AND 1/4-SCALE

PRACTICALLY DID NOT CHANGE.

EFFECT oF K?C SEEN IN THE FOLLOWING PLOTS.
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SUMMARY
CALCuLATIONS MADE FOR A Mark Il uNIT AND 1/4-SCALE FACILITY.

BASED ON CURRENT MODEL PREDICTIONS, PEAK HCU FLOOR GAS
TEMPERATURES CALCULATED FOR THE MARK |I] UNIT ARE EQUIVALENT To
OR SLIGHTLY NONCONSERVATIVE RELATIVE TO THOSE FOR THE 1/U-SCALE
FACILITY, DEPENDING ON THE TREATMENT OF POOL HMEAT LOSSES.

GAS TEMPERATURE LEVELS ACHIEVED DURING LONG TAIL AT 0.15 LBS/sEc
ARE AFFECTED BY WALL PROPERTY ASSUMPTIONS. FURTHER EVALUATION
IN PROGRESS



CONCLUSION

WITHIN MODEL ACCURACY THE 1/4=SCALE FACILITY APPEARS TO PROVIDE
A REASONABLE S'MULATION OF THERMAL ENVIRONMENT IN MARk [[1]
CONTAINMENTS .

IMPROVED WALL THERMAL PROPERTY DATA FOR ACTUAL PLANT ARE NEEDED
TO PROVIDE QUANTITATIVE ASSESSMENT OF APPLICABILITY OF 1/4-scaLE
DATA TO FULL SCALE CONDITIONS.



