0CT 7 1982

NDocket Nos: 50-327/328
50-369/370
and 50-315/316

Tennessee Valley Authority
Duke Power Company
American Electric & Power (Indiana & Mich. Elec. Co.)

APPLICANT:

Sequoyah Nuclear Power Station
McGuire Nuclear Power Station
D. C. Cook

FACILITY:

SUBJECT: SUMMARY OF MEETING HELD ON AUGUST 4-5, 1982

A meeting was held on August 4-5, 1982, at the NRC office in Bethesda, Maryland, to
discuss the results of the research program on hydrogen combustion and control,
This program 1s sponsored by TVA, AEP, and Duke Power in support of their overall
efforts to demonstrate the adequacy of the hydrogen control systems installed in
their nuclear plants that utilize the ice condenser containment concept. The list
of attendees for the meeting is provided as enclosure 1. A copy of the slides that
were used during the meeting are provided in enclosure 2.

The importance of the research effort by the utilities was emphasized by the Pro-
ject Manager in that Sequoyah and McGuire stations have license conditions that
require a determination (prior to startup after the first refueling) that the
installed system will perform its intended function in a manner that provides
adequate safety margins. It was further noted that this is a mandate from the
Commissioners themselves and this matter must receive their approval prior to
restart of Sequoyah Unit 1. Sequoyah 1 completed its first core burn cycle, and
startup is expected on or before January 1, 1983, For this reason the staff will
have to issue its Safety Evaluation Report in mid-November to be consistent with
the Sequoyah 1 plant schedule,

(Quarteriy progress reports have been issued on the licensee's efforts and a number
of topical reports will be issued in the near future. Also, each licensee has
been requested to submit an Executive Summary Report whose purpose i< to set forth
their position and justification on the adequacy of their hydrogen control systoms.
The TVA Sequoyah report is expected in late September 1982,

N
B%E The results of the laboratory tests on hydrogen control and combustion were dis-
28 cussed in considerable detail by each of the organizations that performed the tests
s for the utilities, This provided an opportunity for the staff and others to hear
o from the principal investigators the manner in which the experiments were carried
N« out. The staff also solicited their opinions on whether or not the res.lts of these
88 experiments contributed to the resolution of the issues that are associated with
ga their respective test program. The principal investigators appeared to be generally
o« aware of the issues and need for the experiments to produce data that would con-
b tribute to the resolution of the issues. The discussions by the utility representa-
wea tives and the investigators did not adequately cover, however, the staff's questions
of how the experimental results supported the analysis on the hydrogen mitigation
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system, It s anticipated that each utility will provide this assessment in their
respective Executive Summary Reports. During the presentations the staff noted n
several instances that some of the data had not been previously presented in the
quarterly reports. Also, TVA stated that the tests on their TAYCO ignitor were con-
tinuing. The results of such tests would be submitted at a later date. A few of
the planned tests were not carried out as was anticipated in other documentation,
One test of particular interest was a Whiteshell test that involved a 8.5%
hydrogen/30% steam mixture with ignition taking place at the top of the test vessel.
Ho explanation was provided, but the licensees were to investigate these deletions
and report on this matter. Other comments on the adequacy of the experiments were
provided by the staff during the meeting; however, the staff ncted that it would
respond, formally, to its adequacy after further analysis of the data. On
September 17, 1982, a NRR letter was issued to each licensee requesting additional
information which was based on the available data and discussions during the

August 4-5, 1982, meeting.

With respect to safety related equipment surviving a successive number of deliberate
ignition hydrogen burns in containment, the licensees reanalyzed the exposed equip-
ment for a different flame speed and radiative heat. The results show that the
temperatures were within the qualification temperatures. On this basis, the
licensees stated that the designated safety related equipment will survive deliber-
ate hydrogen burns, Staff comments on this matter have ncw been prepared and they
were forwarded to the utilities for response.

No further work on local detonations was performed by the licensees, since they
consider that all possible areas were discussed in previous correspondence and
reports. Nevertheless, the staff has requested rurther information in this area
in the letter cof September 17, 1982,

Carl Stanhle, Project Manager
Licensing Branch Mo, 4
Division of Licensing

Enclosures:
As stated

cc: See next page
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Enclosure 2

Information Presented at

Hz Meeting on August 4-5, 1982
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SEQUO YAH

Mr. H. G. Parris

Manager of Power

Tennessee Valley Authority
500A Chestnut Street, Tower Il
Chattanooga, Tennessee 37401

cc:

Herbert S. Sanger, Jr., Esq.
General Counsel

Tennessee Valley Authority
400 Commerce Avenue

E 11B 33

knoxville, Tennessee 37902

Mr. H. N. Culver

Tennessee Valley Authority
400 Commerce Avenue, 249A HBB
knoxville, Tennessee 37902

Mr. Bod Faas

Westinghouse Flectric Corp.
P.0. Box 355

Pittsburgh, Pennsylvania 15230

Mr. Jerry Wills

Tennessee Valley Authority
400 Chestnut Street, Tower II
Chattanooga, Tennessee 37401

Mr. Donald L. Williams, Jr.
Tennessee Valley Authority

400 West Summit Hill Drive, W10B85
Knoxville, Tennessee 37902

Resident Inspector/Sequoyah NPS

¢/o U.S. Nuclear Regulatory
Commission

2600 Igou Ferry Road

Soddy Daisy, Tennessee 37379

James P, 0'Reilly, Regional Administrator

U.S. Nuclear Regulatory Commission,
Region II

101 Marietta Street, Suite 3100

Atlanta, Georgia 30303




McGuire

Mr. H. B. Tucker, Vice President
Nuclear Production Department
Duke Power Company

422 South Church Street
Charlotte, North Carolina 28242

cc: Mr. A, Carr
Duke Power Company
P.0. Box 33189
422 South Church Street
Charlotte, North Carolina 2R242

Mr. F. J. Twogood

Power Systems Division
Westinghouse Electric Corp.
P.0. Box 355

Pittsburgh, Pennsylvania 15230

Mr. G. A. Copp

Duke Power Company

Nuclear Productior Department
P.0. Box 33189

Charlotte, North Carolina 28242

J. Michael McGarry, I1I, Esq.
Debevoise & Liberman

1200 Seventeenth Street, N.W.
Washington, D. C. 20036

Mr. Paul Bemis

Senior Resident Inspector

c/o U.S. Nuclear Regulator; Commission
Route 4, Box 529

Hunterville, North Carolina 28078

James P, O'Reilly, Regional Administrator

U.S. Nuclear Regulatory Commission,
Region II

101 Marietta Street, Suite 3100

Atlanta, Georgia 30303




Mr. John Dolan
Indiana and Michigan Electric Company

ce:

Mr. Robert W. Jurgensen

Chief Nuclear Engineer

American Electric Power
Service Corporation

2 Broadway

New York, New York 10004

Gerald Charnoff, Esquire

Shaw, Pittman, Potts and Trowbridge
1800 M Street, N.W.

washington, D. C. 20036

Maude Preston Palenske Memorial
Library

500 Market Street

St. Joseph, Michigan 49085

W. G. Smith, Jr., Plant Manager
Donald C. Cook Nuclear Plant

P. 0. Box 458

Bridgman, Michigan 49106

U. S. Nuclear Regulatory Commission
Resident Inspectors Office

7700 Red Arrow Highway
Stevensville, Michigan 49127

William J. Scanlon, Esquire
2034 Pauline Boulevard
Ann Arbor, Michigan 48103

The Honorable Tom Corcoran
United States House of Representatives
Washington, D. C. 20515

James G. Keppler

Regional Administrator - Region III
U. S. Nuclear Regulatory Commission
799 Roosevelt Road

Glen Ellyn, I1linois 60137

Mr. John Dolan, Vice President
Indiana and Michigan Electric Company
Post Office Box 18

Bowling Green Station

New York, New York 10004
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WATER FOG INERTING EXPERIMENTS

EPRI RP 1932-1 (Task 5)

Factory Mutual Research Corporation
Norwood, Massachusetts

-

OBJECTIVE: Determine Hydrogen Flammability
Limit Variation With Applied Fog
Density, Drop Size, and Temperature.




. Inerting Tube (Plexiglas)

. Vent & Plumbing Support Cop
. Funnel

. Vent Disks (A tota: of four)

Spray Nozzle
Electrodes
Thermocouple Probes
Heating Taope

. Flash Arrester

| O.Rotameters
I1.Hydrogen-Air Mixer
12.Check Valves

13. Hot Water Tank

OCONOO DN -

4. Solenoid Valves
IS. Pressure Regulators
6. Water Collector

Figure 2-1. Hydrogen-Water Fog Inerting Experimental Setup

2-2




NozzLE
Son1core 35SH

Spraco 2163
Spraco 1806
Spraco 2020
Spraco 1405

VoL MeAN

Drop Si1zE

(MICRONS)

22
35
43
50
92

FLow RATE
(CC/MIN
170
470
60
460
550

SPRAY ANGLE

65°
40°
61°
20°



DROP SIZE AND CONCENTRATION MEASUREMENTS

INSTRUMENT:

ADVANTAGE:

LIMITATION:

HoT WIRE ANEMOMETER

(KLD Associates Moper DC-2)
Counts AND S1zes DroPs BASED
oN DroP CoOLING

CoNVENIENT FOR DroP SizE
DiSTRIBUTIONS IN TUBE AND
iN OPEN AREA

CoNCENTRATION CALCULATION
Requires DroP VELOCITIES

-



Diameter, um
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- | LI 1 1 1 1 | e A 1 j
& *Nozzle: Spraco 2020-1704 -
™ Nozzle Pressure: 25 psi 1
- Spray Tup.~20°c .
i

Probe Location: 30.5 cm below nozzle centerline ;

i
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FOG INERTING DATA
FOR Hy - AIR - Hp MIXTURES

Tewp HyprogeN  LFL  (Dry VoL %)
No FoG
(og) Dry-Sar Dense Fog*
20 4,0-4) 4,6-7.2**
50 4,0-4.7 5.4-7.9**
70 4y -7.7 5.4-8.5

* Foc Density - 1074 - 1072 GM/CC
**U1GHEST VALUE 1S FOR SoNICORE NoZZLE

.
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Figure 4-3. Fog Concentration as a Function of Drop Size to

Achieve indicated Inerting Levels

Fog Concentration, Volume Percent



Concentration, cm® H,0 /Cm> Mixture(Based on Forced Velocity)
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Flgure 4=/, Fog Concentration versus Drop Size Recuirements for
Inerting to 4.76 Hydrogen at 20°¢c
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CONCLUSIONS

DENSE WATER FOGS CAUSE ONLY A SLIGHT INCREASE IN HYDROGEN
LFL (From 4.0 10 4,E- 7.27) AT ROOM TEMPERATURE.

FOG INERTING EFFECT IS MORE PRONOUNCED AT HIGHER TEMPERA-
TuRes (5.4-7.9% LFL art 500C).

FOG DENSITIES REQUIRED TO ACHIEVE A GIVEN LFL INCREASE
APPROXIMATELY AS SECOND POWER OF CHARACTERISTIC FOG DROP
SIZE. PREDICTABLE FROM QUENCHING THEORY AND DROPLET HEAT
TRANSFER EQUATIONS,



FACTORY MUTUAL MICRO-FIG

PROJECT OBJECTIVE

Select nominal micro-fog conditions

for hydrogen combustior pressure

suppression tests in the Acurex test

vessel,.



FACTORY MUTUAL MICRO-FOG

PROJECT METHODOLOGY

Conduct hydrogen flammability tests

with micro-fogs of varying dernsities,

droplet sizes, and temperatures.



FACTORY MUTUAL MICRO-FOG

PROJECT TEST PARAMETERS

Droplet size:

2-15 microns (number mean diameter)

Concentration:

2E-5 - 3E~2 cm’ H,O0/cm’ Mixture

Temperature:

20-70 °C



FACTORY MUTUAL MICRC-FOG

PROJECT CONCLUSION

-Dense micro-fogs cause only a marginal
increase in the hydrogen lower flammability

limit (LFL) at room temperature.

-Increasing the micro~foyg temperature results

in large increases in the hydrogen LFL.

= Micro-fog densities required to achieve
hydrogen inerting are strongly dependent

on the micro-fog characteristic drop size.



ACUREX MICRO-FOG PROJECT OBJECTIVE

Investigate the hydrogen combustion
pressure suppression characteristics of

@ water micro-fog.



ACUREX MICRO-FOG PROJECT

QUIESCENT TEST MATRIX

HYDROGEN FOG NOZZLE PRESSURE (psi)

CONCENTRATION V/O 20 30

10.7 - "

10.7 g X

10.7




TRANSIENT TEST MATRIX

ACUREX MICRO-FOG PROJECT

HYDROGEN
FLOW (ib/min)

STEAM FLOW (Ib/min)

FOG NOZZLE
PRESSURE (psi)

0.035 |]0.105 2. A 20 30
X — ol X o
X o X X e
x ¥ o il - X
- X — : —— X
X oy - — X
X - X — X
vessel mixing fan on
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ACUREX MICRO-FOG

PROJECT CONCLUSIONS

-Fogs apparently generated sufficient
turbulence in the quiescent tests for

hydrogen deflagrations to behave more

adiabatica'ly then ir tests without fog.

-Fogs apparently generatied sufficient
turbulence in the transient tests that
the increased mixing allowed ignition

to occur earlier, resulting in lower

pressure rises.



ACUREX IGNITOR LOCATION

PROJECT OBJECTIVE

Investigate the effect of ignitor
location on hydrogen combustion

during transient conditicns.




ACUREX IGENITOR LOCATION

PROJECT METHODOLOGEY

Conduct transient hydrogen combustion

tests with the ignition source 2at three

different locations. Conduct tests with

and without steam and water spray.




ACUREX

iGNITOR LOCATION PROJECT TEST MATRIX

Al

IGNITOR HYDROGEN STEAM SPRAY
LOCATION FLCW ('b/min) | FLOW (gpm) |FLOW (Ib/min)
0.035 [ 0.105 2.1 15
TOP X - e "
TOP X - - “
BOTTOM X - X X
BOTTOM X - X i
SSRTEL )
BOTTOM X - e - -
BOTTOM | X -
BOTTOM 4 % “ 2
| CENTER IR e X X
CENTER X E X B
CENTER X - oo P




ACUREX IGNITOR LOCATION

PROJECT CONCLUSIONS

-lgnitor location does affect combustion

charactaristics in a transient environment.

-For this test configuration, lowering

the ignitor l!ocation generally produced

a milder pressure rise.



RRC / UTILITY

REVIEW OF
EPRI HYDROGEN RESEARCH PROGRAM

AUGUST 4, 1982

HYDROGEN MIXING AND DISTRIBUTION

IN
CONTAINMENT ATMOSPHERES

G.R. 3LOOM
L.D. MUHLESTEIN

A.K. POSTMA

HANFORD ENGINEERING DEVELOPMENT LABORATORY
WESTINGHOUSE HANFORD COMPANY

RICHLAND, WASHINGTON 99352



HYDROGEN MIXING IN CONTAINMENT ATMOSPHERES

.

OBJECTIVE: . T:_
| i
® MEASURE HYDROGEN MIXING ls & ¥ ‘;l
AND DISTRIBUTION IN SINULATED MR |
LWR ACCIDENT ENVIRONMENT BRI |
75 B
® PROVIDE EXPERIMENTAL BAS!S v
FOR EVALUATION OF ANA! YSIS i
METHODS. cq
PROGRAM: ]

|
il

1

® SCALED COMPARTMENT FABRICATED
IN 30,000 ft3 CSTF VESSEL

® HYDROGEN DISTRIBUTIOM AND
MIXING DETERMINED FOR
CONDITIONS SIMULATING
LOSS OF COOLANT ACCIDENT




CONTENTS

INTRODUCTION
SIMILARITY MODELING
TEST MATRIX

TEST DESCRIPTION
TEST RESULTS

SUMMARY AND CONCLUSIONS



PROGRAM EMPHASIS

DETERMINE HYDROGEN MIXING AND DISTRIBUTION
IN LOWER COMPARTMENT AREA OF [_WR ICE
CONDENSER PLANT AFTER TWO POSTULATED
HYDROGEN RELEASE SCENARIOS.



HYDROGEN RELEASE SCENARIOS

. POSTULATED PIPE BREAK

2-INCH PIPE

SONIC VELOCITY JET C 2088 FT / SEC >

CHOKED FLOW CONDITIONS

HOT HYDKOGEN / STEAM ¢ 60@ DEG F - 1228 LBS / MIN D
HORIZONTAL RELEASE CONFIGURATION

X ¥ ¥ x x

2. POSTULATED RELEASE FROM PRESSURIZER RELIEF TANK

*» 10-INCH RUPTURE DISK

* HIGH VELOCITY VERTICAL JET ¢ 1200 FT / SEC >

*» HOT HYDROGEN / STEAM ¢ 698 DEG F - 1220 LBS / MIN >
» VERTICAL RELEASE CUNFIGURATION



TEST COMPARTMENT SCHEMATIC

ANNULAR
TEST

CSTF
VESSEL

COMFARTMENT ——

DECK \\

b,

- 10

po

Wwsn

STEEL BARRIER

* SENSOR LOCAION



SIMIL ARITY MODELING

SIMILARITY THEORY
SCALE MODEL 7THST RESULTS CAll 5C APPLIED TO FULL-SCALE
SVYSTEMS HrVIDEDL ALL RELEVAILT SIHILARITY PARAMETERS
C DIMEMNSTONL IS GROUWS 2 FOR ODEL AMND SYSTEM HAVE

Daabli= TN ATy e LRt 3 T
MY IS ad canal Mk ROt .

MMELINB

¥ DO SLIARITY PARAMETERS IDENTIFIED

TEST COMUITI0S SELECTED TO YIELD SIMILARITY FOR
ESIEL U RN TSNS TONLLESS SROUFS
# PRG-I TN Thl PARAIIETERS OISTORTED

¥  ALL 3, rOxisAllT LEMGTH RATIOCS TO BE THE SAME FOR
§ 5% e TUTYRE

VeSS, ST LED TO A 0.2 LINEAR SCALE FACTOR



DOMINANT MIXING PROCESSES

*  HIGH SPEED JET MIXING
-DOMINATED IN NEAR AND FAR FIELD
BY MOMENTUM FORCES.
-BOUYANCY FORCES CONTRIBUTE IN FAR FIELD

x FAN-INDUCED RECIRCULATING AIR FLOW

~INITIAL MOMENTUM EFFECTS FOLLOWED BY
EFFECTS OF BOUYANT FORCES

*  NATURAL CONVECTION FLOWS
-MOMENTUM FORCES GENERATED BY
BOUYANT FORCES



MODELING CRITERIA

SUMMARY

¥  PRiSERYE CGEONMETRIC STiILARITY

Fien JeVE DEVSTHETRTC FRQUDE (TWHMBER

FalShiVE DUALED BELATIVE TS

CREWMITR L c2alTE OF COire TS MINXING PROCESSES O
FRESERYE JILITTTY RATICS 7 Q5T 10

ARGy S PSSR T T N

DENSIMETRIC FROUDE NUMBER:

RATIO OF MOMENTUM TO BUOYANCE FORCES

Fr = U

(9 3 %)Vz




SAMPLE MODELING CALCULATIONS
PLANT CONDITIGNS FOR 2-INCH PIPE BREAK

PARAMETER VALUE
STEAM FLOW RATE 1200 LB/MIN
HYDROGEN FLOW RATE :} GIVEN 20 LB/MIN
GAS TEMPERATURE 600 °F
MASS FLUX 870 LB/SEC FT2
SONIC VELOCITY 2080 FT/SEC
DENSITY OF GAS EXITING PIPE 0.42 LB/FT3
GAS PRESSURE 300 PSIA
VELOCITY OF EXPANDED JET 1186 FT/SEC
DENSITY OF EXPANDED JET 0.030 LB/cT3

CONCEPT

:::::::,///’//”—? SUBSONIC REGION
SUPER |

CHOKED —s—  SONIC ' V=1186 FT/SEC
1




SAMPLE MODELING CALCULATIONS

PARAMETER VALUE
PLANT
GAS VELOCITY 1186 FT/SEC
GAS TEMPERATURE 600 OF
GAS DENSITY 0.030 LB/FT?
AIR DENSITY 0.068 LB/FT3
DENSITY RATIO 0.44 MODELING
FR 201.6 CRITERIA
VOLUME TURNOVER TIME 1.9 MIN
TEST
GAS TEMPERATURE 300 OF
GAS DENSITY 0.028 LB/FT3
AIR DENSITY 0.063 LB/FT®
DENSITY RATIO 0.45
GAS VELOCITY 6U0 FT/SEC
MASS FLOW RATE 55,7 LB/MIN
(STEAM 54 LB/MIN; HYDROGEN 1.8 LB/MIN)
RECIRCULATION FLOW RATE 3733 FT3/MIN

VOLUME TURANOVER TIME 1.1 MIN



PREL IMINARY TESTS,

Dt![iﬂtJ.z.- RV E

l’ 5
.

RECIRCULATION
FLOW
C CFM >

TEST
NUMBER

INITIAL LOWER
CONTAINMENT
GAS TEMP ¢ FD

HM-P1 (%)

HM--P2

3700

HM-P3 (%)

HM-P4 37060

85 -

85

150 -

150 -

¢ HM-P1 THROUGH HM-P4 >

nLULATION .

MATURAL COMVECTION,
ABIZHNT GAS THEMPERATURE

- FORCED COMVECTICNM,

“ERATURE

I ey
AlfipI YT CAS TEir
CeHVECTION,

TEMPERATURE

HaTUnAL

[ g g & BRI o Ml . o~
ELEVATED GAS

FORCED CCIHIVECTION,
TEMPERATURE

yo— “q P N g ~ o~
LLEVAIEDY GasS



HIGH VELOCITY MIXING TESTS, ( HM-1 THROUGH HM-S )

DETERMINE SEPARATE AND COMBINED EFFECTS ON GAS DISTRIBUTION
FROM FORCED AIR RECIRCULATION AND MOMENTUM OF HIGH VELOCITY JET

RECIRCULATION He / H2 STEAM
TEST FLOW FLOW RATE FLOW RATE
NUMBER (CFMD SOURCE (LB/MIND (LB/MIND
HM-1 5] He-STEAM 8.9 27 } NATURAL CONVECTION
HM-2 o He-STEAM 1.8 54 HIGH/LOW JET FLOW
HM-3 3700 He-STEAM 8.9 27 } R
HM—4 3700 He-STEAM (.8 54 HIGH/LOW JET FLOW

M-S 37008 H,-STEAM 8.9 S4 CONFIRMATORY TEST



HIGH VELOCITY VERTICAL MIXING TESTS C HM-6, HM-7 )

DETERMINE GAS DISTRIBUTION RESULTING FROM HYDROGEN/STEAM

RELEASE FROM PRESSURE P__._F TANK OR
VERTICAL ORIENTED HIGH VELOCITY JET

RECIRCULATION He STEAM
TEST FLOW FLOW RATE FLOW RATE
NUMBER CCFMD SOURCE C(LB/MIND CLB/MIND
HM-6 3700 He-STEAM 8.9 27

HM~-7 3780 He-STEAM 1.8 S4

FORCED CONVECTION
HIGH/LOW JET FLOW



TEST COMPARTMENT SCHEMATIC

ANNULAR
TEST

COMPARTMENT -

CsTF
VESSEL

BLOWER
\

o5 Shan—g

DECK -

4
#

e —— W0 M — o

5 #
- 30°  REMOVABLE RADIAL WALLS

in
v

\STEEL BARRIER

* SENSOR LOCATION



INSTRUMENTATION

*» HYDROGEN / HELIUM CONCENTRATION -

* OXYGEN CONCENTRATION -

*» GAS TEMPERATURES -

» COMPARTMENT GAS VELOCITIES -

* RECIRCULATION AIR FLOW -

TWELVE THERMAL CONDUCTIVITY AND

TWO COMBUSTIBLE TYPE ANALYZERS

FIVE MONITORS

OVER 25 TYPE K THERMOCOUPLES

TEN HOT FILM ANEMOMETERS

TWO HOT FILM ANEMOMETERS

ALL DATA COLLECTED BY DATA ACQUISITION SYSTEM

AND DISPLAYED ON STRIP CHART RECORDERS



INSTRUMENTATION LOCATION

DESTGNATION LOCATION

TOP 9 INCHES BELOW UPPER DECK
MIDPLANE 7.75 FT UP FROM LOWER DECK
BOTTOM 1.0 FT UP FROM LOWER DECK

GAS VELOCITY GAS

SENSOR LOCATION PROBE SAMPLE  THERMOCOUPLE
59, TOP X X X
659, TOP X X X
1259, TOP X X X
1859, TOP X X X
2459, TOP X X X
50, MIDPLANE X
65°, MIDPLANE X
1259, MIDPLANE X X X
1859, MIDPLANE X
2450, MIDPLANE X
50, BOTTOM X X X
65°, BOTTOM X
125°, BOTTOM X X X
1859, BOTTOM X X X
2u59, BOTTOM X y X



INSTRUMENTATION SENSITIVITY

GAS CONCENTRATIONS

DRY BASIS CONCENTRATION

- RESOLUTION
- ACCURACY
RESPONSE TIME
- SAMPLE LINE
- SENSOR

- DATA SYSTEM

TEMPERATURE

o

TEMPERATURE
RESPONSE TIME
- SENSOR

- DATA SYSTEM

GAS VELOCITIES

a

o

LOCAL VELOCITY
- CALIBRATION
- DIRECTION UNKNOWN

- WATER VAPOR CONCENTRATION
NOT ACCOUNTED FOR
RESPONSE TIME
- SENSOR
- DATA SYSTEM

+ 0.25 VOLUME %
+ 0.7 VOLUME %

10 - 20 SEC
~ 50 SEC
v 26 SEC

+ 4°F

~ 20 SEC
0 - 30 SEC

+ 0.2 SFPS
+ 50%

- 0%

+ 507

- 0%

~ 1 m SEC
v 2 SEC



2.67 RAD

|

{ ’

E J \ JET A —
/ * (STEAM/HELIUM) | (!

~P80°%) nuuo\
IR flaamo , /onmee)

r

~

—

RECIRCULATION
IN FLOW

UPPER FLOOR
SECTION A-A

f ourer [.n o
B v o 084 Ccenina
(WIDTH 4.3 cm) RECIRCULATION SECTION 8-8
7 - IN FLOW
PR 5 . OUTLET SLOTS
- \

' ﬂ
) o —
l ﬂ "n
DIMENSIONS IN METERS

EXCEPT AS NOTED
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SUMMARY RESULTS OF PRELIMINARY TESTS
(HM-P1 - HM-PY)

*LOCAL AVERAGE AIR VELOCITIES

M/MIN
(FT/MIN)
NEAR FLOOR MIDDLE NEAR TOP

NATURAL COMVECTION ONLY 5 3 4y
AMBIENT TEMP (16) (9) (12)
HM-P1
NATURAL CONVECTION ONLY 17 S 20
ELEVATED TEMP (57) (67)
HM-P3
NATURAL CONVECTION + 5 7 13
FORCED CONVECTION (16) (24) (43)
AMBIENT TEMP
HM-P2
NATURAL COMNVECTION + 27 -—- 26
FORCED CONVECTION (87) (85)
CLEVATED TCMP
{IM-PY

" * 507 FLOW VELOCITY MAGHITUDE UNCERTAINTY DUE TO UNKHOWY
- 0% FLow DIRECTION.




TEST FROUDE NUMBER SUMMARY

JET FR 0. RECIRCULATION Fr RO,
ACTUAL ACTUAL
TEST #  TARGET START  END TARGET ~ START  END
HM-1 100 113 137 N/A N/A N/A
HM-2 200 230 352 N/A N/A N/A
HM-3 100 103 119 0.5 0.54 0,52
HM-4 200 221 265 0.5 0.51 0,42
HM-5 200 185 226 0.5 0.52 0.61
HM-6 100 100 106 0.5 0.64  0.61
HM-7 200 160 205 0.5 0.52 0.46

JET FR = 200 FOR PLANT

RECIRCULATION FR = 0.5 FOR PLANT



TEST DENSITY RATIOS SUMMARY

JET RECIRCULATION
U "ee/Pa
TARGET = 0.45 TARGET = 1.11

TEST NO. START END START END

HM-1 0.59 0.63 o e
HM-2 0.62 0.74 vt e
HM-3 0.51 0,53 1.11 1.12
HM-4 0.56 0.60 1,12 1.18
KM-5 0.53 0.54 1.12 1.08
HM-6 0.53 0,55 1.97 1.02
HM-7 0.53 0.59 1.11 1.15

* JET o /o, = 0.04 FOR PLANT
** RECIRCULATION e /e, = 1.50 FOR PLANT
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% He

Corrected Volume % H,

Measured Vo lume

CORRECTED HYDROGEN CONCENTRATION FOR TEST HM-SA
AND MEASURED HELIUM CONCENTRATION FOR TEST HM-4C

4 L) L] L L) Ll

Corrected H2 Conc. = Measured H2 Conc. = 1.33
Where 1.33 = (Target H2 Rate/Actual H2 Rate)

TEST HM-4C  (Hel ium)

1) 125 Degrees, Lower Elevation
2) § Degrees, Lower Elevation

TEST HM-5A  (Hydrogen)

39) 125 Degrees, Lower Elavatlion
4) 5 Degrees, Lower Elavation

e - s A ' ' e ' A

10 1S 20 25 30 35

Reduced Elapsed Time, Minutes

40
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Maximum Gas Concentration Difference

Volume Percent
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MAXIMUM GAS CONCENTRATION DIFFERENCE
FOR TEST HM-3A, HM-SA, AND HM-7
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Maximum Gas Concentration Difference
Volume Percent

MAXIMUM GAS CONCENTRATION DIFFERENCE
FOR TEST HM-1A, HM-2, HM-4C, AND HM-6
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He/H, CONCENTRATIONS CORRECTED FOR WATER VAPOR

MAXIMUM MAXIMUM
PEAK  PEAK COHC. MAX. & CONC. PEAK CONC. FMAX. & CONC.,
RELEASE ~ TEMP.  DRY BASIS DRY BASIS WET BASIS**  WET BASIS**

TESTNO.  G6AS (%)  (VoL. %) (VoL. %) (VoL. %) (VoL. %)
liM-1 He 176 13.5 1.5 7.0 0.3
HM-2 He 198 27.7 2.0 6.3 -0.6
HM-3 e 152 5.4 1.1 3.9 0.6
HM-14 He 174 10.7 0.7 5.8 0.2
lM-5 ty 155 8.5 0.4 5.4 0.3
[ik-6 lle 152 *5.5 1.8 4,0 1.0
HM-7 le 178 11.0 2.3 6.0 -0.5

* ESTIMATE BASED ON EXTROPOLATED DATA SINCE THERE WAS INADVERTANT
HIGH He RELEASE RATE FOR LAST ONE MINUTE TEST.

** WET BASIS ESTIMATED ASSUMING ATMOSPHERE IS SATURATED WITH WATER
VAPOR AT TEMPERATURE OF GAS.




SUMMARY AND CONCLUSIONS

MAXIMUM OBSERVED CONCENTRATION DIFFERENCE WAS 2.5 %
DURING THE RELEASE PERIOD FOR THE CONFIGURATION
TESTED.

GOOD MIXING CCCURS IN THE LOWER COMPARTMENT REGION
WITH HIGH VELOCITY JET, FORCED AIR RECIRCULATION
AND NATURAL CONVECTION GAS MIXING PROCESSES.

STRONG INFLUENCE OBSERVED ON LOCAL AIR VELOCITY
FROM NATURAL CONVECTION HEAT TRANSFER AND NATURAL
CONVECTION PROVIDES WELL MIXED AIR VOLUME .

FORCED AIR RECIRCULATION INCREASES GAS MIXING,
DECREASES MAXIMUM HELIUM CONCENTRATION, AND
DECREASES MIXING TIME.

HIGH VELOCITY HELIUM/STEAM JET RELEASE IS DOMINANT
MIXING PROCESS, AND SUBSTANTIALLY INCREASES LOCAL
AIR VELOCITIES.
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INSTRUMENTATION FOR GLOW PLUG EFFECTIVENESS TESTS
(17- LITRE VESSEL)
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S~ TEMPERATURE
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//5 OBSERVED TRANSIENTS IN THE IGNITER EFFICIENCY TEST. A GM AC
NO.7 GLOW PLUG OPERATED AT 12 VAC IN A 12.2%~HYDROGEN /
I7.4%-STEAM/69.7%—AIR MIXTURE IN A I7-LITRE VESSEL.
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/2 OBSCRVED TRANSIENTS IN THE IGNITER EFFICIENCY TEST.
A GM AC NO.7 GLOW PLUG OPERATED AT 12 VAC IN A
12.9% = HYDROGEN / 17.4%—~STEAM/69.7% —AIR MIXTURE
IN A I7-LITRE VESSEL.
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:1. OBSERVED TRANSIENTS IN THE IGNITER EFFICIENCY TEST. AGM
AC NO.7 GLOW PLUG OPERATED AT 14 VAC IN A |0%- HYDROGEN
/37.2%~-STEAM/ 48.8% —AIR MIXTURE IN A |7-LITRE VESSEL.



i . i ] KEY ' i
-~

—— - = Limits of flommabitity (o1 142°C)!
- |50b23rs of constont c2iSd3tC ..'
- i
expiosion pressures, (cim) |
(Initig! tempergtyre ot siesm |

scturation)

- e Stoichiomeins mixtures

impossible -
Jmixtures

—_ Hz-steam mixiures

HYDROGEN IN AIR, volume-percent

Nonflemmable

Sioichiometric

. — '[ line
-
[ Cimit pwerd e 3™ ~
b e 2 |
| ) \ ] | /' 1 1 | | ' N
C O 20 30 40 50 60 70 80 S0 100

ADDED WATER VAPOR, volume-percent

FICURE 11. - The flarmability domain for upward flame propagation for
lip-hir-HoO(vapor) mixtures. The flarmability limit curve is
superimposed on the ischaric contours of calculatec, adiabatic
explesicn pressures.



HYDROGEN CONCENTRATION (% ~BY VOLUME )
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IGNITED IGNITION CONDITION VOLTAGE
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THE IGNITION LIMITS OF HYDROGEN /AIR/STEAM MIXTURES
USING A GM AC MODEL NO.7 THERMAL GLOW PLUG LOCATED
AT THE CENTRE OF A 17-LITRE QUASI-SPHERICAL VESSEL.
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Rear fan
S dl:{ i
To Gas Chromatograph Piezo- transducer (1,2,3)
1
|
|
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Figure1: ARRANGEMENT OF FANS IN THE
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Combustion Pressure, kPa
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200}
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100
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Central Ignition
Pressure 98kPa
. Temperature 373°K
—— 7% Hy / Air
== T%H/15% Steom/Alr
=== 7%H;,715% Steam/Air /Fan

Time From Ignition, Second

RELATIVE EFFECTS OF STEAM AND TURBULENCE
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Flgure 4: EFFECT OF STEAM ON THE EXT ENT OF BURN




COMBUSTION PEAK PRESSURE, kPa (Gauge)
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COMBUSTION PEAK PRESSURE, kPa (Gauge)
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Figure 5: COMPARISON BETWEEN PREDICTED AND OBSERVED PRESSURE RISE
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Table 4-3
HYDROGEN-WATER FOG INERTING DATA AT -~70°C

a’llzo llzo Flux
Press. Vol. Mean Dia. No. Median Conc. 3 2 nzo Inexrting Conc.

Nozzle (psi) Micron Micron cm Mix com /cm min (v)
“Spraco 10 - - - - 6.76
2163-7604 20 - - - - 7.18
30 - - - - 7.62
40 - - - - 8.46
Spraco 10 - - - - 5.88
1405-0604 20 - - - - 6.32
30 - - - - 7.62
40 - - - - 7.67
Spraco 10 - - - o 4.98

1806-1605 20 . - - o 5.43 .
30 = - - - 5.43

ho - - - - s.‘)
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FLAME FRONT ACTIVITY -- TEST 2.7 Geompe Descrers
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SPRAY EFFECTS -- DYNAMIC INJECTION TESTS

-------.--------H---I----------------.----------.--

0.035 LBWMIN Hy. BOTTOM IGNITOR

GAS ANALYSIS
A
TEST SPRAY MAX AP, PSI | BIRN Hy | ©
W/0 STEAM 2.6 - 28 GD, LI | 2.1 12
3.5 20 PSI FOG 2.0 LI 3.3| 6.8
3.9 30 PSi FOG JORN L1l 0.1] 9,2
H/STEA" 2.5 —— Q.S Llo LD 709 507
2.4 SPRAYCO 1713 1 LI 55| 5.1
. 20 PSI FOG 5.0 LD 6.2 5.1
3,10 30 PSI FOG 1.6 LD e 2 o
AL -- LOCAL | -- INTERMITTENT
6 -- GLOBAL D -- DISCRETE



HYDROGEN CONTROL TESTS -- SUMMARY

e D A DA A SR IS (S 5 A T TR 5 . i . L A e e . . e T e S T S SRR

QUJESCENT IGNITION IN ALL TESTS
BURN COMPLETE WITH Hy 7.5 v/0
MAX AP 50 PSI
DYNAMIC IGNITION IN ALL TESTS
. HAX 4P
0.035 LBM/MIN Hy w/0 STEAM 28
0.035 LBM/MIN Hy y STEAM 13
0.105 LBM/MIN Hp w/0 STEAM 23.5
0.105 LBM/MIN Ho w STEAM 24
ALL FOG AND SPRAY CASES .

/\ ACUREX
C \ Corporation



EQUIPMENT SURVIVABILITY

I. BASED ON NRC QUESTIONS
SEPTEMBER 1981 TVA
REANALYZED EQUIPMENT

ASSUMMING:

A. 1ft/sec flame speed

B. A seperate radiative heat transfer
term

II. MODEL VERIFICATION

4. Showed the model with same
heat transfer coefficients melted
teflon on thermocouple wire

B. Excellent reproduction of Westinghouse
results for a transmitter thermal
response -to a MSLB



III. CONCLUSIONS

A. Temperatures very reasonable—
all equipment will survive -l

B. Adresses all outstanding NRC
concerns discussed with TVA or ACRS



