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OUTLINE

Hy SOURCE TERM
EFFECTS OF Hy COMBUSTION ON EXISTING DESIGN

POSSIBLE REMEDIES AND CONTRAINDICATIONS

X INTERIM MEASURES
X LONG-TER MEASURES

CONCLUSIONS AND RECOMYENDATIONS
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AD1ARATIC CONTAINMENT
HyDROGEN COMBUSTION -
CALCULATION

INITIAL STATE
VoL = 1,193 X 106 ¢13

To=77F

Py =16.3 PSIA
MoLes (02 = 615
MoLes Np = 2324

FINAL STATE

VoL = 1,193 X 106 BTU
T§=2000 F

Ps = NRT/V = 83.6 PSIA
MoLes (p = 450

MoLes Np = 2324

% MoLes Hy)0 = 331

REACTION PRODUCTS
HEATED BY COMBUSTION

He D0, 1 (7 = Tp)

MoLes Hp = 331 = 300K6 X%

ALl HYDROGEN

REACTS WITH OXYG
Ho = %31 MoLEs

(104 X 105 BTU/MoLE)

At = 34.4 X 106 BTU
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+ CONTAIMMENT STRUCTURAL ANALYSES
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NEGLECTED STIFFENERS

USED ACTUAL STRENGTH INSTEAD OF MINIMUM CODE YIELD STRENGTH
OF STEEL

33 PSIG YIELD PRESSURE
43,5 PSIG ULTIMATE STRENGTH

AES | ABORATORY

- QUASI-STATIC ANALYSIS

- INCLUDED “SMEARED" STIFFEMERS
- 36 PSIG YIELD PRESSURE

R&D ASSOCIATES

- ASSUMED STIFFEMERS RELATIVELY INEFFECTIVE
- USED MINIMUM CODE YIELD STRENGTH OF STEEL
- 27 PSIG YIELD PRESSURE

RES
- 34 PSIG YIELD, PRESSURE




LICENSEE EFFOPTS



SHORT TERM
PROPOSED DISTRIBUTED IGMITION SYSTEM
PHASE T (INTERIM

. SYSTEM INSTALLATION AND TESTING COMPLETE BY SEPTEMBER 15, 1980

. PRIOR COMMISSION APPROVAL BEFORE SYSTEM 1S MADE OPERABLE (TVA SUBMITTAL
BY AususT 15, 1990)
+ SysTem DesioN

. 30 GLOW PLUGS

18 IN LOWER COMPARTMENT

5 IN LOWER PLENUM OF ICE CONDENSER

44 IN UPPER PLENUM OF ICE CONDENSER

3 IN UPPER COMPARTMENT

. GMAC-7-G DIESEL ENGINE GLOW PLUG PRESENTLY BEING TESTED

»  UTILIZING BACKWP LIGHTING CIRCUITS
. SEISMIC DESIGN
. POWERED FROM EMERGENCY BUSES (EMERGENCY DIESEL GENERATORS)
. REMOTE MANUAL CONTROL FROM AUXILIARY BUILDING
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« GLow Pruc TesTing (sTATUS)

- DETERMINING GLOW. PLUG TEMPERATURE AS A FUNCTION OF APPLIED
voLTAGE (14 voLTS - ABOUT 1700°F; 12 voLTs - asouT 1500°9F)

~ TETERMINING DURABILITY OF GLOW PLUG (SPECIMEN HAS CONTINUED TO
' OPERATE SUCCESSFULLY AFTER 6 DAYs AT 1700°P)
|
\

e - DETERMINING RELIABILITY OF GLOW PLUG AS AN IGNITION SOURCE
(ACHIEVED IGNITION IN DRY AIR MIXTURES CONTAINING 12 VOLUME
PERCENT AND / VOLUME PRECENT HYDROGEN)

- DETERMINING THE PERCENT COMPLETION OF HYDROGEN BURNS (ESSENTIALLY

1007 coMBUSTION OF DRY AIR MIXTURE CONTAINING 12 VOLUME PERCENT
HYDROGEN)

- FURTHER TESTING WILL VARY HYDROGEN CONCENTRATION AND INTRODUCE
STEAM ENVIRONMENT



; ‘ PHASE 11 (1MPROVEMENTS)

- IMPROVEMENTS 'TO BE IMPELMENTED IN PARALLEL WITH TVA’S LONG-TERM DEGRADED
CORE TASK FORCE PROGRAM

- IMPROVEMENTS:

. EACH IGNITOR WILL HAVE INDIVIDUAL CONTROL FROM THE MAIN CONTROL ROQM

. MORE HYDROGEN AND OXYGEN MONITORS WILL BE INSTALLED TO GUIDE OPERATORS

. A PLANT COMPUTER TO WARN OF HYDROGEN CONCENTRATIONS REACHING THE
DETONATION LIMIT WILL BE PROVIDED,

. BACKUP DIESEL POWER SUPPLY TO THE SYSTEM WILL CONTINUE TO BE PROVIDED,

... .. ENVIRONMENTAL QUALIFICATION OF DISTRIBUTED IGNITION SYSTEM COMPONENTS

WILL BE DETERMINED.

. EFFECTS OF THE HYDROGEN BURN ENVIRONMENT ON COMPONENTS WILL BE ANALYZED,

. ALTERNATE AND/OR ADDITIONAL IGNITOR LOCATIONS WILL BE SELECTED

‘ BASED ON A BETTER UNDERSTANDING OF THE CHARACTERISTICS OF HYDROGEN

COMBUSTION

. INSTALLATION OF HYDRIDE CONVERTERS NEAR THE REACTOR VESSEL VENT,
PORV DISCHARGE, AND AIR RETURN FANS WILL BE CONSIDERED,

. ADDITIONAL CONTAINVENT PENETRATIONS WILL BE CONSIDERED TO FACILITATE
AN EXPANDED HYDROGEN MONITORING CAPABILITY,



PHASE TII (FINAD)

FINAL MODIFICATIONS TO BE IMPLEMENTED AT COMPLETION
OF TVA'S LONG-TER" DEGRADED CORE TASK FORCE PROGRAM.



DEGRADED CORE TASK FORCE PROGRAY
- LONG-TERY 2 YEAR) EFFORT

- MAJOR TASKS
CONTROLLED IGNITION
HALGH SUPPRESSANTS

RISK ASSESSYENT

- CORE BEHAVIOR, HYDROGEN GEMNERATION AND TRANSPORT

HYDROGEN BURNIHG AHD CONTAINVENT RESPONSES



TVA. ANALYSES



. ANALYTICAL EFFORT
- WeSTINGHOUSE/OFFSHORE POWER SYSTEMS

- ABOUT/YEAR STUDY OF CRITICAL PARAMETERS FOR VARIOUS ACCIDENT
SCENARIOS TO DETERMINE CONTAINMENT RESPONSE

- Using CLASIX cope (UNDER DEVELOPMENT)




CLASIX CAPABILITIES

3. VENT FROM UPPER COMPARTMENT

2. 1CE CONDENSER

3. RECIRCULATIOW FAN

4, DOORS - LOKER LHLET AWD INTERMEDIATE

S, WDIVIDUAL REPRESENTATION OF 0z, Hy, ty AND Hy0
6. SATURATED AND SUPER-HEATED STEA

7. SPRAYS

8. Hy, Ny AND HEAT ADDITIONS

g, BREA%!( FLOW

10. BURN CONTROL



PRELIMINARY ANALYTICAL RESULTS

SELECTED SMALL BREAK LOCA RESULTING IN DEGRADED CORE
cooLING (SD SEQUENCE OF WASH-1400)

PATE OF HYDROGEN RELEASE BASED ON 'ARCH CODE CALCULATION (ONSET
OF HYDROGEN RELEASE 3500 SEC AFTER ACCIDENT INITIATION AND
ASSWMED TO CONTINUE UNIMPEDED FOR 3000 SEC, RESULTING IN REACTION
oF ABOUT &% OF TOTAL ZIRCONIUM IN CORE)

HYDROGEN COMBUSTION ASSUMED WHEN 10 VOLUME PERCENT HYDROGEN
REACHED

VARIED ASSUMPTIONS REGARDING AIR RETURN FAN AND UPPER
COMPARTMENT SPRAY PERFORMANCE, AND ICE AVAILABILITY.



INITIAL CONDITIONS:

BASE CASE PARAMETERS

VOLLMES

TE'PERATURES

PPESSURES LOTIC
ICE MASS CODE

ICE HEAT TRANGFER AREA

Hy FOR IGNITIN 10V/0

. BURY PARAETERS:
Hy FOR PROPAGATICN! 10 V/0
0, FOR IGHITION | 5 V/0
. AIR RETURY FANS: NABER OF FANS .
CAPACITY OF EACH FA 40000 CFM
. SPRAY SYSTEI: FLOW RATE 6000 GPM
TEMPERATURE 15 F
HEAT TRANSFER COEFFICIENT 20 BTW/HR FT%F
ICE CONDENSER DRAIN TEMPERATURE N F
6, BREAK RELEASE DATA MARCH CODE
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TABLE 1. PRELIMINARY CONTAIHVMENT ANALYSIS SENSITIVITY STUDIES

TOTAL PEAK TEMP. (OP) PEAK PRESS (PSIA)
BURED {LB) | |
LR I UPPER LOER  UPPER
COPARTENT  BED  COVP. P, COW.
~
Y |
1. BASE CASE 90 2200 200 150 | 26.5 2.5
2. GUTION 1050 o w2 85 305
AD PROPAGA-
TIONG 80
s (LMRFAEN 9w 200 3% 180 %.5 2.5
4. No ICe 850 2400 200 270 @ 4]

5, 10 AIR IS 1200 B0 B 100 () (1)

* [CE EXISTS ONLY FOR THE FIRST TWO OF 7 BURNI}IG CYCLES.



MRR EFRORTS

o UNL IeNITER TESTS

. BCL ANALYSES



OBJECTIVE:  EXPERIMENTALLY EVALUATE IGNITER
EFFECTIVENESS AD RELIABILITY

FACILITY: 700 PSIG PRESSURE VESSEL
4 FEET DIAETER X 8 FEET LONG

INSTRUFENTS:  PRESSURE
TENPERATURE
6AS SAPPLIG

SCHEDULE :
"ESIGN % BUILD:  JuLy - Sept, 19%)
TesTs + SEPT - (ct,, 1990
ReporT & (cT, 198)



Schematic View of Igniter Test Apparatus
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BCL WORK

. OBJECTIVE: EVALUATE EFFICACY OF PROPOSED IGNITER SYSTEM
. Mvacysis Morer: MARMH Core
. Features oF Come
MODELS PRIMARY SYSTEM
MODELS CONTAINMENT SYSTEM
. MULTI-COMPARTMENT
. TRACKS ATMOSPHERE CONSTITUENTS
. MODELS HEAT SINKS, ICE BED, FANS, SPRAYS
. SCHEDULE

PRELIMINARY WORK: DONE
BALANCE OF work: Octoeer 1980
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(MARCH CODE RESULTS)
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TABLE . BATTELLE ANALYSIS OF Hy BURNING IN SEQUOYAH CONTAINMENT

CASE Hy TGNITION HE BURN - BURN TIME CONTAINENT
SETPOINT IMIT (SEC) PEAK PRESSURE (PSIM)
¥ ()

ACTUAL  ADIABATIC

1 10 0 1 | 5 58,
2 10 " 0 25 ) 58.
3 | 12 0 | 1 ol Bl.
I 8 0 25 | 22 51,
5 8 4 1 l /4 36,
6 10 0 1 31 79,

CASE 6 - ICE BED MELTED BEFORE BURNIHG OCCURS.



. LIKELIHOOD OF A DEGRADED CORE ACCIDENT IS SIGNIFICANTLY REDUCED BY
IMPLEMENTATION OF TMI SHorT TERM LESSONS LEARNED

. TVA HAS PROPOSED TO FURTHER IMPROVE SAFETY MARGINS BY USE OF AN INTERIM
DISTRIBUTED IaNITION SYSTEM

. Decision OpTIons:

. OPTION A: How AT 5%

. OpTion B: MNowmInaL 507 LimiT
v Option C: Limitep 1007

. OpTion D: INLIMITED 1007

. STAFF REcomMENDATION: OpTION B




