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ADIABATIC CONTAINMENT FINAL STATE

HYDROGEN COMBUSTION VOL = 1.193 X 106 BTU

CALCULATION Tf = 2000 F

Pt = NRT/V = 68.6 PSIA

MOLES 02 = 450

MOLES N2 = 2324

MOLES H20 = 331

REACTION PRODUCTS

HEATED BY COMBUSTION

ic == Cv, I (TT - TO)

INITIAL STATE

VOL = 1.193 X 106 FT3

To= 77 F

PO =16.3 PSIA

MOLES 02 = 615

MOLES N2 = 2324

MOLES H2 = 331 = 300KG

ALL HYDROGEN
REACTS WITH OXYGEN
H2 = 331 MOLES (1.04 X 105 BTU/MOLE)
* = 34.4 X 1O6 BTU



,ONTAI'TrT STRUCTURAL ANALYSES

TVA.
.. II/A



COWIAIWFf STRUCTURAL A'ALYSES

- NEGLECTED STIFFI4ERS

- USED ACTUAL STRENGTH INSTEAD OF MllJIP'V CODE YIELD STRENGTH
OF STEEL

- 33 PSIG YIELD PRESSURE

- 43,5 PSIG ULTIMATE STRENGTH

NES LAORATORY

- QUASI-STATIC ANAIYSIS

- INCLUDED "St._.RAD" STIFFE1IERS

- 36 PSIG YIELD PRESSURE

PU ASSOCIATES

- ASSUH STIFFENIERS RELATIVELY INEFFECTIVE

- USED MINIrHI CODE YIELD STRENGTH OF STEEL

- 27 PSIG YIELD PRESSURE

- 34 PSIG YIELD PRESSURE



ULCDISEE EFFORTS



SHORT TERI

PRPCSED DISTRIBUTED IG'IITICI1 SYSTEM
PHASE I (INTERIM)

, SYSTEM INSTALLATION AND TESTING CCMPLETE BY SEPTEMBER 15, 1980
, PRIOR CCMWISSION APPROVAL BEFORE SYSTEM IS MADE OPERABLE (TVA suBMiTTAL

BY AUGUST 15, 1980)

SYSTEM DESIGN

30 GLOW PLUGS

- 18 IN LOWER CW-PARThENT

- 5 IN LOWER PLENUM OF ICE CONDENSER

- 4 IN UPPER PLENUM OF ICE CONDENSER

- 3 IN UPPER COMPARTMENT

,GMAC 7-G DIESEL ENGINE GLOW PLUG PRESENTLY BEING TESTED
, UTILIZING BACKUP LIGHTING CIRCUITS

, SEISMIC DESIGN

, POWERED FROM EMERGENCY BUSES (EMERGENCY DIESEL GENERATORS)

, RE.MOTE MANUAL CONTROL FROM AUXILIARY BUILDING
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GLOW PLUG TESTING (STATUS)

- DETERMINING GLOW PLUG TEMPERATURE AS A FUNCTION OF APPLIED

VOLTAGE (14 VOLTS - ABOUT 17005F; 12 VOLTS - ABOUT 15000F)

-ETERMINING DURABILITY OF GLOW PLUG (SPECIMEN HAS CONTINUED TO

OPERATE SUCCESSFULLY AFTER 6 DAYS AT 1700OF)

- DETERMINING RELIA-IL--TY OFGLOW PLUG AS AN IGNITION SOURCE

(ACHIEVED IGNITION IN DRY AIR MIXTURES CONTAINING 12 VOLUME

PERCENT AND 7 VOLUME PRECENT HYDROGEN)

- DETERMINING THE PERCENT COMPLETION OF HYDROGEN BURNS (ESSENTIALLY

100% COMBUSTION OF DRY AIR MIXTURE CONTAINING 12 VOLUME PERCENT

HYDROGEN)

- FURTHER TESTING WILL VARY HYDROGEN CONCENTRATION AND INTRODUCE

STEAM ENVIRONMENT



PHASE II (IMPROVEMENTS)

- IMPROVEMENTS TO BE IMPELMENTED IN PARALLEL WITH TVA's LONG-TERM DEGRADED

CORE TASK FORCE PROGRAM

- IMPROVEMENTS:

EACH IGNITOR WILL HAVE INDIVIDUAL CONTROL FRCM THE MAIN CONTROL ROOM

,tRE 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 CONTAINMENT PENETRATIONS WILL BE CONSIDERED TO FACILITATE

AN EXPANDED HYDROGEN MONITORING CAPABILITY.



PHASE III (FiNAL)

FINAL MODIFICATIONS TO BE ItIPLEIvTED AT CCIHPLETION
OF TVA'S LCOG-TEI DEGRADED CORE TASK FORCE PROGRAM,



DEGPRADED CORE TASK FORCE PROGRAMI

- LONG-TERM (2 YEAR) EFFORT

- MAJOR TASKS

1. CGTROLED I9,1lTION

2. HALGI SUPPRESSNJS

3. RISK ASSESSUT

4, CORE BEHAVIOR, HYDRZG-I GENEPATION AND TRANSPORT

5. HYDROGEN BURIF"IG •iD CONTAI.MUT RESPUSES



TVA. JMALYSE



,ANALYTICAL EFFORT

- WESTINGHOUSE/OFFSHORE POWER SYSTEMS

- ABOUT/YEAR STUDY OF CRITICAL PARAMETERS FOR VARIOUS ACCIDENT

SCENARIOS TO DETERMINE CONTAINMENT RESPONSE

- USING CLMIX CODE (ULNDER DEVELOPMENT)



CLASIX CAPA31LITIES

I. VENT FROR UPPER COMPARTMENT

2'. ICE CONDENSER.

3. RECIRCULAT[Oi, FAR

4. DOORS - LOWER INLET AXD INTERMEDIATE

5. INtDIVIDUAL REPRESE14TATION OF O2, H2, 212 AND H20

6. SATURATED, ANID SUPER-HEATED STEM

7. SPRAYS

8. H2, N2 AND HEAT ADDIT10*S.

9. BREAK FLOW

10. BURN CONTROL



PRELIMINARY ANALYTICAL RESULTS

- SELECTED SMALL BREAK LOCA RESULTING IN DEGRADED CORE

COOLING (S2D SEQUENCE OF WASH-1400)

- PATE OF HYDROGEN RELEASE BASED ON -AR-I CODE CALCULATION (ONSET

OF HYDROGEN RELEASE 3500 SEC AFTER ACCIDENT INITIATION AND

ASSUM4ED TO CONTINUE UNIMPEDED FOR 3000 SEC, RESULTING IN REACTION

OF ABOUT 87, OF TOTAL ZIRCONIUM IN CORE)

- HYDROGEN CCOBUSTION ASSUMED WHEN 10 VOLUME PERCENT HYDROGEN

REACHED

- VARIED ASSUMPTIONS REGARDING AIR RETURN FAN AND UPPER

COMPARTMENT SPRAY PERFORMANCEJ AND ICE AVAILABILITY,



1, INITIAL COCITICNS:

2. BUK PAWA-=TERS:

WSE CASE PARAP*ElRS

VOLLWS

T1PERATURES
PRESSURES
ICE MASS

ICE HEAT TRANSFER AREA

FOR IGNITION

H2 FOR PROPAGATIM

02 FOR IGMITIW.

3, AIR RET"U' FANS: INLER OF FANS

CAPACITY CF EACH FAIN
2

40000 CFM

14, SPRAY SYSTEM: FLOW RATE 6nQ9 GPM

TI21PERATURE 125 F

IEAT TRMSFER CWEFFICIET 20 BTU/HR F12F

5. ICE ODtISER DRAIN TUEERATURE

6, BFEAK RELEASE DATA

LOTIC

CODE

10 V/0

50 V/0
5 V/0

32 F

MARCH CODE
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FRAME f0.

u

-t-

e.g
0* 1"?.0 3W.0.

TIME (SECOtIP)
T .V S2D CASEI 2 FAN I SPRAY DtNf 100 PCT AT 10 V 0 GFPS T#3480 BASEI

ICE CONIDENISER TEMPERATURE

READY-



READY- FRAME 0S 7.5

27.

L-

as.0

-T-7

19.0

0.0 183.0 aro.e aa".e ,~~

TIUE ( SECOt4tS )

TWA SaD CASESK 2 r•v S SPRAY BlF 300 PCT AT SO LI 0 qF'PS T•.3480 B•ASIES

LOWER CU'IPAR1IE PRES9JH

ui ao-



FRAMIE 07 1
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TVA S2D CASUI 2 FA I SPRAY BURN 100 PCT AT le (I 0 GFPS T+3480 BASEI
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A-RAPI 41 F,41

TIME (SECONDS)

TVA 52D CASEI 2 FAN I SPRAY KM 100 PCT AT 10 V 0 WPS T+3480

IlCE PVS

BASEI

R•EADY-



TABLE 1. PRELIMINARY COIITAINMENT ALALYSIS SENSITIVITY STUDIES

PEAK TEMP.TOTAL 
2LB)BUMED B

LOWER ICE
BED

(OF) PEAK PRESS (PSIA)

UPPER
Comp.

LOVER
Culp,

UPPER
COMP.

./

I. BASE CASE

2. H2 IGlTIT

AND PROPAGA-
TI0N• 8%

3.1ARN

4.Ký NO I CE*ý

5. NO AIR FNIS

900 2200

12001050

900

850

2200

2400

23701200

1200

700 260

1350

2000

160

270

2580 1090

* ICE EXISTS ONLY FOR THE FIRST TWO) OF 7 BUIINIG CYCLES.

26,5

28.5

28.5

30,5

26.5 29.5

41Lu

L16.LI C2. D



MPR EFFORTS

LLNL IGNITER TESTS

BCL PNALYSES



ULILMK

OBJECTIVE: EXPERI•OTALLY EVALUATE IGIITER
EFFECTIVENESS MND RELIABILITY

700 PSIG PRESSURE
4 FEET DIAUE X

VESSEL
8 FEET LgIG

INSTR&PITS: PRESSURE
TEUERATURE
GAS SNi'LING

SCEDULE:
T•ESIGN & 'UILD:

TESTS

PEPORT

,JULY - SEPT.

SEPT - OCT.,

OCT,,

FACILITY:

19m9
1980



Schematic View of Igniter Test Apparatus

Sample Bottles Steam Generator

Hydrogen

Solenoid
Operated
Valves



, OBJECTIVE: EVAWATE EFFICACY OF PROPOSED IGNITER SYSTEM

* ?NALYSIS %bDEL: MAR•' CODE

, FEATURES OF CoDE

%ODELS PRIMARY SYSTEM

•PDELS CONTAINIMENT SYSTEM

, MULTI-COMPARTMENT

, TRACKS ATMOSPHERE CONSTITUENTS

, MODELS HEAT SINKS, ICE BED, FANS, SPRAYS

, SCHEDULE

PRELIMINARY WORK: DONE
BALANCE OF WORK: OCTBER 1930



HYDROGEN PRODUCTION
DURING S2 D

CORE MELT SEQUENCE
(MARCH CODE RESULTS)

TIME (SEC)

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

3000 4000 5000 6000 7000 8000



BATTELLE •IALYSIS OF H2 BURI•ING IN SEQIKOYAH CONTAINMENT

H2 IGNITION
SETPOINT

(%)

II BBUFI
LIMIT

(%)

BURN TIME
(SEC)

COfTAI['.-NF
PEAK PRESSURE (PSIA)

ADIABATIC

58.

58.

64.

51.

36.

79.

CASE 6 - ICE BED MELTED BEFORI BU!JHIIG OCCURS,

CASE

ACTUAL

:23

22

24

22

22

- 31

TABLE



LIKELIHOOD OF A DEGRADED CORE ACCIDENT IS SIGNIFICANTLY REDUCED BY
IMPLEMENTATION OF TMI SHORT TERM LESSCNS LEARNED

W "A HAS PROPOSED TO FURTHER IMPROVE SAFETY MARGINS BY USE OF AN INTERIM

DISTRIBUTED IGNITION SYSTEM

DECISION OPTIONS:

OPTION A: HOLD AT 7,

OPTION B: NOMINAL 510 LIMIT

OPTION C: LIMITED 100%.

,CTION D: ILIMITED 100%

STrAFF RECU44ENDATION: OPTION B


