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ADIABATIC CONTAINMENT Fina STATE

HYDROGEN (OMBUST 10N Vo = 1,193 X 100 BTU
CaLcuaTION T§=2000 F
P = NRT/V = £8.6 PSIA
MoLes Op = 450
MoLes Ny = 2324
xnuﬂw=ﬁl
REACTION PRODUCTS
HEATED BY COMBUSTION
He v, 1 0y =Ty
InTiaL STATE '
VoL = 1,193 X 106 ¢13
To=77F
Py =16.3 PSIA
MoLes @2 = 615
MoLes N = 2224
MLes Hp = 331 = 300K6 H— ‘#
AL HYDROGEN
PEACTS WITH

lx=331ﬁus 1.04 X 105 BTlWMoLE)
= 34,4 X 106 BTV
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CONTAI'MENT STRUCTURAL ANALYSES



IVA
- NEGLECTED STIFFENERS

- USED ACTUAL STRENGTH INSTEAD OF MINIMUM CODE YIELD STRENGTH
OF STEEL

- 33 PSIG YIELD PRESSURE
- 43,5 PSIG ULTIMATE STRENGTH

AFS LABORATORY

- QUASI-STATIC ANALYSIS

- INCLUDED "SMEARED" STIFFEMERS
- 36 PSIG YIELD PRESSURE

R ASSOCIATES

- ASSUMED STIFFENERS RELATIVELY INEFFECTIVE
- USED MINIMM CODE YIELD STRENGTH OF STEEL
- 27 PSIG YIELD PRESSURE

RES
- 34 PSIG YIELD PRESSURE






SHORT TERM
PROPCSED DISTRIBUTED IGNITIQN SYSTEM
PHASE 1 (INTERIM

. SYSTEM INSTALLATION AND TESTING COMPLETE BY Septemeer 15, 1980

. PRIOR CoMMISSION APPROVAL BEFORE SYSTEM IS MADE OPERABLE (TVA SUBMITTAL
BY Aucust 15, 1880)

. System DEsieN

30 GLOW PLUGS
- 18 IN LOWER COMPARTMENT
= 5 IN LOWER PLENUM OF ICE CONDENSER
= 4 IN UPPER PLENUM OF ICE CONDENSER
= 3 IN UPPER COMPARTMENT
. GYAC 7-G DieseL ENGINE GLOW PLUG PRESENTLY BEING TESTED
« UTILIZING BACKUP LIGHTING CIRCUITS
. SEISMIC DESIGN
. PONERED FROM EMERGENCY BUSES (EMERGENCY DIESEL GENERATORS)
. REMOTE MANUAL CONTROL FROM AUXILIARY BUILDING
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« Guow Pwe TesTing (sTATUS)

- DETERMINING GLOW PLUG TEMPERATURE AS A FUNCTION OF APPLIED
voLTace (14 voLTs - asout 1700°F; 12 vouts - asout 1500°P)

- TETERMINING DURABILITY OF GLOW PLUG (SPECIMEN HAS CONTINUED TO
OPERATE SUCCESSFULLY AFTER 6 DAYS AT 1700°F)

- DETERMINING RELIABILITY OF GLOW 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
1007 COMBUSTION OF DRY AIR MIXTURE CONTAINING 12 VOLUME PERCENT
HYDROGEN)

- FURTHER TESTING WILL VARY HYDROGEN CONCENTRATION AND INTRODUCE
STEAM ENVIRONMENT



PHASE II (IMPROVEMENTS)

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

- |MPROVEMENTS:

. EACH IGNITOR WILL HAVE INDIVIDUAL CONTROL FROM THE MAIN CONTROL ROOM
. 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.
., BACKP DIESEL POWER SUPPLY TO THE SYSTEM WILL CONTINUE TO BE PROVIDED,
. ENVIRONMENTAL QUALIFICATION OF DISTRIBUTED IGNITION SYS/EM COMPONENTS
WIL!. 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 111 (FINAD

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



2,

3

4.

DEGRADED CORE TASK FORCE PROGRAM
- |0NG-TERY 2 YEAR) EFFORT

- MAJOR TASKS

CONTROLLED IGHITION

HALON SUPPRESSANTS

RISK ASSESSVENT

CORE BEHAVIOR, HYDROGEN GENERATION AND TRASPORT

HYDROG2N BURNING A'D CONTAINVENT RESPONSES



TVP. ANALYSES



MANALYTICAL EFFORT

- WeSTINGHOUSE/OFFSHORE POWER SYSTEMS

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

- Using CLASIX cope (UNDER DEVELOPMENT)



|

2.

10.

CLASIX CAPABILITIES

VENT FROM UPPER COMPARTMENT

ICE CONDENSER

RECIRCULAT [Oi% FAN

JDOORS - LOSER IHLET AWD INTERMEDIATE

IHDIVIDUAL REPRESENTATION OF 0p, Hy, My AlD Ho0
SATURATED AiD SUPER-REATED STEAM

SPRAYS

Ky, Ny AND KEAT ADDITIONS

BREAK FLOW

BURN CONTROL



PRELIMINARY ANALYTICAL RESULTS

SELECTED SMALL BREAK LOCA RESULTING iN DEGRADED CORE
COOLING (SZD SEQUENCE OF WASH-1400)

RATE OF HYDROGEN RELEASE BASED ON MARCH CaDE CALCULATION (ONSET
OF HYDROGEN RELEASE 3500 SEC AFTER ACCIDENT INITIATION AND
ASSUMED TO CONTINUE UNIMPEDED FOR 3000 SEC, RESULTING IN REACTION
oF ABOUT 807 OF TOTAL ZIRCONIUM IN CORE)

HYDROGEN COMBUSTION ASSUMED WHEN 10 VOLUME PERCENT HYDROGEN
REACHED

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



BASE CASE PARAYETERS

1, INITIAL CORDITIONS:  VOLUMES

TE'PERATURES

PPESSURES LOTIC
ICE MASS CODE
ICE HEAT TRANSFER AREA

2. BUR PARA'ETERS: Hy FOR IGNITIOH 10 V/0
Hy FOR PROPAGATIOH 10 V/0
0, FOR IGNITION 5 V/0

3, AIR RETURY FAS: HUMEER OF FANS 2
CAPACITY OF EACH FAN 40000 CRY

4, SPRAY SYSTEM: FLOW RATE 6000 GPM
TEMPERATURE 125 F

HEAT TRANSFER COEFFICIENT 20 BTUAR FT4F
5. ICE CONDENSER DRAIN TEMPERATURE R F

6. BREAK RELEASE DATA MARCH CODE
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1,

2,

TABLE 1. PRELIMINARY CONTAINMENT ANALYSIS SENSITIVITY STUDIES

oTAL
PEAK TEP. (°P)
BURED (LB)
LR IE UPPER

(UPARMET D Y.
BAE CAE 90 20 L0 1
by IGUITICN 1050 12 m 2%
AND PROPAGA-
TION & &
LARFM 90 20 B 180
" IE* 850 w00 200 20
N0 AIR FAIS 1200 20 20 100

ICE EXISTS ONLY FOR THE FIRST TWO OF 7 BURNIIG CYCLES.,

PEAK PRESS (PSIA)
LOWER UPPER
Carp. COoMP.
26,5 28.5
28.5 30,5
26.5 29.5
41 41
lﬁlq m.q



NRR EFFORTS

. UNL IeniTER TESTS

. BCL AvALYSES
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LLHL WORK

OBJECTIVE:  EXPERIMENTALLY EVALLATE IGNITER
EFFECTIVENESS AND RELIABILITY

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

INSTRIMENTS:  PRESSURE

TEMPERATURE
GAS SAPLING
«  SCHEDULE:
"EsiaN % Buio:  Juny - Sept. 1990
Tests : Sept - Ocr., 1990

%PORT i H &le 19&)



Schematic View of Igniter Test Apparatus

Sample Bottles

- 9
@
&
Solenoid ‘
Operated
Valves .
Rid
w
[ O
a
&

Wall and Gas
Thermocouples

B

Pf' :( and
Equilibrium
Pressure
Transducers

Steam Generator

A

\k‘

Dry
Air

Distilled Water

Hydrogen



0L 0K

OBJECTIVE: EVALUATE EFFICACY OF PROPOSED IGNITER SYSTEM
AvaLysts MoreL: MARKH Core
FeaTures oF Core
MODELS PRIMARY SYSTEM
MOIELS CONTAINMENT SYSTEM
. MULTI-COMPARTMENT
. TRACKS ATMOSPHERE CONSTITUENTS
. MODELS HEAT SINKS, ICE BED, FANS, SPRAYS
SCHEDULE

PRELIMINARY WORK: DONE
BaLance oF work: Octoeer 1990
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1600 -
1500
1400 -
1300
1200 -
1100 4
1000 -
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800 -
700 -
600 -
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400 -
300 1
200 4

100 +

HYDROGEN PRODU
DURING S2

CTION
D

CORE MELT SEQUENCE

(MARCH CODE Rt

SULTS)

3000

'
4000

5000

T
6000

TIME (SEC)

e = ——

T
7000

e o ———

T
8000



TABLE . BATTELLE AHALYSIS OF H, DURNING IN SEQUOYAH CONTAINVENT

CASE Hy TGNITION BURK
SETPOINT IMIT
) (%
1 10 0
2 10 0
3 2 0
4 8 0
5 8 4
6 10 0

CASE 6 - ICE BED MELTED BEFORE BURMING OCCURS.

BURN TIME
(SEC)

-

CONTAIN'ENT
PEAK PRESSURE (PSIA)
ACTUN.  ADIABATIC
-3 58.
/4 58,
2 BA.

: &2 51,
/s 36.
231 79,



CONCLLSTON
L IKELIMHOOD OF A DEGRADED CORE ACCIDENT IS SIGNIFICANTLY REDUCED BY
IMPLEMENTATION OF TMI SHorT TERM LESSONS LEARNED

TVA HAS PROPOSED TO FURTHER IMPROVE SAFCTY MARGINS BY USE OF AN INTERIM
DiISTRIBUTED IaniTION SYSTEM

DeEcision OPTIONS:

. Oprion A: Howp AT 5%

. Oprion B: MominaL 50% limiT
. Oprion C:  Limitep 1007

. Oprion D:  UNuimrizd 1007

Starr Recommenpation: OpTion B



Neor ek 5 L B\-320

$%Battelle

Columbus Laboratories
505 Ning Avenue
Columbus. Ohio 43201
Telephone (614) 4240424
Telex 24-3434

February 29, 1980

Dr. Richard Coats
Sandia Laboratories
Albugquerque, New Mexico 87115

Dear Dick:

I have reviewed Joe Rivard's "Review of In-Vessel Meltdown Sequence", and

have the following comments. In general, [ feel that Joe has done an ex-
cellent job of evaluating the analysis capability of MARCH for this phase of
the meltdown acciden%, particularly considering the timing and constraints
imposed on him. Our own feelings about the deficiencies in the existing models
are in good agreement with Joe's. Although I 111 make some comments about the
review, none of them indicate significant disagreement with these conclusions.

An overall comment that I would like to make is that the modelling requirements
. for meltdown analyses may be more demanding for studies relating to mitigation
of meltdown accidents than for studies investigating absolute risk. In the
latter case, there are other major sources of uncertainty which obscure uncer-
tainties in the meltdown models. When we attempt to mitigate the consequences
of core melt accidents, on the other hand the actual behavior of the physical
processes of core melting becomes much more important. I believe that Joe
is quite correct in pointing out how the uncertainties in meltdown behavior
cascade with time into the accident. As a result, it becomes very important to
model the initial slumping behavior accurately.

Specific Comments

(1) On page 5, the need for improvements to the modelling of heat transfer to
the steam generator is indicated. The needed improvements are probably more
extensive than implied. We believe a few volume loop capability is necessary
and have layed out the basic model. We are not yet authorized to make the im-
provement, however. The modelling changes will improve the code's capability
to model break flow, pressurizer hydraulics, and secondary behavior as well as
steam generator heat transfer.

(2) The description of boiloff on page 7 is conceptually instructive but ignores
the significance of heat generation from metal water reaction.

(3) On page 12, the results are presented of an analysis of the fraction of the
core which must be covered to provide adequate steam to remove the decay heat

from the remaining portion of the core. My calculations indicate the number should
be more like 1/4 than 1/2.

\\

o 50 Years Of Service
1929-1979



-br. Richard Coats 2 February 29, 1980

(4) On page 17 there is discussion of the possibility of core barrel failure
prior to failure of core support structure. We have done some evaluation of
core barrel failure and agree that within the associated uncertainties this is
possible. We would not say, however, that it is the most likely pathway. The
important conclusion is that, within the existing uncertainties, it is nct pos-
sible to choose between different scenarios for in-vessel core melting behavior
which can have a major impact on subsequent phases of the accident.

(5) The amount of conservatism in the treatment of fission product release from
the fuel as described on page 23 is probably small.

(6) MARCH has the capability to model steam generation in a steam explosion,
failure of the pressure vessel (by input control), and failure of the contain-
ment building (by input control). I don't believe that more mechanistic model-
1ing of steam explosions (page 28) in a systems code 1ike MARCH is necessary;
at least it should not be given high priority.

(7) Heating of structures above the core (page 43) is currently modelled in
MARCH. A gross heat balance should probably be made on the vessel and inter-
nals, nowever, which is not currently done.

(8) The modelling of fuel motion in MARCH is discussed on pages 15-16. It
should be pointed out that, while we normally speak of three distinct meltdown
models, the code does permit the use of various combinations of the available
fuel slumping options. This may be accomplished by choice of input options.
Furthermc ‘e, MARCH does include provision for the holcdup of the core debris

on lower _upport structures but does not model heatup of the structures
mechanistically.

If we can be of further assistance, please give me a call.
Sincerely,
Richard S. Denning
Research Leader
Nuclear and Flow
Systems Section

RSD:erc

XC: Mr. Joseph Rivard
Sandia Laboratories

Mr. James Curry
Nuclear Reguiatory Commission



