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Introduction

This report is the first of a series of quarterly researnn
summaries presented to the Nuclear Regulatory Commission (NRC)
by the Tennessee Valley ‘“*hority (TVA) to satisfy the following
condition of the Sequoyah Nuclear Plant unit 1 operating

license:

During the interim pericd of operation, TVA shall continue a
research program on hydrogen control measures and the
effects of hydrogen burns on safety functions and shall
submit to the NRC quarterly reports on that research

program.

TVA is pleased to document the various facets of its current
degraded core research program in this report and is confident
that all possible efforts have been exerted to ensure the
timeliness, effectiveness, and completeness of the program,
Increased attention was devoted t) a>cidents beyond the design
basis in early 1380 as TVA, with the aid of Westinghouse and
three architect-engineering firms, produced a report that has
sinca been submitted to the NRC on September 2, 1980, as Voiume I
of the Sequoyah Nuclear Plant Degraded Core Program Report. TVA
has remained in the forefront of laidustry efforts in many areas
cf degraded core researzh and develonment. This leadership was
demonstrated by the decisiorn to viluntarily implement the interim
distributed ignitica system at Secuoyah to extend the plant's

czpability for hydrogen zontrol. (VA has continued to



voluntarily conduct its own degrided core programs and to
cooperatively participate with other urility groups in these
research efforts. These efforts are the subject of the present
report. The format is designed to present in Section II a

summary of the sccpe, schedule, and status of each task with

further technical details in appropria‘e appendices.

In addition, a summary of the TVA position on equipment
survivability for hydrogen burning during degraded core events is
presented in Appencix B. TVA firmly believes that the equipment
survivability issue is generic and rot limited to ice co.denser
containments. If anything, the equipment within an ice condenser
containment could withstand a hydrogen burn better than in a'dry
containment due to the heat removal potential inherent in the ice
bed and structural heat sinks. Appendix B includes a list of Kkey
equipment inside the Sequoyah containment, estimates of
envircamentzl conditions resulting from hydrogen combustica, and

an evaluation of their effects on such equiosment.

A brief discussior of studies to scone the potential of carhon
dioxicde as a postaccident inerting zzeit is presentea in Appendix

CI



Task Description, Schedulr ! Status

The major emphasis of TVA's current research program is to
discover, collect, and evaluate encugh information about deg-~rded
core events and potential mitigations for their risk reduction to
be able to select, design, and install a permanent hydrogen
control system for Sequoyah Nuclear Plant. This permanent system
would satisfy the following condition of the unit 1 operating

license:

For operation of the facility beyond January 3 1982, the
Commission must confirm that an adequate hydrogen control
system for the plant is installed and will perform its
intended function in a manner that provides adequate safety

margins.

A list of tne most impo~tant topics where further information is
needed is shown in Table 1. Another list showing both TVA's
current major tasks and its outside consultants and resources is
presented in Table 2. Figure ' shows a schedule of activities

necessary to meet the unit 1 licensing conditions.

This section provides a summary of each individual or group
effort in whicn TVA is actively involved tbhat is reiated to
hydroger. .ombustion and -ontrol, risk assessment, or overa.l
degraded core studies. Her=, the current scope, schedule, and
status of each effort i: summarized witn further details

presented in the appendices. N.ote that certain related risk



assessment studies for the Browns Ferry Nuclear Plant are also
described, since experience with these techniques will be useful

in Sequoyah risk studies.



(%)

Table 1

Information Needed to Decide on Final Mitigation

Halon feas.bility study completed. Conceptual design and

preliminary safety evaluation done, if feasibility study is

positive,

Catalytic combustor feasibility study ccmpleted. Preliminary
design ana safety evaluation done, if feasibility study is

positive.

New igniter ievelopment program completed.

Study on electromagnetic interference (EMI) effects of spark

ignicars completed.

Zvaluation of acditional potential mitigatinns such as spray

fogging and postacciden: inerting ccapleted.

Best possibie decisisn on design basis accident scenario(s) made.

Preliminary MARCh runs « 'mpleted inhouse on Sequoyah model.

Time-dependent *ydrogen source term reasonably assured.

CLASIX modifications zone. New plaat specific cases run, if



necessary.

Reasonable assurance that any potential hazards from operaticn

or misoperation of the final system are understood.

11. Estimate true risk reduction ‘enefit of final mitigation.



Table 2

Major Tasks and Outside Consultants/Resources

Ma jor Tasks Qutside Consultants/Resources
Risk assessment Kaman Sciences Corporation

Pickard, Lowe, and Garrick

Consequence analysis Batelle, Columbus Laboratory

Oak Ridge National Laboratory

Containment response Westinghcuse

Of fshore Power Systems

State-cf-technology researca Atomic Industrial Forum

and rulemaking

Igriter develpment EPRI [Rockwell-Rocketdyne)
Combustion research ZPRI (AECL-Whiteshell)
Hycrogen control (Halor, EF®. (Acurex)

foeging)

Hydrogen mixing and EPRI (Hanford Engineering




istribution

Igniter combustion tests

Halon development

Spark igniter development

(electromagnetic

intarference)

Development Laboratory)

Fenwal

Atlantic Research Corporation

Keiser Engineering
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A, Atomic (idustrial Forum (AIF) Proposal

A.1 Scope
The scope propow~:i includes the following 15 tasks:
1s Safety Goal/Criteria Application

a. Generate position naper on the role of safety
goal/criteria in the degraded core rulemaking

activities

t. Generate comprehensive criteria for methods

for evaiuation of degraded core conditions
2. Selection of Dominant Sequences

a. Initial definition of "likely" dominant
sequences based on available material, an
initial ranking of sequences in terms of
probability and consequences anc a defiaition
of currently available preventive and
mitigative (e.g., containmen* heat removal)

systems

b. <Quantify the dominant sequences deiined in
"3, identify any other sequences that should

be considered, provide prelimiaary
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consequence assessments, and document the
process and rationale for selection of

dominant sequences

Update to include detailed study results such
as the ones for Zicn-Indian Point, N3AC/Duke,

Limerick, TVA, etc.

Idencification of Phenomenclogical and Con.ainment
2

Transient Critical Sequences

General containment phenomenolog. :‘al event trees

(or equivalent) for the major reactor svstems.

Steam Overpressure rhenomena (In-Vessel,

Containment)

Pr-vide sound phanomenclog.cal models for:




The progression of core melt for the

identified dominant sequences

b. The conditions necessary for occurrence of
Steam explosions and effects of resultant

explosions

Ce Mixing dynamics of core debris-water

interactions

d. Steam generation rates for core debris-water
interactions and the dynamic effects of large
scale orz2 debris-water interactions con ﬁhe
materials involved givern typical reactor

plant geometries.

S Hyarogen Generation and Burn

Provide scund phenomenoclogicai models <or the
generation, disctribution, iginition, and

combustion of hydrogen

6. uydrczen Burn Control

a. Survey of aydrogen detectors

b Evaluation of preinertiag for containments




not already evaluated

Ce Evaluation of fogging/spray suppression

Equipment Survivability for the Degraded Core

Environment

For five plant configurations (BWR, each NSSS

vendor PWR, and ice condenser)

a. Identify the minimum set of functicns which
must be performed or equipment which must not
operate as a consaquence of the environment to
permit termination of core degradation
sequences or to monitor the status of the

plant arnd rectair containment.

*. Based on "a," identify nece.sary minimum set

of generic egquipment.

c; Identify environmants associzcec with the

dominant sequences.
d. Evaluate th: survivability of the equipment in
"b" for tne conuitions in “c™ and define

tests, if necessary.

e. Develo; recommendations on equipment



10.

survivability criteria and document results of

complete task.

Core Debris Coolability

’rovide technically sound, phenomenclogical models
tor the progression of postulated core melt for

the dominant ccntainment s quence events.

Containment Structwwl Capability

a. Schedule a seminar of utilities and associated
consultants who have performed realistic
analyses of containment capability to ideﬁtify
#hat has been done, what residual work may
remain, and what criteria should be proposed

by the industry for these evaluations.

b. Define the inertial loadings which may be
encountered (from Tasks 6 and 15) and specify
the program of analysi: of containmen®

inertial locad capacility for performance.
Evaluation of Liquid Pzthway Dose
Integrace availaole informatior and provide

scoping infsormation on the feasibiiity time span

ind cost of source interdiction.



11,

12.

-
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14,

Fission Product Liberation and Removal

EPRI and DOF are pursuing the development of a
program to improve the models currently used to
estimate the amount of material liberated and the
depletion of this material prior to reaching the
population. The intent is to integrate the
results of that program into the development of

the industry positions on degraded core.

Vented Containment Systems

Define the range of applicability of vented
containment systems ard maintain awareness of

alternative pressurz reduction systems.

Core Ladle

Identify the advantages aand disadvantages, real
contributions to risk reduction (positive,
negative, neutral) and impacts of additior. of this

feat.re,

Residual Risk Reduction Evaluation

rrovide the capability to bzseline a limited

number (2-4) of plants using detailed PRA studies




15.

(e.g., Zion-Indian Point, NSAC/Duke, Limerick) and
do risk tradeoff evaluations of alternative
preventive or mitigative features and risk
sensitivities of key phenomenological issues

(e.g., H burn, steam pressure).

Integrated Model Definition and Analysis

Provide the integrated analyses of the dominant
sequences for representative plants and integrate
the models developed in the previous tasks into
this integrated analysis. This will include the

following tasks:

a. Define MARCH/CORRAL Use

Summarize current experience with MARCH/CORRAL

application.

b. Containment Analyaes

Perform anaiyses ror representative

containment/system types for dcminant accident

sequences and necessary variancs.

¢. MARTH/CORRAL Improvements

Define program for improving MARCH/CORRAL




models and implement, if desired.

Integrate Phencmenclogy Models into Analyses

Include the results of the phencmenological
development activities into the integrated

transient analysis.

EPRI/NSAC TMI Code

Develop, qualify, and document the BWR damage

progression equivalent code.

See Appendix A-1 for wore information.




A.2 Schedule

The preliminary schedule for the 15 AIF tasks is shown

in figure II.A-1.
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B.

Electric Fower Research Institute (EPRI)/TVA/Duke/AEP

B.1

Scope

EPRI has developed the following tasks and has received
propesals from the listed organizations to accomplish

each of the projects.

'. Development of preliminary testing of deliberate

ignition systems (Rocketdyne Division of Rockwell);

2. Experiments and analyses on basic hydrogen
combusticn phencmena including the effects of
steam, turbulence, and the potential for transition

to detonation (AECL Whitesrell);

tak

« Experiments on hydrogen cortrol methods including

water spray, fog, and Halon (Acurex);
4. Measurement and analyses of nydrogen mixing and
distribution with natural and forced convectiosn

(HEDL- W ).

See Appendix A-2 for mire informaticn.



B.2 Schedule

The preliminary schedule for the four tasks is shown in

figure II.B-1.



Propused Schedule for EPRI Tasks

1981
‘A 1/1 » 3/1 5/1 __7_/1 MR _ 11/1

— ————— ————— j—

Acurex )

Hydrogen Combustion Studies
(AECL,Whiteshell)

Figure II.B-1



B.3 Status

Details of the EPRI program are still being finalized.
TVA, Duke, and AEP have agreed to participate fully in

the funding and management of the EPRI program.



C.

Westinghouse/TVA/Duke/AEP

TVA, Duke, and AEP are cooperating with Westinghouse in two
ma jor experimental and analytical efforts described in this

section.

C.1 Fenwal, Incorporated

C.1.1 Scope

Westinghouse, under authorization from TVA,
Duke, and %“£P, sub- ‘*racted Fenwal,
Incorper sted, of Ashland, Massachusetts, to
perform L1e phase ' and 2 igniter testing

program.

The purpose of tha testing program was to:

Phase 1 - Determine if the igniter would burn
hydrogen at concentrations of 8 “o 12
percent for various enviroamental
conditions of pressure, temperature,
air flow across igniter, and

hucidity,

Demonstrate igniter durability.

Phase 2 - Establish the lowest hydrogen



concentration at which the i{gniter

would initiate burning.

Determine the igniter's ability to

function in a spray environment.

Measure the gross effects of a
hydrogen burn on a representative

sample of equipment.

Confirm multi,le burne due to

eontinuous addition of hydrogen.

Provide more empirical data for

support of igniter licensing.



C.1.2 Schedule and Status

All Fenwal testing has been completed. A report
by Fenwal, Incorporated, on Phase 1 testing and
an evaluation report by TVA and Westinghcuse on
Phase 1 and 2 testing have been completed and
were submitted to the NRC about December 1,
1980. (See Appendix N of Volume 2 of the TVA
Sequcyah Nuclear Plant Degraded Core Program
Report.) The Fenwal repcrt on Phase 2 is due

shortly.



C.2 CLASIX Modifications

C.2.1 Scope

TVA, Duke, and AEP have authorized

Westinghouse/Of fshore Power Systems to implement

the following modifications in the CLASIX code:

Addition ¢f structural heat sinks

Addition of structural hezt transfer

cc'relations

Addition of air return fan head/flow model
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C.2.2 Schedule

These modifications will be completed during the '

first quarter of 1981,




Status

CLASIX with structural heat sinks currently being

debugged.

Radiative heat transfer module under

development.

Development of air return fan model pending

receipt of information from fan manufacturer.




D.  TVA/Duke/AEP

D.1 Halon (Atlantic Research Corporation)

D.l1l.1

Scope

TVA, Duke, and AEP have authorized Atlantic

Research Corporation to perform the following

tasks:

Preliminary Halon injection system design

Investigation tc determine if combustion of
inerted mixtures can be initiated within a

blast wave

Dotermine amount of Halon that may cecompose

pcstaccident inside containment

Study the change ia water chemistry due to

Halon deccomposition

Investigate additives to prevent Halon

decoapositicn



D.1.2 Uehedule

Interim report submitted - 11/15/80

Work of Atlantic Research Corporation to be

finished - 12/15/80

Final report to be presented - 1/15/80



00103

.4tus

Watts Bar Nuclear Plant visited by Atlantic
Research Corporation personrel and their

subcontractors.,

Information concerning ice condenser
containments sent to Atlantic Research

Corpuration to aid them in their study.

Information concerning containment materials
sent to a subcontractor to Atlantic Research

Corporation.

Interim report received by TVA/Duke/AEP (see

Appendix A--3).



D.2 Electromagnetic Interference (EMI) Study

D.2.1 Scope

TVA, Duke, and AEP have authcrized consultant
Dr. Bernhard Keiser (Keiser Engineering, Vienna,

Virginia) to perform the following tasks:

Assess the electromagnetic interference emissions

from spark-type igniter for:

Direction

Frequency

Inensity

Eff vcts on instrumentation

Des.rn suppression or stielding equipment shich

s compatible with:

Estzblished seismic requirements

Flo# and combustion requirements (if

suppression equipment i3 locatea around the

igniter)



Test suppression or shielding equipment to verify

design.



D.2.2 Schedule
Provide EMI consultant with one Flaregas
Corporation igniter, Model Number ETX-105 -
12/1/80
Provide consultant a list of instrumentation
located in containment, the manufacturer of this

instrumentation, and a contact at the

manufacturer for technical information - 12/1/80

Test igniter for emission profile - 12/8-9/80

Report on igniter testing - 1/20/81

Shielding/filtering preliminary design complete -

2/13/81

Onsite tes*ing of shielding/filtering design

complete - 3/3/81

inal report o' onsite testiag complete - 3/20/81



D.2.3

Status

Consultant has received the list of
instrumentation and a contact for each

manufacturer involved from TVA.

Consultant has received the Flaregas igr ter.

Testing of the igniter for emission profile to

begin December 8, 1980.



D.3 Catalytic Combustor

D.3.1 Scope
TVA, Duke, and AEP are ourrently evaluating =
proposal from Acurex Corporation to perform the

following tasks:

Investigate catalyst flammability limits and heat

release capabilities at:

- inlet gas temperatures below 250°F

- low hydrogen concentrations in the presence

of poisons

- water concentrations from 5 to 80 percent

at each point, identifv:

- catalyst iight-off temperature

= pressur:2 drop across catalyst

- combustion 2fficiency

- bed temperav.ire profile






D.3.2 Schedule

The experimental work would take approximately

two months.

The final report would be presented

approximately one month after completion of the

experimental work.



D. 3 . 3 Status

The proposal from Acurex is currently being

evaluated and defined by the utilities.

No contract has been approved.



D.4 Fogging

D.4.1 Scope

TVA, Duke, and AEP have agreed to participate in
the funding and management of the EPRI program

(see B above) which includes the following tasks

which have been proposed by Acurex:

Effect of fog on lower flammabilit: limit

Effect of fog on a deflagration

Effzet of fog on the transition to detonation

Effect of deflagration on equipment with a fog

present

TVA, Duke, and AZP are cucrrently pursuirg
additional ccnsultants to aid in the
avestigation of fogging as a hydrogen

mitigation.



D.4.2 Scnedule

Acurex preparation for experimen*al work will

begin 1/1/81 and enc¢ 3/31/81,

Aciurex experimental work will begin 4/1/81 and

end 7/1/81.



D.4,3 Status

Acurex has located 3 test facility for use in

this study.

Details of the EPRI program are still being

finalized.



1y

TVA

In addition to the preceding, TVA is independently pursuing
other areas of degraded core studies which are outlined in

this section.

£.1 Browns Ferry Nuclear Plant Probabilistiec Risk Assessment

(Pickard, Lowe, and Garrick)

E.1l.1 Scope

In an effort to quantify the risk to publie
heaith and safety c¢f the Browns Ferry Nuclear
Plant, TVA has contracted the firm of Pickard,
Lowe, ancd Garrick (PLG) to perform a risk
assessaert study of Browns Ferry Nuclear Plant

unit 1.

Specific tasks to be accomplis-ed in the study

include:

- Identification of dominant event sequences
leacing tc the Brown: Ferry Nuclear Plant
riss, including quan:ification of their

probabiiity of ccsur:2nce,

- Faul: trees wil be developed to evaluate

the contribution of component failure to



the total system failure, <« srator action

and common cause failure will bSe inc’uded.

- Specific Browns Ferry Nuclear Plant site
characteristics will b2 used tc evaluate

radiological consequences,

= A comparison of cthe Browns Ferry Nuclear
Plant risk with other nuclear plant risk
studies and acknowledged societal risks

will be performed.

During the study, PLG is to train TVA personnel

in the techniques of risk zssessmeni.



E.1.2 Schedule

The study began 10/80

Dates for major milestones

- Data analysis, event trees, and fault trees -

3/81

- Explant consequence model assessment - 4/81

- Seismic analysis reports - 7/81

- Explant consequence analysis - 9/51

= Final report - 12/81




E.1.3 Status

Tasks completed or presently underway:

- Obtaining of plant specific maintenance and

operating data

= Identification of preliminary event

iaitiators

- Definition of event sequence diagrams

Near Juture tas«s

- Accicent sequence analysis

- System failure analysis

- Seiszic ana.ysis




£.2 Sequoyah Nuclear Plant Full-Scale Safaty and

Availability Analysis (Kaman Sciences Corporation)

E.2.1 Scope

The full-scale safety and availability analysis
of Sequovah Nuclear Plant being performed by
Xaman Sciences Corporation (XSC) with EPRI
funding andi TVA cooperation nas several

objectives.

- Qualitative and quantitative safety,

reliability, and availability estimates

- Sensitivity studies identifying components,
equipment, procedures, and operator action
with most significance to safety and

availability

- Identificacion of system components in low

order fault sets affectisg salety and

availability




E.2.2 Schedule

Phase I (preliminary assessment) 1781

Phase II (final assessment) 1/82



E.2.3 Status

Comprehensive sys‘em models have been developed.

Preliminary top level models and a plant

avuilability assessment have been drafted,




E.3 Consequence Analysis

E.3.1 Scope

Provide TVA capability to analyze phenomena

associated with degraded core accidents

Evaluate key sequences for Sequoyah and other
TVA plants

Multifaceted analysis encompasses

- Primary system thermal hydraulics {PT and

dore melt)

- Containment repsonse (PT, burning, and

soncrete interaction)

- Fission product transport (aerosol and

plating)

- Evalua:ion of public risk



E.3.2 Schedule

Consequence analysis code package

(MARCH/COURRAL/others) - 12/80

Develop Sequoyah base case models - 1/81

Obtain consultant and conduct consequence

assessment training - 2/81

.

Identify high priority accident scenarios -

2/81

Rur. MARCH analyses - 3/81

Input MARCH results to consequence codes -

4/81

Identify needed MARCH improvizerts - 4/81

Input TVA MARCH experiences to industry code

improvement effort = 6/81

Assess analysis resuits for development/

verification of TVA permanenc hydrogen

control system - 3/81-7/81




E.3.3 Status

Latest MARCH version obtained (October 1280

and November 10 update)

CCRRAL/CRAC obtained from SAl

Sequoyah base case model prepared, testing

begun ’

SZD' TMLB', and AD sequences selected for
preliminary consequence assessment
Battelle, Columbus lLaboratory, selected for

gegraded core analysis training program



-
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Singletcn Testing

E.u.’

Scope

TVA has continued to perform igniter reliability

and endurance testing at its Singleton Lab.

Several General Mctors 7G glow plugs were
energized with voltages ranging frem 11.0 volts
ac to 15,0 volts ac, and the surface

temperatures at the different voltages were

noted

302 General Motors 7G glow plugs were subjected
tc a preconditioning test desigred to eliminate

plugs with manufacturing defects.

50 GM zlow plugs sere selected a* rai:ion fronm
the group of plugs which successiully passed the
preconditioning test for aaditicnal cyeling and

endurance testing.



E.4.2

Schedule and Status

Endurance testing of the 50 CM glow plugs is

continuing (see Appendix A-S5 for further

information).

Similar reliability and endurance testing of

Bosch glow plugs will begin in the near future.



E.5 Severe Accident Sequence Analysis (SASA)/(ORML)

E.5.1

Scope

The NRC is conducting a severe accident sequence
analysis (SASA) program which involves four
national laboratories. TVA is participating
with Oak Ridge National Laboratory (ORNL) in its
SASA studles involving Browns Ferry Nuclear
Plant unit i. The purpose is to improve
best-estimate understanding ~f the
phenomenclogical sequence of nuclear reactor
accidents with partial or total core melt and to
determine improved means for mitigating the
accidents and containing the fission products.

Progran products include:

- Documented calculations of plant response to a
broad spectrum of accident sequences including

events Jeyond the Jdesign basis

= Gra, ..al cverviews of the osrogression of

accident sequences as a function of time

- anaiyses of operatci information needs,
altertative mitigating or agzravatisg actiors,

and consequences of those acticrs



- Delineation of accident management strategies

Program tasks include:

- Develop accident sequence charts with timing
information to guide potential corrective
action for a station blackout and a

loss-of-heat-sink scenario

- Analyze system interactions

- Analyze factors leading to direct failure of

containment

- Identify critical equipment and
instrumertation and critical requiraments for

operator action

- Analyze fisiion product behavicr and inherent

retention phenome:a

~ Determine limits of coolabilicy for varying

fuel melt configurations

- Detarmine limits of containment capability for
verying “uel melt configurations anc varying

degrees >f malfunction



E.S5.2

Schedule

Develop time-line chart for station blackout

case with potential corrective action - 12/80

Integrate instrumentaticn modeling with

overview model - 1/81

Develop list of pertinent instrumentation,
locations, function, and potential effects of

station blackout accident sequence - 2/81

Complete fission oroduct transport
calculactions for station blackout sequence -

9/81

Issue draft final report for station blackout

sequence - 10/81




Time-line chart for unperturbed station

blackout sequence has been developed.

RELAP calculation has been performed for the

core with noc ac power and no ECCS function

MARCH has Leen made operational, and a EFN

model is being constructed

An (incomplete) overview model (simulation)
has been developed for comparison with moie

detailed analyses.




E.5 Ice Condenser Containment Code

E.6.1 Scope

- Develop a TVA in-house capability to analyze
pressure and temperature transients for severe

conditions in an ice condenser containment.

Present ice condenser containment codes

available:

a. LOTIC - Westinghouse proprietary

b. CONTEMFT-4-Developed by EC&G - not

operational due to errcrs

- Possible strategies

a. Modify existing containment or sub-

2ompartment codes (CONTEMPT-LT,

COMPARE, etc.)

b, Write a new code

- Decisicna

CONTEMPT-4 was chos=en for the basis nf the TVA

code because it offerad:



a. State-.of-the-art features such as dynamic

storage allocation

b. Multicompartment mcdel

¢. Ice condenser

d. Basic containment features available;

e.g., sprays, heat sinks, fans, and heat

exchangers

e, Potential for rapid developuent



E.6.2 Schedule

The cude development program consists of three

parts:
Part I
Obtain a working code that will analyze
ccnventional containment transients (LOCA,
MSLB ) - 1/15/81

Part 11

Expand and modify the code to allsw evaluation

of Class 9 events - 4/1/81

a. Add a hydrogen burn model

0. Consider multicomponent® atmosphere (HZ,

NZ' 02, C02, HZC, etc.)

¢. Midel raciative heat transfer fron

atmosphers to heat 2inks

d. Extend range of code tc permit high

tenm;aratures

Part III




-ontinuing development of a best estimate

code - ongoing beginning 4/1/81

a. Develop a dynamic ice condenser model

b. Improve abilities to track Hz concen=

trations



E50337.01

6.3

Status

Part I - approximately 50-percent complete

Par:t II - approximately 10-percent complete

Part III - currently in planning
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AIF PROGRAM - TECHNICAL DETAILS
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:rc;ram slan identifies “e intagrated efforts telieved necessary

to generata sufficient technical infor a%icn t0 develcp rational pesitions on

key Jegraced core issues ana to provide tne base for successful degraded core
lemaking hearings.

he srogram has Seen scoped o incorperate the resylts of known programse-
industry, MRC, foreign--and incluces only those efforts necessary prior %o
participation in the rulemaking.

33524 3n current knowledge, it is unlikely that any simple sciutions are
1vailable; there are japs in the technological informaticn which must be filled
5 develsp and defend raticnal positions, and there is 3 nee for affactive
nderstanding of the complete picture regarding Jegracea coi. 1ssues and strong
management of an integrated program.

The program is focused on obtaining sufficient information, not defeloping
information for the sake of information.

The program is cefined in related segments. Thesa segments have besn deriveg
fram an ovarview 3¢ the degraded core situation as follows.

The industry will develop rational positions ~elated to the characteriza-
| ticn of residual risk from degraded core conditions and the potential
| 3)ternatives for further prevaniior or mitigation of residual risk.

| A safety goal or criteria that provides a measure of acceptahility is a
necessary sangition for effective avaluation of residuai risk.

The release sf radicactivity to the environment is cause of delaterious
consequences. Qe eases zan accur only if both large cuantities of ragdio-
2zt #ity are produced and reieasea from the primary system and the con-
tainment s ineffactive.

The release of radiocactivity to the anvirorment is the cause a7 delete
| delaterious concequences. “eleases can occur anly if toth "arg2 quan-

tit1es of radicactivity are produced and relzased from the primary

system and the containment 1S inaffective. The attenuation grior to

cantainment failure must 37so De zansicered.




x =

tven if releases tc the environment are postulated, significant attenua-
tion mechanisms are physically real and act to reduce the consequences.

Residual risk evaluation must include both the probability of occurrence
and the conseguences. Reducing either the former through preventicn or
the latter through mitigation is a viable means of risk reduction.

Based on these general precepts, the program structure develops and inter-
relates as described below.

Define the role of the specified safety criteria.

ldentify the dominant sequences of events contributing to risk--dominant
reans those where the combination of probability of occurrence 2nd pre-
dicted consequences of the sequence is sicnivicant in the risk.

{dentify the core degradatior and containment transient pnenomena which
are critical to determining the challenge to the containment or the quan-
tity and timing of relaase of activity.

For critical phenomana, develop sufficient information to adopt rational
positions on the magnitude and effects on containment or release. Based
on previcus studies and experience, the critical phenomena include the
generation and burning of hydrogen, steam generation resuiting from core
aebris-water interaction, care debris coolability iacluding consideration
of cora debris-concrete intaracticn, and radicactive product transit and

depositicn.

Perform integratec analyses of the spectrum of dominant sequences with
aporogriate ~anges for tn2 critizal phenomena to determine the margir
cur~ently existirg for tclerition o7 dejraded core events.

Identify the advartages ard cisadvantages of alternative preventive or
mitigative maasures incluainc zorcepts actively being puriued by NRC.

Quantify tne risk reductions achieved and the relative risk reductions
achieved if alternative preventive or mitigative neasures are concidered.



The separate tasks are:

Safety Goal/Criteria Application
Selection of Dominant Sequences

w N

Identification of Phenomenological and Containment Transient
Critical Sequences

Steam Overpressura Phenomena (In-Vessel, Containment)
Hydrogen Generation and Burn

Hydrogen Burn Control

Equipment Survivability for the Degraded Core Enviranm ent
Core Debris Coolability

Containment Structural Capability

Evaluation of Liquid Pathway Dose

— el

Fission Product Liberation and Removal

-

Vented Containment Systems
Core Ladle

Residual Risk Reduction Evaluation
Integrated Model Definition and Analysis

— el
N B w ™M -~ O W o~ O W B
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For each task, the followirg sheets identify the relationship of the task to
overal’ iectives, the information known to be available, the scopa of the
recommenged actions, the schedule and budgetary estimates.

1. SAFETY GCAL/CRITERIAL APPLICATION

Relationsnip to Objectives: A safety goal/criteria is a necessary condition
for proceeding with the rulemaking. There must be:

a. Acceptability limits for individual and population health effects
including both probability and consequences,

Risk/benefit criteria for alterrative eva'uation

c. Definition ¢* methods for eveluation of cegraded core conditions
(realistic analysis of transients, no arbitra~ily postulated equipment
failures, use of realistic ultimate containment pressure capability, etc.)

L®

Without thase items, there is no common basis for decisions regarding
scceptadility o7 current cesigns, the relative benefits of alternative
features, &aid the znal tizal rasults cbtained for containment transients.
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Available Information: For the proposed program, it has been assumed that

the Zavelopment of the safety criteria has been successfully completed
through current industry efforts. Since the current AIF gcal propesal is
consistent with the needs, this assumption seems warranted.

With respect to methods for evaluation, information is availablie from
on-going work in the following studies: Zion-Indian ®oint, TVA/Duke/AEP,
Limerick, and NRC companion studies. However, a comprehensive written
pesition is not currently available.

Scope of Recommended Actions:

a. Generate position paper on the role of safety goal/criteria in the
degraded core rulemaking activities

5. Generate comprehensive criteria for metheds for evaluation of degraded
core conditicns

Scredule/Budget: It is estimated that 2MM of effort will be required to
generate the position parer and comprehensive criteria. These must be
completed prior tc initiation of major analytical or cesign alternative
evaluation efforts.

Significant broad based review of the criteria and position paper are
required, and the effort necessary is assumed contributory on the part of
the involved and interestad parties.

SELECTION OF DOMINANT SECUENCES

RelatiJnsnip to Objectives: Undarstanding the sequences of failiures neces-
sary tc zause a degraded cor2 condition is 7undamental to analyzing the
rasuyltant containment challenges of evaluating oreventive or mitigative
featurss. This understanding must include tha mechanisms (equipment
failures, operator interactions, etc) and the raiative probabiiities and

conseguences of :ihe seguences.

The dominent sequences are t.cse wrich contribute measuradly to tne risk,
i.2., thosa sagquenczs wnose combined probacility anc consequences are
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relatively higher than the remainder. 8y selecting the dominant sequences,
the analytical ana evaluation efforts are focused on areas where significant
gains can be achieved.

Available Information: For defining dominant accident sequences, a con-

(1.

siderable technical base is available from similar studies, either complete
or due to be compieted in the near term. These include: the Reactor Safety
Study (WASH-1400), the NRC Reactor Safety Study Methodology Appiicaticn
Program (RSSMAP) which includes studies on four additional reactors, the
individual plant studies including Zion-Indian Point Mini-WASH 1400 and
complete study, TVA Sequoyah studies, the NSAC/Duke Oconee study, the
Philadelphia Electric Limerick study, and others.

In adaiticn, studies on Auxiliary Feedwater Reliability, the IREP Program,
and Inadequate Core Cooling studies each provide additiona! information
useful in defining dominant accident sequences.

For the early phases of this program, the assimilation and integration of
this available information is necessary. Although the information is
useful, direct application withcut informed scrutiny would not provide the
proper base for proceeding of particular importance is the inclusion of
operating plant experience in defining the dominant sequences.

In the later phases of this program, integrating the results of major
on-going studies is necessary, since no resource is provided in tihe program
for performing studies to this level of detailed information.

Scope ci Recommended Actions: The scope of this task is to define the
dcminant sequencas ard rational for selecticn and crovide documentation.
This scope is divided into three parts:

) Iritial cefinition of "likely" cominant sequances basea on available
miterfal, ar iniiial ranking of sequerces ‘n terms of procability and
consecuences and a devin . tion »f currently available preventive and
mitigative (2.9., containment heat removal) systems wculd be prapared.
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This effort would be performed by small groups of individuals highly
familiar with the plant systems and cperations supported by personnel
thoroughly familiar with the application of Probabilistic Risk
Assessment tecnnigues.

This task would be performed at the outset of the program (approximately
one month duraticn) by a group of utility engineering/operating, NSSS
vender, AE and PRA personnei. Following assingment to the team and a
material review period, one meeting of each team would be convened to
establish the initial ’ikely dominant sequences. B8ased on 2 MW per
individual, 8 indiviuuals for BWR, 6 indivuals per PWR NSSS vendor type,
the total estimate is 13 MM, 4 CRU.

To maximize procductivity, it is assumed that the necessary picked per-
sonnel are made available and that the PRA personnel on each team are
the same as assigned to "(2.)" below.

Dominant Accident Sequence Assessment, Quantification and Documentation:
The objective is to quantify the dominant sequences defined in "(1.)"
1dentify any other sequences that should be considered, provide pre-
1iminary consegquence assessments, and document the process and rationale
for selectica of dominant sequerces.

Input to this task includes the output of the task "(1.)" above and the
prelirinary containment sequence identification task.

The output is a document identifying how and why the dominant aczident
sequences were chosen and integrating the results of previous studies
into the industry position. Identification of similarities and dif-
ferencas between the fina'l result and othei studies is important.

This task is esti. ted to require 6 MM for all BWR types and 4 MM for
2ach PWR type over a d-monch pzriod. with 3 CRU. It is zssumed that
this task will be erfcrmed by parsonne’ highly qualified in
Probacilistic Ris: Assesstent tachniques who Jarticipated in task
“1.)" above.
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(3.) Upcate to include detailed study results: After detiiled studies

(Zion-Indian Point, NSAC/Duke, Limerick, TVA, etc.) are completed,
these results would be integrated into the dominant accident sequence
selection and rationale. The detailed studies should provide the
in-depth technical basis for the dominant accident sequence selection.

This task is estimated to require 6 MM of effort assuming personnel
familiar with the detailec studies are avaiiatle.

schedule/Budget: Given above.

SELECTION OF CONTAINMENT PHENOMENOLOGICAL SEQUENCES

Relationship to Objectives: I[dentification and understanding of the criti-
cal phenomena of deqraded core conditions which lead to containment
chailenges is necessary to evaluate the inherent plant margins and the
effects of proposed mitigating features. The identification of the contain-
ment sequences in conjunction with the dominant accidant sequences focuses
the analytical and experimentai efforts on the critical areas related to
system or containment failure challenges. A comprehensive identification

of containment sequences assures that ianalyses or features ar: cons:dered

onily if broadly significant.

Available Information: Tne Reactor Safety Study (WASH-1400), NRC studies
on mitigating features, and on-going industry studies (Zion-Indian Point,
Limerick, TVA/Duke/AEP) each provide information on core degradation
phenomena and the importance with respect to ccatainment chal’enge.

Further information in specific areas (hydrogen genzration and burn, core
degradation srogression, etc.) is identified in tasks Selow.

Scope of Recommended Effort: The scope c¢f this activity is %o generate
cintainment phenomenologica’ event trees (or equivalent) for the major
reactor systems. The containment avent tree (or equivalent) would start
whera the Jominant accident sequenca af<ort rarminaves, i.e , conditions
for cors gecradation have been Jostulatas to occur. The evert tree woula

identify tha significant branck points therea®ier until recover: or
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containment failure (with associated releases) terminate the prograssion.
The significant branch points (nodes) would be chosen based on knowledge
gained from current studies on the phenomena which could lead to contain-
ment challenge, e.9., hydrogen release and burn prior to core melt, steam
pressure generation from core debris-water interaction. By properly
cefining the nodal decision points, the event tree (or equivalent) can be
used to determine the best estimate progression paths as well as less
likely paths, eliminate physically unrelizable paths, provide a framework
for relative probabilistic evaluations of progressions, and focus the
analytical and erperimental efforts. The dominant sequence efforts coupled
with the containmant event trec (or equivalent) provide the framework for
evaluating the residual risk reduction of proposed mitigating alternat.s.

The intent is tc generate a minimum number of containment pheromenclogical
avent trees which provide comprehensive generic coverage of the core
degradation and containment transient phenomena for light \ater reactors.
For this estimate, it has been assumed that two (orne for PWR and one for
BWR are necessary).

The effort is in two phases: The first to establish the event tree logic,
and the second to provide integration of the phenomenoiogical developments
of subsequent tasks and estimated ranges of probabilities for the nodes.

Budge*t/Schedule: Based on the availability r " current work and using
personnel thoroughly familiar with the plant types and phenomenology, the
development on the initial containme~t event trees (or equivalent) is
estimated to require 4 MM “or each (B4R and PWR). This effort recuires
input from the initial selection of dominan* accidents and provices funda-
mental guidance far the remaining major activities.

Giver the event tree structure, analycical and phancmenclogical 2fforts,
integration anc astirates of protzbdility rarges would require 3 MM lats
in the progran.
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TEAM QVERPRESSURE PHENOMENA [ IN-VESSEL, CONTAIN

Relationship to Objective: Production of large energies or guantities of

steam from the interaction of core debris with water is one of the major
postulated mechanisms for causing containment failure. Since a wide range
of steam production rates can be calculatzd depending on the assumptions
used in the analysis, it is necessary to develop technically based positions
on the pnencmena involved and the uncertainties in the theoretical and
experimental bases for these phenomena. For realistic evaluations of
residual risk, bounding calculations on the procduction of steaming are
misleading at best. The proper approach is to avaluate the phencmena
realistically based on current knowledge, specifically identify uncertain-
ties, and provice an integrated assessment of the potential for containment
challenge resulting from core-debris-water interaction.

Since the amount of debris, rate of interaction, ang initial conditions of
debris-water-system complex, are all interrelated, this phenomenological
avaluation includes the determination of appropriate models for core degra-

dation melt progression, {included in task £) necessary conditions for
steam explosion initiation, dynamics of mixing and steam generation between
core debris and water, and conditions for missile generation and analyses

of results of missiles.

Available Information: The Reactor Safety Study (WASH 1400), NRC studies
related to mitigating features, vapor explosion research in the metals and
LMFBR areas, and Zion-Indizn Point/Lime~ick industry siudies all include
information relating tc these phenomena.

Extensive researcn programs in these arezs have been or are being carried
out at Sandia, Argonne, Hedl, Brookhaven, Battelle-Columbus. Purdue
University, anc German facilities, as well as various other sites.

Scope of recommended Actions: The overall scope of the activities listed
bei:w is *o provice sound prznomeriological models for the pragression of
core melt for tne identifisd dominant sequences, the conaitions necessary
for cccurrence of .team explosions and effects of resultant explosions
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based on proper conversion efficiencies, mixing dynamics of core debris-
water interactions, steam generation ra2tes for core debris-water inter-
actions, and the dynamic effects of large scale core debris-water
interactions on the materials involved given typical reactor plant
geometries. The task is divided into parts. For each part, the intent
is to develop the following information:

a. Description of phenomena involved

b. Relationship of phenomena to containment challenge

¢c. Description of the physics underlying Lhe phenomena

d. Available thecretical models and experimental evidence
e, Best esitimate progression path

f. Range of uncertainties that should be considered

3. Recommended model(s) for analysis

h. Recommended experimental affors

(1.) Steam Pressure Generation and Stzam Explosion
The task includes providing the above information for the interaction
of large quantities of core debris (molten) with water in several
possicle conf1guritions' Core debris poured into water with and
without alevated pressure conditions initially, and water poured onto
core cebris. The necessary and sufficient conditions for occuirence
of steam explosion would be identified. The appropriate range of
thermai to mechanical energy conversion associated witn physically
relizadle stean expiosions would be defined.

For steam pressure generaticn, mechanistic mode's for the rate of
heat transfer and the amount of heat transfer would be developed.
Where hydrodynamic affects are likely to be significant, the models
should provide for inclusion. Particie size effects hou'd be included
based on the information devalopea below ia (2.)

Oynam:zs of Mixing and S=eam Gerzration

This task inc’.de¢ providing the above irnforrm2:ion fcr the dynamics
of mixing large quantitias of core debris and water. The physical
requirements that must be me: “or ccherent, rapid m.xing would be

"2
-~
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established. Included would de the nrtentiai effects of the znergy
required for mixing and mechanisms for supplying the energy, local
thermal interactions, hydrodynamic dispersion effects, particulari-
sation of the debris, crust formation among others. Based on the
information developed, mechanistic models for steam generation would
be developed.

Depend..g on the results of this effort and the assumed pursuit of

the current NSAC and planned EPRI program with ANL, experi-

mental work broadening the technical base may be desirable. This
could include: varying core debris injection mode, varying initial
pre:sure conditions, and simulant material tests to estatlish specific
mechanisms. This effort should presently be considerad contingency.

Structural Response of Equipment

Based on the results of (1.), this task would establish the conditions
for missiles or ex-vessel steam exolosion phenomena. Establishing

t - aecessary conditions for missiie gereration for physicaily reali-
zable steam exploiﬁons includes identification of the means for rapid
momentum transfer to the structure. Based on analyses to date, it is
likely :that such transfer is imprcbqbbg at best. £Cx-vessel steam

explosion ohenomena and resultant structural Toadings will be assessed.

[+ is assumed that *he currant study results provide a reasonable
assessment and that extensive structural anaiyses will not be required.

3udaet/Schedule: For each task apove, the following sequence would appiy--

[
.

Literature survey and precise definition of program ard results (1-3
months after initiation)

Interim Resort covering items A-E in detail (6~ months after initiation)

Final Report including medels and e.perimental datz (12-18 months after
initiation)
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The estimated resources %o compliete the tasks are:

(1.) Steam Pressure Generation and Steam Explosion Phencmena -
18 MM plus 40K

(2.) Dynamics of Mixing and Steam Generation -
24 MM plus 75K

(30 MM plus 100K additional to EPRI-ANL contingency--
performed after decision based on Interim Report)

(3.) Structural Response of Equipment
10 MM plus 20 CRU

HYDROGEN GENERATION AND BURN

Relationship to Objectives: The results of ignition of large guantities of
hydrogen represents one significant postulated mechanism for causing con-
tainment failure. A wide range of pcstulated hydrogen production rates and
amounts, hydrogen distributions, and hydrogen igniticn phenomena can be
calculated or used in calculations of containment transient pressure iocadings.
Development of tachnical bases for 2ach of these areas including uncertain-
ties is necessary to the generation of intelligent positions on the
potential for containment challenge from these phencmena. The proper
approach is to evaluate the phenomena realistically based on current <now-
ledge, specific.1ly identify uncertainties, and provide an integrated
assessment not to do bounding or physically unrealistic calculations.

Available Information: Consideracie literature exists related to the com-
bustion of hydrogen. Compendiums of this literature have Ceen prepared by
Sandia and EPRI/NSAC. In additioa, significant analytical and experimental
work has Seen performed outside of the U.S. (e.g., Battalle - Frankfurt,
Germany.)

EPRI/NSAC and the Desartment of Energy ace actively initiating or pursuing
progrars; analytical and excerimenta’ coordinatiorn wi®n these is mandatory.

Work compieted or in grogress in the Zicn-Irdian Poiat, Limerick and
TVA/AEP eiforts is direct’y applicable.
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Scope of Recommendeda Actions: The scope of this task is to provide sound

phenomenological models for the generation, distribution, ignition and
combustion of hydrogen as related to LWR conditions. The task is givided
into parts. For each part, the intent is to develop the following

information:

a. Description of phenomena involved

b. Relaticnship of phenomena to containment challenge

¢. Description of the physics underlying the phencmena

3. Available theoretical models and sxperimental evidence
. Best estimate progression path

f. Range of uncertainties that should be considered

g. Recommended model(s) for analysis

h.

Recommended experimental afforts

Generation Rate and Amount of Hydrogern

—t

Fer the dominant accident sequences, determine tne rate and amount
of zirconium-water or stainless-steel-water reaction producing
aydrogen ‘or both intact core geometry and core debris-water inter-
action progressions. Currentiy available experimental data and
models whould be used and improved to determine the best estimates
of hyarcgen production rates and amounts - d to identify the appro-
priate ranges of uncertainties.

(2.) Hydrogen Distribution

This part includes two areas: 2 position paper compiiing previous
work on the larg2 scaie mixing cnaracterisitcs of hydrogen and the
soncitions necessary to prevent significzat stratificatisn or
pocketing, and system (or small scale) analysis of distridution and
mixing of “vdrogen.

For the seconc area, determine analytically tie dotential distributions
assuming hydrcgen rich re‘easas (characteristic of the dominant
iscident sequences) irto air atmospheres fo. cond’ticas character-
istic of releases into containment voiumes, through suppression
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pools, or though ice condensers of spray curtains. Included in

these anal ses are the effects of turbulence, geometry, heat transfer
and condensation as important to determining the hydrogen concan-
trations. Define the need for and boundary conditions for 'ocalizea
turbulent deflagration or detonation analyses. Based on material
available, develop the necessary models for anlayses of these

phencmena.

{3.) Combustion Limits of Hp-Air-Steam

This part includes the compilation of available material and develop-
ment of models for burning of hydrogen in conditions representative
of the dominant accident sequences as developed in the containment
event sequence. Included are the definition ana characterization of
the flammability limits (upward propagation, upward-wideward-
downward propagation, transition from aeflagration to detomation,
turbulent deflagration, detonation), effects of diluents including
steam, temperature and pressure 2ffacts on flammability limits, scale
and geometry effects, and water spray/fogging effects. ODefinition
of pressure developed, burn velocity and flame front sropagation
velocity models would be included.

The EPkI (o= EPRI/DOE) program has been 2ssumed to continue ard to provide
informaticn--particularly large scale axperiments.

The EPRI/NSAC/ANL program on hydrogen hlanketing of th2 zirconium-watar
reaction would be a worthwhile, but nct recessary addition as cf tocay

with recpect of H, generation ratas.

Budgat/Schedule: For sach of the above, the following sequence would apply -

a. Literature survay anc precise sefinition of program and axpected
results (1-2 months after initiation)

5. Inter‘m Report covering Items A-Z in detail (o-9 months arter initiation)

Final Report ..cluding models and exzerimental ca:a (12-18 months after
initiatien)

0
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The astimated resources to complet2 the tasks are:

(1.) Generation Rate and Amount of Hydirogen
15 MM

(2.) Hydrogen Distributicn
0 MM

(3.) Combustion Limits of Hy-Air-Steam
8 MM

For budgetary purposes, a contingency of 200K for experimental work in this
area should be included.

HYOROGEN BURN CONTROL

Relationship to Obiective: Since the burning of hydrogen provides a poten-
tial challenge to the containment, means to prevent cr control this burning
must be defined and evaluated. The evaluation of these means would include
feasibility, potential advantages and disadvantages particularly focused to
evaluation of the benefits (negative, neutral or positive) with respect to
risk reduction, and the -impacts of including the alternative devices.

Available Information: The Sandia and NSAC hydrogen compendiums provide

a general source for information. The on-going efforts, particularly TVA,
provide a substantial further source of information with respect to
pre-inerting; significant industry effort has been expanced and data is
available.

It has been assumed that present activities being carried out by TVA/
Duke on ignitors and Halon injection will be completed and wiii form the
basis for development of scund industry positions related tc the evalua-
tion of t-iese means for prevention or mitigatica of burn.

Scope of Recornmended Activities: Ther2 a2 three areas in this task:
survey of hyirogen detsctors, eva'uaticn ¢f pre-inerting for cont2inments
not alrea.y evaluated, a:d 2valuetion of fogging/spray suporessicn.
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(3.)
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Survey of Hydrocen letectcrs

Establish the capabilities of currently existing equipment for detection
of hydrogen including sensitivity, respcnse time, environmental capa-
bilities, etc. and document.

Evaluation of Pre-Inerting

For 3 representative gorup of containments, cefine the benefits and
hazards of pre-inerting based on the containment accident transients
developed below. The primary focus of this task is to define the
impacts on availability, maintenance, personnel hazards and operations
of pre-inerting.

Fogging/Spray Suppression

.

Define the necessary conditions for suppression or mitigation of large
hydrogen burns through use of water spray cr fogging systems. Define
the advantages and disadvantages for this type of mitigation.

Budget/Schedule: The budget 7or these activities is identified as:

b.

c.

Survey of fydrogen Detectors
3 MM

Eva uation of Pre-Inerting
12 MM (assuming 3 major type evaluations)

Fogging Spray Suppression
I M

These activities do not need to be started immediately.

EQUIPMENT'SDRVZVABILITY FOR ENVIRCNMENT (DEGRADZD CORE)

Relationship to Objective: In the defirition and analysis of Jegraced core

sequences. certain equipment is assumed td remain operation2i, and other
souipment is assumed not to fall intd an intalerable state. It s necessary
t: define what minimum equipment must 2aist tc permit tarmination or to
moaito~ the stitus of the plant. The envirnnment in which this equipment
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nust operate must be defined and the capability of the 2gquipment to
survive must (@ developed.

Asailable Information: Information currently exists on the cefinition of
necessary parameters as part of the TMl-actions. [nformation on environ-
ments either exists through on-going studies or will be developed as part
of this industry program.

Scope of Jecommended Activities: For five plant configurations (8WR, each
NSSS vendor PWR, and ice condensor), the following tasks are recommended:

a. ldentify the minimum set of functions which must be performed or equip-
ment which must nat operate as a consequence of the environment to
permit termination of core degradation sequences or to monitor the
status of the plant and return’ containment.

b, Based on "a.", identify necessary minimum set of generic equipment
[dentify environments associated with _he dominant sequences

d. Evaluate the survivability of the equipment in "b." for the conditions
in "¢c." and define %tests if necessary.

a. Develop recommendations on equipment survivability criteria and document
results of complete task.

“©

Budget/Schedule: The tudget‘ for this eifort is estimated to be 4 3/4 MM
per type, or 24 MM total.

For testing 100K should be inciuced in contingency.

This effort should start after the containment sequences are defined.

CORE COQLABILITY

Relationshic tu Objective: The progression of a postulated ccre melt is

the dominant factor in determining tie potentia’ for cortainment challenge.
“he amcunt of the zore iavolved coherar:ly (or a reiatively short time
scaie) will effect the geseratiun of steam pressures, the release of
hydrogen, the ‘'e:sel faiiure moces, tne distribution of material subsequent
to vessei failure, the ultimate coolazility of the molten materiai, and




.

she contairment transfents. Sinca the Zata base is currently limited %0
snalytical/heoretical madels and small scale 2xperiments, the range of
c3lculated transients can be extremely broad. [t is necaess®ry 0 ¢ velop
sound phenomengicgical medels tased on current understandi g and 2ata,
specifically identify ranges of uncertainties, and provice 1 tagratad
shysically consistent assessements of the potential contair. ..t ¢hallenges.

This ohencmenological avaluaticn includes the progression of core meit
orior, and cubsequent to attaining melt temperature through loss of core
gecretry, slumping intd the lower internals/baottom head, penetraticn of the
reactor vessel, and ultimate dispesition. Further, the conditions for
serminasion of core degradation or melt progression would e develocped.
Finally, the conditions for coolability of the debris, including considera-
sions of debris-concreta reactions, would be defined. By using the con-
rainment 2vent saquences, an integrated assessment of the potential pauns
ind termination points would be orovided and sound technical informaticn

developed to suppart the case.

Available Infarmation: The Reactor Safety Study (WASH 1400), NRC stuaies,
Zion-Indian Poins Study, Limerick Study, LMF3R data and foreign werk all
srovide fundamental sata for this effort. Further, industry TMI-2 camage
srogression analyses and evaluations provide significant input.

Scope of Recommended Activities: The overall scope of this effort is to
provide technically scund, dhenomenological models for the progression

of postulated core melt for the dominan® containment sequence events. The
task is divided into areas. For each, the intent is to develcp the
following information:

Description of phenomena involved

Relationship cf phenomena to containment challenge
Oescription o»f the physics uncarlying che phenomena
Ava‘iable theo-etical nodels ana experimental evidenze
Sest estimate 2rogression path

Range of uncerzainties that should 5@ ¢onsidered
Recommended mcdel(s) for analysis

Recommended experimental effaorts

Wi s O O O W

-

3
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analysis of In-Vesse! Core Melt Progression ang Reccolasility

Tor 2ach of the Jominant accident secuences, zetermine the orogres-
sion of the event from ¢ileff through major zecmetry 2disruption 10
senetration of the debris thrsugh the core supporting structure.

The progression mede!s should account for proper transfer of the
neat of 2irconium-steam reaction into tne fuel, interissemdly radia-
sion, fuel relocation thermal propagators, melting/refreezing,
quenching and particularizaticn, and power orofiles.

(2.) In-Vessel Coolability, Vessel Penetration, Ex-Vessel Coolability

The scope of this effort is to sstablish the limits for in-vessel
~sclability of debris, the modes and timirg of vesse! penetraticn,
and the limits for ex-vessel coolability. The mede's developed
would account for debris Sec quenching, heat transfer Detween core
debris and structures, structural failure predictions, conditicns
for and impact of crust formation, particularization of debris,
1imits for coolability of debris beds including power density--
height--particle size--porssity considerations--and other effects
which would substantially increase or decrease the debdris coolability.

(3.) Core Debris Concrete Reaction

The scope of this effort ‘ncludes the critical evaluation of cur-

| rently existing nodeis, develcoment of rate of concrete penetration
and non-concensible gas generation by refining current model estimates,
and assimilating and fcllowing Sandia and foreign werk in this area.

Sucget/Scheduie: For cach task adove, the follewing sequence would apply--

a. Litarature survey and arecise definition of sragram and results (2-3
nonths af+er initiation)

5. Interim Rsocrt covering [tems A-E in deta’’ (3-15 months after initiaticn)

.. Fina! Repor: inclvuding mocels and experimentai cata (15-24 montns after
initiation)
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The estimated resources tO complete the task are:

a.

Analysis of In-Vessel fore Melt and Recoolapility
5C MM 100 CRU

In-Vessel Coolability, Vessel Penetration, Ex-Vessel Coolability
60 MM §0 CRU 100K E perimental

Core NDebris Concrete Reaction
13 MM

CONTAINNENT STRUCTURAL SAPABILITY

Relationship to Obiectives: The structural capability of containment is

the most significant mitigating feature identifiea to date. If the con-
tainment can withstand the pressurg and temperature lcadings imposed by
the Postulated Core Degradation Events, thare is no significant risk
Establishing a uniform realistic base for determining the ultimate con-
tainment capability is essential to the completion of the effort.

Available Information: NRC and ingustry scucies are available for Zion-

Indian Point, Ouke, TVA, Limerick 2nd other plants.

Recommended Scope of Activities: The scope of this activity is in two

parts: defining and integrating what has alread; been completed and
identifying any residual issues; 2an3a two, defining and implementing a
program for evaluating inertial (detonation or turbulent deflagration)
loads or containments.

{(1.) The first aetivity it to schedule 2 seminar of utilities and associated

consultants who have narformed realistic analvses of containment
capadbility to identify what has bean done, what ~esidual work may
-emain, and what criteria should de prcposed by the inaustry for these
valuations. Trese results would be decumentad.

(2.) The secund activity is to defire the inert‘al icadings wnich may be

eacounterad (from Tasks 6 and 13) and spec’?s the program of analysis
of zontainment inertial 1oad capability far oerformance. Stirong con-
sideration should be given to enliszing narsonnel axperierced in
waapons progrzn analyses for cansuitation if not performance of this
effort.



BJ:cetiScheau1e:

a, oMM provide docymentation assuming utilit] contribution of

;erscnne! to seminar

B, 2 MM tO define lcadings; 20 MM to perform analysis
The seminar should be scheduled garly in the program. e inertial loading

activity would be initiated following better definition of initial conditions

¢rom Task & above.

cVALUATION OF LIQUID PATHWAY DOSE

Relationshin 10 Objective: The potential far increased risk due %0 transport

of #ission Lraducts through 1iquid’ pathways and the needs for interdiction
af these was raised by the NRC. (Generally, studies have shown that this is
not a major risk contributor.

Available information: NRC Liquid Pathways Study, Sandia Study, W Offshore
Power Systems Liquid Pathways S+udy, and Bat+elle woOrk all provide infor-

mation.

tn addition, work at Hanford on 12ading and transport may de available.

Recommended Scope of Activities: 1f this issue is raised, integrate
available information and provide scoping information on the feasibility
time span and cost of source interdiction.

Budget(Schedu1e: This work shoule not se initiatec immeciataly, and in
facc may not de ~ecessary.

The effert for :he acove scope is 3 MM,
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F1SSION PRODUCT LIBERATION AND REMOVAL

Relationship tO Obiective: Even if containment failure 18 postulated, the
amount of material liberated and the cepletion of this material prior to
reaching popu.ation is critical to determining the risk. Eyvidence ex1sts
that the current partioning and depletion is overly pessimistic.

Available Information: EPRI and OCE are oursuing the development of a
proJram to improve she models currently used.

Recommended Scope of Activities: Immediately after initietion of the
industry program, ~ontacts with DOE should be made tO ietermine the scope
and schedule of tne program being impeimentad. The intent s to integrate
she resulrs of that progr'® into the development of the industry positions

on degraded core. Since it is 1iké1y that the DOE program will cover all
necessary activities and that schedules could be adopted to £it the needs

of this program, nro affort separate from that program is presently estimated.

VENTED CONTAINMENT SYSTEMS

Relationship to Objectives: one mitigating feature currently being actively
pursued by the NRC 1s the concept of venting the containment to prevent
€ailuyre. It is necessary ts identify tne advantages and disadvantages,

rea]l contributions to risk reauction (positive, negative, neutral) and
impacts of additicr cf this feative.

Available Information: \RC S:zudies (Sandia), D. Okrent work, Zion-Indian
Point and TVA studies atl inciude ‘aformation relevant to this evaluation.

”

Recommended Scope o Activities: The scope of the task is to define the
range of agpliicability of vented containment systems 2nd rairtain aw2=~ness
of 3lternative pressure reduction systems.

a. 2Range of Applicatiiity
Define the arrbability of naed anc types of events ¢zr 2WR plants for
wnich a venting syscem is a credilie m.+igatirg system. Define the
gross requirements far a system in tarms of siz.ng.
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arameters and syst.n design (without

Establish the major design P
ses of filter beds are not required).

developing fine detail on design--s1
s of the system with particular attention

Define the operational spect
t penetration.

/control arringements for containmen

to alternative valve
Evaluation of the penefits and hazards including probability of

successful and spurious operations. pefine in sonjunction with Tasr 14

telow the risk senefits (or lack thereof).

This activity should be initiated later in the program

Budget/Schedule:
useful results would accrue by 2arlier

unless NRC activities dictate thet

performance.

The estimated resource for thisz is 20 MM,

13. CORE LADLE
One mitigating feature currently being pursued

Relationsnip to Objective:
y the advantages and

by NRC is the core ladle. It is necessary %0 ‘dentif
ibutioas to risk reduction (positive, negative,

disadvantages, real contr
neutral) and impacts of addition of this feature.

Available Infarmation: NRC/Sandia Stucdies and industry efforts (Zion-

Indian Point, Floating Nuclear Platform) plus significant National Lab and
terial related to core ladle design require-

foreign studies al! include ma
ments, etc.

Recommended Scoge 3f Activicies: An evaluation of the real impacts of
retrofitting combined with assessments ‘n conjunctior with I[tem 8 that
caoling inherently proviced by water 108s 13 more effective is recommended.

audaet/Schecule: This effort should not be initiatec immediately unless
NRC activities provice another rationale for doing werk ezrly.

The estimates rascurcz for this activity is 3 WM.
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115K REDUCTIONS ACHIEVED

Relationship to Objective: There are two purposes: First, highlight
+hat actions taken and planned have reduced the likeiihood of core
degradation; and second, perform risk evaluations of the benefits if any,
of alternative features either singularly or in combination.

Available Information: On-going PRA and industry degraded core studies ana
NRC studies should provide basic information for this effort.

Recommended Scope of Activities: Provide the capability to baseline 3
limited number (2-4) of plants using detailed PRA studies (e.g., lion-Indian
Paint, NSAC/Duke, Limerick) and do risk tradexff evaluations of alternative
preventive or miticative features §nd risk sensitivities of key phenomeno-
logical issues (e.g., Hy burn, steam pressure). The assessments must
include consideration in detai)l of new risks ascociated with adeitional

features.

Budget/Schedule: Performance of the task ~2quires baseline PPA and input
information related to benefits/disadvantages of alternative features or
phenomena from other tasks. It is estimaced that the task could be
performed in & months, and that 14 MM of effort would be required.

MODEL DEFINITION AND ANALYSIS

Relationship to Objective: An integratea analysis of the transients for
jegraded core considerations incorporating the results of the ohenomeno-
logical model dgfinition tasks is necessiry. This anaiysis provides the
capebility to compare the results of the postulatad events ageainst the
sontainment capability.

ivailable Information: Results from on-going stuaies (NRC and industry)

and 73dels (MARCH/CORRAL, EPRI/NSAC TMI Heatup Code, etc.) provice “he
bas's fo- =his ef“irt.
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Jecommended Scope of Activities: The sccpe of this task s to provice

the intagrated analyses of tne dominant sequencas for rapresentative
slants in¢ integrate the mocels developed in the previous tasks into
this integrated analysis. There are five tasks jefined Selow.

It has Seen assumed that the aporoach will be the medification of the
MARCH /CCORRAL system augmented by the EPRI/NSAC TM! Heatup Code. This
assumption results from the fazts that MARCH/CORRAL is immeciately and
widely available, provides capability for effective sensitivity analyses
if proparly "calikrated”, and will be used by NRC and must therefore Ge

Jnderstocd in detail by industry.

(1.) Cefine MARCH/CORRAL Use

Convene Jerscnrel experienced with MARCH/CORRAL application and
degraced core analyses to the minimum mandatory modifications for
MARCH/CORRAL prior to use2, plans for baselining MARCH/CORRAL for

industry use, plans for integrating phenomenclogical mocel development
into analyses and identify the desirability and directions for major

spgrade of MARCH/CORRAL.

.} Containment Anaivses
Perform analyses for representative containment/system types for
dominant accident sequences and necassary variants.

~

(3.) MARCH/CORRAL Improvements
Define program ‘or major developmenc of MARIH/CORRAL mocel improve-
ment: and Tmplement if desired.

‘4.) .ntegrate Phenomenclogy Mcde's in%o Analyses
‘ncluce the results of the phencmenoicgical cavelezment activities
into the intagrated transi2nt anlaysis.

(5.) EZFRI/NSAC T4 Code
Quali®y and document th2 PWR damage progression tode. (Cevelop,
qualify aad document the 3wR zamage orcjression equivalent zoge.
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Sudget/Schedule: The resources estimated for these activities are:

a.

§ MM contributory by interestsd parties

24 MM and 100 CRU per plant type assuming results from on-going
studies are applicable, astume three more types for a total of 72 MM
and 300 CRU.

Major upgrade program would be oC-100 MM and 300 CRU. Should be
undertaken only if directions indicate a real need for support of
rulemaking in the March/Ap~il time frame.

10MM 20 CRU

12 MM 30 CRU
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Revision 1
APPENDIX A-2 .
EFRI PROGRAM - TECHNICAL DETAILS November 10, 1980

DRAFT PROGRAM PLAN

Hydrogen Combustion and Management Studies
L. Thompscn

1.0 Introducticn

Hydrogen generation during 1 severe accident and its subseguent
management pose many difficult questiors. Postulated accident scenarios
and complex LWR geometries can result in a wide range of situations, some
of which would threaten the containm:nt barrier if 2 deflagration or
detonation is initiatec. Combustion properties for hydrogen-air-steam mix=-
tures in large scale with turbulence are not well known, and manajenent
systems must accommodate the hydrogen that is characteristic of toth large
and small break accidents, in atmospheres of various steam, gas and 2eroso]
concentrations, at various pressures, and with the likelinood of substantial
¢tratification and pocketing. :

1.1 Objectives and Technical Issues. All sechrical issues regarding hydrogen

comt.-tinn cannot Ce explored in depth in 3 reasonabic time frame, nor would
it be profitahle to dn sO. Thés procram will intend, rather, to meet the

following limited objectives:

1. Determination of whether and when hydrocen can burn in various
LWR accident environments resulting from 'Class 9’ scenarios;

> Demonstration that if a nydrogan bura does occur its effects will
not exceed the realistic survival capabiiities of equipment and
containment; and

3. Demons:iration that reasorable control methods can provide adecuate
cafety margins assuring the intec~izy of the containment 2nd of
key safety-related eauipment.

Je-erminezion of “he containment ind ecuin ent capacity to survive

notential threats due to hydrogen conbustion reauires investication of

several gquestions:




3. Experiments on hydrogen control methods includine water spray and
fog (Acurex);

4. Measurement and analyses of hydrogen mixing and distribution with
natural and ferced convection (HZDL-W); and

5. Demanstration of hydrogen cnmbustion and management methods on a
large scale turbulence (Nevada Test site).

able ] provides a capsule description of each program. ioure 1 shows

realistic time scales far the projects, including the test ohase (solid

. eiationship of Frogram Elements to Technical Issues. Nore of the

questions a-d above can be answered satisfactorily in anv one facility due

to cuestions of scaling or practicality. The need for near-term result in
several areas also necessitates parallel efforts which emoloy the best features
of earh facilitv. Figure 2 illustrates the proposed use of facilitiec to answer
the issies. Tne issues are briefly discussed below, and Tables Il-VI expand on

Figure 2 and describe how ths various facilities can contribute in each case.

2.1 Lower Flamiability Limits. The generally accepted lower flammability

Timit (LFL) of 4% hydrogen for uoward propagation was derived from small
srale eperimeats in ajr (1°3). The questions now concern the effect of vessel
size ana shape, igniter tynre, ianiter location, turbulence, and <*eam (up
tc high concantrations.
In addition the use of water soravs, fcgs, or other mitigation methods
will affect the LFL at least for some conditicns of flow rate and drop sizes and
<houid he evaluated. Table Il indicates the facilities which would pe
invcived in the EPRI program.

2.7 Character of Deflagrations. The nature of cetiagratiors in LkR

cryironments is influenced by many parameters. anc careful selection is



necessary to avoid an overwhelmine matrix of cases fnr experimentation.

For hy4rosen roncentrations above 10%,combustion is essentially ccmnxe’e'iaf

and the burning rate in various environments and for varicus scales is of

most interest. The transient pressure in the volume is related to the

rate of deflagration which may be characterized by a buining velocity.

The maximum burning velncity far hvdragen in air is found to be about 3.5 m/second

(5,6)

in well-mixed quiescent atmospheres i, small volumes and it is known that

diluents such as steam lower this va1ue(7'°)

Questions invoive the effects of hydrogen -oncentration, turbulence,

wy

tesm, initial temperature, pocketing or ronhomogeneity. and vater spravs. fog

and other mitigation approaches. Table II! indicates the potential research activities

2.3 Hydrooen Mixing ang Nistribution, The propable location and distributinn

nf hydrocen in containment followine a degraded core accident remains one of
the most difficult quastions. Data is needed for a varietv of conditions so
that computer codes which deal with natural and forced convection can be im-
praoved or validated. Quasistatic diffusion experiments have been performed,

(¢) Battelle Yound that a temperature difference

notably at Battelle-Frankfurt.
of lese than 20 Adegrees F between upper and lower compartments of a 2500 ft3
valume resulted in a significant segration of hydrozen. The lower compar*ment,
nccupying tvo-thirde of the volume and separated from the upper by an orifi e
of 10 ft2 (1’100 of the area), reached a hydroaen concentration of 4% while
the upper coupartment saw only 1%. Exper-ments with a virtualiy homngenec!s
temperatyure resu’*ted in uniform roncentrations, 2nd that res<ult is ronfirmed
hy calculation (9,10).
The currert guestions relate to forced circulation and the dynamic
gffacte of hydrogen jels. water sprays. and circulation fans in complex

cenmetries, in addition to the effacts of steam and imposed thermal gradients,

Use of 3 ¢cympartmentalized volume which cenerically simulates a licht water




2. What are the lower flammability limits in LWR accident conditions
and how effective are various ignition sources;

5. What is the character of deflagrations in various LWR goometries and
how can the effects be mitigated; ;

c. What is the nature of hydrogen mixing and distribution in large
compartmentalized volumes with natural and forced convetion; and

4. What is the potential for the acceleration of deflagrations, or for
"transition to detonation” in turbulent mixtures, and how can the

effects of such explosicns be mitigated.

Two additional research needs are impiicit: (1) The development of predictive
capabilities to allow extrapolation of test results to other geometries, scales,
and environments; and (2) The assessment of hydrogen burn effects on safety-

related equipment.

A very large data base does exist for rombustion and for hydrogen in
particular. That data base provides 3 starting ooint for investication of the
environments and geomet:iec which are peculiar to LWR safety. The role of
turbulence and dynamic phenomena on combustion during accicent conditions
is not well known. for example, and new cata are needed to meet the obijectives

stated above.

1.2 Pragram Elements. Several projects are proposed which would provide
the information needed to satisfy the program objectives. The projects

are relatea, and consist of:
1. Development and preliminary testing of deliberate ignition
systems (Rocketdyne Civision of Rocwell),
2. Experiments and analyses or ocasic hvaroaen combustion phancmena
ircluding the effzit: of steam, tursu'ence, and the potential for

sransiticn t) detonatfon (AtCL Writesnel:),



reactor would provide a helpful demonstration. Table IV indicates the

faciiities which could contribute in this area.

¢.4 Transition to Detonation. It is well .known that detonations are easier

to oroduce in “shock” tubes or small volumes than in a large space. The
classic "detonation 1imits" indicated by Shapirn and Moffette (11) are very
uncartain.  Hydronen/air/stesm conditions which fall within the detsnaticn
region may very well resylt in ordinary deflagrations, particularly if
(12-13)'

ignition is bv a non-explosive trioger in an onen volume Turbu-

34

1
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rce promoters such as a grid system (or stacked floor gratings), will
acrelerate a burn. Nevertheless it is ex;ected that the most vulnerable

regions will he in local structure< such as protrusions from a larger voiume.(::)
Structures and equipment may also have a substantial capacity to survive a
detonation since the pressure and temperature very quickly decays to deflag-
ration levels, and hydrcgen control mears such as water sprays may sufficiently

mitigate the phenomena., Table V indicates the research facilities which

could study the potential for transition to detonation.

2.5 Effects of Burn on Safety-Related Eguipment. The surviveability of

safety equipment during a hydrogen burn is a serious question. The rapid decay
of temperature and pressures plus the thermal capacity of much egquipment creates

a potentially favorable situation. Secondary fires initiated by a hydregen
flame front may be of greater danger. Pressure damage will caoend on how

well the eguipment ran "sreathe”. Safetv-related materials and equipment
can be placed in volumes tn be nsed in rombustion tests to help assess
surviveaniiity. Table V1 indicaces the facilities that could provide

equioment qua:ificatior results.
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Description of Prooram Elements.

Following is an expanded description of each of the five subproarams.
The facilities and capabilities of each site are described in Appendices A-E.

3.1 lIgniter Cevelopment (Rockwell/Rocketfyne). The task plan preparation

is now underway, and involves establishment of requirements and combustion
characteristics for various foniter types, including hot surface, <park, and
combustion wave types. The testing system, igniter design, and exneriment
metrix will be defined in the initial project phase. Inniter and sysiem
febrication, testing and evaluaticn wi™l follow, with the emphasis or scoping
the comparative effectiveness of the various iariter types in steam and water
spray environmernts.

3.2 Combustion Studics (Wh teshe'l). A four-month period of tests will beoin

by April 1, 1981 to answer basic guestions of combustion in a hydrogen/air/steam
atmosphere. An 8-foot diameter sphere will be vsed for most of those tests,

and a 5-foot diameter by 19-foot nigh cylinder is also available The design
pressure of 1450 psi will allow the occurrence of detonations, .ithough none

are expected.

Tests are being defined to study Tower flammability Timits in steam,
laminar spherical deflagrations, and the effects of turbulence on deflagrations.
In addition special tests such as ignition in one of two connected volumes
will be performed. It is expected that about 50 tests can be performed in the
four month peric . with a hich degree of flexibility. T7he test environment
during this period will include the widest range of hydrogen/air/steam
mixtures, Sat wiil not include water spray or other mitigation measures.

3.2.: -ower rlammability Limits and Extent of Reaction. At concentrations

rear tre LFL, 1.e. lass than approximateiy 10% HZ’ the combustion reaction is

net complete. Thes2 experiments can Jetermine whetner s‘ze and saaoe of tne



vessel affects the extent of reaction by comparing the resuits with those
obtained previously at Whiteshell in a two-litre cylindrical vessel.

In these experiments, uniform hydrogen/air/steam mixtures will be
spark-ignited at the bottom of the spherical vessel. By analysing the
mixture befcre and after the experiment, using cas chromatography, the
extent of reaction will be determired. Transient pressure and temperature
veasurements will be made and fonization probes will be used to detect flame
s5peeds. Significant differences in the extent of reacticn between the
bench-scale cylinder and the eight-foot srhere may warrant subsequent experi-
ments in the large cylinder. The flammability 1imits and extent of reaction
decend on the location of the ignition source, and some experiments will be
performec with central and top ignition which are known to be less effective
in producing a reacticn.

3.2.2 Laminar Sphericsl Deflagrations. At hydronen Zoncantraticns greater

than 10%, complete combustion is expected. Burning rates are important “or
determining possible blast effects at hinh flame speeds and for estimating the
time during combustion that heat transfer can occur to reduce maximum pressures
and temperatures. A correlation for laminar burning velocity as a function

of nydrogen concentration and temperature has already been developed at Whiteshell
based upun their bench scale experiments. This correlation allows a prediction
of the pressure transient resulting from a laminar deflagration, and it is the
intent of these experiments to validate those calculations.

Central it ““‘on of uniform hydrogen/air/steam mixtures in the eight foot
sphere wiIf be .. ed for hydrogen concentraticns in the range of 10 to 45%.
Maximum =urning velocities and the fastest deflagraticn transients are expected
3t 47° hydrogen. Detonations are not n:scessarily expectec n this inter-
mediate scale volume with a spark ignition source. High speea gressure and

se-nerature transducers will record the transients and fonization probes will

detect tlame arrival.



3.2.3 Effect of Turbulence and Structures on Spherical Deflagrations.

w

ince turbulence can significantly acceierate the combustion rate, experi-
ments are proposed to examine this effect, somewhat gualitatively at this
point. Turbulence in containments may be caused by convection currents
from the ventilation fans and by obstacles (such as pipes, arids, etc).
The proposed experiments would utilize: (1) a fan to produce convection
flows prior to contral ignition of uniform hydrogen/air/mixtures; and

(2) various structures or obstacles to determine their effect. The

experiments would be performed in a manner similar to those described

3.2.4 Special Tests. The Whiteshell high pressure srhere, 2ine and

o

<
-

=dd.

inder ~an Se combined in various configurations, which aliows for
several interesting possibilities. Unequa! concentrations ¢f hydrocen

in 31fferent volumes can be separated by a weak diaphram, with igniticn in
one of the volumes. A 20-foot long 1 foot diameter pipe ma, also be
connected to the sphere to evaluate the potential for local detonations

in protrusions from larger volumes.

3.2 Control Studies (Acurex). The Acurex test vessel would be used for

scoping mitigation phenomena such as the effects of water spray, fogs, and
halon which will not be investigated in the near-term at Whiteshell. A
bunkered data acquisition system is availatle, and remote operaticn from
within the bunker will allow rapid turnaround between tests. Igniters
developed and initially evaluated at Rockwell would be tested here in a larger
volume with higher hydirogen concentrations.

3.4 Hydrogen Mixing and Distripution Studies (HEDL-W). Large scalz near-term

hydrogen mixing and distribution tests woulc be performed in the HEDL Containe

ment Systems Test Facility (CSTF) to investigate aspects of rydrogen nixing,

ctratificazion ang local accumulatiorn. Efforts are expecteu to inciude



-

mixing in the large open volume (30,000 f:a) for baseline data, minimal
compartmentalization to validate computer codes, and simplified configurations
representative of LWR plants. Tests would be performed with and without
containment sprays and steam, and would consider hydrogen mixing by both
natural and forced convection. Measurement would be made of temperature,
hydrogen concentrations, water/vapor concentrations, and convective gas
flow patterns. The test results would be compared to pre- and post-test
computer code analyses in an effort to validate and improve existing codes.
Compartments may be built cutside of the CSTF and taken in through the
large existing vessel door. Testing in the near term as planned will recuire
use of only 4 volume percent hydrcgen, however. Use of combustible mixtures
would necessitate extensive safety reviews since the vessel is located in a
building which houses other experiments. Tables VIl and VIII outline the
potential tests separated inte natural and forced convection experiment
series.

3.5 Large Scale Deflagration Tests. The Nevada test planning will incorporate

results of the igniter develogment, combustion, control and distribution
studies. The Nevada tests should demonstrate that the iessons learned at
srall scale apply to much larger scale, and that expected wide spread
turbulence and ncn-homogeneity in an accident environment contribute no
“surprises.” Commercial-design containment snrays will be used. and a test
matrix will be performed to verify deflagration limits and the effects of
igniter location (and type), hydrogen conceatration, and structurzs such

as grids or.obstac1es. The effects cf deflagrations on safety-related equip-

ment cas a'sc be studied.



4.0 Estimated Program Costs.

Each of the programs outlined is intended to be flexible in terms of
experimeital activity, and costs can be adjusted accordingly. Table IX

indicates the best estimates for the time periods shown in Figure 1.
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TASLE 1

Cptions in Hvdrogen Combustion & Management Program

1. Igniter Development (Rockwell)

Evaluation of techniques for ignition of combustible gases, including advai.ced
nethods developed for the U.S. space program, Goal is to cbtain methods for re-
1iable ignition c¢f fuel-lean mixtures in atmospheres cf hydrogen, air, and steam.

2. rHydrogen Combustion Studies (Whiteshell)

Basic studies of hydrogen combustion properties in a hich pressure sphere and
cylincer which can be connected by a variable length pipe. Associated modeling
of burning velocities and gas dynamics, and small-scale model development tests.

3. Hvdrogen Control Studies (Acurex)

Near-term exploration of various hydrogen managem@nt methods. Use of test site
near EPxI and a surplus high pressure vessel with existing protected data agquisi-
tion system,

4. Hydrogen Distribution and Mixing Studies (HEDL)

A Targe cylindrical vessel with and without compartments, with various
therma] gradients, atmosphere compositions, hydrcgen injection rates, and use of
forced convection generated by water sprays and tans.

5. Large Scale Deflagration Studies (Nevada)

Study of hydrogen deflacrations, and demonstration of management methods in a
very large sphere, with and without compartments and water sprays, and with use
of various ignition methods and locaticns, temperature gradients, and flame
suppressants or water togs. Demonstration that the small-scale database is
applicable to "real” LWR accident conditions.



TABLE II

Lower Flammability Limits{

1)

Facility
Parameter Rockwell Whiteshell i Acurex Nevada
Volume (ft°) 100 300 | 300 | 75,000
Igniter Type Yes No ' Yes Selective |
Igniter Location No ’ Some .' Some | Yes
Steam Yes i Yes Yes Yes
Turbulence Yes | Yes | Yes Yes
Non Uniformity Ne Yes Yes Yes !
Water Spray Yes ° l No . Yes Yes 5
Halon No ; No . Yes ? g
Key Measurements ! '_ g
P.T, Conc. Yes '. Yes L Yes Yes |
lon Probe No ‘ Yes | Yes Yes '
Approx. No. Tests 4 100 20 : 10 ¥

(1)

Underiined items indicate key sites for investigation.

16



TABLE III

Deflagrations (1)
Facility j

Parameters Whiteshell Acruex Nevada
Volume (¢t°) 300 300 75,000
Hydrogen Concent. Yes Yes Yes
Steam Concent. Yes Yes Yes
Initial Pand T Yes Yes Yes
Turbulence Yes Yes Yes
Pocketing Yes Yes Yes |
Water Spray No Yes ! Yes :
Water Fog No Yes ? {
Halon | No . Yes . ?
Structure Effects ; Yes Yes | Yes :
ey Mezsurements l ;

P, T. Conc., lon | Tes Yes Yes
Approx. No. Tests i 30 r 15 ‘ 9

{
‘1)Combustion tests with hydrogen concentrations generally greater than 10%. Underlined

items indicate key sites for investigation.

L




Hydrogen Mixing and Distribution

TABLE IV

.
1
/

Facility

Parameter whiteshell HEDL(Z) Nevada(3)

Characteristic Length (ft) 19 (Vertical) 67 (Vertical) | 52 (Diameter)
50 (Horiz. Tube)

Volume (ft.%) | 400 30,000 75,000
Compartments i Yes(d) Yes(s) ?
Temperature Gradients ; Yes Yes Yes
Steam ! Yes Yes Yes
water Sprays 1 No Yes Yes
Hydrogen Jets i Yes Yes No
Key Measurements: 2

T, Concentration } Yes Yes Yes

Gas Velocity No Yes No
approx. No. Tests 4 5 20 20
‘])Underlined items indicate key sites for investigation.

(Z)Limited to maximum of 4% hydrogen

(3)Distribution data obtained in conjunct

(4)

——
wn

Compartment data can be obtained when sphere and ¢

)Generﬁc simulation of LWR possible.

jon with combustion tests.

ylinder are connected.




TABLE V

to Detonation (TTD)\])

Transition
Facility
Parameter Whiteshell Acurex Nevada(21
Geometry Cyl., Sphere, Tube Cylinder Sphere
Volume (ft°) 300 300 75,000
Steam Yes Yes Yes
Water Spray No Yes Yes '
Water Fog No Yes ?
Halon No Yes ?
Ignition in |
‘Compartments’ | Yes(E) Yes(a) ? :
Structure Effects Yes Yes Yes !
Simultaneous Ignition f Yes Yes ? ’
Ignition Power No Yes No :
Key Measurements ’ |
P, T, Conc., lon | Yes i Yes E Yes
Shadowgraph, Schlieren | Future ' Possible | No
Approx. No. Tests | 10 10 i éT?)

(])Under?ined jtems indicate key sites for investigation.

(2) Demonstration tests using mixtures approaching the detonation region may be

conducted if intermedi

Ignition in balloon or s

2*: scale tests indicate TTD is very unlikely.

Ignition in tuce connectad to large volume.

mall compartment.






TABLE VII

Hydrogen Mixing by Natural Convection

PURPOSE: The purpose of these experiments is to quantify the degree to
which hydrogen mixes with the containment atmosphere when mixing 1s induced
only by natuyral convection processes.

INFORMATION TO BE OBTAINED: These tests wil)l measure the concentrations
of hydrogen at strategic spatial locations as functions of time. This
information will be analyzed in terms of a natural convection computer code
which w11l allow the determination of turbulent diffusivi;ies.

ACILITY REQUIREMENTS: These tests will employ low hiydrogen concentrations

d best be done in the (STF vesse! at H

pa
'
[,
o
|
(=%
)
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[ =
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m ‘e
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L )
m
wy

CRIPTION OF TEST SERIES: The mixing of hydrogen, introduced through porous

lates at low velocity, would be measured under various thermal gradients.

M O

dtyratec steam-air mixtures at various temperatures would b2 estadlished,
and then hydrogen would be introduced. Parameters would include atmosphere
temperature, compesition and temperature of hydrogen gases introduced, and
duration of the injecticn period. The use 3f compartments and generic LWR

structures would te planned.
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TABLE VIII

Hydrogen Mixing Augmented by Forced Convection (HEDL)

PURPOSE: These tests will quantify the degree of hydrogen mixing which
resul ts when forced convection processes are present. Realistically,
hydrogen will likely enter the containment atmosphere as a jet, sprays may
operate or ventilation fans may operate. All of these processes augment
hydrogen mixing and need to be accounted for.

INFORMATION TO BE OBTAINED: Hydrogen concentrations at various spatial

locations will be measured as a functicr of time. Also gas velocities and
directions will be measured at a few key locations. These data will be used
to prove containment mixing codes, providing turbulent diffusivities and
forced convection flow gquantities.

FACILITY REQUIREMENTS: These tests could best be done in the CSTF vessel
at HEDL.

DESCRIPTION OF TEST SERIES: These tests are ouite similar to those of the y-evious

series except tha: variocus mixing promoters would be operated. Several
tests would be required to study the effect of mixing when Hp was introduced

as a circular jet. At least two tests would use containment sprays, one
at cmbient temperature anc ore at an elevated temperature. The use of com-
partments and generic LWR structures would be planned.
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APPENDIX A-3
HALON STUDY - TECHNICAL DETAILS

I1. TECHNICAL BACKGROUN

gefore describing a Halon system we should give the basis for our
spinion, mentioned earlier, that a 1301 system miaht be suitable for an
ice condenser containment. It is based on the following simplified
sstimates: the total countainment volume is taken as approximately 1.2 x

"

1u5 ft3 which includes upper and lcwer compartments and ice condenser

-

plenum and bed volume. We further assume approximately 1,200 1b mass
of hydrogen to be produced, which by itself is equivalent to rouchly
2 534 in the total containment volume. Based on resuits in the report
cited below, it is estimated that about 175,000 1b mass of Halon would be
required to inert the containment for these conditions. This 17 .-uivalent
to approximately 6 psi of Halon, which now produces a total containcent
pressure of 3 psig and is less than desicn. However. we emphasis that
these rough estimates a.'e only meant to show first-cut feasibilitv of
the conceot. Note also tnat the heat to vaporize the total Halon
inventory would b2 6.2 x 106 BTU which is small compared with the blow-
down energy or the heat of fusion of the total ice inventory.

Any water-cocled nuclear reactor in which a LOCA occurs can produce
hydrogen gas by reaction of HZO with zirconium and by radiolysis of
cooling water by cecay products. Explosive mixtures of hydroaen with the
3ir of the containment aa form. There are a number of possible means
of providing protectio , and the method to be described here involves
inerting the containme t with 2 gas known as Halon 1301, which chemically
is trifluorobromometha e, CF38r. Atlantic Research .:rporation over a
period of nearly three ears conducted a study of the use of Halon 1301
in the reactor containment for nuclear powered ships, under sponsorship
of the Maritime Administration of the Department of Commerce ("Hydrogen
Suppression Study and Testing of Halon 1201", by Edward T. McHale, Contract
Nos. MA-6562, and T-38619, December 137¢ and March 1978). Conies of
these reports are being submitted with this propesal. Is the cz e of the
maritime rezctor, a Halon system was found to be completely suita le and
would have been the system of choice had such reactors been built.
Much of tne following information s drawn from the above-listed reoorts.




The suppresion system would consist of a predetermined quantity of
4alon 1301 stored as a liquified gas in several storage vessels near the
-antainment. In the event of a LOCA, if the hydrogen concentration reached
some pregetermined level, the 1301 would be discharced either automatically
or manually into the cont.’nment through a piping and valve system. Many
sperational advantages are associatad with the simplicity of a 1301 system.
For example, there are few moving parts, minimal nower requirements, high
reliability, relative economy, storage convenience, 2ase of periodic testina,
and once activated the system requires little further attention.

When Halon is mixed at the proper concentration with hydrogen/air or
oxygen enriched air, it will render such mixtures ccmpletely nonflammable.
Jtner zases such as nitrcgen and carbon dioxide produce the same effect,

W
.
ot

| though such large quantities of these compounds are required that the
sverpressure in an ice condenser containment (or probably any containment)
would exceed design or even ultimate rating. The amount of Halon required
for a given volume depends on the concentration of hydrogen and air,
temperature, pressure, presence of steam, losses, etc. Experimental
neasurements have been made at Atlantic Research to Map the compliete
flammability (explosive) diag;ams for H2/02/N2 mixtures containina Halon
1301. It is virtuaily certain that cnce the hydrogen/air concentraticns,
etc., are kno-m that the required amount of Halon could be specified

witn no further testing.

A great number of physical and chemical properties of an inerting
gas must be considered sefore it can be selected for containment application.
These invelve materials compatibility, thermal stability, long term
storage, toxicity, vapor pressure, eritical temperature, solubility in
420, and others. Many of these are discussed in the above referenced
report. 1In general, the properties of Halon 1301 are very favorable
for containment use. There are, however, scve guesticns concerning its
radiolytic stability in water and the effer: of decomposition products
(if any) on metals. Thuce will be specifically addressed in the present
study. In addition to the atove properties, the availability of Halon
must be considered. [t is presently marketed Dy DuPont under the
:~acename Freon 130las a fire and explosion sunprescion agent, and its

-vailacility is not expscted to e a problen.
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There are certain questions about Halon behavior which are unigue to
a containment application. Some of these have been examined in our
arevious study and will be menticned. One gues:ticn that arose concerned
+he effectiveness of charcoal filters, through which the containment
atmosphere is passed when being purged, to absorb iodine and methy!
iodide radiocactive fission products in the presence of Halen. Tests showed
that air or Hz/air mixtures containing Halon would pass through the
charcoal with no absorption of the Halon but with complete absorption of
*he iodine materials. It was also possible tc show analytically that
Halon and iodine compounds would not react with each other. Thus Halon
nixtures, either following a LOCA, or in the event of accidental discharge,
could be safely vented through a charcoal filter system.

Extensive studies were 21s0 conducted on the radiolytic st.bility of
4alon in the radiation field of the containment. It was shown that in the
-antainment volume proper, negligible radiolytic decomposition would occur.
1+ was found, however, that if Halon could find a way %0 become exposed
to the cooling water and %o dissclve in it (solubility in the rance of
100 spm at 120°F and decreases with increasing temperature), the core
radiation could decompose a small amount of the Halon. This loss should
be allowed for during system design. In the case of the ice condenser
containment, the small amount of decomposition may yield sufficient
halide compounds diss~'vad in water to produce 2 deleterious effect (from
a long range or recoverable point of view) cn materials in the primary
system. This is a key problem which will be carefully examined in the
sroposed study. It should also be mentioned that should this prove to be
a problem there are means available to overcome it. For example, the
decomposition reaction is self-arresting and there are additives which can
sring about this arresting effect and retard any decompesition.

The foregoing discussion is meant to piovide an indication of what
a Halon inerting system would invelve and of some questions (many of which
have been answered) that can be raised about its operational features.
3efore ending this section it °s desirable to outline in broad form what is
recuired to be done to determine if such a system can be applied to an

‘ce conderser containment. Very scon after a system study is initiated,




technical personnel from Atlantic Research would visit a nuclear plant

for 2 complete inspecticn and a briefing of all aspects of the reactor
system and containment that are relevant tg Halon application. Following
this visit a preliminary working desian of a Halon system would be cevised.
This would include full specifications of worst-case amount of hydrogen
expected and amount of 1301 required for inertinc (considerina that
required for safety margin and make-up for all losses - long-term leakace,
ragiolysis, dissoluticn, stc.) Pressure-temperature-time histories

would be plotted using the COGAP and ARC computer codes. TF-se codes would
also yield the required rate of Halon injection to stay ahead of H2
build-up.

Simultaneocus with the system specification study we would begin to
examine tne po*tential prcblems that could initially be identified. These
‘nvoive zs a minimum Halon decompositicn, water chemistry and materials
compatibiiity with decomposition products. One question that had been
raised concerned the ignition of inerted hydrogen mixtures using a shock
wave initiation source. For example, if a pocket of Hr/air formed
in an inaccessible secticn of the lower compartment and did not get
inerted by Halon, what effeét would it produce on the inerted containment
mixture if it beccme ignited 2and sent cut a blast wave. These and
other questions will be addressed by literature search and analytical
study using experts in each particular subject area.

-
.
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1) A preliminary system design will be made which, while it will
represent a working medel, will nevertreless be complete. It will specify
dalon quantity required, rate of discharge, Ha build-up rate, pressure-
time and temperature-time hi_.cries, Halon losses from all known sources
(leakage, radioysis, dissolution), contribution by Halon to blowdown
energy removal, etc. (ARC and COGAP codes to be used.) The Halon
nardware system will be specified to the extens of storage tanks sizing
and number for redundancy, spray system configuration for thorough mixing
énd discharge rate, and distribution analysis of Halon throughout upper
and lower compartments. Between two and four technical cersonnel will
151t 2 nuclear nlant with an ice condenser containment for one or two
cays of discussions early in the program.

2) The present flammability diagrams for HZ/OZ/NZ mixtures containing
Halon were mapped using the "strongest credible" ignition source which was
represented by a squib igniter. It has been postulated that hydrogen
might pocket somewhere in “he lower comoartment, not get properly inerted,
and then 1ignite and p.oduce a blast. Therefore, we will investigate
by literature searcr and ccmbusticn analysis if it is known whether otherwise
inert mixtures can be initiated with a blast wave. The question t0 be
answered here is not whether mixtures can be inerted against shock wave
initiation but rather how much extra, if any, 1301 agen* -uld be required.
[n this task, as in others requiring literature search, we will use our own
cackground knowledge of sources pluc the Atlantic Research DIALOG computer
search facility which has the capability of examining numerous sources
of tecanical literature.

3) The amount cof Halon decomposition that will occur in the ice
condenser containment due to dissolution in HZO and radiolysis from the core
w11l be computed. This is obtained by calculating the total decay energy
from which fs obtained the accumulated radfation dose per NRC gquidelines.
Then knowing Halon partial pressure, G-value, and deccmposition rate
functional depencence the tstal integrated amount of decomposition can te

Ao
CoOmpbuytad.

4) Stugy the change in water chemistry due to Halon decomposition and

LR 3
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1ts effect, if any, on materials of construction in the primary system.
txamine in detail methods of inhibiting decomposition Dy additives if
necessary anc the effects of additives on water chemistry and their
materials compatibility. Corrosion and degradation of properties of metals
in the primary sys*:m will be the main concern. Literature searches will

e conducted %o determine if changes in such properties as tensile strength,

elongation, elastic medulus, etc., have been studied when metals are
exposed to low concentrations of halides in wa

ind Dressure,

ter at elevated temperatyre

5) The above list of proplems is preliminary and other items to the
studied are likely to be discovered when the various topics are
examined in detail.

Two technical repor:s will be submitted in the course of the work. At
the mid-poins of the Study an interim report will Se prepared outlining
Proariss to gate on each topic. At the completion of the program a final
sunmary report wi'l be submitted which will present complete results and
their interpretation together with recommendations. The program manager

will deliver the final report to the sponsor and make an oral presentation
of results.
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November 26, 1980

Dr. Wang Lau

Tennessee Valley Authority
400 Commerce Avenue
Knoxville, TN 37902

Reference: Contract TV-552054 - "System Feasibility Analysis of Using
Halon 1301 in an Ice Condenser Containment”

Dear Dr. Lau:

This summary letter report is be.ng submitted per the conmtract requirement
t~ provide an interim report in the ccoucse of the program. Up tc the present time
a visit was mage to the Watts Bar plaut by five technical persons associated with
the studv, numerous telephone discussions have beer "21d with TVA, AEPSC and Duke
Power personnel, and a group from Duke Power visited Atlantic Research for a review
of the Halon system and our opinion about alternative approaches.

We have had requests to accelerate progress if possible, which we are trying
to accommodate but, as explained, auch of the work follows a sequential path and
certain tasks cannot be completed until other prior work has been performed.

In broad summary, it can be reported that a Halonm 1301 system is certain to
be able to provide full safety against any possible hydrogen hazard following a
LOCA in an ice ccndenser containment. The matter that remains does not concern
safety acceptability, but rather concerns the question of how much corrosion might
certain materials be subjected to, and will the primary and secondary systems meet
specifications and be recoverable after a LOCA if they were exposed to Halon decom-
position products.

3riefiy, the corrosion problem is as follows: Halon itself is stable and

inert toward materials. However, if needed following a LOCA, Halom gas could dis-
solve to a small extent in the emergency cooling water (its solubility is 150 ppm

by weight in water at 77°F and 0.5 atm). Radiolytic decomposition can then occur,
the result of which could be the formation of bromides (and fluorides) in iow con-
centration (about 400 ppm Br™) in the water. Therefore, the guz:stion being addressed
is what effect such a solution will have on reactor materials, particularly stainless
steel=s.

If unfavorable answers emerge from the materials study, then the options are
the foliowing:

e Plan to install a Halon 1301 system to provide safety during the interim
while an alternative system 1s being developed, using the ractionale
that the likelihood of l.aving to employ Halom is extremely saall.
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e Study the effect of exporure of stainless steels to hydrogen. Since
hydrogen has an embrittliug effect on steels, it may be that hidrogen
alone is deleterious enough that the reactor svstem could not be re-
covered anyway, even if Halon were not used.

e Investigate means of elimjaating or reducing the effect of bromides.
The general approach would be to find additives that defeat the Halon
radiolytic decomposition mechanism in solution. Several candidate
approaches have been considered:

- Determine if Halon decomposes in sclution in the presence of
hydrogen as rapidly as in its abs=nce. Hydrogen may compete
with Halon for solvated electrons, the species responsible
for i{nitiating Halon degradation.

- Add an additive to the water that will precipitate bromide in
inert form. (A search for candidate additives will be made.)

- Add an additive to the water that will produce hydroxyl radi-
cals in solution. These radicals are thought to react with
bromide ions to reverse the decomposition reaction. Alcohols
nay be good candidates.

- Determine whether decomposition of Halon will occur to the same
extent over a range of pH values.

- Generally attempt to find additives that may be effective in
reversing Halon degradation.

Substantial progress has been made on three tasks of the program and each of
these is reviewed below.

System Desizn

If no credit is allowed for steam inerting, it will require 191,600 1b mass
of Halen 1301 to inert the total containment, iacluding upper and lower compart-
ments and ice condenser plenums (1.2 x 106 £t3). The Halon requirement is derived
from the flammability data cbtained in the previous ARC study and the assumption
of 75% zirconium cladding reaction releasing 1450 1lb mass of hydrogen. Assuming
negligible losses and specifying a 20% excess, the total Halon requirement will
be 230,000 1b. Neglecting losses is justif.ied because the contalnment leak rate
is essentially zero, and the loss to cooling water is 454( 1b via Halon decompo-
sition and 880 1b through dissolution. The containme. .tf.l pressures will
be (70°F basis):

Air 1.000 atm = 14.70 psia
HZ 0.234 atm = 3,44 psia
dalon 0.493 atm = 7.25 »sia
1.727 atm = 25..3 psia = 10.7 psig
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A storage and piping configuration has bdeen designed which is based on the
guiding prineciple that the system must function properly even if two independent
malfuasctions occur simultaneously. The Halon would be stored in five 316 stain-
less steel tanks, four of which would contain the required 230,000 1b and an iden-
tical fifth back-up tank would contain 57,500 1lb. The storage tarks are sized to
contain the Halen at temperatures in excess of 130°F where the liquid Jensity is
77.6 1b/f¢3 Fach tank would have an equivalent spherical diameter of 12 feet

with a wall thickness of three “nches. This provides a working pressure of 600
psig for the system, conforming co Section VIII of the ASME Unified Pressure
Vessel Code.

fzch tank would have an associated tank of nitrogen gas connected to it which

would maintain a delivery pressure of 600 psig if the Halon had to be discharged.
The five Halon tanks are valved independently to two manifolds of four-inch SS
Schedule 40 pipe. (The manifold piping diameter may have to be larger if a total
run of much more than 300 - 400 feet is required.) Two penetrations of the cou
tainment will be required for the four-inch pipes. The piping will conform to
ANSI B-31.10 classification. Inside the containment, the piping branches te the

-sr and lower compartments, each accumulator compartment and the instrument room
jaximize coverage of isolated compartments.
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An array of spray nozzles comes off each manifold pipe inside the containment.
The requirement is to deliver 230,000 1b Halon in 1000 seconds or 1330 gpm at 130°F.
One arrangement to accomplish this is to use 20 full cone noz..:s of 15/32" orifice
on each manifold, one of which is sufficient. This feature of ti~ system design is
being left open at present. The exact nozzle system configuration would un3ve to be
determined by actual inspection of the containment and computation of the riquire-
ment in each area.

The final report will present the system design in much greater detail. Other
aspects of the design are also being worked onm, including instrumental analysis re-

quirements.

Halon Decomposition and Bromide Ion Concentration

Since the net decomposition of Halon ceases at equilibrium Br~ concentration
of 5.2 x 1077 mcles/l, the total quantity ot Halon cecomposed depends (at equili-
brium) upon the total quantity of water in the containment (6.46 x 10-3 1bs Halon
decomposed per gallon of water). For the maximum amount (702,950 gallons, re: TVA
letter of Oct. 31, 1980), the quantity of Halon decomposed is 4540 1b, independent
of the fission product release to the water. An additional 880 lb will remain dis-
solved in the water.

The rate of Halon decomposition alsc depends upon the quantity of wate: in the
containment. The time-dependent quantity of Halon decomposed for several potential
values of the containment water inventory has been computed and will be given in
the finali report.

Decomposition cf Halon yields 3r~ inm solution which acts as a scavenger for
the JH radical and tends to suppress further Halon decomposition. Equilibrium is
attained at a 3¢- concentration of 5.2 x 1077 moles/liter also.
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water Chemistry and pH

yr= is presumably formed as ' . dnd decomposition of Halon also produczes HF
at concentrations 3 times that of HBr. HF ionization, however, is suppre:sed by
the H* from HBrT ionization, and at equilibrium most of the HF is undissociated.

The pH changes depend upon the initial chemical composition and pH of the
water in the containment system. Although the system water will likely be slightly
alkaline (pH >7) and perhaps buffered (presence of sodium borate, for example, to
prevent criticality), calculations of the pH changes have been made conservatively
assuming pure water (pH of 7.0) in the containment system initially. Assuming com=
plete ionizatiocn of HBr and an jonization constant of ‘3.99- % 104 for HF, the re-
sulting pH at equilibrium would be -2.2, determined principally by the HBr, with

gF ionization largely suppressed.

Izaition of H.-air-Halon Mixtures by Shock

-

Hydrogen-2.iv -.ixturas can be inerted against combusticn by addition of tialor
1301, and a iarge body of data on the flammability limits of such mixtures has ‘rean
developed previously using sparks and squibs as ignition sources. The questicn 1as
arisen as to whether a shock wave could ignite mixtures that are so inerted. In
srder to answer this question, a literature search is being conducted to determine
if the matter has ever been studied, and an analysis of the hydrogen combustion
chemistry is being performed. To date, the literature search has not turned up any
direct information. The analytical work, although still incomplete, is indicating
that once inerted against sparks-or pyrotechnic ignition, a mixture cannot be shock
initiated. This is the type of question that lends itself to analytical study where-
in definite conclusions are possible because hydrogen-oxygen combustion is the test
understoed of all fuyel systems.

In addition, we are examining the question of what structural effects would be
expected from explosion of uninerted pockets of Bz-air of various dimensions.

Very truly yours,
ATLANTIC RESEARCH CORPORATION

:;’;fia-uarﬂf 7f: //Lfcl/cz;’éz"

Edward T. McHale, Manager
Combustion and Physical Science Departnent

ETM/bls

ce: Stephen J. Miloti
American Electric Power Service Corp.
wiliiam H. Rasin
Duke Power Company



