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Abstract,

On October 2, 1980, the Nuclear Regulatory Commission (NRC) published
in the Federal Register a notice of proposed rulemaking to dictate
new hydrogen control requirements for degraded core accidents.

In December 1981, the NRC published for comment a proposed revision
to 10CFR50.44. as an interim rule. The rule required all nuclear
power plants applying for an operating license to implement systems
for mitigating the consequences of an accident releasing large
quantities of hydrogen (i.e., interaction of up to 757. of the
zircaloy fuel cladding). The final version of this rule was
published in February 1985.-

In response to the proposed rule published in October 1980, utilities
building Mark III containment facilities organized the Hydrogen
Control Owners Group (HCOG) in May 1981 to address the relevant
generic hydrogen control issues. The HCOG ultimately developed a
comprehensive program of research, testing and analysis to
characterize diffusive hydrogen combustion phenomenon and assure the
survivability of equipment required to function during and after a
hydrogen generation event.

The following report summarizes the bases for implementing a
:- distributed hydrogen ignition system and associated tasks necessary

(i to demonstrate compliance with the degraded core hydrogen control
requirements.

i
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I. Introduction

In December, 1981, the Nuclear Regulatory Commission issued a
proposed rule which required all plants applying for an operating
license to include enhanced hydrogen control measures in the design
of their facilities. The proposed rule indicated that these enhanced
hydrogen control measures should be capable of mitigating the
consequences of an accident which releases large quantities of
hydrogen.

In response to the proposed rule and in order to address the generic
issues in a unified and cost effective manner, the Mark III utilities

formed the Hydrogen Control Owners Group (HCOG) in May, 1981. The
HCOG was formed to identify an acceptable hydrogen control system,
and to develop generic design, installation and operating criteria
for the system. In addition, HCOG has defined a test and analysis
program to assure survivability of safety related systems that may be
exposed to the postulated hydrogen burns, and to evaluate the
integrity of the containment structure in light of pressure
excursions which may result from hydrogen burns.

The December, 1981 proposed rule defined t.he NRC's position that
,

enhanced hydrogen control systems be provided'that would be capable
of mitigating the consequences of a total hydrogen release equivalent
to that generated from a metal-water reaction involving 75 percent of
the zircaloy cladding in the active fuel region. After a significantc

(j - level of industry comment and discussion, a final hydrogen control
rule for Mark III and ice condenser containment plants was issued as
a revision to 10 CFR 50.44 in February, 1985. The final rule
required: a) implementation of systems capable of controlling
hydrogen equivalent to widizing 75% of the active fuel cladding; b)
analyses to demonstrate that the primary containment's integrity
would be maintained; ar.d c) systems and components required to
mitigate the consequences of a recoverable accident that leads to
hydrogen generation must ba apable of withstanding the effects of
the accident.

The analytical tasks identified by the HCOG included the modification
of computer programs to allow for both the prediction of hydrogen
generation histories in a degraded BWR/6 core and the modeling of
deflagration burns in the drywell or containment. Additional

analyses were required to calculate the ultimate containment
capacity, define the most probable accident scenario, and to quantify
the thermal environment that results from hydrogen combustion and its
effect on equipment required to survive the event.

In December, 1984, the HCOG submitted a Hydrogen Control Program Plan
to the NRC for review and approval. This Program Plan defined HCOG's
total test and analysis program for responding to the degraded core
hydrogen control requirements. The Program Plan is used to identify
and coordinate the various analytical, research and test oriented( activities that are part of the program. This Program Plan is

iii
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fr divided into fourteen primary tasks, with each task being comprised
j -L of multiple subtasks. These tasks and their related subtasks were

reviewed in detail with the NRC in meetings held between January and
March, 1985. As the program has evolved, additional revisions to
this Program Plan have been submitted to and discussed with the NRC.

The following report delineates the results of the HCOG's Hydrogen
I Control Program. Due to the significant volume of data that has been

issued to date on the results of the program, the report provides,

only brief discussions of the numerous submittals, but does reflect
the pertinent information contained in each. To reiterate, this
topical report is a summary document of generic report submittals
that have been made to the NRC by the HCOG. The contents of this
report and the submittals referenced within will be referenced by the
HCOG member utilities in their final plant specific hydrogen control
reports.

Since the Program Plan provides a comprehensive presentation of all
aspects of the Hydrogen Control Program, its task / subtask format is
utilized in this report to ensure a similarly comprehensive
discussion of the results of this program.

This report does not supercede the Program Plan, but complements it'

i as a closure document for the Hydrogen Control Program. The Program
Plan will continue to be maintained to provide guidance to HCOG and
NRC. management in regards to program status and resource needs.,
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-[ Task 1: ESTABLISH HOST PRCBABLE HYDROGEN GENERATICN EV MI

Subtask 1.2: Select Probabilistic or Deterministic Scenario

Purpose: In order to establish plant cmditions associated with
meeting the various requirements of the regulations
(e.g., 75% metal-water reaction and recoverable core)
it was necessary to determine if the scenario was best-
defined using deterministic or probabilistic methods.

Reference:

- Letter frorn HCCG to NRC, " Report m Hydrogen Centrol
Accident Scenarios, Hydrogen Generation Rates, and
Equiprrent Requirements," HGN-OO6-NP, dated Septenber 9,
1982.

This letter provides a discussion of the need to utilize
both deterministic and probabilistic methods in defining
an HGE that will result in significant hydrogen
generation without substantial (i.e., non-recoverable)
core melt.

Subtask 1.4: Most Probable Accident Scenario

Purpose: 'Ihis subtask involved identifying the Ecst probable
([,y sequence of events that would lead to a degraded core:

accident with resulting hydrogen generatien tratching
proposed regulatory requirements.

Reference:

- Letter frcar HCOG to the NRC, " Report en Hydrogen Control
Accident Scenarios, Hydrogen Generation Rates, and
Equipreent Requirements," WN-006-NP, dated September 9,
1982.

This report estimated the corrbined probability for all
censolidated events which could lead to core melt. The
most probable E E sequence was modeled as a turbine trip
with bypass and loss of feedwater. Failure of all other
makeup systems resulted in a drop of RFV level due to
inventory loss through the bypass pressure control
system until vessel isolation occurs. Reactor pressure
is then controlled by SRV actim until the RPV is
depressurized by the operator per emergency procedures.
Event recovery occurs when ECCS injection is recovered
and water injection established. Variations in the
timing of operator actims to recover core makeup
systems were included in the study. The study also
addressed anticipated transient without scram events

('- 1-1
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;{ (A W S) as possible HGEs. The report ccncluded that a
' 75% MWR could not be achieved using a probabilistic-

- scenario.

Subtask 1.5: Sut:rit Report to NRC

Purpose: This subtask ~was established to document, to the NRC,
the bases for the accident scenario that was determined
to be the most probable HGE in Subtask 1.4.

Reference:

- See the report referenced under Subtask 1.4.

Although the most probable HGE represents a departure
from the preliminary scenarios selected by HCOG, the
preliminary scenarios were used as a basis for
subsequent work for the following reasons:

1) Isolation with turbine bypass is not radically
different from the SCRV case;

2) The SCRV results in a slightly faster inventory loss
and earlier hydrogen producticn;

'

3) The DWB case is irrportant in considering a possible-

Cf. hydrogen release in the drywell.

Subtask 1.6: Evaluate AWS and SB0 Accident Scenarios

Purpose: This subtask was established to document the bases for
excluding Anticipated Transients Without Scram (ATWS)
and Staticn Blackout (SBO) events from those events that
could act as HGE initiators.

Reference:

- Letter from HCOG to NRC, " Report en Hydrogen Centrol
Accident Sequences, Hydrogen Generaticn Rates, and
Equipment Requirements," HGN-006-NP, dated September 9,
1982.

Section 3.4.3 of this report states that A WS was
considered to be an inappropriate choice for ICE. The
expected frequency of A WS and the probability of an
AWS event leading to core melt and emtainment failure
from hydrogen conbustica are very low. Furthermore an
AWS event can lead to accident conditicns which are
pertinent to hydrogen centrol consideraticns only if the
accident sequence includes irproper functicn of all the

..

najor water makeup systems, resulting in core damage

{' prior to loss of containment integrity. The A W S threat
to ecntainment integrity is related to inability to

1-2
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remove thernal energy and is not due to hydrogen
generatim. The cont)ined probability of failure to
scram plus inproper functim of all water nakeup systeres

: is even lower than the probability of failure to scram
only. Also, if failure of the standby liquid ccntrol

,

b system (Sic) is postulated ccncurrent with AWS, then
the properly emtrolled emergency core cooling systeres
(ECCS) will be adequate to naintain core cooling but the
capacity of the residual heat removal system (RHR) for
removing heat from containment will not be adequate. In

.

this case, the containment will lose its integrity (by
overpressurization) prior to core danage, regardless of
whether or not there is a hydrogen ccntrol system

I installed in the plant.

- Letter from BCOG to NRC, "Evaluaticn of SBO and AWS
Ccntributicns to Hydrogen Generation Events", B3N-055-NP,

I dated Septerrber 27, 1985. i

This letter discussed results frem Reactor Safety Study
Hethods Applicaticn Program (RSSHAP) analyses which were'

evaluated by HCOG. The RSSMAP analyses indicated that
A W S and SBO events which lead to containment failure

I due to hydrogen corrbustion in a recoverable degraded -
| core accident are very low probability events.

; h Subtask 1.7: Resolve Questions cm AWS and SBO Evaluation

i Purpose: This subtask was developed to track resolution of NRC
ccncerns en the issue of AWS and SBO events as HGE
initiators.

.

:

Reference:

- Letter from NRC to HCOG, dated February 21, 1986.

This letter provided the NRC's assessment of HCOG's SBO
! and AWS evaluation (sutnitted under Subtask 1.6) . The

NRC agreed that AWS events are not probable HGE
initiators. However, they did not consider the RSSMAP'

! study to be an adequate tool in assessing the
probability of SBO initiated events leading to hydrogen
corrbustien ccntainment failure. The referenced letter
requested response to several questions concerning the

,

i extent to which SBO events have been censidered and
: encerrpassed during HCOG analysis and testing.
;

- Letter from HCOG to NRC, "Respcnse to NRC Ccmcerns
i

Regarding Potential Irrpact of SBO Events on Operaticn
and Performance of the Hydrogen Ignition Systems,"

i HGN-114-NP, dated January 8, 1987.

1-3
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(- Attachment one to the referenced letter contains
responses to three specific NRC questions from the
February 21, 1986 request for additional infornatim
(RAI) and supports HCOG's positim that although SBO nay
be a dominant ccntributor to severe accidents, it should
not be dminant for degraded core Hydrogen Generaticn

Events (HGEs).

In the referenced RAI, the NRC staff noted that since
NUREU-0979 suggests that SB0 is a dominant contributor
to probability of core danage, and therefore way be
significant with respect to a hydrogen generation event,
HCOG should address the potential inpact of SBO events
on the operatim and perfornance of the hydrogen
igniticn system. HCCG's respcnse to this reconnendation
delineated the reasons why the NUREG-0979 methodology
and assumption are not consistent'with those required
for HGE analysis. Therefore, conplete loss of AC power

(Station Blackout) should not be used as an initiator
for a recoverable core hydrogen generation event.

The referenced RAI asked HCOG to identify the extent to
which SBO events are already enconpassed inplicitly
within the hydrogen release histories that have been
developed for use in the 1/4 scale test facility. ECOG

5 explained that the hydrogen release histories used for
(i,.' 1/4 smie testing and analysis were calculated using the

BWR Core Heatup Code (BWRCHUC) and the hydrogen release
histeries for an SBC event are enveloped by the BWRCHUC
analysis results.

HGN-ll4-NP identified the provisions which are already
in place to assure that ccntainment and equipment
failure due to deflagraticms cannot occur if AC poweri

were autonatically restored to previously actuated
igniters, taider circumstances where an SB0 occurs during
a hydrogen generaticn event. These provisicos are
accomplished via inglementation of ecntingent acticms

I frczn Revisicn 2 to the HCOG Canbustible Gas Control
Emergency Procedure Guideline.

'

j The NRC's February 21, 1986 letter also requested HCCG
to explain how igniter actuation in the 1/4 scale test

j program would be modified, if necessary, to provide
better simulaticn of potential SBO events. NCOG stated
that changes to the 1/4 scale test program were not
warranted because (as discussed previously) SB0,

| considerations do not need to be specifically addressed
in HCCG's program respcmding to the degraded core

.
hydrogen control rule.

!

|

'
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Task 2: SELECT MITIGATICN SYSTDi

Subtask 2.1: Evaluate Industry Experience

Purpose: Prior to choosing a hydrogen control system, a review
was ccoducted of the nuclear industry's experience with
supplementary hydrogen control systerrs.

Reference:

- Letter froen Mississippi Power and Light Corrpany to NRC,
" Description of Hydrogen Control Measures", AECM-81/139,
dated April 9, 1981.

Section 2.1 of this sutnittal provides a listing of
those systerra that could potentially be used to control
hydrogen following a degraded core accident. This list
was subsequently utilized by HCCG in its review of
potential hydrogen control systerr.s.

HCCG reviewed the hydrogen centrol prograrrs of three
corrererical nuclear power plants with a Westinghouse NSSS
and an ice condenser type of containrrent,1.e. ,
Tennessee Valley Authority's Sequoyah Nuclear Power
Plant, Arrerican Electric Power Corrpany's D.C. Cook
Nuclear Power Plant and Duke Power Corrpany's McGuire

; Nuclear Power Plant. These plants had already evaluated
additional hydrogen tritigation systerrs and had selected
distributed ignition systerrs.

Subtask 2.2: Develop Selecticn Criteria

Purpose: A set of criteria were established to assess the
adequacy of the various hydrogen control systerrs
identified in Subtask 2.1.

Reference:

- Letter from Mississippi Power and Light Corrpeny to NRC,
" Description of Hydrogen Centrol Heesures," AECM-81/139,
dated April 9, 1981.

Section 2.2 of this letter delineates the design,
operatimal and cost criteria used in assessing the
adequacy of proposed hydrogen control systerra. These
criteria, although developed for the Grand Gulf Nuclear
Station, were subsequently used by the other BCCG
utilities.

Subtask 2.3: Perform Trade-off Studies

( Purpose: This subtask was established to perform an evaluatim of
the proposed hydrogen centrol systerra identified in

2-1
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(i Subtask 2.1 against the criteria developed per Subtask
2.2. The results of this evaluatim would identify the
most feasible hydrogen control system.

Reference:

- Letter from Mississippi Power and Light Company to NRC,
" Description of Hydrogen Control Hessures," AEC2{-81/139,

,

! dated April 9, 1981.

. Sections 2.1 and 2.3 of this submittal detailed the
l results of this evaluation. Again, as above, the

original trade-off evaluation was performed for the GGNS
facility, but since it was based on features comen to

; all of the Mark III plants, its results were applicable
i to the other HCOG facilities.

Subtask 2.4: Select Mitigation System a

Purpose: 'Ihis subtask was established to choose a hydrogen
control system based en the results of the evaluatim
performed for Subtask 2.3. '

i

Reference:

- Letter from Mississippi Power and Light Corrpeny to NRC,

:| " Description of Hydrogen Cmtrol Neasures," AEC2f-81/139,
dated April 9, 1981.

Section 2.3.5 of this submittal indicates that the
distributed hydrogen ignition system was chosen since it

iwas the mly proposed systeta that met all the criteria
developed in Subtask 2.2.

Subtask 2.5: Prepare Mark III Unique White Paper m HIS

Purpose: HC0G cmsidered the need to prepare a report surmarizing
,

the selectim process which led to the decision to use a |
distributed hydrogen ignition system in Mark III
facilities.

Reference:

- IDCOR Technical Report 13.2-3, "Evaluatim of Heans to
Vent, Suppress or Control Hydrogen Burning in Reactor
Containments," dated February, 1984.

In lieu of developing an HCOG-tmique report which
presented information red mdant with the referenced
IDCCR report, HCOG chose to work with IDCOR in
developing the referenced document. HCOG reviewed

(- IDOCR's draf t report and provided coments to IDCOR so

2-2
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( that the report provided a corrplete surmary of the
advantages and disadvantages of the various options for
hydrogen ccritrol systems,

i

,

I
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f- TASK 3 - DESIGN HEROGDI IGNITION SYSTEM

Subtask 3.3: Select Igniter Device

Purpose: This subtask was established to select an igniter
onpable of meeting the requirements identified in Task
3.2.

- Letter fr a Mississippi Power and Light to NRC,
"Descripticn of Hydrogen Ccntrol Measures," AEOf-81/139.

21s letter documented the selecticn of the GMAC Model
7G glow plug as the igniter device selected by MP&L for
the Grand Gulf Nuclear Station hydrogen ignition system.
After review of industry experience and evaluation of
candidate igniters against regulatory requirements and
postulated envircnments, HCOG chose to use the igniter
device selected by MP&L.

Subtask 3.6: Specify Initiation and Operational Logic

Purpose: This subtask was created to establish system initiation
and operaticn logic for the hydrogen ignition system.

Reference:

- Letter from HCOG to NRC, " Justification for Manual
Initiation of Mark III Hydrogen Igniticn Systems,"
H3N-073-NP, dated March 5, 1986.

Early in the development of the hydrogen centrol
program, HCOG determined that manual initiaticn of the
hydrogen igniticn system was acceptable. The referenced
sut:rnittal doctamented HCOG's positica en the
acceptability of manual initiation of the hydrogen
ignition system and described operator response to
hydrogen generatica events. HCOG cmcluded that manual
HIS actuation is acceptable based upcn the time
available during HGEs for event recognition and operator
acticn prior to reaching a potentially threatening plant
condition, simplicity in manually actuating the HIS and
passivity of the igniter devices for non-HGEs.

Subtask 3.7: Locaticn, Redundancy and Separaticn Criteria

Purpose: 'Ihis subtask was established to develop generic criteria
for the igniter systems related to location, redundancy
and separatica

Reference:

(- - Letter from Mississippi Power and Light to NRC,
" Hydrogen Ccntrol," AECH-81/336 dated August 31, 1981.

3-1
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['' This letter submitted MP&L's hydrogen control report to
the NRC. Location, redundancy and separaticn criteria
for igniters described in this document were used as
guidance by HCOG in the development of design criteria
for the HIS.

Subtask 3.12: Develop Technical Specifications

Furpose: This subtask was established to review plant specific '

Technical Specifications related to HIS Systems based
upon data obtained in the 1/4 scale testing program.
This review was coupleted to determine if program
results support a revision to the existing plant
specific technical specification requirenents.
Subsequent proposed changes would be applicable to all
rerber plants.

Reference: ;

- Letter from HCOG to NRC, " Mark III Hydrogen Ignition
System Technical Specifications," H3N-070-NP, dated
April 16, 1986. i

HCOG reviewed the data from scoping tests completed in
the 1/4 scale test program and identified sufficient

(:.'' evidence to justify less restrictive technical
(, specifications than those currently governing the

operation of hydrogen ignition systems. This submittal
provided a proposed standardized technical specification
including surveillance requirements and detailed
justificaticn for each secticn.

3-2
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;( TASK 4: CONTAINMENT ULTIMATE CAPACITY ANALYSIS

Subtask 4.1: Criteria, Ultimate Capacity Analysis:

Purpose: This subtask established criteria for defining the
ultinate capacity of tht., containment structure.

Reference: Letter from Mississippi Power and Light to NRC,
" Hydrogen Ccntrol," AEG-81/336 dated August 31, 1981.

- This submittal described the Hydrogen Centrol Program

{ for Grand Gulf Nuclear Station. The definiticm of
; ultimate capacity used by GGNS in this doc ment was

'used by other HCOG menber utilities as a model for
completing the plant specific ultinate capacity+

i analyses.
1

BCOG defined the_ ultinate capacity as the pressure
! beyond which the ccntainment fails. Containnut failure

was define:i to occur when the most limiting c:ntainment.

structural secticn reached a ger)eral state of yield,
,

i
Subtask 4.3: Bum Static or Dynamic

;
' '

Purpose: This subtask was established to determine whether

~ (i pressure loadings produced by deflagraticms are static-

% cr dynamic.

Reference: Letter free Mississippi Power and Light to NRC
:

| " Hydrogen Control" AEG-81/336, dated August 31, 1986.

- This submittal described the Hydrogen Ccntrol Program
for Grand Gulf Nuclear Staticn. This report provided
justification for static analysis since the pressure,

: loading from deflagraticns is relatively slow
i ccnsidering dynamic respcnse analysis. HCOG elected to

use the GGNS justification as the basis for treating
deflagration pressure loadings as static loadings.

i
Subtask 4.7: Document Exclusicm of Local Detonation

Purpose: This subtask required the HCOG utilities to document to
the NRC that local detonations were not sufficiently'

i probable to warrant consideration. This included a
| discussion of Mark III containment features which
j preclude the accumulation of hydrogen concentrations to
; detenable levels.

1 Reference:
!
! - Letter HCOG to NRC, "Respcnses to NRC Requests for-

!-(.{ Additional Information," H3N-011-NP, dated May 11, 1983.

4-1
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'This sutreittal docunented HCOG's respcose to an NRC
request for additicnal information (RAI) dated February
3, 1983. Itern 12 from the referenced RAI requested that '

HCCG provide an analysis of the ccnccanitant effects of
the largest credible localized detcnaticn which could ;

occur in the Mark III ccntainment and that it
demonstrate that the effects of such an event could be
safely accorr,odated by structures and essential,

,

equiptent. HCOG respcnded that a generic or plant '

specific analysis of postulated local detonations was
not needed. Based upcn an extensive literature search
conducted by Mississippi Power and Light Corrpany, BCOG
concluded that a transiticn to detcnation cannot occur
in the relatively open volumes which exist in the Mark
III containment.

4
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f TASK 5: mrCTION OF CONTAINMDIT RESPONSE ANALYSIS CCDE

Subtask 5.4: Preliminary Verificaticn of CLASIX-3

Purpose: This subtask was established to cortpare results from
modeling pressure and terrperature transients with
CULSIX-3 and with analytical results from other verified
and accepted containment response codes.

?

Reference:

Letter from Mississippi Power and Light Cerrpany to NRC,-

Hydrogen Ccntrol AECM-81/336 dated August 31, 1981.

This subreittal transreitted the hydrogen ccntrol program

for Grand Gulf Nuclear Staticn (GGNS) and was evaluated
by HCOG in support of Subtask 5.4. Appendix C from the
referenced document, titled " Verification of CIASIX-3",
discussed compariscns between the CLASIX code and the
'IMD and COCO proprietary programs developed by
Westinghouse Corporation. These prograres were referred
to as contairurent design analysis programs which had
been ac::epted as valid by the NRC. Analytical results
from THD and COCO indicated that CLASIX provided
reascnable containtrent terrperature and pressure

respcmses. Sorre unique porticns of CLASIX-3 were
(,P verified by hand calculations as well as corrparisensJ

with accepted standard corrputer prograres. These
corrperiscris did not produce anomalous results. Hand
calculations were performed for the suppressicn pool
dynarcies and mass energy talance.

Subtask 5.5: Develop Representative Mark III Hodel for CLASIX-3

Purpose: 'Ihis subtask was established to develop a specific model
of the Mark III containment for verification of the
CIASIX-3 program.

!

!
! Reference:

Letter from Mississippi Power and Light to NRC,-

" Hydrogen Ccntrol," AECH-31/336, dated August 31, 1981.2

i This sutnittal to the NRC describes the CLASIX-3 program

! and the specific model of the Mark III containment
developed for verificaticn of the program. Appendix C
of this submittal discusses the verification of CLASIX-3

i via coroperiscn with other prograrts and hand calculations
|

as referenced under Subtask 5.4, above.
,

Letter frorn HCOG to NRC, "Subtittal of CLASIX-3 Report,"'
-

!;(- IEIN-009-P, dated March 18, 1983.

5-1'
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fc, This sut:rnittal provided the NRC with theiriport titled
"Tte CLASIX-3 Cornputer Program for the W alysis of
Reactor Plant Containnent Respcmse to'Pidrogen Release
and Deflagration." As docurnented .in this report,
Mississippi Power and Light Company's Grand Gulf Nuclear
Station (GGNS) was chosen as being representative of the
Mark III containment. GGNS specific features suhi as
structural heat sinks, containment spray and appropriate

,,

design interactions between corrpartments were included {,
,

in the model as well as specific' input values such as 7V
''

3, " 'ccntaintnent and suppressicn pool volume anc hydrogen s

evoluticn from the core. Hydrogen control systems such t
'las the drywell hydrogen mixing system were also modeled. ,

!

Subtask 5.6: Perform Verificaticn and Sensitivity Studies

Purpose: This subtask was established to assure that the CLASIX-3
model was not unduly sensitive to changes in particular
-input parameters as part of the process of verifying

l *the code,

9 .. [,

t /Reference: g

i
'

< . 'hi t,

"CLASIy-3 Corrputer Program for the Analysis of Reactor-

'Plant Ccntaintment Respcmse to Hydrogen Release'and

(,; Deflagrations," WCAP-10259-P, dated Februa y *1983.

This topical report docurrented a sensitivity scalysis
which was a part of the process of verifying CLASIX-3 in '

Subtask 5.9. The topical report was prepared by ,
Offshore Power Systems and <subtitted with 3EN-00.'-P to gs

the NRC cn March 18, 1983.

Documented in this report were several transients which [
'

were selected and run with CLASII-3 to identify , ,

potentially anomolous results. These provided variation
in hydrogen burn parameters, hydrogen release ccnditicos,

! ccmcentrations and initial ccnditions for various
corrpartment atmospheres. HCCG concluded that this

|
: report was extensive enough to envelope the sensitive

.'

| parameters for the Hark III containments and that
7

| further studies by individual utilities should not be ,

required. The report indicated that the CLASIX-3 model 3,

was a valid approach to the analysis of the terrporature.

and pressure response of a Mark III containtnent to
hydrogen burns initiated by operation of an igniter .,

system and was not unduly sensitive to changes in input i
(

parameters. '

'

! Subtask 5.7: Sutnit Topical Report Verifying CIASII to NRC (
h, Purpose: This subtask was established to forrmally verify the basac

code CLASIX and submit it to the NRC in a topical report. )

5-2
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5, ,

-

. ' . -

j? "CLASIX Cortputer Program for ,the Analysis of Reactor-

3 Plant Containment Response to Hydrogen Release and9 " Deflagraticns," OPS-07A35, dated October 1981.'e,o ,

This topical report was prepared by Offshore Power
,

.\ % Systerrs, Inc. and sutroitted to the NRC by Westinghouse
jf Corporation in 1981. The report provided the staff with'

a forfral verification of the base code CLASIX, including*
j

3 .,, hand calculations and corrparisons with other accepted
! codes CIED and COCO ccdes),

Subtask 5.9: Prepare CLASIX-3 Verificaticn Reports.
' s

Purpose: This subthsk was established to document details of the
veriff. cation process for the CLASIX-3 code for sutzittal
to the NRC

I
1 Reference:

~,

Letter HCOG to NRC "Sutroittal of CIASIX-3 Report,"-

NGN-009-P dated March 18, 1983.,

Copies of the "CLASIX-3 Computer Program for the'

.- Analysis of Reactor Plant Ccntainment Respcmse to
Hydrogen Release and Deflagration", prepared for the BWR-

7 Mark III Hydrogen Centrol Owners Group (HCOG) by'

g

,} Westinghouse in both proprietary and non-proprietary
versions were included in this subreittal. These''

documents provided verificatic:n details of the CLASIX-3
,

! code to the NRC. Verification reports included numerous
hand calculations, corrparisons of particular code models'

with other accepted codes and independent verificaticn
g( of the suppression pool model.

Subtask 5.10: Sutacit CLASIX-3 Verificaticn Report to NRC
,,

)y' This subtask was established to provide NRC with the
'

Purpose:'

verification report en CLASIX-3 developed in Subtask'
:

1 5.9.s

Reference:

See report referenced under Subtask 5.9.-

'' Subtask 5.11: Validaticn of CLASIX-3 Against NTS Data'

; Purpose: This subtask was established to conduct corrpariscns of'

CLASIX-3 code predicticn and NTS data.

(- 5-3<
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Reference:

- During a meeting between HCOG and the NRC held en
February 12, 1985, HCOG indicated that C1ASIX-3/NTS
conpariscms were mnecessary. This was due to the fact
that NTS is cnly a single conpartment facility whereas
the Mark III containr.mnt, which CIASIX-3 was developed'

to model, is a nultie mpartment facility.

- Lett:sr from NRC to HCOG dated July 8,1985.

' Tnis letter from the NRC reconnended that HCOG conplete
conparisons of CLASIX-3 code predictions and the NTS

'data.

HCOG subsequently perfo'rmed a limited validation of?

CLASIX-3 against NTS data and found that CIASIX-3.

provided generally cmservative predictions of pre-mixed
conbusticn tests.

- Letter from HCOG to NRC, "Capariscn of CIASIX-3
Predicticns to Nevada Test Site Data," HGN-113-NP, dated

January 8, 1987. i

' This submittal docuntented the results HCOG's conparisons
of CLASIX-3 predictions to the NTS data. These included

_ C[. - the results of conparisons of two NTS tests with
| , CIASIX-3 code predicticns of the large scale volume,

burns observed in the NTS facility. HCOG ccocluded that
,

the results of these conpariscns shwed good agreement
. of prodjctirns to test data.

Subtask >5.12: Sutnit Pext Detailing Validaticn of CIASIX-3 Against
NTS Data

Purpose: This subtask was established to provide NRC with the
,

CIASIX-3/2;TS Validaticn Report prepared eder Subtask
;

5.11
i
i Refnance:

- See the letter referenced under Subtask 5.11.

This letter transmitted the CIASIX-3/NTS Validaticn
Report under Subtask 5.11 to the NRC.

.
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( TASK 6: HYDROGDi COMBUSTION TESTING

Subtask 6.1: Evaluate Fenwal Test Reruits

Purpose: This subtask was established to review and evaluate the
tests of the GMAC 7G glow plug conducted by Westinghouse
at the Fenwal Testing Laboratory.

Reference:

Letter from Mississippi Power and Light Cortpany to NRC-

" Hydrogen Centrol," AECH-81/336, dated August 31, 1981.

Sectica 5.0 of this letter discussed MP&L's evaluation-

of the results of various generic testing programs for
igniters which were cortpleted to determine the
perforrance, ability to function aM overall
effectiveness of the glow plug igniter. These test
results were reviewed by HCOG in support of Subtask 6.1.
The Fenwal tests (Section 5.2) demonstrated that
hydrogen cerrbustien is initiated by GMAC Hodel 7G glow
plug igniters between 6 and 12 percent hydrogen by
volume. Cortplete corrbustion did not occur below volurre
ccncentrations of 8.5 percent hydrogen. Water sprays
did not effect the ability of the glow plugs to initiate
corrt:usticn. The sprays promoted trore cortplete

(*. corrbusticn at lower volurnetric hydrogen concentraticns.i
Steam ccncentrations up to 40 percent did not prevent
corrbustion, but the presence of steam was shown to
reduce the peak pressures produced by hydrogen
conbusticn.

Subtask 6.2: Evaluate Imwrence Livermore Test Results

Purpose: This subtask was established to review and evaluate the
tests ol' igniters which were ecnducted by Lawrence
Liveneore Naticnal latratory (LLNL) in support of the
NRC review effort of the Sequiah Interim Distributed
Ignitico System.

Reference:

See the letter referenced under Subtask 6.1 (Section-

5.3).
The Lawrence Livermore laboratory tests showed general
agreement with the Fenwal tests indicating that igniters
are capable of reliably initiating corrbusticn at low
ccncentrations of hyd* ogen (6-10 percent) in dry air.
Partial corrbustien occurred at lower concentrations and
ccuplete corrbustion occurred at higher ccocentraticns.

(. -
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( The glow plugs proved capable of reliably igniting a
mixture of as low as 8 volurne percent hydrogen and 30-40
volume percent steam. Anorralous results were obtained
for steam fractions of 50 percent. There was no
evidence of degradatim in the ability of the glow plug
to initiate corrbusticn in dry mixtures at glow plug
surface terrperatures between 1310F and 1370F, and in
steam tests between 1360F and 1480F.

Mixing or turbulence was shown to enhance corrbustien
particularly at lower hydrogen concentrations.

Subtask 6.3: Evaluate Singleten Test Results

Purpose: This subtask was established to review and evaluate the
tests conducted by TVA at their Singletm laboratory to
assess the performance characteristics of a nurrber of
corrmercially available glow plugs.

Reference:

- See the letter referenced under Subtask 6.1 (Section
5.1).
Based on the results of the Singleton laboratory tests,
'"' """ '" "' " "'"" """ "" "" ' "" """*"'' '

(~f achieving the desired reinimum surface terrperature of
~

1500F for a range of voltages. Additionally, a degree
of confidence was gained on the performance of the glow
plug for extended periods of operation at high surface
terrperatures.

Subtask 6.4: Evaluate On going Industry Effort

Purpose: This subtask was established to evaluate other research
and analyses emcerning hydrogen combustion for
applicability to HCOG efforts.

Reference:

Letter frern Mississippi Power and Light Corrpeny to NRC,-

" Hydrogen Control," AECN-81/336, dated August 31, 1981.

Section 5.O'" Generic Testing Prograrrs" described the
ntanerous testing programs which were cmducted to
evaluate the performance, ability to function and
overall effectiveness of a glow plug hydrogen ignition
system. NCCG reviewed the results of these programs as
part of Subtask 6.4. This review provided additimal
informaticn to HCOG relevant to hydrogen corrtustim,
distributed ignition system performance, and anticipated

(. ,.
ccntainment response.'
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.{ Subtask 6.5: Mcnitor IDCOR Actinties

Purpose: This subtask was established to naintain cognizance of f
IDCCR research and analysis applicable to ECOG's
efforts.

Reference:

IDCOR Subtask 15.1 " Analysis of In Vessel Core Melt-

Progression."

This task included predictions of core behavior under
severely degraded ccnditions. These predictions of core
behavior were relevant to HCCX3's predicticns of hydrogen
productim during degraded core accidents.

IDCOR Technical Report 13.2-3, " Evaluation of Means to-

Vent, Suppress or Control Hydrogen buming in Reactor
Ccntainments", dated February 1984.

This report evaluated various hydrogen rtitigation
systeres. It was referenced by BCOG in subtask 2.5 cf
HCOG's Hydrogen Centrol Program Plan in lieu of
developing a redundant BCOG-unique report.

-
Mcmitoring of applicable IDCCR prograres will continue

[ .,- until the HCOG effort is ccerplete.

Subtask 6.6: Mcnitor NRC/Sandia Activities

Purpose: 21s subtask was established to evaluate the results of
research prcgrares spcnsored by the NRC at Sandia
Naticnal Laboratory regarding hydrogen behavior for
applicability to HCOG hydrogen ccntrol programs and
analyses.

! Reference:

See letter referenced in Subtask 6.4.-

As described by MP&L in this subcittal, Sandia has been
a nejor contributor to research in the field of hydrogen
conbusticn. HCOG has reviewed reports prepared by

Sandia as well as those of other NRC ccntractors and
will ecntinue this monitoring role until the HCOG
programs are ccurplete.

Subtask 6.10: Investigate Mark III IJnique Phencuena

Purpose: his subtask was established to identify any corrbustien
phenomena which might be unique to the Mark III

{. ccntainment.

6-3
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( Reference:

Letter frorr. Mississippi Power and Light to NRC, * Report-

,

en Study of Hydrogen Cmtrol in Grand Gulf Nuclear |

Staticn," AECH-82/25, dated Narch 2,1982. I

As doctamented in this subr.ittal to the NRC by MP&L,
Corrbusticn and Explosives Research Inc. (CCHBEX)
corrpleted an evaluaticn of the Mark III containrrent
gectnetry, the distributed ignition system and postulated
degraded core accident scenarios. Based upon this
review, CQiBEX suggested that two corrbustion phenorrena
other than deflagraticns might occur in the Mark III
ccntainrrent. 'Ihese included inverted diffusion flames
in the drywell and diffusion flarres on the suppression
pool surface. COfBEX also provided recorraendations for'

additional testing to investigate 'these phenorrena.

Subtask 6.13: Define Hydrogen Rich Flamrability Limit Test Program

Purpose: This subtask was established to' define the hydrogen
flarmability limit in hydrogen rich, oxygen limited
aticospheres.

! Reference:

Letter from ECOG to NRC, " Hark III Hydrogen Control'

-
.

Owners Group Final Whiteshell Ignition Test Report,"
;

HGN-Ol7-NP, dated Jme 7,1984.

Following recuaditicns frorn CatiBEX and EPRI, NCOG
elected tc, ccnduct tests in a strall scale facility at

AECL's Whitesbell Laboratories. The Whiteshell test
report, "Ignitim Effectiveness of the CHAC 7G Glow Plug
in Rich Hydrogen-Air-Steam Attrospheres,'' was subr.itted
with the referenced letter to the NRC. 'A drywell break
(in conjunctics with an HGE) which has produced high'

cm centrations of hydrogen in a steam-inerted atmosphere
in the drywell tray lead to a flamrable sixture
subsequent to the re-introducticn of oxygen. These tests
involved injecting varying concentraticns of hydrogen,
air, and steam in the facility containing a single
hydrogen igniter. Numerous tests were corrpleted to
define the upper flarmability curves for various

| ccmditicms.
I

Subtask 6.14: Design 1/20 Scale Test Facility

Purpose: This subtask was established to determine if injecticn
of hydrogen into the centainment through the suppression
pool would result in standing flaroes in the wetwell and

- h,.;- provide a visual record of hydrogen combustion.

6-4
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( Reference:

See the letter referenced under Subtask 6.13.-

Letter from BCOG to NRC, "Informaticn an Hydrogen-

Cortbustian Test Programs," HGN-008-NP, dated January 14,
1983.

This submittal included a description of the 1/20 scale
hydrogen contustian facility constructed for EFRI, a
draft test ratrix, details of scaling relationships and
a progress report an the 1/20 scale test program.

Subtask 6.16: Resolve Quest *scns an Research Programs

Purpose: This subtask was established to respond to a draft
evaluation of the HCCG test programs from the NRC staff
and its consultant's which was received by BCCG an
February 3, 1983.

Reference:

- Letter from NRC to HCO3, " Review of HOOG Program,." dated
February 3, 1983.

Ci.'
This NRC letter included a draft evaluation of the HCOG'

program and several requests for additional informaticn
(RAI).

' Letter from HCOG to NRC " Responses to NRC Request for-

Additional Information," HGN-011-NP, dated May 11, 1983.

Responses to all generic questions raised in the
February 3,1983 NRC RAI were incided 5.n this

>

sutznittal .

Subtask 6.17: Corplete Hydrogen Rich Flannability Test Program

Propose: The purpose for this subtask was to conplete the tests
to define upper flannability limits for
hydrogen-steam-air mixtures at AECL's Whiteshell
Laboratory initiated in Subtask 6.13.

Reference:

See the report referenced under Subtask 6.13-

The Whiteshell report concluded that the GMAC 7G glow
plug operated with a 12 VDC supply can ignite hydrogen
rich hydrogen-air-steam mixtures at concentrations very
close to the hydrogen rich flannability limits.

h, Cornbustian was nearly couplete in all cases, consuming
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( all available oxygen. No narginal ignitim was observed
except near steam-inerting concentrations. The glow
plug ignition terperatures were higher for hydrogen rich
hydrogen-air-steam sixtures and were not significantly
affected by steam cancentration.

Subtask 6.18: Conplete 1/20 Scale Testing

Purpose: his subtask was established to ccrrplete the 1/20 scale
testing program.

Reference:

Letter from BCOG to NRC, " Final .'/20 Scale Test Report,"-

HGN-014-NP, dated February 9, 198J.

A total of 41 tests were conducted to assess the effects
of varied hydrogen release rates, blockages above the
pool surface, hydrogen release points, SRV spargers,
suppression pool tenperature and heat loss through the
containment shell. Under this subtask, an additional
test was conducted using a 1/5 scale sparger in a,
circular tank open to the atmosphere. It was conducted
to determine a lower bound hydrogen mass flow which
would support continuous diffusion flanes and to verify

{i that the 1/20 scale tests over predicted flame heights.

21s subreittal also provided documentation of the 1/20
scale test program conducted by Accurex for EPRI.

I

f Subtask 6.20: Prepare Final Hydrogen Rich Flammability Lircit Test
Report

Purpose: his subtask was established to document the test
results obtained in Subtask 6.17.

Reference:

See the report referenced under Subtask 6.13.-

This subreittal contained the report titled " Ignition
Effectiveness of the GMAC 7G Glow Plug in Rich
Hydrogen-Air-Steam Mixtures," prepared by Whiteshell
Nuclear Research Establishment under centract to EPRI.

Subtask 6.21: Subtit Final Flammability Test Report to NRC

Purpose: his subtask was established to subnit the final
flarrrnability test report to NRC with a descriptim of
the experimental setup, method and results from the
Whiteshell Test laboratory studies.

' 6-6
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See report referenced uider Subtask 6.13.-

These tests confirmed that hydrogen rich mixtures of
hydrogen, air, and steam would be ignited by the GMAC
Hodel 7G glow plug as icng as oxygen emcentrations
exceeded 5 percent by. volume.

Subtask 6.22: Prepere Final 1/20 Scale Test Report

Purpose: This subtask was established to prepare the report
documenting the test results frca Subtask 6.18

Reference:
'Letter frcm HCOG to NRC, " Final 1/20 Scale Test Report,"-

IKIN-014-NP, dated February 9,1984.

This two volume submittal documented the test results
addressing Subtask 6.18. Volume cne included a
descripticn of the 1/20 sale test facility, modeling
considerations, instrumentation, test matrix, and
interpretation of test results. Volume two provided
sunnary data tables, strip chart records and a

{'1
descripticn of the test procedures. This report was
prepared by Accurex Corporation under centract to EPRI
and was titled " Hydrogen Corrbusticn Testing in a
One-Twentieth Scale Model of a BWR6/ Mark III
Containment".

Subtask 6.23: Sutnit Final 1/20 Scale Test Report to NRC

Purpose: This subtask was established to submit the 1/20 scale
test report prepared in Subtask 6.22 to the NRC.

Reference:

See the report referenced under Suctask 6.22.-

The report indicated that for the range of hydrogen
release rates tested, the hydrogen igniticn system
centrolled hydrogen buildup by burning at its point of |

entry into the cm tainment. Ccntinuous diffusion flames
were established at the pool surface for hydrogen |

release rates greater than 0.4 lbm/sec (full scale).

Subtask 6.24: larger Scale Testing Required?

Purpose: A compariscn of the 1/20 scale facility and 1/5 scale
single sparger tests indicated that the 1/20 scale data j

(: tended to over-predict flame heights and resulting |

f6-7
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(' therttal envircnments. Based upcn this corrperison, BCOG
nede the decisicn to ccnduct additional tests in a
larger scale facility to obtain therrral envircnment data
more representative of a Mark III ccntainment.

Reference: )
1

- Letter from HCOG to NRC, "1/4 Scale Hydrogen Corrbustien |
Test Program," HGN-012-NP, dated August 12, 1983. l

This NRC subr.ittal ccnfirmed the verbal corrnitment, nede !
during a meeting between HCOG and NRC held on July 28, i

1983, .to authorize initiaticn of constructicn and>

corrpletial of the 1/4 scale Hark III Containment
Hydrogen Corrhusticn Test Program.

. Subtask 6.25: Initiate 1/4 Scale Test Program

Propose: This subtask was established to initiate the larger
scale testing program deemed necessary in Subtask 6.24.

Reference:

- See the letter referenced under Subtask 6.24

C - As described in the referenced subtittal, detailed

kb scaling relationships were developed and Task 9 was
initiated.

Subtask 6.26: Evaluate TVA Igniter Spray Tests

Purpose: This subtask was established to evaluate the performance
of igniters in a spray envircrurent as decurrented in the
TVA test results.

Reference:

Letter from BCOG to NRC, '' Closure of Subtask 6.26-

' Evaluate TVA Igniter Spray Tests,'" IGN-058-NP, dated
October 31, 1985.

Prior to BCOG's evaluaticn et the TVA Tayco igniter
spray tests, the NRC had expressed concerns about the
ability of a glow plug igniter to naintain sufficiently
high terrperature to reliably ignite hydrogen in a spray
environment. TVA undertook a program to evaluate the
Tayco igniter. HCOG agreed to evaluate the TVA program
and in the process of their review, NRC suggested that

'

MCOG also evaluate test results obtained from a test
program corrpleted at Sandia Naticmal Imboratories. ECOG

... agreed to also evaluate the Sandia test results.
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(''. This subreittal documented the ICOG basis for
concluding that the results of the TVA tests cm the
Tayco glow coil igniter were not applicable to the Mark
III containment. It also documented the results of the
evaluation of the Sandia IAb Tests. ECOG ccncluded that
the results of the Sandia tests using shielded igniters
were applicable to the Mark III containments and that
those results indicated that a shielded igniter would
function effectively in a spray envircrvnent.
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TASK 7: GENERATION OF HYDROGEN RELEASE HIST 3IES

Subtask 7.1: Preliminary Hydrogen Release Estim te

Purpose: The first step in the develegnent of hydrogen release
histories was to predict hydrogen generation as a
function of time for accidents where 75% of the active
fuel cladding is oxidized.

Reference:

- Letter from BCOG to NRC " Report m Hydrogen Centrol
Accident Scenarios, Hydrogen Generaticn Rates and
Equiprent Requirements, "IEN-003-NP, dated April 8,
1982.

Section 3 of this subreittal, " Hydrogen Generation
Rates," utilized the CHASTE code to predict hydrogen
production rates. It was assurped that hydrogen
production cor:nenced one hour after the initiating
event. Analyses indicated that a coolable core geometry
could not be traintained for 75% roetal water reactions.
The CHASTE code used by GE in this report calculatied a
naxirrum of 12.5% MWR before gross core welting which
would result in reactor pressure vessel failure. To
obtain 75% MWR, an arbitrary extrapolation of the(fi analysis results was used.

Subtask 7.2: Calculate Host Probable Hydrogen Release Rates

Purpose: Based upcn the preliminary release rate estimte
assurrptions, the CHASTE code was used to c'evelop the
post probable hydrogen release rates as described above.

Reference:

- See the report referenced in Subtask 7.1.

The hydrogen release histories and analyses described in
this report corrprised a "best estimte" utilized by HCCG
in corrnents on the proposed rule mking for 10CFR50.44.

The report concluded that for a BWR6, the e ximum
credible zirconium - water reacticn corresponds to

| approxinately 12.5% of the cladding for recoverable
| degraded core accidents.

- letter from HCOG to NRC " Report on Hydrogen Cmtrol
Accident Scenarios, Hydrogen Generation Rates and
Equiprnent Requirernents," HGN-006-NP, dated Septerrber 9,

. 1982.
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21s subtittal was a revision of HGN-003 and included of
discussion en A'NS and reflood of the lower plenum. As
described in the previous versicn of this report, a 75%
MWR could only be obtained by extrapolating the results
arbitrarily.

This revisicn included sensitivity studies where
recovery of core cooling was significantly delayed. NWR
fractions greater than 12.5% were achieved, however,
severe core darrage was predicted.

Subtask 7.7: Define Recoverable Accident Scenarios

Purpose: The purpose for this subtask was to establish accident
scenario assurrptions necessary for input to the BWR Core
Heatup Code.'

Reference:

- Letter from BCOG to NRC " Hydrogen Release Histories and
Test Natrix for 1/4 scale Test Program," IGN-031-NP,
dated March 11, 1985.

21s subrittal identified the scenario assurrptions for
input to the BWR Core Heatup Code. The assurrptions trade

(,< ,. were expected to provide the best representation of
anticipated plant / operator response. Sorre conservative

.

assu:Gticns were nede to bound uncertainty. The base'

mse addressed by this subrcittal assurres that the core
is 3/4 uncovered after actuation of the autorratic
depressurization system (ADS) and core heatup starts ,

approxinately 2000 seconds after scram. The base case
,

I assumed vessel reflood flow rates of 300 GPM and 5000
GPM. The timing for the start of reflood was

|
established so that the accident rerrained recoverable,
with no more than 30% of the active core zircaloy
inventory exceeding the zircaloy melting terrperature at -
any cne time.

Reflood rates and percentage of zircaloy exceeding melt-
terrperature is discussed under Subtask 7.18.

! Subtask 7.8: Calculate Degraded Core Hydrogen Release Histories.'

Purpose: The purpose for this subtask was to develop hydrogen
release histories for various reflood flow rates and
reflood initiaticn times.

Reference:

, f... - See the letter referenced under Subtask 7.7
(V
f
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( This subtittal discussed the effect of reflood flow
rates and initiaticn time upcn hydrogen release
histories. Postulated degraded core hydrogen release
histories which were developed for the 1/4 scale test
program were presented in this report, which
incorporated the reflood flow rates and initiation times
for three cases.

Subtask 7.9: Corplete BWR Core Heatup Code Sensitivity Study.

Purpose: This subtask was established to define the sensitivity
of the BWR Core Heatup Code to input parameter variation
and modeling assumptions.

References:

- Letter from HCOG to NRC " Submittal of Inforuation on BWR
Core Heatup Code", BGN-032-NP, dated April 16, 1985.

! - Letter from BCOG to NRC "Information Concerning the BWR

| Core Heatup Code," HGN-043-NP, dated June 14, 1985.
I

These submittals docurented the' changes in hydrogen
release rates due to variatica of reflood flow rate,
reflood initiation timing, vessel pressure, initial core
water level, core wide radiant heat transfer modeling,

C': .' core nodalization, oxidation cutoff terperature, decay
energy and fuel-clad gap conductance. 'Ibe sensitivity
of code predictions to tir.ing for depressurizing the
reactor vessel and the effect of varying the arount of |

zircaloy inventory nelt censidered to be recoverable |

were evaluated. Based upcn meetings with the NRC and in
response to NRC requests for additional informaticn,
acklitional code runs were corpleted. These sensitivity
rtms deronstrated that the controlling parareters for
pak hydrogen rate, duration of hydrogen productim, and
total hydrogen producticn, are the reflood injecticn
rate and reflood initiaticn timing. Resoluticn of
questicos in Subtask 7.12 was considered in these
sensitivity studies.

Subtask 7.10: Subreit BWR Core Heatup Code Details to NRC

Purpose: This subtask was established to provide the NRC staff
with details cn the BWR Core Heatup Code.

Reference:

- Letter from HCOG to NRC " Users Nanual and Details of
Modeling for the BWR Heatup Code," HGN-020-NP, dated
Septerrber 5,1984.

-

:
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\ This submittal provided the NRC staff with the BWR Core

Heatup Code Manual. This document discusses assurrpticns
used in the code, equations solved by the code, required
input, available output, and solution schemes.

Subtask 7.12: Resolve Questions en BWR Heatup Code

Purpose: This subtask was established to address NRC staff
questions identified as a result of the review of the
modeling and input assurrptions inplemented in the BWR
Core Heatup Code.

Reference:

- During the review process to resolve BWRCHUC questions,
several meetings were held between HCOG and the NRC
staff. These are sururarized as follows:

1) On October 3-4, 1984, HCOG met with the NRC to
discuss modifications to the BWRGUC, 2) On Noverrber 15,
1984, HCOG met with NRC to address staff concerns
identified at the October rrecting; 3) On January 30,
1985, HOOG rret with NRC for further discussions on the
BWRCHUC and NRC presented BCOG with infornal RAI's; 4)

=On June 4, 1985, HCOG met with the NRC to further

-{ discuss the BWRCHUC.

- Letter front HCOG to NRC *Subtittal of infernetica on BWR
Core Beatyp Code," IG-032-NP, dated April 16, 1985.

This subtittal was provided to the NRC in respmse to
inforrral requests for information ccncerning the BWRCHUC
code generated during the January 30, 1985 meeting
between ECOG and NRC. A portion of the requested
information was provided in Attachment 1 of the
submittal.

- Letter from BCOG to NRC "Informaticn Concerning the BWR
Core Heatup Code," 1G-043-NP, dated June 14, 1985.

'Ihis submittal provided the balance of the infornation
requested by the staff originally identified in HGN-032
and raised during the meeting with NRC cn June 4,1985.

- Letter from HCOG to NRC "Infornaticn Ccncerning the BWR
Core Heatup Code," HGN-046-NP, dated June 28, 1985.

This submittal provided the NRC staff with infornation
requested during the June 4, 1985 neeting between HCOG
and NRC.

- - Letter from NRC to HCOG dated January 23, 1986.

7-4
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This letter frcro the NRC staff transreitted an additional
set of questions cn the BWR Core Heatup Code.

- Letter from HCOG to NRC "BWR Core Heatup Code Responses,"
HGN-089-NP, dated June 9, 1986.

The respcnses to questicns from their January 23, 1986
letter were transrcitted to NRC via HGN-089-NP, dated
June 9, 1986.

Subtask 7.14: Resolve Questicns cn Accident sequences

Purpose: This subtask was developed to respcmd to any questions
generated by the NRC staff following their review of the
accident sequences proposed for use in the 1/4 scale
test facility. These questicms were identified during
the rrecting en January 30, 1985 meeting. Changes or
clarificaticns were corrpleted before the use of the
hydrogen release histories in the 1/4 scale test
program.

References:

See the references under Subtask 7.18. Docurrentation
addressing the resoluticn of NRC concerns, pertinent to

(., HCOG proposed accident sequences, were addressed under
,

Subtask 7.18.'

Subtask 7.15: Calculate 75% NWR Hydrogen Release History

Purpose: This subtask was established to alculate a hydrogen
release history which would result in a total hydrogen
producticn equivalent to c,xidizing 75% of the active
fuel zircaloy clad:fing.

References:

- Letter froro ECOG to NRC "Model for Hydrogen Producticn
Equivalent to 75% NWR," IKIN-034-NP, dated May 17, 1985.

Hechanistic calculations of total hydrogen production
corresponding to 75 percent HWR for a recoverable
degraded core accident have never been achieved. In

order to ccrrply with the hydrogen control rule, HCOG
connitted to corrplete a non-mechanistic calculation
which would establish a methodology for cniculating
total hydrogen production equivalent to 75% NWR.

The referenced sttreittal provided the NRC staff with a
ncn-mechanistic model which was developed to allow
prediction of hydrogen producticn equivalent to 75%

/ metal water reaction. The non-mechanistic model of
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hydrogen producticn established a long term hydrogen
|' producticn rate of 0.1 lts/sec. HCOG corrbined this

ncn-mechanistic hydrogen production with predictions'

from BWRCHUC to use in 1/4 scale testing as discussed in
Subtask 7.18. Due to limitations in the capability of
the test facility to exactly simulate a hydrogen
injecticn flow rate of 0.1 lbro/sec full scale, HCOG
corrreitted to simulate this calculated hydrogen

producticn with a full scale equivalent injection of
0.14 lbro/sec.

Subtask 7.16: Prepare Hydrogen Release History Report

Purpose: This subtask was established to prepare a report
docurnenting the trethodology and assurrptions used to
generate hydrogen release histories with the BWR Core
Hemtup Code (BWR3fUC) .

References:

- Letter frort NCCG to NRC "BWR Core Heatup Code Report,"
HGN-096-P, dated July 30, 1986.

This subreittal discussed the detailed methodology and
assurrptions used in the generation of hydrogen release

. ' histories with the BWRCHUC. It also documented the
' CY

:'
BWRCHUC sensitivity runs and provided a discussion of
the effect cn code output frorn varying initial
parameters. In additicm, this report documented HCOG's
position on the basis for the irreversible oxidation
cutoff used to terminate zircaloy oxidation in a given

node.

Subtask 7.17: Sut: nit Hydrogen Release History Report to NRC

Purpose: This subtask was developed to provide NRC with the
report prepared in Subtask 7.16 docurrenting the
assurnptics and modeling used to generate the hydrogen
release histories used in the 1/4 scale test program.

Reference:

See the report referenced in Subtask 7.16.

Subtask 7.18: Select Final Hydrogen Release Histories for Input to the
1/4 Sa le Testing Program

Purpose: This subtask was established to select hydrogen release
histories for input to 1/4 scale testing.

(.? 7-6
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References:

Letter from NCOG to NRC " Test Matrix for 1/4 Scale Test-

Program," HGN-031-NP, dated March 13, 1985.

This submittal provided initial documentation of the
selected hydrogen release histories for inclusion in the
1/4 scale test program. These included: 1) a release
history which would represent the most probable hydrogen
generation event; 2) a release history which results in
a limiting diffusion flame therral environment. A third
release history was added later and used to validate the
cantainment response analysis code selected under Task
5.

During a reeting between HCOG and.NRC al May 22, 1985,
HCOG canzitted to modify the hydrogen release histories
used in the 1/4 scale test program. ECOG agreed to
include the 75% HWR hydrogen release history calculated
in Subtask 7.15 in the 1/4 scale test program. ECOG
also agreed to nodify the "A" and "B" hydrogen release
histories identified in IGN-031-NP to provide for a
zircaloy nelt fraction in the active core regicns of 50%
instead of 30%.

h-'
- Letter from NRC to NCCG dated June 24, 1985. The NRC

n;taff proposed hydrogen release histories different from
those proposed by BCCG in previous correspandence. The'
staff indicated that the following release histories
would be acceptable:

| Case "A" calculated with an injection rate of 150 GPH at
3100 seconds, Case "B" calculated with an injection rate

of 5000 GPH at 50% zircaloy nelt, and Case "C"
consisting of Case "A" with a constant 0.1 lbm/sec
release following the Case "A" hydrogen release until
the total amount of hydrogen released equaled a 75%
metal water reaction.

- Letter from NRC to BCOG dated July 8, 1985.

The NRC staff requested that BCOG recalculate the
release histories after revising the BWRCHUC to account
for the latent heat of fusion of zircaloy in the core.

- Letter from HCOG to NRC " Hydrogen Release Time
Histories," HGN-052-NP, dated August 1, 1985.

This letter provided the requested release histories to
the NRC staff. Due to limitations in the design of the
1/4 scale facility, a hydrogen flow rate of 0.14 lbm/sec

' f(c was specified instead of the calculated long term
i

! hydrogen production rate of 0.1 lbm/sec.

7-7,

|

_ _ _ _ _ _ _ _ _ _ __ -. - . - - - - . -_



bI .. .
*

*
* z .:.

-

.

*

y . . . . . . .
-

.

.

;

i. - Letter from NRC to BCOG dated August 16, 1985.
t

'Ihe NRC accepted the hydrogen release histories
described in HGN-052-NP. Since the 0.14 lhe/sec i

'

hydrogen flowrate produces a more limiting thernal j
envircrwent than the calculated 0.1 lbr/sec, this
modification was acceptable. HCOG used these release
histories for the 1/4 scale test program and CLASIX
analyses.

Subtask 7.19: Provide Basis for Selecticr1 to NRC.

Purpose: To provide the NRC staff with documentation of the ECOG
basis for selecting the final hydrogen release histories
for the 1/4 scale testing program,

i

Reference:
:

- Letter from BCOG to NRC " Test Matrix for 1/4 Scale Test
Program," HGN-031-NP, dated March 31, 1985.
This submittal provided the NRC staff with the basis for
selecting final hydrogen release histories before
initiation of the 1/4 scale test facility scoping'
testing.

h NRC provided guidance to HCOG cn the hydrogen release
histories to be used in testing as noted in Subtask
7.18. As indicated previously, HCOG will use the
guidance provided by the NRC as the basis for selecting'

release histories for the 1/4 scale test program.

Subtask 7.20: Resolve Questions en Selecticri Basis

Purpose: Address additional questicos generated frca NRC staff
review of the final hydrogen release histories selected '

for inclusion in the 1/4 scale test program.
t

i Reference:

- See the letter referenced from Subtask 7.19. During a

meeting between HCOG and the NRC staff on May 22, 1985,
HCCG indicated that scoping tests would proceed with
release history "A" identified in the referenced letter.
HCOG reevaluated the hydrogen release histories to be
used in producticn testing and modified the production
testing hydrogen release histories as identified in
Subtask 7.18. This was to assure agreement with the NRC
staff on the accident sequences emisidered.
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. TASK 8: CCNTAINMDIT RESPCHSE ANALYSIS

Subtask 8.2: Establish Generic Mark III Base Cases

Purpose: This subtask was established to identify the plant input.

pararreters to be used in corrpleting the generic Mark III
base m se studies.

Reference:

- Letter HCOG to NRC "Containtrent Sensitivity Study for

Hydrogen Generation Event," HGN-001-NP, dated January
15, 1982.

HCOG elected to corrplete a generic analysis of hydrogen
corrbustion in the Mark III containnent including an
extensive sensitivity analysis. MF&L's Grand Gulf

Nuclear Station (GGNS) was selected as the
representative plant. Inferrration was asserrbled on GGNS
including heat sinks, volurres, the containtrent spray
system, etc.

Two generic tisse case analyses were identified: 1) a
transient which resulted in SRV actuation with the
failure of me SRV to close, and 2) a strall break LOCA

(.,. which introduced a porticn of the total hydrogen
produced into the drywell.'

Subtask 8.3: Perform Generic Mark III Base Case Analysis

Purpose: This subtask was established to analyze the two base
cases identified in Subtask 8.2 using CLASIX-3.

Reference:

- See the letter referenced under Subtask 8.2.

j This report documented the generic base case analysis
identified in Subtask 8.2. The resulting generic

i

transient responses were considered as reference
pressure and terrperature responses for containtrent
capability analyses.

.

Subtask 8.4: Specify Generic Mark III Runs

Purpose: This subtask was established to specify parameter
variaticms for sensitivity studies using the base case
analyses generated in Subtask 8.3

Reference:

|
- See the report referenced under Subtask 8.2.
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(' This report included an extensive set of sensitivity
studies which make the results applicable to a broad
range of Hark III ccntainment designs. The parameter
variations selections used were also nede in order to
evaluate the sensitivity of the model to key assurrptions
due to uncertainties included in the accident scenario,

system availability, input parameters and code model.
These parameter variations were also selected to provide
a high degree of cerifidence in the containment capacity
for a wide range of conditions.

Two broad categories of accidents were analyzed. These
included accidents involving a break in the reactor
pressure coolant boundary in the drywell and transients
produced by a stuck open safety reli7f valve. The cases
selected provided variaticn in the hydrogen burn
parameters, hydrogen release locaticns and initial
conditions.

Subtask 8.5: Corrplete CIASIX-3 Sensitivity Runs

Purpose: This subtask was established to test the full range of
CLASIX-3 capabilities to assure that the code provided
consistent results.

Reference:

- See the report referenced under Subtask 8.2

The results of the CIASIX-3 sensitivity runs documented
! in this report were reviewed to assess reasonableness,

and to assure that the Mark III containment would be'

able to withstand challenges associated with
deflagrations when censidering uncertainties in the
analysis.

Subtask 8.6: Subrr.it CIASIX-3 Report to NRC

Purpose: This subtask was established to provide the NRC with a
report sumarizing the sensitivity studies corrpleted
with the CLASIX-3 corrputer code.

| Reference:
I

l - See the report referenced under Subtask 8.2.

This report detailed the input to the CLASIX-3 corrputer
code for each case analyzed and ccntained the output |
from each sensitivity run including pressures,
terrperatures and gas concentraticms for the drywell
wetwell and ccmtainment. General conclusiens pertaining

. h', to the effect of variation in individual parameters were ,

identified.

|.
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( Subtask 8.7: Resolve Questions cr1 Sensitivity Studies

Purpose: This subtask was developed to respond to Requests for
Additional Infornation (RAIs) from the Nuclear
Regulatory Consission. These RAI's were generated in
respcrise to staff review of sutreittals from HCCG cn the
use of CLASIX-3 and the selection of hydrogen burn
parameters used in the base case analyses. Additional
questions identified by the NRC Staff during meetings on
the HCOG program plan relating to the effect of several
parameters en terrperatures predicted by CLASIX-3 were
also a&lressed by this subtask.

Reference:

- Letter from NRC to BCOG, dated February 3, 1983.

This letter from the NRC transreitted RAI's requesting

BCOG to docurrent the use of CLASIX-3 and the selection
of hydrogen burn parameters used in the base case
analyses subreitted previously to the staff.

- Letter frorn HCOG to NRC " Responses to NRC Request for
Additional Information," HGN-Oll-NP, dated May 11, 1983.
This subreittal was in response to the February 3,1983

.
letter frere the NRC referenced above.

- Letter from NRC to BCOG, dated Septerrber 14, 1984.

This letter frorn the NRC transreitted RAI's cencerning

the incorporation of the NUREU-0588 heat transfer
methodology, suppression pool bypass leakage and reactor
coolant pressure boundary heat loads.

- Letter frorn HCOG to NRC, " Responses to Requests for
Additicnal Infornaticn cr1 the CLASIX-3 Corrputer Code,"
HGN-026-NP, dated March 6, 1985.

! This subreittal provided a partial response to the
Septerrber 14, 1984 RAI referenced above. Additional
responses to the RAI were provided by IG-092-P, as
discussed below.

Additional NRC questions ccricerning the effect of
several pararteters cm tenperatures predicted by CIASIX-3
were airo identified during meetings cn the Program
Plan.

- Letter fran HCOG to NRC " Report of CIASIX-3 Generic
Analyses and Validaticn of CIASIX-3 against 1/4 Scale
Test Facility Data," HGN-092-P, dated June 10, 1986.-

8-3
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( 'Questicos on the heat transfer methods used in CLASIX-3,
the effects of sensible heat loss from the RPV and the
effects of bypass leakage which were submitted to
individual HCOG merrbers were addressed generically by .
HCOG in this sutnittal.

Subtask 8.9B: Develop Revised Base Case

Purpose: A revised base case was prepared to resolve NRC concerns
pertaining to the original Mark III base cases and to
factor into BCOG's program the significant amount of

additional information which has evolved since
corrpletion of the initial generic analyses.

Reference:

- Letter from HCOG to NRC " Report of CLASIX-3 Generic
Analyses and Validation of CLASIX-3 against 1/4 Scale
Test Facility Data," HGN-092-P, dated June 10, 1986.

This report provided the NRC staff with base case
analyses which have been revised to include an
intermediate volurre between the'wetwell and the upper
containment and a natural- circulation tredel. More
realistic corrbustion parameters were used in the new
base case analyses. The SCRV transient and DWB accident
were analyzed. The revised base cases utilize Perry.

Nuclear Power Plant (PNPP) parameters as the generic ,

base caso. Other significant revisions included the use
of NUREG-0588 heat transfer methodology natural
circulaticn suppressim pool bypass leakage and RPV heat
loss and more representative hydrogen release rates.

| Subtask 8.9C: Corrplete Revised Base Case Analyses

Purpose: This subtask was established to analyze the two base
cases identified in Subtask 8.9B.

Reference:

! - See the report referenced in Subtask 8.9B.
,

This report documented the revision of CLASIX-3 to
include NUREG-0588 heat transfer assurrptions,
suppressicn pool bypass leakage, and reactor pressure

;

I- vessel heat loads and natural circulation. The revised
base mse analysis provided predictions of corrpartment
temperatures, pressures and gas concentrations.

Subtask 8.9D: Specify Additiona) Mark III Sensitivity Studies

_ (I Purpose: Based upon several code and model revisiens, HCOG
recognized that additicmal sensitivity studies were
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h necessary. This subtask was initiated to specify those
additicr.a1 sensitivity runs required.to evaluate the
sensitivity cf CI.ASIX-3 to various input parameters.

Reference:

- See the report referenced in Subtask 8.9B.
.

-

Section 6.0 of the referenced report described the
future analyses which would be conducted to assess
important effects associated with in lementing model and
code changes. Seven sensitivity runs were concerned
with containment response analysis for events initiated
by a stuck open relief valve and the retraining four
sensitivity studies with drywell break analysis. The
sensitivity studies affecting containment response
analysis for SCRV events include varying the timing for'

initiation of containment sprays, varying the wetwell
spray carryover fraction, decreasing the sheet flow
effectiveness, decreasing the hydrogen release history
tail and decreasing the natural-circulation flow area.
The sensitivity studies effecting the drywell break
response analysis include decreasing the break size,
delaying the ADS injection, varying the CI;CS/ vacuum
breaker flew characteristics and eliminating NUREG-0588

4

heat transfer assurr;tiens. As delineated in Subtask
C;. - 8.9H, these sensitivity runs were perforned using the,"

1

revised CLASIX-3 code.

Subtask 8.9E: Prepare Report en Modified Base Case
.

Purpose. This subtask was established to document the results of
urk en the modified base case in a generic report.

IReference:

- See the report referenced in Subtask 8.9B.

f
Results from the work corrpleted as part of Subtasks 8.9B

| through 8.9D were documented in the referenced generic
! report. This report describes the revised base case

analyses and delineates the sensitivity studies to be
performed.'

Subtask 8.9F: Subreit Report to NRC

Purpose: '!his subtask was established to formally subreit the
generic report en the modified base case to the Nuclear
Regulatory Corraission for review.

I Reference:
;

- See the report referenced in Subtask 8.9B.'

|
t
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f' The referenced generic report prepared in Subtask 8.9C*

- was fornellyj sutnitted to the NRC staff for review.
Subtask 8.9H', Corrplete Additicnal Generic Sensitivity Studies

Purpose: This subtask was . established to corrplete the generic
: sensitivity. sttdies delineated in Subtask 8.9D.

'i
Reference: j

i

- Letter from HCOG to NRC, "CLASIX-3 Generic Sensitivity
Analysis," HGN-109-F, dated Decerrber 9,1986.

.

; HCOG originally sutreitted a set of CLASIX-3 sensitivity
{

studies via HGN-001-NP. The NRC subsequently provided
-HCOG with their review of that sutzeittal as well as a

,

set of questicns in a letter dated Septerrber 14, 1984.!'

In respcmse to NRC's questions and in order to better
model the corrbusticn phenornena, HCOG further reodified
ClASIX-3 and,the base cases. These rcodifications were
discussedinjH3N-092-P.'

As a result of these modificaticms and to adequately
address NRC concerns cn the sensitivity studies
subreitted via HGN-001-NP, HCOG has c nducted additional

!h-
sensitivity sttdies. As specified in HGN-092-P, HCOG
has conducted thirteen additional sensitivity sttdies.

'

These studies investigated the effects of varying
several parameters. The results of twelve of these

i studies were presented in the subreittal referenced above
(H3N-109-P). The remaining sensitivity report evaluates
the effect of delaying actuaticn of the auterra.cic,

depressurization systern until the vessel level reaches
core rcid-plane. The results of this sensitivity study

[
will be provided in a future sutzeittal.

Subtask 8.9I: Prepare Report

Purpose: This subtask was established to conduct the results of
the sensitivity studies performed under Subtask 8.9H in

*

a report.

Reference:

| - See the letter referenced under Subtask 8.9H

This report was prepared and detailed the CLASIX-3
sensitivity studies as described in Subtask 8.9H.

Subtask 8.9J: Subreit Report to the NRC

Purpose: 'Ihis subtask was established to provide the report
- described in Subtask 8.9I to the NRC staff for review.
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( Reference:

- See the letter referenced under Subtask 8.9H.

This report was sutacitted to the NRC under HGN-109-P as
described above.

Subtask 8.11: Establish Comnen CLASIX-3 Assurrpticms

Purpose: _ This subtask was established to provide HCOG nanber
utilities with a list of a comecn assunctions for use in
cerrpleting plant specific hydrogen deflagration
analyses.

Reference:

- See the report referenced under Subtask 8.9B.

HCOG docurnented a list of contron CIASIX-3 assunptions to
ensure that pararreters which have been investigated by
HCOG are treated in a ccoservative and ccmsistent
nenner. These assunptions would be used in analyses
performed by the individual utilities if additional
analyses were required.

.

6
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h Task 9: DIFFUSICH FLAME THERMAL ENVIRONMENT.,

Subtask 9.1: Set Goals for Test Program
,

Purpose: This subtask was established to clearly specify the
technical goals of the diffusicn flame therrral
environment test program.

Reference: |
: :

i

- Letter from BCOG to NRC " Final 1/20th Scale Test
Report," HGN-014-NP, dated February 9, 1984.

t

This submittal ccntained the report entitled " Hydrogen
Corbustion Testing in a One-Twentieth-Scale Model of a
BWR6/ Mark III Centaintnent," written by EFRI. This
document finalized the corrpletion of Subtask 6.23 and
supporting subtasks. Data from the 1/20 scale test
report were considered by BCOG to establish goals for
the diffusion flame therfral envircnment test program.

In general goals were established to accorrplish the ,

following:
,

1. Ccostruct an appropriate scaled test facility to
allow evaluaticn of diffusion burning of hydrogen

' [1 which can be related to the behavior of a full scale
% Mark III containment.

1

2. Measure the terrperature response of the containment
air space and structures affected by diffusioni

burning.

3. Measure dynarcic velocities of containtrent gases.

4. Allow validation of standard rrethods for calculating
radiant heat flux from hot gases.

5. Provide treasurement of hot structure terrperatures to

allow predictico of radiant heat flux.

6. Deterreine the Irixing characteristics for a Mark III
,

! containrrent equipped with a distributed ignition
system.

t 7. Measure the facility respcnse to hydrogen flow rates
below the diffusion flame threshold to obtain data
to verify that previous deflagration modeling
provides conservative predictions of deflagraticn
thermal environments.

- Letter frorn NRC to HCOG dated Decerrber 8,1983.

i
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f The referenced letter transmitted several requests for
~

additimal information (RAIs) . - Questim #1 from this
letter stated that the 1/4 scale test program should
have a broader technical objective not c m fined to-
determine local. heat fluxes, and that the program should
investigate the phenornens of hydrogen certustion and its
consequences in the wetwell and upper c etainment~

regions of the Mark III containment.

- Letter from BCCG to NRC, " Responses to NRC Requests for
Additional Infornation," HGN-Ol6-NP, dated April 2,

1984.

This subtittal to the NRC staff was in response to RAIs
transmitted with the Decerber 8, 1983 letter referenced
above.

HCCG provided a detailed response to the NRC staff's
request to modify the technical goals of the diffusien'

flame thernal environment test program. ECOG stated
that analyses and testing completed to date by the
industry did!not identify a need for further testing to
assess deflagrations. The prinary issue remaining to
resolve the hydrogen cmtrol issue for Mark IIIs is the
evaluatim of thernal loads en equipment due to
diffusive burning.

(.( ..

i Subtask 9.2: Design Test | Facility

Purpose: This subtask was established to design an appropriate
test facility which would enable HCOG to achieve the
diffusim flane thernal envirmment program goals as
identified in Subtask 9.1.

Reference:
i

; - Letter from HCOG to NRC "l/4 Scale Hydrogen Corrbustim
Test Program," IKIN-012-NP, dated August 12, 1983.

This submittal confirmed BCOG's connitment to execute
the 1/4 scale Mark III Containment Hydrogen Corrbustion
Test Program. Three attachments describing the 1/4
scale test program were provided with this letter. The
first was a detailed developreent of the theoretical,

tesis and a review of the empirical data base which
confirms the validity of Froude modeling to simulate
diffusion flame behavior at reduced scale. The seced
attachnent was a draft descriptim of the 1/4 scale Mark
III Containment Hydrogen Combustien Test Facility. As a

i result of preliminary HCOG and EPRI review sorne
modifications were incorporated. These changes were

(' described in the third attachrnent as an addendum to the
draft design report.
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( Subtask 9.3: Sutznit Draft Design Report to NRC

Purpose: This subtask was established to provide the Nuclear
Regulatory Commission with additicnal infornation on the
design of a test facility to define the diffusicn flame
thermal envircrunent.

Reference: See the report referenced under Subtask 9.2

This report described the 1/4 scale test program's
technical objectives, the test site layout, experimental
facility and the instrurrentaticn and data acquisiticn
systern. Also included were modeling assumpticn
descriptiers used to scale the facility.

Subtask 9.5: Resolve Questicms cn Facility Goals and Design

Purpose: This subtask addressed NRC requests for additional
infornatico about the 1/4 scale test facility's goals,
design and use.

Reference:
'

- Letter from NRC to HCOG " Request for Additional
Infornaticn - Hydrogen Control" dated Decerrber 8,1983.

'

,

This letter ccntained RAI's pertaining to the 1/4 scale
test facility addressing a broad range of topics about
the 1/4 scale test facility's goals, design and use.

- Letter from HCOG to NRC, " Responses to NRC Requests fort
Ad:litional Infornation," HGN-016-NP, dated April 2,1984.

Attachment 1 to this letter contained the HCOG responses
to the requests for additional infornation (RAIs) ,

'

sutzeitted with the letter of Decenber 8,1983 referenced

above.

Letter frorn HCOG to NRC, "1/4 Scale Test Facility-

Igniter Placernent and Ccntainment Thermocouple
Terrperature Response and Locaticn," IG-049-NP, dated
August 28, 1985.

This subruittal was made in te.recnse to a conference call
between the HCOG and the NRC staff on Mare.h 27, 1985,
during which a nurrber of informal questicns were asked
of HCOG regarding the igniter locations in the 1/4 scale
test facility and containment thermocouple temperature
response and locaticn.

Letter from HCOG to NRC, " Vertical Flow Blockages and-

{. Centainment Spray Carryover Fraction," HGN-054-NP, dated
' August 28, 1985.

9-3
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(' In the letter from HCOG to NRC H3N-016-NP (referenced
above), HCOG provided information to the NRC staff cm
how blockage simulations would be studied to assess
'their effect cn test results. HCOG indicated that in
order to assure conservatism in the temperatures
measured in the 1/4 scale facility, no attengt would be
made to include heat sinks and blockages which represent
the large amount of equipment and paterial located in
the Mark III ccntainment. Following review of this
s@mittal, the NRC staff indicated that their questions
cn the effects of blockages were not fully addressed.
NGN-054 was subreitted in respcmse to the staff's
additional ccncerns. This letter indicated that a 50%
blockage to gas flow would be installed in the facility
to represent the level of blockage present in the plant,
except in the chimney in which the equiprent hatch is
located. HGN-054-NP also stated that additional
blockage would be installed to create a 100% line of
sight blockage which would virtually eliminate carryover
of spray droplets from the upper containrrent to the
wetwell.

- Letter from BCOG to NRC " Blockages to Horizontal Flow,"
HGN-094-NP, dated June 2, 1986.

This letter responded to NRC questions regarding: 1)
p-| Vertical blockages to horizontal flow fields and the(.

potential for high local velocities near blockages that
could affect the heat transfer mechanism to equipment
required to survive hydrogen corrbustion; 2) vertical
blockages in the River Bend Station in the vicinity of
the unit cooler exhaust ducting and the effect of this
blockage on the ability of the unit cooler to distribute.

cool air.

HCOG concluded that the presence of equipment and
,

structural blockage in either the 1/4 scale test
;
'

facility and the prototype plants will have an
insignificant effect cn horizcntal velocities. 'Iherefore,
the 1/4 scale facility was deemed acceptable in its
current configuration with regard to this concern.

- Letter from HCOG to NRC, " River Bend Station Unit
Coolers," HGN-101-NP, dated July 30, 1986.

|
This submittal respcmded to NRC questions regarding the'

modeling of the River Bend Statica Unit Coolers. These
questicms were identified during a meeting between HCOG
and NRC en Noveaber 20, 1985. HCOG concluded that the
River Bend Staticn safety related unit cooler system had
been adequately simulated in the quarter scale test

(, facility.
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( Subtask 9.6: Cmstruct Test Facility

Purpose: This subtask provided for the constructim of the 1/4
scale test facility designed under Subtask 9.2 in
preparation for the performnce of testing to measure
the diffusion flarne thernal envirmment.

Reference:

- Letter from HCOG to NRC, "1/4 Scale Hydrogen Corrbusticn :
'

Test Program," HGN-012-!'P, dated August 12, 1983.

This document indimted that the estinated date for
corrpletice of constructicn of the 1/4 scale test
facility was May 1984. Initial constructicn was started
in August, 1983 and was completed in January, 1985. The
1/4 scale test facility is located at Factory Hutual
Research Corporation's remote test site in West
Gloucester, Rhode Island.

Subtask 9.7: Draft Test Hatrix

Purpose: This subtask was established to prepare a draft test
tratrix for submittal to the Nuclear Regulatory Comission.

Reference:
L
"

- Letter HCOG to NRC, "Heeting Basis Subtr:ittal,"
HGN-018-NP, dated July 6, 1984.

This submittal was provided to the NRC prior to an
HCOG-NRC meeting on August 28 s.d 29, 1984. This
information was provided to enable review of the
progress of the 1/4 scale test program. The draft test
natrix for the 1/4 scale test facility was included as
an attachment to this letter. A three phase testing
program was outlined, and the philosophy behind the
shakedown, scoping and productico test phases was
described.

Subtask 9.8: Subr.it Test Matrix to NRC*

Purpose: This subtask provided the NRC staff with the technical
basis for the 1/4 scale test program draft test rratrix.

Reference:

- See the letter referenced under Subtask 9.7.
,

| This subreittal provided the NRC staff with the.draf t
test matrix. As described in Subtask 9.7, HCOG met with

' (' -
the NRC to discuss the draft test matrix. This freetingI

was held August 28, 29, 1984.
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( Subtask 9.9: Resolve Questims m Test Matrix

Purpose: This subtask was established to achieve resolution of
the NRC staff questims m the draft test Instrix
assurnptions and methodology. This was necessary to
ensure agreement m the important pararneters to be
addressed by the various scoping and productim tests.

Reference:

- Letter frorn HCOG to NRC, " Meeting Basis Sutroittal,"
HGN-018-NP, dated July 6, 1984.

The draft test tratrix for the 1/4 scale facility (QSTF)

was included as an attachment to this submittal. This
proposed test rratrix was sent to the NRC for coment so
that HCOG and NRC could reach agreement on the tests to

'be conducted in the QSTF.

- HCOG met with NRC en August 28-29, 1984 to discuss the
progress of the 1/4 scale test program and the revisions
to developtrent of the proposed test matrix submitted to

'the staff under HGN-018.

- Letter from HCOG to NRC, " Hydrogen Release Histories and
.? Test Matrix for 1/4 Scale Test Prograrn," HGN-031-NP,

{b dated March 13, 1985.

Attachment one to this letter was the final test rratrix
for the 1/4 s ale test program. This test matrix was
revised from the August 1984 proposed test tratrix as a
result of nurrerous discussicns between HCCG and the NRC
staff. The revision included an additional scoping test
which would evaluate the effect of increasing the
blockage fraction present in the 1/4 scale test
fact.ity.

- HCOG met with NRC on July 17, 1985 to discuss the final
sccping test tratrix and review the results of the
scoping test program.

- Letter frorn HCOG to NRC, " Evaluation of Scoping Test
Results," HGN-053-NP, dated August 1, 1985.

This submittal docurnented the naterial presented to the

NRC during the ECOG /NRC rneeting held July 17, 1985. An
updated scoping test rretrix and a revised productier
test natrix were provided with this submittal.

- Letter frorn NRC to HCCG dated August 16, 1985.
.
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1 This letter contained coments from the NRC staff m the
' scoping and production test natrix sutaitted under

HGN-053-NP.

- HCOG met with NRC on Septerrber 5,1985 to discuss,'at
length, staff coments en the 1/4 scale test natrix. |

- Letter from NRC to HCOG dated Septenber 19, 1985. |

This letter documented the NRC staff's positice on the
1/4 scale test natrix as presented during the Septerrber
5, 1985 HCOG/NRC meeting.

- Letter from HCOG to NRC, "Sutnittal of Final Scoping
Test Hatrix and Revised Production Test Matrix,"
HGN-060-NP, dated October 29, 1985.

This sutaittel documented the revisions to the scoping
and productica test natrices which were made in response
to numerous discussicos with the NRC and the
corresp Ace referenced above.

-

- Letter from NRC to HCOG, dated Novenber 29, 1985.

This letter provided the NRC staff response to a nurrber
of HCOG s2mittals, including those concerned with

f ((/, resolution of the final test natrices. Ths final
scoping test natrix was found acceptable without further
staff recomendaticns. The producticn test matrix was
also found acceptable with the addition of a test with a
hydrogen release history B without sprays.

Subtask 9.13: Identify any Facility Changes to NRC

Purpose: This subtask was established to notify the NRC staff of
any substantial modificaticms to the test facility which
were identified during the shakedown testing program.

Reference:

- Letter from HCOG to NRC, " Hydrogen Control Program Plan
Subtask 9.13, Identify any Facility Changes to NRC,"
HGN-038-NP, dated June 17, 1985.

This sutaittal notified NRC that the final shakedown
test was ccmducted cn May 6,1985, and documented the
adequacy of the facility as a result of this testing.
The subreittal reported to the NRC that the systems and
instrumentaticn in the 1/4 scale test facility
functioned as required. Therefore, no modifications to

.

the test facility were required.

.
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-h Subtask 9.14: Prepare Final Design Report

Purpose: This subtask was established to document the final
design of the 1/4 scale test facility to the NRC
staff.

Reference:

- Letter from HCOG to NRC, "1/4 Scale Test Facility Final
Design Report," HGN-ll5-NP, dated February 10, 1987.

- This submittal documented the actual design of the 1/4
scale test facility that was utilized through the end of
the scoping test series and superceded the cmceptual
design subreitted to the NRC staff under HGN-012-NP.

Subtask 9:15: Sutroit Final Design Report to NRC Staff.

Purpose: This subtask was established to subnit the report
documenting the final design and configuration of the
1/4 scale test facility to the NRC staff.

Reference:

- See the report referenced under Subtask 9.14.

. Subtask 9.16: Finalize Scoping Test Matrix

Purpose:
This subtask was established to resolve questions from

; the NRC staff pertaining to HCOG's proposed scoping test

j matrix.

I Reference:

- Letter from HCOG to NRC, " Meeting Basis Subreittal,"

|
HGN-018-NP, dated July 6, 1984.

| This submittal documented the draft scoping test natrix
for the 1/4 scale test facility which originally
included 14 tests.

; - HCOG met with NRC on August 28-29, 1984. DJring this
meeting the draft scoping test matrix was discussed.

- Letter from HCOG to NRC, " Hydrogen Release Histories and
Test Matrix for 1/4 Scale Test Program," HGN-031-NP,
dated March 13, 1985.

This subnittal included a revised scoping test matrix.
i

| This was in respmse to NRC concerns identified duringc

(.j the August meeting and subsequent discussions with the'

staff.
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'( - HCOG met with NRC on July 17, 1985 to discuss the final
'

scoping test matrix and review the results of the
scoping test program.

- Letter from HCOG to NRC, "Evaluaticn of Scoping Test
Results," B3N-053-NP, dated August 1, 1985.

This subr.attal docurrented the material presented to NRC
during the July 17, 1985 meeting and provided the NRC
staff with an updated scoping test retrix.

- Letter from NRC to HCOG dated August 16, 1985..

This letter ccntained cenants frorn the NRC staff cn the
scoping test matrix which was subreitted under
HGN-053-NP.

- HCOG met with NRC cn Septerrber 5,1985 to discuss staff
cerraents en the scoping test matrix which were included
in the August 16, 1985 letter to BCOG.

- Letter frcro NRC to HCOG dated Septerrber 19, 1985.

This letter docurrented the NRC staff's position on the
1/4 scale scoping test matrix as presented during the
Septerrber 5,1985 HCOG/NRC meeting.

- Letter from BCOG to NRC, "Sutnittal of Final Scoping
Test Matrix and Revised Producticn Test Matrix,"
HGN-060-NP, dated October 29, 1985.

This sutnittal documented revisicns to the scoping tJest
matrix which were made in response to nurrerous
discussicns with the NRC and the correspcmdence
referenced above.

- Letter frert NRC to HCOG, dented Noverrber 29, 1985.

The letter provided HCOG with NRC acceptance of the
final scoping test matrix subreitted under H3N-060-NP.

Subtask 9.18: Analyze Scoping Test Results

Purpose: This subtask was established to deterreine frorn the
i analysis of the scoping test results whether or nct

specific assurrptions made by BCOG for the proposed
production test matrix were correct. These assurrptions
were as follows:'

1. The effects of hydrogen released through spargers is
.

limiting corrpared to releasing hydrogen through both
h.f the LOCA vents and spargers.
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{- 2. Effects of injecting steam and hydrogen
simultaneously is negligible when corrpared to

j releasing hydrogen alone.

| 3. The Perry Nuclear Power Plant configuratien and
| Grand Gulf Nuclear Staticn ecnfiguration are similar

enough so that data obtained for GGNS is applicable
to both plants. (later circurestances resulted in
testing both GGNS and PPNP.)

4. No hydrogen pocketing will occur in the facility.

t Reference:
I

- Letter from HCCG to NRC, " Evaluation of Scoping Test
Results," HGN-053-NP, dated August 1, 1905.

A final report sumarizing the scoping tests was
provided under Subtask 9.24.

Test results sumarized in this letter indicated that
steem had no measurable effect on the thernal
environrrent produced by hydrogen corrbustion. The.LOCA
vents and grating cn the other hand appeared to have a
small, but noticeable effect and were included in the

s - production test matrix. The scoping tests also included

(D several tests designed to both exarrine the threshold for
^

sustaining diffusicn flame burning an the pool surface
and define the test ccnditions for the 75% MWR
production tests that would result in the thernally
limiting envircnment.

Subtask 9.19: Producticn Test Matrix Acceptable?

Purpose: This subtask was established to determine whether the
prcpu-id producticn test natrix required modificaticms
based upcn a corrparisen of the scoping test results with
assurrpticns regarding the planned production tests.

Reference:

See the letter referenced under Subtask 9.18.

The assurrptions identified in Task 9.18 were reviewed
against scoping test results. Based upcn this review,
HCCG decided to include additicnal tests in the
producticn test natrix. These additicnal tests involved
hydrogen injecticn through SRV spargers and LOCA vents.
HCOG also decided to perform a full set of production
tests with the facility representing the geornetry of the

.

Perry Nuclear Power Plant. A late input frorn Subtask
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' [' ~ 9.25 af ter fornal sutnittal of scoping test results in
IGN-053 resulted in a revision to the producticn test
matrix irs crder to resolve NRC cancerns.

Subtask 9.20: Revise Producticn Test Hecrix>

Purpose: h is subtask was established to modify the production
test instrix, as required, by conpariscn of planned
production tests with scoping test results and in'
respcnse to NRC ccncerns.

Reference:

- See the letter referenced under Subtask 9.18.

This letter provided NRC with the initial revision of
the production test tratrix which was based upon
corrperison of planned production tests with scoping test
results.,

- Letter frorn NRC to HCOG dated August 16, 1985.

i In this letter and during a rneeting between HCOG and NRC
cm Septerrber 5,1985, the NRC stressed the need for a
producticn test natrix which reflected additional tests

' (/; to determine the therrral envirentrent produced by

N hydrogen corrbusticn in the absence of containrnent spray
operaticn.

- Letter freen HCOG to NRC, "Subreittal of Final Scoping
Test Matrix and Revised Production Test Hatrix,"

'

BGN-060-NP, dated October 29, 1985.
.

21s sut:rnittal transreitted a revised production test

natrix to address the concems of the NRC staff. This
! revised test natrix reflected an increased number of
i tests to be cornpleted without operating the sirnulated

ccntaintnent sprays.

- letter frcen NRC to HCOG dated Noverrber 29, 1985.

Se NRC staff indicated in this letter that a test
designated to be carried out with the "B" release
history should be performed without sprays.

- Imtter from HCOG to NRC, " Revision to Productico Test
Matrix," HGN-079-NP, dated April 2, 1986.

21s subreittal provided HCOG's respcnse to the
referenced letter from NRC dated Novernber 29, 1985.

HCOG agreed to rnodify the current producticn test rnatrix..

:| 9-11
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f'' to require all production tests rm with a Case B
release history to be cmducted without sprays in order

; to resolve this NRC cmcern.

Subtask 9.24: Sutnit Preliminary Scoping Test Results

Purpose: The purpose for this subtask was to organize scoping
,
~

test data, correlate the data into a preliminary scoping
test report and sutnit'the report to the NRC staff.

:

Reference:'

,

! - Letter from HCOG to the NRC, "Evaluatim of Scoping Test
Results," HGN-053-NP, dated August 1, 1985.

.

'

This sutnittal provided the NRC staff with the
preliminary scoping test data and HCOG's evaluation of

'
this informatim.

'

The results sumarized in both the HCOG/NRC meeting held
i~ July 17, 1985 and the referenced report indicated that
I steam had no measurable effect 'en the thermal

environment produced by hydrogen combustim, while both
the IDCA vents and grating appeared to have a small, but

i noticeable effect. Therefore, the grating and LOCA

E vents were included in the production test matrix.
(i.; Further, the scoping test results included several tests

designed to both examine the threshold between diffusion
flame burning and deflagrations, and to define the test
conditims for productim tests that would simulate 75%
HWR and result in the thermally limiting environment.

,

Detailed results of these tests were presented in*

Attachment 1 *a the report. Attachment 2 provided a
i revised instrument layout for the 1/4 scale test

facility.

Letter from HCOG to NRC, " Scoping Test Report,"-

IGN-098-P, dated July 18, 1986.

'Ihis sutnittal provided an enhanced discussion of the
scoping tests discussed under HGN-053-NP and provided a;

comprehensive sssessment of the seven additional scoping
,

tests conducted since August 1985. )

Subtask 9.25: Resolve Questims en Scoping Test Results

Purpose: 'Ihis subtask was established to address NRC's response
to the preliminary scoping test results included in;

HGN-053-NP from Subtask 9.24.
i

Reference:

. ('. Letter from NRC to HCOG dated August 16, 1985.'
-
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~(' The NRC staff's detailed review of the scoping test data
report generated questions which were documented to HCOG
in this letter.

- See the letter (HGN-098-P) referenced smder Subtask
9.24.

The NRC staff's questions concerning the scoping test
data were documented in the August 16, 1985 letter and
addressed by HCOG in IG-098-P.

Subtask 9.31: Verify Adequacy of 1/4 Scale Heat Loss Modeling

Purpose: The intent of this subtask was to show that the Froude
niedeled 1/4 scale test facility provides an acceptable
representation of teroperatures in a full sale facility.

Reference:

- Letter frorn HCOG to NRC, " Report Ccricerning the Adequacy
of 1/4 Scale Heat Sink Modeling," HGN-037-NP, dated June
4, 1985.

The NRC identified ccncerns regarding scaling of heat
losses frere the 1/4 scale test facility to a full scale

;

f Mark III containroent. HCOG corrcitted to corrplete a

Ci- study addressing these ccncerns in August 1984,.

including both the assessment of scaling effectr,and the
effects of equipment present in a full scale facility.

This subreittal provided the NRC with results of a study
perfortned to assure that the gas terrperatures measured
in the 1/4 scale test facility would be ccnservative or
corpparable to the temperatures which would be expected
following a dow m ied core accident in a full scale
plant.

!
- In a meeting on Septentar 5,1985, between HCOG and the
NRC, the staff identified concerns over the the 1/4
scale test facility rneasured test data and heat loss
report predictions. At that time HCOG indicated that
heat loss report predictions for the 1/4 scale test
facility response were being revised.

- A ineeting between HCOG and the NRC staff was held cn
Decenber 19, 1985 to discuss the revisiens to the heat
loss model. HCOG indicated that it was still
investigating the heat transfer characteristics of the
facility's insulaticn at that time.

- Letter frcen HCOG to NRC, " Final Report Assessing the

h^g Adequacy of Heat Sink Hodeling in the 1/4 Scale Test
facility," HGN-085-NP, dated May 5, 1986.

9-13

-. _ _ _ _ _ _ _ _ _



.- . . - _ _ - - _

,

2: . .. , ..

jr
( 'f The final results of HCCG's assessment were presented

during a March 13, 1986 meeting. The above sutnittal ,

provided the NRC staff with a report which documented I

those results. NCOG ccncluded that the report repre-
sented a best estimate model reflecting the phenomeno-
logical data and knowledge gained from the 1/4 scale
test program. Sophisticated analytical techniques were
utilized in modeling both the conplex facility
gecnetries and the conbustian phenomena. The report
indicated that the 1/4 scale test facility adequately
represents full scale heat losses. Although modeling |

uncertainties remain, HCOG evaluated the level and
nature of those uncertainties and determined that further
refinenent of the models was not warranted. This decision
was made in light of the good agreement achieved between
predicted 1/4 scale behavior and actual test data.

.

e

1
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Task 10: EVALUATION OF DRWELL RESPONSE TO DEGRADED CORE ACCIDDITS

Subtask 10.1: ' Modify CIASIX-3 to Utilize NUREG-0588 Assurrptims

Purpose: This subtask was established at the request of the NRC
to provide a more conservative predictim of the drywell
thermal environment produced during a degraded core

. accident b1 incorporating NUREG-0588 heat transfer
methodology into.the CLASIX-3 code.

i Reference:

- Letter from NRC to HCOG dated September 14, 1984.

- The NRC staff review of CLASIX-3 included corrperiscns
with analyses of the drywell compartment run with the
CCNTDfPT-LT containtrent response code. The CONTEMPT-LT
code incorporates cmservative heat transfer methods for
predicting terrperatures corresponding to the methodology
in NUREG-0588. The NRC believed that the NUREG-0588
methodology should be used to provide a trore
ccnservative prediction of teroperatures.

'

To provide a more conservative prediction of the therrral
Snvironment prior tc, hydrogen ignition, an option to use
heat transfer models based cn NUREG-0588, Branch4

i Technical Position CSB 6-1 and the CCNTDfPT-LT program

was included in the CIASIX-3 code.

This letter requested infornation concerning the
incorporation of the NUREG-C588 heat transfer
methodology, suppression pool bypass leakage, and
reactor coolant pressure boundary heat loads into the
CIJSIX-3 analyses.

- Letter from HCOG to NRC, " Responses to Requests for
Additional Informatim on the CLASIX-3 Corrputer Code,"
HGN-026-NP, dated March 6, 1985.

,

| This submittal provided a partial respense to the NRC
! RAI of Septerrber 14, 1984 referenced above and indicated

HCOG's intent to include NUREG-0588 roethodology for
passive heat sink modeling into future CLASIX-3
analyses,

- Letter from HCOG to NRC, " Report of CLASIX-3 Generics

Analyses and Validation of CLASIX-3 Against 1/4 Scale
Test Facility Data," HGN-092-P, dated June 10, 1986..

This submittal respmded to the balance of the NRC
ccncerns in the referenced RAI and described the model.c
and assurrpticms to be used by HCOG in Tasks 8 and 10 of~
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("' the HCOG Hydrogen Centrol Program Plan.
The methodology for incorporation of NUREG-0588 was
described in this report.

Subtask 10.2: Define Accident Sequences

Purpose: This subtask involved identifying the accident sequences
which should be evaluated to define the drywell's
response to degraded core accidents.

References:

- Letter from H003 to NRC, " Event Scenarios for Evaluation
of Drywell Response to Degraded Core Accidents,"
HGN-072-NP, dated March 5, 1986.

This sutrittal indicated that the snall break LOCA
inside the drywell was selected by HCOG as an

,

L appropriate sequence en which to base drywell equippent ,

isurvivability analyses since large break sizes such as
feedwater, steamline or recirculation line have a much
smaller contribution to the total core melt frequency.
Break location was chosen to be a steamline since this
will result in the greatest energy addition to the
drywell envircraent. Additionally, the break size
chosen for analysis conospcids to the inside diameter

'

2. - of a safety relief valve. HCOG analyzed a drywell break
accident in order to evaluate the effect of possible'

hydrogen conbustion in the drywell en equipment and
structures since ccntainment failure was shown not to be
a concern.

Subtask 10.6: Couplete Blowdown Analysis

Purpose: This s2 task was established to perform a blowdown
analysis up to the point at which the reactor pressure
vessel is depressurized using the MAAP code.

Reference:

- Letter from HCOG to NRC, " Report of CLASIX-3 Generic
Analysis and Validaticn of CLASIX-3 Against 1/4 Scale
Test Facility Data," HGN-092-P, dated June 10, 1986.

Using realistic drywell initial conditions, and accident
sequences leading to degraded core conditicms, a drywell
blowdown analysis up to the point at which the vessel i

has been pressurized was completed for selected break
sizes.

As documented in this sutnittal, the MAAP code was used

k,. in this analysis to define the time history of break
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5 ;; flow into the drywell, mass and energy addition to the
drywell, and the reactor pressure vessel flow split
between the drywell and suppressicn pool.

Subtask 10.7: Define ADS Timing
>

Purpose: This subtask was established to examine all the
potential factors which could determine when the
operator actuates ADS.

1

Reference: See the report referenced in Subtask 10.6. |

Section 4.0 of the referenced report discusses the
relaticnship between ADS and drywell break flow and the
timing relaticnship which determines when ADS would be

| expected to occur.

Subtask 10.8: Calculate Drywell Break - SRV Flow Split

Purpose: This subtask was established to define a realistic
divisicn of flow for steam and hydrogen between the
drywell break and the SRV's which will be used as input
to define the drywell thermal respcnse.

Reference: See the report referenced under Subtask 10.6
(

Y During a drywell break accident, hydrogen can either be
released through the line break to the drywell or
through the SRVs which have been opened to depressurize
the vessel.

As described in this report, MAAP autenatically
calculates the two fl ws as a function of the
instantaneous conditicns and provides them separately in
the output for the first few minutes of,the drywell
bre'ik transient. To provide a realistic estimate of the
flow split from reflood to the end of the hydrogen
release, the HAAP results subsequent to actuaticn of ADS
were used. These results provide an estinate of the
fractions of the steam flow which will be discharged
through the spargers as a ftncticn of the total steam
flow rate.

Because of the low volumetric flow rate of hydrogen in
conparison with steam, the hydrogen flow rate can be
ignored for the period of interest. Above a steam flow
of about 35 pounds per seccnd the flow is critical and
the ilow split is constant with 91% of the steam being
discharged through the spargers.

( 10-3
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h Subtask 10.9: Analyze Drywell/Centainment Respense using CLASIX-3

Purpose: 'Ihis subtask was established to analyze the thernal
respcnse of the drywell and ccntainment using CLASIX-3.

The composite release history from Subtask 10.8 above,
which takes into account ADS timing and DWB-SRV flow
split, the steam and hydrogen release history generated
as part of Subtask 7.15, and the emergency procedure*

actions from Subtask 13.10 were inputs into this
analysis.

Reference:

- See the reports referenced under Subtask 10.6 and 8.9H

The C2.ASIX-3 analyses documented by these reports used
the blowdown history from Subtask 10.8 and appropriate
combustion parameters for the drywell. These analyses
also accounted for the effects of drywell bypass leakage
on the wetwell and upper ccntainment response.
Deflagraticms were not predicted to occur in the drywell
.for the base case. One deflagration was predicted to
occur in the 2 inch pipe break sensitivity study. These

^

analyses will allow HCOG to determine if inverted

{,a,' diffusicn flames can be established at the exit of the
CUCS compressor or from other oxygen sources in the
drywell.

Subtask 10.12: Define Criteria for Existence of Inverted
Diffusien Flames

Purpose: This subtask was established to enable assessment of the
potential for the formation of inverted diffusion flames
within Mark III containments.

Reference:

- Letter from HCOG to NRC, " Criteria for Existence of
Inverted Diffusion Flames in the Drywell," HGN-091-NP,
dated Jtne 25, 1986.

Inverted diffusion flames are a phenomena which ney
occur in a hydrogen rich / oxygen lean environment. When
oxygen is re-introduced in the presence of an ignition
source, a diffusion flame results at the location of the

~

oxygen source. Such a phenomena might occur in the
drywell when the hydrogen ccncentration is high, oxygen
is absent and air is subsequently introduced via vacuum
breaker actuaticn or operaticn of the drywell mixing

- system. Resultant inverted diffusien flames (if they

(''? occur) could be of concern because of their possible
inpact upon the thermal envircnment.

10-4
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f' This subrnittal defined a cmservative set of cmditims
and criteria which nust be present for inverted
diffusicn flames to exist. The letter cmcluded that
any burning which occurs below a bulk hydrogen
concentration of 19% and steam cmcentration of 81% can
be characterized as weak discontinuous burns which
should not challenge the survivability of equipreent.

Subtask 10.29: Subreit Criteria for Existence of Inverted
Diffusion Flames to NRC

Purpose: This subtask was established to resped to the NRC's-
request that these criteria be subreitted for staff
review prior to corrpleticn of Subtasks 10.13, 10.18, or

10.19.

Reference:

; - Letter frorn HCOG to NRC, " Task 10.12 Criteria for
| Existence of Inverted Diffusim Flames in the Drywell,"

HGN-091-NP, dated June 25, 1986.

| This subreittal provided the NRC staff with the requested
criteria as described under Subtask 10.12 above.

-
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Task 11: EOUIPMDIT SURVIVABILITY ANAINSIS PROGRAM

Subtask 11.1: Criteria for Equi p ent Survivability

Purpose: This task was established to define the criteria which
will be used by HCOG to determine if a piece of
essential equipent in the containment or drywell-

,

survives a degraded core accident.

'Reference:

- Letter from HCOG to the NRC, " Generic Equip ent
Survivability List," HGN-084-NP, dated May 16, 1986.

This sutxtittal provided the NRC with a generic list of
equip ent required to survive a degraded core hydrogen
corrbustion event and a guide to be used by the ECOG
utilities for the preparaticn of plant unique equiptrent
survivability lists. Secticn 2.0 of this letter

,

identified the criteria for specifying equipment
required to survive degraded core accidents. The
criteria used to deteritine if a piece of essential

i equiptrent in the containment or drywell can survive a
degraded core hydrogen combustion event are based on the
current equignent qualificatim prograrc in accordence

s

(?? with NUREG-0588. If the pressure spike or differential'

N! pressure to which a corrpment is exposed, as deterreined
| from ccntainment deflagraticn analysis (acceptable per

criteria identified in Task 8) is below the static'

qualification pressure, the equiprent is expected to
survive. 'Ihe equiprent is also expected to survive if
it an be shown to be insensitive to pressure increases;

during a hydrogen burn. The equiprent is expected to
survive if: 1) the surface terrperature for the

equipment is calculated to remain below;the
qualificaticn teroperature; or 2) the critical ccerpment

| terrperature rerrains below its qualificaticn terrperature;
or 3) the equignent surface terrperature reinsins below

| the designated survivacility terrperature, which is

j higher than the qualificaticn terrperature.

' Subtask 11.2: Identify Equiprnent Required to Survive

Purpose: 'Ihis subtask was established to develop a generic list
of equipment required to survive a degraded core ,

accident with significant hydrogen production.

Reference:

f - See the letter referenced in Subtask 11.1 above.

h' 'Ihis submittal provided the NRC staff with a generic
list of equipment required to survive a degraded core
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..f' accident. Five criteria were used in the selection of
-this equipment: 1) systems and cornpanents required to
maintain the core in a safe shutdown condition, 2)
equipment and structures required to maintain the
integrity of the contairment pressure boundary, 3)
equipment and systems which must functicn to mitigate
the ccnsequences of the event, 4) instrumentaticn and
systems which will be used to monitor the course of the
event and provide guidance to the operator for
initiating actions in accordance with the Emergency
Procedure Guidelines, and 5) corrpenents whose failure
could preclude the ability of the abov:s systerrs to
fulfill their intended functicn.

Subtask 11.6: Establish Drywell Thermal Profile for Analysis

Purpose: This subtask was established to define a time history of
the thermal environment due to ccnvective and radiative
heat transfer for.each piece of drywell equipirent to be

evaluated. '1his inferrration will be used in Subtask
11.11 to predict the thermal response of equiprent and
corrpalents exposed to drywell conditions.

Reference:

- Letter from HCOG to NRC, "CLASIX-3 Generic Sensitivity
Cp Analysis," HGN-109-P, dated Decerrber 9,1986.J

- Letter frem HCOG to NRC, " Report of CLASIX-3 Generic
Analysis and Validation of CLASIX-3 Against 1/4 Scale
Test Facility Data," HGN-092-P, dated June 10, 1986.

These docurnents provide the time-teriperature profile for
the drywell break scenarios as predicted using CLASIX-3.

'

Subtask 11.8: Establish Cmtainment Deflagraticn Thermal Profile'

Purpose: This subtask was established to define the thermal
envircreent based cn the analysis corrpleted in Task 8.0,
Deflagraticn Thennal Divironment Definition. This
informaticn will be used in Subtask 11.11 to predict the
thermal response of essential equipment and cormonents.

Reference:

- See the report referenced under Subtask 11.6.

This doctament provides the time-temperature profile for
deflagrations in the containment. The survivability
analyses corrpleted under Subtask 11.11 will utilize
these terrperature profiles as boundary ccmditions.

(.
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Subtask 11.24: Prepare Thernal Envirmment Definition Report

Purpose: This subtask was established to generate a report to the
NRC staff, describing the methodology developed in
Subtask 11.7. This report provided the methodology for
determinating local gas terperatures and the approach
used to calculate the convective and radiative heat
transfer to equipment.

Reference:

- Letter from HCCG to NRC, " Submittal of Hydrogen Control
Owners Group Diffusive Combustion Therral Environment
Methodology Definition Report," HGN-103-NP, dated July
30, 1986.

This report was submitted to define the methods which
will be used to determine the full scale plant

containment therral environnents from the 1/4 scale test
data. The full scale environmental conditions will
ultimately be used as boundary conditions for the
HEATING-6 computer code to analyze the response of
ccntainment equipment during postulated diffusive,
combustion events. Attachment 1 to this submittal
described the generic methodology to be used to

(U-- environments, which included a definition of how 1/4
establish Mark III plant specific diffusion flame

'

scale test data will be used to define the conpanent
therral environment and the approach to be used for
radiant and convective heat transfer.

Subtask 11.25: Submit thernal Environnent Definition Report to IEC

Purpose: This subtask was established to submit the report
generated in Subtask 11.24 to the 1GC staff.

Reference:

- See the report referenced under Subtask 11.24

.
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-h Task 12: VALIDATION OF ANALYTICAL hr.cmwS

Subtask 12.1: Develop CLASIX-3 Model of 1/4 Scale Test Facility
,

Purpose: This subtask was established to develop a model of the
1/4 scale test facility using the CLASIX-3 code in order

,

to verify the cmservatism of the overall analytical
approach for defining deflagratim thermal environments.

Reference:

- Letter from HCOG to NRC, " Report of CLASIX-3 Generic
Analyses and Validaticn of CLASIX-3 Against 1/4 Scale
Test Facility Data," HGN-092-P, dated June 10, 1986.

The actual QSTF design parameters were used for
developing the CLASIX-3 model. 'Ihese included such
parameters as heat transfer surface areas, heat sink
thicknesses and properties, spray and hydrogen flow
rates, and corrpartment initial conditions just prior to
hydrogen release.

Since the QSTF has no physical representation of .the
drywell it was not represented in the CLASIX-3 input
model. The wetwell, interrrediate volume and upper
containment were modeled, however. The model also

C'.J included a natural circulation "chirrney" to represent|
the free flow path between the wetwell and the
containment volume.

Subtask 12.2: Specify CLASIX-3 Input

Purpose: This subtask was established to determine the steam and
hydrogen flows, corrpartment initial conditicns, burn
parameters, flow path parameters, spray system
parameters, heat sinks and suppression pool level to
define the input parameters for the CLASIX-3 analysis

;

for the 1/4 scale test facility response.'

Reference:
,

- See the report referenced in Subtask 12.1.
i

This submittal described the input parameters and their
'

values which were used in the CLASIX-3 predicticn of the
1/4 scale test facility respcnse.;

Two cases were chosen for analysis, cne with containment
sprays and one without sprays. The tests used to
validate CLASIX-3 used hydrogen release histories with

..
flow below the diffusion flame extinguishment limit.

;
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(- Subtask 12.3: Couplete CIASIX-3 Predictim

Purpose: This subtask was established to use the CLASIX-3 model
of the 1/4 smle test facility developed in Subtask 12.1
with the input data file from Subtask 12.2 to predict
the 1/4 scale test facility resp m se.

Reference:

- See the report referenced mder Subtask 12.1.
4

This sutzeittal contained an analysis which predicted the
containment gas tepperatures, omstituent gas
concentratims, and cmtainment pressure response for
the low hydrogen flow rate tests corrpleted in the 1/4
scale test facility.

Subtask 12.4: Design Corrplex Calorimeter

Purpose: The ccerplex calorimeter was designed to perroit the
validation of the equiprrent survivability analysis
methodology in the 1/4 scale test facility in various
locations. This device was also designed to represent
different types of equi);nent geometries such as
rectangular and cylindrical ct:suponents.

' Reference:

- Letter fra BCOG to NRC, "1/4 Scale Test Facility 3-D
Cornplex Calorimeter," HGN-027-NP, dated February 13,
1985.

This sutztittal to the NRC was in response to a specific
request nede by the NRC staff for additional detailed
infornation concerning the conglex calorimeter. Design
details en the coreplex calorimeter, its location in the
quarter scale test facility and instrurnentation located
near the calorimeter were provided to the NRC staff via
this letter.

Subtask 12.5: Prepare Model of Coreplex calorimeter

Purpose: In order to predict the respmse of the corrplex
calorimeter using the modeling instructims and format
specified for the survivability analysis code
established in Subtask 11.3, a model of the cornplex
calorimeter was prepared.

Reference:

- Letter from HCOG to NRC, " Submittal of Diffusive
Contsustim Heat Transfer Methodology Validation for

(,' Equissent Survivability in Mark III Containments,"
IEIN-105-P, dated August 29, 1986.

12-2
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[' This stenittal provided the NRC staff with the details
of the cornplex calorimeter model development.

Subtask 12.6: Corepare CLASIX-3 Predicted Results with Heasured
Results

Purpose: This subtask was established to compare measured test
results from the 1/4 scale test facility with CIASIX-3
predictions of temperatures, pressures and gas
ccncentrations in the wetwell, intermediate volurne and

upper containment.

Reference:

- Letter frcen HCOG to NRC, " Report of CLASIX-3 Generic
Analyses and Validaticn of CIASIX-3 Against 1/4 Scale
Test Facility Data," HGN-092-P, dated June 10, 1986.

This subreittal documented a corparison of the CIASIX-3
predicticms of temperatures, pressures and gas
concentrations with actual results from two scoping
tests. The temperatures measured locally in the
facility were cortined to produce volume weighted.
average terrperatures which were corrpared to global
terrperatures predicted by CIASIX-3. Because of the
conservative nature of the CIASIX-3 model and the

CE burning phencreenen it sirculates, average terrperatures
c

higher than the two scoping tests resulted for the
CIASIX-3 predictions as anticipated. The two base line
terrperatures were, however, very similar, indicating
that the modified CIASIX-3 adequately roodels the CSTF.

Similarly, a corrpariscn of measured pressures with those
predicted by CIASIX-3 also indicates that CIASIX-3
closely models the actual test results but in a
ocmservative rianner.

Gas ccncentrations predicted by CIASIX-3 also corrpared
favorably with the measured results frcn the two secping
tests used in the corrparison.

' Subtask 12.9: Apply measured Diffusion Flarne Envircoments to Corrplex
Calorimeter Model

Purpose: This subtask was established to determine the diffusion
flame thermal envircninents in the vicinity of the

cornplex calorirreter and calculate the thernal respcmse
of the calorimeter.

Reference:

( - See the report referenced under Subtask 12.5.
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The applimtim of diffusion flame thermal envircrvnents
to the cerrplex calorimeter was described in this report.

Subtask 12.10: Corrpare Measured Results with Thermal Respmse
i Predictions

Purpose: This subtask was established to corrpare the data from i
Subtask 9.23, which defines the measured responses of
the corrplex calorirreter in the 1/4 scale test facility
to diffusion flames, with the predicted responses of the
model in Subtask 12.9 to assess whether the predicted
response is conservative.

Reference:

- See the report referenced under Subtask 12.5.
The measured response of the corrplex calorimeter was
corrpared with the results of HEATING-6 calculations for
the cortplex calorimeter.

As described in the referenced report, the predicted
respense of the corrplex calorimeter was cmservative
corrpared to the measured responses. Thus validation of
the techniques and assurrptions used to construct the
model and the assurrptions used in defining the therfral
environments was achieved.

,

Subtask 12.13: Prepare Final Report en Methodology Validations

Purpose: This subtask was established to provide the NRC with a
report documenting the validation of the roethodology for
analyzing equipreent respmse in a diffusim flame
environment. This report also demonstrated the
cmservatism in previous deflagration thermal
envirmment definitions.

R**erence:

- See the report referenced mder Subtask 12.5

As described in the referenced report, HEATING-6
calculations of the cortplex calorirreter response
(reethodology developed under Subtask 11.24) were
coropared with the seasured response of the device under
test conditions in the QSTF. The predicted response of
the complex caloristeter was shown to be conservative
when corrpared to the measured respmse. Therefore, this
report provided the validaticri of the equipoent response
analysis methodology developed for a diffusion flame
environment.

h.' 12-4
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Subtask 12.14: Subreit Final Report en Nethodology Validation to NRCg.

Purpose: This subtask was established to fornelly sutrit the
report prepared under Subtask 12.13 to the NRC staff.

Reference:

- See the report referenced under Subtask 12.5.

,

J

k

a

t

.

I

12-5
.:

.

,,..v , ,,.. ---- --c,- - - - , , . - _ ~ - - - - - - - - .,.x -w-- --, _ - . . - - . , . ,. - v - - - - +- - - - - . - - . .~ - - - - -- ---- . - - --r-- -



._ _ - -_ ._ _ _. . - _ - _ _ _ _

,

a .e . . ~ . . _ . . .

1

!

( Task 13: CCHIUSTIBLE GAS CONTROL EPG >

Subtask 13.1: Draft Emergency Procedure Guideline
, _

Purpose: This subtask was established to develop an emergency
procedure guideline (EPG) for hydrogen control using the

,

methodology from NUREG-0737 for syrrptem-based emergency<

| procedures.
i-
i Reference:
1

- Letter from HCOG to NRC, " Combustible Gas Control

! Brergency Procedure Guideline," HGN-064-NP, dated
Noverrber 12, 1985.

This submittal provided the NRC staff with the!

Corrbustible Gas Centrol Emergency Procedure Guideline,

,
(EPG) developed by the Mark III Containment Hydrogen

j Centrol Owners Group.

! The EPG provided guidance on operator actions regarding
use of hydrogen igniters, drywell hydrogen mixing

| systems, thermal recorrbiners and ccritainrrent venting to
j assure structural integrity is maintained and that

equipment which is required to survive these transients

! f; remains functional for hydrogen corrbustion or

\;, deflagrations.
;

- Letter from HCOG to NRC, " Combustible Gas Control

j Brergency Procedure Guideline," HGN-086-NP, dated June
3, 1986.

} This sutnittal provided the NRC staff with a revised
versicrt of the EPG which addressed NRC concerns !

! identified during a meeting between HCOG and NRC en
i Decenbar 18, 1985.

Subtask 13.9: Determine Spray Timing

! Purpose: This sut. task established the expected timing for
actuation of containment sprays based upon the

3
' thermocouples which would be used to define bulk average

containment atmosphere terrperature, and the tirre'

; required for the spray purrps to deliver water to the

j spray headers.
:

Reference: -

,

! - Letter frcen HCOG to NRC, " Spray Actuation Criteria for
! the QSTF," HGN-074-NP, deted February 17, 1986.
.

|{* This subreittal provided the NRC staff with a discussion
; of the timing for actuating ccritainment sprays in the
t

j 13-1
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( 1/4 scale test facility. 'Ihe time required to actuate
- centainment sprays is used in the 1/4 scale test

procedures to centrol cpray actuation during testing.
Centainment spray actuation timing was examined in the
context of diffusive conbustion thermal transients and -
the emergency procedures. The spray timing consists of
three couponents: 1) the time before ccntainment
pressure or tenperature exceeds the initiation points
defined in the emergency procedures, 2) the time delay
introduced by centrol room instrumentaticn and the
operator recogniticn of the need to actuate sprays, and
3) the delay incurred because of the containment spray !

electromechanical system response time. {
i

The locations of the test facility thermocouples used
for spray actuaticn were representative of actual (full
scale) plant thermocouples used for containment
tenperature monitoring.

Subtask 13.15: Develop Technical Justification for the Steps of the
EPG

Purpose: This subtask was established to prepare a technical
justificaticn for each step of the Conbustible Gas
Centrol EPG.

Reference:

- Letter from BCOG to the NRC, " Appendix B to the
Canbustible Gas Ccntrol EPG," HGN-090-P, dated July 3,

1986.

This document provides a technical justificaticn for
each step of the contustible gas control EKi. Each step
is presented first, followed by a detailed discussion
justifying the prescribed operator acticns for the step.

- Letter from BCOG to the NRC, " Revision 2 to the H1 rogend
Ccntrol Owners Group Coubustible Gas Centrol Emergency
Procedure Guideline and Supporting Appendices,"
HGN-110-P, dated Decenber 1, 1986.

Attachment 4 of this submittal ccnsists of a revision to
Appendix B of the Ccubustible Gas Centrol EPG which was
transmitted in IKIN-090-P. Appendix B was revised to
reflect the changes to the CGCE1M3 described in
Attachment 3 of HGN-110-P.

Subtask 13.16: Prepare Report cm Acticm Limit Calculaticn Procedures
and Exanple Curves

.

'h Purpose: This subtask was established to prepare a report
detailing the procedure for calculating the acticn
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to the NRC staff.
limits including the HDTL and HDOL curves for submittal

Reference:

- Letter from HCOG to NRC, " Revision 2 to the Hydrogen
Cmtrol Owners Group corrbustible Gas Cantrol Emergency
Procedure Guideline and Supporting Appendices,"
HGN-110-P, dated Decerrber 1,1986.

Attachment 2 to the referenced sutmittal provided the
methodology for calculating the HDTL curve including
exanple calculations and the resulting HDTL curve.

HCOG concluded that since the HDOL and HDTL results are
nearly the same using cmservative assumptims, and test
data have demonstrated cable survivability at higher
hydrogen concentration burns than' allowed by HDCL,
elimination of the HDTL is justified. The HDCL will be
used for determining required operator actions. This
approach sirrplifies the CGCEPG and thus has a favotable
irrpact m the procedures from a' human factors

i standpoint. '

Attachment 5 to this sulnittal consists of' Apperxiix C to

(I the Combustible Gas Control emergency Procedure
'J guideline. Amendix C identifies the methodology used

in calculating the HDCL curve. Exarrple calculations and
the resulting HDOL curve have also been provided with
Appendix C.

Subtask 13.17: Subtriit Acticn Limit Calculational Procedure and
Exanple Curves to NRC

Purpose: This subtask was established to sutnit the report
prepared under Subtask 13.16 to the NRC' staff for their
review.

Reference:

- See the letter referenced under Subtask 13.16

The referenced letter transmitted the action limit
calculaticn procedure and exarrple curves to the NRC.

Subtask 13.18: Prepare Report en Assurrptions in Analysis and EPG

Purpose: This subtask was established to document in a report to
the NRC staff the results of HCOG's review of the

.
assurrptions made in the analysis and in the EPG as

" detailed in Subtask 13.10.
(;

13-3

4

'

- - - - - . - - _ . _ _ . , _ _ _ _ , . _ _ _ __ , _ _ . , _ _ _ _ _ _ . . _ _ _ . , _ _ _ _ , ,,_



Mi. . . .
.../,......-..m __ _+

( Reference:

Letter from HCOG to NRC, "Evaluaticn of Ernergency
Procedure Guidelines Operator Actions Against HCOG
Assurpticms for Analysis of a Hydrogen Generation
Event," HGN-104-NP, dated August 28, 1986. ;

The primary objective of the study docuroented by this
sutroittal is to assure that assurrptiens used by HCOG ]for analyzing hydrogen production and ccntainment I

'

response to a Hydrogen Generation Event (HGE) are
consistent with operator actions directed by Revision 3
of the generic Emergency Procedure Guidelines (EPG's)
and Revisicn 1 of the HCOG Conbustible Gas Centrol EM.
Potential discrepancies identified when corrparing
probable operator acticms from the EPG's to HCOG
assurrpticns were evaluated and found to be minor in
nature. Therefore, the conclusion of this report was
that the assurrptions made by BCOG for analysis and
testing of an HGE are consistent with EPG operator
actions.

Subtask 13.19: Subreit Report cn Assuroptions in Analysis and EM to
NRC

Purpose: This subtask was established to subreit the report
.' prepared in Subtask 13.18 to the NRC staff for their'

review.

Reference:

- See the report referenced under Subtask 13.18.

i

i
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(. Task 14: NEVADA TEST SITE DATA EVALUATION

Subtask 14.1: Identify all NTS Tests Ccapleted During Program

Purpose: This subtask was established to conduct a review of all4

NTS test data to determine which tests were applicable
to the Mark III containment.

Reference:

- Letter from BCOG to NRC, " Nevada Test Site Data
Evaluaticn," HGN-100-NP, datad July 31, 1986.

HCOG cerraitted to review the Nevada Test Site test
results and evaluate them for applicability to the Mark
III containment. This submittal surrmarized that review
and evaluaticn by HCOG. I G -100-NP explained that the

i NTS tests reviewed by HCOG consisted of 40 separate
tests in two general classes. Twenty-four tests
involved pre-nixed conbustion. Sixteen tests were
conducted which involved continuous injection of
hydrogen. NCC3 studied the test data for all NTS tests
to identify those warranting further evaluation.

Subtask 14.2: Sumarize Test Data*

I. Purpose: This subtask was established to asserrble the EPRI NTS
test data sumaries for further evaluation.

: Reference:

- See the letter referenced under Subtask 14.1.
;

; As described in this submittal, summaries of test data
and data plots from the NTS facility were obtained byi

i BCOG. The test results were formalized and issued by
EPRI in two reports:

1. "Iarge Scale Hydrogen Coubustien Experiments," EPRI
NP-3878 Research Project 1932-11, Final Draft 1986,

|

l 2. "large Scale Hydrogen Burn Equiprent Experiments,"
i EPRI NP-4354 Research Project 2168-3 Final Report,

Decenber 1985, Prepared by Westinghouse

Subtask 14.3: Identify Applicable Tests and Equipment used in Mark
III Plants

Purpose: This subtask was established to identify those NTS tests
reelected in Subtask 14.1 and surmerized in Subtask 14.2

,

|
to assess which tests provide pertinent information

| h, ccncerning assurrptions used in licensing analyses or
i
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h' ccncerning behavior of equipent used in Mark III
containments in hydrogen burn envircrunents.

Reference:

- See the report referenced under Subtask 14.1

As documented in this submittal, the NTS facility was a

large spherical volume not modeled to represent the
multiple ccerpartments that exist in the Mark III
containments. Similarly, the NTS dewar did not attempt
to model the Mark III features which would affect the
corrbusticn phencuena or the resulting thermal
environments. Based upcn these differences,-the report
ecncluded that the test results at NTS are not directly

applicable to the Mark III containments or associated
equiprrent.

Although HCOG concluded that the NTS tests represented
substantially different environments from those
postulated for Mark III containments, there were two
sections from the NTS tests that could be further
utilized in understanding the potential ecmsequences of
postulated hydrogen burns in a Mark III ccntainment.
The pre-mixed and continuous injection tests offered the

' '

opportunity to better understand and evaluate the
(T different effects with regard to combustion of hydrogen

in large test volunes.

Table 4-1 of the reference sutzeittal provided the NRC
staff with a corrperiscn list of equipment in the NTS
test facility with Mark III equip ent and identifies
which equipent is representative of that installed in
the Mark III ccntainments owned by merrbers of HCOG.

Subtask 14.4: Determine Which Equipment Failed and Cause

Purpose: This subtask was established to exarcine the NTS
equipnent data to determine which equipreent failures
were applicable to HCOG merober plants and to identify
the apparent failure mechanisres.

Reference:
.

i - See the letter referenced under Subtask 14.1
.

| As documented in this sutznittal, the NTS data was

i examined to deternine which equipment, was applicable to
HCOG menber plants, what NTS equipment failed and its*

i apparent failure mechanisin. Of particular interest was
whether or not the failure mechanism was related to*

.;( hydrogen conbustion. Operability was defined as
4
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f performance of a function (a mechanical moticn,
generaticn of a signal, or naintenance of a pressure) .
The equipment was monitored for operability before,
during and after endt burn test. No equi m t failures
in equipment applicable to Mark III containtent plants
occurred due to hydrogen combustion. BCOG therefore
cmcluded that the NTS data indicates that equizment in
a Mark III containment can be expected to survive
CLASIX-3 predicted volumetric burns.

Subtask 14.5: Identify Any Differences Between Licensing Assurrptions
and NTS Results

Purpose: This subtask was developed to corrpare the ccnclusicns
derived frorn the evaluaticn of the NTS test series with
the assurrpticns used for the HCOG CLASIX-3 analysis in
order to identify differences which reight irrpact those
assurrptions.

Reference:

- See the letter referenced under Subtask 14.1.

This sut:nittal docurrented HCOG's conparison between,

conclusions drawn from the NTS evaluaticn and those used
by HCOG. Specifically, this corrparisen involved NTS(p

.
results in five different areas:

~

1) The ccncentraticn at which igniticn occurs
2) Burn duraticns observed in the facility
3) Burn corrpleteness for various ccnditicus
4) Effects of steam injecticn en ceabusticn
5) Effects of flames and sprays cn conbusticn

HCOG concluded in this submittal that the NTS tests were
not directly applicable to the Mark III ccntainments.
However, since the tests were of a much larger scale
than previously conducted tests in the industry, they
provided an opportunity to reevaluate assurrpticns used
in previous analyses.

Specific differences identified in the NTS evaluaticn
were evaluated for their effect on previous analytical
work by NCOG. This information was used in Subtask 8.8
to determine if additional generic CLASIX-3 ccntainment
response analyses with modified assurrptions were
required.

Subtask 14.6: Sutnit Evaluation Results to the NRC

Purpose: This subtask was established to prcvide the results of
h,- the HCOG review of NTS data and the assessroent of this

data to the NRC.
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Reference:

- See the letter referenced under Subtask 14.1

This sutzeittal provided the NRC staff with a report
which documented cornpleticn of Subtask 14.1 through 14.6
as described above.

;

i
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