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GGNS

Intreduction and Summary

On October 30, 1980, th- NRC requested that Mississippi Power
& Light Company (MP&L) provide a description of a program to
improve the hydrogen control capability of the Grand Gulf
Nuclear Station (GGNS). On Do~ ~ber 19, 1980, the Nuclear
Regulatory Commission (NRC) fuirther requested that an untimate
capacity analysis of the GONS containment be performed.

The basis for these requests is the accident which occurred at
TMI Unit 2 resulting in the generation of hydrogen beyond the
limits specified in 10 CFR 50.44. This excrssive hydrogen
gener iLion was primarily due to premature termination of the
emergency core cooling system. Mississippi Power & Light
(MP&L) believes that measures taken subsequent to the TMI-2
accident, along with the inherent resistance of the BWR 6/Mark
IIT plant to events which could result in a degraded core,
effectively precludes the need for further systems Lo prevent
or mitigate the consequences of the generation of large
amounts of hydrogen.

The GGNS design features which provide protection against
plant damage and release of radioactivity in excess of
10 CFR 100 limits are:

a. Numerous hign-and low-pressure pumps which provide
makeup water to the reactor vessel.

b. Rapid depressurization capability via the Automatic
Depressurization Systein.

e, Natural circulation internal to the reactor vessel.

d. Two above core spray systems for core cooling.
e; Direc. reactor vessel water level measurement.
The capacility to vent noncondensible gases from the

reactor vessel.

g- A large suppression pool heat sink for decay heat
removal .

h. Suppression pool scrubbing of fission products.

Secondary containment providing an additional

barrier to radioactive releases.

In addition, the existing GGNS Combustible Gas Control System
as described in FSAR subsection 6.2.5, is a redundant,
safety-grade system designed to meet the requirements of

10 CFR 50.44. It consists of two 100% capacity hydrogen
recombiners, a drywell purge system, and a backup containment
purge system. The system provides the capability to control

1-1
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the hydrogen which may be generated from a de ign basis
accident. This system fully meets the current requirements in
the code of Federal Regulat:ons for combustible gas control.

However in response to both requests, a preliminary report wsas
provided on April 9, 1981. In that report, a number of
possible methods of controlling the generation of large
amounts of hydrogen was evaluate! acluding:

Containment pre-inerting system

Additional hydrogen recombiners

Halon injection syster

Purge and filtered-vent system

Deluge with and without filtered-vent system
Water fog spray system

Oxygen depletion system

Hydrogen combustion system

T mno an ow

The criteria used to assess these various options considered
the mitigation effectiveness, consequences of intended or
inadvertent operation, reliability, testability, impact on the
public health and safety (if any), availability of design and
equipment , and cost and schedule impact. The preliminary
report concluded that a hydrogen ignition system is the most
viable concept for GGNS.

The remaining portions of the preliminary report concerning
design of the Hydrogen Igniter System (H(S), degraded core
scenario, containment response, and uitimate containment
capacity analysis are superceded by the information contained
in this report.
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Hydrogen Igniti-n System
Design Bases

The Hydrogen Ignition System (HIS) is designed to ignite
hydrogen in the unlikely occurrence of an event which results
in the generation of excessive quantities of hydrogen from a
large metal-water reaction in the reactor pressure vessel.
The HIS is designed to burn hydrogen at low concentrations,
thereby maintaining the concentration of hydrogen below its
detonable limit and preventing containment overpressure
failure. The potential for significant pocketing of hydrogen
will be precluded by:

a. Utilization of distributed ignition sources;

b. Simultaneous operation of containment sprays;

-7 Mixing cuased by turbulence resulting from localized
burns.

The HIS is designed with suitable redundancy such that nc
single active component failure, including power suppiies,
will prevent functioning of the system. The igniter
assemblies are powered from two Class IE ESF power
distribution panels. Each panel will supply one-half of the
igniter assemblies. The HIS is desiyned to operate for a
minimum of 168 hours following initiation in an accident
condition.

System Descriptica
Location Criteria

a. Hydrogen can be released directly to the containment
atmosrhere via the safety-relief valves which exhaust to
the suppression pool. Therefore, igniter assemblies are
located in a ring above the suppression pool as well as
at other locations throughout the containment.

b. Hydrogen can be released directly to the drywell
atmosphere via a pipe break in the drywell. Therefore,
igniter assemblies will be located throughout the
drywell.

& In open areas of the containment below elevation 208'-10"
and above elevation 262'-0" and for all areas of the
drywell, igniter assemblies are located in accordance
with the following criteria:

1. Assuming only one ESF power distribution panel is
functional following an accident, a maximum distance
of 60 feet will exist between operable igniters.

r
|
_—
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Z, Assumiiug both ESF power distribution panels are
functional following an accident, a maximum distance
of 30 feet will exist between operable itniters.

As discussed in Section 2.1, igniter assemblies located a
maximum distance of 60 feet apart will provide adequate
coverage of cpen areas in the containment and drywell and
preclude the potential for significant pocketing of
hydrogen.

d.  For enclosed areas within the containment, two igniter
assemblies will be located in each room with each igniter
ted from a separate ESF power distribution panel.

Igniter Locations

Based on the criteria discussed in Section 2.2.1, final
evaluations have concluded that 96 locations in the
containment and drywell will require the installation of
igniter assemblies. Figures 2-1 through 2-6 indicate the
approximate igniter assembly locations by elevation. The
final location of the igniters may be adjusted slightly to
account for actual conditions in the vicinity of the assembly.
As listed in Table 2-1, 24 igniter assemblies are located in
the drywell and 72 are located throughout the containment.

Due to an absence of adequate support members, igniter
assemblies will not be located between elevations 208'-10" and
262'-10" of the containment. This configuration will not
negatively affect the functioning of the HIS for the following
reasons:

a. There exists no major structures in this region which
would promote the formation of hydrogen pockets. (For
example, the polar crane is not large enough to allow
hydrogen to pociet.)

b.  The ‘wroulence resulting rom localised burns at other
eleva ions and the operation of the containment sprays
will promote the movement of any hydrogen in this area to
areas supplied with igniters.

Igniter Assembly Description

At the present time, the design process for the HIS has
progressed to a point where a specification for the design and
qualification of a complete, safety-related igniter assembly
has been issued. Therefore, specific design details of the
igniter assembly are not available at this time and will be
provided at a later date.

The design of the assembly will include the following:
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a. A welded metallic enclosure which partially encloses the
igniter and contains the transformer and associated
electrical wiring;

b. Provisions for access to the interior of the enclosure;

C A spray shield to protect the igniter from the
containme, t spray;

d. A copper heat shield, if required, to protect the
assembly components from high temperatures;

e. An igniter capable of maintaining a 1500 F surface
temperature for a minimum of one week;

E. A transformer capable of stepping down 120%10% volts AC
power to the required voltage necessary to achieve a
minimum igniter operating temperature of 1500 F.

Igniter Supports

The igniter assemblies will be supported to withstand, without
loss of function, the loads associated with seismic and
hydrodynamic events. Igniter assemblies located in the pooi
swell and drywell negative pressure regions will be protected
from these loads. Table 2-1 indicates the supportiug member
for each igniter assembly.

Power Supplies

The igniter assemblies will be fed 120 VAC (*#10%), 60 Hz power
from two ESF power pancls, one from each division. These are
Class IE power supplies which., in the event of failure of
normal power sources, are fc.i from the station's diesel
generators. Power will be fed to terminal boxes in
containment, from which power will be distributed to the
igniter transformers. Qualified local starters will be
providea to yormit remote operation of the igniters by means
of handswitches in the control room.

Of the 96 igniter assemblies to be installed, 48 of them will
be powered from a Division I power panel, and 48 from
Division II. Furthermore, for each division, the 48 igniter
assemblies will be divided approximately in half, with each
half being powered from its own breaker and operated by its
own starter. Thus, there are four circuits of approximately
24 igniter assemblies each, two from Division [, and two from
Division I1. Figure 2-7 provides a one-line diagram of the
igniter power supply for one division.

8/81



2

e

2.2.6.2

ro

2.6

¥

edn il

.

1

GGNS

HIC Component Qualification

HIS Components

All components of the HIS will be qualified for the following:
a. Seismic events;

b. Hydrodynamic events;

o Environmental conditions in accordance with 1EEE 323-1974
and NUREG-0588;

d. Environmertal conditions resulting from successive
hydrogen burns and the simultaneous operation of
containment sprays.

Igniter Qualification

An evaluation of research efforts and test programs related to
glow plug hydrogen ignition is underway. The results of this
evaluation will determine whether additional testing will be
required to verify that the HIS will function. This effort is
further described in Section 5.4.

System Operation

The HIS is designed to prevent the accumulation of detonable
concentrations of hydrogen. The contaimnment sprays of the
residual heat removal system will be operated in conjunction
with the HIS. The HIS is not required for events which result
in the generation of hydrogen less than or equal to the
amounts and release rates considered in the design of the
present combustible gas control system as described in FSAR
subsection 6.2.5. It 1s intended, though, that the FIS be
manually actuated for all event sequences which possess the
potential to generate ¢ cessive amounts of hydrogen. The
design of the HIS is su  that planned or inadvertent
actuation of the system will not adversely affect the
operational safety of the plant nor increase the severity of a
particular event.

Initiation Criteria

The HIS will be energized by a control room operator in
accordance with Emergency Operating Procedures.

Duration of Operation

The HIS will be capable of operation for a minimum of 7 days
following initiation in an accident condition.

2-4 6/81






GGNS
TABLE 2-1

HYDROGEN IGNITER LOCATIONS

Dimensions to Bottom of

Floor Azimuth Centerline of Supporting Supporting Equipment

Elevation (degrees) Containment Member Elevation Number

100'-9" 0 27'=71" Wl0x15 113'-6 1/4" D100

100'-9" 60 200" W1l0x15 113'-6 1/4" D101

100 '-9" 125 30'-2" W10x15 113'-6 1/4" D102

100'-9" 180 23'-6" W10x15 113'=6 1/4" D103

100'-9" 240 25'-9" Cl10x15.3 113l 1f 20 D104

100*'-9" 310 29'-10" W10x15 113'-6 1/4" D10S

120'-10" 20 51'-9" Conc.Slab (B.0. Conc/Deck) D124
136'-0"

1z20'-10" 47 53 '-0" W27x114 132'-11" D125

120'-10" 5 51'-9" Conc.Slab (B.0. Conc/Deck) D126
134 ' =4"

120'-10" 107 51'-9" Conc.Slab (B.0. Conc/Deck) D127
134 '~4"

120'~10" 135 51'-9" W30x116 132°-10" D128

120'=310" 165 51'-9" W30x116 132'-10" D129

120'-10" 195 51'-9" W30x116 132'-10" D130

120'-10" 220 60'-0" C10x15.3 145'=7" D131

120'-10" 253 51'=-9" Conc.Slab (B.0. Conc/Deck) D132
134 '=4"

120'=10" 285 51'-9" Conc.Slab (B.0. Conc/Deck) D133

‘ 134"-4"

120'=10" 317 52'-8" W12x27 134'-2 1/4" D134

120*=10" 349 51'-9" Conc.Slab (B.0. Conc/Deck) D135
136'-0"

114'=6" 0 22'-10" Wl2x19 146'-3 7/8" D106
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TABLE 2-1

HYDROGEN IGNITER LOCATIONS

Dimensions to Bottom of

Floor Azinmuth Centerline of Supporting Supporting Equipment

Elevation (degrees) Containment Member Elevation Number

114°'-6" 63 29 1=g SG-13 145'-7" D107

114 '-6" 120 29'-g" W14x30 146"=2" . D108

114'=-6" 180 26'-3" W6x12 147 '-1" D109

1147 -6" 240 29'-1 1/2¢ W24x100 145'-7" D110

114'=6" 313 25%=1. L/4" NG-6 145'=7" D111

135'=4" 16 51'-9" Conc.Slab (B.0. Conc/Deck) D136
166 '-0"

135" =4" 36 53 '=6" W18x50 160'-4" D137

135'=4" 70 BLr=gn Conc.Siab (B.0. Conc/Deck) D138
157'-10"

135'=4" 100 51'-9" Conc.Slab (B.O. Conc/Deck) D139
157 "=10" .

335 '=4" 135 51%=2 114" W18x40 160'-4" D140

135'=4" 164 $1'=9" Conc.Slab (B.0. Conc/Deck) D141
155'=10"

135 ~4" 196 51'=-9" Conc.Slab (B.0. Conc/Deck) D142

- ' 155 =10"

135 =4" 226 61 '=4" Cl0x25 165'=0 1/4" D143

135 ~4" 260 54 Y=-2" W18x50 160'=4" D144

135V =gY 285 51 *~5" W30x108 159 "-4" D145

135 =4" 321 51'=5" W30x108 159 '=4" D146

135" =4" 344 51'-9" Conc.Slab (B.0. Conc/Deck) D147
166 '-0"

147 =" 0 27'-3 3/8" W14x38 160'-7 7/8" D112

2-7
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TABLE Z-1

HYDROGEN IGNITER LOCATIONS

Dimensions to Bottom of

Floor Azimuth Centerline of Cupporting Supporting Equipment
Elevation (degrees) Containment Member Elevation Number
147 *=7 60 29'8-3/4" W10x29 160'-11 3/4" D113

Y T b 135 27'-0 3/8" W18x50 160* =4" - D114
147-7" 180 26'=10" W10x19 160°'-11 1/2" D115

147 =7" 232 26'=~1" W18x50 160'-6" nlle

157 '=7" 324 26'-4 5/8" Wiex40 160 '-6" D117
161'-10" J 26'-3 3/4" W1l4x78 179'=g" D118
l61*=10" 65 26'-3 374" Wlix78 179'=-0" D119
161'-10" 125 26'=3 3/4" Wl4x78 179'=0" D120
161'~-10" 185 26'=3 3/4" Wl4x78 179'=0" L121
161'-10" 245 26'-3 3/4" W14x78 179'-o" D122
2glt=10F 305 26'=3 3/4" W1l4x78 179'~0" D123
161'~10" 30 61'=0" W18x96 182'-9 7/8" D148
l61'=10" 40.844 37'-Q" Wall 167 '-8" D149
161'-10" 70 46'-2 1/16" Wall 168'~10" / D150/n152

178'-10"
lbi'-lO" 109 3l'=5 1/2* wall 178'=10" / D153/D15}
168'-10"

161'-10" 136 5)"=9% W27x145 182'=3 3/4" D154
161'=10" 254 33'=9 1/4" W24x%68 182'=4 1/4" D155
161'=10" 278 47'=7 3/4" W12x27 183'=4 1/4" D156
161'~-10" 293 58'=11 1/4" W24x130 182*=4" D157
161'-10" 320 L W12x50 183'~-4" D158
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Figure 2-1
Hydrogen Igniter Locations
El. 93'-0" and E1. 100'-9"
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Figure 2-5

Hydrogen Igniter Locations
El. 184'-6"
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Figure 2-7
One Line Diagram
Igniter Power Supply for One Division
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Desigr Evaluation
Containment Ultimate Capacity

In a letter dated December 19, 1980, the NRC requested that
MP&L perform an ultimate capacity analysis for the GGNS
containmert. Details of the analysis and results are
described in Appendix A.

Accident Scenario

“he evaluation of rontainment pressure and temperature
response was done for twe different accident scenarios: a
transient followed by a stuck open relief vaive and a small
break LOCA in the drywell. These scenarios were selected to
provide a bas s for evaluating the viability of the proposed
GGNS HiIS to prevent catastrophic containment failure as a
result of the generation of large amounts of hydrogen from a
degraded core. As discussed in Appendix D, the blowdown and
hydrogen generation rates are obtained from modified output
results from MARCH. The same data are used for both scenarios
but with different release point,. In both scenarios,
containment spray is actuated following the fir:t hydrogen
burn. Prior to core slump, it is assumed that it becomes
pessible to recover from the failure (or unavailability) of
the ECCS and water is injected into the core providing
adequate cooling to prevent core slump.

Transient with Stuck Open Relief Valve

This event is the base case evaluation and, because of the
relatively high probabilitv of a stuck open reiief valve, is
believed to represent one of the dominant event sequences
which coild lead to a degraded core.

A transient occurs which causes one or more safety relief
valves to lift. As roactor pressure returns to normal, a
single safety relief valve fails to reseat. It is further
assumed that the Power Conversion Syst.m is unavailable to
remove heat from the vessei (as wouiu be the case if the
initiating transient is a loss of offsite power). There is a
further failure of ECCS to provide flow to the vessel.

This event is discussed as Cases 2 and 3 in Section 5 of
Appendix D.

Small Break LOCA
In addition, an evaluation was done for a small break LOCA in
the drywell leading to a containment isolation and followed by

a failure to provide flow to the vessel from ECCS. This event
is discussed in Cases 1 and 4 of Appendix D, Section 5.

3-1
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Case 4 begins at the end of Case 1 and is intended to evaluate
the potential for and consequer -es of a hydrogen burn in the
drywell. Hydrogen, steam, and fission product mass and energy
release rates were assumed to fall to zero as a result of
coolant injection into the core. A "spray" was added in the
drywell to model the water leaving the break.

Cases 5 and 6 are stuck open relief valve cases in which the
spray system was not initiated. The Drywell Purge System and
the vacuum breakers were allowed to operate normally. In Case
5, the burn parameters were changed so that ignition could not
occur in the wetwell. Propagation to the wetwell at a 1 v/o
hydrogen concentration and 100% burn-up was specified so that
burning would be permitted to cccur in the wetwell as a result
of ignition in the containment. Burn parameters in the other
compartments were set at 8 v/o hydrogen for ignition and
propagation with 85% burn-up. The burn parameters for Case 6
were set at 8 v/o hydrogen for ignition and propagation with
85% burn-up in all compartments. Both of these cases used the
MARCH data from the initial four cases.

Of the six cases studies, as described in Appendix D, Case 4
was the worst case in which seventeen seconds of continuous
burning produced pressures of 42.0 psig. For the other cases
peak pressures were much lower. A maximum pressure of

15.5 psig was reached in Case 1 which was a small break LOCA
in the drywell with 10 volume precent hydrogen ignition.

Cases 2, 3, and 6, all of which were stuck open relief valve
cases, reached similar maximum pressures of 8.3 psig, 8.1
psig, and 10.4 psig, respectively. Case 5 which also was a
stuck open relief valve case resulted in a maximum pressure of
25.9 psig. The ignition points, however, were 10 v/o hydrogen
for Case 2 and 8 v/o, for Lases 3, 5, and 6.

Peak temperatures experienced during burns in Cases 1 and 2
were similar (1500 F) due to identical hydrogen ignition
concentrations. Case 3 experienced a lower peak temperature
of 1062 F due to a lower ignition concentration. During Case
4, when burning was occurring in both the containment and the
wetwell simultaneously, the sprays were evaporated before they
reached the wetwell, thus allowing the temperature to peak at
2712 F. During Cases 5 and 6 the peak temperatures were
2,023°F and 1.5750F, respectively, maintaining Case 4 as the
worst case.

Of the first three cases which began at time zero, the drywell
break, Case 1 had the least amount of hydrogen burned. Only
approximately 28% of the hydrogen released, burned. Of the
two stuck open relief valve cases, Case 3, with the lower
hydrogen ignition point, burned the most hydrogen with 74% as
compared to Case 2 with 71% of the hydrogen released, burned.
Case 4 burned 60% of the hydrogen released. Due to the
additive nature of Cases 1 and 4, the overall drywell break

R/R1
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case terminated witn a total hydrogen consumption of 88%. For
Case 5, 89% of the hydrogen released burned and for Case 6,
74% of the hydrogen released burned. It was noted from the
results that fewer burns are experienced in small break LCZA
cases than in stuck open relief valve cases. Also reducing
the hydrogen ignition concentration, as expected, produces
more burns with lower temperature and pres.ure peaks.

3-4
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Equipmert Survivability

The burning of hydrogen in the GGNS containment would result
in large temperature spikes of short duration. An analsyis of
the ability of essential equipment to survive this environment
is underway. The anticipated completion date of this
evaluation is December 1981.

Criteria for Equipment Selection

Section 4.2 proviues . list of systems and equipment which may

be required to function post-accident following a hydrogen

burn. All systems in the containment and drywell were

considered; those chosen as necessary were selected based on

the following rriteria:

a. Systems which must function to recover the core, maintain
the containment pressure boundary, and mitigate the
consequences of the event;

b. Systems or components whose function should not be
negatively affected;

C. Systems whose function might he desirable (e.g., to
monitor the course of the event).

Summary Equipment List
The following is a list of systems and equipment which may be
required to function after a hydrogen burn and will be

included in the GGNS equipment survivability program:

[ Containment isolation valves, penetrations, locks and
hatches

2 Hydrogen igniter system

3. Hydrogen recombiners

4. Containment spray (CS) system
o Safety relief valves

6. LPCS, LPCI and RHR systems

e Reactor level and pressure instruments

8. Hydrogen analyzers

9. Containment pressure and high-range radiation instruments
10. Containment and suppression pcol temperature instruments
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11,
12.
i

14.

GGNS

Drywell pressure insurement
Associated instruments and controls
Associated power and control cables

LPCS, LPCI, RHR, CS and containment isolation valve
position indications

Pescription of Program

The follow.ng is an outline of major milestones included in
the GGNS equipment survivability program:

a.

Generate Survivability Environments

1. Establish burn temperature profiles
2 Deveiup heat transport driving functions

Identify Essential Equipment Parameters

g8 Determine external geometry, casing composition, and
surface emissivities

Z. Determine equipment temperature qui'ification

3 Identify equipment's internal composition and
material properties

4. 1f necessary, determine equipment locations and
existing thermal shielding

o If necessary, identify vital or limiting compoaent

and thermal failure mechanism.

llse analytical methods to determins thermal response of
essential equipment to successive nydrogen burns.

Evaluate survivability based on the following criteria:

L4
L. Surface temperature response below qualification
temperature
i Temperature respon.e of vital or limiting component
below qualification temperature
3 Temperature response of vital or limiting component

below thermal failure threshold

Propose and evaluate modifications to enhance equipment
survivaiblity

1. Modification to equipment surfaces
2. Addition of thermal shielding

3. Relocation of equipment

4 Replacement of equipment

Benchmark analytical method against components subjected
to actual hydrogen burns.

4=2
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Generic Testing Programs

The HIS, which consists of ignition sources (glow plugs)

distributed throughout the containment and drywell, is

d- igned to burn volumetric quantities of hydroeen at low
acentrations. The design of the Grand Gulf HIS is similar

to the McGuire, Sequoyah, and D. C. Ccok designs.

Numerous testing programs to determine the performance,
ability to function and overall effectiveness of a glow plug
hydrogen ignition system have been completed, are currently
ongoing, or are proposed throughout the industry. The
majority of completed testing programs were initiated Lo
investigate deliberate ignition systems intended as a
supplemental means of hydrogen control in PWR ice condensers.
However, many of the results and conclusions of these tests
can be satisfactorily extrapolated to provide useful
information relative to the design characteristics peculiar to
the Grand Gulf HIS. In particular, testing performed at
Tennessee Valley Authority's (TVA) Singleton Labs, Fenwal,
Inc., and Lawrence Livermore Laboratory (LLL) has provided a
high level of confidence in the overall ability .f the HIS.
The results and conclusions of these tests are briefly
summarizei iua the following sections.

Singleton Laboratory Tests

As part of an effort by TVA to determine the performance
characteristics of commercially available gl?wzrlugs, testing
was performed at TVA's Singleton Laboratory. ’ The primary
purpose of the tests was: to evaluate glow plug surface
temperatures; to determine the effects of overvoltage on glow
i lug d temperature; and to investigate the effects of
exte . eration at high temperatures. Based on the results
of the.2 tests, o GMAC Model 7G glow plug was shown to be
capable of achieving the desired minimum surface temperature
of 1500 F for a range of vollages. Additionally, a degree of
confidence was gained on the performance of the glow plug for
extended periods at high temperatures.

Fenwal Tests

Hydrogen burn testing, sponsored by TVA, Duke Power, American
Electric Pow§r3(eEP), and Westinghouse was performed at
Fenwal, Inc.”’"’" The primary purpose of the tests was to
determine the ignition capability of the GMAC ign.ter in
various mixtures of hydrogen, air, and steam. Fan-induced
turbulence and water spray effects were simulated. The
results of the testing indicated that:

a. The igniters will initiate limited combustion for
hydrogen concentrations of 6-8 percent. Completeness of
combustion is somewhat dependent on th= ability to
promate mixing.
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b. For hydrogen concentrations of 8-9 percent, a transition
zone to complete combustion will exist,

€. For hydrogen concentrations of 10-12 percent, provided
sufficient oxygen is present, a complete burn conaition
consuming a'l hydrogen present in the atmosphere will
exist,

d. Operation of sprays has little effect on the ability of
the glow plug to initiate combustion. At low tydrogen
concentrations of 6-8 percent, water spray tena: to
promote more compiete hydrogen combustion.

e. Steam concentrations of up to 40 percent by volume do not
affect the ability of the igniter to initiate combustion
and tend to suppress peak pressurrs generated by a burn.

f. The igniter can initiate hy'roger burning under transient
conditions of continuous injection of hydrogen and steam.

Lawrence Livermore Laboratory Tests

To support the NRC review effort ot the Sequoyah Interim
Distributed Ignition System (IDIS), igniterztgsts were
performed at Lawrence Livermore Laboratory.™’ This
short-term test program centered upon the performance of the
glow pl gs under varying conditions of hydiogen, air, and
steam. The results of this testing indicate the following:

a. Glow plug igniters are capable of buri ng low
concentrations of hydrogen (6-10 percen ) in dry air.
Partial combusticun occurred at lower concentrations of
6-8 percent and a complete burn was observed at higher
voncentrations. This is in good agreement with the
Fenwal test results.

'

b. Glow plus igniter. are capable of burning a mixture of as
low as 8 percent hydrogen concentration and 30 percent
and 40 percent steam. At 30 percent and 40 percent steam
concentration. the glow plug always ignited the mixture.
However, anomalous results were obtained for steam
fractions of 50 percent.

2, Throughout the test procedure, there was no evidence of
degradation in the ability of the glow plug to initiate
covbustion.

d. The glow plug consistently initiated combustion in dry
mixtures at between 1310 F and 1370 ¥, and in =team tests
be.weer 1360 F and 1480 F.

e, Mixing or turbulence enhances combustion, most apparently
at lower hydrogen concentrations.
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Conclusions and Future Efforts

The Singleton, Fenwal, and LLL tes’'s indicate that the glow
plug igniter will function effectively when required inder
conditions expected in the GOGNS containment and drywell. The
Fenwal and LLL test results agreed well with published data on
hydrogen flammability. Additiomally, the results of these
tests further justify the conclustion reached in our
preliminary report that a hydrogen ignition system is the most
viable concept to supplement the present GGNS hydrogen control
capability.

A program is underway to further investigate test programs and
research related to glow plug hydrogen ignition. The scope of
this study encompasses the following efforts:

a, Compile a list of organizations sponsoring or performing
research/cxperiements and obtain zopies of available
communig:es, reports, propecals, etc.;

b. Review and evaluate information obtained for suitabiliiy,
content and impact on the HIS aezign and operation;

& Sponsor or perform additional testing as necessary for
phenomena not previously or adequately covered.

The foilowing is a list and brief description of major
research and/or test programs (completei, active, or propcsed)
which are currently being evaluated:

1.  AGENCY: Battelle Columbus Laboratory
SPONSOR: NRC
LOCATION: Batteile Columbus Laboratory

L]
Research focused on analytical modeling of subcompartment
hydrogen concentrations as well as containment
temperatures and pressures associated with a hydrogen

burn.

2.  AGENCY: Los Alamos N:!ioaal Laboratory (LANL)
SPONSOR: NRC (Proposed)
LOCATION: LANL

Research is proposed which would analyze ignition from an
engineering standpoint. Emphasis would be placed on
equipment survivability and mixing within the
containment.

5-3

6/81



GCNS
|
AGENCY : Energy, Inc. i
SPONSOR: Potentially IDCOR |
LOCATICN. Energy, Inc.

Proposed research would evaluate the following areas in a
general sense:

- hydrogen generat.on
- control of hydrogen burn effects through
mitigation
- centrol of hydrogen concentrations; i.e.,
mixXing
ACENCY : Westinghouse
SPUY%SOR: PASNY/Com. Edison
LOCATION: Westinghoure Nuclear, Pittsburgh, PA

Research involves some combustion physics work for Indian
Point/Zion plants. Study involves evaluation of
conditions necessary to propagate a burn, effects of
turbulence from containment sprays or mixing and hence
ignition. Operability and survivability will also be
evaluated.

AGENCY: EPRI
SPONSOR: TVA/Duke /AEP
LOCATION: Whiteshell (Canada)

Research involves a probabilistic analysis of detonation
for varying hydrogen-air-steam ratios. Additional
research involves a study of the effect oif turbulence on
combustion. In this phase of testing, the effect of
fans, fins and perforated grates, and perforated grates
alone will be studied. The perforated grates will be
used to simulate the presence of a variety of obstacles.
Bench scale comparison of igniters will also be
accomplished.

AGENCY : EPRI
SPONSOR: TVA/Duke /AEP
LOCATION: Hanford

The primary purpose of “his research will be 'ne
investigatiun of mixing, stratification and distri‘ 'tion
of hydrogen in large open volumes. Factors affectiag
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these conditions will be studies; i.e., effects of
sprays, steam, natural and forced convection. The
facility has the capability to consider various
containment configurations.

AGENCY: EPRI
SPONSOR: TVA/Duke/AEP
LUCATION: Rockwell International

Various igniter designs will be bench tested. Research
will concentrate on operability.

AGENCY : EPRT
SPONSOR: TVA/Duke/AEDP
LOCATION: Acurex

Research will involve a comparison of several types of
igniters as well as the effects of varying environments
on igniter performance. Researcn will focus on equipment
operability/survivability.

AGENCY: Lawrence Livermore Laboratory
SPONSOR: NRC
LOCATION: LLL

Research efforts have focused on igniter operability.
Although future ~esearch in the area of mixing due te
containment sprays was rumored, no definite pi:ans exist
fer any futher research. The LLL project shouid be
complete within approximately two months.

AGENCY: Sandia National Laboratories
SPONSOR: NRC
LGCATION: SNL

Sandia has been a major contributor to research efforts
in the field of hydrogen ignition. Sandia has
recommended that any mitigation .-% me be enhanced
through utilization of hydrogen detectors or monitors.
They are alsc recommending that water fogging be used
concurrent with igniters to effect pressure suppression
within the containment. Research has been conducted
which involved investigation of equipment survivability,
operability, and mixing due to turbulence. The
information contained in NUREG/CR-1762 represents a
thorough evaluation of Sandia's on-going and proposed
efforts.
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Appendix A

Containment Ultimate Capacity

Design Pressure

The containment design pressure is 15 psig as stated in FSAR
subsection 3.8.1.3.5b-1  The drywell internal design pressure is
30 psid as stated in FSAR subsection 3.8.3.3.1.5b-3.

Calculated Static P ssure Capacities

The ultimate capacity is defined as that pressure at which a
general yield state is reached at a critical structural section.
Analytical results indicate that the ultimate capacity of the
containment is calculated to be 56 psig; this number is based on
the specified strength of the materials used for reinforcement.
Based on the actual reinforcement material strongth indicated by
certified mill test reports, the containment ultimate capacity is
established to be 67 psig, 62 psig, and 70 psig for the mean, lower
bound and upper bound, respectively.

The actual material strengths of the reinforcement are determined
based on the method presented in Reference 1. The yield strengths
of the hoop reinforcement in the critical structural section were
examined. The mean material strength is the average strength of
the population. The lower and upper bound strengths are the values
corresponding to the standard deviation of 2.0 and 1.4 respectively
from the mean as described in Reference 1. The mean, lower, and
upper bound capacities of the containment are directly proportional
to the material strengths of the reinforcement.

The ultimate capacity of the drywell structure is evaluated to be
67 psig (positive; i.e., drywell pressure above conta.nment
pressure) based on the, specified strength of the materials used for
reinforcement. The negative pressure capability is higher than the
positive pressure capability.

The ultimate pressure retaining capacities or containment hatches
and air locks are:

Calculated
Hatch or Air L-ck Pressure (psig)
Containment Equipment Hatch 206.5
Lower Containment Personnel Air Lock 17.6
Upper Containment Air Lock 32.7*
Drywell Personnel Air Lock 72.9

*An evaluation of strengthening the Upper Containment
Air Lock is in progress.
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Original drywell analyses nd design methods are specified in FSAR
subsection 3.8.3.4.1, with applicable design codes listed in
subsection 3.8.3.2. A further discussion of design criteria is
found in the response to NRC gquestion 130.33.

Original containment liner plate analyses and design methods
specified in FSAR subsection 3.8.1.4.2.

Original analyses and design methods for the containment and
drywell y.rsonnel air locks and containment equipment hatch were in
accordance with the requirements of Sections I[II, II and IX of the
ASME Boiier and Pressure Vessel Code, 1974 Edition.

Analyses Details

The containment ultimate capacity analysis was performed using a
finite element model (as shown in Figure A-1) and the Bechtel
proprietary computer code FINEL. This code has the capability of
modeling concrete cracking in tension and calculating the
redistribution of forces and moments for the statically
indeterminate structure. The finite element model consists of the
containment dome and a portion of the containment cylinder. This
portion of the containment structure was selected because this
section of the cylinder has the least awount of hoop reinforcement,
and when the general yield state is reached, the hoop reinforcement
is the limiting element.

The drywell ultimate capacity analysis was performed using
classical methods of closed form solution, considering both
internal and external pressures. Since the drywell is a much
stronger cylindrical shell than the containment, the drywell will
not be the limiting structural element.

The airlocks and equipment hatch ultimate capacity analysis was
performed using classical methods of closed form solution,
considering both internal and external pressures as well as elastic
and inelastic stability.

Piping and penetrations were evaluated for a specified external
pressure of 75 psig in accordance with the provisions of
subsections NC-3133 and NB-3133 of ASME Boiler and Pressure Vessel
Code. The results of this analysis showed that all applicable
piping can withstand an external pressure of 75 psig and thus is
not the limiting structural element. Penetration closures show a
limiting pressure of 60 psig.

Verification Drawings

The drawings needed to allow verification of the modeling used and
to evaluate the analyses employed for penetrations are Figure A-1
of this report and Figure 3.8-1 through 3.8-9 and 3.8-58 through
3.8-60 of the T'SAR.
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Conclusions

The containment structure, the drywell structure, and components
which form part of the containment boundary (with the exception of
the upper containment air lock) can withstand the peak pressures
experienced during a hydrogen burn event as described in Section
3.3. The vendor for the containment air lock has been requested to
increase the lock capacity to 60 psig.
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Appendix B

CLASIX-3 Computer Program

Introduction

As a result of the ircident at Three Mile Island, Offshore Power
Systems began the development of an analytical capability to
investigate the response of a reactor plant containment to a
degraded core condition and the subsequent ignition and
deflagration of the hydrogen released to the containment. The
initial effort was directed toward the analysis of the ice
condenser containment. The original CLASIX computer program with
the represeantation of the ice condenser as well as the preliminary
ice condenser containment analytical results are presented in
Reference 1. Additional references to the CLASIX computer program
and analytical results can be found in the submittals to the
Nuclear Regulatory Commission and the Advisory Committee on Reactor
Safeguards by the Tennessee Valley Authority for the Sequoyah
Piant, Duke Power for the McCuire Plant, American Ela2ctric Power
for the Cook Plant, and Offshore Power Systems for the
manufacturing license for the Floating Nuclear Power Plant.

The original CLASIX program has been modified to be capable of

adequately representing the BWR Mark III Pressure Suppression

Containment System with its associated suppression pool. This

version of CLASIX has been designated CLASIX-3.

Major Assumptions

The computer program is based on the following major assumptiocns:

1. The non-condensible gases (oxygen, nitrogen, hydrogen) are
perfect gases governed by the perfect gas law and having

constant specific heats.

2. In each control volume, all gases are instantaneously and
perfectly mixed.

18 The combustion in a control volume occurs at a uniform,
constant rate.

4. Inertia of the gas is negligible.
Program Capabilities

The primary capabilities of CLASIX-3 are shown in Table B-1 and are
discussed below.

The basic analytical model consists of a number of control volumes
connected by flow paths. In each control volume or compartment an
inventory is maintained of the masses of the constituent gases and
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the total internal energy. Based on the assumptions of perfect
mixing and pertect gases and using the ASME steam tables, the
compartment temperature and the partial pressure of each gas can be
determined.

The equations for the suppression pool are the same as those given
in reference 2 with only two differences. The system of equations
given in the reference is intended to describe the dynamic beh.vior
of the liquid in the suppression pool during a design basis
accident resulting in the rapid pressurization of the drywell in
the containment system. Since a hydrogen burn can occur anywhere
in the contuainment, the equations were modified to account for flow
in either direction through the vents rather than only from the
drywell to the containment. A further modification was required by
the long transient times associated with the swmall break analysis.
Small imbalances in flow, which would be negligibl. over the short
transients of the design basis accident, are cumulative and
significant for the long term of the small break analysis.
Therefore, explicit equations for continuity were added to the
system of equat.ons to eliminate this difficulty. Exclusive of the
vents in the suppression pool, any intercompartmental flow path may
cr may not have a variable flow area to represent a dcor or check
valve.

The check valve <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>