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UNITED STATES OF AMERICA-

NUCLEAR REGULATORY COMMISSION*

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD ;

In the Matter of

THE CLEVELAND ELECTRIC ) Docket Nos. 50-440
ILLUMINATING COMPANY, ET.AL. ) 50-441

)
(Perry Nuclear Power Plant, )
Units 1 and 2) )

TESTIMONY OF ALLEN NOTAFRANCESCO
REGARDING ISSUE #8 (HYDROGEN CONTROL)

Q. Please state your name and place of employment.

A. My nane is Allen Notafrancesco. I an employed by the NRC as a

Containment Systems Engineer in the Containment Systems Branch of the

ADivision of Systems Integration, Office of Nuclear Reactor Regulation.

statement of my professional qualifications is attached to my testimony.

Q. Describe your responsibilities with respect to the review of the

Perry hydrogen control system.

As part of my responsibilities, I am the lead staff reveiwer for theA.

Perry hydrogen ignition system. I am charged with determining the adequacy of

the Perry hydrogen ignition system, based on contributions from various staff

memL!rs.

Q. What is the purpose of your testimony?

A. The purpose of this testimony is to provide the staff position

regarding Contention Issue #8: PERRY HYDR 0 GEN CONTROL SYSTEM IS INADEQUATE"

TO ASSURE THAT LARGE AMOUNTS OF HYDR 0 GEN CAN BE SAFELY ACCOMMODATED WITHOUT
-

A RUPTURE OF THE CONTAINMENT AND A RELEASE OF SUBSTANTIAL QUANTITIES OF

RADI0 ACTIVITY TO ENVIRONMENT."
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Q. Do you agree with the Contention?
.

A. I do not agree with the Contention.

Q. What are the bases for your response?

A. The hydrogen control issue is a complex subject. It involves

physical processes ranging from the generation of large quantities of

hydrogen to the ultinate effects on the containment and its ability to maintain

its integrity. My determination to disagree with the contention is based on

a composite of the findings made by various members of the staff. In this

regard, the supporting evaluations made by the various staff menbers are

explained in the following testimony:

1. Testimony of L. Yang concerning pressure capacity of the Perry

containment.

2. Testimony of J. Rosenthal concerning hydrogen generation for the

postulated degraded core accidents.

3. My evaluation of the efficacy of the Perry Hydrogen Ignition System

(HIS) design.

4. Testimony of H. Garg concerning identification of essential

equipment and demonstration of their survivability.

5. My overall determination that containment integrity will be maintained

during postulated degraded core accident scenarios.

.
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Q. Describe the Perry Hydrogen Control System. ,

.

A. The Perry Hydrogen Control System or the Hydrogen Ignition System

(HIS) is designed to burn hydrogen in low concentrations, preventing high

concentrations of hydrogen from accumulating which might ignite randomly

(without the HIS) and threaten containment integrity. The HIS is a system of

thernal igniters and ancillary equipment. CEI plans to have the system

operable prior to exceeding 5% of full reactor power.

The igniters are designed to ensure controlled burning of hydrogen in the

unlikely event that excessive quantities of hydrogen are generated as a result

of a postulated degraded core accident (involving up to 75% netal water reaction

as required by the recent amendment to 10 CFR 50.44).

The Perry HIS consists of 102 igniter assemblies distributed throughout

the drywell and containment. There are 17 igniters in the drywell. There are

85 igniters in the containment of which: 12 igniters are located in the

wetwell region (i.e., below the HCU floor at elevation 620 ft. and excludes

that drain room at 0 azimuthal); 49 igniters are located above the HCU floor

(includes the drain room enclosure) and below the refueling floor at elevation

690 f t); and the remaining 24 igniters are located in the upper dome region.

The igniter is a glow plug (commonly used in diesel engines) that is

manufactured as Model 7G by General Motors AC Division. The Perry igniter

assembly design is identical to that installed in the Grand Gulf Station. The

igniter is powered directly from a 120/12V stepdown transformer that has multi-tap '

capability. Each igniter assembly consists of a 1/8 inch thick stainless steel

box which contains the transformer and all electrical connections. The igniter

assembly, shown on Figure 1 (from CEI letter dated March 1,1985, Figure 2.3-1),

is manufactured by Power Systems Division of Morrison Knudsen.

_. __
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The 102 igniters in the system are equally divided into two redundant
'

groups; each group is powered from a separate Class IE division power

supply. There are three circuits in each divisional power supply. The HIS

is to be manually activated from the main control room upon indication that

the water level in the reactor vessel has fallen to the top of active fuel.

The Perry HIS is designed to promote the burning of hydrogen at lean

concentrations and in a reliable manner. At least two igniters are located in

each enclosed volume or area within the containment that are subject to

possible hydrogen pocketing and each igniter is powered from a separate power

division. In open areas within the containment and drywell regions, igniter

assemblies at the same elevation are alternated with respect to their Class 1E

division power source.

Thus, the design arrangement described above assures that hydrogen would

burn reliably and effectively by maximizing the number of potential ignition

Therefore, on these bases, I find the Perry ignition system acceptable,points.

subject to resolution of certain issues that are to be addressed in the applicant's
i

final analysis.

Describe the containnent atmosphere environment conditions resultingQ.

from the burning of large quantities of hydrogen.

CEI has provided a preliminary analysis to support interim operationA.

at full power until the final analysis is completed. Using the hydrogen and

steam releases obtained from the MARCH code (refer to the J. Rosenthal testimony
-

associated with hydrogen generation for degraded core accidents), CEI calculated
The CLASIX-3the containment atmopshere transient using the CLASIX-3 code.

code is a multi-volume containment code which calculates the containment
This code has

pressure and temperature response in the separate compartments.

. _ __
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the capability to model features that are unique to MARK III containments

(including the suppression pool, vacuum breakers, and drywell purge system)

while tracking the distribution of the atmosphere constituents, i.e., oxygen,

nitrogen, hydrogen, and steam. It should be noted that CLASIX-3 models

deflagration (discrete-type) burning in the containment; diffusion type

(continuous) burning will be addressed in the final analysis.

CEI considered two types of accidents in its preliminary analysis of

the HIS; a stuck open relief valve (50RV) transient and a small break LOCA in

the drywell. The MARCH steam and hydrogen releases are input to the CLASIX-3

code. For the 50RV case, all the mass and energy releases are directed into

the suppression pool. For the small break LOCA ' case, one half of the same

MARCH release rate history is directed to the drywell volume and the other half

is directed into the suppression pool. The small break LOCA was included for

evaluation in order to consider the potential consequence of hydrogen release

directly into the drywell.

Except for the distribution of the mass and energy releases, the CLASIX-3

input is identical for the two cases. The igniters and the drywell purge

system were assumed to be activated 20 minutes into the transient. Operation

of only one of the two containment spray trains was assumed. With regard to

hydrogen combustion, ignition was calculated to occur at 8% hydrogen

concentration with 85% combustion completeness; propagation of burning into

other compartments also was assumed to occur at 8% with a flame speed of
-

.

6ft/sec. Also, three compartments are modeled, i.e. , the drywell, wetwell

(the volume bounded by the HCU floor and the top of the suppression pool) and

the containment (above the HCU floor).
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The Perry SORV base case produces a transient in which the hydrogen is
.

ignited in a series of burns in the wetwell. The CLASIX-3 model predicts a

sequence of 32 wetwell burns (approximately 40 lbs of hydrogen per burn) and 2

containment burns. Figures 2 and 3 (from CEI letter dated March 1,1985,

Figures 4 and 7) show the wetwell temperature and pressure profiles. Referring

to wetwell temperature transient (Figure 2), there are 5 wetwell burns that

exceed the peak temperatures of the other wetwell burns (i.e, approximately

750*F). The first peak wetwell temperature is about 1200*F because the
'

Thecontainment spray is not initiated until after the first wetwell burn.

four other wetwell temperature peaks occur because ignition takes place at

increased hydrogen concentrations due to insufficient oxygen concentration when

the hydrogen concentration reaches the 8% criteria.

At approximately 6900 seconds into the 50RV transient, the first

containment burn resulted in the most severe pressure and temperature

excursion because wetwell ignition occurred just before and during the

At that tine, the peak wetwell and containment pressure iscontainment burn.

about 21 psig and the peak wetwell temperature is about 1750*F, while the peak

containment tenperature is approximately 760 F.

For the base case analysis of a small pipe break in the drywell, the

performance of various containment safety systems, e.g., containment spray

system and drywell purge system was assumed to be similar to that credited in
'

The results of the CLASIX-3 analysis produces 38 wetwellthe SORV analysis.

burns, one containment burn and one drywell burn. Figures 4 and 5 (from CEI

letter dated March 1,1985, Figures 23 and 26) illustrate the wetwell

_ _ _
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temperature and pressure profiles. The containment hydrogen concentration does ,

not reach the ignition setpoint of 8%, at the end of the transient, the

containment hydrogen concentration is about 6.5%. CEI induced the only

This resulted in acontainment burn at the lower hydrogen concentration.

coincident wetwell burn. The peak wetwell pressure (about 19 psig) and
(Note,

temperature (about 1750 F) is obtained from this final sequential burn.

the containment capability to accomnodate these calculated prrssure and

temperatures histories will be discussed later in my testimony.)

In reviewing the overall CLASIX-3 containment modeling used for the

prelininary analysis, justification of certain assumptions needs to be pursued.
If the final

These concerns will be addressed in the final evaluation.

containment environmental profiles are more severe than the present analysis,

CEI will have to, and has committed, to demonstrate equipment survivability with

the mocified profiles, or initiate appropriate equipment modifications as

I conclude that CEI's containment analysis is sufficient tonecessary.

demonstrate the performance of the HIS for the preliminary evaluation.

It should be noted that computer codes, in general, involve the use of
The

simplifying assumptions to mathematically represent complex phenomena.

containment modeling chosen by CEI, i.e., the three volume model, to represent

the Perry containnent, conservatively leads to many closely spaced wetwell

burns. .

O

e

m_ _ _ ---



.

.

-8-

s

In my judgement, the containment structure or any piece of equipment that
-

needs to survive the consequence of hydrogen burning, would not be exposed to

such a concentration of discrete burning as indicated in the wetwell pressure
I would expect that

and temperature profiles produced by the CLASIX-3 model.

hydrogen combustion will take place at varying locations in the containment.

Also, knowing that the postulated hjdrogen release rates are overestinated and

considering the natural upward propagation behavior of hydrogen (hydrogen

burning at lower concentrations), the net result is that a piece of equipment

in the wetwell would be exposed to fewer burns and the burns would be spaced

In addition, the concomitant pressure pulses would probably befurther apart.

less than the containment design pressure as distinguished from the containment

pressure capacity.

What is your overall finding relative to the adequacy of the PerryQ.

HIS design?

Pending completion of the applicant's final analysis, I find thatA.

there is reasonable assurance that the Perry hydrogen ignition system will act

to control the burning of hydrogen such that there is adequate protection

against containment failure.
Pmvide a summary statement of the bases for this overall finding.

Q.

The control of large quantities of hydrogen associated withA.

postulated degraded core events has consequences in terms of raising the
.

containment atmosphere temperature and pressure. The peak pressures as a
'

result of igniter induced burns will be less than the containment pressure

!
;
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capacity (50 psig). The analytical results indicate that the peak containment
.-

atmopshere pressure will be close to the design pressure (15 psig), thus, more

than adequate safety margins exist.

In addition, I find that there is reasonable assurance that equipment

needed to survive the burning of hydrogen will, in fact, survive (see H. Garg

testimony).

In conclusion, pending our final evaluation, I find that the Perry hydrogen

control systen is acceptable, i.e., degraded core accidents involving large

amounts of hydrogen releases can be safely cccommodated without failure of the

containment.

Q. Are there any residual concerns that need to be resolved?

A. There are concerns that need to be resolved and they will be

addressed in a final evaluation, e.g., diffusion flames.

Q. Does CEI have a program in place to develop resolution to these

residual concerns?

A. CEI is a member of the BWR Mark III Hydrogen Control Owners Group

(HC0G), that has an ongoing experimental and analytical program which is

addressing these residual concerns in a manner that is expected to permit CEI

to resolve them for the Perry plant.

Q. What is CEI's schedule for resolving these residual concerns?

A. The Perry final analysis schedule will be consistent with the HCOG

program schedule. The latest HCOG schedule indicates completien date near
'

the end of 1985. The recently revised 10 CFR 50.44 requires CEI to provide

its schedule for the final analysis by June 25, 1985. CEI should be able to

assess any necessary plant-unique analyses for its final analysis prior to the

date required by the rule. ;

;
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PROFESSIONAL QUALIFICATIONS OF
ALLEN NOTAFRANCESCO

,

CONTAINMENT SYSTEMS BRANCH.

DIVISION OF SYSTEMS INTEGRATION-

U. S. NUCLEAR REGULATORY COMMISSION
.

I am a Containment Systems Engineer in the Containment Systems Branch,

Division of Systems Integration, Office of Nuclear Reactor Regulation. I have

held this position since June 1981.

I serve as a staff reviewer in the area of containment systems (BWRs). This

involves performing reviews and evaluations of specific portions of the

licensing applications for which the branch has responsibility to assure

public health and safety.

I received a Bachelor of Science degree in Nuclear Engineering from the

Polytechnic Institute of New York in 1976, and a Master of Science degree in

Mechanical Engineering from the Polytechnic Instutute of New York in 1980.

Other training includes: BWE/6 Technology Course - 1982 (NRC sponsored) and

BWR/6 Simulator Course - 1982 (NRC sponsored).

From 1976 to 1979, I was employed as a thermal-hydraulics analyst by Ebasco

Services, Inc., New York. My responsibilities included performing safety

related containment analyses pertinent to the licensing of various nuclear

power plants, preparing responses to NRC questions and writing appropriate

sections of safety analysis reports. ,

.
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UNITED STATES OF AMERICA-

~

NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD
-

In the Matter of )
)

CLEVELAND ELECTRIC ILLUMINATING ) Docket No. 50-440-OL
COMPANY, et.al ) 50-441-OL.

)
(Perry Nuclear Power Plant, )
Units 1 and 2) )

TESTIMONY OF LI YANG
REGARDING ISSL'E #8 (htTPO, GEN CONTROL)

Q. Please state your name, employment affiliation and professional

qualifications.

A. My name is Li Yang, and I am employed by the U. S. Nuclear Regulatory

Commission as a Structural Engineer in the Structural and Geotechnical'

Engineering Branch, Division of Engineering, Office of Nuclear Reactor
,

Regulation. A copy of my professional qualifications is attached.

Q. Would you describe your responsibilities with respect to the Perry

operating license proceeding?

A. As part of my responsibilities, I have been assigned to conduct the

review of Seismic and Structural subjects contained in the Perry Final Safety

Analysis Report.

Q. What is the scope of your testimony?

A. My testimony is directed toward the ultimate pressure capacity of

the Perry containment during a postulated hydrogen burning event. .

.
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Q. Why is the ultimate pressure capacity of containment required to be
"

.

assessed relative to the hydrogen burning event?

A. To demonstrate that the Perry containment will maintain its

structural integrity during and after the postulated accident.

Q. Describe how the ultimate pressure capacity of containment was

assessed.

A. The ultimate pressure capacity of the Perry containment steel shell

was analyzed by the applicant in accordance with the requirements of the ASME

Boiler and Pressure Vessel Code, Section III, Division 1, Subarticle NE-3220,

Service Level C limits. The results of this analysis were initially submitted

with the applicant's letter dated January 25, 1982. The applicant subsequently

updated their analysis, the results of which were recently subnitted to the NRC

by letter dated February 11, 1985. In performing this analysis, the applicant

used a combination of dead load and an internal pressu.e load of 45 psig as

required by the NRC.

I have reviewed the analytical results provided by the applicant, which

show that: 1) the pressure capacity in the steel shell knuckle region

is 78 psig; and 2) the pressure capacity for the limiting shell penetration

is 50 psig. The design pressure for the Perry containment is 15 psig.

-In my opinion, these analytical results demonstrate the adequacy of the

as-built pressure capacity of the Perry containment steel shell. Not only does
-

the design meet the NRC requirements, the pressure capacity of the limiting

shell penetration of 50 psig (the weakest region of the shell) has a factor

of 3 margin with respect to the containment design pressure of 15 psig, which

I find also demonstrates the conservatism in the Perry design.

. _ .
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Q. What is the ultimate pressure capacity of the containment's drywell
*

.

structure?

A. Before answering the question, let me first say that the drywell

structure is that part of the containment which is the first barrier from the

reactor pressure vessel, housed within the containment steel shcll enclosure.

It is constructed of reinforced concrete with a steel head directly over the

reactor pressure vessel.

Because the design of the Perry drywell structure is similar to that for
-

the Grand Gulf Nuclear Station (Grand Gulf), the applicant chose to reference

the analysis performed by the Grand Gulf licensee, in lieu of performing a

Perry plant-specific analysis, for demonstrating the integrity of the Perry

drywell structure. The Grand Gulf analytical results, with which I am familiar,

showed that the Grand Gulf drywell structure had a positive pressure capacity

of 67 psig and a negative pressure capacity for the drywell head of 89 psig.

Since these results were found acceptable in the case of Grand Gulf I consider

,

the applicant's referencing of the Grand Gulf analytical results appropriate
1

for deraonstrating that substantial margin and capability above required

capacities are expected for the Perry drywell structure. I find this to be

acceptable.

|
,
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LI YANG

STATEMENT OF PROFESSIONAL QUALIFICATIONS
'

.

.

.'
I am a Structural Engineer in the Structural and Geotechnical Engineering

Branch, Division of Engineering, Office of Nuclear Reactor Regulation, U. S.

Nuclear Regulatory Commission. My duties in this position include

responsibility for the review and evaluation of seismic and structural design

and analysis of nuclear facilities.

I received a B. S. Degree in Civil Engineering from National Cheng-Kung

University, Taiwan, China, in 1956. I received the degree of Master of

Applied Science in Civil Engineering from the University of British Columbia,

Canada, in 1964 In my graduate studies, I concentrated in the areas of

structural design and analysis, earthquake engineering.

Before joining the Commission, I was employed for 15 years as a

civil / structural engineer with Architectural / Engineering firms involved in the
Indesign of industry buildings, fossil and nuclear power plant facilities.

this capacity, I performed structural design of structures and foundations for

industry buildings. I performed the seismic analysis and design of seismic

Category I structures for the nuclear power plant facilities.

.

.
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In September 1980, I joined the Commission as a structural engineer. I have
'

.

participated in the review of several nuclear power plant license

! applications. My responsibilities in this area include safety reviews and

evaluations of structural engineering aspects of safety related structures and

components as proposed in Final Safety Analysis Reports and various other

technical reports. I have prepared Safety Evaluation Reports for the Perry,

Hope Creek and Nine Mile Point, Unit 2, Nuclear Power Plants.

|

I am a member of the American Society of Civil Engineers. I am registered as

| a Professional Engineer in the State of California.

|

|

|
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UNITED STATES OF AMERICAs
NUCLEAR REGULATORY COMMISSION-

.

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD .

........................................
In the Matter of )

)
CLEVELAND ELECTRIC ILLUMINATING ) Docket No. 50-440-OL
COMPANY, et al ) 50-441-OL

) .

_'(Perry Nuclear Power Plant, Units 1 ) '

and 2) )
........................................) , , -

Testimony of Jack Rosenthal
On the Hydrogen Control Issues

Contained in the Licensing Board Contention #8

Q. What is your name?

A. My name is Jack Rosenthal.
-

Q. What is your position at the NRC?

A. .I am employed as a Section Leader in the Reactor Systems Branch in the

Division of Systems Integration. The section princibly reviews Probabilistic

Risk Assessments with emphasis on accident phenomenology.

Q. What are your technical qualifications?

A. A statement of professional qualifications is enclosed.

Q. What is your responsibility with respect to the Perry operating license

proceeding?

A. I have reviewed the mechanisms and phenomena by which large amounts of*

I

hydrogen can be produced in a BWR/6 design nuclear power plant. The Perry |
'

-
\
!

plant is a BWR/6 in a Mark III containment design.

.

_ _. - __ _. .-_ -



.

.

Q. From the standpoint of hydrogen production, are there any differences

between the Perry Nuclear Power Plant design and that of the model BWR/6 Mark

III plant that you have examined?

A. Yes. The model BWR/6 Mark III design is based upon a Grand Gulf Nuclear
,

Plant core. The Perry plant has a smaller core with fewer fuel rods (6.5%

less) and hence less zircaloy material to oxidize. The end result is that

Perry will produce less hydrogen than Grand Gulf, approximately in the ratio of

the number or fuel bundles. -
s

Q. What scenarios have been chosen by Cleveland Electric Illiminating (CEI) to
, . -

represent hydrogen generatior events?

A. CEI has chosen two scenarios. The first is a transient that results in a

loss of all makeup sources and a concurrent stuck open safety relief valve

(SRV). The second is a small break loss of coolant accident in the drywell

with concurrent loss of all makeup sources.

Q. Why were these scenarios chosen?

A. -The first scenario was chosen on the basis of probabilistic risk assess-

ment. CEI considers this to be the most likely event that would result in the

core overheating and significant hydrogen production. The drywell break was

chosen because some of the hydrogen and steam would be released directly to the

drywell, rather than to the suppression pool and therefore represents a poten-

tially' diff erent form of threat to containment. Due to hydraulic considera-

tions, less than half of the steam and hydrogen would be released to the

drywell since the assumed break is considered to be of~ the size of a SRV and

that several of the remaining intact SRVs are expected to be opened by actua- .

tion of the automatic depressurization system (ADS) for this scenario.

Q. Does the staff consider these scenarios adequate for-purposes of prelimi-

nary analysis?

2
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A. Yes, Hydrogen can only be produced by significant core uncovery and subse-

quent heatup. This would require either a complete loss of injection or

degradation of injection so as to provide insufficient makeup. Hydrogen can

then be released to either the wetwell or the drywell where burning can result .

in challenges to single or redundant equipment. As part of the preliminary

analysis, staff considers these scenarios to be representative of the challen-

ges to containment and therefore acceptable.

Q. How did CEI derive the hydrogen release rates once a scenario was chosen?

A. CEI, for their preliminary analysis, adopted the hy,drogen and steam release

rates calculated by Mississippi Power and Light (MP&L) for Grand' Gulf. Perry,

which has fewer fuel bundles than Grand Gulf would be bounded by the rates

calculated for Grand Gulf.

The MARCH code was used to calculate the hydrogen release rates. The MARCH

code was developed by Battelle Columbus Laboratory for the NRC to provide the-

capability to analyze the. thermal-hydraulic response of the reactor core,

primary coolant system, and containment to the initial phases of core melt

accidents. With regard to hydrogen evolution, the code provides a method of

incorporating the Baker-Just Cathcart-Pawel metal-water reaction rate models,

along with the specified history of the uncovering and overheating of the core

to obtain hydrogen generation rates. The extent of hydrogen production is

dependent on the degree of core uncovery and on the amount of water (steam)

available for oxidation.
.

MARCH then models the hydrogen release and steam from whatever openings in-

the primary system may be appropriate for the scenario. The release of hydro- -

gen is assumed to accompany the steam release according to the mass average

composition calculated for the steam and hydrogen.

3
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Q. Was MARCH an appropriate code to use for the preliminary analysis?

A. Yes. MARCH was selected for the preliminary analysis because it was the
s

best mechanistit code available at the time.

Q.
Isn't it true' that the version of MARCH utilized for this analysis has ,

deficiencies?

A. Yes, this is true. Staff is aware of the shortcomings of the MARCH 1.1

code. Some of these result in less hydrogen predicted and some result in more

hydrogen predicted. The primary problem of MARCH 1.1 (the version used to
, .-

calculate the hydrogen profil,e for Grand Gulf) is that it, does not have an

explicit model for the zircaloy channel boxes and so this extra zircaloy was

assumed to be part of the fuel rods. This results in more zircaloy predicted
|

to be at higher temperatures and ,therefore higher oxidation rates than in a

model which models the actual BWR geometry. More recent versions of MARCH that

will be used to confirm the Perry final analysis correct this deficiency and;

now model the channel boxes separately.

The version of MARCH utilized in the preliminary analysis also used a

As adecay heat model that did not include the contribution of actinides.

result, the decay heat curve is about 10% too low. However, this is over-

compensated, as far as hydrogen generation is concerned, by other conservatisms

in the analysis such as the treatment of the channel boxes and the lower

number's of fuel bundles in the Perry plant. Even more importantly, core,

heatup, and as a result hydrogen production, becomes dominated very quickly by

the exothermic heat of oxidation and therefore the dec~ay heat becomes insigni-

ficant once the large rates of hydrogen generation are achieved. The newer ,

.

I
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versions of MARCH have incorporated the correct decay heat models and the

results using these newer versions of MARCH show substantially less hydrogen

production than those results of MARCH 1.1.

The time step instability of MARCH 1.1 was recognized by Battelle Columbus .-

Laboratory and only time steps for which the code was stable were utilized by

Battelle in the calculation for Grand Gulf. Other code instabilities, such as

due to depressurization, have been eliminated in the new version of MARCH.

Code sensitivity to user chosen values of input variables _id'also a con-
,

cern. However, the staff is requiring that the final analysis include a sensi-

tivity study. This is explicitly called for by the final rule. The input

variables selected unil be chosen in such a manner as to best mechanistically

model the core . behavior.

It should be noted that many MARCH input variables deal with the accident

progression following the onset of core slump. The hydrogen rule was never-

considered to apply to core slump scenarios since they are considered to be
,

unrecoverable.

Q. Did MARCH 1.1 predict an event progression that predicted a hydrogen

release of 75% equivalent active cladding.

A. No. The rule requires that a hydrogen control system be built that can

handle the hydrogen produced by oxidation of 75% of the equivalent active

cladding. MARCH 1.1 did not predict that much oxidation to occur with the

input parameters assumed for the base case scenario. Changing the input
,

parameters can cause MARCH 1.1 to calculate additional oxidation. However,

these input values would not be physically realistic. Moreover, it is not -

clear that hydrogen releases of 75% of the active cladding would be achieved

if input parameters were set at their most pessimistic bounds.

.
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Q. How then does the CEI preliminary analysis conform to the requirement to ;

consider bydrc, gen releases up to 75% equivalent of the active' fuel cladding?

A. CEI took the mechanistic hydrogen release profile calculated by MARCH 1.1

and added a subsequent constant rate release profile to it. The peak release -

rate of the mechanistic calculation was chosen as the constant rate of the

non mechanistic tail. The integral of this release rate corresponds to 75%

equivalent active clad reaction. This most severely challenges the hydrogen

control system and maximizes the rate of heat added to the contahusent. The

staff considers this acceptable. ,-,

Q. Could you please summarize your findings of the CEI preliminary analysis?

A. As a preliminary analysis required by the h en rule, the staff finds

the analysis by CEI to be acceptable and that C n complianca with the

hydrogen rule.

Q. Has the staff reached agreement with the applicant as to the acceptability

of the p'roposed approach for purposes of the final analysis required by the

rule?

A. No. Staff recognizes that additional work needs to be done for the final

analyses. In particular, the applicant is to consider ATV5 and station black-

out as initiating events or provide suitable justification for their exclusion.

Code deficiencies must be addressed in an acceptable manner and user input

parameters to the code must be treated in a sensitivity analysis.

Q. How will these matters be resolved?
'

A. CEI is a member of the Hydrogen Control Owners Group. This group has been
-

made aware of staff concerns.

6 -
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PRDFESSIDNAL QUALIFICATIONS

JACK ROSENTHAL,

.

.

.

I am a Section Leader in the Reactor Systems Branch, Division of Systems

Integration, Office of Nuclear Reactor Regulation. I am responsible for

Probabilistic Risk Assessment (PRA) performed or reviewed within the branch

and for overall division coordination of PRA issues. My work, eniphasizes_

accident phenomenology. ,
,

From May 1980 to December 1982, I was assigned to the Instrumentation and

Control Systems Branch, Division of Systems Integration, Office of Nuclear

Reactor Regulation. I was responsible for the review and evaluation of the

functional capability of instrumentation and control systems employed at

nuclear power plants. I am a co-author of Regulatory Guide 1.97, Revision 2,

" Instrumentation for Light-Water-Cooled Nuclear Power Plants To Assess Plant

and Environs Conditions During and Following An Accident."

From March 1977 to May 1980, I was assigned to the Reactor Safety Branch,

Division of Operating Reactors, Office of Nuclear Reactor Regulation. I

served as a nuclear engineer, responsible for the analysis and evaluation of

operating reactor applications for license amendments. Areas of analysis
. ~

included reactor core, coolant, protective, and safety systems.
.
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From June 1972 to March 1977, I was a Principal Physicist at Conbustion

Engineering, Inc. I was responsible for core design, fuel management, and

safety analyses associated with several pressurized water reactors plants

which are not operating or for which operating-license applications are pending.
,

, . -.

I received a Bachelor of Science degree in Nuclear Engineering from New York

University in 1972. I received a AEC Traineeship, and I as a member of Tau

Beta Pu.

.
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UNITED STATES OF AMERICA.

- NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD .;

In the Matter of

THE CLEVELAND ELECTRIC ) Docket Nos. 50-440
ILLUMINATING COMPANY, ET.AL. ) 50-441

)
(Perry Nuclear Power Plant, )
Units 1 and 2) )

TESTIMONY OF HUKAM C. GARG
REGARDING ISSUE #8 (HYDROGEN CONTROL)

Q. Please state your name and place of employment.

A. My name is Hukam C. Garg. I am employed by the NRC as an

electrical engineer in the Equipment Qualification Branch of the

Division of Engineering, Office of Huclear Reactor Regulation. A

statement of my professional qualifications is attached to my testimony.

Q. Would you describe your responsibilities with respect to the Perry

operating license proceeding?

A. My involvement in the Perry review is that I am responsible for

assuring that systems and components found to be necessary to establish and

maintain safe shutdown and to maintain containment integrity will be capable

of performing their functions during and after exposure to the environment

created by the burning of hydrogen.

Q. Would you briefly describe the scope of your review regarding

equipment functional operability during and after the hydrogen burn event?
.
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A. Yes. My review of equipment functional operability for the Perry

plant at this time is limited to the preliminary analysis performed by the

applicant. This applicant's analysis is based on the fact that the equipment

at the Perry plant is similar to the equipment at Grand Gulf and the thernal

response of the equipment is not more severe than at the Grand Gulf plant.

Q. Discuss the basis for determining equipment functional operability.

A. By letters dated March 1,1985 and March 21, 1985, the applicant

submitted a preliminary analysis of the survivability of the essential

equipment exposed to the thermal environment postulated in the containment

during a hydrogen burn initiated by the plant's Hydrogen Ignition System

(HIS). Although the HIS was designed to prevent high hydrogen concentration
.

build-ups by deliberate ignition of relatively low concentration of

hydrogen / air / steam mixtures, the resulting release of thermal energy could be

sufficient to significantly increase the temperature of the equipment located in

containment. Therefore, since some of this equipment is needed to assure safe

shutdown conditions and containment integrity, the applicant was required to

oemonstrate that the essential equipment located inside containment could

survive the hydrogen burn environment resulting from operation of the HIS.

Q. Please summarize your testimony on the equipment survivability in

the Perry containment.

A. From the preliminary analysis provided, the applicant demonstrated

similarity bet' ween equipment in the Grand Gulf and Perry plants and then

determined, analytically, thermal response of a selected piece of essential

The maximumequipment exposec to a hydrogen burn environment in containment.

temperature reached by the equipment in Perry was found to be lower than the

.
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corresponding temperature calculated for Grand Gulf. The equipment

survivability performed for Grand Gulf, was previously accepted by the NRC

staff and is applicable to Perry because of the similarities of equipment. In
L

my opinion, this comparitive analysis demonstrates on a preliminary basis that

the essential equipment in the Perry containment will survive hydrogen burn.

Q. What were the criteria for selecting essential equipment for

analysis?

A. The selection of equipment which has to survive the hydrogen burn is

based on the equipment's function during and after an accident. In general,

all equipment located in the containment, which is included in the following

four categories of systems, is considered to be essential for ensuring the
~

safety of the plants:

1) systems for mitigating the consequences of an accident;

2) systems needed for maintaining integrity of the containment pressure

boundary;

3) systems needed for maintaining the core in a safe condition; and

4) systens needed for monitoring the course of an accident.

Using these criteria in their preliminary analysis (letter dated March 21,

1985), the applicant listed the equipment whose survivability needed to be

evaluated. Examples are: hydrogen control system; combustible gas control-

system; emergency core cooling systems; RHR containment spray; and containment

monitoring ins'trumentation listed in Table 1. I have reviewed the criteria

used by the applicant for selecting essential , equipment and find that on a
16

preliminary basis the equipnent list for Perry acceptable.o
.

- - - _,



.

.

-4-

s
.

Q. In your, evaluation of the applicant's preliminary analysis, what

have you determined relative to equipment survivability in the thermal

environment caused by a hydrogen burn at Perry?

A. The applicant used the CLASIX-3 computer / code to analyze equipment

This codesurivability in the thermal environment caused by a hydrogen burn.

is progranned to assume energy releases from burning hydrogen resulting from a

stuck open relief valve (SORV); that the hydrogen'is ignited by the HIS when

it reaches 8 v/o concentration; and that each burn is 85% complete. The code

further assumes the flame propagated throughout the containment is at a

velocity of 6 ft/sec.

The applicant determined equipment temperature responses for two
' conditions: one corresponding to wetwell burns (SORV), and the other

/ corresponding to drywell small line break (DWB). The DWB case has higher peak

temperature but a smaller number of burns; also, the duration between burns is

longer, resulting in a greater degree of cooldown of the equipment between

burns. In addition, the DWB case has a lower probability of occurrence

compared to tha 50RV case. There are two significant differences between

Perry and Grand Gulf 50RV temperature profiles: Perry has burns late in the

transients with higher peak temperatures than Grand Gulf; and there are fewer

burns and more time between burns for Perry. However, the applicant's

preliminary analysis demonstrates that the overall effect of these differences

is to produce -slightly lower equipment temperatures for Perry than for

comparable Grand Gulf equipment. Since the Grand Gulf profiles were

conservatively used by the applicant for evaluating equipment thermal

responses at Perry, this comparative analysis is acceptable.

- - . .- __
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Q. How was the thermal response analysis performed and what are your

findings relative to the analysis performed for Perry?

A. The thermal response analysis of the equipment was performed

comparing the Perry equipment with those in Grand Gulf. The applicant's

comparative analysis was on similar components; i.e., the HIS using the

HEATING computer code. A later version, HEATING-6, was used for Perry instead

of the HEATING-3 version used for Grand Gulf. The heat transfer methodology

and equations are, essentially the same in the two versions of the HEATING

code. The modifications made to upgrade HEATING-3 to HEATING-6 in effect

improved the efficiency of the code.

The applicant demonstrated by analysis that the maximum temperature

reached by the igniter is lower for the Perry thermal environment than for the~

Grand Gulf thermal environment. The igniter was chosen for this analysis

because it is the most temperature-sensitive equipment. Because of similarity

of the equipment in both plants, the applicant concluded, and I agree, that the

thermal response of all safety-related equipment in Perry will be less severe

because of this lower ter.perature. I have also reviewed the methodology used

by the applicant and the conclusion drawn from the comparison of the analytical

results, and agree that the thermal response of the equipment in Perry was

conservatively predicted from the analysis performed for corresponding-

'

eguipment in Grand Gulf.

. . - _- . _ , -- . - . - . . - - .
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Q. What acceptance criterion was used for evaluating survivability of

essential equipment in containment?

A. The equipment at Perry and Grand Gulf are similar in design. As

such, the applicant compared the qualification temperature for all essential

components between Grand Gulf and Perry. The applicant has demonstrated that

the Perry qualification temperature is higher than the Grand Gulf equipment
Thequalification temperature, from the preliminary analysis ' performed.

temperature compa.risons are shown in Table 1 attached. It should be noted for

items (1) and (4) on Table I that 10 CFR 50.49(i) states that the applicant

must provide justification for interim operation of this equipment prior to

licensing, and is required to complete the qualification of this equipment by
,

,

November 30, 1985.
,

Q. Explain the effect of the pressure created by a hydrogen burn on

essential equipment at Perry. -

A. The applicant has performed a preliminary analysis using the CLASIX-3

code (discussed by Mr. A. Notafrancesco) to show that the effect of pressures

generated during the hydrogen burns would not affect the survivability of the

essential equipment. This preliminary analysis indicated that the qualifications

of equipment at design pressure are sufficient to accommodate the calculated

pressures experienced during hydrogen combustion. I have reviewed the

applicant's evaluation and find that there is a reasonable assurance that the

essential equipment will survive the pressures generated during a hydrogen
'

burn.

o
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Q. Provide a summary statement of the bases for accepting equipment j

functional operability during the hydrogen burn event.

A. In sumary, on the basis of my responses to previous questions, I

have affimed that the applicant's preliminary analysis provides sufficient

evidence to demonstrate that the equipment in the the Perry containment,

required to assure safe shutdown conditions and containment integrity, will

survive the thermal environment created by burning of the hydrogen generated

during a degraded. core accident event. I have reached this conclusion because:

1) the list of equipment identified in the applicant's March 1,19852

$ and March 21, 1985 submittals are similar to the list of equipment

found acceptable by the NRC during the Grand Gulf licensing review;

2) the comparative at / sis of thermal response of similar equipment in~

the Perry and Grand Gulf plants, shows that equipment temperatures

in Perry will be lower;

3) the qualification temperatures for the Perry equipment are higher

than the corresponding qualification temperatures for Grand Gulf

equipment; and

4) the pressures developed during hydrogen burns are either smaller than

the design or qualification pressures, and it has been satisfactorily

demonstrated from the preliminary analysis performed by the applicant-

that essential equipment can be reasonably expected to survive such
'

;

pressures.

|
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Comparision of PNPP Qualification ,

'

-

Temperatures To Calculated Temperatures
For Comparable GGNS Equipment

a

*

/ GGNS GGNS
Maximum Qualification. .

GGNS Maximum Calculated or Tested PNPP

Limiting Calculated Interior survival QualificationEquipment -

Surface Temperature Temperature Temperature Temperature _

Component

250 F (1)
l. Containment Locks & 216 F --

llatches - seals
;>2. Instrument cables 300 F 275 P 320 F 385 P

,

3. Electrical Penetra- 300 F 275 F 320 F 340 F

tions - cables
(1)

- 4. Igniter Assembly - 246 F 251 F 400 F
-

,.
transformer

| ' a aa * 303 P 318 F
,

I 5. Pressure Transmitter 235 F
,

6. Purge Compressor 184 F ' ''178 F
- 200 F 192 F\. -

-

g
. - motor

E 7. Hydrogen Recom- 300 t - 275 F 330 F 346 F
.

|
biners - cable

! '8. Motor Actuators = 184 F 178 F 200 F 340 F
.

motor
349 F 355 P---

! 9. Safety nelief 184 F

| Valves - housing ,

158 F 200 F 340 F,

.

10. Containment Sprays 208 F *

,,

mo, tor actuator- '

NOTE: (1) Qualification of Perry equipment in progress.
-____ ___ -
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Professional Qualification-

.

of ,

.

Hukam C. Garg

My name is Hukam C. Garg. I am employed as an electrical engineer in the

Division of Engineering, U. S. Nuclear Regulatory Commission, Washington,

D. C. I joined the NRC in January 1981. My duties and responsibilities

include the review of licensee and license applicant environmental qual-
~

ification programs for safety-related equipment. This review encompases

the methods used for establishing environmental conditions, the systems

and components selected for qualification, the analyses and test procedures

employed, audits of qualification documentation, and inspection of installed

equipment at the plant sites. I also have the responsibilities to review of

equipment operability during a hydrogen burn event. I have provided input

control systems regarding the equipment oper-to the rulemaking on the H2

ability criteria and resolving public comment on this issue.

Prior to my present position I was employed by Gilbert / Commonwealth

Associates from 1973 - 1980. My most recent position was Supervising

Engineer for the Instrumentation and Control Section. In this position

I was responsible for the instrumentation and control aspects, including

the equipment qualification for nuclear power plants. I had previously
'

worked for Fluor Power Inc., formerly Pioneer Service and Engineering

Company (1969 - 1973), in the design of electrical systems for nuclear

power plants.
i

.
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In 1967,I received a Bachelor of Science Degree in Electrical Engineering

from the G. S. Technological Institute in India. In 1969, I received a

Master of Science Degree in Electrical Engineering from Illinois Institute

of Technology. I am also a registered Professional Engineer in the States

of Ohio and Illinois. I have also taken training courses in BWR Technology

and equipment qualification.

List of Publications

1) " Engineered Safety Features Actuation System Follow-Up System Logic,"

H. C. Garg, S. V. Athavale, J. R. Oranchek. Presented at the 1979

IEEE Symposium on Nuclear Power Systems.

2) "RFI Effects of Nuclear Power Plant I&C Equipment," H. C. Garg,

S. V. Athavale, J. R. Oranchek. Presented at the 1979 IEEE

Symposium on Nuclear Power Systems.
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