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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
) -

.

CONSOLIDATED EDISON COMPANY OF ) Docket Nos. 50-247-SP
NEW YORK, INC. ) 50-286-SP

(Indian Point, Unit No. 2) )

POWER AUTHORITY OF THE STATE OF
NEW YORK )

(IndianPoint,UnitNo.3) )

DR. HUGH W. WOODS AND
RAYM0ND W. KLECKER ON BOARD QUESTION 1.4

Q.1 What is the purpose of this testimony?

A.1 The purpose of this testimony is to respond to Board Question 1.4
'

which states:

Board Question 1.4
What risk to public health and safety is presented
by the Indian Point plants through a chain of
events including pressurized thermal shock to the
reactor pressure vessels?

Q.2 How do you propose to address Board Question 1.4. concerning risk

to public health and safety?

A.2 The Staff has not yet been able to complete a realistic assessment

of offsite risks. The Staff, however, has developed a conservative

analysis of frequency with which accidents entailing PTS lead to

through wall cracking of the pressure vessel.
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Q.3 Describe the pressurized thermal shock problem.

A.3 Pressurized thermal shock (PTS) is currently being investigated by

the NRC Staff and the nuclear industry. PTS refers to an

accidental rapid cooldown of the water in a reactor vessel while
-

the syste'.1 pressure is maintained at a high enough level to cause

concern for those vessels that have experienced a significant

degree of radiation damage. A rapid cooldown of the inner surface

of a reacter vessel causes thermal stresses in the vessel wall.

These stresses combined with pressure stresses may cause any
.

preexisting small cracks to grow larger. The likelihood of crack
,

growth under PTS conditions increases with radiation damage, a

phenomenon that is understood and monitored. It means that reactor

vessel materials lose some of their initial toughness or resistance

to cracking due to neutron irradiation.

Q.4 How is the degree of radiation damage estimated?

A.4 Appendix H of 10 C.F.R. Part 50, " Reactor Vessel Material

Surveillance Program Requirements" specifies that each licensee

implement a surveillance program to monitor the changes in fracture

toughness of materials in the reactor vessel beltline region

resulting from exposure to neutron irradiation. Surveillance

capsules containing neutron dosimeters and representative samples

of the vessel materials are placed inside the reactor vessel

between the core and the vessel wall. At this location they are

exposed to a higher neutron fluence than is experienced by the

vessel and hence, after any given period of reactor operation, they
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will have suffered greater neutron damage than the vessel itself.
*

Periodically during the life of the facility, capsules are

. withdrawn, the material samples are tested to determine the change

in properties and neutron dosimetry is performed to check the

analytical predictions of neutron fluence. From the surveillance
,

test results for all plants, " trend curves" are developed that

predict the extent of radiation damage as a function of the neutron

fluence and the chemical composition of the steel. Experimental

| studies of radiation damage are also studied for input to trend

curve development. The measure of radiation damage is called " delta

; RTNDT , the increase in the " reference temperature, nil-ductility
"

transition." When values of delta RT f r each plate, forging and
NDT

weld in the reactor vessel beltline, are added tc their respective,

initial (as fabricated) RT values, one can determine the con-
NDT

trolling value of RT for a given reactor vessel. In some cases
NDT

| an axial weld may be controlling, in others, a circumferential weld,

and in still other cases a plate or forging may be controlling,

|
depending on their chemical composition and the fluence at their

respective locations.

Q.5 What is RT I
riDT

I A.5 RT is a single reference temperature chosen in a defined way to
NDT

represent the temperature at which the material toughness (resist-

| ance to fracture), begins to increase rapidly with increases in

temperature. At temperatures below the RTNDT, the material is

significantly less tough than at temperatures well above the RT
riDT*

|
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Q.6 How is RT calculated for a given vessel at a given time in its
NDT

life?
<

A.6 .Three quantities are added together to obtain RT or a vessel.
NDT

They are:
-

1. The initial RT of the controlling material is obtained from
NDT

tests run in accordance with ASME Code rules at the time of

vessel fabrication. If these results are not available, mean

values from generic data for that material type are used.

2. The delta RT is obtained as described in the response to
NDT

question 3, using the neutron fluence corresponding the the

location in the vessel and the specified time in' vessel life,

and a trend curve that gives mean values of delta RT as a
NDT

function of fluence and chemical composition.

3. Margin is added to give a conservative value of RT For
NDT.

example, if mean values of initial RT and delta'RT are
NDT NDT

Seing used, this third term is twice the square root of the

sums of these squares of the standard deviations for the

initial RT and the delta RT
NDT NDT*

Q.7 Have values of RT been calculated for Indian Point 2 and 3?
NDT

A.7 Yes, the NRC Staff has made such calculations. They are based on

information submitted in response to a request from the Staff,

dated May 18, 1977, plus the information contained in the

surveillance reports mentioned above. Because the Indian Point 2

__ _ _. _ _ _ _ _ ._



,

-5-

and 3 plants are not among the plants of greatest concern with

regard to pressurized thermal shock, the plant owners have yet to

be asked to submit their current estimates of RT
NDT*

.

Q.8 Is there any additional evidence to be gained from the Indian

Point 2 and 3 surveillance programs?

A.8 Yes, as of August 1982, two capsules have been withdrawn from each

of the two reactors. The specimens in the capsules from Indian

Point 2 have been analyzed by Southwest Research Institute.- The

specimens in one of the capsules from Indian .aoint 3 have been

analyzed by Westinghouse and those in the other capsule are in the

process of being analyzed. The results of these analyses confirm

the Staff's calculations of RT for Indian Point 2 and 3 that
NDT

were made based on trend curves as described in response to

question 3 above.
:

Q.9 How do the Indian Point Vessels compare with those of other

; licensed nuclear plants with respect to the NRC Staff's estimate of

their sensitivity to pressurized thermal shock?

A.9 Indian Point 2 and 3 are more than 10 years behind the plants of
'

greatest concern with regard to the date at which they will exceed

the NRC Staff screening criterion for sensitivity to pressurized

thermal shock.

. _ _ _ _ - . _- . ._ _ .. . _. . __ _ . _ .
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Q.10 What is the NRC Staff screening criterion for evaluating

acceptability of reactor vessels to PTS related risk?

A.10. For axially-oriented welds, the criterion is an RT of 270 F. For
NDT

circumferentially-oriented welds, which are more resistent to crack
-

propagation due to greater stiffness of the vessel in that direction,

the criterion is an RT f 300 F. For Indian Point 2 and 3,
NDT

however, the 270 F RT criterion is the governing criterion.
NDT

Accordingly, references to the screening criterion hereinafter will

refer to the 270"F RT criterion.
NDT

Q.11 How was this screening criterion developed?

A.11 The criterion is based on deterministic and probabilistic fracture

mechanics calculations for the most severe PTS events experienced ,

during 350 reactor-years of domestic PWR' operation, and on

probabilistic risk analysis (PRA) studies of more severe events
,

i

! that have not occurred.

Eight events have been experienced in U.S. PWRs where final fluid1

temperatureY reached 350 F or lower, the range where PTS could

be a significant concern if the pressure is high and the cooldown

is fast. Using the actual pressure and temperature histories of

those eight events as input to a deterministic fracture mechanics

code which assumes presence of a wide range of flaw sizes, a series

of calculations were performed assuming a range of RT values.
NDT

|D
i

i */ Final fluid temperature is a value. representing the lowest water
temperature measured in the primary system during the PTS event.

_- __ _ _ _ _
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Using this series of calculations, the critical RTNDT for each of

the eight events was identified. Critical RT is the value of
NDT

RT such that for a vessel with higher RT the most sensitive
NDT NDT

size flaw would be calculated to grow deeper during the event being
_

considered, and for a vessel with lower RTNDT, none f the flaw .

sizes would be calculated to grow deeper during the event. These

calculations assume that the RT is exactly equal to'the value
NDT

stated,.that the coldest measured temperature actually exists at

the weld, and that a critical size flaw is present at the worst

location.
4

Based on these results, a screening criterion selection was made at

a value such that severe events would not be expected to jeopardize

the vessel during the normal lifetime of a plant.

The study was expanded to include the expected frequency and

calculated severity of PTS events which have not occurred. This

expansion was made using event trees and probabilistic-risk-analysis

techniques to obtain an approximate, quantified result. )

A series of probabilistic fracture mechanics calculations was then j

performed which took into account such factors as actual material

properties variations (the worst RT is probably not present at
NDT

the coldest point) and actual crack size and distribution (a

critical size flaw is probably not present at the coldest point).
l

|
|

|
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In this way, a more realistic prediction of crack growth probability

was made for the eight events that had occurred and for the more

severe postulated events that had not occurred.

<

That prediction of crack growth probability confirmed that the

selection of 270 F RT as the screening criterion is appropriate.
NDT

| A vessel that has a conservatively determined RT f 270 F (wheref!DT

the method of this determination is specifically prescribed) would

have a frequency of crack extension without arrest between 10-5 and

10-6 er reactor-year. Although we cannot quantify the exact frac-

tion, it is certain that not all through wall cracks will result in

|
core melt since some crack sizes and crack' shapes and crack loca-

tions will not preclude ability of the emergency systems to keep the

core cooled. Therefore, the core melt frequency due to PTS events

is lower than the stated frequency of PTS related crack extension
1

without arrest.:

Q.12 What level of confidence do you have that this criterion will
|

| accurately demonstrate that vessel failure is unlikely due to PTS
:

events at Indian Point Units 2 and 3?

!

A.12 Of the eight significant PTS related events referred to in the

| previous question, five of the events occurred at plants supplied

by the same vendor as the IP units (Westinghouse). Therefore,

within the limited statistical precision represented by eight

events, PTS events characteristic of the IP type plant are well
,

.-_ .
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represented. Additionally, the NRC analyses of events that have

not occurred were largely taken from extensive analyses of

. Westinghouse plants performed by Westinghouse for the Westinghouse

Owner' Group. Therefore, our screening criteria is closely tied

to the IP units' general plant type and design, and we believe,

therefore, that the screening criterion is acceptable for and

applicable to the IP units. The uncertainties inherent in the

development of the screening criterion are not of the type that can

be handled statistically, so that a more precise answer regarding

" level of confidence" in applicability of the screening criterion

is not possible.

Q.13 What are the results of application of the screening criterion to

the pressure vessels at Indian Point Units 2 and 3?

A 13 As of December 1981, Indian Point Uni'ts 2 and 3 were at RT
NDT

values of 189*F and 212*F, respectively. This is 81*F and 58 F

respectively below the applicable screening criterion of 270*F.

When these plants are operating at 100 percent power the RTNDT

,

values increase approximately 7 degrees F per year.
l

Our estimate is that PTS risk decreases an order of magnitude for

each approximately 40 F reduction in RT On that basis, as of
NDT.

December 1981 the PTS risk at IP 2 and 3 is one to two orders of

magnitude below the previously stated 10-5 to 10-6 frequency of

crack extension without arrest for a plant at the screening

criterion.

. - -
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Based on our studies of PTS operating events and our calculations

of PTS events that have occurred, both of which we believe are

applicable to IP 2 and 3, we conclude that plants with RT below
NDT

the screening criterion have a predicted frequency of vessel

failure due to PTS events that is acceptable. Since Indian Point

Units 2 and 3 are below this criterion their continued operation is

acceptable.

We intend to require certain plants to take those actions that are

reasonably practicable to reduce flux at the pressure vessel to slow

the rate of increase of RT For IP Units 2 and 3, a flux reduc-
NDT.

tion by factors of approximately 1.4 and 1.9, respectively, would

prevent reaching the screening criterion until beyond end of life of

the plant, in which case the risk will remain acceptable through

end-of-life at both units.

However, if such flux reductions are not possible, plant specific

analyses will be required to be submitted three years before the

criterion will be exceeded. The analyses will quantify PTS risk

for the specific unit, and will identify the dominant contributing

causes. If the risk is not acceptable at RT above the screening
NDTs

criterion without corrective actions, appropriate actions would be

required before the plant would be allowed to operate at RTNDT

values above the screening criterion.

Thus, present and continuing acceptability of PTS risk is assured.
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OF

RAYMOND W. KLECKER

Jan. 10, 1982 Section leader,

to Materials Engineering Branch -

Date Division of Engineering '

Supervises the technical staff of a Section of the Materials Engineering
Branch responsible: for conducting reviews and evaluation of the materials
application, component integrity, and inservice inspection aspects of the
reactor coolant pressure boundary and safety-related systems as described in
applications for Construction Permits and Operating Licenses of nuclear power
plants, or in proposed amendments to operating licenses,-to assure public
health and safety and protection of the environment; for the resolution of
related technical issues and licensing problems; and for accomplishment of
other functions and duties performed by the Section. Provides expert tech-
nical assistance and authoritative advice relating to the safety aspects of
reactor plant materials engineering.

Sept. 7, 1980 Principal Materials Engineer
to Materials Engineering Branch

Jan. 10, 1982 Division of Engineering
.

Serves as a principal reviewer of material engineering aspects of nuclear
reactors in the Materials Engineering Branch, Division of Engineering, by per-
forming and coordinating reviews and evaluations of safety issues involving
materials properties, and failure analyses. Serves as a group leader and
coordinator of other reviewers to resolve complex technical issues and licensing
problems. Provides specialized technical assistance and advice on materials en-,

gineering safety and licensing issues.
|

| Specific assignments include development of analytical procedures for heat
transfer, thermal stress and fracture mechanics evaluations of nuclear power
facility components.;

|

Feb. 8, 1978 Engineering Specialist, Principal Engineer
| to Engineering Branch

Sept. 7, 1980 Division of Operating Reactors

As a person experienced in mechanical and materials and other engineering
i aspects of nuclear reactors, he serves as a highly qualified specialist

in the Engineering Branch, Division of Operating Reactors. He is respons-

ible for reviews, analyses, and evaluation of safety issues related to
mechanical components of reactor facilities licensed for po'wer operation.
He also participates as a technical reviewer in evaluating applications
for construction permits and operation licenses for non-power reactors
and operational and design modifications of 00E- and D0D- owned operating
facilities exempt from the licensing process. Specifically, the incumbent
of the position is responsible for the mechanical and materials engineering
aspects of the safety review of applications for license amendments for all
licensed reactor facilities.
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March 1, 1970 Technical Coordinator,
to Assistant Director for Pressurized Water Reactors a

Feb. 8, 1978 Directorate of Licensing [
.

Serves as a highly qualified technical specialist and administrative
assistant to the Assistant Director for Pressurized Water Reactors,
Directorate of Licensing. Coordinates technical reviews for the .

Pressurized Water Reactor branches. Provides liaison with the other i,

Groups in the Directorate of Licensing and the Groups in the Dir'ectorates I
of Regulatory Operations and Regulatory Standards on technical matters ;

relating to reactor safety. Guides and coordinates requests for technical :
'

!-assistance from other groups in the Directorates of Licensing, Regulatory
Operations and Regulatory Standards and participates in codes and stand-
ards development by the Directorate of Regulatory Standards. Performs

;

administrative service required in the discharge of the PWR Group's basic'

responsibilities.

Oct. 20, 1968 Chief, Advanced Concepts Branch
to Division of Reactor Licensing

March 1, 1970

The Programs & Planning Branch is redesignated the Advanced Concepts
Branch to more closely depict the functional responsibility which has
evolved since the regulatory reorganization of February 1967. *

Aug. 1, 1967 Chief, Progr.ams and Planning Branch
to Division of Reactor Licen, sing

Oct. 20, 1968

| As Chief of the Programs and Planning Branch is responsible for (a)
! coordinating the development of procedures, methods and models for the

technical review, analysis and evaluation of facility designs; (b) making'

L long-range forecasts of future work-loads; (c) coordinating reviews and
studies of reactor safety technology and reactor safety research and

i
' development; (d) developing the use of computer techniques for informa-

tion, processing and storage, technical reviews, analyses and evaluations;
(e) coordinating studies of licensing trends and techniques; (f) conducting

,

safety reviews of aerospace projects; and technology; and (g) planning the
j technical seminar program.
1

Registered Professional Engineer - State of Maryland
Registration No. 4768 ME (Nuclear)

:

I
,

.
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Education:

Bachelor of Science, Electrical Engineering, University of Southern California
Graduate of the Oak Ridge' School of Reactor Technology
Graduate Courses at Illinois Institute of Technology, University of Wisconsin,

Wayne Universit~y -

Total 78 Credit Hours Post Graduate Courses
Completed Allis-Chalmers Business Administration course given by Marquette

University
Completed Allis-Chalmers Seminar in General Management and Professional

Managers Review Program

industry Experience (prior to joining AEC/NRC):

Eighteen years professional experience, all with Allis-Chalmers and
essentially all has been associated with the Company's atomic energy
activities. Specific assignments have been:

1966 to Manager, Pathfinder Project, Atomic Energy Division, Bethesda
Aug. 1, 1967 Maryland

Responsible for completion of this project and turn-over of
the plant to the customer (Northern States Power Company).
Activities include direction of final tests of the Pathfinde'r
plant at power, reporting of results of the post-construction
research and development program, and close-out of the contract.
(Note: During 766 and 1967, Allis-Chalmers is in the process
of phasing out of the atomic energy business. Consequently,
the work and the number of personnel supervised during this
period varied.)

1963 - 1966 Manager, Analysis and Development Department, Atomic Energy
; Division, Maryland

|
As Manager of the Analysis and Development Department, Mr. Klecker'

l was responsible for physics, thermal and hydraulics, dynamics,
I safeguards, and fuel cycle analyses as well as for the operation

of the Division's mechanical, thermal and hydraulic and non-fuel
materials development facilities. He coordinated his work with
the Engineering and Fuel and Core Components Departments and
provided services related to the above functions for the Projects
and Application Engineering Departments and contributed to the
overall Division planning.

1961 - 1963 Manager of Engineering, Nuclear Power Department, Greendale,
Wisconsin

As Manager of Engineering at the Nuclear Power Department-
Greendale, Mr. Klecker was responsible for all analytical and-

design engineering at Greendale and management of thePathfinder
project.

|
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1958 - 1961 Project Engineer, Pathfinder Atomic Power Plant, Nuclear
Power Department, Greendale, Wisconsin

During this period, Mr. Klecker was responsible for overall
design and development of the Pathfinder Atomic Power Plant which
includes a boiling water reactor with a nuclear superheater.

_

1956 - 1958 Supervisory Engineer in Charge of Reactor Design, Nuclear -

Power Department, Greendale, Wisconsin

1953 - 1956 Section Head, Instrumentation and Control Section, Atomic
Power Development Associates, Inc., Detroit, Michigan
(On Assignment by Allis-Chalmers)

1949 - 1953 Electrical and Nuclear Engineering (includes one year
assigned to the Oak Ridge School of Reactor Technology)

..

Previous experience includes about four years as an officer in the U. S. Air
Force, plus another four-five years as an industrial electrician with the HJL
Booth Electric Company, Los Angeles.

.

Mr. Klecker has had extensive experience in electrical and nuclear engineering,
including engineering analysis .and design of reactor components. He is author ,, !

of many documents on the theoretical analysis of electromagnetic pumps and other
devices used for handling liquid metals which were developed by Allis-Chalmers
as part of the U.S. Navy Submarine program'. He was also responsible for analysis
and engineering design of various nuclear reactors considered by Allis-Chalmers
for development.

Miscellaneous:

Mr. Klecker is co-inventor of the Nuclear Superheater for Boiling Water Reactor
(Patent No. 3,034,977) developed for the Pathfinder Atomic Power Plant.

For many years, Mr. Klecker represented the National Electric Manufacturers
Association on the American Standards Association Ccmmittee N-6 and was a member
of the Steering Committee associated with these activities, He also participated
in various ad hoc assignments regarding standardization in the nu. clear industry.

.
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PROFESSIONAL QUALIFICATION
OF~

DR. HUGH W. (RDY) WOODS

I am currently the NRC Task Manager for the Pressurized Thermal Shock
~

Unresolved Safety Issue. In that position, which I have held since November
1981, I an responsible for coordinating and directing all NRC activities
towards generic resolution of this issue. I am, therefore, familiar with

all of the various aspects of the problem and its proposed resolution in 'the
many technical discipline involved, including reactor system considerations.

Since 1973, I have been employed by the Nuclear Regulatory Commission or its
predecessor, the Atomic Energy Commission, in various capacities as a
Nuclear Engineer, most recently (before my present assignment) as the Office

?
'

of Inspection and Enforcement principal reactor systems specialist 'for -

Westinghouse supplied nuclear plants.

Prior to 1973, I was employed by the E. I. DuPont Company at the Savannah
River Laboratory, where I was responsible for various safety studies for
their nuclear materials production reactors.i

I hold Ph.D. , M.S., and B. S. degrees in Nuclear Engineering with minors in
Mechanical Engineering Materials Engineering, and Electrical Engineering.

.

These degrees were awarded respectively in 1969 and 1965 by the University

|
of Florida and 1964 by North Carolina State University.
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