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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 No. 50-440-OLA-3
TLLUMINATING COMPANY )
)
(Perry Nuclear Power Plant, ) (Material Withdrawal Schedule)
Unit 1) )
AFFICAVIT

Barry J. Elliot (BJE), Jack R. Strosnider (JRS) and Christopher 1. Grimes (CIG), being
first duly sworn, do dispose and state as follows:

1(a). (BJE) I am employed by the U.S. Nuclear Regulatory Commission as a Senior
Materials Engineer in the Materials and Chemical Engineering Branch, Division of Engineering,
Office of Nuclear Reactor Regulation. A statement of my professional qualificatio:s is attached
hereto.

1(b). (JRS) Tam employed by the U.S. Nuclear Regulatory Commission as Chief of the
Materials and Chemical Engineering Branch, Division of Engineering, Office of Nuclear Reactor
Regulation. A statement of my professional qualifications is attached hereto.

I{c). (CIG) I am employed by the U.S. Nuclear Regulatory Commission as Chief of
the Technical Specifications Branch, Division of Operating Reactor Support, Office of Nuclear
Reactor Regulation. A statement of my professional qualifications is attached hereto.

2. (BIJE, JRS, CIG) The purpose of this affidavit is (a) to explain the reasons for NRC

Staff’s determination that a licensee’s nuclear reactor vesscl material specinmien cgpsule

5000440
DOCK O SOR



N

withdrawal schedule may be removed from the licensee’s technical specifications (TS), as
oreviously provided in Generic Letter (GL) 91-01, entitled "Removal of the Schedule for the
Withdrawal of Reactor Vessel Material Specimens from Technical Specifications,” dated
January 4, 1991, (b) to describe the Staff’s practice in reviewing requests for approval of
changes to a licensee's withdrawal schedule pursuant to 10 C.F.R. Part 50, Appendix H, and
(¢) to respond to the questions raised by the Licensing Board in its Order of December 27, 1993.

3. (BIJE, JRS) The Materials and Chemical Engineering Branch, Division of
Engineering, is responsible for approving withdrawal schedules submitted for review in
accordance with 10 C.F.R. Part 50, Appendix H, entitled "Reactor Vessel Material Surveillance
Program Requirements." As part of our duties, we reviewed and approved the relocation of the
withdrawal schedule from the Perry Nuclear Power Plant’s TS, to be inserted in the plant’s
Updated Safety Analysis Report (USAR), as had been requested by the licensee in its license
amendment application dated March 15, 1991.

4. (BIE, JRS) Appendix H to 10 C.F.R. Part 50 provides a means for obtaining test
data that can be used in monitoring the effects of neutron irradiation and the thermal environment
on reactor vessel beltline materials. The Introduction to Appendia H states, in part:

The purpose of the materials surveillance program required
by this appendix is to monitor changes in the fracture toughness
properties of ferritic materials in the reactor vessel beltline region
of light water nuclear power reactors resulting from exposure of
these materials to neutron irradiation and the thermal environment.
Under the program, fracture toughness test data are obtained from
material specimens exposed in surveillance capsules, which are

withdrawn periodically from the reactor vessel. These data will be
used as described in Sections IV and V of Appendix G to this part,

The importance of the material specimen surveillance program is discussed below.
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5. (BJE, JRS) Paragraph I1.B. of Appendix H provides, in pertinent part, as follows:

B. Reactor vessels that do not meet the conditions of
paragraph I1.A. of this Appendix must have their beitline materials
monitored by this appendix.

5 That part of the surveillance program
conducted prior to the first capsule withdrawal must
meet the requirements of the edition of ASTM
E 185 that is current on the issue date of the
ASME Code to which the reactor vessel was
purchased. Later editions of ASTM E 185 may be
used, but including only those editions through
1982. For each capsule withdrawal after July 26,
1983, the test procedures and reporting
requirements must meet the requirements of
ASTM E 185-82 to the extent practical for the
configuration of the specimens in the capsule. For
each capsule withdrawal prior to July 26, 1983
either the 1973, the 1979, or the 1982 edition of
ASTM E 185 may be used.

~ » *

3. A proposed withdrawal schedule must
be submitted with a technical justification as
specified in § 50.4. The proposed schedule must be
approved prior to implementation.’
Compliance with Appendix H is required by 10 C.F.R. § 50.60(a), although alternatives to those
requirements may be proposed by a licensee pursuant to 10 C.F.R. §§ 50.60(b) and 50.12.
6. (BJE, JRS) While Appendix H (§ 11.B.1.) is clear that a licensee’s initial specimen

withdrawal program must comply with the applicable edition of ASTM E 185, it does not

explicitly address the requirements for changes to a previously approved withdrawal schedule,

' The Introduction to Appendix H notes that "ASTM E 185-73, -79 and -82, 'Standard
Practice for Conducting Surveillance Tests for Light-Water Cooled Nuclear Power Reactor
Vessels,” which are referenced in the following paragraphs, have been approved for
incorporation by reference by the Director of the Federal Register."
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and is ambiguous as to how such changes are to be reviewed and approved. In this regard, the
regulatory history of Appendix H provides clarification. Previous iterations of Appendix H,
prior to 1983, set forth specific withdrawal schedules which were required to be followed by
NRC licencees. However, in 1983, the Commission issued an amendment to Appendix H
(48 Fed. Reg. 24008), in which it deleted the withdrawal schedules, but retained the references
to ASTM E 185 and the requirement that withdrawal schedules must be approved by the Staff
prior to implementation. As indicated in explanatory documents (including the supplementary
information for the proposed rule, the value/impact statement, the regulatory analysis, and
responses to comments), prepared in conjunction with the changes to Appendix H, ASTM
£ 185-79 (the 1979 edition of the standard) contained sufficient detail for the preparation of
withdrawal schedules to permit the deletion of withdrawal schedules from Appendix H.
Accordingly, proposed withdrawal schedules or changes which were in conformance with
ASTM E 185-79 (or ASTM E 185-82, which contains identical withdrawal schedule criteria)
would satisfy the requirements of Appendix H. Subsequent to the rule change, the Staff
reviewe? proposed schedules and modifications to determine if they were consistent with the
withdrawal schedules set forth in ASTM E 185 or were otherwise acceptable. This review was
normally conducted as part of a license amendment proceeding, since matters located in a
licensee's TS (such as the withdrawal schedules) could only be changed by license amendment
as set forth in 10 C.F.R. § 50.59(c).

7. (C1G) Without focusing upon any particular TS requirements, the Commission has
long expressed concern over the volume of TS requirements for nuclear power reactors. For

example, in March 1982, the Commission issued a proposed rule change which would have
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reduced the volume of technical specifications in operating licenses, indicating that such a change
would constitute an improvement in the safety of nuclear plants through more efficient use of
licensee and NRC resources, and would help to focus licensee attention on matters of more
immediate importance to safe operation of their facilities (47 Fed. Reg. 13369). While adoption
of the proposed rule change was later deferred, the Commission has continued to recognize the
desirability of reducing the volume of technical specifications, as indicated in an interim policy
statement issued in February 1987 (52 Fed. Reg. 3788) and a final policy statement issued in
July 1993 (58 Fed. Reg. 39132).

8. (CIG) In accordance with the Commission's interim policy statement of February
1987, among the actions taken by the Staff was the development of a program to improve the
technical specifications for nuclear power reactors on a line-item basis. Several potential
line-item TS improvements were identified by the Staff and reviewed by the NRC's Committee
to Review Generic Requirements (CRGR), and were then made available for voluntary
implementation through the issuance of generic letters.

9. (BIE, IRS, CIG) In late 1990, as part of the line-item TS improvement program,
the Staff determined that material specimen capsule withdrawal schedules need not be retained
in a facility's TSs, consistent with the criteria in the Commission’s interim policy statement.
The Staff determired that inclusion of the withdrawal schedules in the TS (a) was not
specifically required by 10 C.F.R. § 50.36 or other regulations, (b) was not required to avert
an immediate threat to the public health and safety, and (¢} was not necessary since Appendix H

provides an adequate means of controlling proposed changes to withdrawal schedules.
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10. (BJE, JRS, CIG) In this regard, the Staff determined that while 10 C.F.R.

§ 50.36(c) requires that the TS "include" items in five listed categories, including "surveiliance
requirements,” it nowhere specifies the particular surveillance requirements to be included in a
plant’s TS, nor does it require the inclusion of the capsule withdrawal schedules in the TS.
In addition, the Staff determined that as long as the schedules are available for reference in the
USAR by licensees and other persons, inclusion of the withdrawal schedules in the TS is not
required. Further, as noted above, the Staff determined that Appendix H already provides
sufficient regulatory controls to ensure the appropriateness of a capsule withdrawal schedule.
11. (BJE, JRS, CIG) The "surveillance requirements” to be included in a facility’s TS,
under 10 C.F.R. § 50.36(c), are "requirements relating to test, calibration, or inspection to
assure that the necessary quality of systems and components is maintained, that facility operation
will be within the safety limits, and that the limiting conditions of operation will be met." The
Staff concluded that 10 C.F.R. § 50.36 does not require inclusion of the withdrawal schedule
in the 15 because that schedule is not "necessary to obviate the possibility of an abnormal
situation or event giving rise to an immediate threat to the public health and safety.” (See "Final
Policy Statement on Technical Specifications Improvements for Nuclear Power Reactors,”
Sectioni IV, 58 Fed. Reg. 39132, 39136 (1993)). Instead, the TS include limiting conditions for
operation and surveillance requirements for the reactor coolant system pressure and temperature
(P-T) Iimits; these are "necessary to obviate the possibility of an abnormal situation or event
giving rise to an immediate threat to the public heaith and safety.” Maintaining the reactor

coolant system within the P-T limits, along with compliance with other requirements of the
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regulations, will "assure . . . the necessary quality of systems and components” is maintained
and that facility will be operated "within the safety limits.”
12. (BJE, IRS, CIG) Accordingly, on January 4, 1991, the Staff issued Generic Letter

(GL) 91-01, entitled "Removal of the Schedule for the Withdrawal of Reactor Vessel Material
Specimens from Technical Specifications.” Therein, the Staff indicated that § ILB.3. of
Appendix H requires NRC approval of 2 “roposed withdrawal schedule prior to implementation,
that "placement of this schedule in the TS duplicates the controls on changes to this schedule that
have been established by Appendix H," that "this duplication is unnecessary," and that "removal
of this TS schedule as a line-item improvement is consistent with the Commission [Interim]
Policy Statement or TS Improvements.” In addition, the Staff indicated as follows:

The current STS bases provide extensive background information

on the use of the data obtained from material specimens. This

background information clearly definc- the purpose and relation-

ship of this information to the requirements included in the

regulations and the American Scciety of Mechanical Engineers

(ASME) Code. Therefore, the removal of the schedule for

specimen withdrawal from the TS will not result in any loss of

clarity related to regulatory requirements of Appendix H to

10 CFR Part 50.
(GL 91-01, Enc'osure at 1}. The Staff indicated it would approve the removal of withdrawal
schedules from the TS, subject to a requirement that licensees doing so cornmit to include the
schedules in the next revision of their Updated Safety Analysis Raports (USARs), so as to make
a copy of the schedule readily available for licensees, NRC personnel and others.

13, (BJE, JRS) On March 15, 1991, the Licensee for the Perry Nuclear Power Plant

requested that the withdrawal schedule be removed from the Perry TS and relocated to the
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plant’s USAR. At that time, the Perry TS, § 4.4.6.1.3., had described this surveillance as
follows:

The reactor vessel material surveillance specimens shall be

removed and examined, to determine changes in reactor pressure

vessel material properties as required by 10 CFR 50, Appendix H

in accordance with the schedule in Table 4.4.6.1.3-1. The results

of these examinations shall be used to update the curves of

Figure 3.4.6.1-1. (Emphasis added.)
On December 18, 1992, in response to the Licensee's license amendment application, the Staff
modified this surveillance by removing the phrase "in accordance with the schedule in Table
4.4.6.1.3-1" (italicized above) and the referenced Table, noting that the amendment was
consistent with GL 91-01; the other provisions of the TS remain unchanged.

14. (BIE, JRS) The removal of a licensee’s withdrawal schedule from its TS, in
accordance with GL 91-01, does not relieve the licensee from the requirements of 10 C.F.R.
Part 50, Appendix H. As indicated above, Appendix H was amended in 1983 by removing the
withdrawal schedules from the regulation; however, ASTM E 185 was incorporated by reference
in Appendix H, and the Commission indicated its mtent that licensee withdrawal schedules are
10 be consistent with the schedule criteria contained in ASTM E 185-79 or -82. After a licensee
has removed its withdrawal schedule from its TS, it may proceed to make changes to its schedule
which are consistent with ASTM E 185-79 or -82, without prior NRC approval, and report those
changes in a manner consistent with 10 C.F.R. § 50.59; however, if a licensee proposes
schedule changes that are not consistent with ASTM E 185-79 or -82, the changes would likely
be deemed to involve an unreviewed safety question under the current regulatory framework and

would require prior NRC approval by a license amendment as provided by 10 C.F.R.

¢ 50.59(c).
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15. (BJE, JRS, CIG) The Staff has undertaken to review the wording of GL 91-01, and

recognizes that it does not provide a clear understanding of these matters. The Staff is
developing a clarification of the statements contained in that document, consistent with the
statements presented here, and will also consider whether rulemaking is necessary to make
explicit in Appendix H the circumstances under which the changes to a previously approved
withdrawal schedule can be made.

16. The following information is provided in response to the guestions raised by the
Licensing Board in its Order of December 27, 1993:

Question a. What is the relationship, if any, of 10 C.F.R. § 50.36 to the

petitioners’ contention?

Response:  (BIE, JRS, CIG) There is no apparent relationship. As stated above, the
withdrawal schedule is not required to be set forth in the TS surveillance requirements in order
to satisfy the provisions of 10 C.F.R. § 50.36.

Question b.  Under Part 50, Appendix H, I1.B.1., are there any changes

in the reactor vessel material surveillance program with-
drawal schedule that would not be reflected in a change in
the limiting conditions of operation of the Perry facility?

Response:  (BJE, JRS) Yes. The specimen withdrawal schedule is part of a licensee's
program for monitoring the radiation embrittlement of the reactor vessel. Specimen materials
are tested after being withdrawn from the reactor vessel, and the results obtained in those tests
are used to confirm the amount of embrittlement previously assumed in the pressure-temperature

(P-T) limit curves for the reactor vessel. The P-T limits are among the limiting conditions for
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operation (LCOs) for the reactor vessel; P-T limit curves define the acceptable range of reactor
vessel temperatures and pressures for different operating conditions. For example, the P-T limit
curves contained in the Perry TS apply to the following operating conditions: (a) system hydro
or leak testing limit with fuel in the vessel, (b) the non-nuclear heatup/cooldown and physics test
limit, and (¢) the nuclear (core critical) limit.

The material properties used by a licensee in its P-T calculations are those properties
which zre conservatively assumed to exist in the future upon exposure of the vessel to neutron
irradiation and the thermal environment, expressed in a specified number of effective full power
years (EFPY) of plant operation, Changes to the P-T limits need to be made upon the receipt
of information which indicates that the reactor vessel's material properties assumed by the
licensee in its prior determination of the reactor’s P-T limit curves are less conservative than is
appropriate. Thus, Appendix H, § IT11.C. ("Report of Test Results”), contemplates that specimen
test results may necessitate a change in the TS for “the pressure-temperature limits or in the
operating procedures reguired to meet the limits."

Changes to the specimen withdrawal schedule may be made for a variety of reasons, such
as to be cousistent with revisions to the ASTM standard, or in response to the detection of a
significant change in a specimen's material properties. CThanges to the LCO could result based
upon test data obtained in the monitoring program, but such changes would not result merely
because the withdrawal schedule has been changed. Where tests on surveillance materials
indicate that the assumed material properties for the P-T limits remain applicable, changes to the

withdrawal schedule would not require a change in P-T limits.
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Question ¢, If, as posited in Generic Letter 91-01 (Jan. 4, 1991), the
removal of the reactor vessel material surveillance program
withdrawal schedule from a facility’s technical specifi-
cations will not result in any loss of clarity related to he
requirements of Part 50, Appendix H, how is the removal
of this duplicative matter from a facility's technical
specifications violative of 10 C.F.R. § 50.367

Response:  (BJE, JRS, CIG) As stated above, rumoval of the specimen withdrawal
schedule from a facility's TS does not violate any provision of 10 C.F.R. § 50.36.

17. (BJE, JRS, CIG) The foregoing statements are true and correct to the best of our

knowledge, information and belief.

Barryld. Elliot

Horpgnat tot

trosnider

Jack R. §

T A5

Christopher 1. Grimes

Subscribed and swomn to before me
this 7th day of March, 1994
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Notary Public

My commission expires: />// / 7/




BARRY J. ELLIOT

MATERIALS AND CHEMICAL ENGINEERING BRANCH
DIVISION OF ENGINEERING
OFFICE OF NUCLEAR REACTOR REGULATION
U.S. NUCLEAR REGULATORY COMMISSION

STATEMENT OF PROFESSIONAL QUALIFICATIONS

I am currently employed by the U.S. Nuclear Regulatory Commission
as a Senior Materials Engineer in the Materials and Chemical
Engineering Branch, Division of Engineering, Office of Nuclear
Reactor Regulation. I am responsible for the review and the
evaluation of safety analysis reports which are related to the
materials engineering aspects cf components in nuclear power
plant systems. I also provide technical assistance to the Office
of Nuclear Reactor Regulation and Nuclear Regulatory Research on
related reactor safety matters.

1 have been emploved at the Nuclear Regulatory Commission since
March 1980. 1 served as a Materials Engineer in the Office of
Nuclear Reactor Regulation from 1980 %o 1988, and was promoted to
Senior Materials Engineer in February 15:g@

1 graduated from Rensselaer Polytechnical Institute in 1968 with
a Bachelor of Science degree in Materials Engineering. I later

received a Masters of Science degree in Business Administration

from Fairleigh Dickinson University in 1971.

I was empleyed by Curtiss Wright Corporation from 1968 to 1980.
From 1968 to 1971, I worked in the Materials Development
Laboratory of the company’s Aeronautical Division, where I
performed failure analyses on reciprocating 2nd gas-turbine
engines and developed test apparatus to evaluate mater. al
reliability. From 1971 to 1980, I worked in the company’s
Nuclear Division, where I was responsible for developing and
implementing non-destructive examination test procedures and
fusion weld procedures to be used in the fabrication and
inspection of U.S. Department of the Navy nuclear pressure
vessels.



JACK R. STROSNIDER, JR.

U.S. NUCLEAR REGULATORY COMMISSION
MATERIALS AND CHEMICAL ENGINEERING BRANCH
DIVISION OF ENGINEERING
OFFICE OF NUCLEAR REACTOR REGULATION

STATEMENT OF PROFESSIONAL QUALIFICATIONS

EXPERIENCE:
SEPT 1991 CHIEF

to MATERIALS AND CHEMICAL ENGINEERING BRANCH
PRESENT U.S. NUCLEAR REGULATORY COMMISSION

In this position I am responsible for managing the technical and
administrative activities related to materials and chemical
engineering aspects of reactor safety. This includes the technical
and safety review of applications for license amendments for
operating reactors. I supervise twenty-two engineers. Specific
technical areas for which I am respounsible include reactor pressur:
vessel integrity, steam generator tube integrity, and inservice
inspecticn programs.

AUG 1990 ADMINISTRATOR
to NUCLEAR SAFETY DIVISION
JULY 1992 OECD NUCLEAR ENERGY AGENCY

In this position 1 organized and administered in*~-naticnal
programs directed at maintaining and improving the safety of
commercial nuclear power facilities. I was responsible for
international programs on reactor component integrity;
nondestructive testirg of reactor components; conduct of regulatory
safety inspections; and a project to assess the margin-to-failure
of the reactor pressure vessel during the TMI-2 accident. The
programs consisted of international research projects, workshops
and seminars, and exchange of information. This position reguired
extensive interaction with senior representatives and technical
experts from the participating countries.

OCT 1986 CHIEF, MATERIALS AND PROCESSES SECTION

to U.S. NUCLEAR REGULATORY COMMISSION
JULY 1990 REGION I
in this position I planned and implemented the Region I program for
inspecting licensee materials, structural and mechanical
engineering programs. I supervised six engineers who performed

audite of licensee piping, vessel, and steam generator inspections
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and structural, plant modification, welding, and other engineering
activities. I was responsible for the NRC Mobile Nondestructive
Testing Laboratory Program. This included supervising three
qualified technicians who performed nondestructive examinations
including radiography, ultrasonic, magnetic particle, dye penetrant
and visual examinations in accordance with applicable codes and
standards.

SEPT 1984 CHIEF, REACTOR PROJECTS SECTION
to U.S. NUCLEAR REGULATORY COMMIESION
OCT 1986 REGION I

My responsibility in this position was to plan and coordinate the
NRC inspection program at three nuclear power plants. This
included assessing the results of inspections performed in all
areas related to plant construction and operation, e.g. operations,
maintenance, surveillance and testing, health physics, emergency
planning, and allegations. 1 was responsible for monitoring day~
to-day activities at two operating sites and the completion of
construction and pre-operational testing at a third site. I
supervised eight encineering inspectors, including six stationed at
the nuclear plant sites, and I coordinated activities with other
Regional Divisions and Headguarters. The position involved
performing freguent systems and plant transient evaluations and
assessing licensee performance (SALP).

SEPT 1980 STRUCTURAL ENGINEER
to U.S. NUCLEAR REGULATORY COMMISSION
SEPT 1984 OFFICE OF NUCLEAR REGULATORY RESEARCH

In this position I was responsible for planning, implementing and
monitoring research programs related to materials, fracture and
structural integrity of reactor components. I managed o.er $4
million per year 1in research contracts. Programs I managed
included development of experimental data and analytic techniques
for fracture and leak-before-break analyses of piping systems,
development of data for assessing the susceptibility of piping to
stress corrosion cracking and development of probabilistic fracture
mechanics methods for pressure vessels and piping. 1 wrote the
VISA (Vessel Integrity Simulation Analysis) computer code and
performed extensive mechanistic and probabilistic analyses of
reactor vessels subject to pressure and thermal transients. While
in this position I helped to develop the regulatory screening
criteria for pressurized thermal shock, and I was a member of the
pipe crack study group that recommended the regulatory positicns on
pipe cracking and postulated pipe breaks.



APRIL 1976 APPLIED MECHANICS ENGINEER AND TASK MANAGER
to U.8. NUCLEAR REGULATORY COMMISSION
SEPT__ 1980 OFFICE OF NUCLEAR REACTOR REGULATION

My primary responsibilities in this position were raviewing and
evaluating safety issues related to mechanical, materials and
structural aspects of operating commercial reactors and preparing
safety evaluation reports to support licensing activities. I
performed engineering reviews of issues related to steam
generatcrs, piping, pressure vessels, Mark T containments, spent
fuel pool expansions and other plant modifications. During the
period 1978 to 1980, 1 was Task Manager for the NRC Ceneric Safety
Issue on steam generator tube integrity. I was responsible for
planning, organizing and implementing the Task Action Plan to
resolve steam generator tube degradation safety issues. During
this period there were eight engineers assigned to the program. 1
was responsible for coordinating, monitoring and evaluating their
work. I was also a member of the task group for the resclution of
the unresolved safety issue on reactor vessel low upper shelf
fracture toughness.

EDUCATION:

Bachelors Degree in University of Missouri 1974
in Engineering Mechanics at Rolla

Masters Degree in University of Missouri 1976
in Engineering Mechanics at Rolla

Graduate Certificate in American University 1979
Technology & Administration Washington, D.C.

Masters Degree in University of Maryland 1982
Business Administration College Park, Maryland

Required NRC Supervisory Training and Numerous NRC Technical
Training Courses.



PROFESSIONAL QUALIFICATIONS

Christopher Ivan Grimes
Chief, Technical Specifications Bran:
Division of Operating Reactor Supp!
Office of Nuclear Reactcr Reguiation
U. $. Nuclear Regulatory Commission

EDUCATION

Bachelor of Science degree in Nuclear Engineering, Oregon State University,
1971. Post-graduate studies in Nuclear Engineering at Catholic University,
Washington, D.C.

EXPERIENCE
April 1991 to Present, Chief of the Technical Specifications Branch with the

Nuclear Regulatory Commission. Kesponsible for supervising the development
and maintainance of standard technical specifications, based on new requiatory
requirements, new technical considerations, operating experience, and the
Commission’s policy statement on technical specification improvements. Also
responsible for establishing policies and programs for the development of
implementation guidance for technical specifications, development of
interpretations of technical specification requirements, development of
technical specifications for license applications or major license upgrades,
and assistance in the screening of license amendment applications for generic
applicability.

June 1990 to April 1991, Director of Project Directorate IV-2 with tne Nuclear
Regulatory Commission. Responsible for directing the licensing activities
related to four of the nuclear power plants located in the NRC's Region IV.
These responsibilities consisted of managing the overall safety and
environmental assessment for the assigned plants, monitoring daily operations,
enordinating technical reviews and licensing actions, and assisting Region IV
in the routine and tpecial inspection activities.

March 1987 to June 1990, Director of the Comanche Peak Project Division with
the Nuclear Regulatory Commission. Responsible for directing all of the
licensing activities, including the technical review and inspection efforts,
related to the operating license application for the Comanche Peak Steam
flectric Station. Also responsible for directing allegation follow-up,
coordinating the staff’s techn =al review with the General Counsel’s legal
activities and the Atomic Safety and Licensing Board’s hearing activities, and
implementation of the recommendations approved by the Commission in NUREG-1257
concerning the investigation of Region IV management of Comanche Peak
inspection activities.




November 1985 to March 1987, Director of the Integrated Safety Assessment
Program with the Nuclear Regulatory Commission. Responsible for policy
development, supervision, and implementation of the follow-on to the
Systematic Evaluation Program of the safety of operating pewer reactors.
Directed a pilot project to manage the licensing activities for two operating
nuclear power plants using probabilistic analyses to rank the importaice of
plant modifications and implementation schedules.

84 Nov r 1985, Chicf of the Systematic Evaluation Program
Branch with the Nuclear Regulatory Commission. Responsible for policy
development, supervision, and coordinaticn of the NRC's efforts associated
with the safety review for the systematic evaluation of operating nuclzar
power reactors.

April 1982 to August 1984, Section Leacer, Systematic Evaluation Program
Branch, with the Nuclear Regulatory Commission. Responsible for the direct
supervision of integrated assessrents conducted under the Systematic
Evaluation Program review of several older nuclear power plant designs,
compared to current regulatory requirements. Responsible for the development
and coordination of relatad staff technica’® positions and backfitting
recommendations. Appointed as Acting Branch Chief in September 1983.

September 1980 to April 198¢, Senior Project Manager with the Nuclear
Regulatory Commission. Responsible for directing the staff's technical and
environmental reviews of the license applications for the Clinton Nuclear
Power Station and the Combustion Engineering Standard Safety Aralysis Report
(CESSAR) Final Desian Application. Also responsible for updating the
Commission’s standardization policies and developing new licensing procedures;
for example, the development and implementation of the Standard Review Plan
rule, 10 CFR 50.34(g).

March 1975 to September 1980, Engineering Systems Analyst with the Nuclear
Regulatory Commission. Responsible for the evaluation of nuclear power plant
operating experience and proposed changes in plant design and operation,
associated with plant support systems. Assigned as task leader for the
evaluation and analysis of suppression pool hydrodynamic loads which were not
considered in the oriaginal design of the Generai Electric Mark I containment;
responsible for the coordination of related techniral reviews and research
activities.

November 1973 to March 1975, Reactor Engineer with the Atomic Eneirgy
Commission. Responsible for the conduct of technical reviews of the
containment systems for proposed nuclear power plant designs, proposed changes
to the design and operation of licensed nuclear power plants, and the
evaluation of plant operating experience.

February 1972 ic ‘lovember 1373, Manufacturing Engineer with Nuclear

Engineering and Components, Inc. of Santa Clara, Califorria, and Creative
Industries of Campbell, California. Responsibie for the mziufacturing,
testing, and quality control certification of valves and monitoring
instruments for nuclear power, computer, and aerospace applications.
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22 Amersan Soety of Mevhonwal Ergs
neers Siandard Bovier and Pressure ¥essel Code,
Secnions i and XY

3 Sigeificsace sad Use

3.1 Prediciions of sewtion radiation efiects
o pressere vessel siecls are coasidered ia the
desgn of hight-water cocled aucicar power fe-
sctors. Chaages s sysiesm operaling paramci s
wic made throughoui the service life of the
reacior vesse! to account for radiation cllccis
Secause of ihe vanabidity is the behavior o
scacior vessel siecls, a survesllance program
wasranied (0 montor changes in the propertics
of sctual vesse! matenials caused by loag-ierm
exposuie 10 the acution radiaiion and lempe: -
sture eaviroament of the given reacior vessel
Thus practce describes ihe cniena that should
be conssdesed i plaaning and implemening
susverlarce lest programs and ponis oui pre-
castions that should be taken to ensuic thas
(1) capsu'e cxpusures can be ielaizd o belthne
exposuns, (7) maicnals sciccied for the sur
vesllance osogram sic samples of those maie-
nals mosi “keiy 10 st ihe opersion of ihe
rescice vessel, and (1) ihe tests yickd results
ascful for the evaivauon of radiation cliects on
the reacivr vessel
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32 The design of & swiveiliance progism for
5 given feacion vessel smust consider the casting
pody of date oa simular matenals i addion
o the speaific maicnels used lor ihat seacion
vessel. The amount of such date and the sumi-
jariy of eaposure condions and metcnial chas-
sciensiics will detenmiac hew apphcatuiiy for
prodicting ihe radisiion cffecis A: & lasge
amoust of perincai data bocomes avaiadle u
..,hepmubkwmdwuhcmvuﬂnud-
fort for selecied seaciors by inlcgrating thes
surveiliance programs.

4 i~faitioas

&1 adsaied rejorence iemperaiure e ¥ci-
crencs temperncre adjusied for radisiios ef-
focts by adding 10 R o il ‘renaitos fem-
perstuie shafl {sec 4 i3}

42 base meial (parent materay as-fabn-
cated plate maicnal Cr forging maienal T
hae & weldment of #s conesponding heal-
afiocied zone (nAL;

4.3 beltivne—ihe wradated cpon OF the e
acior vesse! {shell mavenal including weld regions
and plases os forgngs) that JLivecily surrounds the
~Facuve heghi of the active code, and adjacenl
FORIONS T .~ Gredsctod 10 expenence suthweal
peution damage 10 wartan. cOnOACIILOR 10 ihe
sclection of survarllance maies.2!

4.4 EOL—cnd-of-lfe, the deugn ieunv.
teyms of years cllfective full power yoads, OF fno-
tron flucace

&5 index temperalnie—anat WP
cosresponding 10 & P rmanes ievel of ab-
sorbed encigy. Isteral capennon, OF fracose
appesiance obtamned fiom the aveiage {besi Giv)
Charpy transilion cuive

46 fraction virength i 8 iensle les, the
load st frsctuse divided by the sl cross-
seciional arca of the les specumcn

47 fraciuee stress 10w tenmie tes, ihe boad
st frecture givided by the cruss sechionsl wica
of 1he test specumcn ai lume of flactuse

48 Aeat affected 1oac (HAS) plaic maic
nal of forging malcnsl extonding cutward
from, but not scluding, the weid fusion oac
w0 whach the sucrosteuciuse of ihe base cwcial
has been alicred by the heat of ithe welding
Pioncss

49 lead fucior  the catio of the noution flux
density st the Jocation of the spooamicns i a
survedlanue capaule o ihe nevtion Hua deasly

i

at the reactor pressiic vessel wnside surlace si
the peak fluzace locstios.

4 10 newiron fluence \the usee integrated
acuiron flux density, capressed 10 Geuircas pes
g mcigger neul PET Muare contmetsc.

411 mewsron flux density 8 measure of ihe
micasiy of acutron radiation withia a grven
range of ncutivn encigics, the product of the
acutron density and velocily, measuied 8 acu-
irons per Kjuare moue-second Of scuirons per

conivneps second.

4 12 mewwvon pecirum—ihe distiibuvon of
acuiroas by encrgy levels impaging oo & sui-
face, which can be caiculated based on analyss
of mulupic acuiron dosmelcr MCasurCmenis,
on ihe mssumption of a fission specirum, oF
from & calcuisiwe of ihe Reulson encigy disin-
Faatsrn.

41 md ducuiny  IFGRBIGS  ICTRpEraiury
(T the manimum Lompeisiuie i which a
standard diop weighi specimen bieaks =hes
enad @ accordance with Method E 208,

2 14 repoonce  lemperaiuee (R T o )—5ce
barmcte NR230G of the ASME Boder and
Pressuse Vessel Code, Secuon i, “Nucicas
Power Plamt Componcats.”

4.3 wonsitson temperature shift (AR Tuor) o8
adpusiment of reference iemperaiue - the duffer-
woce wn the 41-3 (30 1b0) index iemporaives
srow e cverage Charpy curves messuiod be-
fore and afier Tacieton.

416 wransuion region —ihe repon o8 ke
wasunon lempersivie curve @ which ough-
fess incieasc: rapudly wiih nang emperaiuis.
fn terms o STootute appuar2nce, # i charadier-
wed by & raped change rom 8 prunaly cicav-
spe (erysialhine) fiactuic mode 0 prumaniy
sheas (fibrous) fraciure mode.

417 Charpy iransition curve — & graphic pres-
catation of Charpy data, including sbsarbed
cacrgy. latcial eapansion, and fraciure appeai-
ance, catending over & raape ncluding the
lower shen seergy (< 3% shear), UaAsition
regron, and the upper shelf encigy (= %
shcai)

416 upper shelf emergy ievs! e sverege
encigy value for sil Charpy specimess LIO6
mally thice; whose test tempersiure is above
thz uppei end of the Wanuticn region For
specinens tested 16 sets of thiee &t cach 28t
iemperatuce, the st having the highest average
may be regarded as delining the uppes shelf
CRCIGY
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5. Test Maserials

3 1 Maieviais Selecion

$ 1.1 Susveiliance test maicnials shall be pre-
pared from sampics iaken from ihe scical ma-

senals used 1 fabncating the beliine of the
reactos vessel. These surveillance icst matzniais

sture (RTupr) the predicied chaages w the
il propesues as 8 ‘uaction of chemical com-
(ios exampee, cooper {Cu) and phos-
phorus (P)) (Noie 3), and ibe acutron flucnce
duithg FEACION OPCIRLIR
Nos l—‘l‘h:zhs meial for the weld beat-al
focied-zome {HAZ) 1 be od shall d
w-dhi.mhnhudlue&mna‘na

mnz-~mmuumm‘du-
vesilance oW maalcnials shall be that ctiancd »
scoordance with ASMI Code Secioe Hi requere-
WChiE

MNors ) Oxher such as
N Se Ma, Mo, O O 5, and V may contnibute ©
overall sadicuon Behavios o feinix mawrsais

5.1.2 The base metal and the weld with the
highest adjusied reference icmperatuic ol cod-
of-life shsll be sciected for the survailiance

if the Charpy upper shelfl energy of
sny of the beithoe mawrials s predicied 1o
drop 0 & masgins! lovel (cusrently consdered
o be &8 § {50 - Ib{) at the quaricr thickness
{¥% T) locatson ) duniag the operaung hictime of
ibe vesaci, prowvison: shall be made 10 abwo
wclede thai maicial w the survaliance pro-

gram, peefesably i the form of {raciure lough-
pcss spocimens. These addibonsel specimens
may be subsistuied in pant for specimens of the
matcnal least bskety 10 be himuing

$ 1.3 The adjusicd reference iemperature of
the matenals i the rcactos vessel beithne shall
be determuncd by adding the appropriaie vai-
ves of iransition temperatuse sinfi i the refer-
ence temperaiuse of the unirradiaied maienial
The wansiion lemperatuie shifi and Charpy
upper shell cacigy diop can be deizemuned

Aeal i

from relavonships of flucnce and chemical
COTMPRISIION

54 Maerial Samplag A musamui e
program shall consist of the maienal sclecied
w 5.1, wken from the jollowng kcatwns. (1)
basc metal from one plaie o1 losging wsed
ihe belthne, { 2) weld metai made wilh the same
heat of weld wisre sad lot of flux and by the
samse welding practice as ihat used lor the
sclocted beltiine weld, and {J) the hest aflecied-
zone associated with the base mcial noied
sbove.

35 Archuve Matenals  Represeniative iest
stock io fill at lcast two addinional capsules with
test specimens of she base moigl, weld, snd
heat-affected zonc macnals used @ the pro-
geam shall be sctamned with full documentaion
and identtfication §t 13 recominended that tha
jest siock be 1 the form of full-thickaess sec-
uons of the ongina! maicnals (plates, forgnga
and weids).

S0 Fabrxanen Hisiory The itbicsuon
hisiory (susiesitizing, qUEnCh and icmpenag,
and post-weld hest ucatment) of the test ma-
tenals shail be fully sepreseniative of the fab-
ricaion history of the macnals i the belinne
of the reacior vessei sad shall be recorded

ST Chemicai Analyss Reguremenis— The
chemical analysis rsjuursd by the sppropreatc
provuct specifications for the survesiiance test
matcnals (base mcial and as-deposied weid
metal) shall be recorded snd shall include phos-
phorus (#), subfur (S}, copper {Cu), vasadium
(¥}, and nickel (Ni). as weil as sl ciher siloying
and residual clencnts commonty snalyied fof
i low-atloy sieel products. The product sasl-
ysis shall be verificd by anslynng a munmum
of three test specimens randomly sclecied from
both the base metal and the as-deposited wekd
amctal
& Test Specimens

6 i Type of Specimens - Uharpy V-notch wa-
paci specumens cosresponding 10 the Type A
specimen desciibed 1n Mcihiods A 370 and £ 2
shail be used The gage sccion of wradiated
end uniriadiaied teasion specimens shali be o
the same sie and shape Tension spevamens of
the type. size. and shape descnbed Methods
A 370 sad E 8 are rccommended  Addiwonsl
fracture loughness test specumens shall be em-

ployed (o supplement the inloimation lrom ihe
Charpy ¥ noich speamens of the sucveiilané

MeiCiies B lem U calubat seeigilial

p(upr.ﬂﬂ

42 Specimen Orneniation and 1 ocnios
Jeasion sad {haipy speCURCRs FCPICSTRIINE
the base mcial and the weld hcat-aficcied cone
shail be removed from aboul the yuancr-thick-
pess (% T) locations Matenal from the mad
Sk et Mo Menes B0l e b wend Lo i
spocumens Spoamens rcpicacating weld meial
may be removed al all kcatons thioughout the
theckness with ibe exceplion of iations withun
§27 mem (% ) of the oot of surfaces of ihe
waids The icnsion sad Charpy specuscas from
base metol shall be onenied 30 ibat ihe majos
aass of the specumen 1 paralicl to the surface
and normal © ihe pnacpal rolling disocion
fos platca, o normai 10 the maror «orking
direcison for fosgings as described w Secuos
i1 of the ASME Code The asis of the aowch
of ihe Charpy spoaumen for basc meial and
weld meial shall be vncated perpendicuiar io
ihe surface of the matenal, for the HAZ specs-
mens, the axis of the nowch shall be as ciose 0
perpendicular (o the susiace 83 possibie 0 loag
as the satwe leagih of the noich 5 located
within the HAZL The recommended oacniaiion
of the weld metal and HAZ spoaimcns 15 showe
in Fig | Weld metal lenswon specumens sy
be onented i the same duection & the Charpy
specumens piovided that the gage leagth con-
sists entisely of weid metal The weldmeai shail
be ewched o delae ific weld hemy slffecied zone
The aotch roots in the HAZ Charpy speaumens
shall be at & standard distance of approxumaicly
08 mm (% 10 ) from the weld lusion lne. The
oncataiion of the HAZ sampics with respect o
the majo: working diection of the paicni ma-
ienai shall be recoded

63 ¢ s of spec

63 | Unuradhaied Baselne Specimens 15 18
recommended that 18 Charpy speamens be
provided, of which 3 munamum of 15 specumens
shall be lested o esiabish & full ransuoa
temperature curve for cach msicnal (baxe
metal, HAZ, weld meial; The thice icmaieg
Charpy specimens should be reseived 10 pio-
vide supplomenial daia i wniances such as
exccasive data soaties Ad beast three ienmsion 1631
specimcns shall be provided o ostablnh the
uniiradisted teasile propeitics for base metal
and weld wmctal

63 1 lrisdusted Specimeny The sumimum

3153
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caposure i (capsule) shall be as follows.

Mooy vl Chacpy 7 e
Bose mctal 12 3
Weld metal i 3
HAZ 12

it s suggesied that » greaics quastuy of the
above specimens be included | the siadistion
capsules whenever possible.
7. livadisiion Reguisemenis

T4 Encapsulaiion of Specimens——Specunens
should v mamiained W &0 iBerl eRvORmeEnt
within 8 COTFOSIOn - (Csislant capsule (0 prcveat
detenoraticon of the surface of ihe speamens
dunng radiation sxposuie Care ahould be ex-
ercised n the design of the capsule 10 ensure
that the iemperature hisiory of ihe spocumens
duplicates, as clusely as possible, the tempera-
iure expenenced by the reactor vessel Surved-
lance capsules shouid be suthaently ngwd 1o
preveat mechenical damag. 10 ihe specimens
snd momions dunng wiadmuon The design of
the capsule and capsuie sttachments shall also
pormit sermios of seplacement capsules 1mio
the scactor vessel of required ai a later Lime @
ihe hifctime of the vessel. The dewign of the
capsuie holder aad the means of suschment
shail (1) preciude structurel matenai degrada-
tion by Ihe aliachment weids, () svosd inter-
ference with inscrvice inspection fequired by
ASME Code Sccuion X1, and (J) easure (he
wicgriy of the capsule holder dunng the set-
viue hife of the reacton vessel

12 Locaton of Caprules

724 Vessel Wall Capsules {Required)— Sut-
veidiance capsyles shall be located withua the
reacior vessel so that the speaimen iadiatos
history duplicates as closcly as posssbie, withia
the physical constzanis of the sysiem, aculion
spectrum, lemperatuse history, and mazimum
ncutron fluence capenenced by The icactos ves-
sel it o recommended that the surveiliance
capsule lcad facton (the raio of ithe wmsianta-
ncous neution fiux deasity at the apecimen
jocation (o the manmum caloulaied nBeuiion
flux densiy ai the mside surface of the icacton
vessel wall) be wa the range of one 10 thiee Thas
range of lead factors will ounimue the calcu-
latonal uscenmnties i cxtsapolating the sui
vedlafice mecasurements rom the speaimens 10
ihe tcactor vessel wall and maxinze ihe abalbuy
of the program tu Mmontios malciial ploperty
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133 Acceieraied Irradianon Capsuies (Op-
sonal) — Additcasl tesi speamcns may be po-
stcned & locaoas closer 16 the cove ihan
thoas descnibed i 7.2 | for acceleraied wradia-
woa.

7.3 Newron Dosimeters

1.3 Sedectson of Newiron Dasimeters—New-
o dosimeters os the survesilance caps:ics shall
e seiecied scoording 1o Guade E 482, The group
of mosston sciectod shall be capable of provading
fast aculson fucace, fast nouison specinem, and
thermal neuiroa flus density wmfvrmation. Do-
mt-lhnduhlnmyw.

1.3.2 Locasson of Newron Dosimeters—Do-
amciess shall be locaiod withun the vesscl wall
capsuies (7.2.1) and the acceicrsied capsules
§7.2.2)if wasd.

7.3.3 Scparsie dosmeicr capsules should aiso
be used o moanor rudiation conditions nde-
mdhwumwbluncw
that ile waihdrawal schodule will otherwise resuit
in saturation of ihe dosmcier activilics.

1.4 Comvelation Monsiors (Opuional)

7 4.1 Sebeciion of ¢ orrelanon Monstor Male
rials—Correlation monstors® have been fouad io
be uschul a8 an indepcndent chock on the mea-
suremeni of wvsdistion conditions fos ihe sus-
veillance maicnaly ( PCIILIOS FRORIGE Wale-
sials should be weli characicrized w ierms of
radaaion Dohawior (ifansion  lcmpeiaterc
shifl). « o magnstude of the raaston lompera-
tere shuft for hus masenial should be measurcable
for the sciect d caposurTs.

7.8 Tem eraiwe Mositors.

151 Sedection of Temperature Monitors—
Major duffcrences belweea specimea wiadia-
tion temperature and design lemperstuie, o
M‘unﬂdapwhdcmiu&m
vAnaloa in feacias coolant lcmporaiure, oF
both, cas affecs the cxient of rsdiation induced
propesty chaages i the surveiilance maicnialy
Since K @ not pracucal 10 mstrument the sur-
vaillance capsuics, low mclung poial clements
or cutectic alioys are used insicad as MGANORN
10 detect ugmficant vENELORs 1 SRPOSUIC Iem-

uve. These monstor: aic used i survel-
lamoe programs o provide swvidence of the mas-
caum cxposure iempeisiuie of the apeuimens.
The moanor maicnals should be selecied w

£ 185

ndicaie unforescen capsuic ICmMperaiuics

7152 Location of Tempercwwie Monsors
One sei of tempesatuse monsors shail be lo-
cated withua the capsule where the specimcn
iemperature is predicied 10 be the manmum
Addwional scis of LEMPEIRIUIT MONIOES May
be placed ai other locations witha the Capsule
10 characicnize the iemperatuse profiic.

7.6 Number of Survellance {agpsules and
Wishdrawal Schedule.

161 Number of Capsuies—¢. suificient
aumber of surveiilance capsuics shall be pio-
vided 10 monstor the cffects of acutson wradia-
pon oo ihe reactor vessel throeghow iG opes-
siing Lfetume. The basis fos the eumber of
capsules 1o be wnsialied at begiming of fufe w»
the predacied iransition Cmpeistare shait, as
shown ia Table | The decrcase i the upper
Muﬂgyu,oﬁohotm(mil.sl_
sad 5.3} Addwona! capsules may be nccded
o monitos the cffect of a major wore change oF
anacahing of the vessel, 0f 10 paovde suppie-
meniai toughness Gata for cvaluating & law
the beliine. it is recommended that full-ithwck-
aess scctions of matenal be kept insicad of
loaded capsuies, because the prefeired iype and
size of test spocamen may change 18 the wnier-
MymAmmmuhequuedu
5.5 is 1o be used for ihe additional Capsuies

762 Wihkdrawal Schedule The capsule
withdrawal scheduie shouid permil OasOnag
of long-time effects which are dufficuil w0
achicve & tesi reactors. Table 1 hisis the rec-
ommended numbes of capsules and the with-
drawsl schedulc for three ranges of predicicd
wansstion temperature shaft. The withdiawasl
scheduie is i terms of effcctive full-power yearns
(EFPY) of the ~essel with a design Life of 32
EFPY. Other faciors thst must be consdered
wn esiablishing the witharawai schedule arc pie
sented :n Tabie 1 The fust capsule 15 scheduled
for wathdiawal carly i ihe vessel hife W vendy
the umual predicuons of the survallance ma
tenal response 10 the actual radiaiion cavires
ment. it 15 semoved whea the predicied shafl
exceeds the capecied scatier by sufficient G-
gin 1o be measuicabic Normally, the capaule

* debosTmation ihe evadedwisty of cosveiaion mune
fors can he ceamecd from ASTM (emeuiies © 30 Sex
ASTME LI54 Juiy 1974

with the Bignest lead facior » withdiaws fust
Sarty withdrawal will persul venification of the
sdogquacy aad coascrvatise of the icacisr vex-
sl pressurc/icmpeiatese  operationsl  limas
The withdrewai schedule of the final 1wo cap-
sules 18 adjusicd by the lead factor so the ex-
pusure of the second w0 last capsule doss Bot
exceed the peak ead-of-hic (EOL) flucace on
ihe mude surface of the vessel, and so ihe
caganuic of the final capsuic docs nut cxvoed
twice the EOL vessel wside surface peak flu-
eace The decuson v when 10 ey sprcumens
from the final capsule necd not be made wall
the results from the preceding capsuies ame
kpown.

163 impiemeniation of Tabie |

7631 Esumale the peak vessel inside sai-
face fluence at EUGL and ihe corresponding
ransiion iemperatuse shifl Tha wieatilics ihe
aumber of capsules required

7632 Esumaic the icad factor for cach sur-
veilisnce capsule selative 10 the peak belihae
fluence.

7633 Calculaie the number of LFPY for
the capsule 10 reach ihe peak vessel EOL fiu-
ence ai the mside surface sad % T locations.
These are used 10 estabish the weithdvawal
schedule for all but the finst capsule

7634 Schedule the capsule withdiawals &
ihe ncaieat vessei iciuching date

8 Measwremest of Radistion Eaposwrs (on
[T

5 | lemperaivce Envecnmeni The maai
mum caposure iempuratuie of the survaillance
capaule matenals shall be detcrmuncd 3 & dus-
cicpancy (> 14°C or 25°F) occurs between the
Gbserved and the capecied capsule caposure
icmpcreturcs, an analyss of ihe vpcrating con-
ditsons shall be woaducied 10 detcranne il
magadudc and dursiion of these diflcreaces.

8 2 Newron irradistion Envirormeni

821 1he soutrom flux deasily, noulron es-
ergy specirum, and acutson flucace of the sus-
vesilance spocimcns and the conesponding max-
wmam valucs for the scactos vossel shall be deiei-
sncd i accoidanoe wik ihe gusdclines i Gunde
E 452 and Kecommended Pracine E 500

K22 The specilic methond of deicrniaation
shall be doxumenicd

¥ 23 Neuwtios Huz density and flugnce val
ues (B > 0! and | McV ) shall be detcinmined
aad seconded using both s calculated spectium

58

sad an sssumcd fusion speciium

3. Memswrement of Mochanscal Properiies

91 Jenuon Fesis

911 Method — Teasion testing shall be con-
ducicd in accosdance with Mcthods & 8 and Rec-
ommended Praciwe £ 21

912 lesi Tempergiwie

912\ Unirradsated— The 123t iemperaiues
fos cach matenal shall include foom lempens-
fuie, service ismperstuse, and one inlermediate
iwmperaiue o dcfine the sirengih veisus lem-

miuic \

9122 liradiated  One specimen from cach
maienal shail be tesiod at & lemperature @ the
wicigaty of ihe upper cad of the Charpy esergy
wsasion icgon  The remamng specumens
from cach matcnial shall be 1ested at the scivico
lempeiniure and the mudirsasiion icmpoia-
iure

9 1.3 Measwremenis For both unuradiated
end wradisied maienals, deicrmune  yield
sizength, teasibe strengih, frsciure load, fractuie
sisengih, lractuss stress, total aad wndorm clos-
gaiwa, and reducihion of ares

92 Charpy Fesis

$ 2" Methsi—Charpy lesis shall be coe-
ducted 1n accordance with Methods £ 23 and
A 30

9 22 Test Temperaiuce

9221 Unwradiated - Tes! iemperatures for
cach matcnal shall be sclecicd 10 esiablush &
full wsnstion lempersiuie curve. One specs-
men pei o8 icmpeisture may be used 1o defias
the overail shape of the curve Addiui sl iests
shoutld b performed i the regon whare ihe
measurements descrnibed i 9 23 are made.

9222 frradiated - Specumens fos cach ma-
tenal will be estad 8t icmpeiatures seiccied 1o
gcline the full cnergy trsnsiion curve. Panc-
ular carohas should be placed on definiag the
410 (3000 Ibl), 68-F 5O-N- 16T snd U ¥Y%-mm
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February 25, 1983

Subject:

Purpese:

Issue:

Discussion:

a,‘ SECY-B3-80
) o

RULEMAKING ISSUE

( Affirmation)

The Commissicners

William J. Dircks, Executive Director for Operations

10 CFR PART 50--GENERAL REVISION OF APPENDICES G AND H,
FRACTURE TOUGHNESS AND REACTOR VESSEL MATERIAL SURVEILLANCE
REQUIREMENTS

Obtain Commission approval of a notice of final rulemaking.

Modification of NRC regulaticns involving the requirements
for fracture toughness of the reactor coolant pre.sure
boundary, intluding surveillance of neutron radiation
embrittiement of the reactor vessel beitline materials.

Appendix G, "Fracture Toughness Requirements", and

Appendix H, "Reactor Vessel Material Surveillance Program
Reguirements," have undergone only limited revision in over
nine years of use. In this general revision, the require-
ments of Appendices G and H have been updated to be more
consistent with curren® t::hnology and pertinent National
Standards. Some of the amendisents are intended to cliarify
the applicability ot inese reqguirements to older plants;
that is, those built to ASME Codes earlier than the Summer
1972 Addenda to the 1971 Edition, which often requires con-
sideration of proposed alternatives to specific require-
ments. The amendments specify when acceptance of a proposed
alternative must take the form ¢of an exemption granted by
the Commission and when acceptance may be granted by the
Directer of Nuclear Reactor Regulation as being equivalent
to the NRC requirements. Two of the amendments modify
requirements that have proved to be unduly conservative. A
number of octher amendments shortan and simplify these regu-
lations by replacing technical detail with references to
the ASME Boiler and Pressure Vessel Code and to ASTM E 185,
"Standard Practice for Surveillance Tests for Light Water
Cooled Nuclear Power Reactor vessels."

The nctice of propcsed rulemaking on this issue was pub-

.1ished;for public comment in the FEDERAL REGISTER on

Contact: P. N.‘Rénca11

443-5903



The Commissioners

Recommendation:

November 14, 1980. Thirteen replies were received from
utilities and vendors concerned with the application of
specific requirements. An analysis of the comments received
and the staff response {s given in Enclosure 4, and a sum=
mary is given in the Supplementary Information section of
Enclosure 1.

That the Commission:

A

Approve publication of the amendments to . .pendices G
and H to 10 CFR Part 50 (Enclosure 1) as a final rule.

Note the sta’f conclusions set forth in Enclosure 3,
which provides the analysis called for by the Periodic
and Systematic Review established by Task IV.G.2. of
the TMI Action Plan.

Certify that this rule will not have 2 significant
ecoromic impact on a substantial number of small
entities, in order to satisfy requirements of the
Regulatory Flexibility Act, 5 U.S.C. 605(b).

Note:
a. That the amendments to 10 CFR Part 50 will be

published in the Federal Register, and will become
effective 60 days after publication.

b. No environmental impact statement, negative
declaration, or environmental impact appraisal
need be prepared in connection with the amend-
ments because the action taken by the amendments
will not significantly affect the quality cf the
human environment.

¢. The reporting and recordkeeping requirements
contained in this regulaticn have been approved by
the Office of Management and Budget, OMB approval
No. 3150-0011.

d. Tre Office of Public Affairs concurs that a public
announcement is not needed.

e. Tha NRC staff will inform the Subcommittee on
Erergy 2nd the Environment of the House Committee
on Interior &nd Insular Affairs, the Subcommittee
on Energy and Power of the House Committee on
Interstate and Foreign Commerce, the Subcommittee
on Environment, Energy and Natural Resources of



The Commissioners

Enclosures:

1. Federal Register Notice

the House Committee on Government Operations, and
the Subscmmittee on Nuclear Regulatinn of the
Senate Committee on Environment and Public Works
of this sction by letter such as Enclosure 5.

The Federal Register notice of rulemaking will be
distributed by ADM to power reactor licensees/
permit holders, applicants for a construction
permit for a power reactor, public interest
groups, and nuclear steam system suppliers.

The Chief Counsel for Advocacy of the Small
Business Administration will be informed by DRR
of the certification regarding economic impact on
smal) entities together with the reason for it.

Although this rule does not involve a significant
question of policy, action by the Commission is
required since the final amendments would modify
current policy concerning the granting of exemp-
tions by the Commission by providing that certain
alternative methods for meeting the requirements

in Appendices G and H to Part 50 may be approved by

the Director, Office of Nuclear Reactor Regulaticn.

WA\

William J. Dircks
Executive Director for Operations

2. Regulatory Analysis Statement

3, Analysis with respect to the periodic and
systematic review of regulations

4. Analysis of public comments and staff

response

5. Draft Congressional Letter



commissioners' comments should be provided directly to the
0ffice of the Secretary by c.o.b. Monday, March 14, 1983.

Commission Staff Office comments, if any, should be submitted
to the Commissioners NLT Monday, March 7, 1983, with an
information copy to the Office of the Secretary. If the paper
is of such a nature that it requires additional time for
analytical review and comment, the Commissioners and the
cecretariat should be apprised of when comments may be expected.

This paper is tentatively scheduled for affirmation at an Open
“eeting during the Week of March 14, 1983, Please refer to
the appropriate Weekly Commission Schedule, when published,
for u specific date and time.

REGIONAL OFFICES
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NUCLEAR REGULATORY COMMISSION
10 CFR Part 50

Fracture Toughness Requirements for
Light-Water Nuclear Power Reactors

AGENCY: Nuclear Regulatory Commission.
ACTION: Final rule.

SUMMARY: The Commission is amending its regulaticns which specify frac-
ture toughness regquirements for 1ight-water nuclear power reactors and
its requirements for reactor vessel material surveillance programs. The
amendments clarify the applicability of these requirements to all plants,
modify certain requirements, and shorten and simplify these regulations
by more extensively incorporating by reference appropriate National
Standards.

EFFECTIVE DATE:

FOR FURTHER INFORMATION CONTACT: Or. P. N. Randall, Office of Nuclear
Regulatory Research, U.S. Nuclear Regulatory Commission, Washingten, D.C.
20555, telephone (301)443-5903.

SUPPLEMENTARY INFORMATION: On November 14, 1380 the Nuclear Regulatory
Commission published in the Federal Register (45 FR 75536) proposed
amendments to its regulation, 10 CFR Part 50, "Domestic Licensing of
Production and Utilization Facilities," which would amend Appendix G,"
Fracture Toughness Regquiremants," and Appendix H, "Reactor Vessel Mate-
rial Surveillance Program Requirements." These amendments comprised a
proposed genera) revision of Appendices G and H designed to update them
after seven years of use and to make them more consistent with current
technology and pertinent National Standards. Interested persons were

Enclosure 1
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invited to submit wirtten comment by January 13, 1981. Thirteen replies
were received. A1) of the replies were from utilities or venders con-
cerned with the application of specific requirements. There were no
adverse general comments or objections to the proposed revisions. A
brief summary of the more significant comments and the staff responses
follows:

The most signifiant technical question, which will require recheck-
ing pressure-temperature limits for all plants, concerned a new requirement
for fracture control at structural discontinuities contained in paragraph
IV.A.2 of Appendix G. The critical locations are the closure flange
regions of the reactor vessel, where bending stress is introduced during
boltup. The requirement in the proposed rule was that the temperature
at the highly stressed region be at least 150°F above the reference
temperature of the material whenever pressure exceeded 20 percent of the
precperational system hydrostatic tezi pressure. Commenters felt this
was overly restrictive and cited certain hardships caused during hydro-
tests and also during normal heatup and cooldown operations. In response
to the comments, the requirement has been revised to provide a separate,
lower temperature requirement for hydrotest conditions than for normal
operation, consistent with the margins of safety specified in the ASME
Code. In addition, the requirement for normal operation was reduced
slightly, based on further analysis of boltup conditions. Thus, in the
final rule, the proposed requirement of 150°F (above the reference temper-
ature of the material) was revised to 90°F for hydrotest and 120°F for
normal operation. This requirement will affect principally those plants
where radiation damage to the beltline region is low, and the pressure-~
temperature limits are thus more likely to be controlled by the closure
flange regions.

paragraph IV.A.4. of Appendix G was expanded to specify that the
quantity "RTNDT+60°F" referred to the adjusted reference temperature of
the reactor vessel material in the region that was controlling the
pressure-temperature 1imits (beltline or closure flange regions)
following the analysis required by paragraph IV.A. 2.

Minor changes in wording were made in several paragraphs, and
footnotes were added to clarify the meaning of two paragraphs.

Enclosure 1
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A number of comments addressed the reporting requirements for sur-
veillance reports, paragraphs II1.A. and II1.C. of Appendix H. Based on
commenters suggestions, the Commissfon has revised the proposed require-
ment that surveillance reports be submitted within 90 days after comple~
tion of testing to require submittal of these reports within i year of
capsule withdrawal unless an extension is granted. This change simplifies
implementation of the requirement, because capsule withdrawal schedules
must be approved by the Director, Office of Nuzlear Reactor Regulation, as
provided in paragraph 11.B.3. of Appendix H. The primary purpcses of the
requirement--timely reporting of test results and notification of any
problems--are accomplished as well by the provisions of the final rule.

Copies of the abstract of comments and the staff's response, which
gives a point=by-point discussion of each {ssue raised by the commenters,
and copies of the value-impact analysis supporting the rule are available
for public inspection and copying for a fee at the Commission's Public
Document Room at 1717 H Street NW., Washington, D.C. Single copies may be
obtained by written request to the Office of Nuclear Regulatory Research,
U.5. Nuclear Regulatory Commission, Washington, D.C. 20555, Attention: P.
N. Randall.

RECULATORY ANALYSIS

The Commission has prepared a regulatory analysis for this regula-
tion. The analysis examines the costs and benefits of the rule as con-
sidered by the Commission. A copy of the regulatory analysis is available
for inspection and copying for a fee at the NRC Public Document Room,

1717 H Street, NW., Washington, D.C. Single copies of the analysis may be
obtained from P. N. Randall, Office of Nuclear Regulatory Research, U.S.
Nuclear Regulatory Commission, Washingten, D.C. 20555, telephcne
(301)443-5303.

PAPERWORK REDUCTION ACT STATEMENT

The reporting and recordkeeping requirements contained in this regula-

tion have been approved by the Office of Management and Budget, OMB approval
No. 3150-0011.
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REGULATORY FLEXIBILITY STATEMENT

In accordance with Section 605(b) of the Regulatory Flexibility Act
of 1980, 5 U.5.C. 605(b), the Commission hereby certifies that this rule

will not have a significant economic impact on a substantial number of
small entities. This rule affects primarily the utilities that own light
water nuclear power reactors, and the vendors of those reactors, none of
which meet the definition of "small prtities" set forth in Section 601(3)
of the Regulatory Flexibility Act or the Small Business Size Standards

set out in regulations issued by the Smail Business Administration in
13 CFR Part 121.

LIST OF SUBJECTS IN 10 CFR PART 50

Antitrust, Classified information, Fire prevention, Intergovernmental
relations, tuclear power plants and react:zrs, Penalty, Radiation protection,
Reactor siting criteria, Reporting and recordkeeping requirements.

Pursuant to the Atomic Energy Act of 1954, as amended, the Energy
Reorganization Act of 1974, as amended, and section 553 of title 5 of
the United States Code, the following amendments to 10 CFR Part S0 are
published as a document subject to codification.

PART 50 = DOMESTIC LICENSING OF PRODUCTION AND UTILIZATION FACILITIES

1. The authori*y citation for 10 CFR Part 50 continues to read as
follows:
AUTHORITY: Secs. 103, 104, 151, 182, 183, 189, 186, 68 Stat. 936, 937,
948, 953, 954, 955, 956, as amended, sec. 234, 83 Stat. 1244, as amended
(42 U.5.C. 2133, 2134, 2201, 2232, 2233, 2236, 2239, 2282); secs. 201, 202,
206, 88 Stat, 1242, 1244, 1246, as amended (42 U.S5.C. 5841, £842, 5846),
unless otherwise noted.

Section 50.7 also issued under Pub, L. 95-601, sec. 10, 92 Stat. 2951
(42 U.5.C. 5851). Section 50.78 also issued under sec. 122, 68 Stat. 939
(42 U.5.C. 2152). Sections 50.80-50.81 also issued under sec. 184, 68 Stat.
954, as amended (42 U.S.C. 2234). Sections £0,100~50.102 alsc {ssued under
sec. 186, 68 Stat. 955; (42 U.S.C. 2236).
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For the purposes cf sec. 223, 68 Stat. 958, as amended (42 U.S.C.
2273), §§ 50.10(a), (b), and (c), 50.44, 50.46, 50.48, 50.54, and 50.80(a)
are issued under sec. 161b, 68 Stat, 948, as amended (42 U.S.C. 2201(b));
§§ 50.10(b) and (c) and 50.54 {ssued under sec. 1611, 68 Stat. 949, as
amended (42 U.S.C. 2201(i)), §§ 50.55(e), 50.59(b), 50.70, 50.71, 50.72,
and 50.78 are {ssued under sec. 16lc, 68 Stat. 950, as amended (42 U.S.C.
2201(0)).

2. Paragraph (a) of § 50.12 s revised to read as follows:

§ 50.12 Specific exemptions.

(a) The Commission may, upon application by any interested person
or upon its ewn initiative, grant such exemptions from the requirements of
the regulations in this part as it determines are author.zed by law and
will not endanger life or property or the common defense and security and
are otherwise in the public intercst. To cbtain an exemption to Appen-
dices G and H to this part, the requirements of paragraph 50.60(b) of this
part must be met in addition to the requirements of this paragraph.

3.  In section 50.55a, paragraph (i) is deleted and paragraph (j) is
redesignated paragraph (i).

4. A new Section 50.60 is added to 10 CFR Part 50 to read as
follows:

§ 50.60 - Acceptance criteria for fracture prevention measures for light-
water nuclear power reactors for normal operation.

(a) Except as provided in paragraph (b) of this section, all light-
water nuclear power reactors must meet the fracture toughness and material
surveillance program rzquirements for the reactor coolant pressure boundary
set forth in Appendices G and H to this part.

(b) Proposed alternatives to the described renuirements in Appen-
dices G and H of this part or portions thereof may be used when an exemp-
tion is granted by the Commission under § 50.12. In addition, the
aoplicant must demonstrate that (i) compliance with the specified reguire-
nents would result in hardships or unusual difficulties without a com~
nensating increase in the level of quality and safety, and (ii) the
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proposed alternatives would provide an adequate level of guality and
safety.

5. Appendices G and H are revised to read as follows:

APPENDIX G
FRACTURE TOUGHNESS REQUIREMENTS

Table of Contents
I. Introduction and Scope
11. Definitions
I11. Fracture Toughness Tests
IV. Fracture Toughness Requirements
V. Inservice Requiremants - Reactor Vessel Beltline Materials

I. INTRODUCTION AND SCOPE

This appendix specifies fracture toughness requirements for ferritic
materials of pressure-retaining components of the reactor coclant pressure
boundary of light water nuclear power reactors to provide adequate mar-
gins of safety during any condition of normal cperation, including anti-
cipated ocperational occurrences and system hydrostatic tests, to which
the pressure boundary may be subjected over its service lifetime.

The ASME Code forms the basis for the reqguirements of this Appendix.
YASME Code" means the American Society of Mechanical Engineers Boiler
and Pressure Vessel Code. If no section is specified, the reference is
to Section I1I, Division 1, "Rules for Construction of Nuclear Power Flant
Components." “Section XI" means Section XI, Division 1, "Rules for In-
sarvice Inspection of Nuclear Power Plant Components.” If noc edition or
addenda is specified, the applicable ASME Code edition and addenda and
any limitations and modifications thereof are specified in § 50.55a of
this part.

The ASME Boiler and Pressure Vessel Code has been approved for incor-
peration by reference by the Director of the Federal Register. A notice
of any changes made to the material incorporated by reference will be
published in the Fecderal Register. Copies of the ASME Boiler and Pressure
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Vessel Code may be purchased from the American Scciety of Mechanical
Engineers, United Engineering Center, 345 East 47th St., New York, NY
10017. It is also available for inspection at the Nuclear Regulatory
Commission's Public Document Room, 1717 M Street NW., Washington, D.C.
The requirements of tais appendix apply to the following materials:
Note: The adequacy of the fracture toughness of other ferritic mate-
rials not covered in this section shall be demonstrated to the Director,
Office of Nuclear Reactor Regulation, on an individual case basis.
A. Carbon and low-alloy ferritic stee) plate, forgings, castings,
and pipe with specified minimum yield strengths not over 50,000 psi
(345 MPa), and to thuse with specified minimum yield strengths greater
than 50,000 psi (345 MPa) but not over 90,000 psi (621 MPa) if qualified
by using methods equivalent to those described in paragraph G-2110 of
the ASME Code &s defined in paragraph I1.A. of this appendix. The latest
edition and addenda permitted by paragraph 50.55a(b) of this part at the
time the analysis 1s made is to be used for the purpose of this paragraph.
B. Wwelds and weld heat-affected zones in the materials specified
in paragraph I.A. of this appendix.
€. Materials for bolting and other types of fasteners with speci-
fied ninimum yield strengths not over 130,000 psi (896 MPa).

II. DEFINITIONS

A. "Ferritic material"” means carbon and low-alloy steels, higher
alloy steels inciuding all stainless alloys of the 4xx series, and
maraging and precipitation hardening steels with a predominantiy body-
centered cubic crystal structure.

8. "“System hydrostatic tests" means all preoperational system leak-
age and hydrostatic pressure tests and all system leakage and hydrostatic
pressure tests performed during the service life of the pressure boundary
in compliance with the ASME Code, Section XI.

C. "Specified minimum yield strength” means the minimum yield strength
(in the unirradiated condition) of a material specified in the construction
code under which the component is built under § 50.55a of this part.
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D. "Reference temperature" means the reference temperature, RTNDT’
as defined in the ASME Code.

E. "Adjusted reference temperature" means the reference .amperature
as adjusted for irradiation effects (see Section V of this Appendix) by
adding to RTNDT the temperature shift, measured at the 30 ft- » (41J)
level, in the average Charpy curve for the irradiated material relative
to that for the unirradiated material.

F. "Beltline" or "Beltline region of reactor vessel” means the
region of the reactcr vessel (shell material including welds, heat
affected zones, and plates or forgings) that directly surrounds the
effective height of the active ccre and adjacent regions of the reactor
vessel that are predicted to experieﬁce sufficient neutron radiation
damage to be considered in the selection of the most limiting material
with regard to radfation damage.

iI1. FRACTURE TOUGHNESS TESTS

A. To demonstrate compliance with the fracture toughness require-
ments of Sections IV and V of this appendix, ferritic materials must be
tested in accordance with the A:ME Code and, for the beltline materials,
the test requirements of Appendix H of this part. For a reactor vessel
that was constructed to an ASME Code earlier than the Summer 1972 Addenda
of the 1971 Edition (under § 50.55a of this part), the fracture toughness
data and data analyses must be supplemented in a manner approved by the
Director, Uffice of Nuclear Reartor Regulation, to demonstrate equivalence
with the fracture toughness requirements of this Appendix.

B. Test methods for supplemental fracture toughnesc tests described
in paragraph V.(C.2. of this appendix must be submitted to and approved
by the Director, Office of Nuclear Reactor Regulation, prior to testing.

C. A1l fracture toughnest test programs conducted in accardance
with paragraphs A and B of this section must comply with ASME Code
requirements for calibration of test equipment, qualification of test
personnel, and retention of records of these functions and of the test
data.
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IV. FRACTURE TOU(HNESS RCQUIREMENTS

A. The pressure-retaining components »f the reactor coolant pressure
boundary that are made of ferritic materials must meet the requirements
of the ASME Code supplemented as follows for fracture toughness during
system hydrostatic tests and any condition of normal operation, including
anticipated operational occurrences:

1. Reactor vessel beltline materials must have Charpy upper-
shelf energy! of no less than 75 ft-1b (102J) initially and must maintain
upper-shelf energy throughout the life of the vessel of no less than 50 ft-1b
(68J), unless it is demonstrated in a manner approved by the Director, Office
of Nuclear Reacter Regulation, that lower values of upper-shelf energy
will provide margins of safety against fracture equivalent to those required
by Appendix G of the ASME Code. The latest edition and addenda of the
ASME Code permitted by paragraph 50.55a(b) of this part at the time the
analysis is made are to be used for the purposes of paragraphs IV.A.1
and IV.A.2 of this appendix.

2. When the core is not critical, pressure-temperature limits
for the reactor vessel must be at least as conservative as those obtained
by following the methods of analysis and the required margins of safety
of Appendix G of the ASME Code supplemented by the requirements of
Section V of this appendix. In addition, when pressure exceeds 20 percent
of the preservice system hydrostatic test pressure, the temperature of
the closure flange regions that are highly stressed by the bolt preload
must exceed the reference temperature of the material in those regions
by 3t least 120°F (67°C) for normal operation and by 90°F (50°C) for
hydrostatic pressure tests and leak tests, unless 2 lower temperature
can be justified by showing that the margins of safety for those regions
when they are controlling are equivalent to those required for the belt-
line when it is controlling. The justification submitted for the pres-
sure temperature limits must describe the methods of analysis used.

1Defined in ASTM E 185-79 and -82, which are incorporated by reference in
Appendix H.
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3. When the core is critical (other than for the purpose of
low-level physics tests), the temperature of the reactor vessel must not
be Tower than 40°F (22°C) above the minimum permissibie temperature of
paragraph 2. of this section nor ilower than the minimum permissibie
temperature for the inservice system hydrostatic pressure test. An
excepticn may be made for boiling water ~eactor vessels when water level
is within the normal range for power operatic) and the pressure is less
than 20 percent of the preservice system hydrostatic test pressure. In
this case the minimum permissible temperature is 60°F (33°C) above the
reference temperature of the closure flange regions that are highly
stressed by the bolt preload.

4, If there is no fuel in the reactor during system hydro-
static pressure tests or leak tests, the minimum permissible te.t
temperature must be 60°F (33°C) above the adjusted reference temperature of
the reactor vessel material in the region that is controlling (as specified
in paragraph IV.A.2 of this appendix).

9. If there is fuel in the reactor during system hydrostatic
pressure tests or leak tests, the requirements of paragraphs 2 or 3 of
this sec.ion apply, depending on whether the core is critical during the
test.

B. Reactor vessels for which the predicted value of upper-snelf
energy et end of life is below 50 ft-1b or for which the predicted value
of adjusted reference temperature at end of life exceeds 200°F (93°C)
must be designed to permit a thermal annealing treatment at a suffi-
ciently high temperature to recover material toughness properties of
ferritic materials of the reactor vessel beltline.

V. INSERVICE REQUIREMENTS - REACTOR VESSEL
BELTLINE MATERIAL

A. The effects of neutron radiation on the reference temperature
and upper shelf energy of reactor vessel beltline materials, including
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welds, are to be predicted from the results of pertinent radiation effects
studies in addition to the results of the surveillance grogram of Appen~
4ix H to this part.

B. Reactor vessels may continue to be operated only for that ser-
vice period within which the requirements of Section IV of this appendix
are satisfied using the predicted value of the adjusted reference tempera-
ture and the predicted value of the upper-shelf energy at the end of the
service period to account for the effects of radiation en the fracture
toughness of the beltline materials. These predictions are to be made
for the radiation conditions at the critical location on the crack front
of the assumed flaw.? The highest adjusted reference temperature and
the Towest upper-shelf energy level of all the beltline materials must
be used to verify that the fracture toughness requirements are satisfied.

C. In the event that the requirements of Section V.B. of this
appendix cannot be satisfied, reactor vessels may continue to be operated
provided all of thu following requirements are satisfied:

1. A volumetric examination of 100 percent of the beltline
materials that do not satisfy the requirements of Section V.B. of this
appendix is made and any flaws characterized according to Section XI of
the ASME Code and as otherwise specified by the Director, Office of Nuclear
Reactor Regulation.

2. Additional evidence of the fracture toughness of the belt-
line materials after exposure to neutron irradiation is to be obtained
from results of supplemental fracture toughness tests.

3. An analysis is performed that conservatively demonstrates,
making appropriate allowances for all uncertainties, the existence of
equivalent maigins of safety for continued operation.

D. If the procedures of Section V.C. of this appendix do not indi-
cate the existence of an equivalent safety margin, the reactor vessel
beltline may, subject to the approval of the Director, Office of Nuciear
Reactor Regulation, be given a thermal annealing treatment to recover the

2For example, in analyses that follow Ap-.andix G of the ASME Code, the
radiation conditions to be used are ti.cse predicted for the material
one fourth of the way through the vessel wall, i.e., at the deepest
point on the crack front of the postulated defect.

11 Enclosure 1



[7590-01]

fracture toughness of the material. The degree of recovery is to be
measured by testing additional specimens that have been withdrawn from the
surveillance program capsules and that have been annealed under the same
time-at-temperature conditions as those given the beltline material. The
results, together with the results of other pertinent annealing-effects
studies, are to provide the basis for establishing the adjusted reference
temperature and upper-shelf energy after annealing. The reactor vessel
may continue to be operated only for that service period within which the
predicted fracture toughness of the beltline region materials satisfies
the requirements of Section IV.A. of this appendix using the values of
adjusted reference temperature and upper-shelf energy that include the
effects of annealing and subsequent irradiation.

E. The proposed programs for satisfying the requirements of Sec-
tions V.C. and V.D. of this appendix are to be reported to the Director,
Office of Nuclear Reactor Regulation, as specified in § 50.4(a) of this
Part, for review and approval on an individual case basis at least 3 years
prior to the date when the predicted fracture toughness levels will no
longer satisfy the requirements of Section V.B of this appendix.

APPENDIX H
REACTOR VESSEL MATERIAL
SURVEILLANCE PROGRAM REQUIREMENTS

Table of Contents
1 Introduction

II. Surveillance Program Criteria
I11. Repori of Test Results

I. INTRODUCTION
The purpose of the material surveillance program required by this
Appendix is to monitor changes in the fracture toughness properties of

ferritic materials in the reactor vessel beltline region of light water
nuclear power reactors resulting from exposure of these materials to
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neutron irradiation and the thermal environment. Under this program,
fracture toughness test data are obtained from material specimens
exposed in surveillance capsules, which are withdrawn periodically from
the reactor vessel. These data will be used as described in Sections IV
and V of Appendix G to this part.

ASTM E 185-73, =79 and -82, "Standard Practice for Conducting
Surveillance Tests for Light-Water Cooled Nuclear Power Reactor
Vessels," which are referenced in the following paragraphs, have been
approved for incorporation by reference by the Director of the Federal
Register. A notice of any changes made to the material incorporated by
reference will be published in the Federal Register. Copies of
ASTM E 185-73, -79, and -82, may be obtained from the American Society
for Testing and Materials, 1916 Race St., Philadelphia, PA 19103.
Copies will be available for inspection at the Commission's Public
Document Room, 1717 H Street NW., Washington, D.C.

I1. SURVEILLANCE PROGRAM CRITERIA

A.  No material surveillance program is required for reactor
vessels for which it can be conservatively demonstrated by analytical
methods applied to experimental data and tests performed on comparable
vessels, making appropriate allowances for all uncertainties in the
measurements, that the peak neutron fluence (E)IMEV) at the end of the
design 1ife of the vessel will not exceed 1017 n/cm2.

B. Reactor vessels that do not meet the conditions of paragraph
[I.A. of this Appendix must have their beltline materials monitored by
this Appendx.

1. That part of the surveillance program conducted prior to
the first capsule withdrawal must meet the requirments of the ecdition of
ASTM E 185 that is current on the issue date of the ASME Code to which
the reactor vessel was purchased. Later editions of ASTM E 185 may be
used, but including only those editions through 1982. For each capsule
withdrawal after (insert the effective data of this amendment), the test
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procedures and reporting requirements must meet the requirements of ASTM E
185-82 to the extent practical for the configuration of the specimens in
the capsule. For each capsule withdrawal prior te (insert the effective
date of this amendment), either the 1973, the 1878, or the 1982 edition of
ASTM E 185 may be used.

2. Surveillance specimen capsules must be located near
the inside vessel wall in the beltline region so that the specimen
irradiation history duplicates, to the extent practicable within the
physical constraints of the system, the neutron spectrum, temperature
histery, and maximum neutron fluence experienced by the reactor vesse)
inner surface. If the capsule holders are attachea to the vessel wall
or to the vessel cladding, construction and inservice inspection of the
attachments and attachment welds must be done according to the require-
ments for permanent structural attachments to reactor vessels given in
Sections III and XI of the ASME Code. The design and location of the
capsule holders shall permit insertion of replacement capsules. Acceler-
ated irradiation capsules may be used in addition to the required number
of surveillance capsules specified in ASTM E 185.

3. A proposed withdrawal schedule must be submitted with a
technical justification therefor to the Director, Office of Nuclear Reactor
Regulation, for approval. The proposed schedule must be approved prior
to implementation.

€. An integrated surveillance program may be considered for a set
of reactors that have similar design and operating features. The repre-
sentative materials chosen for surveillance from each reactor in the set
may be irradiated in one or more of the reactors, but there must be an
adequate dosimetry program for each reactor. No reduction in the require-
ments for number of materials to be irradiated, specimen types, or number
of specimens per reactor is permitted, but the amount of testing may be
reduced if the initial results agree with predictions. Integrated sur-
veillance programs must be approved by the Director, Office of Nuclear
Reactor Regulation, on a case-by-case basis. Criteria for approval include
the following considerations:

1. The design and operating features of the reactors in the
set must be sufficiently similar to permit accurate comparisons of the
predicted amount of radiation damage as a function of total power cutput,
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2. There must be adequate arrangement for data sharing
between plants.

3. There must be a contingency plan to assure that the sur-
veillance program for each reactor will not be jeopeardized by operation
at reduced power level or b an extended outage of another reactor from
which data are expected.

4. There must be substantial advantages to be gained, such
as reduced power outages or reduced personnel exposure to radiation, as
a direct result of not requiring surveillance capsyles in 211 reactors
in the set.

11I. REPORT OF TEST RESULTS

A. Each capsule withdrawal and the test results must be the sub-
ject of a summary technical report to be submitted to the Director,
Office of Nuclear Reactor Regulation, as specified in § 50.4(a) of this
Part, within 1 year after capsule withdrawal, unless an extension is
granted by the Director.

B. The report must include the data required by ASTM E 185, as
specified in paragraph 11.B.1 of this Appendix, and the results of all
fracture toughness tests conducted on the beltline materials in the
irradiated and unirradiated conditions.

B If a change in the Technical Specificaticns is required, either
in the pressure-temperature limits or in the operating procedures
required to meet the limits, the expected date for submittal of the
revised Technical Specifications must be provided with the report.

Dated at this day of 1983.

For the Nuclear Regulatory Commission.

Samuel J. Chilk
Secretary of the Commission
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REGULATORY ANA(YSIS

REVISION OF APPENDICES G AND M,
FRACTURE TOUGHNESS AND SURVEILLANCE PROGRAM REQUIREMENTS

1. THE PROPOSED ACTION

1.1 Descristion

Fracture control of the reactor vessel as treated by Appendix G in its
present form s accomplished principally by p-essure-temperature limits, which
provide assurance that the vessel is warm enough to hav: adequate fracture
toughness for tie corresponding pressure. Raciation damage is compensated for
by increasing the required vessel Lemperature 2very few years, based on input
from the reactor vessel material surveillance program required by Appendix H.
Be suce there is ar upper level beyond which toughness cannot be increased by
raising metal temperature, Appendix G alsv requires a minimum upper-shelf
touginess. The revision to Appendix G identifies this requirement more
clearly than before.

A major part of the revision of Appendix G is deletion of items now
covered in the ASME Code and incorporation of the applicable Code provisions
by reference. Similarly, parts of Appendix H are deleted and replaced by
references to ASTM E 185. Publication ¢f a new edition, E 185-79, containing
much technical detail, has made it possible to shorten Appendix H. Paragraph
50.55a(1), which added Appendices G and H to Part 50, is deleted and a new
Section 50.60 is added to take the place of paragraph (i). Language .: added
to clarify how certain requirements of Appendices G and H apply to "old” plants.
New language in § 50.60 and in Appendices G and H distinguishes those proposed
alternatives to the described requirements that require an exemption to be
granted by the Commission from those alternatives that can be accepted by the
Director, Office of Nuclear Reactor Regulation (NRR), as being eguivalent to
the described requirement. A few requirements that have proven to be unduly
conservative are modified. Finally, a number of technical requirements are
clarified and updated. The specific revisions are discussed below.
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7.2 Need for Proposed Action

The use of Appendices G and H since they were originally promulqa&od in
August 1973, has shown that a number of the requirements need clarification in
language. Eight years of use has also shown that certain restrictions such as
those described below in paragraph IV.A.3. and paragraph IV.A.4. can and should
be modified to improve plant efficiency while still providing an adequate level
of safety. Finally, there have been changes in the ASME Code and in ASTM E 185
that need to be reflected in Appendices G and H. The net value of the proposed
changes should far outweigh their impact.

SPECIFIC REVISIONS

§ 50.60 The change from § 50.55a& to § £0.60 (described above) is of value
to the NRC and to users of the reguiation simply as an editorial clarification.
The change will reduce clutter in § 50.5%: and remove present ambiguities in
the application of the prefatory language «f § 50.55a to Appendices G and H.

Appendix G
9I1.F. Redefinition of "adjusted reterence tenperature" is of value to

both the NEC &nd 1o licensees. The change frum the 50 ft-1b level to the

30 ft-1b level of Charpy energy at which the trassition temperature shift is to
be measured as an indizator of radiation camage was mide for several reasons.
The results of analyses of surveillance azta frum operating reactors showed
that the upper-shelf ene~gy in certain vassels would drop below 50 ft-1b with
additional radiation, rendering that criterion 1nvalid. Traditionally, shift
has been measured at the 39 ft-1b level  Regulatcry Guide 1.99, "Effects of
Residual Elements on Predicted Radiatior Damage to Reactor Vessel Materials,"
Revision 1, April 1977, usec the 30 ft-1b limit, tecause the data base was
given in tnose terms. Fifuiy ft-1b or 35 mii¢ lateral axpansion (whichever
gives the greater shift) hzd teen chosen in 1977 when those values became part
of the definition of RTNDT in the ASML Coce. A recent analysis of the data
base has shown that shift measured at the 50 1t-1p levz] is 5-10 percent larger
than the 30 ft-1b vaiue, on the average, but the szatter is such that indi-
vidual comparisuns can go either wiy. The oas's fcr selecting the criterion
should be that it p ocuces an upward adjustment of temperature which will give
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pressure-temperature limits that maintain the required margin of safety against
fracture during heatup and cooldown throughout plant life. Implementation of
this criterion requires an extensive correlation ¢f Charpy shift data and
fracture toughness data obtained with large specimens, irradiated and
unirradiated. There are only a few such correlations at the present time, but
they support the use of the traditional 30 ft-1b criterion. The 35 mil latera)
expansion criterion was dropped, because it was only used as a double check on
the 50 ft-1b criterion.

There will be some impact on the laboratory personnel who are responsible
for Charpy test procedures. The change from 50 to 30 ft-1b as the level of
Charpy energy at which the transition temperatu e shift should be measured will
cause changes in the choice of test temperatures during Charpy testing of
irradiated and unirradiated material. The cost iivolved in making this change
is relieved to be negligible.

Although not explicitly stated in the present regulation, the 50 ft-1b
measure of shift also acted as a warning that the upper-shelf energy level was
becoming marginal. To retain this function in the amended regulation, the
50 ft-1b upper-shelf requirement has been added to Section IV. Its signif-
icance as a fracture criterion is still the subject of considerable research,
thus the purpose of the requirement is to trigger a fracture analysis that uses
supplemental fracture toughness test results.

TI1.G. The new definition of "beltline" is of value to licensees because
it reduces unnecessary materials testing. Savings are difficult to estimate--
perhaps $2000 for a typical vessel.

§III. Deletion of several detailed requirements for materials testing and
recordkeeping and substitution of ASME Code requirements therefor is of value
to licensees, becaus® they must follow Code requirements anyway.

Language has been added to remove tne need for exemptions to operating
Ticenses with regard to certain materials testing requirements, thus saving
considerable staff time. For example, for plants built to an edition of the
ASME Code earlier than the Summer 1972 Addenda to the 1971 Edition, the Charpy
testing of the reactor vessel materials did not yield an explicit number for
the reference temperature, RTNDT‘ as defined in the Summer 1972 addenda and
used in Appendix G of the Code. Valid estimates of RTNDT can be made; however,
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opinion is divided as to whether the use of estimated values of RTNDT requires
exemptions to specific paragraphs in Appendix G. Language has been added to
paragraph III.A. to avoid the need for processing exemptions in this case.

TIV.A.2. There is an impact on any licensees who have not fully con-
sidered the possibility that flaws at closure flange regions that are highly
stressed by the bolt preload may be governing for the first years of service.
Pressure-temperature l1imits for some plants will need to be revised, but the
impact on plant operations is expected to be small. The staff analysis of
public comments contains an extensive discussion of the need for this amendment
and the alternatives considered in making it.

YIV.A.3. The amendment to this paragraph lowers the minimum permissible
temperature for core criticality at low pressure for boiling water reactors
(BWRs). This change is of value to owners of BWRs, because it reduces delays
in startup. BWRs cannot use pump heat during startup as effectively as PWRs
can, because the elevation head of water in the reactor alone is insufficient
to meet the NPSH (net pump suction head) reguirements of the pumps at all but
the lowest speeds. Hence, pump heat is low until there is steam pressure in
the reactor.

The decision to make this change was made following staff review of
Topical Report NEDO-21778-A from the General Electric Co. The review con-
cluded! that the probability of an overpressure transient that would violate
the pressure-temperature 1imits was very low and would not be increased
significantly by making this change. Therefore, although the hypothetical
transient might occur at a lower temperature, and thus be a more severe
violation of the P-T limits, the staff considered the relaxation of the
requirement justified. In their request for this change,! the General Electric
Co. estimated that it would save as much as $600,000 per year per plant in
power replacement costs, because it reduces startup time.

TIV.A.4. Reducing the minimum temperature required for the initial
hydrostatic pressure test is of value to licensees in reducing time and expense
of heating the reactor vessel to the test temperature and in improving the
working conditions for the inspection personnel who perform the leak test by

'See NEDO-21778-A "Transient Pressure Rises Affecting Fracture Toughness
Requirements for Boiling Water Reactors," December, 1978.
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visual inspection. Because there will be no fuel in the reactor, public safety
is not affected. Safety of inspection personnel is not reduced to a leve)
below that afforded shop test personnel during the shop hydrostatic test.

TIV.B. The added emphasis on Charpy upper-shelf energy is of value to the
NRC, because it clarifies the fact that there is a safety requirement related
to fracture at temperatures where the material is not brittle but may have
insufficient resistance to ductile tearing. See discussion under $II.F. The
fracture analyses required if the 50 ft-1b upper-shelf requirement at end of
life cannot be met would affect licensees, but this is not a new requirement.

Y.B. The additions to this paragraph are of value to the NRC ana to
applicants, because the additions provide clarification in areas where there
have been questions in the past.

W.C.1. The proposed amendment clarifies the extent of the area that must
receive thorough inspection. It is of value to licensees, because it reduces
time and cost and minimizes radiaticn exposure to inspection personnel for
these cases where only a limited part of the beltline (perhaps only a single
weld) fails to meet the requirements of YV.B.

Appendix H
9i1.B.1. Publication of the 1979 edition of ASTM E 185 made it necessary

to amend this paragraph to incorporate by reference ASTM E 185, rather than the
1973 edition of E 185, and to specify the applicability of the various editions
of £ 185 to different parts of each surveillance program. The 1982 edition
corrected a printer's omission in the 1979 edition. This amendment is of
value to both the NRC and licensees because there has been considerable expan-
sion of £ 185 in the 1979 edition and because deletion of large sections of B
Appendix H eliminates detailed requirements that are better presented as genera)
criteria and explanatory material in the ASTM Recommended Practice.

YI1.C. The expanded criteria for an integrated surveillance program are
of value to licensees, because such a program reduces testing costs and expo-
sure of personnel to radiation. The criteria were developed after staff action
to permit an integrated program in a specific situation, which was prompted by
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the need to reduce radiation exposure to the workmen who would otherwise have

been required to make modifications to capsule attachments on vessel internals
that were radioactive.

§IV. The reporting requirement is not increased, but a schedule require-
ment is added that is of value to the NRC and others who need to get the
surveillance data in timely fashion.
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SUBJELT:

ANALYSIS WITH RESPECT TO THE PERIODIC AND SYSTEMATIC REVIEW OF REGULATIONS
{TMI ACTION PLAN TASK IV.G.2)

Surveillance Requirements

Criteria for Periodic and Systematic Review

of Regulations

10 CFR Part 50--General Revision of Appendices G and H, Fractures Toughness and Reactor Vessel Material

NRC Compliance

The amended regulations are needed.

The direct and indirect effects of the regula-
tions have been adequately considered

Alternative approaches have been considered
and the least burdensome of tne acceptable
alternatives have been chesen.

The amended regulation implements NRC's statutory authority
under the Energy Reorganization Act, as amended. Sec-

tions 202(3) and {4) of the Energy Reorganizalion Act as
amended provide the NRC with licensing and regulataory author-
ity over the construction of nuclear power plants. Appen-
dices G and H provide the basis for the pressure-temperature
limits for plants, which are an essential part of their
Technical Specifications. The amendments update an existing
regulation after 8 years of use to make it more consistent
with pertinent National Standards. The amendments will
reduce the need for exemptions by specifying when acceptance
of a proposed alternative must take the form of an exemption
granted by the Commission and when acceptance may be granted
by the Director of Nuclear Reactor Regulation.

Two of the amendments modify requirements that have proved to
be unduly conservative. A number of other amendments shorten
and simplify these regulations by replacing technical detail
with references to the ASME Boiler and Pressure Vessel Code
and to ASTM E 185, "Standard Practice for Surveillance Tests
for Light Water Cooled Nuclear Power Reactor Vessels.”

The direct and indirect effects of this ruiemaking were
considered in the Value/Impact Analysis prepared in connection
with the proposed role. (See Enclosure 2j.

One objective of the amendments was to reduce the burden on

licensees and staff that is imposed by the present regulation,
without reducing margins of safety.
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SUBJECT:

Surveiliance Requirements

Criteria for Periodic 2nd Systematic Review

of Regulations

10 CFR Part 50--General Revision of Appendices G and H, Fracture Toughness and Reactor Vessel Material

NRC Compliance

Public comments have been considered and an
adequate response has been prepared.

The regulation is written so that it is

understandable to those who must comply with it.

An estimate has been made of the new reporting
burdens or recordkeeping requirements necessary
for compliance with the reguiation.

The name, address, and telephone number of a
knowledgeable agency official is included in
the publication.

A plan for evaluating the regulation after its
issuance has been developed.

See Enclosure 4, “"Abstract of Comments and Staff Response to
proposed revision to 10 CFR Part 50, Appendices G and H,
Fracture Toughness and Reactor Vessel Material Surveillance
Program Requirements, Published for Public Comment in the
Federal Register November 13, 1980."

The proposed amendment has been reviewed ancd edited for the
specific purpose of ensuring that the regulation is clear and
can be understood by persons who are required to comply with it.

The reporting burden and recordkeeping requirements have been
reduced in the amended regulation. (See Value-Impact Statement.)

The Federal Reyister notice promuigating the fina' rule
contains the name, address, and telephone number of a
knowledgeablie agency afficial.

Licensee and staff experience with the regulation will be used
to evaluate the reguiatfon. In addition, this regulation will
be reviewed in the second cycle of NRC's periodic and systematic
review process (1986-1991).
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ABSTRACT OF COMMENTS AND STAFF RESPONSE TO PROPOSED REVISION TO 10 CFR PART 50,
APPENDICES G AND H, FRACTURE TOUGHNESS AND REACTOR VESSEL MATERIAL SURVEILLANCE
PROGRAM REQUIREMENTS, PUBLISHED FOR PUBLIC COMMENT IN THE FEDERAL REGISTER
NOVEMBER 14, 1980,
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Revised Draft

May 22, 1981
COMMENTERS ON PROPOSED REVISION TO
10 CFR PART 50, APPENDICES G AND H, AND
DATE THE COMMENT WAS DOCKETED
1. C. W. Fay Wisconsin Electric 1-8-81
Power Company
2. R. B. Bradbury Stone and Webster 1-8-81
Engineering Corporation
3. A. E. Scherer Combustion Engineering, Inc. 1-12-81
4. T. M. Anderson wWestinghouse Electric Corp. 1-15-81
5. J. S. Abe) fommonwealth Edison 1-16-81
6. T. J. Sullivan Consumers Power Co. 1-16-81
7. G. G. Sherwood General Electric Co. 1-19-81
8. R. W. Jurgensen American Electric Power 1-19-81
Service Corporation
9. C. M. Pratt Power Authority of the 1-19-81
State of New York
10. J. H. Taylor Babcock and Wilcox 1-23-81
11. D. P. Hoffman Consumers Power Company 2-5-81
12. D. P. Hoffman Consumers Power Company 2-5-81
13. B. R. Silvia Virginia Electric and 2-27-81

Power Company

-~ Each letter is numbered in the upper right hand corner.

== Each comment in each letter is identified by a number in the left hand margin.

-~ The attached resolution of public comments is keyed to refer first to the

letter and then the comment within the letter (e.g., Comment 2 in the 3rd
letter received would be referred to as Comment 3-2).
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APPENDIX G, PARAGRAPH I11.G. Comments 3-1 and 13-1

Comment 3-1 suggested that the phrase "as determined at the one-quarter thickness
location" be inserted in the definition of beltline to insure "consistency with
Regulatory Guide 1.99, Revision 1."

Response The suggestion was not accepted, primarily because it makes ro dif-
ference in the selection of most limiting materials where the fluence values
are estimated, provided a consistent thickness location is used. Regulatory
Cuide 1.9Y does not define “beltline” or refer to the % T position except in a
different context. A footnote has been added to Paragraph V.B. that should
provide a satisfactory rezponse to Comment 3-1.

Comment 13-1 stated: "The revised definition of Beltline material is unclear
in the statement, '...to be considered in the selection of the most limiting
material.' To what extent, and with what tests is material in adjacent regions
to be evaluated? Is it intended that surveillance specimens reflect such
material?"

Response Yes, it is intended that surveillance specimens include material
from "adjacent regions" (above or below the cere) if the combined effect of
reduced fluence but high radiation sensitivity (such as that caused by high
copper content) makes that material controlling. Therefore, the test require-
ments for beltline material apply equally to material that directly surrounds
the core and material in "adjacent regions" as described in paragraph II1.G.

APPENDIX G, PARAGRAPH IV.A.1, Comment 7-1

Comment 7-1 asked if the Charpy upper-shelf energy values of 75 ft-1b and
50 ft-'b are avr ge-of-three values or single Charpy specimen test results.

Response The upper-shelf energy requirements are average values. A footnote 1

has been added which refers the reader to ASTM £ 185-79 for a definition of
upper shelf energy. Footnote 1 is as follows:
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“Defined in ASTM E 185-79 and -82, which are incorporated by reference in
Appendix H."

APPENDIX G, PARAGRAPH IV.A.2. - Comments 1-1, 4-1, 5-1, 7-2, 9-1 and 12-1

Extensive comments were received from both PWR and BWR owners and vendors
charging that the newly added requirement for a temperature of RTNDT + 150°F at

structural discontinuities at pressures exceeding 0.2 PP (preoperational system
hydrostatic test pressure) was overly restrictive. The quantity RTNDT is the
reference temperature of the highly-stressed material at the discontinuity. The
critical locations in most cases are the fillets at the junctions of the closure
flanges with the shell and head of the vessel.

The major problem for BWRs cited by commenters is the effect of the new require-
ment on the pressure-temperature limits for hydrostatic pressure tests and leak
tests, not the limits for normal operation. Quoting from comment 5-1:

"Anather concern with the 150°F margin above RTypy 18 that the

system leakage anc hydrostatic tests would be performed at a
temperature closely approaching 212°F. The Technical Specifications
require that primary containment integrity be maintained when the
reactor water temperature is above 212°F. Tre proximity between the
required 190°F metal temperature and the 212°F limit on water
temperature could lead to station decisions to seal the drywell prior
to pressure tests. This is not normally done and combined with the
very slow heat-up rate above 150°F could arud one or more critical
path days to an outage."

Comments 4-1 and 9-1 asked that the 150°F be reduced to 50°F to be consistent
with Branch Position MTEB 5-2, which reads as follows:

"Calculations need only be performed for the beltline region, if

the assumed RTNDT of the beltline is at least 50°F for all
higher stressed regions."
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Most of the comments focused on the RTNDT + 150°F-at-0.2 PP requirement, despite
“he alternative based on analysis, which was offered in the same paragraph:

¥...by showing that the margins of safety for those regions are
equivalent to those required for the beltline when it is controlling."

Only comment 7-2 locked favorably on this alternative and recommended that the
150°F requirement be dropped in favor of increased guantitativeness concerning
| the flaw size to be assumed in the analysis.

Response: In resporise te the comments, paragraph IV.A.2 was changed to read
as follows:

| wWhen the core is not critical, pressure-temperature limits for the

| reactor vessel shal) be at least as conservative as those obtained by
following the methods of analysis and the required margins of safety
of Appendix G of the ASME Code® supplemented by the requirements of
Section V of this Appendix. In additicn, when pressure exceeds 20
percent of the preservice system hydrostatic test pressure, the tem-
perature of the closure flange regions that are highly stressed by
the bolt preload shall exceed the reference temperature of the mate-
rial in those regions by at least 120°F (67°C) for normal operation
and by 90°F (50°C) for hydrostatic pressure tests and leak tests,
unless a lower temperature can be justified by showing that the
margins of safety for those regions when they are controlling are
equivalent to those required for the beltline when it is control-
1ing. The justification submitted for the pressure temperature
Jimits shall describe the methods of analysis used.

In response to the comments, plus @ number of discussions at ASME Code
working groups, paragraph IV.A.2 was revised in two respects. First, there
are now separate requirements for hydrotest and normal operation. This was
done to correct an oversight of the fact that margins of safety given in Lhe
ASME Code are lower for hydrotest than for normal operation. Second, the
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requirement for normal! operation was reduced from RTNDT + 150 to RTNDT + 120
on the basis of several considerations as described below.

The closure flange regions are the structural discontinuities of principal
concern, because boltup &t ambient temperature produces high bending stress in
the adjacent shell and head regions. Typical stress values from boltup alone are
40~50 ksi, not including the peak stresses at the fillets. Paragraph G2222(b)
of the ASME Code requires that the bending stress be considered primary, con-
sequently the ratio of KIR to KI should be 2 for the Kl value produced by the
stress of 40-50 ksi acting on the postulated defect on the outer surface of
the shell or head. Pressure stresses add to the boltup stresses in making
the fracture mechanics calculation. At a pressure of 0.2 PP, however, the
stress addition i¢ less thar 5 ksi. At operating pressure, the beltline
region is generally controlling.

Following the procedure given by the ASME Ccde, Appendix G, a fracture
mechanics approach can be followed to derive the required temperatures, relative
to RTNDT’ for hydrotest and for normal operation. To do so, the size of postu-
lated defect must be chosen. The Code recommends a 1/4 T flaw for beltline cal-
culations, but does not specify a depth for flaws at discontinuities. It
recognizes that the assumed size for a nozzle region may be a fraction of that
used for the beltline flaw and that justification for the difference must be
made. The requirements given above--RTNDT + 90 for hydrotest and RTNDT + 120 for
normal operation-~is consistent with ASME Code, Appendix G, procedures and
margins of safety and a postulated crack 0.6 in. deep by 3.6 in. long. This
is approximately a 0.17 flaw for typical thicknesses of vessel heads, and is
less than 0.17 for typical shell thicknesses.

There is some reason to believe that the flange areas are less likely to
contain undetected large flaws than the beltline. During boltup, the stresses
in the flange areas are higher than they are when pressurization begins, because
there is scme relaxation of bolt tension when the tensioning device is released
and also when adjacent bolts are tightened. Thus, if propagation of a flaw is
imminent, it should occur during boltup and the pop-in should be heard or sensed
by the readings of bolt elongation.

A different approach to the determination of the required temperature
margin at 0.2 PP can be found in the following argument, which is based on the
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concept that boltup is analogous to a hydrotest performed at a low temperature,

as far as the flange areas are concerned. The following argument does not rest
on an assumed value of flaw size.

When boltup is completed, KI for the largest flaw in the flange areas must
less than KIc at the bolitup temperature. Any flaw larger than the critical
size has popped in and arrested at a value of KIa' which is lower than ch.

From the discussion given above, Kl at O,ZPP will be essentially unchanged
from that at boltup. Therefore, the basis for the temperature requirement
at 0.2Pp is that KIc and also KIR (to be consistent with the principles of
the ASME Code, Appendix G) should be 2.0 times their values at the boltup
temperature for normal operation and 1.5 times, for hydrotest and lcak tests.

The temperature increment reqguired tv Gouble KIR (or to increace it by 1.5)
is a function of the boltup temperature. The value chosen for hydrotest,

RTNDT + 90°F, produces a margin of 1.5 for a boltup temperature of RTNDT + 38°F,
The value chosen for normal operation, RTNDT + 120F, produces a margin of 2.0

for a boltup temperature of RTNDT + 40°F. For lower boitup temperatures, the
margin of safety is greater. For higher boltup temperatures, the margin is less,
but there is compensation in the reduced chance that the flanges would be

cracked during boltup.

Boltup occurs at temperatures ranging from about 60°F to about S(°F,
depending on the amount of residual heat ir the core and on the ambient tempera-
ture. The value of RTNOT for the material that is highly stressed by boltup
is typically about 30°F, but in the absence of complete data is often assumed
to be 60°F. Thus, boltup occurs in the range, RTNDT to RTNDT + 60°F. ASME Code
rules 1imit the temperature to RTNDT' minimum. The 1imit was lowered in 1977
from RTNDT + 60°F to RTNDT’ for reasons of efficiency of operations and comfort
of personnel doing the boltup.

The pressure, 0.2 Pp, above which the temperature requirements apply was
chosen for operational reascns, and is consistent with ASME Code rules. With
present practice, 0.2PP is about 310 psig for BWRs and 625 psig for PwRs. Pump
heat is used to warm the system, but in a PWR plant the pumps cannct be run
until there is sufficient pressure to allow pump seals and bearings to function
properly. That pressure is about 300-400 psig. In BWR plants, the pumps must
run on the static head provided by the difference in elevation (unless the vessel
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is filled with water for a hydrotest). Inadvertent overpressurization is pre-
vented by a low pressure set point on a power operated relief valve, for PwRs,
and by the large vapor space in the reactor vessel, for BWRs.

The margin of safety is not impaired in the pressure range 0-to-0.2 PP,
because stress at the flange regions increases very little, if at all. The

membrane stress increases only 5 ksi, and there is a reduction in bending stress
2s the pressure rises, hence the surface stress remains nearly constant.

Finally, it is necessary to explain why Branch Position MTEB 5-2 (which
has a 50°F increment) is no longer considered adequate. The 50 degree increment
was felt to provide a sufficient increase in KIR to account for the increased
stress at regicns of structural discontinuity. However, since the Branch
Position was written (Nov. 1975), the ASME Code allowable boltup temperature
has been reduced from RTNDT + 60°F to RTNDT’ At lower temperatures, the slope
of the KIR curve is flatter, i.e., the increment of temperature required to
increase KIR by a given factor is gr2ater. Also, there is now more awareness
of high stress levels at the closure flange regions, partly as a result of
publication of work done for the ASME Section XI Working Grouw; on Flaw
Evaluation.*

APPENDIX G, PARAGRAPH IV.A.4, Comments 2-1, 4-3 and 13-2

Commenters questioned the meaning of "RTNDT“ in this paragraph. Does it apply
to the reactor coolant pressure boundary or only to the reactor vessel? Does
it asply to all areas of the reactor vessel or only to the beltline? And can
it b2 applied throughout the lifetime of the vessel?

Response To clarify the meaning of paragraph IV.A.4, it has been revised to
reac as follows:

If there is no fuel in the reactor during system hydrostatic pressure
tests or leak tests, the minimum permissible test temperature shall

be 60°F above (33°C above) the adjusted reference temperature of the
reactor vessel material in tne region that is controlling, following para-
graph IV.A.2.

*Flaw Evaluation Procedures, EPRI NP~719-SR Special Report, August 1978, Pre-
pared by ASME Section XI Working Group on Flaw Evaluation. Edited by T. U.
Marston, Nuclear Power Division, EPRI.
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APPENDIX G, PARAGRAPH V.B. Comment 1-2

Comment 1-2 asked for clarification or deletion of the sentence: "These
predictions shall be made for the radiation condition at the tip of the assumed
flaw at its deepest part."

Response The sentence in question has been revised to read as follows: 'These
predictions shall be made for the radiation conditions at the critical location
on the crack front of the assumed flaw."?

In analyses that follow Appendix G of the ASME Code, the assumed flaw is 2

"% T" flaw (flaw depth equal to one fourth of the wall thickness). In many
cases, but not always, the critical location is on tiie inside surface of the
reactor vessel beltline, and the radiation conditions to be used in predicting
damage are those at the % T position. However, during heatup when thermal
stresses are significant, the critical flaw may on the outsid. surface (the 3/4 T
pesition). Or, the assumed flaw may not always be a ¥ T flaw. Or, if the stress
gradient is large, the critical position along the crack front of a semielliptical
surface crack may be near the surface, not at the deepest point. The wording

was changed to reflect these possibilities, and footnote 2 was added to explain
when the reguirement refers to the ¥ T (or 3/4 T) location.

APPENDIX G, PARAGRAPH V.C. Comments 4-2 and $-3

Commenters noted that the inspection interval is not specified, and urge that
the interval given by Section XI of the ASME Code should be regarded as sufficient.

Response The purpose of paragraph V.C.1. is to make it clear that the Section
XI inspection may not be adeguate, either as to timing or to quality level,

and the Director, Office of Nuclear Reactor Regulation, may require an examina-
tion to fit the circumstances of a specific case.

“For exampie in analyses that follow Appendix G of the ASME Code, the radiation
conditions to be used are those predicted for the material one fourth of the
way through the vessel wall, i.e., at the deepest point on the crack front
of the postulated defect.
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Comment 9-2 also suggested that paragraph V.(C. be revised to require any one
of the three steps called out in paragraphs 1, 2, and 3, not all three. The
commenter stated that paragraph V.C. would require three analyses to be
perfermed.

Response The analysis called for in paragraph V.C.3 must be based on the best
estimate of flaw size in the material in question, and on the best evidence of
radiation damage for that material. That is why volumetric examination and
materials testing are specified as necessary additions to the analysis. Perhaps
misunderstanding was caused by the phrase "...and any flaws evaluated according
to Section XI..." in paragraph V.C.1l. The phrase was intended to mean cnly

that any indicatior found in the volumetric examination was to be characterized
to determine the size, shape, orientation, location and nature of the flaw that
produced the indication. The analysis of margin of safety for continued opera-
tion will not necessarily follow Section XI guidelines for flaw evaluation.

To clear up the meaning, the word "evaluated" was changed to read "characterized"
in the final rule.

APPENDIX H, PARAGRAPH I1I.A. Comments 1-3 and 13-4

Commenters called attention to a typographical error in the Federal Register.

The parenthetical note, (E>1MeV) had read (E<{1MeV). A correction was published
in the Federal Register, page 77450.

APPENDIX H, PARAGRAPH II.B. Comment 7-3

Comment 7-3 objected to the requirements for number of capsules and withdrawal
schedule that are given in Table 1 in ASTM E 185-79, which is incorporated by
reference in Appendix H. For some BWRs, 4 surveillance capsules would be
required instead of 3, the number required by Appendix H prior to these amend-
ments. The change results from the fact that the breakpoint between 3 and 4
capsules is now given (in E 185-79) as a predicted Charpy shift of 100°F for the
fluence condition at the vessel inside surface. Previously the criterion was

not explicit, and it was interpreted to mean the fluence condition at the % T
position. Commenter argued that the fourth capsule adds cost and design hardship.
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Response No change has been made in the regulation, for the following reasons.
Hardship and extra cost of providing an extra capsule are neither large nor
imminent. The rule applies only to vessels purchased to editions and addenda
of the ASME Code issued after July 1979. Thus, it affects no plants now under
construction. To effect a change in the requirements would mean that E 185-79
would have to be endorsed with an exception. The language of the exception
would be somewhat involved, because the rules for number of capsules appear in
the text and also in Table 1 of E 185-79. 1f the breakpoint between 3 or &«
capsules was changed, other changes would also be required. Continued use of
the existing rules as given in Appendix H prior to these amendments is not
acceptable, because the existing rules do not reflect our present judgment.

APPENDIX H, PARAGRAPH 11.B.1 Comment 13-5

Commert 13-5, as explained by telephone conversations with the authors, was a
resu:t of lack of clarity in the effectivity requirements.

Response Paragraph 11.B.1 has been reworded to clarify the requirements, par-
ticularly for the case of a capsule withdrawal between July 1879, when E 185-79
became effective, and the effective date of this revision of Appendices G and H.
As revised, it reads as follows:

1. That part of the surveillance program conducted prior to the first capsule
withdrawal shall meet the requirements of the edition of ASTM E 185 that
is current on the issue date of the ASME Code to which the reactor vessel
was purchased. Later editions of ASTM E 185 may be used, but including
only those editions through 1982. For each capsule withdrawal after
{(insert the effective date of this rule), the test procedures and report-
ing reguirements shall meet the requirements of ASTM E 185-82 to the
extent practical! for the configuration of the specimens in the capsule.
For each capsule withdrawal prior to (insert the effective date of this
rule), either the 1973, the 1979, or the 1982 edition of ASTM E 185
may be used.
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APPENDIX H, PARAGRAPH 11.B.3 Comment 1-4

Comment 1-4 asked that & sentencz be added to make it clear that the withdrawal
schedule may be medified to coincide with refueling outages.

Response ASTM 185-79, which is incorporated by reference in Appendix H,
contains the desired statement in paragraph 7.6.3.4: "Schedule the capsule
withdrawals at the nearest vessel refueling date.”

APPENDIX H, PARAGRAPHS III A AND III C
Comments 1-5, 3-2, 3-3, 4-4, 6-1, 6-2, 8-1, 10-1 and 11-1

Commenters suggested changes in the reporting reguirements, especially the
schedule. Several commenters (1-5, 3-1, 6-1 and 11-1) asked that the 30 day
notice in advance of capsule withdrawal be deleted as unnecessary, because
paragraph I1.B.3. requires that the capsule withdrawal schedule be submitted
for approval. Several commenters (1-5, 3-2, 4-4, 8-1, and 10-1) also asked
for changes in the 90 day interval between completion of testing and submittal
of the report to the NRC. Comment 10-1 suggested the addition of some flexi-
bility for cases where there is good reason to take more time for evaluation
of data. Comments 3-3 and 6-2 suggested that approval by the Director of

NRR is not needed for the surveillance repert, but only for the changes in
pressure-temperature limits and any changes in operating procedures that are
to be put in the Technical Specifications. Finally, Comment 6-2 suggested:

"The proposed paragraph 111 C of Appendix H sta.es that revised operat-
ing pressure-temperature limits and changes to operating procedures
required to meet the revised limits must be submitted with the repurt of
test results. It is recommended that these subjects not be addressed in
the report but that the report should provide the expected date for sub-
mittal of the revised Techica) Specifications which should be the pruper
document to address these subjects. The schedule for submittal of the
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revised Technizal Specifications should be related to the implementatiaon

date for the Technical Specifications and not the submittal of the test
results.”

Response In response to the comments, Section III. REPORT OF TESTS RESULTS
is changed tu read as follows:

A. Each capsule withdrawal and the test results shall be the subject of
a summary technical report to be submitted to the Director, Office
of Nuclear Reactor Regulaticn, as specified in § 50.4(a) of this
Part, within 1 year after capsule withdrawal, unless an extension
is granted by the Director.

B. The report shall include the data required by ASTM E 185, as
required by paragraph I1I1.B.1, and the results of all fracture
toughness tests conducted on the beltline materials in the
irradiated and unirradiated conditions.

C. If a change in the Technical Specifications is required, either in
the operating pressure-temperature limits or in the procedures
required to meet the limits, the expected date for submittal of the
revised Technical Specifications shall be provided with the report.

The purpose of the schedule requirements in Paragraph I111.A and I1I1.C

is to get the findings of the surveillance program reported as early as
possible. If the results contain some technical surprise, that is all the
more reason to avoid a delay in reporting. The basis for the schedule
requirement was changed from the completion of testing to capsule withdrawal
because the latter date was more easily defined, and because the purpose is to
get surveillance information early, not to constrain the time spent on one part
of the process. Comment 1-5 had suggested 1 year. After checking a number of
surveillance reports, it appears that 1 year was on the low side of the range,
but still feasible. When special problems require an extension of time, the
request for extension prior to the end of the 1 year period will provide noti-
fication of the probliem.
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DRAFT CONGRESSIONAL LETTER

Dear Mr. Chairman:

tEnclosed for the information of the Subcommittee are copies of a Notice of Final
Rulemaking to be published in the Federal Register.

The amendments of 10 CFR Part 50, "Domestic Licensing of Production and Utili-
zation Facilities," compriseﬂya general revision of Appendix G, "Fracture
Toughness Requirements," and Appendix H, "Reactor Vessel Material Surveillance
Program Requirements,” which have undergone only limited revision in over nine
years of use. The purpose of the amendments is to update the requirements of
Appendices G and H to be more consistent with current technology and pertinent
National Standards. Some of the amendments are intended to clarify the
applicability of these requirements to old and new plants. Two of the amendments
modify requirements that have proved to be unduly conservative, and a number

of other amendments shorten and simplify these regulations by replacing technical
detail with references to appropriate National Standards.

Sincerely,

Robert B. Minogue, Director
Office of Nuclear Regulatory Research

Enclosure: As stated
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