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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 regulations which specify fracture
toughness reguirements for light-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: July 26, 1983.

FOR FURTHER INFORMATION CONTACT:
Dr. P. N. Randall, Office of Nuclear
Regulatory Research, U.S. Nuclear
Regulatory Commission, Washington,
D.C. 20555, telephone (301) 443-5903.
SUPPLEMENTARY INFORMATION: On
November 14, 1980 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 Requirements,”
and Appendix H, *Reactor Vessel
Material Surveillance Program
Requirements.” These amendments
comprised a proposed general 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 invited to submit written comment
by January 13, 1981. Thirteen letters of
comment were received. All were from
utilities or vendors and addressed the
application of specific requirements
contained in the proposed rule. 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 significant technical
question, which affects 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 preoperational system
hydrostatic test pressure. Commenters
felt this was overly restrictive, and cited
certain hardships caused during
hydrotests and 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 temperature 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 temperature 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
“RTypr+60°F" referred to the adjusted
reference temperature of the reactor
vessel material in the region that was
controlling the pressure-temperature
limits {beltline or closure flange regions)
following the analysis required by
paragraph IV.A.2.

The requirements concerning thermal
annealing of reactor vessels, given in
paragraphs IV.B. and V.D. of Appendix
G, represent no basic change from those
published in 1973. However, the recent
investigation of pressurized thermal
shock effects prompted some studies of
annealing to identify and resolve
possible engineering difficulties. If the
results show that changes should be
made in paragraph IV.B.or V.D., a
further amendment to Appendix G will
be issued.

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

A number of comments addressed the
reporting requirements for surveillance
reports, paragraphs lII.A. and IIL.C. of
Appendix H. Based on commenters
suggestions, the Commission has revised
the proposed requirement that
surveillance reports be submitted within
90 days after completion of testing to
require submittal of these reports within
1 year of capsule withdrawal unless an
extension is granted. This change

simplifies implementation of the
requirement, because capsule
withdrawa! schedules must be approved
by the Director, Office of Nuclear
Reactor Regulation, as provided in
paragraph I1.B.3. of Appendix H. The
primary purposes 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 issue
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, DC.
Single copies may be obtained by
written request to the Office of Nuclear
Regulatory Research, U.S. Nuclear
Regulatory Commission, Washington,
D.C. 20555, Attention: P. N. Randall.

Regulatory Analysis

The Commission has prepared a
regulatory analysis for this regulation.
The analysis examines the costs and
benefits of the rule as considered 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, DC. Single copies of the
analysis may be obtained from P. N.
Randall, Office of Nuclear Regulatory
Research, U.S. Nuclear Regulatory
Commission, Washington, D.C. 20555,
telephone (301) 443-5903.

Paperwork Reduction Act Statement

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

Regulatory Flexibility Statement

In accordance with Section 605(b) of
the Regulatory Flexibility Act of 1980, 5
U.S.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 entities” set forth in
Section 601(3) of the Regulatory
Flexibility Act or the Small Business
Size Standards set out in regulations
issued by the Small Business .
Administration in 13 CFR Part 121.
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List of Subjects in 10 CFR Part 50

Antitrust, Classified information, Fire
prevention, Intergovernmental relations,
Nuclear power plants and reactors,
Penalty, Radiation protection, Reactor
siting criteria, Reporting and
recordkeeping requirements.

PART 50—DOMESTIC LICENSING OF
PRODUCTION AND UTILIZATION
FACILITIES

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 50 are published as a
document subject to codification.

1. The authority citation for Parf 50 is
revised to read as follows:

Authority: Secs. 103, 104, 161, 182, 183, 186,
189, 68 Stat. 936, 937, 948, 953, 954, 955, 956, as
amended, sec. 234, 83 Stat. 1244, as amended
(42 U.S.C. 2133, 2134, 2201, 2232, 2233, 2236,
2239, 2282); secs. 201, 202, 206, 88 Stat, 1242,
1244, 1246, as amended (42 U.S.C. 5841, 5842,
5846), unless otherwise noted.

Section 50.7 also issued under Pub., L. 95~
601, sec. 10, 92 Stat. 2951 (42 U.5.C. 5851).
Sections 50.58, 50.91 and 50.92 also issued
under Pub. L. 97-415, 96 Stat. 2073 (42 U.S.C.
2239). Section 50.78 also issued under sec.
122, 68 Stat. 939 (42 U.S.C. 2152). Sections
50.80-50.81 also issued under sec. 184, 68 Stat.
954, as amended (42 U.S.C. 2234). Sections
50.100-50.102 also issued under sec. 186, 68
Stat. 955 (42 U.S.C. 2236).

For the purposes of 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 are issued under sec. 161i, 68
Stat. 949, as amended (42 U.S.C. 2201(i)); and
§§ 50.55(e), 50.59(b), 50.70, 50.71, 50.72, and
50.78 are issued under sec. 1610, 68 Stat. 950,
as amended (42 U.S.C. 2201(0)).

2, Paragraph (a) of § 50.12 is revised to
read as follows:

§50.12 Specific exemptions.

(a) The Commission may, upon
application by any interested person or
upon its own initiative grant such
exemptions from the requirements of the
regulations in this part as it determines
are authorized by law and will not
endanger life or property or the common
defense and security and are otherwise
in the pubic interest. To obtain an
exemption to Appendices 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.

L] *

* * *

§ 50.55a [Amended] )

3.In § 50.55a, paragraph (i) is
removed and paragraph (j} is
redesignated paragraph (i).

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

§ 50.60 Acceptance criteria for fracture
prevention measures for lightwater nuclear
power reactors for normal operation.

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

(b) Proposed alternatives to the
described requirements in Appendices G
and H of this part or portions thereof
may be used when an exemption is
granted by the Commission under
§ 50.12. In addition, the applicant must
demonstrate that (i) compliance with the
specified requirements would result in
hardships or unusual difficulties without
a compensating increase in the level of
quality and safety, and (ii) the proposed
alternatives would provide an adequate
level of quality and safety.

5. Appendices G and H are revised to

- read as follows:

Appendix G—Fracture Toughness
Requirements

Table of Contents

1. Introduction and Scope

I1. Definitions

HL Fracture Toughness Tests

V. Fracture Toughness Requirements

V. Inservice Requirements—Reactor Vessel
Beltline Materials

I. Introduction and Scope

This appendix specifies fracture toughness
requirements for ferritic materials of
pressure-retaining components of the reactor
coolant pressure boundary of light water

_nuclear power reactors to provide adequate
margins of safety during any condition of
normal operation, including anticipated
operational 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
requirements of this Appendix. “ASME
Code” means the American Sociéty of
Mechanical Engineers Boiler and Pressure
Vessel Code. If no section is specified, the
reference is to Section III, Division 1, “Rules
for Construction of Nuclear Power Plant
Components.” “Section XI"” means Section
X1, Division 1, “Rules for Inservice Inspection
of Nuclear Power Plant Components.” If no
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 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
the ASME Boiler and Pressure Vessel Code
may be purchased from the American Society
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 H Street NW,,
Washington, D.C.

The requirements of this appendix apply to
the following materials:

Note.—The adequacy of the fracture
toughness of other ferritic materials 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 steel plate,
forgings, castings, and pipe with specified
minimum yield strengths not over 50,000 psi
(345 MPa), and to those 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 as defined in paragraph ILA. of
this appendix. The latest edition and
addenda permitted by paragraph 50.55a(b) of
this part at the time the analysis is made is to

be used for the purpose of this paragraph.

B. Welds and weld heat-affected zones in
the materials specified in paragraph LA, of
this appendix.

C. Materials for bolting and other types of
fasteners with specified minimum yield
strengths not over 130,000 psi (896 MPa).

II. Definitions

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

B. “System hydrostatic tests” means all
preoperational system leakage 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 XL

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.

D. “Reference temperature” means the
reference temperature, RTypr, as defined in
the ASME Code.

E. “Adjusted reference temperature” means
the reference temperature as adjusted for
irradiation effects (see Section V of this
Appendix) by adding to RTypy the
temperature shift, measured at the 30 ft-1b
(41]) 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 reactor vessel
(shell material including welds, heat affected
zones, and plates or forgings) that directly
surrounds the effective height of the active
core and adjacent regions of the reactor
vessel that are predicted to experience
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sufficient neutron radiation damage to be
considered in the selection of the most
limiting material with regard to radiation
damage.

1L Fracture Toughness Tests

A. To demonstrate compliance with the
fracture toughness requirements of Sections
IV and V of this appendix, ferritic materials
must be tested in accordance with the ASME,
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, Office of
Nuclear Reactor Regulation, to demonstrate
equivalence with the fracture toughness
requirements of this Appendix.

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

C. All fracture toughness test programs
conducted in accordance with patagraphs 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.

IV. Fracture Toughness Requirements

A. The pressure-retaining components of
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 (102]) initially and must maintain
upper-shelf energy throughout the life of the
vessel of no less than 50 ft-1b (68]), unless it is
demonstrated in a manner approved by the
Director, Office of Nuclear Reactor
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 [V.A1
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

' Defined in ASTM E 185-79 and -82 which are
incorporated by reference in Appendix H.

flange regions that are highly stressed by the
bolt preload must exceed the reference
temperature of the material 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
controlling. The justification submitted for
the pressure temperature limits must describe
the methods of analysis used.

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
lower than 40°F {22°C) above the minimum
permissible temperature of paragraph 2. of
this section nor lower than the minimum
permissible temperature for the inservice
system hydrostatic pressure test. An
exception may be made for boiling water
reactor vessels when water level is within the
normal range for power operation 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 hydrostatic pressure tests or leak
tests, the minimum permissible test
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).

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

B. Reactor vessels for which the predicted
value of upper-shelf energy at 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 sufficiently 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
welds, are to be predicted from the results of
pertinent radiation effects studies in addition
to the results of the surveillance program of
Appendix H to this part.

B. Reactor vessels may continue to be
operated only for that service period within
which the requirements of Section IV of this
appendix are satisfied using the predicted
value of the adjusted reference temperature
and the predicted value of the upper-shelf
energy at the end of the service period to
account for the effects of radiation on the
fracture toughness of the beltline materials.
These predictions are to be made for the

HeinOnline -- 48 Fed. Reg. 24010 1983

radiation conditions at the critical location on

“the crack front of the assumed flaw.? The

highest adjusted reference temperature and
the lowest 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 the 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 Nucelar Reactor
Regulation.

2. Additional evidence of the fracture
toughness of the beltline 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 margins of safety
for continued operation.

D. If the procedures of Section V.C. of this
appendix do not indicate the existence of an
equivalent safety margin, the reactor vessel
beltline may, subject to the approval of the

- Director, Office of Nuclear Reactor

Regulation, be given a thermal annealing
treatment to recover the 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 Sections 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.

1 For example, 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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Appendix H—Reactor Vessel Material
Surveillance Program Requirements

Table of Contents

L. Introduction
IL Surveillance Program Criteria
II1. Report of Test Results

L 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 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.

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.

IL. 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>1MEV) at the end
of the design life of the vessel will not exceed
10! n/cm?*

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

1. 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
editien 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 history, and maximum neutron
fluence experienced by the reactor vessel
inner surface. If the capsule holders are
attached 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
requirements 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. Accelerated irradiation capsule
may be used in addition to the required
number of surveillance capsules specified in
ASTM E 185.

3. A proposed withdrawa! 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.

C. An integrated surveillance program may
be considered for a set of reactors that have
similar design and operating features. The
representative 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
requirements 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 surveillance 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 output.

2. There must be adequate arrangement for
data sharing between plants.

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

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

M1. Report of Test Results

A. Each capsule withdrawal and the test
results must be the subject 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 ILB.1 of this Appendix, 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
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 Washington, D.C. this 23d day of
May 1983.

For the Nuclear Regulatory Commission.
Samuel . Chilk,
Secretary of the Commission.
[FR Doc. 83-14384 Filed 5-26-83; 8:45 am)
BILLING CODE 7590-01-M
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Chapter [—Nuclear Regulatary Cammission

at the Federal repository. All of these high-
level radioactive wastes shall be transferred
to a Federal repository no later than 10
years following separation of fission prod-
ucts from the irradiated fuel. Upon receipt,
the Federal repository will assume perma-
nent custody of these radioactive waste ma-
terials although industry will pay the Fed-
eral Government a charge which together
with interest on unexpended balances will
be designed to defray all costs of disposal
and perpetual surveillance, the Department
of Energy will take title to the radioactive
waste material upon transfer to a Federal
repository. Before retirement of the reproc-
essing plant from operational status and
before termination of licensing pursuant to
§ 50.82, transfer of all such wastes to a Fed-
eral repository shall be completed. Federal
repositories, which will be limited in
number, will be designated later by the
Commission.

3. Disposal of high-level radioactive fission
product waste material will not be permit-
ted on any land other than that owned and
controlled by the Federal Government.

4. A design objective for fuel reprocessing
plants shall be to facilitate decontamination
and removal of all significant radioactive
wastes at the time the facility is permanent-
ly decommissioned. Criteria for the extent
of decontamination to be required upon de-
commissioning and license termination will
be developed in consultation with compe-
tent groups. Opportunity will be afforded
for public comment before such criteria are
made effective.

5. Applicants proposing to operate fuel re-
processing plants, in submitting information
concerning financial qualifications as re-
quired by § 50.33(f), shall include informa-
tion enabling the Commission to determine
whether the applicant is financially quali-
fied, among other things, to provide for the
removal and disposal of radioactive wastes,
during operation and upon decommissioning
of the facility, in accordance with the Com-
mission’s regulations, including the require-
ments set out in this appendix.

6. With respect to fuel reprocessing plants
already licensed, the licenses will be appro-
priately conditioned to carry out the pur-
poses of the policy stated above with respect
to high-level radioactive fission product
wastes generated after installation of new
equipment for interim storage of liguid
wastes, or after installation of equipment re-
quired for solidification without interim
liquid storage. In either case, such equip-
ment shall be installed at the earliest practi-
cable date, taking into account the time re-
quired for design, procurement and installa-
tion thereof. With respect to such plants,
the application of the policy stated in this
appendix to existing wastes and to wastes
generated prior to the installation of such
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equipment, will be the subject of a further
rule making proceeding.

(42 U.S.C. 2201, 2237; sec. 161, Pub. L. 83-
703; 68 Stat. 948 (42 U.S.C. 2201); sec. 201,
Pub. L. 93-438, 88 Stat. 1242, (42 US.C.
5841))

(35 FR 17533, Nov. 14, 1970, as amended at
36 FR 5411, Mar. 23, 1971; 42 FR 20139, Apr.
18, 19%77; 45 FR 14201, Mar. 5, 1980]

APPENDIX G—FRACTURE TOUGHNESS
REQUIREMENTS

Table of Contents

L. Introduction and Scope

II. Definitions

III. Fracture Toughness Tests

IV. Practure Toughness Requirements

V. Inservice Requirements—Reactor Vessel
Beltline Materials

I. INTRODUCTION AND SCOPE

This appendix specifies fracture tough-
ness requirements for ferritic materials of
pressure-retaining components of the reac-
tor coolant pressure boundary of light water
nuclear power reactors to provide adequate
margins of safety during any condition of
normal operation, including anticipated
operational occurrences and system hydro-
static tests, to which the pressure boundary
may be subjected over its service lifetime.

The ASME Code forms the basis for the
requirements of this appendix. “ASME
Code” means the American Society of Me-
chanical Engineers Boiler and Pressure
Vessel Code. If no section is specified, the
reference is to Section III, Division 1,
“Rules for Construction of Nuclear Power
Plant Components.” “Section XI” means
Section XI, Division 1, “Rules for Inservice
Inspection of Nuclear Power Plant Compo-
nents.” If no edition or addenda is specified
the applicable ASME Code edition and ad-
denda 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 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 FepERAL REGISTER.
Copies of the ASME Boiler and Pressure
Vessel Code may be purchased from the
American Society 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
H Street NW., Washington, D.C.

The requirements of this appendix apply
to the following materials:
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NoTte: The adequacy of the fracture
toughness of other ferritic materials not
covered in this section shall be demonstrat-
ed to the Director, Office of Nuclear Reac-
tor Regulation, on an individual case basis.

A. Carbon and low-alloy ferritic steel
plate, forgings, castings, and pipe with speci-
fied minimum yield strengths not over
50,000 psi (345 MPa), and to those 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 as de-
fined in paragraph II.A. of this appendix.
The latest edition and addenda permitted
by paragraph 50.55a(b) of this part at the
time the analysis is made is to be used for
the purpose of this paragraph.

B. Welds and weld heat-affected zones in
the materials specified in paragraph 1.A. of
this appendix.

C. Materials for bolting and other types of
fasteners with specified minimum yield
strengths not over 130,000 psi (896 MPa).

II. DEFINITIONS

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

B. “System hydrostatic tests” means all
preoperational system leakage and hydro-
static 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 speci-
fied in the construction code under which
the component is built under § 50.55a of this
part.

D. “Reference temperature” means the
reference temperature, RTypr, as defined in
the ASME Code.

E. “Adjusted reference temperature”
means the reference temperature as adjust-
ed for irradiation effects (see Section V of
this appendix) by adding to RTypr the tem-
perature shift, measured at the 30 ft-lb
(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 reactor
vessel (shell material including welds, heat
affected zones, and plates or forgings) that
directly surrounds the effective height of
the active core and adjacent regions of the
reactor vessel that are predicted to experi-
ence sufficient neutron radiation damage to
be considered in the selection of the most
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limiting material with regard to radiation
damage.

III. FRACTURE TOUGHNESS TESTS

A. To demonstrate compliance with the
fracture toughness requirements of Sections
IV and V of this appendix, ferritic materials
must be tested in accordance with the
ASME Code and, for the beltline materials,
the test requirements of Appendix H of this
part. For a reactor vessel that was con-
structed 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, Office of Nuclear Reactor Regula-
tion, to demonstrate equivalence with the
fracture toughness requirements of this ap-
pendix.

B. Test methods for supplemental frac-
ture toughness 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 test-
ing.

C. All fracture toughness test programs
conducted in accordance with paragraphs A
and B of this section must comply with
ASME Code requirements for calibration of
test equipment, qualification of test person-
nel, and retention of records of these func-
ticns and of the test data.

IV. FRACTURE TOUGHNESS REQUIREMENTS

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

1. Reactor vessel beltline materials must
have Charpy upper-shelf energy ! of no less
than 75 ft-1b (102J) initially and must main-
tain upper-shelf energy throughout the life
of the vessel of no less than 50 ft-1b (68J),
unless it is demonstrated in a manner ap-
proved by the Director, Office of Nuclear
Reactor 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 analy-
sis is made are to be used for the purposes
of paragraphs IV.A.1 and IV.A.2 of this ap-
pendix.

'Defined in ASTM E 185-79 and -82
which are incorporated by reference in Ap-
pendix H.
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2. When the core is not critical, pressure-
temperature limits for the reactor vessel
must be at least as conservative as those ob-
tained by following the methods of analysis
and the required margins of safety of Ap-
pendix G of the ASME Code supplemented
by the requirements of Section V of this ap-
pendix. In addition, when pressure exceeds
20 percent of the preservice system hydro-
static 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 at least 120°F (67°C) for
normal operation and by 90°F (50°C) for hy-
drostatic 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 controlling. The justification sub-
mitted for the pressure temperature limits
must describe the methods of analysis used.

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 lower than 40°F (22°C) above the mini-
mum permissible temperature of paragraph
2. of this section nor lower than the mini-
mum permissible temperature for the in-
service system hydrostatic pressure test. An
exception may be made for boiling water re-
actor vessels when water level is within the
normal range for power operation and the
pressure is less than 20 percent of the pre-
service system hydrostatic test pressure. In
this case the minimum permissible tempera-
ture is 60°F (33°C) above the reference tem-
perature of the closure flange regions that
are highly stressed by the bolt preload.

4. If there is no fuel in the reactor during
system hydrostatic pressure tests or leak
tests, the minimum permissible test tem-
perature must be 60°F (33°C) above the ad-
justed reference temperature of the reactor
vessel material in the region that is control-
ling (as specified in paragraph IV.A.2 of this
appendix).

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

B. Reactor vessels for which the predicted
value of upper-shelf energy at end of life is
below 50 ft-lb or for which the predicted
value of adjusted reference temperature at
end of life exceeds 200°F (93°C) must be de-
signed to permit a therma) annealing treat-
ment at a sufficiently high temperature to
recover material toughness properties of
ferritic materials of the reactor vessel belt-
line.

Part 50, App. G

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 welds, are to be predicted from
the results of pertinent radiation effects
studies in addition to the results of the sur-
veillance program of Appendix H to "this
part.

B. Reactor vessels may continue to be op-
erated only for that service period within
which the requirements of Section IV of
this appendix are satisfied using the pre-
dicted value of the adjusted reference tem-
perature and the predicted value of the
upper-shelf energy at the end of the service
period to account for the effects of radi-
ation on the fracture toughness of the belt-
line materials. These predictions are to be
made for the radiation conditions at the
critical location on the crack front of the as-
sumed flaw.2 The highest adjusted reference
temperature and the lowest 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 sat-
isfied, reactor vessels may continue to be op-
erated provided all of the following require-
ments are satisfied:

1. A volumetric examination of 100 per-
cent of the beltline materials that do not
satisfy the requirements of Section V.B. of
this appendix is made and any flaws charac-
terized 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 beltline materials after ex-
posure to neutron irradiation is to be ob-
tained from results of supplemental frac-
ture toughness tests.

3. An analysis is performed that conserva-
tively demonstrates, making appropriate al-
lowances for all uncertainties, the existence
of equivalent margins of safety for contin-
ued operation.

D. If the procedures of Section V.C. of
this appendix do not indicate the existence
of an equivalent safety margin, the reactor
vessel beltline may, subject to the approval
of the Director, Office of Nuclear Reactor
Regulation, be given a thermal annealing
treatment to recover the fracture toughness
of the material. The degree of recovery is to

2For example, in analyses that follow Ap-
pendix 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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be measured by testing additional specimens
that have been withdrawn from the surveil-
lance program capsules and that have been
annealed under the same time-at-tempera-
ture conditions as those given the beltline
material. The results, together with the re-
sults of other pertinent annealing-effects
studies, are to provide the basis for estab-
lishing 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 re-
quirements of Section IV.A. of this appen-
dix using the values of adjusted reference
temperature and upper-shelf energy that in-
clude the effects of annealing and subse-
quent irradiation.

E. The proposed programs for satisfying
the requirements of Sections V.C. and V.D.
of this appendix are to be reported to the
Director, Office of Nuclear Reactor Regula-
tion, 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 sec-
tion V.B of this appendix.

[48 FR 24009, May 27, 1983]

APPENDIX H—REACTOR VESSEL MATERIAL
SURVEILLANCE PROGRAM REQUIREMENTS

Table of Contents

I. Introduction
II. Surveillance Program Criteria
II1. Report 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 reac-
tor vessel beltline region of light water nu-
clear power reactors resulting from expo-
sure of these materials to neutron irradia-
tion and the thermal environment. Under
the program, fracture toughness test data
are obtained from material specimens ex-
posed 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 Re-
actor Vessels,” which are referenced in the
following paragraphs, have been approved
for incorporation by reference by the Direc-
tor of the Federal Register. A notice of any
changes made to the material incorporated
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by reference will be published in the FEDER-
AL REGISTER. Copies of ASTM E 185-73, -79,
and -82, may be obtained from the Ameri-
can Society for Testing and Materials, 1916
Race St., Philadelphia, PA 19103. Copies
will be available for inspection at the Com-
mission’s Public Document Room, 1717 H
Street NW., Washington, D.C.

I1. SURVEILLANCE PROGRAM CRITERIA

A. No material surveillance program is re-
quired 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 un-
certainties in the measurements, that the
peak neutron fluence (E>IMEV) at the end
of the design life of the vessel will not
exceed 10" n/cm?

B. Reactor vessels that do not meet the
conditions of paragraph II.A. of this Appen-
dix must have their beltline materials moni-
tored by this appendix.

1. That part of the surveillance program
conducted prior to the first capsule with-
drawal 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 edi-
tions of ASTM E 185 may be used, but in-
cluding only those editions through 1982.
For each capsule withdrawal after July 26,
1983, the test procedures and reporting re-
quirements 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.

2. Surveillance specimen capsules must be
located near the inside vessel wall in the
beltline region so that the specimen irradia-
tion history duplicates, to the extent practi-
cable within the physical constraints of the
system, the neutron spectrum, temperature.
history, and maximum neutron fluence ex-
perienced by the reactor vessel inner sur-
face. If the capsule holders are attached to
the vessel wall or to the vessel cladding, con-
struction and inservice inspection of the at-
tachments and attachment welds must be
done according to the requirements for per-
manent 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 re-
placement capsules. Accelerated irradiation
capsules may be used in addition to the re-
quired number of surveillance capsules spec-
ified 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 pro-
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posed schedule must be approved prior to
implementation.

C. An integrated surveillance program
may be considered for a set of reactors that
have similar design and operating features.
The representative materials chosen for sur-
veillance 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 requirements 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 ini-
tial results agree with predictions. Integrat-
ed surveillance programs must be approved
by the Director, Office of Nuclear Reactor
Regulation, on a case-by-case basis. Criteria
for approval include the following consider-
ations:

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 output.

2. There must be adequate arrangement
for data sharing between plants.

3. There must be a contingency plan to
assure that the surveillance program for
each reactor will not be jeopardized by oper-
ation at reduced power level or by an ex-
tended 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 surveil-
lance capsules in all reactors in the set.

II1. REPORT OF TEST RESULTS

A. Each capsule withdrawal and the test
results must be the subject of a suminary
technical report to be submitted to the Di-
rector, Office of Nuclear Reactor Regula-
tion, as specified in § 50.4(a) of this Part,
within 1 year after capsule withdrawal,
unless an extension is granted by the Direc-
tor, .

B. The report must include the data re-
quired by ASTM E 185, as specified in para-
graph II.B.1 of this appendix, and the re-
sults of all fracture toughness tests conduct-
ed on the beltline materials in the irradiat-
ed and unirradiated conditions.

C. If a change in the Technical Specifica-
tions is required, either in the pressure-tem-
perature limits or in the operating proce-
dures required to meet the limits, the ex-
pected date for submittal of the revised
Technical Specifications must be provided
with the report.-

[48 FR 24011, May 27, 19831
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APPENDIX I—NUMERICAL GUIDES FOR
DEsIiGN OBJECTIVES AND LIMITING
CONDITIONS FOR OPERATION TO MEET
THE CRITERION “As Low AS 1s REa-
SONABLY ACHIEVABLE’' FOR RADIOAC-
TIVE MATERIAL IN LIGHT-WATER-
CooOLED NUCLEAR POWER REACTOR EF-
FLUENTS

SEcTION 1. Introduction. Section 50.34a
provides that an application for a permit to
construct a nuclear power reactor shall in-
clude a description of the preliminary
design of equipment to be installed to main-
tain control over radioactive materials in
gaseous and liquid effluents produced
during normal reactor operations, including
expected operational occurrences. In the
case of an application filed on or after Janu-
ary 2, 1971, the application must also identi-
fy the design objectives, and the means to
be employed, for keeping levels of radioac-
tive material in effluents to unrestricted
areas as low as practicable.

Section 50.36a contains provisions de-
signed to assure that releases of radioactive
material from nuclear power reactors to un-
restricted areas during normal reactor oper-
ations, including expected operational oc-
currences, are kept as low as practicable.

This appendix provides numerical guides
for design objectives and limiting conditions
for operation to assist applicants for, and
holders of, licenses for light-water-cooled
nuclear power reactors in meeting the re-
quirements of §§ 50.34a and 50.36a that ra-
dioactive material in effluents released from
these facilities to unrestricted areas be kept
as low as is reasonably achievable. Design
objectives and limiting conditions for oper-
ation conforming to the guidelines of this
appendix shall be deemed a conclusive
showing of compliance with the “as low as is
reasonably achievable” requirements of 10
CFR 50.34a and 50.36a. Design objectives
and limiting conditions for operation differ-
ing from the gnidelines may also be used,
subject to a case-by-case showing of a suffi-
cient basis for the findings of “as low as is
reasonably achievable” required by
§§ 50.34a and 50.36a. The guides presented
in this appendix are appropriate only for
light-water-cooled nuclear power reactors
and not for other types of nuclear facilities.

Sec. II. Guides on design objectives for
light-water-cooled nuclear power reactors li-
censed under 10 CFR Part 50. The guides on
design objectives set forth in this section
may be used by an applicant for a permit to
construct a light-water-cooled nuclear power
reactor as guidance in meeting the require-
ments of §50.34a(a). The applicant shall
provide reasonable assurance that the fol-
lowing design objectives will be 1net.
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A. The calculated annual total quantity of
all radioactive material above background !
to be released from each light-water-cooled
nuclear power reactor to unrestricted areas
will not result in an estimated annual dose
or dose commitment from liquid effluents
for any individual in an unrestricted area
from all pathways of exposure in excess of 3
millirems to the total body or 10 millirems
to any organ.

B.1. The calculated annual total quantity
of all radioactive material above background
to be released from each light-water-cooled
nuclear power reactor to the atmosphere
will not result in an estimated annual air
dose from gaseous effluents at any location
near ground level which could be occupied
by individuals in unrestricted areas in
excess of 10 millirads for gamma radiation
or 20 millirads for beta radiation.

2. Notwithstanding the guidance of para-
graph B.1:

(a) The Commission may specify, as guid-
ance on design odjectives, a lower quantity
of radioactive material above background to
be released to the atmosphere if it appears
that the use of the design objectives in para-
graph B.1 is likely to result in an estimated
annual external dose from gaseous effluents
to any individual in an unrestricted area in
excess of 5 millirems to the total body; and

(b) Design objectives based upon a higher
quantity of radioactive material above back-
ground to be released to the atmosphere
than the quantity specified in paragraph
B.1 will be deemed to meet the require-
ments for keeping levels of radioactive ma-
terial in gaseous effluents as low as is rea-
sonably achievable if the applicant provides
reasonable assurance that the proposed
higher quantity will not resuit in an esti-
mated annual external dose from gaseous
effluents to any individual in unrestricted
areas in excess of 5 millirems to the total
body or 15 millirems to the skin.

C. The calculated annual total quantity of
all radioactive iodine and radioactive mate-
rial in particulate form above background to
be released from each light-water-cooled nu-
clear power reactor in effluents to the at-
mosphere will not result in an estimated
annual dose or dose commitment from such
radioactive iodine and radioactive material
in particulate form for any individual in an
unrestricted area from all pathways of ex-
posure in excess of 15 millirems to any
organ.

tHere and elsewhere in this appendix
background means radioactive materials in
the environment and in the effluents from
light-water-cooled power reactors not gener-
ated in, or atiributable to, the reactors of
which specific account is required in deter-
mining design objectives.
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D. In addition to the provisions of para-
graphs A, B, and C above, the applicant
shall include in the radwaste system all
items of reasonably demonstrated technol-
ogy that, when added to the system sequen-
tially and in order of diminishing cost-bene-
fit return, can for a favorable cost-benefit
ratio effect reductions in dose to the popula-
tion reasonably expected to be within 50
miles of the reactor. As an interim measure
and until establishment and adoption of
better values (or other appropriate criteria),
the values $1000 per total body man-rem
and $1000 per man-thyroid-rem (or such
lesser values as may be demonstrated to be
suitable in a particular case) shall be used in
this cost-benefit analysis. The requirements
of this paragraph D need not be compilied
with by persons who have filed applications
for construction permits which were docket-
ed on or after January 2, 1971, and prior to
June 4, 1976, if the radwaste systems and
equipment described in the preliminary or
final safety analysis report and amendments
thereto satisfy the Guides on Design Objec-
tives for Light-Water-Cooled Nuclear Power
Reactors proposed in the Concluding State-
ment of Position of the Regulatory Staff in
Docket-RM-50-2 dated Febrwary 20, 1974,
pp. 25-30, repreduced in the Annex to this
Appendix I.

Skc. II1. Implementation. A.1. Conformity
with the gnides on design objectives of Sec-
tion 1I shall be demonstrated by calcula-
tional procedures based upon models and
data such that the actual exposure of an in-
dividual through appropriate pathways is
unlikely to be substantially underestimated,
all uncertainties being considered together.
Account shall be taken of the cumulative
effect of all sources and pathways within
the plant contributing to the particular
type of effluent being considered. For deter-
mination of design objectives in accordance
with the guides of Section II, the estima-
tions of exposure shall be made with respect
to such potential land and water usage and
food pathways as could actually exist during
the term of plant operation: Provided, That,
if the requirements of paragraph B of Sec-
tion III are fulfilled, the applicant shall be
deemed to have complied with the require-
ments of paragraph C of Section II with re-
spect to radioactive iodine if estimations of
exposure are made on the basis of such food
pathways and individual receptors as actual-
ly exist at the time the plant is licensed.

2. The characteristics attributed to a hy-
pothetical receptor for the purpose of esti-
mating internal dose commitment shall take
into account reasonable deviations of indi-
vidual habits from the average. The appli-
cant may take account of any real phenom-
enon or factors actually affecting the esti-
mate of radiation exposure, including the
characteristics of the plant, modes of dis-
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charge of radioactive materials, physical
processes tending to attenuate the quantity
of radioactive material to which an individu-
al would be exposed, and the effects of aver-
aging exposures over times during which de-
termining factors may fluctuate.

B. If the applicant determines design ob-
jectives with respect to radioactive iodine on
the basis of existing conditions and if poten-
tial changes in land and water usage and
food pathways could result in exposures in
excess of the guideline values of paragraph
C of Section II, the applicant shall provide
reasonable assurance that a menitoring and
surveillance program will be performed to
deterinine:

1. The quantities of radioactive iodine ac-

tually released to the atmosphere and de-.

posited relative to those estimated in the de-
termination of design objectives;

2. Whether changes in land and water
usage and food pathways which would
result in individual exposures greater than
originally estimated have occurred; and

3. The content of radioactive iodine and
foods involved in the changes, if and when
they occur,

Sec. IV. Guides on technical specifica-
tions for limiting conditions for operation
for light-water-cooled nuclear power reac-
tors licensed under 10 CFR Part 50. The
guides on limiting conditions for operation
for light-water-cooled nuclear power reac-
tors set forth beiow may be used by an ap-
plicant for a license to operate a light-water-
cooled nuclear power reactor as guidance in
developing technical specifications under
§ 50.36a(a) to keep levels of radioactive ma-
terials in effluents to unrestricted areas as
low as is reasonably achievable.

Section 50.36a(b) provides that licensees
shall be guided by certain considerations in
estabiishing and implementing operating
procedures specified in technical specifica-
tions that take into account the need for op-
erating flexibility and at tl.e same time
assure that the licensee will exert his best
effort to keep levels of radioactive material
in effluents as low as is reasonably achiev-
able. The guidance set forth below provides
additional and more specific guidance to 1i-
censees in this respect.

Through the use of the guides set forth in
this Section it is expected that the annual
releases of radioactive material in effluents
from light-water-cooled nuciear power reac-
tors can generally be maintained within the
levels set forth as numerical guides for
design objectives in Section II.

At the same time, the licensee is permit-
ted the flexibility of operation, compatible
with considerations of health and safety, to
assure that the public is provided a depend-
able source of power even under unusuai op-
erating conditions which may temporarily
result in releases higher than such numeri-
cal guides for design objectives but still
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within levels that assure that the average
population exposure is equivalent to small
fractions of doses from natural background
radiation. It is expected that in using this
operational flexibiltty under unusual oper-
ating conditions, the licensee will exert his
best efforts to keep levels of radioactive ma-
terial in effluents within the numerical
guides for design objectives.

A. If the quantity of radioactive material
actually released in effluents to unrestricted
areas from a {ight-water-cooled nuclear
power reactor during any calendar quarter
is such that the resulting radiation expo-
sure, calculated on the same basis as the re-
spective design objective exposure, wouid
exceed one-half the design objective annual
exposure derived pursuant to Sections II
and III, the licensee shall: 2

1. Make an investigation to identify the
causes for such release rates;

2. Define and initiate a program of correc-
tive action; and

3. Report these actions to the appropriate
NRC Regional Office shown in Appendix D
of Part 20 of this Chapter with a copy to
the Director of Inspection and Enforce-
ment, U.S. Nuclear Regulatory Commission,
Washington, D.C. 20555, within 30 days
from the end of the quarter during which
the release occurred.

B. The licensee shall establish an appro-
priate surveillance and monitoring program
to:

1. Provide data on quantities of radicac-
tive material released in liguid and gaseous
effluents to assure that the provisions of
paragraph A of this section are met;

2. Provide data on measurable levels of ra-
diation and radioactive materiais in the en-
vironment to evaluate the relationship be-
tween quantities of radioactive material re-
leased in effluents and resultant radiation
doses to individuals from principal path-
ways of exposure; and

3. Identify changes in the use of unre-
stricted areas (e.g., for agricultural pur-
poses) to permit modifications in monitor-
ing programs for evaluating doses to individ-
uals from principal pathways of exposure.

C. If the data developed in the surveil-
lance and monitoring program described in
paragraph B of this section and in para-

2Section 50.36a(a)2) requires the licensee
to submit certain reports to the Commission
with regard to the quantities of the princi-
pal radionuclides released to unrestricted
areas. It also provides that, on the basis of
such reports and any additional information
the Commission may obtain from the licens-
ee and others, the Commission may from
time to time require the license to take such
action as the Commission deems appropri-
ate.
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graph B of Section III or from other moni-

- toring programs show that the relationship

-between the quantities of radioactive mate-
rial released in liquid and gaseous effluents
and the dose to individuals in unrestricted
areas is significantly different from that as-
sumed in the calculations used to determine
design objectives pursuant to Sections II
and III, the Commission may modify the
Guantities in the technical specifications de-
fining the limiting conditions for operation
in a license authorizing operation of a light-
water-cooled nuclear power reactor.

Sec. V. Effective dates. A. The guides for
limiting conditions for operation set forth in
this appendix shall be applicable in any case
in which an application was filed on or after
January 2, 1971, for a permit to construct a
light-water-cooled nuclear power reactor.

B. For each light-water-cooled nuclear
power reactor constructed pursuant to a
permit for which application was filed prior
to January 2, 1971, tne holder of the permit
or a license, authorizing operation of the re-
actor shall, within a period of twelve
months from June 4, 1975, file with the
Commission:

1. Such information as is necessary to
evaluate the means employed for keeping
levels of radioactivity in effluents to unre-
. stricted areas as low as is reasonably achiev-
able, including all such information as is re-
quired by §50.34a (b) and (¢) not already
contained in his application; and

2. Plans and proposed technical specifica-
tions developed for the purpose of keeping
releases of radioactive materials to unre-
stricted areas during normal reactor oper-
ations, including expected operational oc-
currences, as low as is reasonably achiev-
able.

CONCLUDING STATEMENT OF POSITION OF THE
REGULATORY STAFF (DOCKET-RM-50-2)

GUIDES ON DESIGN OBJECTIVES FOR LIGHT-
WATER-COOLED NUCLEAR POWER REACTORS

A. For radioactive material above back-
ground ' in liquid effluents to be released to
unrestricted areas:

1. The calculated annual total quantity of
all radioactive material from all light-water-
cooled nuclear power reactors at a site
should not result in an annual dose or dose
commitment to the total body or to any
organ of an individual in an unrestricted
area from all pathways of exposure in
excess of 5 millirems; and

2. The calculated annual total quantity of
radicactive material, except tritium and dis-
solved gases, should not exceed 5 curies for
each light-water-cooled reactor at a site.

t“Background,” means the quantity of ra-
dioactive material in the effluent from
light-water-cooled nuclear power reactors at
a site that did not originate in the reactors.
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3. Notwithstanding the guidance in para-
graph A.2, for a particular site, if an appli-
cant for a permit to construct a light-water-
cooled nuclear power reactor has proposed
baseline in-plant control measures? to
reduce the possible sources of radioactive
material in liquid effluent releases and the
calculated quantity exceeds the quantity set
forth in paragraph A.2, the requirements
for design objectives for radioactive materi-
al in liquid effluents may be deemed to have
been met provided:

a. The applicant submits an evaluation of
the potential for effects from long-term
buildup in the environment in the vicinity
of the site of radioactive material, with a ra-
dioactive half-life greater than one year, to
be released; and

b. The provisions of paragraph A.l1 are
met.

B. For radioactive material above back-
ground in gaseous effluents the annual total
quantity of radioactive material to be re-
leased to the atmosphere by all light-water-
cooled nuclear power reactors at a site:

1. The calculated annual air dose due to
gamma radiation at any location near
ground level which could be occupied by in-
dividuals at or beyond the boundary of the
site should not exceed 10 millirads; and

2. The calculated annual air dose due to
beta radiation at any location near ground
level which could be occupied by individuals
at or beyond the boundary of the site
should not exceed 20 millirads.

3. Notwithstanding the guidance in para-
graphs B.1 and B.2, for a particular site:

a. The Commission may specify, as guid-
ance on design objectives, a lower quantity
of radioactive material above background in
gaseous effluents to be released to the at-
mosphere if it appears that the use of the
design objectives described in paragraphs
B.1 and B.2 is likely to result in an annual
dose to an individual in an unrestricted area
in excess of 5 millirems to the total body or
15 millirems to the skin; or

b. Design objectives based on a higher
quantity of radioactive material above back-
ground in gaseous effluents to be released to
the atmosphere than the quantity specified
in paragraphs B.1 and B.2 may be deemed

2Such measures may include treatment of
clear liquid waste streams (normally tritiat-
ed, nonaerated, low conductivity equipment
drains and pump seal leakoff), dirty liquid
waste streams (normally nontritiated, aer-
ated, high conductivity building sumps,
floor and sample station drains), steam gen-
erator blowdown streams, chemical waste
streams, low purity and high purity liquid
streams (resin regenerate and laboratory
wastes), as appropriate for the type of reac-
tor.
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to meet the requirements for keeping levels
of radioactive material in gaseous effluents
as low as practicable if the applicant pro-
vides reasonable assurance that the pro-
posed higher quantity will not result in
annual doses to an individual in an unre-
stricted area in excess of 5 millirems to the
total body or 15 millirems to the skin.

C. For radioactive iodine and radioactive
material in particulate form above back-
ground released to the atmosphere:

1. The calculated annual total quantity of
all radioactive iodine and radioactive mate-
rial in particulate form from all light-water-
cooled nuclear power reactors at a site
should not result in an annual dose or dose
commitment to any organ of an individual
in an unrestricted area from all pathways of
exposure in excess of 15 millirems. In deter-
mining the dose or dose commitment the
portion thereof due to intake of radioactive
material via the food pathways may be eval-
uated at the locations where the food path-
ways actually exist; and

2. The calculated annual total quantity of
iodine-131 in gaseous effluents should not
exceed 1 curie for each light-water-cooled
nuclear power reactor at a site.

3. Notwithstanding the guidance in para-
graphs C.1 and C.2 for a particular site, if
an applicant for a permit to construct a
light-water-cooled nuclear power reactor
has proposed baseline in-plant control meas-
ures * to reduce the possible sources of ra-
dioactive iodine releases, and the calculated
annual quantities taking into account such
control measures exceed the design objec-
tive quantities set forth in paragraphs C.1
and C.2, the requirements for design objec-
tives for radioactive iodine and radioactive
material in particulate form in gaseous ef-
fluents may be deemed to have been met
provided the calculated annual total quanti-
ty of all radioactive iodine and radioactive
material in particulate form that may be re-
leased in gaseous effluents does not exceed
four times the quantity calculated pursuant
to paragraph C.1.

[40 FR 19442, May 5, 1975, as amended at 40
FR 40818, Sept. 4, 1975; 40 FR 58847, Dec.
19, 1975; 41 FR 16447, Apr. 19, 1976; 42 FR
20139, Apr. 18, 19771

3Such in-plant control measures may in-
clude treatment of steam generator blow-
down tank exhaust, clean steam supplies for
turbine gland seals, condenser vacuum sys-
tems, containment purging exhaust and
ventilation exhaust systems and special
design features to reduce contaminated
steam and liquid leakage from valves and
other sources such as sumps and tanks, as
appropriate for the type of reactor.
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APPENDIX J-—PRIMARY REACTOR CON-
TAINMENT LEAKAGE TESTING FOR
WATER-COOLED POWER REACTORS

Table of Contents

I. Introduction.

I1. Explanation of terms.

ITI. Leakage test requirements.

A. Type A test.

B. Type B test.

C. Type C test.

D. Periodic retest schedule.

1V. Special test requirements.

A. Containment modifications.

B. Multiple leakage-barrier containments.
V. Inspection and reporting of tests.
A. Containment inspection.

B. Report of test results.

I. INTRODUCTION

One of the conditions of all operating li-
censes for water-cooled power reactors as
specified in § 50.54(0) is that primary reac-
tor containments shall meet the contain-
ment leakage test requirements set forth in
this appendix. These test requirements pro-
vide for preoperational and periodic verifi-
cation by tests of the leak-tight integrity of
the primary reactor containment, and sys-
tems and components which penetrate con-
tainment of water-cooled power reactors,
and establish the acceptance criteria for
such tests. The purposes of the tests are to
assure that (a) leakage through the primary
reactor containment and systems and com-
ponents penetrating primary containment
shall not exceed allowable leakage rate
values as specified in the technical specifica-
tions or associated bases and (b) periodic
surveillance of reactor containment penetra-
tions and isolation valves is performed so
that proper maintenance and repairs are
made during the service life of the contain-
ment, and systeins and components pene-
trating primary containment. These test re-
quirements may also be used for guidance in
establishing appropriate containment leak-
age test requirements in technical specifica-
tions or associated bases for other types of
nuclear power reactors.

II. EXPLANATION OF TERMS

A. “Primary reactor containment” means
the structure or vessel that encloses the
components of the reactor coolant pressure
boundary, as defined in § 50.2(v), and serves
as an essentially leak-tight barrier against
the uncontrolled release of radioactivity to
the environment.

B. “Containment isolation valve” means
any valve which is relied upon to perform a
containment isolation function.

C. “Reactor containment leakage test pro-
gram” includes the performance of Type A,
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Type B, and Type C tests, described in ILF,
I1.G, and 11.H, respectively.

D. “Leakage rate” for test purposes is that
leakage which occurs in a unit of time,
stated as a percentage of weight of the origi-
nal content of containment air at the leak-
age rate test pressure that escapes to the
outside atmosphere during a 24-hour test
period.

E. “Overall integrated leakage rate”
means that leakage rate which obtains from
a summation of leakage through all poten-
tial leakage paths including containment
welds, valves, fittings, and components
which penetrate containment.

P. “Type A Tests” means tests intended to
measure the primary reactor containment
overall integrated leakage rate (1) after the
containment has been completed and is
ready for operation, and (2) at periodic in-
tervals thereafter.

G. “Type B Tests” means tests intended
to detect local leaks and to measure leakage
across each pressure-containing or leakage-
limiting boundary for the following primary
reactor containment penetrations:

1. Containment penetrations whose design
incorporates resilient seals, gaskets, or sea-
lant componds, piping penetrations fitted
with expansion bellows, and electrical pene-
trations fitted with flexible metal seal as-
semblies.

2. Air lock door seals, including door oper-
ating mechanism penetrations which are
part of the containment pressure boundary.

3. Doors with resilient seals or gaskets
except for seal-welded doors.

4. Components other than those listed in
I1.G.1, I1.G.2, or II1.G.3 which must meet
the acceptance criteria in II1.B.3.

H. “Type C Tests” means tests intended to
measure containment isolation valve leak-
age rates. The containment isolation valves

. included are those that:

1. Provide a direct connection between the
inside and outside atmospheres of the pri-
mary reactor containment under normal op-
eration, such as purge and ventilation,
vacuum relief, and instrument valves;

2. Are required to close automatically
upon receipt of a containment isolation
signal in response to controls intended to
effect containment isolation;

3. Are required to operate intermittently
under postaccident conditions; and

4. Are in main steam and feedwater piping
and other systems which penetrate contain-
ment of direct-cycle boiling water power re-
actors.

I. Pa (p.s.i.g.) means the calculated peak
containment internal pressure related to
the design basis accident and specified
either in the technical specification or asso-
ciated bases.

J. Pt (p.s.i.g.) means the containment
vessel reduced test pressure selected to
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measure the integrated leakage rate during
periodic Type A tests.

K. La (percent/24 hours) means the maxi-
mum allowable leakage rate at pressure Pa
as specified for preoperational tests in the
technical specifications or associated bases,
and as specified for periodic tests in the op-
erating license.

L. Id (percent/24 hours) means the design
leakage rate at pressure, Pa, as specified in
the technical specifications or associated
bases.

M. Lt (percent/24 hours) means the maxi-
mum allowable leakage rate at pressure Pt
derived from the preoperational test data as
specified in II1.A.4.(a)(ii).

N. Lam, Ltm (percent/24 hours) means
the total measured containment leakage
rates at pressure Pa and Pt, respectively, ob-
tained from testing the containment with
components and systems in the state as
close as practical to that which would exist
under design basis accident conditions (e.g.,
vented, drained, flooded or pressurized).

O. “Acceptance criteria’” means the stand-
ard against which test results are to be com-
pared for establishing the functional accept-
ability of the containment as a leakage
limiting boundary.

ITI. LEARKAGE TESTING REQUIREMENTS

A program consisting of a schedule for
conducting Type A, B, and C tests shall be
developed for leak testing the primary reac-
tor containment and related systems and
components penetrating primary contain-
ment pressure boundary.

Upon completion of construction of the
primary reactor containment, including in-
stallation of all portions of mechanical,
fluid, electrical, and instrumentation sys-
tems penetrating the primary reactor con-
tainment pressure boundary, and prior to
any reactor operating period, preoperational
and periodic leakage rate tests, as applica-
ble, shall be conducted in accordance with
the following:

A. Type A test—1. Pretest requirements. (a)
Containment inspection in accordance with
V.A. shall be performed as a prerequisite to
the performance of Type A tests. During
the period between the initiation of the con-
tainment inspection and the performance of
the Type A test, no repairs or adjustments
shall be made so that the containment can
be tested in as close to the ““as is” condition
as practical. During the period between the
completion of one Type A test and the initi-
ation of the containment inspection for the
subsequent Type A test, repairs or adjust-
ments shall be made to components whose
leakage exceeds that specified in the techni-
cal specification as soon as practical after
identification. If during a Type A test, in-
cluding the supplemental test specified in
III.A.3.(b), potentially excessive leakage
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paths are identified which will interfere
with satisfactory completion of the test, or
which result in the Type A test not meeting
the acceptance criteria III.LA.4.(b) or
III.A.5.(b), the Type A test shall be termi-
nated and the leakage through such paths
shall be measured using local leakage test-
ing methods. Repairs and/or adjustments to
equipment shall be made and a Type A test
performed. The corrective action taken and
the change in leakage rate determined from
the tests and overall integrated leakage de-
termined from the local leak and Type A
tests shall be included in the report submit-
ted to the Commission as specified in V.B.

(b) Closure of containment isolation
valves for the Type A test shall be accom-
plished by normal operation and without
any preliminary exercising or adjustments
(e.g., no tightening of valve after closure by
valve motor). Repairs of maloperating or
leaking valves shall be made as necessary.
Information on any valve closure malfunc-
tion or valve leakage that requires correc-
tive action before the test, shall be included
in the report submitted to the Commission
as specified in V.B.

(c) The containment test conditions shall
stabilize for a period of about 4 hours prior
to the start of a leakage rate test.

(d) Those portions of the fluid systems
that are part of the reactor coolant pressure
boundary and are open directly to the con-
tainment atmosphere under post-accident
conditions and become an extension of the
boundary of the containment shall be
opened or vented to the containment atmos-
phere prior to and during the test. Portions
of closed systems inside containment that
penetrate containment and rupture as a
result of a loss of coolant accident shall be
vented to the containment atmosphere. All
vented systems shall be drained of water or
other fluids to the extent necessary to
assure exposure of the system containment
isolation valves to containment air test pres-
sure and to assure they will be subjected to
the post-accident differential pressure. Sys-
tems that are required to maintain the
plant in a safe condition during the test
shall be operable in their normal mode, and
need not be vented. Systems that are nor-
mally filled with water and operating under
post-accident conditions, such as the con-
tainment heat removal system, need not be
vented. However, the containment isolation
valves in the systems defined in 1II.A.1.(d)
shall be tested in accordance with III.C. The
measured leakage rate from these tests shall
be reported to the Commission.

2. Conduct of tests. Preoperational leakage
rate tests at either reduced or at peak pres-
sure, shall be conducted at the intervals
specified in IIL.D.

3. Test methods. (a) All Type A tests shall
be conducted in accordance with the provi-
sions of the American National Standard
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N45.4-1972, Leakage Rate Testing of Con-
tainment Structures for Nuclear Reactors,
March 16, 1972.' The method chosen for the
initial test shall normally be used for the
periodic tests.

(b) The accuracy of any Type A test shall
be verified by a supplemental test. An ac-
ceptable method is described in Appendix C
of ANSI N45.4-1972. The supplemental test
method selected shall be conducted for suf-
ficient duration to establish accurately the
change in leakage rate between the Type A
and supplemental test. Results from this
supplemental test are acceptable provided
the difference between the supplemental
test data and the Type A test data is within
0.25 La (or 0.25 Lt). If results are not within
0.25 La (or 0.25 Lt), the reason shall be de-
termined, corrective action taken, and a suc-
cessful supplemental test performed.

(c) Test leakage rates shall be calculated
using absolute values corrected for instru-
ment error.

4. Preoperational leakage rate lests. (a)
Test pressure—(1) Reduced pressure tests. (i)
An initial test shall be performed at a pres-
sure Pt, not less than 0.50 Pa to measure a
leakage rate Ltm.

(ii) A second test shall be performed at
pressure Pa to measure a leakage rate Lam.

(iii) The leakage characteristics yielded by
measurements Ltm and Lam shall establish
the maximum allowable test leakage rate Lt
of not more than La (Ltm/Lam). In the
event Ltm/Lam is greater than 0.7, Lt shall
be specified as equal to La (Pt/Pa). - 2

(2) Peak pressure tests. A test shall be per-
formed at pressure Pa to measure the leak-
age rate Lam.

(b) Acceptance criteria—(1) Reduced pres-
sure tests. The leakage rate Ltm shall be less
than 0.75 Lt.

(2) Peak pressure lests. The leakage rate
Lam shall be less than 0.75 La and not
greater than Ld.

5. Periodic leakage rale tests—(a) Test
pressure. (1) Reduced pressure tests shall be
conducted at Pt;

(2) Peak pressure tests shall be conducted
at Pa.

1ANSI N45.4-1972 Leakage Rate Testing
of Containment Structures for Nuclear Re-
actors (dated Mar. 16, 1972). Copies may be
obtained from the American Nuclear Soci-
ety, 244 East Ogden Avenue, Hinsdale, IL
60521. A copy is available for inspection at
the Commission’s Public Document Room,
1717 H Street NW., Washington, DC. The
incorporation by reference was approved by
the Director of the Federal Register on Oc-
tober 30, 1972.

2Such inservice inspections are required
by § 50.55a.
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(b) Acceptance criteria—(1) Reduced pres-
sure tests. The leakage rate Ltm shall be less
than 0.75 Lt. If local leakage measurements
are taken to effect repairs in order to meet
the acceptance criteria, these measurements
shall be taken at a test pressure Pt.

(2) Peak pressure tests. The leakage rate
Lam shall be less than 0.75 La. If local leak-
age measurements are taken to effect re-
pairs in order to meet the acceptance crite-
ria, these measurements shall be taken at a
test pressure Pa.

6. Additional requirements. (a) If any peri-
odic Type A test fails to meet the applicable
acceptance criteria in IIL.A.5.(b), the test
schedule applicable to subsequent Type A
tests will be reviewed and approved by the
Commission.

(b) If two consecutive periodic Type A
tests fail to meet the applicable acceptance
criteria in IILA.5(b), notwithstanding the
periodic retest schedule of III.D., a Type A
test shall be performed at each plant shut-
down for refueling or approximately every
18 months, whichever occurs first, until two
consecutive Type A tests meet the accept-
ance criteria in ITI.A.5(b), after which time
the retest schedule specified in III.D. may
be resumed.

B. Type B tests—1. Test methods. Accept-
able means of performing preoperation and
periodic Type B tests include:

(a) Examination by halide leak-detection
method (or by other equivalent test meth-
ods such as mass spectrometer) of a test
chamber, pressurized with air, nitrogen, or
pneumatic fluid specified in the technical
specifications or associated bases and con-
structed as part of individual containment
penetrations.

(b) Measurement of the rate of pressure
loss of the test chamber of the containment
penetration pressurized with air, nitrogen,
or pneuinatic fluid specified in the technical
specifications or associated bases.

(c) Leakage surveillance by means of a
permanently installed system with provi-
sions for continuous or intermittent pressur-
ization of individual or groups of contain-
ment penetrations and measurement of rate
of pressure loss of air, nitrogen, or pneuinat-
ic fluid specified in the technical specifica-
tion or associated bases through the leak
paths.

2. Test pressure. All preoperational and pe-
riodic Type B tests shall be performed by
local pneumatic pressurization of the con-
tainment penetrations, either individually
or in groups, at a pressure not less than Pa.

3. Acceptance criteria. (See also Type C
tests.) (a) The combined leakage rate of all
penetrations and valves subject to Type B
and C tests shall be less than 0.60 La, with
the exception of the valves specified in
II1.C.3.

(b) Leakage measurements obtained
through component leakage surveillance
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systems (e.g., continuous pressurization of
individual containment components) that
maintains a pressure not less than Pa at in-
dividual test chambers of containment pene-
trations during normal reactor operation,
are acceptable in lieu of Type B tests.

C. Type C tests—1. Test method. Type C
tests shall be performed by local pressuriza-
tion. The pressure shall be applied in the
saine direction as that when the value
would be required to perform its safety
function, unless it can be determined that
the results from the tests for a pressure ap-
plied in a different direction will provide
equivalent or more conservative results. The
test methods in III.B.1 inay be substituted
where appropriate. Each valve to be tested
shall be closed by norinal operation and
without any preliminary exercising or ad-
justments ¢e.g., no tightening of valve after
closure by valve motor).

2. Test pressure. (a) Valves, unless pressur-
ized with fluid (e.g., water, nitrogen) from a
seal system, shall be pressurized with air or
nitrogen at a pressure of Pa.

(b) Valves, which are sealed with fluid
from a seal system shall be pressurized with
that fluid to a pressure not less than 1.10
Pa.

3. Acceptance criterion. The combined
leakage rate for all penetrations and valves
subject to Type B and C tests shall be less
than 0.60 La. Leakage from containment iso-
lation valves that are sealed with fluid from
a seal system may be excluded when deter-
mining the combined leakage rate: Pro-
vided, That;

(a) Such valves have been demonstrated
to have fluid leakage rates that do not
exceed those specified in the technical
specifications or associated bases, and

(b) The installed isolation valve seal-water
system fluid inventory is sufficient to assure
the sealing function for at least 30 days at a
pressure of 1.10 Pa.

D. Periodic retest schedule—1. Type A test.
(a) After the preoperational leakage rate
tests, a set of three Type A tests shall be
performed, at approximately equal intervals
during each 10-year service period. The
third test of each set shall be conducted
when the plant is shutdown for the 10-year
plant inservice inspections. ?

(b) Permissible periods for testing. The
performance of Type A tests shall be limit-
ed to periods when the plant facility is non-
operational and secured in the shutdown
condition under the administrative control
and in accordance with the safety proce-
dures defined in the license.

2. Typve B tests. (a) Type B tests, except
tests for air locks, shall be performed during

?Such inservice inspections are required
by § 50.55a.
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reactor shutdown for refueling, or other
convenient intervals, but in no case at inter-
vals greater than 2 years. If opened follow-
ing a Type A or B test, containment pene-
trations subject to Type B testing shall be
Type B tested prior to returning the reactor
to an operating mode requiring containment
integrity. For primary reactor containment
penetrations employing a continuous leak-
age monitoring system, Type B tests, except
for tests of air locks, may, notwithstanding
the test schedule specified under II1.D.1,, be
performed every other reactor shutdown for
refueling but in no case at intervals greater
than 3 years.

(b)(i) Air locks shall be tested prior to ini-
tial fuel loading and at 6-month intervals
thereafter at an internal pressure not less
than P,.

(ii) Air locks opened during periods when
containment integrity is not required by the
plant’s Technical Specifications shall be
tested at the end of such periods at not less
than P,.

(iii) Air locks opened during periods when
containment integrity is required by the
plant’s Technical Specifications shall be
tested within 3 days after being opened. For
air lock doors opened more frequently than
once every 3 days, the air lock shall be
tested at least once every 3 days during the
period of frequent openings. For air lock
doors having testable seals, testing the seals
fulfills the 3-day test requirements. In the
event that the testing for this 3-day interval
cannot be at P,, the test pressure shall be as
stated in the Technical Specifications. Air
lock door seal testing shall not be substitut-
ed for the 6-month test of the entire air lock
at not less than P,.

(iv) The acceptance criteria for air lock
testing shall be stated in the Technical
Specifications.

3. Type C tests. Type C tests shall be per-
formed during each reactor shutdown for
refueling but in no case at intervals greater
than 2 years.

IV. SpEcIAL TESTING REQUIREMENTS

A. Containment modification. Any major
modification, replacement of a component
which is part of the primary reactor con-
tainment boundary, or resealing a seal-
welded door, performed after the preopera-
tional leakage rate test shall be followed by
either a Type A, Type B, or Type C test, as
applicable for the area affected by the
modification. The measured leakage from
this test shall be included in the report to
the Commission, required by V.A. The ac-
ceptance criteria of IIL.A.5.(b), II1.B.3.,, or
II11.C.3., as appropriate, shall be met. Minor
modifications, replacements, or resealing of
seal-welded doors, performed directly prior
to the conduct of a scheduled Type A test
do not require a separate test.
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B. Multiple leakage barrier or subatmos-
pheric containments. The primary reactor
containment barrier of a multiple barrier or
subatmospheric containment shall be sub-
jected to Type A tests to verify that its leak-
age rate meets the requirements of this ap-
pendix. Other structures of multiple barrier
or subatmospheric containments (e.g., sec-
ondary containments for boiling water reac-
tors and shield buildings for pressurized
water reactors that enclose the entire pri-
mary reactor containment or portions there-
of) shall be subject to individual tests in ac-
cordance with the procedures specified in
the technical specifications, or associated
bases.

V. INSPECTION AND REPORTING OF TESTS

A. Containment inspection. A general im-
spection of the accessible interior and exte-
rior surfaces of the containment structures
and components shall be performed prior to
any Type A test to uncover any evidence of
structural deterioration which may affect
either the containment structural integrity
or leak-tightness. If there is evidence of
structural deterioration, Type A tests shall
not be performed until corrective action is
taken in accordance with repair procedures,
nondestructive examinations, and tests as
specified in the applicable code specified in
§ 50.55a at the commencement of repair
work. Such structural deterioration and cor-
rective actions taken shall be reported as
part of the test report, submitted in accord-
ance with V.B.

B. Report of test results. 1. The preopera-
tional and periodic tests shall be the subject
of a summary technical report submitted to
the Director of Nuclear Reactor Regulation,
U.S. Nuclear Regulatory Commission,
Washington, D.C. 20555 approximately 3
months after the conduct of each test. The
report shall be titled “Reactor Containment
Building Integrated Leak Rate Test.”

2. The report on the preoperational test
shall include a schematic arrangement of
the leakage rate measurement system, the
instrumentation used, the supplemental test
method, and the test program selected as
applicable to the preoperational test, and all
subsequent periodic tests. The report shall
contain an analysis and interpretation of
the leakage rate test data for the Type A
test results to the extent necessary to dem-
onstrate the acceptability of the contain-
ment’s leakage rate in meeting the accept-
ance criteria. .

3. For each periodic test, leakage test re-
sults from Type A, B, and C tests shall be
reported. The report shall contain an analy-
sis and interpretation of the Type A test re-
sults and a summary analysis of periodic
Type B and Type C tests that were per-
formed since the last Type A test. Leakage
test results from Type A, B, and C tests that
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failed to meet the acceptance criteria of
II1.A.5(b), II1.B.3, and IIL.C.3, respectively,
shall be reported in a separate accompany-
ing summary report that includes an analy-
sis and interpretation of the test data, the
least-squares fit analysis of the test data,
the instrumentation error analysis, and the
structural conditions of the containment or
components, if any, which contributed to
the failure in meeting the acceptance crite-
ria. Results and analyses of the supplemen-
tal verification test employed to demon-
strate the validity of the leakage rate test
measurements shall also be included.

[38 FR 4386, Feb. 14, 1973; 38 FR 5997, Mar.
6, 1973, as amended at 41 FR 16447, Apr. 19,
1976; 45 FR 62789, Sept. 22, 1980]

APPENDIX K—ECCS EVALUATION
MoODELS

I. Required and Acceptable Features of
Evaluation Models.
I1. Required Documentation.

I. REQUIRED AND ACCEPTABLE FEATURES OF
THE EVALUATION MODELS

A. Sources of heat during the LOCA.

For the heat sources listed in paragraphs
1 to 4 below it shall be assumed that the re-
actor has been operating continuously at a
power level at least 1.02 times the licensed
power level (to allow for such uncertainties
as instrumentation error), with the maxi-
mum peaking factor allowed by the techni-
cal specifications. A range of power distribu-
tion shapes and peaking factors represent-
ing power distributions that may occur over
the core lifetime shall be studied and the
one selected should be that which results in
the most severe calculated consequences, for
the spectrum of postulated breaks and
single failures analyzed.

1. The Initial Stored Energy in the Fuel.
The steady-state temperature distribution
and stored energy in the fuel before the hy-
pothetical accident shall be calculated for
the burn-up that yields the highest calculat-
ed cladding temperature (or, optionally, the
highest calculated stored energy.) To ac-
complish this, the thermal conductivity of
the UQO, shall be evaluated as a function of
burn-up and temperature, taking into con-
sideration differences in initial density, and
the thermal conductance of the gap be-
tween the UO, and the cladding shall be
evaluated as a function of the burn-up,
taking into consideration fuel densification
and expansion, the composition and pres-
sure of the gases within the fuel rod, the
initial cold gap dimension with its toler-
ances, and cladding creep.

2. Fission Heal, Fission heat shall be cal-
culated using reactivity and reactor kinetics.
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Shutdown reactivities resulting from tem-
peratures and voids shall be given their
minimum plausible values, including allow-
ance for uncertainties, for the range of
power distribution shapes and peaking fac-
tors indicated to be studied above. Rod trip
and insertion may be assumed if they are
calculated to occur.

3. Decay of Actinides. The heat from the
radioactive decay of actinides, including
neptunium and plutonium generated during
operation, as well as isotopes of uranium,
shall be calculated in accordance with fuel
cycle calculations and known radioactive
properties. The actinide decay heat chosen
shall be that appropriate for the time in the
fuel cycle that yields the highest calculated
fuel temperature during the LOCA.

4. Fission Product Decay. The heat gen-
eration rates from radioactive decay of fis-
sion products shall be assumed to be equal
to 1.2 times the values for infinite operating
time in the ANS Standard (Proposed Ameri-
can Nuclear Society Standards—‘‘Decay
Energy Release Rates Following Shutdown
of Uranium-Fueled Thermal Reactors”, Ap-
proved by Subcommittee ANS-5, ANS
Standards Committee, October 1971). The
fraction of the locally generated gamma
enzrgy that is deposited in the fuel (includ-
ing the cladding) may be different from 1.0;
the value used shall be justifled by a suit-
able calculation.

5. Metal-Water Reaction Rate. The rate of
energy release, hydrogen generation, and
cladding oxidation from the metal/water re-
action shall be calculated using the Baker-
Just equation (Baker, L., Just, L. C., “Stud-
ies of Metal Water Reactions at High Tem-
peratures, 1II. Experimental and Theoreti-
cal Studies of the Zirconium-Water Reac-
tion,” ANL-6548, page 7, May 1962). The re-
action shall be assumed not to be steam lim-
ited. For rods whose cladding is calculated
to rupture during the LOCA, the inside of
the cladding shall also be assumed to react
after the rupture. The calculation of the re-
action rate on the inside of the cladding
shall also follow the Baker-Just equation,
starting at the time when the cladding is
calculated to rupture, and extending around
the cladding inner circumference and axial-
ly no less than 1.5 inches each way from the
location of the rupture, with the reaction
assumed not to be steam limited.

6. Reactor Internals Heat Transfer. Heat
transfer from piping, vessel walls, and non-
fuel internal hardware shall be taken into
account.

7. Pressurized Waler Reactor Primary-to-
Secondary Heat Transfer. Heat transferred
between primary and secondary systems
through heat exchangers (steam gener-
ators) shall be taken into account. (Not ap-
plicable to Boiling Water Reactors.)
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B. Swelling and Rupture of the Cladding
and Fuel Rod Thermal Parameters

Each evaluation model shall inctude a pro-
vision for predicting cladding swelling and
rupture from consideration of the axial tem-
perature distribution of the cladding and
from the difference in pressure between the
inside and outside of the cladding, both as
functions of time. To be acceptable the
swelling and rupture calculations shall be
based on applicable data in such a way that
the degree of swelling and incidence of rup-
ture are not underestimated. The degree of
swelling and rupture shall be taken into ac-
count in calculations of gap conductance,
cladding oxidation and embrittlement, and
hydrogen generation.

The calculations of fuel and ctadding tem-
peratures as a function of time shall use
values for gap conductance and other ther-
mal parameters as functions of temperature
and other applicable time-dependent varia-
bles. The gap conductance shall be varied in
accordance with changes in gap dimensions
and any other applicable variables.

C. Blowdown Phenomena

1. Break Characteristics and Flow. a. 1n
analyses of hypothetical loss-of-coolant acci-
dents, a spectrum of possible pipe breaks
shall be considered. This spectrum shall in-
clude instantaneous double-ended breaks
ranging in cross-sectional area up to and in-
cluding that of the largest pipe in the pri-
mary coolant system. The analysis shall also
include the effects of longitudinal splits in
the largest pipes, with the split area equal
to the cross-sectional area of the pipe.

b. Discharge Model. For all times after the
discharging fluid has been calculated to be
two-phase in composition, the discharge
rate shall be calculated by use of the Moody
model (F. J. Moody, ‘“Maximum Flow Rate
of a Single Component, Two-Phase Mix-
ture,” Journal of Heat Transfer, Trans
American Society of Mechanical Engineers,
87, No. 1, February, 1965). The calculation
shall be conducted with at least three values
of a discharge coefficient applied to the pos-
tulated break area, these values spanning
the range from 0.6 to 1.0. 1f the results indi-
cate that the maximum clad temperature
for the hypothetical accident is to be found
at an even lower value of the discharge coef-
ficient, the range of discharge coefficients
shall be extended until the maximum clad
temperature calculated by this variation has
been achieved.

¢. End of Blowdown. (Applies Only to
Pressurized Water Reactors.) For postulated
cold leg breaks, all emergency cooling water
injected into the inlet lines or the reactor
vessel during the bypass period shall in the
calculations be subtracted from the reactor
vessel calculated inventory. This 1nay be ex-
ecuted in the calculation during the bypass
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period, or as an alternative the amount of
emergency core cooling water calculated to
be injected during the bypass period may be
subtracted later in the calculation from the
water remaining in the inlet lines, down-
comer, and reactor vessel lower plenum
after the bypass period. This bypassing
shall end in the calculation at a time desig-
nated as the “end of bypass,” after which
the expulsion or entrainment mechanisms
responsible for the bypassing are calculated
not to be effective. The end-of-bypass defi-
nition used in the calculation shall be justi-
fied by a suitable combination of analysis
and experimental data. Acceptable methods
for defining ‘“‘end of bypass” include, but are
not limited to, the following: (1) Prediction
of the blowdown calculation of downward
flow in the downcomer for the remainder of
the blowdown period; (2) Prediction of a
threshold for droplet entrainment in the
upward velocity, using local fluid conditions
and a conservative crltical Weber number.

d. Noding Near the Break and the ECCS
Injection Points. The noding in the vicinity
of and including the broken or split sections
of pipe and the points of ECCS injection
shall be chosen to permit a reliable analysis
of the thermodynamic history in these re-
gions during blowdown.

2. Frietional Pressure Drops. The friction-
al losses in pipes and other components in-
cluding the reactaor core shall be calculated
using models that include realistic variation
of friction factor with Reynolds number,
and realistic two-phase friction multipliers
that have been adequately verified by com-
parison with experimental data, or models
that prove at least equally conservative with
respect to maximuin clad temperature cal-
culated during the hypothetical accident.
The modified Baroczy correlation (Baroczy,
C. J., “A Systematic Correlation for Two-
Phase Pressure Drop,” Chem. Enging. Prog.
Symp. Series, No. 64, Vol. 62, 1965) or a com-
bination of the Thom correlation (Thom,
J.R.S., “Prediction of Pressure Drop During
Forced Circulation Boiling of Water,” Int. J.
of Heat & Mass Transfer, 7, 709-724, 1964)
for pressures equal to or greater than 250
psia and the Martinelli-Nelson correlation
(Martinelli, R. C. Nelson, D.B., “Prediction
of Pressure Drop During Forced Circulation
Boiling of Water,” Transactions of ASME,
695-702, 1948) for pressures lower than 250
psia is acceptable as a basis for calculating
realistic two-phase friction multipliers.

3. Momentum Equation. The following ef-
fects shall be taken inte account in the con-
servation of momentum equation: (1) temn-
poral change of momentum, (2) momentum
convection, (3) area change momentum
flux, (4) momentum change due to comnpres-
sibility, (5) pressure loss resulting from wall
friction, (6) pressure loss resulting from
area change, and (7) gravitational accelera-
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A. INTRODUCTION

_/ Appendix G, "Fracture Toughness Requirements,” to

+

10 CFR Part 50, "Domestic Licensing of Production and
Utilization Facilities," requires, in part, that the reactor vessel
beltline materials ®. . .must have Charpy upper- shelf energy
of no less than 75 fi-Ib (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 Reactor Regula-
tion, 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.” " Charpy upper-shelf
energy is defined in ASTM E 185-79 (Ref. 1) and -82
(Ref. 2), which are incorporated by reference in Appendix H,
*Reactor Vessel Material Surveillance Program Require-
ments,” to 10 CFR Part 50. This guide describes general

procedures acceptable to the NRC staff for demonstrating
equivalence to the margins of safety in Appeadix G of the
ASME Code (Ref. 3). Several examples using these proce-
dures are presented in Appendix A to this guide and in more
detail in NUREG/CR-6023 (Ref. 4).

This regulatory guide contains information collections
that are subject to the Paperwork Reduction Act of 1980 (44
U.S.C. 3501 et seq.). This regulatory guide has been submit-
ted to the Office of Management and Budget for review and
approval of the information collections. These mfamahm

i collections and record keeping are needed for

compliance with Appendix G to 10 CFR Part 50 for the
remaining duration of the plant’s license if Charpy upper-shelf
energy of the materials in the beltline region may drop, or may
have dropped, below the 50 fi-1b regulatory Limit.

The public reporting burden for this collection of
mformaﬁonxswhmatedtoaverage%hmpa'mponse,
including the time for reviewing instructions, searching
existing data sources, gathering and maintaining the data
needed, and completing and reviewing the collection of
information. Send comments regarding this burden estimate or
eny other aspect of this collection of information, including
suggestions for further reducing the reporting burden, to the
Information and Records Management Branch (T6F33), U.S.
Nuxclear Regulatory Commission, Washington DC 20555; and
to the Desk Officer, Office of Information and Regulatory
Affairs, NEOB-10202 (3150-0011), Office of Management
and Budget, Washington, DC 20503.

B. DISCUSSION

The problem of evaluating materials that do not satisfy
the 50 ft-Ib upper-shelf encrgy requirement was recognized by
the NRC staff several years ago and was designated Unre-
solved Safety Issue A-11, "Reactor Vessel Materials Tough-
ness.” In 1982, the staff completed resolution of USI A-11 by
issuing NUREG-0744, "Resolution of the Task A-11 Reactor

/" Vessel Materials Toughness Safety Issue® (Ref. 5), which
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provided methods for evaluating the fracture behavior of these
materials. Further, Generic Letter 82-26 (Ref. 6) was issued
to advise licensees of the USI resolution. No new require-
ments were implemented as part of the USI resolution.
However, neither NUREG-0744 nor Generic Letter 82-26
contained criteria for demonstrating equivalence of margins
with Appendix G of the ASME Code. Rather, the NRC staff
asked Section XI of the ASME Boiler Pressure Vessel Code
Committee to develop and suggest to the staff appropriate
criteria.

In February 1991, the Chairman of the ASME Section
XI Subgroup on Evaluation and Standards provided to the
NRC staff criteria that had been developed by members of the
Working Group on Flaw Evaluation (WGFE) and the Working
Group on Operating Plant Criteria (WGOPC) (Ref. 7).
Although these criteria did not represent ASME Code criteria,
they did represent the best opinion of knowledgeable persons
familiar with the problem and with the ASME Code.

Upon review, the NRC staff found these criteria to be
acceptable for demonstrating margins of safety equivalent to
those in Appendix G of the ASME Code (Ref. 3). However,
specific methods for evaluating the criteria still were being
developed by the cognizant ASME Code committees. Further,
those efforts were not expected to provide specific guidance
on determining event sequences and transients to be consid-
ered, nor were they expected to provide specific guidance on
appropriate material properties.

This guide has been developed to provide comprehen-
sive guidance acceptable to the NRC staff for evaluating
reactor pressure vessels when the Charpy upper-shelf energy
falls below the 50 fi-Ib limit of Appendix G to 10 CFR
Part 50. The analysis methods in the Regulatory Position are
based on methods developed for the ASME Code, Section X1,
Appendix K (Ref. 8). The staff has reviewed the analysis
methods in Appendix K and finds that they are technically
acceptable but are not complete, because Appendix K does
not provide information on the selection of transients and
gives very little detail on the selection of material properties.
In this regulatory guide, specific guidance is provided on
selecting transients for consideration and on eppropriate
material properties to be used in the analyses.

Ductile tearing is the dominant fracture process in the
upper-shelf region of the Charpy impact energy versus
temperature curve for RPV materials. The conditions govern-
ing cleavage mode-conversion of the ductile tearing process
in materials with low Charpy upper-shelf energy are still not
well understood and are not considered in this regulatory
guide.

The materia! property needed to characterize ductile
tearing in the analysis methods in this regulatory guide is the
material's J-integral fracture resistance, the J-R curve. This
curve is a function of the material, the irradiation condition,
the loading rate, and the material temperature. The curve is
determined by testing the specific material, under the condi-
tions of interest, in accordance with the American Society for




Testing and Materials Standard Test Method E 1152-87, E’
*Standard Test Method for Determining J-R Curves” (Ref. 9).
Unfortunately, the specific material of interest (i.e., the F,,F,F,

material from the beltline region of the reactor vessel under
operation) is seldom available for testing. Thus, testing

programs have used generic materials that are expected to Jeootioa
represent the range of actual materials used in fabricating
reactor pressure vessels in the United States. Statistical Jateriat

analyses of these generic data have been performed and
reported in NUREG/CR-5729, "Multivariable Modeling of
Pressure Vessel and Piping J-R Data" (Ref. 10). These Jos
analyses provide a method for determining the material's J-
integral fracture resistance that the NRC staff finds acceptable

for use in the methods described in this guide. Other methods K.
for determining the material property may be used on an
individual-case basis if justified.
NOMENCLATURE
Ky

The following terms are used in this regulatory guide
and its equations.

a The flaw depth, which includes ductile flaw
growth (in inches). K,
a, The effective flaw depth, which includes ductile
flaw growth and a plastic-zone correction (in Ky
inches).
a* The effective stable flaw depth, which includes
ductile flaw growth and a plastic-zone correction
(in inches). K,
at* The effective stable flaw depth at tensile instabil-
ity of the remaining ligament, which includes P
ductile flaw growth and a plastic-zone correction
(in inches). P.
a,  The postulated initial flaw depth (in inches).
2c The total flaw length, which includes ductile flaw
growth (in inches). R
B, Net-section thickness of the ASTM E 1152-87 SF
(Ref. 9) test specimen used in determining mate-
rial tearing resistance, J-R curve, behavior (in t
inches).
C1,C2  Coefficients used in the equation for the t’

C3,C4  material tearing resistance, J-R curve.
CR The cooldown rate (°F/hour). t.
CVN Charpy v-notch upper-shelf energy (ft-1b.).

E Young’s modulus of elasticity (ksi).
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E/(1-v) (ksi).

Geometry factors used to calculate the stress
intensity factors (dimensionless).

The J-integral from the applied loads (in.-1b/in.%).

The material's J-integral fracture resistance (in.-
1b/in.%), J-R curve.

The material's J-integral fracture resistance at a
ductile flaw growth of 0.10 in. (in.-1b/in.?).

The mode I stress intensity factor caused by the
radial thermal gradient through the cladding
applied to the vessel inner surface, calculated with
no plastic zone correction (ksi ¥in.).

The mode I stress intensity factor caused by the
internal pressure, calculated with no plastic-zone
correction (ksi Vin.); K, A" and K, are the
axial and circumferential values, respectively.
K,, calculated with a plastic-zone correction (ksi
Yin).

The mode I stress intensity factor caused by the
radial thermal gradient through the vessel wall,
calculated with no plastic-zone correction

(ksi ¥in.).

K, calculated with a plastic-zone comrection (ksi
Yin).

Internal pressure (ksi).

The maximum accumulation pressure as defined
in the plant-specific Overpressure Protection
Repott, but not exceeding 1.1 times the design
pressure (ksi).

The inner radius of the vessel (in inches).

The safety factor (dimensionless).

The wall thickness of the vessel's base metal (in
inches).

The sum of the vessel wall thickness, t, and the
cladding thickness, t; (in inches).

The thickness of the stainless steel cladding
applied to the vessel inner surface (in inches).

Metal temperature, at crack-tip, used in the analy-
sis (°F).




The margin factor = 2 standard deviations on test
data (dimensionless).

A reference material's flow stress, specified as 85
ksi in ASME Section X1, Appendix K (Ref. 8), on
Charpy upper-shelf energy.

The material's yield stress (ksi).

v Poisson's ratio (dimensionless), specified as 0.3.

C. REGULATORY POSITION
1. ACCEPTANCE CRITERIA

The following criteria are acceptable to the NRC staff
for demonstrating that the margins of safety against ductile
fracture are equivalent to those in Appendix G to Section III
of the ASME Code. Licensees may follow this regulatory
guide to determine the equivalent safety margins, or they may
use any other methods, procedures, or selection of materials
data and transients to demonstrate compliance with Appendix
G to 10 CFR Part S0. If licensees choose to follow this
regulatory guide, they must use the acceptance criteria,
analysis methods, material properties, and sclection of
transients as described in this regulatory guide. The accep-
tance criteria are to be satisfied for each category of transients,

- namely, Service Load Levels A and B (normal and upset),

Level C (emergency), and Level D (faulted) conditions. These
service load levels are described in Standard Review Plan
3.9.3 (Ref. 11). Because of differences in acceptable outcome
during the various sevice load levels, different criteria have
been developed for Levels A and B, C, and D.

1.1 Level A and B Conditions

When the upper-shelf Charpy energy of the base metal
i8 less than 50 fi-1b, postulate both axial and circumferential
interior flaws and use the toughness properties for the corre-
sponding orientation. For & weld with Charpy upper-shelf
energy less than 50 f-Ib, postulate an interior surface flaw
oriented along the weld of concern and orient the flaw plane
in the radial direction. Postulate a semi-elliptical surface flaw
with an a/t = 0.25 and with an aspect ratio of 6-to-1 surface
length to flaw depth. A smaller flaw size may be used on an
individual-case basis if justified. Two criteria must be satisfied
as described below. The maximum accumulation pressure,
discussed below, is the maximurm pressure defined in the Over
Pressure Protection Report that satisfies the requirement of
Section I, NB-7311(b), of the ASME Code (Ref. 12).

1.1.1 The crack driving force must be shown to be less
than the material toughness as given by Equation 1:

Jepptiea <Yoa

)
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where J_;,q is the J-integral value calculated for the postu-
lated flaw under pressure and thermal loading where the
assumed pressure is 1.15 times the maximum accumulation
pressure, with thermal loading using the plant-specific heatup
and cooldown conditions. The parameter J,, is the J-integral
characteristic of the material's resistance to ductile tearing
((J ), 85 denoted by a J-R curve test, at a crack extension of
0.1 inch.

1.1.2 The flaw must be stable under ductile crack
growth as given by Equation 2:

a"apph'cd < a’mtm'al
oa oa

(with load held constant)

@

at

Jagptiod = Iiateriat

where J,;. is calculated for the postulated flaw under
pressure and thermal loading for all service level A and B
conditions where the assumed pressure is 1.25 times the
maximum accumulation pressure, with thermal loading, as
defined above. The material's J-integral fracture resistance
should represent & conservative estimate of the data for the
vessel material under evaluation (i.c., mean - 2 standard
deviations). Methods for determining the J-integral fracture
resistance, J-R curve, are discussed in Regulatory Position 3
of this guide. Methods for determining the appropriate service
level conditions are discussed in Regulatory Position 4 of this
guide.

1.2 Level C Condition

When the Charpy upper-shelf energy of the base metal
is less than 50 ft-1b, postulate both axia! and circumferential
interior flaws and use the toughness properties for the corre-
sponding orientation. When the Charpy upper-shelf energy of
any weld material is less than 50 fi-Ib, postulate en interior
surface flaw with its major axis oriented along the weld of
concern and the flaw plane oriented in the radial direction.
Consider postulated surface flaws with depths up to one-tenth
the base metal wall thickness, plus the clad thickness, but with
the tota! depth not to exceed 1.0 inch (2.54 cm) and with an
aspect ratio of 6-to-1 surface length to flaw depth. A smaller
maximum flaw depth may be used on en individual-case basis
if justified. For thesc cvaluations, two criteria must be
satisfied.

1.2.1 The crack driving force must be shown to be less
than the material toughness as given by Equation 3:

J

applied <J

0.1

&)



where J,;, is the J-integral value calculated for the postu-
lated flaw in the beltline region of the reactor vessel under the
governing Service Level C condition, with a safety factor of
1.0 on the applied loading. J,, is the J-integral characteristic
of the material resistance to ductile tearing (J,.,...q), a8 denoted
by a J-R curve test, at a crack extension of 0.1 inch.

1.22 The flaw must also be stable under ductile crack
growth as given by Equation 4:

oJ aJ.
applied o W material
da da “

(with load held constant)

at
Jappﬂd = Jmatmd

where J_., is calculated for the postulated flaw under the
governing Service Level C condition, with a safety factor of
1.0 on the applied loading. The material's J-integral fracture
resistance should represent a conservative estimate of the data
for the vessel material under evaluation (i.e., mean - 2
standard deviations). The J-integral resistance versus crack
growth, J-R curve, is defined in Regulatory Position 3 of this
guide. Determination of the appropriate service level condi-
tions is discussed in Regulatory Position 4 of this guide.

1.3 Level D Condition

When the Charpy upper-shelf energy of the base metal
is less than 50 fi-Ib, postulate both axial and circumferential
interior flaws and use the toughness properties for the corre-
sponding orientation. When the Charpy upper-shelf energy of
any weld material is less than 50 ft-Ib, postulate an interior
semi-elliptic surface flaw with the major axis oriented along
the weld of concern and the flaw plane oriented in the radial
direction. Consider postulated surface flaws with depths up to
one-tenth the base metal wall thickness, plus the clad thick-
ness, but with total depth not to exceed 1.0 inch (2.54 cm) and
with an aspect ratio of 6-to-1 surface length to flaw depth. A
smaller maximum flaw depth may be used on an individual
case basis if justified.

For these evaluations, the postulated flaw must be stable
under ductile crack growth as given by Equation 5:

o/ aJ
g ®

(with load held constant)
at

"appli = matertal

where J_;,, is calculated for the postulated flaw under the
governing Service Level D condition, with a safety factor of
1.0 on the applied loading. Additionally, the flaw depth,

inchuling stable tearing, should not be greater than 75% of the
vessel wall thickness, and the remaining ligament should be
safe from tensile instability. The material's J-integral fracture
resistance should reflect a best estimate, i.e., the mean value,
of the data representative of the vessel material under
evaluation.

The J-integral resistance versus crack growth, J-R curve,
is discussed in Regulatory Position 3 of this guide. Methods
for determining the appropriate service level conditions are
discussed in Regulatory Position 4 of this guide.

2. ANALYSIS METHODS

The analysis methods described in this guide are
acceptable to the NRC staff for evaluating the criteria de-
scribed above. Other methods may be used if justified on a
case-by-case basis.

2.1 Level A and B Conditlons

The acceptance criteria discussed in Regulatory Position
1.1 for Level A and B conditions involve a comparison of the
applied J-integral to the material's J-integral fracture resis-
tance at a ductile flaw extension of 0.1 inch and a determina-
tion that this flaw would be stable under the applied loading.
Procedures are detailed below for (1) calculating the applied
J-integral for Service Levels A and B flaws and loading
conditions and (2) determining that the slope of the material's
J-integral resistance curve is greater than the slope of the
applied J-integral versus crack depth curve at the equilibrium
point on the J-R curve where the two curves intersect, as
illustrated in Figure 1.

2.1.1 Calculation of the Applied J-Integral

The calculation of the applied J-integral consists of two
steps: Step 1 is to calculate the effective flaw depth, which
includes a plastic-zone correction, and Step 2 is to calculate
the J-integral for small-scale yielding based on this effective
flaw depth.

Step 1

For an axial flaw with depth ‘a’ equal to (0.25t + 0.1 in.),
calculate the stress intensity factor from internal pressure, p,,
with a safety factor, SF, on pressure equal to 1.15, using
Equation 6:

Ky <SP p, [1+ R /0] (xa)** F, ©)

F, = 0982 + 1.006(alty?

This equation for K, is applicable to 0.05 < a < 0.50, and
it includes the effect of pressure acting on the flaw faces.




J - Integral

Material J-R Curve —\

- Evaluation Point

Crack Extension, Aa

Figure 1. Comparison of the Slope of the Applied J-Integral and J-R Curve.
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For a circumferential flaw with depth ‘a’ equal to (0.25t
+ 0.1 in.), calculate the stress intensity factor from internal
pressure, p,, with a safety factor, SF, on pressure equal to
1.15, using Equation 7:

7
R =(SFP, [1+ R /2O (7a)*°F, o
F; = 0.885+ 0.233(alf) + 0.345(al)®
This equation for K,,“~ is applicable to 0.05 < aft < 0.50,

and it includes the effect of pressure acting on the flaw faces.

For an axial or circumferential flaw with depth 'a’ equal
to (0.25t + 0.1 in.), the "steady-state” (time independent)
stress intensity factor from radial thermal gradients is obtained
by using Equation 8:

Ky = (CRY1000)*S F, ®

F, = 0.69+ 3.127(alf) - 7.435(a/f)® + 3.532(aft)’

This equation for K, is valid for 0.2 < at < 0.50, and 0 < CR
< 100°F . This equation does not include the contribution to
K, from the cladding thickness, t ;. If the steady-state values
of thermally induced K, are used, the material J-R curve
should correspond to the temperature at the beginning of the
transient, when a uniformly high temperature is present across
the vessel wall thickness, leading to the lowest J-R curve. The
above K, expression can be replaced with an improved
accuracy solution if an appropriate justification is provided.

Calculate the effective flaw depth for small-scale
yielding, a,, using Equation 9:

(KJ, h)

’

a°a+( )[ —Z_p )

Step 2

For an axial flaw, calculate the stress intensity factor
from internal pressure for small-scale yielding, K, by
substituting a, in place of 'a' in Equation 6, mcludmg the
equation for F. For a circumferential flaw, calculate K,, by
substituting a, in place of 'a' in Equation 7, mcludmg the
equation for F,. For an axial or circumferential flaw, calculate
the stress intensity factor from the radial thermal gradients for
small-scale yielding Kj,, by substituting a, in place of ‘a’ in
Equation 8, including the equation for F,.

The J-integral from the applied loads for small-scale
yiclding is given by Equation 10:

Jopptiea = 1000(Ky, +K)? IE' (10)

Alternatively, in place of the steady-state Equation 8, a
thermal transient stress analysis may be performed for the

1.161-6

limiting cooldown rate, including the contributions of cladding
to thermal stress and the thermal stress intensity factor. For

this alternative analysis method (also described in Reference,
4), the main features for computing K,, and K, , which are

applied in examples in Appendix A, are given in
Appendix B.'? The limiting condition should be determined
for the transient time at which the material's J-R curve will be
greater than or equal to the J_;,, for evaluating Equations 1
and 2. The main steps are:

a.  Determine the temperature gradient across the vessel
wall thickness, in 10 to 20 time steps over the full
duration of the transient; and compute the corresponding
thermal stress history, taking into account the cladding
thickness, t,;.

b.  For each time step, compute K, and K, values as a
function of the crack depth in the range 0.05 < at’ <
0.5.

c.  For Equation 1, calculate the pressure-induced K,, and
the J, 5,5 using Equations 9 and 10, at a crack-tip depth
of (0.25t’ + 0.1 in.) for each time step.

d.  Use Step a to find crack-tip temperature history at each
time step. See Figure A-1 in Appendix A for an
example.

e.  Fora given material condition, determine the J-R values
at the crack extension of 0.1 inch by using the crack-tip
temperature history from Step d. See Figure A-2 in
Appendix A for an example.

f.  Compare the material's J-R values as a function of time
in Step e with the J_;,, values in Step c. See Figure A-2
in Appendix A for an example. The time at which the
J-R value is just equal to the J,,;,, determines the
critical condition for evaluating Equation 1.

g  Atthetime determined in Step f, evaluate Equation 2 to
verify the stability of the predicted flaw growth.

2.1.2 Evaluation of Flaw Stability

Flaw stability is evaluated by a direct application of the
flaw stability criterion given by Equation 2. The applied J-
integral is calculated for a series of flaw depths corresponding
to increasing amounts of ductile flaw growth. The applied
pressure, p, is set equal to the maximum accumulated pressure
for Service Level A and B conditions, p,, with a safety factor,
SF, equal to 1.25. The applied J-integral for Service Level A
and B conditions may be calculated using Equations 6 through
10. Each pair of the applied J-integral and flaw depth is
plotted on a crack driving force diagram to produce the

! The cquations provided in Appendix B may be used if the transient
tmm«ammhm«ymnbeappomwdade@mlybyeﬁham
exponential or a polynomial equation. If it cannot be approximated
adequately, a more rigorous approach should be used.

* The computer code given in Appendix B is for general illustration. Licensees
assume responsibility for the correctness of the computer codes they use.




/

/

epplied J-integral curve as illustrated in Figure 1. The mate-
rial's J-R curve also is plotted on the crack driving force
diagram. Flaw stability at & given applied load is demonstrated
if the slope of the applied J-integral curve is less than the
slope of the material's J-R curve at the equilibrium point on
the J-R curve where the two curves intersect.

2.2 Level C Condition

The acceptance criteria discussed in Regulatory Position
1 for Service Level C conditions are similar to those for
Service Levels A and B, with the exceptions of the crack size
to be considered and the safety factor applied to the pressure
loading. For Service Level C conditions, flaw sizes up to
one-tenth the base metal wall thickness, plus the clad thick-
ness t,;, but with a total depth not to exceed 1.0 inch (2.54
cm), are to be considered. A safety factor of 1.0 is used for
both pressure and thermal loading. As with the Service Level
A and B criteria, for Service Level C it must be demonstrated
that the applied J is less than the material's fracture resistance
at a crack extension of 0.1 inch, and that the flaw must be
stable under the applied loading.

Procedures are described below for (1) determining the
applied J-integral for Service Level C flaw and loading
conditions and (2) determining that the slope of the material's
J-integral fracture resistance, J-R curve, is greater than the
slope of the applied J-integral versus crack depth curve.

2.2.1 Calculation of the Applied J-Integral

The calculation of the applied J-integral consists of two
steps: Step 1 is to calculate the effective flaw depth, which
includes a plastic-zone correction, and Step 2 is to calculate
the J-integral for small-scale yielding based on this effective
flaw depth.

Step 1

Postulate a series of flaws with depths ranging up to
cladding thickness plus 0.1 times the base metal wall thick-
ness, but not exceeding 1.0 inch (2.54 cm). The number of
flaws and the specific flaw sizes to be postulated should be
sufficient to determine the peak value of the applied J-integral
over this size range. For each of these postulated flaws, the
analysis flaw size ‘a” should be the sum of the postulated flaw
size plus 0.1-inch ductile crack extension. For axial flaws, at
cach analysis flaw size, calculate the stress intensity factor
arising from internal pressure, p,, with a safety factor, SF, on
internal pressure equal to 1.0, using Equation 11:

K5 =(SPp, [1+R/1H] (ma)**F, n
F,=0.982+1.006(a/t')?; with 0.05<alt’<0.5

For circumferential flaws, at each analysis flaw size
calculate the stress intensity factor arising from internal
pressure, p,, with a safety factor, SF, on pressure equal to 1.0,
using Equation 12:

KS™™ =(SP)p {1 +R/2tY)(xa)*F, (12

F, = 0.885+0.233 (alt’) +0.345(alty?

‘These equations for K, are valid for 0.05 < at’ < 0.5,
and include the effect of pressure acting on the flaw faces.

If it can be demonstrated that the actual cooldown rate
could be bounded by a "constant” cooldown rate, for each
crack depth the stress intensity factor arising from radial
thermal gradient, including cladding effects (see Example 4 in
Appendix A) is given by Equation 13:

CR CR
=[-0. 0.849528(——)-0.611382
K, =[-0.012771 + (o000 ~0611382(5 ¥

+(0.56518800.0467582(-l%))(%)-1.85371(‘3’)’

.

This equation is applicable t0 0.05 < a/t’ < 0.5, and 100 < CR
< 600°F/Mhour. The CR values less than 100%F/hour are
covered under Service Levels A and B (sce Equation 8). The
cladding thickness is t; = 5/16 in., R; = 86.875 in., base metal
thickness t = 8.625 in., and RA’ ratio = 9.72. Details of the
analysis results are given in Appendix A. Equation 13 is based
on the current state of knowledge on K solutions for 6:1
aspect-ratio flaws subjected to non-uniform stress gradients in
the crack-depth direction. The above K;, expression can be
replaced with an improved accuracy solution if an appropriate
justification is provided.

Calculate the effective flaw depth for small-scale
yielding, a,, using Equation 14:

K, + K
a,=a+ (6—11;) (e & - W) (14)
Yy

Step 2

For each flaw size considered, calculate the stress
intensity factor arising from internal pressure for small-scale
yielding, K, by substituting &, in place of ‘a’ in Equation 11
for the axial flaws and in Equation 12 for the circumferential
flaws. Similarly, calculate the stress intensity factor arising
from radial thermal gradients for small-scale yielding, Kj, by
substituting a, in place of ‘a’ in Equation 13. The J-integral
erising from the applied loads for small-scale yielding is given
by Equation 15:

oot = 1000K;, + Kp)? 1E’ 15)

In an actual transient the cooldown rate initially may
vary significently with time. Therefore, transient-specific peak
thermal stress-induced K;, and K, computations may be
necessary. If so, in place of Equation 13, a thermal transient

1.161-7



stress analysis may be performed for the specific transient,
including the contributions of cladding to thermal stress and
the stress intensity factor. For this alternative analysis method
the main features for computing X, and K, , which are
applied on examples in Appendix A, are given in Appendix
B2 The limiting condition should be determined for the
transient time at which the material's resistance (J-R curve)
will be greater than or equal to the J ., for evaluating
Equations 1 and 2. The main steps are:

a.  Determine the temperature gradient across the vessel
wall thickness, in 10 to 20 time steps over the full
duration of the transient, and compute the corresponding
thermal stress history, taking into account the cladding
thickness, t,.

b.  For each time step, compute K, and K, values as a

function of the crack depth in the range 0.05 < ait’ <
0.5.

c.  For Equation 1, calculate the pressure-induced K,, and
the J, ;5 using Equations 14 and 15, at a crack-tip
depth of {(0.1t +t, + 0.1 in.) < 1 in.} for each time

step.

d.  Use Step a to find crack-tip temperature history at each
time step. See Figure A-1 in Appendix A for an
example.

¢.  Foragiven material condmon, determine the J-R values
at the crack extension of 0.1 inch by using the crack-tip
temperature history from Step d. See Figure A-2 in
Appendix A for an example.

f.  Compare the material's J-R values as a function of time
in Step e with the J ., values in Step c. See Figure A-2
in Appendix A for an example. The time at which the
J-R value is just equal to the J,_, determines the
critical condition for evaluating Equation 1.

g  Atthetime determined in Step f, evaluate Equation 2 to
verify the stability of predicted flaw growth.

2.2.2 Evaluation of Flaw Stability

Flaw stability is evaluated by a direct application of the
flaw stability criterion given by Equation 4. The applied J-
integral is calculated for a series of flaw depths corresponding
to increasing amounts of ductile flaw growth. The applied
pressure, p, is set equal to the peak pressure for the Service
Level C transient under consideration with a safety factor, SF,
equal to 1.0. The applied J-integral for Service Level C
conditions may be calculated using Equations 11 through 15.
Each pair of the applied J-integral and flaw depth is plotted on
a crack driving force diagram to produce the applied J-integral
curve as illustrated in Figure 1. The material's J-R curve also
is plotted on the crack driving force diagramandintersectsthe
abscissa at the initial flaw depth, a,. Flaw stability at a given
applied load is demonstrated if the slope of the applied J-
integral curve is less than the slope of the material’s J-R curve
at the equilibrium point on the J-R curve where the two curves
intersect.

11618

23 Level D Condition
The acceptance criteria discussed in Regulatory Position

1 for Level D Service Conditions involve only the stability of '\,

the postulated flaws. Additionally, the stable flaw depth must
not exceed 75% of the vessel wall thickness, and the remain-
ing ligament must be safe from the tensile instability.

Stability of ductile crack extension is demonstrated for
Service Level D in the same manner used for Service Level C.
However, the material properties should represent only the
best estimate (i.e., mean value) of the J-R curve for the vessel
material under evaluation.

Tensile stability of the remaining ligament is conserva-
tively demonstrated if Equation 16 is satisfied.

o >pR*a’, V-0’ (16)

Where, from Reference 13, for a semi-elliptical flaw,

a¥* = [a%(1 - {1 +26¥23°9] /{1 - (a*4){1 + 2%} %]

3. MATERIAL PROPERTIES

The statistical analyses reported in Reference 10
addressed a broad range of materials and conditions. For the
purposes of this guide, the NRC staff has concluded that only
the ASTM E 1152-87 (Ref. 9) definition of the J-integral
fracture resistance curve should be used. This determination
requires that a test specimen's net thickness, B, be specified.
Smaller specimens typically produce more conservative
(lower) J-R curves than larger specimens. However, larger
specimens are needed to provide large amounts of crack
growth needed in evaluating certain stability criteria described
in Regulatory Position 2 of this regulatory guide. The NRC
staff recommends the test specimen's net-section thickness, B,,
to be 1.0 inches (2.54 cm) for determining the J-integral
resistance curve using the methods specified in Regulatory
Position 3. This is a reasonable compromise and slightly
simplifies the equations for the material J-R curve. The
neutron fluence attenuation at any depth in the vessel wall
(such as near the crack tip) should be determined using
Regulatory Guide 1.99 (Ref. 14).

. This guide provides methods for determining the J-
integral fracture resistance of three classes of materials: welds
manufactured with Linde 80 welding flux, generic welds used
in fabricating reactor pressure vessels, and plate materials
(low and high toughness). The J-R curves for plant-specific
materials may be used if justified on a case-by-case basis.
Otherwise, the material's J-integral fracture resistance may be
detcnmnedﬁ'omEquauon 17, developedmReferenee 10:

Jy=(MF) (C1(Aa)Texp[C3 (Aa)*]) an

{




The cocfficients in Equation 17 for each material type are
discussed below. As noted earlier, the net-section thickness,
B,, of ASTM E 1152-87 (Ref. 9) compact-tension (CT)
specimens to be considered is specified as 1 inch. In addition
to the Charpy (CVN) models discussed in this guide, Refer-
ence 10 contains two other models, namely the Copper-
Fluence (Cu-¢t) models and the pre-irradiation Charpy
(CVN,) models, which may be used to determine the mate-
rial's J-R curves.

3.1 Welds Made Using Linde 80 Flux
For analyses addressing Service Levels A, B, and C, &
conservative representation of the J-R curve is obtained by

setting the margin factor, MF = 0.648. For analyses addressing
Service Level D, set MF = 1.0.

Cl = exp[-3.67+145 In(CVN) -0.00308T]  (18)
(19)

20

C2 = 0077 + 0.116 InC!

C3 = -0.0812 - 0.0092 InC?

C4

-0.5 Q1)

3.2 Generic Reactor Pressure Vessel Welds

; For analyses addressing Service Levels A,B,and C, a

conservative representation of the J-R curve is obtained by
setting the margin factor, MF = 0.629. For analyses addressing
Service Level D, set MF = 1.0.

Cl = exp[-4.12+1.49 In(CVN) -0.00249T  (22)
C2 = 0077 + 0.116 InC! (23)
C3 = -00812 - 0.0092 InC! 4)
Cé = -05 (25)
3.3 Reactor Pressure Vessel Base (Plate) Materials

The elastic-plastic fracture toughness of plate materials
may be relatively high or quite low, depending on a variety of
chemical, metallurgical, and thermo-mechanical processing
variables. The statistical analyses reported in Reference 10
included only materials that exhibited a J-R curve with a
significantly rising slope, i.c., the higher toughness materials.
However, test results reported in NUREG/CR-5265, "Size
Effects on J-R Curves for A-302B Plate” (Ref. 15), clearly
show J-R curves with very little, if any, increase in slope.
References 15, 16, and 17 provide some insight into the nature
of the Jow toughness issue for the plate materials. While there

/) are severa! variables that influence the fracture toughness,
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sulphur content seems to be a reasonable indicator of the plate
toughness, with a "higher” sulphur content indicating "lower"
fracture toughness (Ref. 17). A sulphur content of 0.018 wt-%
is & good demarcation for high- and low-toughness values.

Because of the low-toughness plate issue, and because
of the relatively sparse data base that could be used to estimate
the fracture toughness for these materials, e fracture toughness
model is only provided for high-toughness plate materials. If
the sulphur content of the plate is less than 0.018 wt-%, the
plate models described in Reference 10 may be used. How-
ever, if the sulphur content is greater than or equal to 0.018
wt-%, justification should be provided for use of the models in
Reference 10. Factors that might justify use of these high-
toughness models could include information about the year of
manufacture of the plate and any special thermo-mechanical
processing that would serve to improve the fracture toughness
of the plate. If adequate justification cannot be provided, a
low-toughness plate model should be developed and used.

The CVN value should be for the proper orientation of
the plate material (see Figure 2). For example, for axial flaws
the CVN value for the L-T (strong) orientation in the vessel
wall should be used. Similarly, for circumferential flaws the
CVN value for the T-L (weak) orientation should be used. In
many cases, the CVN values for both orientations may not be
known. If the CVN value for the T-L (weak) orientation is not
available, the L-T (strong) orientation CVN value may be
multiplied by a factor of 0.65 (Ref. 18) to obtain the CVN
value for the T-L (weak) orientation. However, if the CVN
value for the T-L (weak) orientation is known and the L-T
(strong) orientation is to be estimated, the CVN value for the
L-T (strong) orientation is assumed to be the same as that of
the T-L (weak) orientation.

3.3.1 High-Toughness Model (S < 0.018 Wt-%)

For plate material with sulphur content greater than
0.018 wt-%, the use of this model should be justified as
discussed above.

Foranalys&saddressmgServxceLevelsA,B andC,a
conservative representation of the J-R curve is obtained by

sctting the margin factor, MF =0.749. For analyses addressing
Service Level D, set MF = 1.0.

Cl = exp[-244+1.13 n(CVN)-000277T]  (26)
C2 = 0077 + 0.116 InCI Q@n
C3 = -0.0812 - 00092 InCI 28)
C4 = -0.409 29
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Figure 2. Definition of the ASME and ASTM Flaw Orientations in an RPV.
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3.3.2 Low-Toughness Plate (S > 0.018 Wt-%)

For analyses addressing materials with a sulphur content
greater than 0.018 wt-%, the J-R curve data are scarce. Very
limited J-R data for & 6-inch-thick specimen (ASTM 6T CT
et 180°F ) from an A-302B plate in the T-L
(weak) orientation, available in NUREG/CR-5265 (Ref. 15),
may be used with adjustments for the specimen temperature
and CVN value (Ref. 19), or a material-specific justification
should be provided to support the use of other data. For
analyses addressing Service Levels A, B, and C, a lower-
bound representation (mean - 2 standard deviations) of the J-R
curve should be used. For analyses addressing Service Level
D, the mean value of the J-R curve should be used.

Additional J-R curve test data for the low-toughness
A302B plate material are presently being generated. Regula-
tory guidance will be updated, if justified, based on the results
obtained from the test data collected for J-R curve in low-
toughness plate material.

4. TRANSIENT SELECTION

Selection of the limiting transients for Service Levels C
and D is a key aspect of evaluating the integrity of reactor
pressure vessels that contain materials with Charpy upper-
shelf energy less than 50 fi-Ib. Generally, Service Levels A
and B are limiting. However, there may be plant-specific
considerations that make Service Levels C or D controlling for
ductile fracture.

To provide reasonable assurance that the limiting
scrvice loading conditions have been identified, either of two
approaches may be used: a plant-specific transient evaluation
or & generic bounding analysis. It should be noted that plants
may be grouped and limiting transients for these groups may
be determined. The plant-specific transient evaluation is the
preferred approach. However, since some licensees may not
have the specific transient information needed for this analysis,
a conservative "bounding” analysis may be performed for each
service level. Specific guidance for each of these approaches
is provided below.

As described in the Discussion section of this guide,
ductile tearing is the dominant fracture process in the upper-
shelf region, and the possibility of mode-conversion to
cleavage (brittle) fracture is not considered in this regulatory
address the transient from its beginning to the time at which
the metal at the tip of the flaw being reaches &
temperature equivalent to the adjusted RTypr plus S0°F. In this
regulatory guide, en adjusted RTpr plus SO°F (which typically
represents the low- overpressure protection
system's enabling temperature) is taken as the lower tempera-
ture limit for upper-shelf behavior.

This regulatory guide states that licensces should
consider a spectrum of transients, including ATWS (antici-
pated transient without scram). Although ATWS is not a
design basis transient, for compliance with Appendix G to 10
CFR Part 50 it was considered in Reference 4 for evaluation
of low upper-shelf encrgy materials. Based on the generic
analyses in Reference 4 and additional staff calculations,

ATWS in currently operating light-water-reactor (LWR)
vessels in the United States is not found to be a dominant
transient with respect to the low Charpy upper-shelf energy
issue, and no further action is necessary with respect to
ATWS. However, for designs other than the currently operat-
ing LWR vesscls in the United States, ATWS could become
a dominating transient, and as such needs to be considered as
a Service Level C transient for further evaluation. A plant-
specific justification should be provided for consideration of
such designs at another service load level. For such designs,
licensees should consider the assumptions used in the generic
analyses of Reference 4 to be sure that they are bounding for
their plant-specific applications. If these generic analyses are
not bounding, plant-specific analyses should be performed.

4.1 Plant-Specific Transients

To provide reasonable assurance that the limiting
service loading conditions have been identified on a plant-
specific basis, the Service Level C and D design transients and
cvents that are to demonstrate compliance with
Standard Review Plan 3.9.3 (Ref. 11) should be used.

When this transient list is not available or is incomplete,
the most complete list of transients for these service levels that
is available for similar plant designs should be used. Typi-
cally, the most complete list of transients would be for the
later-vintage plants from a particular vendor. This list should
bereviewed, and the limiting transients for the reactor vessel
being analyzed should be defined. Once the transients are
defined, system-level thermal-hydraulic analyses should be
performed to determine the limiting temperature-
time history for each transient being considered. This history
provides the input to the analyses described in this guide..

4.2 Bounding Transients

When the plant-specific transients are not available or
when developing or updating the pressure-temperature-time
history would be an undue burden, a conservative "bounding"
pressure-temperature-time history may be used. This history
should anticipate a pressure equal to the shut-off head for the
high-pressure injection system and a cooldown rate of 400°F
per hour for Service Level C and 600°F per hour for Service
Level D. These values are based on the NRC staff's experi-
ence in performing the bounding analyses (for examples, see
Appendix A of this regulatory guide and Reference 4).
Alternatives to these cooldown rates may be used if justified
by the plant-specific safety-injection fiows and temperatures.

D. IMPLEMENTATION

The purpose of this section is to provide information to
applicax_ltsandlicmsee:ﬂegardingﬂnNRC staff's plans for
using this regulatory guide. _ ) i )

Except in those cascs in which an applicant or licensee
proposes an acceptable alternative method for complying with
specified portions of the Commission's regulations, the
methods described in this guide reflecting public comments
will be used by the NRC staff in the evaluation of epplications
for new licenses end for evaluating compliance with Appendix
G to 10 CFR Part 50.
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APPENDIX A
EXAMPLES

Scveral cases are provided here to demonstrate examples of the methods of analysis described in this
regulatory guide.

Example 1 (Levels A&B Loading, PWR Vessel)

Consider the following geometric and material properties:
Vessel Geometry and Loading Conditions: i
Vessel internal radius, R;=86.5 in.; A-533B vessel with generic welds :
Base metal thickness, t =ty = 8.444 in.; Cladding thickness, t; =5/32 in.
Total thickness, t’ = (t5, +t,) =8.6 in.; Ratio (RA’)=10.06
System accumulation pressure, p, =2.75 ksi; Cooldown transient = 100°F/hr

Base Metal Thermo-Elastic Properties:

Modulus of elasticity, E = 27E3 ksi; Poisson's ratio, v=0.3

Yield stress, 6, = 80 ksi; Ultimate stress, 6, =90 ksi

Flow stress, 6,= 85 ksi; Fluid heat transfer coeff. = 1000 BTU/r-fi>-F
Thermal diffusivity = 0.98 in¥/minute; (E.e)/(1 - v) = 0.305 ksi*F

Cladding Thermo-Elastic Properties:

Thermal expansion coefficient, & = 9.1E-6/F; Poisson's ratio, v=0.3
Modulus of elasticity, E = 27E3 ksi; Thermal conductivity = 10 BTU/hr-fi-°F
Stress-free temperature of cladding = 550°F; Initial operating temp. = 550°F

The VISA-II code,* with modifications for printing K, Ky, and K, for 6-to-1 aspect ratio flaws, was
used to perform analyses for determining transient thermo-mechanical stresses and temperature gradients
across vessel wall thickness. An axial flaw with an aspect ratio of 6 to 1 was postulated to exist in the vessel
internal wall. To account for the effect of crack-face pressure on stress intensity factor solutions in VISA-II,
the accumulation pressure was adjusted to be equal to [p.t’.{1 + RA‘}/R], 3.02 ksi. At a fixed crack depth of
(0.25t°+0.1) inch, the temperature history prediction is shown in Figure A-1 for a transient with a constant
cooldown rate of 100°F/hr. ‘

With a factor of safety, SF, of 1.15 on accumulation pressure for Equation 1 of this guide, the applied
J-integral history at a crack depth of (0.25t"+ 0.1) inch for mechanical and thermal stresses, including the
cladding effects, is shown in Figure A-2. The applied J-integral reaches the peak steady-state value of 486
in.-Ib/in.? in about 150 minutes. Also shown in Figure A-2 are the J-R curves for generic welds (Equations
17, 24-25) at three Charpy V-notch upper-shelf energy (CVN) values. These J-R curves were drawn for e
crack extension, Aa, of 0.1 inch and for the temperature history, in Figure A-1, at a crack depth of
(0.25t40.1) inch. A study of Figure A-2 shows an interesting trend that the crack initiation is predicted to
take place at about 45 minutes into the transient (with crack-tip temperature of 500°F) where the applied-J
value (= 445 in.-Ibfin?) is less than the peak steady-state value and is just equal to the material's J-R curve at
CVN value of 40 f-1b. Thus, the more detailed analysis results in a lower CVN value that satisfies the
acceptance criteria.

In order to satisfy Equation 2, with a safety factor of 1.25 on accumulation pressure, Figure A-3 shows
that CVN value should be greater than or equal to 41 f-1b. This is significantly lower than the 47 f-Ib value
obtained by using the steady-state applied J-integral approach for analyzing transients with constant
cooldown rates.

! F.A. Simonen et al,, "VISA-II - A Computer Code for Predicting the Probability of Reactor Pressure Vessel Failure,” USNRC,
NUREG/CR-44386, March 1986.
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Example 2 (Levels C and D Loading, PWR Vessel)

The problem statement was presented in a meeting of the ASME Section XI Working Groups on Flaw
Evaluation and Operating Plant Criteria (in Louisville, Kentucky, on December 1, 1992), where results of the
analyses were compared by the participants. The vessel geometry and material properties are:

PWR vessel internal radius, R, = 90.0 inch; A-533B plate material thickness, t = t,,, = 9.0 inch; Cladding
thickness, t, =0, R/t =10 Copper, Cu=0.35 wi%,; Nickel, Ni =0.3 wt%; Initial RT\;,r =0.0°F

Pre-irradiated CVN, = 108 ft-1b (L-T orientation)

Surface fluence, $t = 3.0E19 n‘cm?

Flaw orientation = Axial, in plate material; Flaw aspect ratio=6to 1

Fluid temperature at vessel surface, T(tm) = [550 - 25041 - exp(- 0.1 tm)}]°F with time, tm, in minutes.

Heat transfer coeff. = 320 BTU/hr-fi*-°F; Thermal diffusivity = 0.98 in.?/min

Elastic modulus, E = 28E3 ksi; Poisson's ratio, v=0.3; ¢ =8.1E-6 in./in.-°F

Yield stress, 0, = 80 ksi; Flow stress, 0,= 85 ksi

J-R curve: J = (SF).[C1.(A2)%. exp{C3.(A2)™'}] in.-kip/in?
where:
In(C1) = [-2.89 + 1.22 In(CVN,) - 0.0027 T + 0.014 (1)}
C2 =[0.077+0.116In(C1)]
C3 =[-0.0812-0.0092 In(C1)]
C4 =-0417
SF =0.741 for Level C events

The VISA-II code was used to determine thermal stress and temperature history for the Level C
transient specified in the problem. It was found that at time tm = 20 minutes, the peak thermal stresses occur.
The corresponding peak thermal stress intensity factor as a function of crack depth to vessel thickness ratio,
aft, of semi-elliptical flaws is given as:

Ka = [21.026+374.22(a/t)-1593.56(a/t)2+2912.1(a/t)>-2029.7(a/t)*] ksivin. with 0.05 < ak < 0.5

Therefore, at a =1 inch, K, = 46.6 ksi¥in. At an internal pressure, p = 1 ksi, the pressure induced K, = 18.9
ksivin. Now, if the pressure, p, is increased, then at a pressure of 6.75 ksi, the J-applied at a = (0.1t +t +
0.1) inch becomes equal to the material’s J-R curve as shown in Figure A-4. This will mark an "initiation® of
ductile flaw growth. The temperature at the crack-tip (a= 0.1t +t,) for time tm = 20 minutes is 400°F. If
internal pressure p is further increased, in Figure A-4 it can be seen that at pressure p = 7.56 ksi the crack
growth becomes unstable. That is, the slope of the J-applied curve becomes greater than the slope of the
material's J-R curve.

Example 3 (Levels C and D Loading, BWR Vessel)

The problem statement is the same as in Example 2, except for a BWR vessel geometry. The vessel
geometric details are:

BWR vessel internal radius, R; = 120.0 inch; A-533B plate material
Thickness, t = t;,, = 6.0 in.; Cladding thickness, t, =0; R/A=20
Flaw orientation = Axial, in plate material, Flaw aspectratio=61to 1

The VISA-II code was used to determine thermal stress and temperature history for the Level C
transient specified in the problem. It was found that at time tm = 16 minutes, peak thermal stresses occur.
The corresponding peak thermal stress intensity factor as a function of crack depth to vessel thickness ratio,
ah, of semi-elliptical flaws is given as:

K, = [12.243+227.94(a%)-972.71(a)™+1785.2(a)*-1249.3(a/t)*] ksivin., with 0.05 < att < 0.5
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Therefore, at a = 1 inch, K, = 27.9 ksivin. At an internal pressure, p = | ksi, the pressure-induced K, = 37.0
ksiv'in. If the pressure, p, is increased, at a pressure of 4.55 ksi, the J-applied at a = (0.1t +¢, +0.1) inch
becomes equal to the material's J-R curve as shown in Figure A-5, which will mark an “initiation" of ductile
flaw growth. The temperature at the crack tip (a = 0.1t +t,,) for time tm = 16 minutes is 405°F. If the
pressure, p, is further increased (see Figure A-5), it can be scen that at a pressure p = 4.75 ksi the crack
growth has become unstable. The slope of the J-applied curve is now greater than the slope of the material's
J-R curve.

Example 4 (Thermal K,, for Prescribed Levels C and D Loading, PWR Vessel)

For a PWR vessel, therma! K, values are determined for a few prescribed cooldown rate (CR)
transients. The geometric and material properties are given as:

Vessel Geometry and Loading Conditions:

Vessel internal radius, R; = 86.875 in.; A-533B plate material with cladding
Base metal thickness, t = t;,, = 8.625 in.; Cladding thickness, t, = 5/16 in.
Total thickness, t’ = (tg, +1,) = 8.9375 in.; Ratio, (RA') =9.72

Thermal cooldown rete, CR = 100°F/hr to 600°F/br (constant, for each analysis)
Inner wall temperature, T, (R =R) = 550°F; Te.(R=R)=150F

Base Metal Thermo-Elastic Properties:

Modulus of elasticity, E = 27E3 ksi; Poisson's ratio, v = 0.3
Fluid-film heat transfer coefficient = 1000 BTU/hr-f%-°F
Thermal diffusivity = 0.98 in*minute; (Ea)/(1 - v) =0.305

Cladding Thermo-Elastic Properties:

Thermal expansion coefficient, & = 9.1E-6/F; Poisson's ratio, v =0.3
Modulus of elasticity, E = 27E3 ksi; Thermal conductivity = 10 BTU/r-f-°F
Stress-free temperature of cladding = 550°F; Initial operating temp. = 550°F

- The VISA-II code was used to determine temperature and thermal stress history for constant CR transieats of
100/, 150°F/br, 200°F/hr, 300°F/ir, 400°F/br, 500°F/hr, and 600°F/hr. The corresponding peak thermal
stress intensity factors, K,,, s a function of crack depth to vessel thickness ratio, a’, for 6-to-1 aspect ratio
semi-elliptical flaws, were computed using the VISA-II code. These are shown in Figure A-6 and are
presented here in polynomial expressions using least-square fits as:

For CR = 100°F/hr, with 0.05 < (s&’) < 0.5:
K, =[27.284 - 5.838 (at’) - 0.3548 (2t - 8.3858 (a/t’)’] ksivin.

For CR = 150°F/hr, with 0.05 < (at’) < 0.5:
Ky = [32.003 +40.012 (a/’) - 138.2 (at')*- 113.98 (a't’)’] ksivin.

For CR =200°F/hr, with 0.05 < (ait’) < 0.5:
K, =[36.362 +82.011 (at’) - 265.01 (ak’)* +226.9 (a’t')’] ksivin.

For CR = 300°F/hr, with 0.05 < (at’) < 0.5: :
Ky = [43.667 +150.77 (a/t’) - 474.9 (aft’)* + 415.01 (at’)’] ksiv'in.

For CR = 400°F/hr, with 0.05 < (at’) < 0.5:
K = [49.254 +201.12 (at’) - 632.1 (at")* + 557.87 (a/t')’] ksiv'in.

For CR = S00°F/hr, with 0.05 < (a’) < 0.5:
K = [53.552 +237.64 (a/t’) - 749.6 (art')* + 666.62 (a/t')’] ksifin.

For CR = 600°F/hr, with 0.05 < (att’) < 0.5:
K, = [56.927 +264.21 (aft’) - 838.6 (at’)* + 750.88 (at')’] ksivin.
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These results were also used in developing the unified Equation 13 for K, where the constant CR and the
normalized crack depth, a/t’, are used as dependent variables. A least-squares statistical fit was performed to
obtain Equation 13. The cross-product term, (CR)(a/t"), was also used in developing this fit, in addition to the
polynomial terms in aA’ and CR.
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APPENDIX B
COMPUTATION OF STRESS INTENSITY FACTORS

Information about computing transient temperature gradient across the vessel wall thickness, thermal
stresses, pressure, and thermal stress intensity factors (K, K,,) are provided in this Appendix as FORTRAN
subroutines from the VISA-II code. Additional details on the computational method, theory used, limitations, and
names of the major variables used are available in NUREG/CR-4486' and NUREG/CR-3384.! The computer
code provided in this Appendix is for general illustration only, to show how the cladding effects could be
mmpmbdfm&amdstemmdﬂmmﬂs&wsﬂmmtyﬁﬂasmuwdbydﬂmﬂdtbmﬂexpmm
between the cladding and the base metal. Licensees should ensure that the computer codes they use include an
indepth evaluation of these effects.

A description of cladding-induced thermal stress intensity factors is presented in Appendix A to
NUREG/CR-4486. Limitations of the stress intensity factor correction factors for finite length semi-elliptical
surface flaws are indicated in Appendix C to NUREG/CR-4486. In developing these correction factors, only
uniform membrane and linear bending stresses were considered. In addition, the correction factors for
cnumfamﬁalﬂawswereasmedtobeﬂxcsamcastbeon&sformalﬂaws.Improvedsohmonsmaybcused
on a case-by-case basis if justified.

! F.A. Simonen et al., "VISA-II - A Computer Code for Predicting the Probability of Reactor Pressure Vessel Failure,” USNRC,
NUREG/CR-4486, March 1986. D.L. Stevens et al., "VISA - A Computer Code for Predicting the Probability of Reactor Pressure
Vessel Failure,” USNRC, NUREG/CR-3384, September 1983. Copmmmlableformpeeuouucnpymgfoufeeﬁ'omﬂwmc
Public Document Room at 2120 L Strect NW., Washington, DC; the PDR's mailing address is Mail 8top LL-6, Washington, DC
2055S; telephone (202)634-3273; fax (202)634-3343. Copies of NUREG/CRs may be purchased at current rates from the U.S.
Government Printing Office, Post Office Box 37082, Washington, DC 20013-7082 (telephone (202)512-1800); or from the Nationat
Technical Information Service by writing NTIS at 5285 Port Royal Road, Springfield, VA 22161.
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Taken From: VISA-II Code [NUREG/CR-4486 (1986), NUREG/CR-3384 (1983)]

[od 2222222 222 it 2t th 2 22 222 222222222 222 222t 222221 g ]ttt La 222222

SUBROUTINE SPKI

Clesssness 8 * ERREEEERESEEEEE i;** FEEEESERRRERRRRNC

Calculate Pressure Values, and, Stress Intensity Factor, PKI
DIMENSION CONST(5)
REAL I(5), IC(5)
INTEGER CRACK, TIME

C DETERMINE POLYNOMIAL REPRESENTATION OF PRESSURE
CONST(1) = PDATA(l)
CONST(2) = ((-25)*PDATA(1)+48*PDATA(2)-36*PDATAQ3)+

1 16*PDATA(4)-3*PDATA(S))/(3*TMAX)

CONST(3) = (35*PDATA(1)-104*PDATA(2)+114*PDATA(3)-

1 S6*PDATA(4)+11*PDATA(S))*2/(3*TMAX*#2)
CONST(4) = ((-5)*PDATA(1)+1 8*PDATA(2)-24‘PDATA(3)+

1 14*PDATA(4)-3*PDATA(S))*16/(3*TMAX**3)
CONST(S) = (PDATA(1)4*PDATA(2+6*PDATA(3)-4*PDATA(4)+
1 PDATA(S5))*32/(3*TMAX**4)

C Calculate PRESSURE Component of Applied K, PKI, For Each Time & Crack Depth
OUTRAD =RAD +TH
FACTOR =RAD*%2.0/ (CUTRAD**2.0 - RAD*+2.0)
c
DO 120 TIME=1,10
TT = TMAX*TIME/10.0
DO 110 CRACK =1, ICMAX
X =Z(CRACK)TH
C CALCULATE INFLUENCE COEFFICIENTS
DO100M=1,5
IM) =ZZQLD) + XPZZ(M2) + (X*92)*ZZ(M.3) + (X**3)*ZZM 4)
ICM) = ZZC(M,1) + X*ZZC(M.2) + (X**2)*ZZC(M,3) + (X**3)*ZZC(M,4)
100 CONTINUE
PRES(TIME) = CONST(1+CONST(2)*TT+CONST(3)*TT**2+CONST(4)*TT*

1 *3+CONST(5)*TT**4

PKI(CRACK,TIME) = PRES(TIME)*((3.1416*Z(CRACK))**.5)*(10.5238*1(1)
1 -1.1524%1(2)*X+0.1729*1(3)*(X*#2)-0.0230*1(4)

2 *(X*#3)+0.0029*1(5)*(X**4))
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C

PKIC(CRACK,TIME) = 5*PRES(TIME)*((3.14 16*Z(CRACK))**.5)*IC(1)
RATIO =RAD / (10.0*TH)
PKI(CRACK,TIME) = RATIO * PKI(CRACK,TIME)
PKIC(CRACK,TIME) = RATIO * PKIC(CRACK,TIME)

CALCULATE HOOP STRESS
SHOOP(CRACK,TIME) = FACTOR * PRES(TIME) *

1 (1.0 + (OUTRAD/(RAD + Z(CRACK)))**2.0)

110 CONTINUE

C

CALCULATE LONGITUDINAL STRESS
SLONG(TIME) = PRES(TIME) * FACTOR

120 CONTINUE

RETURN
END

Cttttt‘#0t#‘t‘ttt#t#*tttttt‘tt#tt*t##"t‘#‘t.“t‘*tt#tt‘t“‘“‘#t#t#ttt#tt“‘t

SUBROUTINE TPOLY

Ct#tt###ttt“‘t“it#t‘t##t#tt‘#t#ttt#tt‘ttt*tt###t‘#C‘t###t*tttttt#tt‘tt#t###t

C

O

CALCULATE WATER TEMPERATURES USING A "POLYNOMIAL® MODEL
REAL TEMP(5), CONST(5), S(5), AN(4), Y(4,5), KTEST

REAL K, KO, CP(4), SUM(4)

INTEGER TIME, CRACK, CONSTK, CONSTE

INTEGER Q

*POLYNOMIAL" Modeling of The Water Temperature

Determine Metal Temperature For EACH CRACK DEPTH AND TIME INTERVAL

DO10ON=1,5

TEMP(N) = TDATA(N) - TINT

100 CONTINUE

C

FIT A "POLYNOMIAL" TO THE WATER TEMERATURE
CONST(1) = TEMP(1)

CONST(2) = ((-25)*TEMP(1) + 48*TEMP(2) - 36*TEMP(3) +
1 16*TEMP(4) - 3*TEMP(5))/(3* TMAX)
CONST(3) = (35*TEMP(1) - 104*TEMP(2) + 114*TEMP(3) -
1 S6*TEMP(4) + 11#TEMP(S5))*2/(3* TMAX**2)
CONST(4) = ((-5)*TEMP(1) + 1S*TEMP(2) - 24*TEMP(3) +
1 14*TEMP(4) - 3*TEMP(5))* 16/(3* TMAX**3)
CONST(S) = (TEMP(1) - 4*TEMP(2) + 6*TEMP(3) - 4*TEMP(4) +
1 TEMP(5))*32/(3* TMAX**4)

DO 150 TIME =1, 10



TT = TMAX*TIME/10.
C EQUATION FOR THE TEMPERATURE OF THE WATER
TWATER(TIME) = TINT+CONST(1)+ CONST(2)*TT + CONST(3)*TT**2 +
1 CONST(4)*TT#*3 + CONST(5)*TT+*4
DO 150 CRACK =1, 5
K=KO
110 X = ZQ(CRACKYTH
TAU =K*TT/TH**2
DO120M=1,5
S(M) = CONST(M) * ((TH**2/K)**(M-1))
120 CONTINUE
DO130N=1,4
ALNQ =AL(N.Q
ANQN) =2 * SIN(ALNQ)AALNQ + SIN(ALNQ)* COS(ALNQ))
CP(N) = COS(ALNQ * (1-X))
Y(N,1) = 1 - EXP(-(ALNQ**2)*TAU)
DO130M=2,5 ,
Y(NM) = TAU**(M-1) - (Y (N,M-1VALNQ**2)*(M-1)
130 CONTINUE
DO140N=1,4
ALNQ=ALNN,Q
SUM) = AN(N) * CP(N) * (S(1) * EXP((ALNQ**2*TAU)) + S(2)
1 * Y(N,1IYALNQ**2 +2#5(3)* Y(N,2/ALNQ**2 + 3 *S(4) * Y(N,3)
2 /ALNQ**2 +4 *S(5)*Y(N,4YALNQ**2)
140 CONTINUE
C EQUATION FOR THE QUARTER POINT TEMPERATURES
TQ(CRACK,TIME) = TWATER(TIME) - SUM(1) - SUM(2) - SUM(3) - SUM(4)
C CONTROL FOR THE CONSTANT KAPPA OPTION
IF (CONSTK .EQ. 1) GO TO 150
C TEST FOR THE ACCURACY OF KAPPA FOR THE GIVEN METAL TEMPERATURE,
IF THE DESIRED ACCURACY IS NOT OBTAINED, ITERATE ON KAPPA
C FOR THIS CRACK DEPTH AND TIME.
KTEST = 1.030 - (5.97E-7)*((T(CRACK,TIME))**2)
IF ((ABS(KTEST-K)) .LE. 0.0001) GO TO 150
K=KTEST
GO TO 110
150 CONTINUE

(o]

e




RETURN
END

Ctttt#tttttt.t#‘t*#*#‘#tt‘#tt###ttttttt“‘t“‘t#ttt‘tt*#ttttttttt“““‘tt##tt

SUBROUTINE TEXP

C#tt‘ttt#‘tt##t###tttt##t#ttt‘ttt‘ttttttt‘#####tt##t#tt‘tt###‘tt“*t#t#‘t#tt‘t

C Calculate WATER TEMPERATURES Using an "Exponential Decay” Model
REAL B, KTEST, K, KO, SUM(4)
INTEGER CRACK, TIME, CONSTK, CONSTE
INTEGER Q
C EXPONENTIAL DECAY MODEL OF THE WATER TEMPERATURE
DO 130 TIME=1,10
TT = TMAX*TIME/10.
C EQUATION FOR THE TEMPERATURE OF WATER
TWATER(TIME) = TO + DT * (1-EXP(-BE*TT))
DO 130 CRACK=1,5
K=KO
100 WSQ =BE*TH*TH/K
TAU =K*TTATH*TH)
DO 120N=1,4
ALNQ=AL(N,Q)
B =-DT*((2*SIN(ALNQV/(ALNQ+HSIN(ALNQ))*(COS(ALNQ))))
1 *EXP((ALNQ**2*TAU))-EXP(-WSQ*TAU)/((ALNQ**2/WSQ)-1))
X =ZQ(CRACK)TH
SUM(N) =B * COS(ALNQ*(1-X))
120 CONTINUE
C EQUATON FOR THE "QUARTER POINTS® TEMPERATURE VALUES
TQ(CRACK,TIME) = TWATER(TIME) - SUM(1) - SUM(2) - SUM(3) - SUM(4)
C CONTROL FOR THE CONSTANT KAFPPA OPTION ’
IF (CONSTK .EQ. 1) GO TO 130
C TEST FOR KAPPA ACCURACY AND CONTROL OF KAPPA OPTION
KTEST = 1.030 - (5.97E-T)*((T(CRACK,TIME))**2)
IF ((ABS(KTEST-K)) .LE. 0.0001) GO TO 130
K =KTEST
GO TO 100
130 CONTINUE
RETURN
END
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SUBROUTINE SKIT
Ct##t!‘##*#*t*tttttttt#tttttt‘ttt#‘#t*t‘t***tttttt‘t##.#t‘tttt‘tt‘.#t*#'i##t#t
C Calculate Stress and Temperature at Crack-Tip and Thermal Stress
C Intensity Factor, SKIt
REAL E(5,10), CC(5), I(5), IC(5)
INTEGER CRACK, TIME
INTEGER Q, CONSTE, CONSTK
C DETERMINE POLYNOMIAL REPRESENTATION OF TEMPERATURE PROFILE
C CONVERT CLAD THERMAL CONDUCTIVITY TO INCH AND MINUTE UNITS
CCOND = CCOND / (12.0*60.0)
COND = COND /(12.0%60.0)
DO 105 TIME =1, 10
TQ1 = TQ(1,TIME)
TQ2 = TQ(2,TIME)
TQ3 = TQ(3,TIME)
TQ4 = TQ(4,TIME)
TQS = TQ(S,TIME)
Cl=TQl
C2 = (-25*TQI-+48*TQ2-36+TQ3+16*TQ4-3*TQSY(3*TH)
C3 = (35*TQ1-104*TQ2+1 14*TQ3-56*TQ4+11#TQS)*(2.0/3.0*TH**(-2))
C4 = (-5*TQ1+18*TQ2-24*TQ3+14*TQ4-3*TQ5)*(16.0/3.0°TH**(-3))
C5 = (TQ1-4*TQ2+6*TQ3-4*TQ4+TQS5)*(32.0/3.04 TH**(-4))
C CALCUATE TEMPRATURE AT THE CRACK TIPS
DO 100 CRACK = 1, ICMAX
T(CRACK,TIME) = C1+C2*Z(CRACK)+C3*(Z(CRACK)**2)
1 +C4%(Z(CRACK)**3)+C5*(Z(CRACK)**4)
100 CONTINUE
IF (CTH .LE. 0.0) GO TO 105
T(1,TIME) = T2, TIME) - (COND/CCOND)*(T(2, TIME)-T(1, TIME))
105 CONTINUE
IF (CONSTE EQ. 1) GO TO 120
DO 110 TIME =1, 10
DO 110 CRACK =1, 5
E(CRACK,TIME) = 0.286+(5.400E-5 * (TQ(CRACK.TIME)))
1 -(2.600E-8 * (TQ(CRACK, TIME))**2)
110 CONTINUE
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GO TO 140
120DO 130 TIME =1, 10
DO 130 CRACK =1,5
E(CRACK.TIME) = EDATA
130 CONTINUE
C DETERMINE POLYNOMIAL REPRESENTATION OF STRESS DIST
140DO 170 TIME = 1, 10
DO 150 CRACK =1, 5
CC(CRACK) = E(CRACK, TIME)*TQ({CRACK, TIME)
150 CONTINUE
Al =CC(1)
A2 = (-25*CC(1)+48*CC(2)-36*CC(3H164CC(4)-3*CC(5))/3.0
A3 = (35¢CC(1)-104*CC(2)+114*CC(3)-56*CC(4)+] 1*CC(5))*(2.0/3.0)
Ad = (-5*CC(1)+18*CC(2)-24*CC(3)+14*CC(4)-3*CC(5))*(16.0/3.0)
AS = (CC(1)-4*CC(2)+6*CC(3)-4*CC(41+CC(5))*(32.0/3.0)
SIG1 = A22.0 + A3/3.0 + A4/4.0 + AS/5.0
SIG2 = -A2
SIG3 = -A3
SIG4 = -A4
SIGS = -AS
C CALCULATE STRESS AT CRACK TIPS
DO 170 CRACK = 1, ICMAX
X = Z(CRACK)TH
STRESS(CRACK,TIME) = SIG1 + SIG2*X + SIG3*(X*%2)
1 + SIG4*(X**3) + SIG5*(X**4)
C CALCULATE INFLUENCE FUNCTIONS
DO 160M=1,5
IM) =ZZ(M,1) + X*ZZ(M,2)+ (X**2)*ZZ(M,3)+ (X**3)*ZZ(M.4)
ICM) = ZZC(M, 1)+ X*ZZC(M,2)+HX**2)*ZZC(M, 3 HX**3)*ZZC(M,4)
160 CONTINUE
A=Z(CRACK)
C EQUATION FOR THE THERMAL STRESS INTENSITY
TK(CRACK,TIME) =((3.1416*A)**.5)*(SIG1*I(1)
+SIG2*I(2)* X+SIG3*I(3)* X**2
2 +SIG4*I(4)*X*+3+SIGS*I(5)*X**4)
TKC(CRACK,TIME) = ((3.1416%A)**.5)*(SIG1 *IC(1)+SIG2*IC(2)
1 *X+SIG3*IC(3)*X**2+SIG4*IC(4)*X**3+SIGS*IC(S)* X**4)

FE



170 CONTINUE

RETURN
END

C#t#‘#t##‘.‘###t##*‘#ttttt“““‘###*‘ttt“t‘t#“#t"tt###t#tt#*“#t‘.#"#tttt

SUBROUTINE KICLAD

C“‘*#tt#“##ttttt#ttttt#“‘.t‘##ttt#tt“tt‘“tt####tttt#tttttlt#l‘#######tt#t

C
C

Q0000

THIS SUBROUTINE CALCULATES STRESSES AND STRESS INTENSITY FACTORS
DUE TO THE PRESENCE OF "CLADDING" ON THE LD. SURFACE OF THE VESSEL
INTEGER CRACK, TIME

INTEGER CONSTE, CONSTK, Q

REALIO, I1

DO 170 TIME=1, 10

CALCULATE STRESS DISTRIBUTION THROUGH VESSEL WALL
TEMP AT CLAD/BASE METAL INTERFACE

T1 = 0.5%T(2,TIME) + TG, TIME))

TEMPERATURE AT THE VESSEL LD.

TO = T(1,TIME) '

STRESS-FREE TEMPERATURE

TI = SFREET

CALCULATE STRESS DISTRIBUTION DUE TO CLAD

SIGC1 = STRESS IN CLAD AT VESSEL ID.

SIGC2 = STRESS IN CLAD AT CLAD/BASE METAL INTERFACE
SIGB1 = STRESS IN BASE METAL AT CLAD/BASE METAL INTERFACE
SIGB2 = STRESS IN BASE METAL AT VESSEL OD.

DELEA = CLADE*CALPHA*(1-ARATIO)(1-CLADNU)
CALCULATE STRESS IN CLAD (KSI)

SIGC1 =DELEA * (TI - TO)

SIGC2 = DELEA * (TI- T1)

CALCULATE FORCE DEVELOPED IN CLAD

FCLAD = CTH*0.5%SIGC1 + SIGC2)

CALCULATE STRESSES IN BASE METAL (KSI)

RO =RAD

R1=RAD +CTH

R2=RAD+TH

CONST = 1.0/(R2/R1)**2.0-1.0)*(RO-R1¥R1 *DELEA

1 *(TI-05%TO+T1)) ’

SIGBI = CONST * (1 + (R2/R1)**2.0)
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SIGB2 = CONST * 2.0
CALCULATE FORCE DEVELOPED IN BASE METAL
FBASE = (CTH-TH)*0.5%(SIGB1+SIGB2)
ADJUST SIGB1 ANDSIGB2 TO BALANCE FORCES FCLAD AND FBASE
SIGINC = 0.5%(SIGB1-SIGB2)
SIGAVE = 0.5*(SIGB1+SIGB2)*FCLAD/FBASE
SIGB1 = SIGAVE + SIGINC
SIGB2 = SIGAVE - SIGINC
CALCULATE CONSTANTS DESCRIBING STRESS DISTRIBUTION
QI = SLOPE OF CLAD STRESS DISTR.
QI = (SIGC1-SIGC2/SIGC1/(CTH/TH)
P = SLOPE OF BASE METAL STRESS DISTR.
P = (SIGB2-SIGB1)/SIGC] / (TH-CTHYTH)
-R = INTERCEPT OF BASE METAL STRESS GRAD. AT VESSEL LD.
R = -(SIGBI/SIGCI - P*CTH/TH)
CALCULATE STRESS AND KI DUE TO CLAD FOR ALL Z(CRACK)'S
KI AT THE LD. SURFACE EQUALS ZERO (LE..CRACKDEPTH = ZERO)
SCLAD(1,TIME) = SIGC1
CLADK(1,TIME) = 0.0
C KIIN CLAD NEAR CLAD/BASE METAL INTERFACE
SCLAD{2,TIME) = SIGC2
ALP = Z(2)TH
10 = 1.12240.9513*ALP-0.624*ALP**2.0+8.3306*ALP*#3.0
11 = 0.6825+0.3704*ALP-0.0832*ALP**2,0+2.8251*ALP*#3.0
CLADK(2,TIME) = SQRT(3.14159%Z(2))*SIGC1 #(I0-QI*ALP*I1)
CALCULATE KI IN BASE METAL
X1=CTH/TH
DO 170 CRACK = 3, 35
ALP = Z(CRACKVTH
SCLAD(CRACK,TIME) = (-R+ALP*P)*SIGC]
10 = 1.122+0.9513*ALP-0.624*ALP*#2,.0+8 3306 *ALP*+3.0
CLADK(CRACK.TIME) = SQRT(3.14159*Z(CRACK))*SIGC1#1.751938
1 *((10-0.63662)*((1.0+R)*ASIN(XUALP)+ALP*((QI+R*P)
2 *SQRT(1.-(XVALP)**2.)-QI)-1.570796*R)+I0-1.0)*(((1.0+R)-XI/2.
3 *(QIR*P))*SQRT(1.-(XI/ALP)**2.}+ALP/2 0*(QI+R*P)*ASIN(XI/ALP)
4 -1.0-0.7894*R*P*ALP))
170 CONTINUE

.



RETURN
END

Cttt*#tt#ttt*#####t##t#ttttttttt#tt*###tttttltttttt#t#t‘t“##“‘######tt#ttt‘#

SUBROUTINE FACMB (AAA, BEB, THH, FMA, FMB, FBA, FBB)
C####ttt*##*####t#ttttt#ttttttt#*###*tt#ttt#t#tt##tt*#‘*#*##t*##**tt"tt‘#####
C THIS SUBROUTINE CORRECTS FOR "FINITE LENGTH" SEMI-ELLIPTICAL FLAWS

DIMENSION ZM(2,4), ZB(2.4), Z(2) |

DIMENSION X1(12), YM(12,4), YB(12,4), Y(4)

DATA X1/0., 0125, 025, .0375, .05, 075, .1,.15,2,.3,4,.5/

DATA Y/ .05, .25, .5, .8/

DATA YM/ 1.0,.99, 98,.96,.95,.91,.87,.80,.75,.66,.60,.55,

1 1.0,94,88,83,80,76,.73,68,63,.55,49,44,

2 1.0,88,77.69,64,59,.55,49,44,36,31,27,
3 1.0,72,56,48,43,38,35,29,24,18,15,13 /
DATA YB/ 1.0,.98,.97,.95,.94,.92, 89, 85,.82,.74,.66,.58,
2 1,.93,88,84,80,75,72,67,63,57,.50,43,

2 1,.84,71,63,57,49,45,39,35,29,23,18,

3 1,.69,50,38,29,20,14,08,05,02,-01,-.04/

DATA Z/ 0.0,0.5/

DATA ZM/ .44, .55, .40,48,31,31,23,17/

DATA ZB/ .50, .62, .63, .67, .58, .50, 43,32 /

AOL = AAA/(2.0*BBB)

AOT = AAA/THH

DO 1001=1,3

I=1
IF( YQ+1) .GT. AOT) GO TO 110
100 CONTINUE
110N1=J
N2 = J+]
DO1201=1,11
J=1
IF (X1(I+1) .GT. AOL) GO TO 130
120 CONTINUE
130M1=J

M2 = J+]

FACI = (AOL-X1(MD)(X1(M2)-X1(M1))

XX1 = YMMI,NI+FACI*(YM(M2,N1)-YM(MI1,N1))
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XX2 = YM(M1,N2) + FACI*(YM(M2,N2) - YM(M1,N2))
FAC =(AOT -Y(N1)/(Y(N2)-Y(N1))

IF (AOT .LT.0.05) FAC=0.0

IF (AOT .GT.0.80 ) FAC=1.0

FMA =XXI +FAC¥XX2-XX1)

XX1 = YB(MI,N1) +FACI*(YB(M2,N1)-YB(M1,N1))
XX2 = YBMI,N2) +FACI*(YB(M2,N2)-YB(M1,N2))
FBA =XX1+FAC*(XX2-XX1)

FACI = AOLD.S

XX1 =2ZM(1)N1) + FACI*(ZM(2 N1)-ZM(1,N1))
XX2 =ZM(1,N2) + FACI%(ZM(2,N2)-ZM(1 N2))

FMB =XXI1 +FACH XX2-XX1)

XX1 = ZB(1,NI) + FACI%ZB(2,N1)- ZB(1,N1))

XX2 = ZB(1,N2) + FAC1%(ZB(2 N2)- ZB(1,N2))

FBB = XX1 + FAC*(XX2 - XX1)

RETURN

END
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REGULATORY AN A:LYSIS
1. STATEMENT OF THE PROBLEM

Appendix G, *Fracture Toughness Requirements,” to 10 CFR Part 50, "Domestic Llcensmg of Production and
Utilization Facilities,” requires, in part, that the reactor vessel beltline materials ®. . . must have Charpy upper-shelf energy
of no less than 75 fi-] lb(lO2J)mmﬂllynndmustmamtamupper-shclfenergythroughoutthchfcofthcvcsselofnolwstban
50 ft-1b (68)), unless it is demonstrated in a manner approved by the Director, Office of Nuclear Reactor Regulation, that
lowavahmd'uppa-shdfmgywillprovxdemargmsofsafetyagmnstﬁ'acnneeqmvalcnttoﬂloscreqmredbyAypmdzx
G of the ASME Code.” This Regulatory Guide 1.161, "Evaluation of Reactor Pressure Vessels with Charpy Upper-Shelf
Encrgy Less Than 50 fi-1b,” hasbemdevelopedtoprowdeacoeptanoemmandmalymsmdhodsaccepmbletotthRC
staff for demonstrating margins equivalent to those in Appendix G to Section II of the ASME Code.

Publication of regulatory guidance was undertaken because no comprehensive guidance currently exists, and there are
reactors, both pressurized water reactors and boiling water reactors, with upper-shelf energy that is projected to fall below
the 50 fi-Ib regulatory limit before the end of the current license period. Without comprehensive regulatory guidance, each
affected licensee will have to submit a plant-specific analysis, including acceptance criteria and evaluation methods, and the
staff will have to evaluate each submittal without the benefit of stated acceptance criteria and approved evaluation methods.

2. OBJECTIVES

The objective of this guide is to provide acceptance criteria and evaluation methods acceptable to the NRC staff for
demonstrating margins equivalent fo those in Appendix G to Section IIf of the ASME Code for those beltline materials
whose Charpy upper-shelf energy falls below the regulatory limit provided in Appendix G to 10 CFR Part 50.

3. ALTERNATIVES

Two alternatives to issuing evaluation procedures for pressure vessels with Charpy upper-shelf energy less than 50
fi-1b were considered: (1) endorse actions being implemented by Section XI of the ASME Code and (2) take no action.

3.1 Endorse ASME Code, Section XI, Appendix K

The ASME, in Section XI, has published Appendix K' that provides acceptance criteria and evaluation procedures
for pressure vessels with Charpy upper-shelf energy less than 50 ft-1b. However, the Appendix K evaluation procedures
currently address only Service Levels A and B, and no guidance on specific materials properties is provided. It is important
that all four service levels be considered in the evaluations, and it is important that specific guidance on estimating materia!
properties be provided. Given the ASME codification process, and the process whereby the NRC endorses ASME
appendices and code cases, the time delay in obtaining suitable guidance would be excessive. At present, the ASME'’s
Appendix K does not provide complete guidance. As discussed above, Appendix K does not provide information on the
selection of transients, and it gives very little detail on the selection of material properties. As such, a request for revision
of Appendix K to Section XI of the ASME Code will have to be made.

3.2 Take No Action

Asdiscussed in SECY-93-048,2 "Status of Reactor Pressure Vessel Issues Including Compliance With 10 CFR Part
50, Appendices G and H," using the NRC staff's generic criteria for estimating Charpy upper-shelf energy, there are currently
15 plants that would have calculated upper-shelf energy less than 50 ft-Ib and 3 others that would have upper-shelf energy
below 50 fi-1b before the end of their operating licenses. Appendix G to 10 CFR Part 50 requires that licensees submit

' Appendix K (previously, Code Case N-512), "Assessment of Reactor Vessels with Low Upper Shelf Charpy Impact Energy Levels,” American Society
of Mechanical Engineers, Section XI, 1993.

* James M. Taylor, Executive Director for Operations, SECY-93-048, Policy lssuc (Information) for the Commissioners, USNRC, February 25, 1993.

Copies are available for inspection ar copying for a fee from the NRC Public Document Room at 2120 L Street NW., Washington, DC; the PDR s mailing
address is Mail Stop LL-6, Washingtoa, DC 20555; telephone (202)634-3273; fax (202)634-3343.
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analyses to demonstrate margins equivalent to those in Appendix G to Section III of the ASME Code 3 years before the
upper-shelf energy of any beltline materials falls below 50 ft-Ib. Therefore, taking no action is not a viable alternative.

4. COSTS AND BENEFITS OF ALTERNATIVES
The cost and benefits of the two alternatives discussed above are presented here.
41 Endorse Appendix K to ASME Code Section XI

TheaooeptancemtmapmposedmAppcndetoASMESecﬁleareldcnucaltoﬂxoseproposedmthlsregulam
guide. The regulatory guide analysis procedures for Service Levels A and B were taken from Appendix K. However, the

guide provides procedures applicable to Service Levels C and D. The regulatory guide provides specific guidance on
appropriate material properties and on selection of transients for consideration, whereas Appendix K does not provide these
procedures and guidance. Without this guidance, each affected licensee would have to develop appropriate procedures for
Service Levels C and D, justify the choice of transients, and develop plant-specific material properties.

1t is estimated that without the guidance of this regulatory guide, developing plant-specific procedufes and material
properties and applying them to check and repost the analysis results would require an additional 6 staff-months (1040 hours)
for each affected licensee. Assuming that half of the affected licensees either belong to owners' groups or could make use
of common data, the total additional burden on the licensees that would be incurred by plant-specific analyses is estimated
as 9 plants x 6 staff-months per plant, or 54 staff-months (9360 hours).

In addition to the increased burden on the licensees, it is estimated that an additional 1.5 NRC staff-month would be
required to review each plant-specific submiital. Thus, the total increased burden on the NRC staff, assuming that half of
the affected plants can be grouped, is estimated to be 9 plants x 1.5 staff-month per plant, or 13.5 staff-months (2340 hours).
This estimate assumes that there would be only minor discussions with the licensees.

4.2 Take No Action
As discussed in Section 3.2 above, taking no action is judged to be a nonviable alternative.
5. DECISION RATIONALE

It is recommended that the regulatory guide be issued because it would offer a comprehensive set of acceptance criteria,
evaluation procedures, and material properties that can be used to perform the analyses required under Appendix G to 10
CFR Part 50 for those pressure vessels that have Charpy upper-shelf energy of any beltline material that falls below 50 ft-1b.
Issuing the regulatory guide is recommended over the alternative of endorsing Appendix K to ASME Section XI because
" Appendix K does not currently include (1) analysis procedures for Service Levels C and D, (2) guidance on selecting the
transients for evaluation, or (3) details on temperature-dependent material properties. Further, it is estimated that preparing
plant-specific analyses that include the procedures and data that are not addressed in Appendix K would require
approximately 54 staff-months of effort for the industry and approximately 9 staff-months for the NRC to review the
additional information.

The NRC staff considered the possibility of working with the ASME Code Section XI working group to modify
Appendix K to inchude the missing procedures and data. However, given the number of plants that could need the guidance
in the near term, and given the ASME codification process and the NRC's process for endorsing ASME documents, the time
needed to modify and endorse Appendix K was judged to be excessive.

The efficacy of the procedures in the regulatory guide was demonstrated by generic bounding calculations® performed
by the NRC staff in preparing SECY-93-048. These calculations demonstrated that the requirement in Appendix G to
10 CFR Part 50 to demonstrate margins equivalent to those in Appendix G to Section Il to the ASME Code could be
satisfied for materials with Charpy upper-shelf energy less than 50 f-1b for all the generic vessel geometries and material
combinations considered.

3 Charles Z. Serpan, Jr., NRC, Memocandum to Jack Strosnider, NRC, January 185, 1993, “Generic Bounding Analyses for Evaluation of Low Charpy

Encrgy Effects on Safety Margins Against Fracture of RPV Beltline Plate and Weld Materials™; Charles Z. Serpan, Jr., NRC, Memorandum

10 Jack Strosnider, NRC, February 8, 1993, “Additional Information Regarding Results of Generic Bounding Analyses for Evaluation of Pressure Vessels

Fabricated Using Low Charpy Upper-Shelf Encrgy Materials,” Copices are available for inspection or copying for a fee from the NRC Public Document

Room at 2120 L Street NW., Washington, DC; the PDR’s mailing address is Mail Stop LL-6, Washington, DC 20553; telephone (202)634-3273; fax
(202)634-3343.
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The regulatory guide accetance criteria were taken directly from the ASME efforts. The criteria were developed by
the ASME Code Section XI working group over an 11-year period and represent the collective judgment of a body of
experts representing the NRC staff, research contractors, nuclear utilities, nuclear power plant vendors, consultants, and
academia. Similarly, the evaluation procedures for Service Levels A and B were developed by this group. The procedures
in the regulatory guide for Service Levels A and B are essentially identical to those in Appendix K to ASME Section XI.
Thus, the acceptance criteria and the evaluation procedures for the service levels that generally control the analyses are based
on the consensus technical opinion of a large group of technical experts and were developed over an extended period.

. The evaluation procedures for Service Levels C and D were developed by the staff and build on the procedures for
Service Levels A and B. As part of a continuing effort by the ASME Section XI working group, the NRC staff has compared
the regulatory guide procedures to other procedures that are being developed by various organizations. The comparison was
vety favorable, with the procedures proposed in the regulatory guide predicting lower acceptable Charpy upper-shelf energy
values than would be predicted by the other procedures, which were less rigorous and, consequently, more conservative.

- The procedures for transient sclection are based on procedures that have already been endorsed by the staff.
Alternatively, generic bounding transients can be used if justified.

The guidance on material properties is based on a state-of-the-art statistical evaluation of all available fracture
toughness data. A broad range of alternatives is offered in the regulatory guide so that methods acceptable to the staff are
offered for virtually every situation and combination of circumstances.

The regulatory guide provides timely, cost-effective guidance that is based on the consensus of a large group of
technical experts representing diverse backgrounds and interests. The specific guidance is comprehensive and would provide
an effective and definitive approach to performing equivalent margin analyses.
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cooled power reactors, but are considered to be generally appli- :
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considerable progress in upgrading existing codés,and. standards | .ﬁ%
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A criteria available to these grolips and to others in the nuclear
e industry since they may be useful in these effortsmL Pendzng
further development, the -sipplementary criteria will. provide
interim guidance to the nuclear industry concerning AEC regu—
latory requirements.
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INTRODUGCTION

Nuclear pressure vessels are among those components of reactor
facilities which are essential to the prevention of accidents which could
affect the public health and safety. In accordance with Criterion 1 of

the proposed General Design Criteria for Miclear Power Plant Construction

Pérmits,'which were published in the Federal Register (32 FR 10213) on
Jély 11, 1967, these components must be designed and fabricated to quality
standards reflecting the importance of thg safety function which they
pérform.

i

For this reason, it has been the practice of the Commission to require

on a case-by-case basis that nuclear pressure vessels be designed, fabricated,

and inspected to quality standards which supplement those presently specified
by industry codes. To formalize these requirements, the AEC's regulatory
staff with the cooperation of the Commission's Reactor Development and
Technology staff and national laboratories has developed a list of supple-
mentary criteria for ASME'Code-Constructed Nuclear Pressure Vessels. The
régulatory staff has worked closely with the ACRS in the development of the
criteria, and they reflect ACRS review and comment. Their purpose is to |
help assure that pressure vessels of licensed nuclear power reactors are
built to the highest quality standards practicable. They reflect to a
cénsiderable degree current practice for pressure vessels of water-cooled
power redctors, but are considered to be generally applicable to pressure

vessels of other power reactors as well,
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As a matter of convenience, "each of the criteria has been related to
a particular paragraph or part of the ASME Nuclear Vessel Code (1965) and
published addenda, since this Code is usually specified for pressure
‘vessels of nuclear power reactors by applicants for ABEC comstruction permits.
However, some of the criteria have been derived f£rom other industry standards
and specifications, such as those of the American Society of Testing Materials
and the Society for Nondestructive Testing. In additiog, in some instances
t%e-Crgteria include matters which are beyond the scope of present industry
codes. ‘Tﬁése matters are of éignificance to the safety objectives and long-
term reliability required for Eressure vessels of nuclear power reactors.

Over the past several months, industry code groups have made considerable
progress in upgrading existing codes and standards appliéable to nuclear caﬁ-
pgnents, and they are actively considering further steps in this direction.
These criteria may be useful to these groups in their efforts. Pending
further development, the supplementary criteria are expected to be useful
to pressure vessel designers and manufacturers and to others in the nucleér
ihdustry as interim‘guidance concerning AEC regulatory requirements for

nuclear pressure vessels.

o - 2
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GENERAL REQUIREMENTS

§1,10 Classification of Nuclear Vessels. Pressure vesséls‘in the reactor

(BWR) plants shall be classified as follows:

PWR Plants

Reactor Vessel Class
Steam Generators (shell and tube side) ‘ Class
Pressurizer - | " Class
Pressurizer Relief Vessel (or Quench Tank) . *Class
- Regenerative or Eicess Letdown Heat Exchangers’ ' Class

(Chemical and Volume Control System)

Letdown Coolers Class
(High Pressure Injection and Purification System
or Chemical and Volume Control System)

Drain Coolers *Class
(Chemical and Volume Control System)

Reactor Coolant Purification Demineralizers *Class
Reactor Residual Heat Removal or Shutdown Cooling © *Class

Exchangers ‘
Radioactive Waste Disposal System Vessels © *Class
~(Subject to pressures greater than would prevail

,if vented to atmosphere)

BWR Plants )

Reactor Vessel ‘ Class
Regenerative Heat Exchangers (Primary System) Class

Cl

Cl

C!

Cl

cet

*Class C' requires compliance with rules of Subsection C of the Code for

Class C vessels and the supplemental requirements of Code paragraph N-2113.

Class C' vessels may be optionally reclassified as Class A vessels,

«
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Reactor Loolant Purification Demineralizers *Class C*
Shutdown - Containment Spray Heat Exchangers *Class C*

(Reactor Shutdown Cooling System)

Radiocactive Waste Control System Vessels *Class C*
(Subject to pressures greater than would prevail if
» vented to atmosphere)

LT " These requirements supplement Code paragraph N-130.

Explanation - The quality of Code-constructed pressure vessels

~is dependent upon the classification selected (i.e., Class A or
Class C'). Selection of appropriate vessel classification ’
requires consideration of the operating conditions to which the
vessel will be exposed and the nature of the safety functions
which it will be required to perform to protect the public
health and safety.

Code rules which would assure appropriate and consistent classi-
fications of all vessels in nuclear power plants have not been
developed. This criterion classifies the primcipal nuclear
vessels whose performance during thelr service lifetime is
essential to the protection of public health and safety. .

§1.11 Conditions for Design. For pressure vessels classified as Class A or
Class €' under §1.10, the Design Specification shall set forth.the conditions
for vessel design associated with:

(a) Normal Operating Conditions - Conditions to which the vessel wili
Ee exposed during normal operation of the facility (e.g., for a reactor
vessel, the conditions include criticality, warmup, cooldown, operation from
partial power level up to and including the anticipated maximum overpower

level, and the expected transients in changing from one normal condition to

another).

*Class C* requires compliance with rules of Subsection C of the Code for
Class C vessels and the supplemental requirements of Code paragraph N-2113.
Class C' vessels may be optionally reclassified as Class A vessels,

ey
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(b)- Abnormal Conditions - Conditions not expected during normal
service but to which the vessel will be exposed as a result of equipment
failures, operating personnel errors, system load disturbance, or postulated
malfunctions of components {(e.g., for a reactor vessel, these conditions
include (1) reactivity excursions due to inadvertent control rod withdrawal,
program error, or component malfunction, ete., (2) interruption or partial
loss of core coolant flow, (33 depressurization by active elements (e.g.,
relief valves), (4) malfunctions or failurés in the steam or power conver-
sion system, (5) reactor-turbine load mismatch or turbine trip).

Ce : (¢) Fault Conditions - Conditions associated with extremely low
probability events but which the vessel must be designed to withstand with-
out loss of integrity because of their potentially serious consequences,
{(e.g., for reactor vessels, the fault conditions include those postulated
accidents which may transmit undue static or dynamic loadings and. blowdown

- forcas onto the vessel, such as a major rupture of a reactor coolant system
component (or in associated systems) or ejection or drop of maximum worth
control rod).

(d) Environmental Conditions -'Natural or service environmental condi-
tions which when considered in conjunction with (a), (b), and (c) above may
influence vessel design (e.g., for reamctor vessels, the gnvironmental con-
éitions include those associated with service environments and natural
phenomena such as (1) instability of vessel materials which may develop

b . 5
during service such as strain-aging, temper embrittlement, hydrogen embrittle-

ment, etc., (2) anticipated changes in mechanical properties of the vessel
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material from irradiation exposures during service lifetime, (3) mechanical

and hydraulic shock or vibratory forces transmitted to the vessel from
postulated component malfunctions and faults originating in system com-
ponents or from coolant flow-induced effects, and (4) seismic ground
accelerations which‘have an expectancy of occurring in the vicinity of or
iat the plant site).
(e) Cyclic Conditions - For each pressure, thermal, and mechanical
transient which a vessel may be subjected to under the conditions of (a),
(b), (¢), and (d), the cyclic ¢conditions and their expected number of
occurrences over the design service life of the vessel shall be specified
"in the Design Specification, The transients considered shall include both
preoperational and such other hydros?atic or pressure tests whk%mthe vessel
may be subjected to during its design life, whether imposed on the vessel
alone or on the system of which it is a part. Transients associated with
safety actions as imposed by the operations.of engineered safeguard systems
shall be included.
The number of cycles specified for each transient shall be conservatively
_estimated and shall be considered as the limit of occurrences permitted during
the vessel's service life., The design cycles shall be specified in sufficient
~detail to enable the plant operator to identify and log the service cycles
during plant operation over the vessel's service life.
These requirements supplement Code paragraph N-141.
Explanation - Because the safety functions associated with the

reactor ‘coolant systems must not only be reliably performed under
normal operating conditions but also under abnormal situations,

- e =
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postulated ‘design basis accidents, and environmental forces,
; the “conditions of design” for nuclear vessels must take into
;o account all these conditions if safety requirements are to be
met. ' ‘

To meet this objective, Code-constructed nuclear vessels must
be designed to withstand without impairment of their structural
integrity the conditions identified in this criterion in addi-
tion to the conditions specified by Code rules.

- 81.12 Certification of Stress Report.

(a) In addition to Code-required certification, the registered Profes-
sional Engineer(s) certifying the Design Specification shall review, or cause

to be reviewed by engineers responsible to him, the Stress Report prepared by

the vessel manufacturer and shall certify that the conditions of design speci-

fied in the Design Specification have been correctly interpreted and applied
in the Stress Report. This certification shall be appended to the Stress
Report with the Code-required certification.

(b)' In addition to certification of the Stress Report by the vessel

manufacturer or its design agent, the vessel owner or its agent shall provide,

‘or cause to be provided, an independent review of the Stress Report by a

registered Professional Engineer(s) competent in the field of pressure vessel
stress analyses who shall certify with respect to:

(1) The applicability of the analytical methods employed as related to
tﬂe conditions of design and design configurations.

(2) The acceptability of the assumptions, loading combinations, boundary

conditions, and mechanical propertiés of materials as applied in the analyses

for the service conditions specified in the Design Specification.
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(3) The extent of design agreement with similar analyses for cow-
ponents of comparable vessels with similar service conditions.
The certification shall be appended to the Stress Report with the Code-

required certification.

These requirements supplement Code paragraphs N-141 and N-142.

Explanation - To provide assurance that the design of a nuclear
vessel satisfies the safety requirements applied to the nuclear
power plant, the Code-required Stress Report which documents the
vessel stress analyses must reliably reflect the correct applica-
tion of the "conditions of design™ as specified in the vessel's
‘Design Specifications. It is incumbent upon the engineers
responsible for preparation of the Design Specifications to
verify the application and interpretation of the conditions of
design as employed in the Stress Report.

~ In addition, to maintain the high quality standard in nuclear
. vessel design, the Stress Report must be subjected to an inde-
. pendent review if its adequacy in meeting the vessel's safety
! requirements is to be assured. :

§1.13 Conditions wi th Unspecified Design Rules. Stress analyses shall be

. made for conditions for which design rules are not specified in the Code
(e.g., mechanical shock, vibration effects, and dynamic loads). These
stress analyses, including the design criteria, shall be-identified in the
Stress Report together with the bases upon which the structural capability
of the vessel to withstand these vessel loadings are established.

This requirement supplements Code paragraph N-142.
Explanation - Nuclear vessels are subject to unusual conditions
which impose mechanical shock, vibrations, or dynamic loads for
which Code design rules are not available. Since the long-term
reliability and safety of nuclear vessels may be influenced by
the loadings imposed under these conditions, the vessel designer

must establish conservative design criteria and perforw appropriate
stress analyses. ’



wlinn e piii¥, iy .
REPRODUCED AT THE NATIONAL ARCHIVES

-11;

§1.14 Vessel.Owner’s Responsibility for Inspection. For Class A vessels, in

addition to the tode—required inSpectioné it shall be the responsibility of
'the vessel owner or its agent to employ and maintain one or more qualifie&
owngr's representatives at the vessel manufacturer's plant on a continuing
* basis during the course of vessel manufacture, and in the field during
installation, to make or witness those inspections and review and verify
those reports which are essential to assure that vessel ccnstructébn is in
- accord with the requirements of the Design Specifications, material speci-
fﬁcation, approved fabrication drawings, and inspection and testing procedﬁres,
as implemented by the veﬁsel manufacturer®s quality assurance program.

The vessel ménufaccurer shall permit access for surveillance by the
vessel owner’'s authorized representatives to any place where vessel design,
ﬁaterial manufacture and storagé, vessel fabrication, a;sembly, inspection,
aﬁd testing are performed.

The vessel owner or its agent shall review the gquality assurance program
of the vessel manufacturer, and shall, if necessary, impose specific addi=-
tional requirements to assure itself that adequate quality in manufacture
will be attained.

The 4inspections shall not be considered complete until the vessel is
f;lly installed (or erected), including all internals and piping connections
at-the installation site, and subjected to the final preoperational hydro-
Sfatic test of the reactor coolant system of which it is a part.

Such inspections shall not relieve the vessel manufacturer of the
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responsibility for the structural integrity of the vessel to the extent
prescribed by the Code and with which it must certify compliance.
These requirements supplement Code paragraph N-143.

Explanation - The most important contribution to assurance
of attainment of the quality standard of nuclear vessels is
the establishment and continued enforcement of all rules and
requirements of design, materials, fabrication, inspection,

: and testing prescribed to achieve the intended final quality
of the finished vessel.

‘Since the ultimate responsibility for the safe and reliable
operation of nuclear power plants rests with the vessel owner,

it is incumbent upon the vessel owner to assure himself that all
procedures and practices in the course of vessel manufacture

are being competently performed without deviations from acceptance
standards.

§1.15 Manufacturer's Responsibility for Quality Assurance. For Class A
vessels, the manufacturer shall have a quality assurance program, including
an adequate administrative and technical support organization.

The quality assurance program shall embrace all phases of manufacturing
to assure a high level of quality throughout all areas of pe?ﬁormance:
design, development, materials, fabrication, processing, assemgly, inspection,t
test, equipment maintenance, and handling for sh}pment. The program shall
include ghe Code requirements specified in Appendix IX ~ Section IX ~ 200 -
Quality Control System Requirements.

The vessel manufacturer shall make readily available to the vessel owner
or its agent the written procedures and records of its quality assurance
program as evidence of conformance with specified quality standards.

This requirement supplements Code paragraph N-1l44,
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Explanation - Quality assurance in the manufacture of nuclear

vessels must be extended to all facets of performance if the

intended high level of quality is to be achieved.in the finished
~vessel.

Such assurance must, of necessity, include the conduct by the
vessel manufacturer of a program which verifies the appropriate-
"ness of the vessel design, the adequacy and approval of the

- gtress analyses, the properties and soundness of the vessel's
materials, the procedures for each fabrication operation, the
monitoring of each fabrication step, the resolution of manu-
facturing deviations, and the competency of the performance of
all inspection and testing practices.

Evidence of such conformance is a prerequisite in determining
the acceptability of the fabricated vessel and provides the
required measure of assurance of the quality and safety of
~nuclear vessels,

'§1.16 Vessel Fabrication Report. The vessel manufacturer shall prepare a

" Vessel Fabrication Report within six months of completion of fabrication of

a Class A vessel. The report shall be certified by the vessel manufacturer
with respect to the accuracy of the contained information after an audit
perﬁormed by the vessel owner's representatives present during the course
of vessel manufacture. The report shall be made available to the vessel
owner who shall assume the responsibility of maiqtaining the report on

file for the period of the vessel's service life. The Vessel Fabrication
Rgport shall include, at least, the following:

{a) Mill test reports of all materials within the vessel's pressure

boundary, including the heat treatment data and the Charpy impact test

. results of the material test coupons.

1
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(b) The written weld procedure qualifications, including the results
of mechanical properties tests, Charpy impact tests, and metallurgical examina-
tions performed on test specimens and weld materials.

"(¢) The writter nondestructive examination procedures, including any
additional requirements and acceptance criteria beyond those specified in
the Code.

(d) Material and weld joint repairs and postweld heat treaﬁﬁents per-
formed in the course of manufacture accgmpanied by identification and location
oé such repairs on the vessel drawings. -

(e) All manufacturing deviations, which occurred during any phaée'of
fabrication, and the corrective actions or dispositions taken, as approved
by the vessel owner or ité agent.

(£) A detail record of findings from all final nondestructive examina-
tions (radiographic, magnetic particle, liquid penetrant, and ultrasonics)
performed on the vessel or vessel components. For vessel components not
accessible duriﬁg the final vessel examination, the record of the last

examination performed at an earlier stage shall be included. . The records
shéll be adequate to serve as a reference examination for comparison with
future examination; as may be required during the service life of the vessel.

(g) Vessel flange bolt tightening procedures and preloads and bolt
elongation measurements taken during assembly at the manufacturer's plant,
which are required for bolting operations during the service life of the
vaessel. |

This requirement supplements Code paragraph N-1l44,
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, Explanation - In recognition of the long-term reliability and
: safety expected of nuclear vessels, examinations of these

vessels at periodic intervals during its service life may be :
required. To enable a meaningful assessment of the structural
integrity of the vessel folloying such examinations, a fabri-
cation history of the vessel is essential to evaluate any
unexpected structural deterioration or damage sustained in
_service. :

. The Vessel Fabrication Report serves as a reference upon which
the adequacy of the vessel for continued service may be assessed
by comparison with the records of the examinations performed
during the vessel manufacture..

§1.17. Boundary Between Vessel and Piping. The control rod housings of a

v

reactor vessel shall be considered as extensions of the vessel's pressure-

retaining boundary and the rules of Subsection A of the Code shall apply to
that portion of control rod housings which are exposed or may be exposed to
the reactor coolant pressure.

This requirément supplements Code paragrapﬁ N-150.

Explanation - Control rod systems of reactor vessels constitute

a group of appurtenances directly connected to the reactor

vessel. The safety and reliability of the control rod housing

in service are of paramount importance to the safe operation of
the reactor vessel. It is, therefore, essential that the standard
of quality of the reactor vessel be extended to the control rod
housings. :
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MATERIALS

§1.20 'Vessel Material Property Improvement. For Class A vessels, the material

specifications of ferritic materials of any product form (wrought or cast) to :
o
!

0

be used in the pressure-retaining boundary shall require sluminum killing and
vacuum degassing treatment in manufacture, or other treatments producing com-
parable material property improvement.

For reactor vessel ferritic materials which are intended to directly

17

surround the reactor core where the neutron fluence is egbove 10 nvt (En of

"1 Mev or above), the material sﬁepification shall limit the phosphorous
content to 0.0l12 percent maximum and the sulfur content to 0.015 percent
maximum for both ladle and éheck analysis.

This requirement supplements Code paragraph N-310.

Explanation - The reliance placed upon the materials of con-
struction of nuclear vessels to retain their phydical and
mechanical properties over long intervals of service without
jeopardy to the vessel's structural integrity demands the
selection of high quality materials in vessel manufacture.

To attain the level of quality expected of nuclear vessel,
it is essential to require manufacturing practices which

_ produce cleaner steels with improved metal fatigue properties
and less susceptibility to the detrimental effects of strain-
aging and material embrittlement under service conditions.
Improvements in material quality are achieved by the appli-
cation of vacuum degassing processes employed during material
manufacture as well as by more vigid controls of the
chemical composition than applied to materials for nonnuclear
applications.

1§1.21 Material Test Coupons. Material test specimens shall be taken from

. the end of each mill rolled plate which represents the top end of the ingot.

This requirement supplements Code paragraph N-313.4(a).

~
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. Explanation - .In large ingots intended for components of nuclear

- vessels, material properties vary substantially. To assure the
selection of vessel materials throughout the vessel plates which

- meet the minimum material specification properties, it is
essential to remove specimens from those areas of steel plates
representative of the poorest quality of the ingot for the
purpose of verifying their physical and mechanical properties.

§1.22 Nondestructive Examination of Reactor Vessel Plates.

(1) Ultrasonic Examination - In addition to the inspection employing
- the stralght beam technique, all plates for reactoxr vessels shall be ultra-
‘sonically inspected over 100% of the plate surfaces using a 45° angle beam
oxr shear wave'technique; both longitudinally and transversely to £he major

. plate rolling direction. ‘

The examinations shall be performed on ‘he shell courses and head
segments of the vegsel after final forming operations and any heat treafment
employed directly upon completion of forming but prior to welding of the
shell courses or head segments. Vessel plates subject to an accelerated

’ cpoling phase of the heat treatment to enhance properties shgll be ultra-
'gonically examined after accelerated cooling.

(2) Test Surface for Angle Beam Test - The test surface shall contain
a machined calibration notch with a 60° included angle. whose depth is equal
fo 279. of the plate thickness and whose length is between 1/2" and 3/4". The
test surface shall not be part of the vessel pressure boundary nor closer
than 2" to any edge. |

(3) Acceptance Standard for Angle Beam Test - Any u{trasonic indica-

tion egqual to or exceeding that obtained from the calibration notch shall be



Bk e s Wy =
REERQQUC.EO AT THE NATIONAL ARCHVES

- 18 -

cause for rejection or repalir in accordance with regquirements of the Code
and criterion §1.23..
These requirements supplement Code paragraph N-321.1.

Explanation - The manufacturing difficulties in maintaining steel
quality generally increase with the plate thicknesses. The use of
heavy steel plate thicknesses in nuclear reactor vessels introduces
the need to verify the quality of these plates prior to vessel
fabrication. The technique of nondestructive examination of the
materials provides the means for locating .significant and
unacceptable manufacturing defects.

Because of the importance of the safety functions associated with
the reactor vessels in nuclear power plants, it is essential to
adopt examination techniques for vessel materials which will assure
elimination of defective materials, .

Defects can be introduced in vessel steel plates both during their

manufacture and during vessel fabrication processes such as forming
and heat treatment. Examinations which follow these processes are

move likely to reveal unacceptable flaws.

gi.zz Nondestructive Examination and Repairs of Materials. Areas repaired

B§ welding in materials intended for Class A vessels shall be radiographical}y
examined following the postweld heat treatment. Such welds shall meet the
acceptance standard applied to vessel welds in accordance with Code rules
and as supplemented by criterion §1.51.
The welding procedure and the welders or welding operators employed by

- the manufacturer of materials (in any product form) in making weld repairs

- shall be qualified in accordance with Section IX of the Code and meet the
following applicable requirements of Section III of the Code with respect
to:

1) N-320 - Nondestructive Examination and Repairs of Material;
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N-520 - Welding Processes, Weld Qualifications and Records, and
Precautions for Welding;

N-530 - Prgheating and Postweld Heat Treatment;

N-620 - Inspection of Welding and Acceptance Standards; and

Appendix IX - Quality Control and Nondestructive Examination Methods.

The material manufacturer shall make available to the vessel owner or its

agent, upon request, records of the written welding qualification procedures

“used in making repairs, repair procedures, extent of repairs, results of non-

destructive examinations, and certification of compliance with the applicable

rules of Section III of the Code.

These requirements supplement Code paragraphs N-321.2, N-322.4, N-323.5,

‘and N-324.9.

Explanation - In order not to degrade the high quality of the
finished vessel, it is essential that nondestructive examina-
tion requirements and acceptance standards for material repairs
be equal to those required for welding of the fabricated vessel.

§1.24 Examination of Reactor Vessel Bolts. Nondestructive examinations of

the bolts for reactor vessel flange closure shall be performed on the finished

component after completion of threading operation and heat treatments.

The liquid penetrant examination shall be in accord with Code paragraph

N-627, except that a high-sensitivity post-emulsifiable fluorescent penetrant

shall be used, and shall meet the acceptance standard of N-325.2,

The ultrasonic¢ examination shall be performed in accordance with N-625.3

and meet the acceptance standards of N-325.3.
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Where threads are éubject to surface trestment or plating processes,
the examination shall be performed both prior to and after surface treatment.
These requirements supplement Code paragraph N-325.

Explanation - Closure studs and bolts of reactor vessels con-
stitute critical components whose structural integrity is relied
upon during the entire service life of the vessel to the same
extent as the materials that form the pressure-rvetaining boundary
of the vessel.

Nondestructive examinations of these components upon the com-
pletion of all manufacturing operations and heat treatment are
essential to reveal defects which could potentially contribute

to loss of integrity or failure under service loading conditions.

0 §1.25 Ductile Brittle Transition Properties. For reactor vessels, the

_ duccile\bfitth transition ﬁroperties of ferritic materials shall conform
with the following requirements:

(a) Impact-absorbed energy values of all carbon and low alloy steel
intendéd for the main closure flanges and the sﬁell and head materials
connecting thereto, shall meet the impact test values specified in Code

_Table N-421 at a temperature no higher than 10 F.

(b) The properties of carbon and low alloy steel intended for the
shell materials directly surrounding the reactor core shall satisfy the
following requirements:

- ' (1} A ductile to brittle transition (NbT) températﬁre no higher
than 10 F as determined by drop’weighé tests condﬁcted in

accordance with Code paragraph N-331.1.
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(2) The impact test value specified in the Code Table N-421 at a
test temperature no higher than 10 F as determined by Charpy-V-
notch tests conducted in accordance with Code paragraph N-331.3.
(¢) Impact-absorbed energy value of carbon and low alloy steel pressure-
retaining material not specified in (a) or (b) above, and of the material for
the vessel support skirt shall meet the requirements specified in Code Table
N-421 at a temperature no higher than 40 F. A
Where Charpy-V-notch specimens are used for the impact tests of (a),
(b), and {(c) above, impact-absorbed energy values shall be determined f£rom
specimens taken in a plane parallel to the material surface with the long
exis of the specimen parallel to the direction of the major rolling or
forging operation, and at a location with respect to material thickness and

heat treated edge as specified in Code paragraph N-313.4,

In addition to the test specimens required for (a), (b), and (c) above,
at least 9 additional Charpy-V-notch specimens from each heat_of the materials
shali be used to determine the temperature region of transition from ductile
to brittle fracture and the energy absorbed in the regicn of IOOX.Shear
fracture. The upper shelf absorbed enérgy shall; as a minimum, meet the
following requirements:

(d) For materials directly surrounding the reactor core, including
we}ds and weld heat-affected zones, the upper shelf absorbed energy test
value of any longitudinal specimen of carbon and low alloy steels shall be

no less than 60 ft.-lbs. at a temperature no higher than 160 F,
h «
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(e) For materials of formed heads, including welds and weld heat-affected
zones, the upper shelf absorbed energy test value of any transverse specimen of
carbon and low alloy steels shall be no less than 40 fr.-lbs. at a temperature
no higher than 160 F,

(f) For bolting materials, the upper shelf absorbed energy test value of
‘any longitudinal specimen shall be no less than 40 ft.-lbs. at a temperature
no higher than 160 F.

All impact-absorbed energy values of (d), (e), and (£) shall be determined
from Charpy-V-notch specimens taken in a plane parallel to the material surface

- with the long‘axis of the specimen parallel to the direction of the maximum
principal stress which the material will be subjected to in service, and at a
location with respect to thickness and heat treated edge as specified in Code
paragraph N-313.4. For plates used in formed heads, the direction of the
maximum principal stress shall be considered to coincide with the direction of
the minor rolling operation,

These requirements supplement Code paragragh N-331.

Explanation - The major irradiation-induced changes in the
mechanical properties which occur in ferritic steels require

that the reactor vessel materials possess properties (ductile-
brittle transition) which provide a safe margin for operation
from the range of conditions where the potential for a britctle
mode of vessel failure exists.

To provide this margin, it is essential to select materials

whose initial ductile-brittle transition characteristics are
sufficiently conservative to accommodate the expected irradiationw
induced embrittlement in service without imposing unaccepteable

operating limitations and wlthout jeopardizing the safety of the
reactor vessel during service.
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§1,26 Exclusion of Repairs in Bolting Materials. Bolting materials with .

defects requiring repairs by welding shall be unacceptable for vessel
flange closure studs, bolts, and nuts.
This requirement supplements Code paragraph N-322.4.

Explanation - Bolting materials for reactor vessel closure
flanges are subject to cyclic loading corditions in service
which may adversely influence the metal fatigue life of the
material, The presence of defects or weld repairs in the
materials of these critical vessel components reduces their
long-term reliability. To obtain the high level of bolting
integrity for safe operation of the reactor vessel, it is
essential to select bolting materials free of defects or
weld repaired areas.
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DESIGN

§1.30 Fracture Mechanics Analyses. For reactor vessels which may be exposed

1 .
. to a neutron fluence in excess of 10 7 ave (En of 1 Mev_and above), an analysis
shall be performed to estimate the margin between the crack size as a result of
growth under design cyclic loads and the critical crack size for brittle frac-

ture in the welds of the vessel shell material which directly surrounds the
‘reactor core region, The analysis shall be bazsed on the growth rate of antici:
pated flaws under design cyclic loads and on wmaterial properties at a tempera-
ture 60 F above the nil-ductility transition temperature. The critical crack
size shall be calculated for each period durirg which the material praoperties
may significantly change to affect the results.

The analysis shall demonstrate that the estimated fatigue crack 'size at
any time in the vessel service life will be significantly less than the
eritical crack size for brittle failure.

. This requirement supplements Code paragraph N-415.
Explanation - Nuclear vessels are subject to transient loads of
cyclic character which may cause flaws in criticel weld zones to
grow.
In evaluating the severity of fatigue crack growth in zones of the
reactor vessel where irradiation tends to embrittle the material,
it is in the interest of safety to estimate the margin between
the ultimate size of the fatigue crack under repeated load varia-
tions and the critical size for fracture. Fracture mechanics

provides the principles upon which this brittle fracture potential
may be assessed. :



cht ey My . o
REPROPUEED AT THE NATIONAITARCHIVES

7y

- 25 -

§1.31 Design for Cyclic Loading.” The Code design fatigue curve of Figure

415(a) for reactor vessel components subject to a neutron fluence in excess.

of 1017 nvt (En of 1 Mev and above) In service shall be modified by reducing

the allowable amplitude of alternating stress intensity, Sa, by 25 pércent.
Thﬁs requirement supplements Code paragraph N-415,2(c).

Explanation - Neutron irradiation of ferritic steels in reactor
vessels causes changes In ductility of the material during service
which introduces uncertainties, as yet undefined, with respect to
the low cycle fatigue resistance of the steels.

Nuclear vessel may contain cracks or flaws of a size below the
threshold of detection by the nondestructive examination techniques
employed during fabrication. It is.essential to provide an
increased safety margin for materials in an irradiation environment
beyond the margin required for nonirradiated materlals.

§1.32 Bolting Desien Requirements. The design of bolted connections for

Class A vessels shall take into account the provisions necessary to facilitate
periodic examinatio§s of the boltigg or studs during service lifetime, and
bdlting or stud replacement {f required. |

Thread robts shall be appropriately radiused and machined or rolled to
a fine finish to reduce stress concentrations.

Closure studs two inches and larger in diameter shall be designed to
accommodate any anticipated rotation of flange faces during initial bolt
tightening operationg in order to limit stud bending within:the Code allowable
design stress intensities (e.g., spherical washers).

Bolting design shall provide for the use of bolt tighteners which axially
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elongate the bolts under controlled preload conditions and enable precise
measurement of both the applied preload and the actual bolt elongation. The
bolt tightening procedures, prelcads, and bolt elongation measurements shall
be recorded in sufficient detail to enable all subsequent bolting operations
during the service life of the vessel to be performed within the prescribed
limits, Such information shall be contained in the appropriate section of
_the Vessel Fabrication Report (Criterion §1.17).
. These requirements supplement Code paragraph N-416.
Exglanétion - The bolts for flanged closures of nuclear vessels
are components which, by design, have areas of high stress con-
centrations. The load carrying capability of the bolting is
vital to the safety of the vessel.
Unless design provisions enable both in-service inspection and
replacement of bolts or studs, the Cevelopment of cracks in

bolting under cyclic loading may jeopardize the structural
integrity and the continued safe operation of nuclear vessels.

.%1.33 Earthquake Loading. Where earthquake loadings are specified in the
beéign Specifications, the determination of the seismic-induced stresses
shall be based upon the application of acceptable methods of dynamic analysis
Eor the calculation of the structural response of the vessel to earthquake
ﬁotions. The analysis shall take into account the response spectra of the
grouna motions, the degree of structural damping; and the amplification of
ground motions as dictated by specific site conditions.

In determining the maximum stresses, the effects of vertical components
of seismic motion shall be combinéd directly and linearly with the effect of

horizontal components of earthquake motion, and both vertical and horizontal
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components shall be combined directly and linearly with other loadings
specified under the criterion of §1.34.

The c¢cyclic loading associated with design seismic-induced vibrations
shall be included in the fatigue analysis.

Consideration .shall be given to out of phase displacements of the
vessel supports, or components of vessels (e.g., control rod assemblies on
reactor vessels, connected piping, etc.) resulting from differences in
seismic-induced motions of vessels, components, and appurtenances connected
thereto, and to the possibility of tilting or rotation of structural founda-
tions upon which the reactor vessel rests.

This requirement supplements Code paragraph N-447.

Explanation - A principal safety requirement for a nuclear
power plant is the assurance of the capability for a safe

and secure shutdown of the facility in the event of an earth-
quake occurring at the plant site. Such a capability must be
provided for by designing nuclear power plant components (i.e.,
vessels) to resist the design basis éarthquake without impair-
wment of their structural integrity.

Because of the uncertainties associated with the effects of
garthquake loadings on nuclear power plant components, it is
imperative that safe shutdown be reliably achieved in order

to render the plant secure for the protection of public health
and safety. This shutdown capability is also essential to
reverify the functional opersbility of the protective systems

and engineered safeguards for the reactor coolant system prior
to resumption of plant operaticen,

§1.34 Design Conditions - Combinations of loadings. Class A vessels and

thely supports shall be designed on the basis of the loadings imposed by
(é) normal operating conditions, (b) abnormal conditiens, (¢) fault con-

ditions, and (d) environmental conditions. These conditions are identified
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under criterion §1.11.

The vessel and its supports shall be designed to accommodate the most

~ severe loading combinations which may act simultaneously. The combinations

of loading shall include but not necessarily be limited to those imposed by

the following combination of conditions:

(1) Normal operating conditions plus any system transients in changing
from one normal condition to another.

(2) DNormal oﬁerating conditions plus any system tyansient imposed by
the development of abnormal conditions (emergency or upset system condition).

(3 Normal operating conditions plus any system transient resulting

from the occurrence of postulated system fault conditions (system component

Ifailure).

"(4) Normal operating conditions plus environmental forces (earthquake
where specified).

(5) 1In addition to the vessel loading combinations specified in (1),
(2), (3), end (4), a reactor vessel, its external supports, and the internal
reactgr core and structure supports shall be designed to accommodate the
most severe coincident loadings associated with:

a. The dynamic loads imposed on the vessel by the design basis earth-

,quake at a time when the reactor is operating at full-rated power, and

b. The system transient loads transmitted to the vessel upon a postu-
lated severance of any connected piping. or upon a failure of a reactor
coolant system component assumed to occur in consequence of the design basis

earthquake of (a), and
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¢. The transient forces tfansmitted to the vessel via the supports of
the reactor core and other vessel.internal structures as a result of the
sudden depressurization caused by the system transientlof (b).
For loading combination (1) and (2), the design stress intensitiés
shall be in accord with the values specified in the Code.
For. loading combinations (3) and (4), the design stress intensities
for general primary stress shall not exceed 90 percent of specified minimum »
yield strength of the vessel steel at maximum operating temperature (Sy
value from Code Table N-424),
Fo; loading combination (5).the principles of limit analysis may be
applied; in which case, the combined loadings shall be limited to 90 percent
of the lower bound limit for yield collapse load (based on the maximum shear
stress £ailure criterion and the Sy value specified in Code Table N-424
corresponding to the maximum vessel operating temperature). If the yiela
collapse load is not determinate, tests may be performed to define its value
for the specified loading combination. In such tests, the éollapse load shalli
be taken as that combinatién of loading when the measured strain is two times
the strain value at the poipt of the initial deviation from the elastic
stress-strain linearity.
These requirements supplement Code paragraph N-447.
Explanation - The safety functions assigned to nuclear vessels
are essential not only under normal operating conditions, but
also under the combination of conditions or a simultaneity of “
forces which may prevail in the event of anticipated system
malfunctions, postulated failures in reactor coolant system

components, and the multiple effects of earthquake shocks and
system ruptures.

o
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Nuclear vessels constitute those components of nuclear power
plant which contain the major portion of the system energy with
the greatest potential for destructive forces upon failure. To
protect the public health and safety, they must be designed to
accommodate the most severe combination of loadings without
failure.

§1.35 Computer Programs. Analytical design techniques may employ computer

programs provided their applicability is appropriately established in the

Stress Report, and the results are validated by comparison with proven

.

analytical methods of stress analyses, other verified computer programs, or

‘experimental procedures. Experimental stress analysis in compliance with

Code Article 1-10 is an acceptable method in validating the use of new
computer programs.

The information presented in the Stress Report with respect to computer
programs employed in the vessel stress analyses shall be sufficient to enable
independent verification of the input data, the analytical model adopted,
the assumptions, and boundary conditions as they relate to, the conditions
for vessel design.

This requirement supplements Code paragraph N-432(b).

Explanation - Within the present state of the pressure vessel
degign technology, many analytical solutions to design problems
have been computerized to reduce the work of stress analyses,
However, the mathematical complexity associated with the

commonly applied linear theory of elasticity has proven
formidable in providing exact solutions to all pressure vessel
design problems of interest. The analytical solutions derived
from approximate theories with simplified assumptions based on
gross structural behavior and empiricism can only be verified

by comparison with proven analyses or experimental investigations.
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The validity of the analytical solutions cannct readily be
verified by measurements of stresses and strain on the com-
pleted nuclear vessels. Neither can such measurements be
taken in & practical manner after the vessel is placed in
service. In consequence, limited data of vessel structural
response are available. Design predictions must therefore
depend heavily upon the adequacy and accuracy of the
analytical methods employed by the vessel stress analyst.

§1.36 Environmental Effects
(a) Irradiation-induced Effects - For reactor vessels of ferritic
‘materials, where the expected neutron fluence over the specified life

17 nvg (E“ of 1 Mev and above), the design shall make pro-

exceeds 1 x 10
visions for the placement of material surveillance specimens in the
‘vessel for the purpose of monitoring and evaluating, at periodic¢ intervals,
"the fadiation-induced material property changes agnd to establish as required,
limitations on operating conditions. The design shall accommodate sufficient
material surveillance specimens conforming with ASTM Standard E 185-66T, and
enable surveillance tests to be performed at intervals of 1/4, 1/2, and 3/4
of the vessel's service lifetime.

| (b) Time-dependent Effects - For reactor vessels, the design shall

take into account the timé~dependent effects of deteriorative factors (i.e.,
corrosion fatigue, creép instability, strain-aging, etc.) under operating
conditions for the s@ecified vessel life. Whenever antiéipated changes of

the initial mechanical or physical properties of the materials toward the

end of vessel life may adversely influence their serviceability, the design
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shall accommodate material surveillance specimens to monitor the progress
of these deteriorative factors.
This requirement supplements Code paragraph N-446.

Explanation - Based on currently available data and experience,
accurate predictions of the envirommental effects such as irradia-
tions and service conditions on nuclear regctor vessel materials
are either uncertain or subject to significant error. To assure
that the mechanical properties remain within the acceptable

range for safe operstion of the nuclear vessel, it is necessary
to employ means of monitoring changes which may occur in service.

81,37 Design for Inspectability. The design of the reactor vessel shall
provide acceséibility for visual inépection at gppropriate intervals during

" its serxvice lifetime of all critical areas and the interior surfaces of the
vessel, Including the bottom head. Critical areas include structural dis-
continuities and the principél weld joints of the vessel. The attachments
t; the inside of the reactor vessel shall be designed to enable removal of
all internal components necessary to permit visual inspection of the
interior surfaces of the vessel aided by re&otely operated optical equipment’
wheare necessary.

The provisions of'accessibility for inspecfion shall further enable
examination of essentially 100 percent of the volume of the reactor vessel
material, either from the inside or outside surfaces of the vessel or a
combination thereof, by ultrasonic or other methods. The extent of the
vessel subject to examination shall include all welds within the vessel

boundary up to and including the welds of transition sections between the
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vessel nozzlés and the connected piping, and the welds of the reactor control
rod housings to the vessel head..

The design of Class.A vessels, other than the reactor vessel, shall
provide accessibility for inspection and examination of all critical areas
either from the inside or ouéside surfaces of the vessel or a combination
thereof.

These requirements supplement Code paragraph N-440.

Explanation - In recognition of the critical safety functions
associated with the nuclear reactor vessel, the preservation

of its structural integrity throughout its operating history is
of primary importance to the safety of nuclear power plants.

To demonstrate that continued operation of the reactor vessel
at any time does not incur a risk of a rupture of the vessel,

a program of periodic examination and inspection is necessary.

Because of the attendant difficulties associated with the
inspection of reactor vessels in the presence of a radicactive
“environment, implementation of postoperational imspections
requires consideration on the part of both the plant and vessel
designers in developing designs which enable and facilitate
these inspections,

§1.38 Attachments to Reactor Vessels

{a) - For reaétor‘vessels of ferritic materials, vessel nozzles shall
.not be located in any shell sections which directly surround the reactor
core region and which is calculated to receive integrated neutron doses in
excess of 1 x 1017 nvt (En of 1 Mev and above).
(b) Partial penetration welds, shown in Code Figure N-462.4(d) as
’

applied to control rod housings ©of reactor vessels shall be limited to the

inside of the vessel.
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(c) Supports and supporting members attached to the reactor vessel

wall by welding shall be located in areas other than, the shell sections

which directly surround the reactor core.
These requirements supplement Code paragraphs‘N-AS?(a), N-457(c), and
N-473, respectively.

Explanation - The attachment of appurtenances to nuclear
vessels superimposes structural discontinuities which signifi-
cantly alter the normal stress patternsin the walls of the
vessel under load or which introduce undesirable stress intensi-
fications.

; These areas of stress intensifications at the attachments intro-
duce conditions susceptible to the crack development in service.
In turn, these cracks may initiate either ductile or brittle
fractures through the pressure-retaining wall of the vessel,

Avoidance of attachments in the zones of the reactor vessel

where the mechanical properties chaage during service is
essential to eliminate these adverse streéss conditions. .

81,39 Reactor Vesgel Core Support.

(a) Attachments to the inside of a reactoy vessel for support of
?eactor fuel core structure shall be designed to withstand the loadings under
nq;mal operating cycles, abnormal conditions, postulated fault éonditiéns,
and combination thereof as stated in criterion §1.34.

The attachments shall be qesigned to sustain the most severe of the
léading combinations within the design stress intensities épecified by the
Code and within deflection limits which allow unimpaired control rod motion
under such loadings as well as preclude mechanical damage to fuel assemblies.

Load-carrying attachments welded to the inside of the reactor vessel
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éhall be designed to provide full penetration welds which enable egither
radiographic examination for their entire length or examination by means of
ultrasonic techniques, magnetic particle, or dye penetrant methods specified
in the Code. 1If the examination is performed by magnetic particle or dye
penetrant methods, each weld‘layer shall be progressively examined.

{(b) Where thé_internal Supp;rts'of the reactof.COre structure are
welded directly to the weld overlay cladding of -the reactor vessel, the area

| of attachment shall be examined 100 percent by the ultrasonic technique prioxr:

to welding of the.structural‘suﬁbort. The ultrasonic examination shall be
performed in accord with Code‘paragraph N-625.2, weld repairs in accord with

Code paragraph N-625.4 and the acceptance standards of Code paragraph N-625.3

‘ghall be met.

o~
¥
H
¥

Requirements (a) and (b) supplement Code paragraphs N-474 and N-518.5,
respectively.

Explanation - The design of the structural attachments to a
reactor vessel which provide the principal support for the
reactor's nuclear fuel core must provide .a reliable means of
holding the core in position under any condition of loading,
either anticipated or postulated which the reactor vessel

may sustain.,

The loss of the reactor core supports could allow a disarrange-
ment of the nuclear fuel assemblies, or the disengagement of the
reactor core structure from the system of the control rods with

- a concomitant uncontrollable reactivity change. The consequences
would carry the risk of overpressurization of the reactor vessel

- and crack development. To protect the public health and safety,
this requires a design and fabrication of reactor core supports
which provide the highest integrity in sexrvice.

Wt
ot
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FABRICATION

§1.40 Chemical Analysis of Weld Wire. A chemical analysis of solid and

stranded wire filler metal shall be performed on each section of wire which
may be spliced together in one coil., The wire coil shall be obtained from
the manufacturer with not more than one splice to enable sampling for chemical

ahalysis of the accessible ends as a practical means to verify that the

entire wire coil meets specifications.

This requirement supplements Code paragraph N-511,5.

Explanation - Within the limits of the present day pressure

vessel technology, the structural integrity achieved in the

fabrication of the vessels depends substantially upon the

welding processes employed to join and assemble the vessel
© components, and the properties of the welded joints,

Although many tests are conducted on weld materials prior to
: their welding application to verify their compliance with
specifications, it is not practical to reverify the properties
' of completed welds on nuclear vessels. Because misapplication
‘ or the improper use of weld materials cannot be discovered, it
is essential that all weld materials be tested in a manner
which will preclude weld materials in nuclear vessels not in
conformance with specifications.

§1.41 Cutting Plates and Other Products. Plates and other products cut éo
shape by théfmal Eutting in preﬁaration for welding shall have the edge
surfaces cleaned by mechanical méans (machining, shearing, chipping, or
grinding) before examination in accord with the requiremeﬁts of Code para-
graph N-513.2 and prior to welding.

l At least 1/32 ineh of metal shall be removed from all surfaces thermally

cut by air-arc, inert gas-arc, or carbon-arc. Not less than 1/8 inch shall

be removed where oxygeﬁ-arc or oxygén cutting (including both powder and

i

s wmasds e o
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flux cutting) is used.
The weld preparation and adjacent base metal surfaces for a minimum of

one inch on each side of the weld preparation shall be smooth, ¢lean, and

«

free of any foreign matter. The weld preparation shall be protected from
contamination until welding is started and fhlly completed.
* This requirement supplements Code paragraph N-519.

Explanation - Despite the practice of nondestructive examina-
tions of materials for the purpose of detecting flaws prior
to thelr acceptance, experiences have demonstrated that small
flaws may escape detection, particularly at the edges of
vessel materials which are to be joined by welding.

The existence of any flaw in the welds of a nuclear vessel

where unavoidable residual weld stresses and operating

Stresses coexist way pose a threat to the continued safety of

the vessel in service, Adherence to practices which enable

the elimination of unsound materials in the metal regions subject
to welding is recognized as a prerequisite for sound welds.

§1.42 Welding Qualification Procedure Requirements.

(a) Test Matierial Requirements - In lieu of test material thickness
requirements of ASME Boiler and Pressure Vessel C;de Section IX-(1965),
Tables Q-13.1 and Q-13.2, the requirements of the weld .procedure ﬁualifi-
cation test of Code paragraph‘N;541.2, and of the impact tests of Code
paragraph N-541.3(e) as applied to Class A vessels shall be met by welding
test material obtained from one Ar more heats of the vessei, and whose
thickness is equal to the major thickness of any joint in the vessel.

Alternatively, if the test material thickness requirements as speci-

fied in ASME Boiler end Pressure Vessel Code Section IX~-{(1965), Tables
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'Q—13.1 and Q-13.2, are used for the requirements of the weld procedure

qualification test of Code paragraph N-541.2, only the requirements of

impact test of Code paragraph N-541,3(e) need be met by welding test

material obtained from one or more heats of the vessel, and whose thickness
islequal to the major thickness of any joint in the vessel,

| (b) Base Material =~ Weld procedure qualifications for reactor vessels
of ferritic materials shall requireithe use of base material test plates

meetiné the impact test values in Code Table N-421 at a temperature no

‘higher than 10 F. The procedure qualification test plate for weldments

which are to be subject te an aﬁstenitizing heat treatment shall be at
least 3t x 3t in size with the weld test coupoﬁs'taken at least t from any
;dge of the plate. |

(¢} Metsallurgical Examination - The weld procedure qualification
report shall be accompanied by a report of a metallurgical examination,
including photographs of the‘behd test specimens, of the tensile test
coupons, and a photomacrograph of the etched cross section of the welds
in the area where the tensile coupons have been removed.

The photomacrograph shall show weld beéé sequence and groove design
substantially similar to that specified in the procedure qualification.
The photomacrograph specimens shall be subjected to a magnetic particle
examination in.accord with Code paragraph N-626, a liquid penetrant
examination In accord with Code paragraph N-627 and meet the acceéptance

standards of Code 'paragraph N-320.
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(d) 1Impact Test of Procedure Qualification Welding « For welding procedure

qualifications intended for the weldlng of reactor vessel components, impact

testing of the procedure qualification weld deposit and heat-affected zone

shall meet the impact test values assigned the base material in Code Table N=-421
at a temperature no higher than 10 F,

Requirements (a) and (d) supplement Code paragraphs N-541,1 and N—S&l.B(e)i
ireSpéctively. Requirements (b) and (c) supplement Code paragraphs N-541,2(a)
and N=541.2(d), respectively,

Explanation - Prior to the performance of production welding on nuclear
vessels, the practice is to qualify the weld procedure in accord with
prescribed rules and tests to ensure that the mechanical and metallurgix
cal properties of vessel weld joints will be comparable to those of the
vessel materials,

The safety of nuclear vessels is directly and adversely influenced by
any disparity between the properties of weld joints and the vessel ;
material, Normal variations in the chemistry, mechanical and physical
properties are experienced in both the vessel materials and weld

metal, It is imperative to verify the quality of welds for each vessel
as may be produced by combinations of different lots of the actual
vessel materlals and weld metals used if a consistent quality is to be
assured in manufacture,

1.43 Precautions for Welding, A1l low alloy, low hydrogen electrodes, and

; fluxes used in wel&ing shall be stored in a dry.place,

The coated eleétrodes shall be baked for one hour in an oven at 800 F
before use, After the baking cycle, the electrodes shall be stored in holding
~ovens maintained at 300 F plus/minus 530 F. Welders shall be permitted to
remove only that amount of electrodes that can be‘used during a two-hour period.

Helding fluxes shall be stored in holding ovens maintained at 300 F plus/ |

minus 50 F. Fluxes transferred to welding machines from the holding oven shall

-~
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be maintained continucusly &t a temperature sufficient to preclude moisture
absorption or shall be returned to holding oven, if unused,
This requirement supplements Code paragraph N-523(b).

Explanation ~ The storage conditions for weld materials are recognized
as contributory to the resulting quality of weld joint in nuclear
vessels, The importance of adopting acceptable practices as part of
the quality control program for weld materials is emphasized by the

~ experiences of poor quality of welds resulting from improperly
maintained weld materials.

Since weld analyses are not practical after weld metal deposition’

in the nuclear vessel, precautionary controls of weld material must be
relied upon to preclude degrading the quality of the completed vessel.

1.44 Weldingtkequirements.

(a) Weld Root Examination - In addition to the preparation requirements
Specified Sy the Code for the root of the second side'of dougleégrooﬁed joints
welded from both sides, a magnetic particle inspection of ferritic materials
in accord with Code paragraph N~626, or a liquid penetrant test for nonferritic
materials in accord with Code paragraph N-627, shall be perfo;med prior to the
applﬁcation of weld metal. The tests shall be followed by an appropriafe

‘ “cleaning procedure to remove all traces of materials used in conducting the
Ttests,

(b) Precheating Requirements - The minimum preheating temperature to be
maintained prior to any flam? cutt%ng operations and during the performance of
'c;tegory A, B, C, and D welds, including weld repairs, shall meet the following,

"requirements:

P3 materials - 1" or less in thickness 200 F
over 1" in thickness 300 F
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P4 materials - 3/4" or less intHickness . . 300 F .
over 3/4" in thickness 400 F
i P5 materials - 3/4" or less in thickness 400 F
over. 3/4" in thickness 500 F

The preheating temperature shall extend at least 2t on both sides of the weld

‘ :
lwhere t 1s the weld section thickness., The preheat shall be maintained until

. the vessel or component of the vessel is subjected to the postweld heat treat-

ment. Any loss of preheat before completion of the weld shall require a weld
:surfaCe magnetic particle inspection and a radiographic examination before
. resumption of welding. |
(¢) Requirements for Postweld Heat Treatment.
1) The postweld heat treatment temperatures existing throughout a
vessel or compone;t shall not differ from that ehployed in the weld proceéufe

gqualification test plate by more than minus 25 F or plus 30 F, teking into

consideration the.temperature tolerance measured in the test plate with
respect to the minimum holding temperature specified in Code Table N-532,

2) A written heat treatment- procedure shall be prepared detailing

temperature, times, heating and cooling rates, thermocouﬁle location, number
;-of recordings and chart speed,
3) Temperatures shall be measured by the use of sufficient nuwmber
of thermocouples attached to the vessei to assure that the temperature
'(gradients do not exceed the limit of subparagraph (1) above. Such temperature
:measurements shall be autographically recorded and made available to the vessel

-

owner or its agent upon request,’

4) The temperature measuring equipﬁent shall be calibrated at least
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‘once each month, fRécoras'6f:¢élibra£ioﬁ‘shall be made évailable to the vegsel
owner or its agent upon reguest.

Requirement (a) suéﬁleﬁents Code paragraph N-327,1, requirement (b)
supplements Code paragraph'N;531; and requirementg {c) supplement Code para-
graphs N-532.3 (3) (6) (7),(8) respectively.

Explanation - The design of the major strength welds in a nuclear
vessel requires the application of weld metal from both the inside
and outside of the vessel, principally because of the heavy wall
thickness which must be joined.

Experiences have demonstrated the need to examine by nondestructive
techniques the weld deposit at the root of the joint to preclude
weld defects from lack of fusion or penetration,

Additionally, nuclear vessel materials requlre not only preheating
to established temperatures to lessen their susceptibility to
- cracking or microfissuring as the weld joints are completed, but .
- also closely controlled postweld heat treatment to enhance their
mechanical and metallurgical properties after welding.

To achieve the high quality expected of nuc}eér vessels, élosely
controlled weld preheating and postheating is a necessary practice
to preclude weld defects detrimental to the vessel's safety,
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INSPECTION

§1.50 Final Inspection and Examination., In addition to the nondestructive

‘examinations required by Coae paragraph N-618,2, the vessel shall be subjected,
after completion of ?he hydrostatic test, to an ultrasoﬁic examination of all
gccessible weld surfaces of the‘éféssure boundary inclﬁding the weld clad
surfaces, The examinetion shall be performed to provide for 100 percent

. Vohmetric inspection of the metal bounded by a 1t dimension on each side of
£he centerline of the weid where f is the thickness of the weld joint. The
‘examination shall be in accord wiﬁh Code paragraph N=-625,

The examigation method employed shall provide a means for producing. a
permanent record, proéerly idéntified with respect to the location and extent
of the are;s of the vessel exa&ined, including annotated interpretations of“
all significant indications observéd. The records shsll be éppropéiate to
serve as a reference examination for.comparison with ﬁ#ture inspections which

- éay be required during the vessel's service life,
\ In areas where either the interpretations of ;he'refleciioqs observed
are in doubt, or the recorded indications appear to exceed the acceptance
staﬁdards‘of Code paragraph N-6253.3, a supplemental examination shall be
perfgrnwd by means of a ;adiographié examinatioﬁ in accord with Code paragraph.
N-624, |

The radiographic examination shall employ special techniques of ekposure
orientation necessary to fully define and interpret the reflectors observed by
the uvltrasonic examination,

Any indications revealed by the radiographic examination which exceed? the

b A —
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acceptance standard of N-625,3 shall be subject to review aﬁd evaluation by
the vessel mannfacturer, the professional engineers who certified the vessel
Design Specification and the Stress Report and the vessel owner or its agent
before the need for repairs and retests is established,

Any weld repairs shall be performed in accord with Code paragraph
N-625,4. All greas of the vessel of qﬁestionable 1nte¥pretation, weld repaired .

areas, and the result of nondestructive reexaminations shall be recorded as

waﬁ,part of the Vessel Fabrication Report and accompanied by appropriaste identi-

fication and location of these areas on vessel drawings. These records shall
be made available to the vessel owner or its sgent upon request,
This requirement supplements Code paragraph N-618,

Explanation ~-.In recognition of the numerous fabricatlon processes
through which a nuclear vessel must pass, each of which may

cumulatively contribute to. the development of flaws during the course

of fabrication, a program of final inspection and examination is
necessary to-verify the "as built® structural integrity, prior to its
'acceptanca for service, To obtain meaningful results, such examine-
ations must be performed followxng completion of fabrication, heat - .
treatment and testing. ‘

The examination results assume additional values in that they provide

a reference for reexamination of the vessel as may be required periodi-
cally to reverify its structural integrity for continued service, The
maximum advantage of nondestructive techniques employed in the vessel
inspection can be obtained by comparing results between the vesselts
preoperational and postoperational examinations, .

§1.51 Nondestructive Examination and Responsibjlities,

(a) Radiograph Examination of Welded Joints - Radiograph examination

employed for the examination of welding to meet Code requirements shall

~conform, as a wminimum, with the applicable requirements of Code Appendix IX =
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Sectioﬂ IX - 200 Quality Control System Requirements and Section IX - 300
Ncndéstructive Methods of Examination, and the requirements contained herein.
(b) Nondestructive Examinations - Nondestructive examinations employed
- for the examination of matérials and welding to meet Code requireﬁenés shall
conform as a miﬁimum with the requiréments of Code Appendix IX - Section IX -

200 Quality Control sttem Requirements and Section IX - 300 Nondestructive

Methods of Examination.

Each written procedure of (a) and (b) shall be qualified by the vessel
manufacturer and made part of the quality assurance program and shall be made
‘available for review and approval by the vessel owner or its agent, Such
approval shall not relieve the vessel manufacturer of its responsibilities

for compliance with Code rules,

This requirement supplements Code paragraph N-611,1,

Explanation - The structural integrity built into nuclear vessels is

dependent upon the meaningful performance of the nondestructive exam=
inations of the vessel as a weans to achieve and control the quality

standards during the course of vessel manufacture.

Equally important to the attainment of high quality standards in
nuclear vessel manufacture is the quality assurance effort invested
in establishing the adequacy of nondestructive examination methods,
The vessel owner who ultimately assumes the responsibility for the
safety of nuclear power plant, in which nuclear vessels represent
major components, must assure himself of the adequacy of the vessel
manufacturer’'s methods of nondestructive examination by a review of
the quality assurance program, '
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TESTING

§L60 Hydrostatic Testing Reauirements

(a) Examinat}qn for Leakage During Hydrostatic Test.  Any indication of
leakage in the pressure bougdary of a vessel at other than a flanged connection
shall be reported to the vessel owner or its agent before corrective action is
taken, Both the location and extent of the leak indication and the corrective
action taken shall be reported in the Vessel Fabrication Report.

(b} Testing Temperature., Prior to and during the performance of the

hydrostatic test, the vessel material temperature shall be not less than 60 F
“above the highestlof'the impact test temperatures required to meet the impact
test values in Code Table N-421, taking into account materials and weids of
the vesselts pressure boundary and the materials of nonpresSure parts directly
welded to either the inside or outside surfaces of the vessel, The test
‘ éemperature shsli be reported in the vessel Fabrication Report,

{c) Water and Cleaning Requirements for Testing. Prior to hydrostatic

testing, the vessel interior surfaces shall be cleaned with compounds free oﬁ
halogen or other deleterious material, as approved by the vessel owner or its
agent,

For vessels constructed or clad with austenitic or Ni-Cr-Fe alloy, the
water used for a hydrostatic test conducted below 150 F shall be deminerslized
éater with g maximum chloride plusfluoride ion content of 25 ppm, For vessels
constructed or clad with austenitic alloy, tests conducted above 150 F, but not

i
exceeding 200 F, demineralized water with maximum chloride plus fluoride content

niot in excess of 1 ppm shall be employed. For vessels constructed or c¢lad with
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#
Ni-Cr-Fe alloy, water with anlinitial halogen ion content not in excess of 25
ppm may be used for tests conducted above 150 F but not‘exceeding 200 F
frovided a flush or rinse with 1 ppm dém;neralized water 1s-pérformed. The

measurements of water chemistry during the test shall be recorded in the Vessel

Fabrication Report,
Foliowing the hydrostatic test, the vessel surfaces shall be completely
dried and protected from contamination by sealing all openings and using
- desiccants or heated dry air when practical to preclude moisture accumulation

within the vessel, Such protection shall be effective until final Installation

of vessel in a closed system,

Requirements (a), (b) and {c¢) supplement Code paragraphs N-714,3, N-714.4
and N-714.5 respectively.

Explanation - The performance of a hydrostatic pressure test upon
completion of vessel fabrication serves to detect manufacturing
flaws as indicated by water leaks, to locete inadequate design as

" evidenced by excessive distortions under pressure, and to verify
the adequacy of the ductile~brittle transition properties of all
materials used in the construction of the vessel.

Hydrostatic testing under improperly controlled conditions may
potentially injure the vessel or may expose the vessel material to
deleterious effects of halogens in the test water, These effects
may not be readily detected until after a significant service period.

Appropriate test conditions are essential to preclude effects
detrimental to the vesselt's safety 'in service,
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NEW MATERIALS-~SPECIAL REQUIREMENTS

§1,70 Approval of New Materials for ASME Code-Constructed Nuclear Vessels.

S (a) Crack-Susceptibility Test for Ferritic Materials - In addition to
Code requirements, new materials intended for reactor vessels shall be subjected -
to crack-susceptibility tests meeting with the following requirements:

For each product forﬁ used in reactor vessels, the base metal, weld
%etal, and heat-affected -zone shall be subjected to comparative tests to
aetérmine its crack-susceptibility from embrittlement by strain aging, hydrogen
embrittlement, or temper embrittlemeﬂta

(1} 'The strainvaging test shall consist of a reverse bend test, using a
specimen 0,753 x 10 inch long, prestained by an initlal 18C degree bend, aging
'at 300 F (or 550 F) for 1-1/2 hours, and finally opening the bend specimen at
room temperature. The results, in terms of observed c¢racking, shall be‘

compared with that 'of Code-approved materials of known low susceptibility'to

strain éging.

l . (2) A test to detect susceptibility to hydrogen embrittlement shall
consist of immersing & precracked specimen (cantilever bar) in an electrolytic
solutien conducive to hydrogen release or exchange for a specified periced,

T%e results in terms of increased crack growth or development shall be compared
with that of Code-approved materials having low susceptibility to hydrogen
“embrittlement, |

(3) A test to detect susceptibility to temper embrittlement in consequence

of heat treatments shall be conducted by subjecting two test plates - one plate

to the postweld heat treating temperature and time as specified in the Code and
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a second plate to a temperature of 900 F for 24 hours, followed by furnace

. cooling, Charpy-Venotch tests shall then be performed with at least 12

specimens to develop the transitiom curve for each test plate and to determine
the difference in transition temperature shift caused by the heat treatments,

(b) Fracture-Toughness Properties - For férritic materials intended to

be used in reactor vessel region directly surrounding the core, appropriate

tests shall be made to compare the fracture-toughness properties with steels

of acceptable toughness.

Information on the fracture-toughness properties of the material shall be

sdéveloped by an acceptable test procedure, In addition, a crack growth rate

.'test under cyclic loading conditions shall be conducted on specimens to obtain

information in the temperature range of interest,

Simi lar information shall also be furnished for the welded specimens of
éhese materials to dgmcnstrate that cqmparable properties are attainable in the
hest-affected weld zone and weld metal as in the base metal.

Requirements (a) and (b) supplement Code Appendix VILI-100{c) and (4),
respectively,

Explanation - The application of new steels in reactor vessels with
physical and mechanical properties substantially different from those
currently in use is beset with some uncertainties in regard to their
suitability under the long-term service effects of an irradiation
environment and exposure to reactor ceolant condipions.

Unless appropriate tests are performed to compare the crack-suscepti-
bility and fracture-toughness properties of new steels with those of
proven and acceptable properties, the assurance of reactor vessels
meeting safety requirements for extended service perlods carmmot be
established,
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AEC DEVELOPS SUPPLEMENTARY
v CRITERIA FOR NUCLEAR PRESSURE VESSELS

The Atomic Energy Commission is making available to industry code

A

groups and to others in the nuclear. industry tentative supplementary
"ecriteria for the design, fabrication, and inspection of préssure vessels
~for licensed nuclear power reactors. These vessels contain the reactor

fuel and the coolant, The.purpose of these criteria is to help assure

that these vessels are built to the highest quality standards practicable.

: ‘ The criteris have been developed by the AEC's Regulatory Staff with
tﬁe cooperation of the Commission's Reactor Development and Technology
staff and national laboratories. The Regulatory Staff has worked closely
with the Commission's Advisory Committee on Reactor Safeguards in the
development of the criﬁeria, and they reflect ACRS review and commenfl i
Industry code groups have also taken Steps over the past several months
to upgrade existing codes and standards applicable to nuclear pressure

, vessels, and are actively considering further steps in this direction. . -

\ !These criteria may be useful to these groups.
|

It has been thé practiée‘%f the AEC to require on a case~by-case
bhsis that nuclear pressure vessels be designed to quallty standards which
supplement those presently specified b§ industrial codes. The supplementary
criteria reflect to a considerable degfee current practice in the design,
~ fabrication, and inspection of pressure vessels for water-~cooled power

reactors, but are considered t6 be generally applicable to pressure vessels

~
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of other‘power reactors as well. They are intended to be used in conjunc-
tion with and as supplements to the American Society of Mechanical Engineers
- code rules, the specifications of the American Society of Testing Materials,
and the standards of other code groups. Pending further development,
these criteria are expected to be useful to pressure vessel manufacturers
and to the nuclear industry as interim guidance concerning AEC regulatory

requirements for nuclear pressure vessels,

Copies of the tentative criteria are available for inspection in the
Commission's Public Document Room, 1717 H Street, N.W., Washington, D.C.,
and may be obtained by writing to the Director, Divislon of Reactor
Standards, U.S. gtomﬁc Energy Commission, Washington, D.C. 20545, Comment s
on the criteria méy be sent to the Director of Regulggion, U.S. Atomic

Energy Commission, Washington, D.C. 20545,
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" HDT/PR2SSURE_VESSELS/CONTATIVIENT ‘SUBCOMMITIES MEETING

WASUINGTON, D. C:

JAITUARY 22, 1970 ﬁ
' &

Tt

Lk

Tha HDT/PreasurL Vessels/Containment Subcormittee met to review three {tens &

prov;ded by the Division-:of:Reactor Standards:.in a Movember 4, 1969.letter: E

_itos che~Chairman:of :the  ACRS:. Those were:"Criteria. for -Perritie Haterfal; !

Practure Touﬂhuessunequirercnts "Technicel:Bases for Dcvclopmcnt oerateriaI E
Pradturé Toughncss :Criterta"”, und "Haterfal Surveillance Program prenem.
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. M. C. Gaske, Staff , 4
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Lo , " AJ W. Dromerick ; ‘
““““ ] : W. R. Johnson i
) J. P, Enipht -
ST , : K. R. Wicham j
'“Executive Session
[_. 1 ﬁnnquircd as to whather it was thought that the '"Criteris for
.rferr*Lu;*gLeriﬂl Frocture Touzhness Requirements’ are penerclly acccptevle. .
I Xndieated that he hzd fundamental questions ref"rg;%zféhg_rcqque-
1ents £nd 0id not know whether thoy arc aceoptable or aot wnpo‘ted

that work has been carricd out on the ;cquircﬂnutSJver che Tont 25177 yeors
tht they repregsent o majer deoviatlon from the ASNE requirezaents, ] 1 |
{ Z npuzgested that,~1f oneldis willing to Qaceept the eriterie, one should
be willinn te ncecept the bases for the crircrku_alzhnu:h there are some geps
in the inlfomiation provided in the bases. \ v % Indicated that the draft
of "Criterir for Ferritie Material Fracturd TOunimiess Recuircaents” hrd boer
revicwad pru & part of the USST plannlin, program md couricats ad been given,
lie anid that we, and probebly uthﬁ:s vho tind reviewed the eriterie, had siven
basic cox acnta unLcH hnd not bean wnearpors ted fnte the aralt of tnh eriteria.
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. hasibeen:used: in. ‘non-nuc Leat i vgs Mich hes led ‘to the fallure:of. such.s:
vessel every.couple of years.|-. ;Zv. v Khought . that if such;s mistake, were
wmode, weoker-mate vould certaxnly be.used and the fuct detected during the g

. bydro test, [::::ii;i:¥ndicated that, if strongﬂr steels were used, difficultytﬁ

;“might be encouncterad with: the welds. CET i i e e ‘

. represent what the AEC says 18 suffleient, BRe {ndlcated thet it 'is not oa#:oujf

_,npuld place material fa Pellini's plastic enclave.

gy ST L T TR LA R i L x ]
anid that hr did not ez how nuch.mg 11d be done in-the ‘mc.dj.ar. 4
: Lo.usep "ha':py V-notch testing, - { agrecd with %45, -
o iEE trited that the criterin are tied hcnvi y to the Chorpy tests,
, _ _‘lndtC*tEd that he dees not believe it is possible to assign »- Eailurﬂ
' probab Y, such rs 1078 per year, to the: probability of wvessel fallure:thot
“might 'beipssociated with use:of  the proposed fracture toughueas requireméntss

He thought, that.the ‘value wcs not that small and repurted that incorrect. staeiag

"—-'..,.n;.---l ]Lt i

elxeved t.hat the docxmenl: regardiqg ;h hﬁ g,: of t:he fracture tough}-_'('
ncss requirements; should not be;published. | indlcated: that the~docu -
ment raises: a-mumber:of questxons and] . 2 that he»did -not bclacve-%

ic was well urxtten. ' AT . '--”_3 i:; N PR ety or B
Yt S . s . - - e ! T ) T"" :i’-.
watated that the question ahould be askcd .88 to uhnt level-of nro-

tection ong i trxéggzé;‘ o.aceotmlish with! che:criteria and uhcther1£he -eriteris B
accomplish. this.| Z }SLbSCS-Qd that ‘the wrong welding mnterial might a?
be'used in fabrication of a pressure vessel. :Fe said that nony-welds will) no*ﬂw'
be inrpocted c--only purtially inzpected during the 1ife of a plant.;nThere .

vessel uall will be known

l - i : ]indicated that .an attempt has been made in other.arees. to. Ob=_ ﬁ
'1nin information regaw diug_thc pggnnbility of fallures and that these efforts b
have been unsuccessful. 7 tstated that the proposad requirements wouldk

that a requirement of a minimuwn Charpy V-notch fracture enargy of 50 ft-lbs

rew & praph indicating that, in terms of ft-1bs to czuse fractura _iﬁ

lower values than those taken in the lengitudinal direetion., & cipinun Cherpy §
V-notch fracture energy of 50 ft-lbs would be reguired for matcrial throughout §
the pressure vessel life., Linear fracture mechanies techricucs can be used forg
evaluation of naterinrl having a Charpy V-noteh fracture enertv cf S0 ft-lbs or

less. A Chnppy 2-‘_1: value of 50 £r-1bs corresponds to a ko velue of approxi-
mately 130, I iindicated that the size flaw which corvnsponds teo kg,
value of 1307145 gquic ard that he feels fairly comfortable reparding the
use of this valuL.I:i:iif:fjlqaid that when he sens that o £lav iag to by cf :
alze in chic d" to 13" rampe to cause Qifficulty he 15 not conzerncd. Eﬁn‘ Z

indlcataed thrt the kye value of 150 would not lerd to arazl pronasriian tor o
erack of a size up to approxinwntely v to 7 inches deep ~nd 1% .“"H;r lon;
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sl __|poiutcd out that thc criteriﬂ do not reatrict themsalven to belng
';app fEh*Iclonly to. preseatly used stecls, . He inquired as to whether it wes..
“seceptable: to. usea steel: witc Inirial- Chnrpy V-notch value of 51 ft-1lbs E
..at opcrnting tempernture. [ statcd that if therc is to be & dcgrndn- 5
U tion of a-steelidve: po irs
‘have' to. be higher.. - fia: jiindicqggdrthanwhc 1§ geeking a failure rate
of lnss than 107 -2 per reactob -ycar. z ‘thougnt that, in cstablish-
ing the nrobabﬁbity;value«fornnrcssurc vesselizfailure, there would meed to be g
probabilitics,eateblished regarding the use of the wrong pressure vessel wall
=~ watarisl or incorrect welding rods.
g L BT TR Sibdoawn repedend fal 1 )
. [thousht that with the pressures and tempersturcs which will be
present im.a.Teactor; that cracks would penetrate the pressure vessel wall and §
result in lcaLage before the vessel uou]d break. | f believed that the E
nituaticnsmibht sbe a.-bit marginal cnd comaented on"LEe uncertainties in knowing®
the temperature of ;the radiationtsamples vs. that of the pressunc_vnaa wall E
and the differences in the fluxes to which each is subjocted. | nointed ¥
out taat:thu ainicom fractere . cncrby of - SD «Bt=1bs 48 -for -the inner Burf ce of |

0o

vessel yall heﬁstated that a valuc of ;0 ft-1bs hed been chosen based on re-
A iewino{the Pellintdata which Indicared that-ductile tear could oceup. ST

1materialsnhuvzng fracture -energy. of-approxinmately 25 to- 30 ft-lbs. ;ﬂ

vessel full‘n& which had been buxl; ucing the proposed criteria,
B, The belt reoion consistg o; “aiyery 3imp1n geonetry, & right ¥
raie - cylindcr. ; : R

I T A R

2. Chenistry teating will be rehuired for all the piafes.

e ] s et
L .

3. Sampling and testing of the weld naterial will be reguired.

4. The inner surface nt the belt region will have & lowar frasture
g energy than the outer wall,

o oot
5. The pressuré vessgels will have an elevated: temperature before w
- ﬁhigh preusurc is.rrnched. : Ix-u. o PRI R A

T

L "-\
’,nid that thc belt rcﬁlon if not thc aren where he would expect a’ lekP ki
but he does chect that lusks will occur ‘in noz:lc re;inns pren

.+ - L . T Yo

N . : ! E

! . Fupd a ncuspﬁper articlclrc,ardtng a fa21llure in an P-111 nircrhft.
2" repdrted that the failure was.cither due to poor inspection, the {n-
upcctioq reinn coneentrated ‘oo mueh in A 1i~ien chdre flrms wers n?ﬁﬂr?n
or the ancctLon pro~cdurcs not b Lng sensitiv7 cnnu"h
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gtated that the frradiation surveillance program 18 @ ‘Yong

: e, ~ae. indicated. that, when the prenent dey research program :is-

" complctcd -different eriterin mwoy he needed wr - T lgald thore L. & need
to_ohtain dnta froem the HSST program and: to.reach ¢ e¢od:ensus regarding the
-anﬁantgghdfvtherdnxn.r Jt:vas reported that-wsix pressure vessels with H+inch
':“;- walls ‘have beenipurchased  as a part of the HSST program. The first.of these

[ - 18 to:be delivered ithis fiscal year, ond testing of- the vesoel will be=begun

é in- approximatcly A&, manths. : . BT L - .

gi, ATV g ul o TR ".-':5..! e - - - e ! .

e”ulatoxy Stn

S 5 e

s oy .-...-

Develcpment of Hrterial Fracturc Tougnness Criteria" The ki data’ hnve ‘boen
. found - to -indicate a. .sharp incresse in the kre values at the point where the
ductile-bnittle transition point occurn. There had sriginally been fear that
the ki volues would not increasce rapidly at this point. Mr. Pewlicki said

- that bt zisipreposed, that operatfon always be:in upper -region .of:the trancition §
rnnge.n br. :0krent. inoufred .whether operation will always be inthe full"-ﬁlﬂse
- enclave "?r. Peowlicki :nald, that the criteris are not written lnntErNQ’OL the &
anclaves sqlia rbnurtedfthWEVQr, thnh in $9%:0f the cases cperation:will-be.in
- the: plastic enclave.; v s

Dr..ohrcntcinqv red-ns: to whether a ni ninumﬂaparzztug temperasture .of, IZDofis
. presently. beinﬂ ,added. tothe . XDT terperature., .Mr. Jfaccary reported. that .such
&t crlterion: —noL be*n requ1red by the Regulatory Stalf. The_ASHE‘poéq re-
. quiren 'cithe' the 'use.of .the dromveisht tast.or the .Charpy V-notch .test,s NRL
research indicgtes thet the Cnerpy V-noteh - ‘tagt. may not provide adequate ‘data.
In oné -case, “the 'DT temperature cstablished by the dynenic tear test was &t
.approximataly 120 £t-1bs and tnere wvns a groas lack of correlation with’ ithe
Charpy test. Dr, Cooper stated that, in this particular case, there {s‘a
question of the validity of the dynemic tear test for the parciculnf moterial
used, Dr. Busn said that this is the reason that the use of A-533 rcquires
considerable docizmentation, It was zeported that the transition temperature
determined by the dynamic tesr test will be used if the inforwation is avall-
eble and the value obtained is hicher than that frew the Charpy Ve-noteh teat.
. It was reported that General Zlectrie reouires both testyp for the pressure
vessel matnrlal in-the core regzon.

Mr. Pawlicki atnted_thst the usc of the NDT teaperature plus z certain tempera-
ture value is confusing and has not aluays been censervative. Accordingly, the

Regulatory Staff {s recemmending the use of the minimun frocture enerny .of

50 ft-ibs, which corres ponda to a ke value of 150. This velue is in the upper
1nae of the val;dity of elostic £raccure macha nics." . t

or., Ochnt recalled the Staff 3tﬂLLant that: the materinl woula not neceannrily ;
be required to ‘operate within Pellinl's plastic enclove, Dr, Ckrent comoented.
that the natecial npy be on the borderline tvhere it would heve more of a brittie
nature. Mr. Pawlicki replied that ae belfeves that the minimun Ry value of

150 is adequate for a pressure vesscel thiiekness up to 12 {aches.
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.Hr. Corten. undcr tho sponaorship of thc nasr program. is to provideradwice
;regnrding,Cheucqrrelation between the Charpy V-notch: values and. the kye:iiw
“walues.i Dr, Olrent pointed out that the criteris :erc written for-ferritic

‘materdal :and ;that the Regulatory Steff. had :found in.one case that :the .driop-

waight. test:was, not adequnte,. - Ifr. Pawlicki stated that the Regulatory Stefl 3
beltaves. that the Charpy V-notch test results should be verified by:dropvexgbg'
tests and: the most comservative valuves ‘used, Mr. Etherington said -that there
is .n. question as:to.uhetherlthe criteria should be.restricted to .use for, .

: prcsently‘ysedﬂﬁteel.ﬂ Mr.wPawlicki replied in ‘the affirontive.  Mr. Maccary

-8ald; that:the Reégulatory:Staff has not examined all ferritic mat“rialn but: he

- belteves, that the proposed; criteria are in.the vight .direction. ;-He stated

“that thc,question micht be raised az to 5hcther thewcriterxa are sufficientlv

- conserviative and:that the Repulntory Staff will cont.inue te examine -towhich

- to. spcci[y«th"applicnble range of ferriticxmamerials. SRR

£eyritic,materials the criteria should apply. : The criteris will be revised
cevind;

R B

5 co ;:-:I--r'_ W e o
Dr.:okrcnt inquxredpas to uhat degree of assurance of-presaure vessel iute"rlcy

"

.. should:be attained and what .degrec of protection of. the public. should,be1,1,

~achteved, .. Hinsa- vy replied that the eriterin are such that the frocture
toughness indicawesthat a through wall flaw can occur and there stil) be &
‘degree jof aafeLy Zor-continued operation. :Dr. Okrent.inquired whether Mr.:..
-Magearyswas“saying that the prebability of ‘the health. and safety.of . .the: public
‘bedng.insdanger..is 'zero. -Hr.-Maccary indicated: that, with the oropoqed limit
onifracture..toughness, there .should be ressonable assurance of nOapropcnsityo
for-ropid.czack propagation. -Dr. Okrent inquired regarding what Jevel of
casurance regarding vessel integrity should be provided. Mr. Maccary replied
that, froa the data mvnllable, ha believes therc weuld be zero probabilify of

pressure vessel azlure. He indieated, hcwever, that new dats might be. dcvelop-

ed vhich would indicdte otherwise. He thought ' that the Regulatory Staff should
striveifor the rero probabilitry value. Mr. Corten said .that, if the proposed
criteric are met, there should be zero probsbility. He thousht that hhis may
not 'be attained, however, because of failures in the inspection proceéss. Dr.
Okrent inquired as to how small flaws bave to be before one need not torry
about them. ¥r. Corten replied thot ¢ woy to put a probability on this has
not been found. It was stated that Mr. Pellini bas urged that considerable
work be done regarding veld material and beat affected zonmes. Dr. Cooper
indicated thnt urirradinted {wéld maferiel {s usually better thaon base moterial.
Dr. Bush. samd ‘thot conside® able ‘dnto are pvailsble regarding subnetgcd are ﬁf
weldinb. Dr. Ckrent poinfed out that there was Somo thought that there might .
be & plateau for the ko wvelues, but then Lt was recently found the curve . turns
up with tcmpcraturc.-J- e C o
Dr, Cooper indxcated“chnt he would 1ike to see & move away from the use 65 the
Charpy V-notch test, as this would et awvay from the problen of from which
dircetion o sxaple ia talien. It was reported that the specifications for each
reactor pressure vessel require that a review be made by the purchaser of wherc
the irradintion 91JP19$ nre to be taken,
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Mr. Corten.stated thﬂt higher miniwum vnlues ahculd be npecified for the teL
material that uill not-be;irradiated then for that which will be.: irradinted-
He: indicated that tho stresa‘calculatlons are. the most difficult, in the, nozbie_

and. bolted-on hcad regions. KRR T S ph Poling

4

‘.. : Lomenyoxd 'A... - . [ . .‘..-_‘..,
Dr, = Okrentisuguested that, pcrhnpo, annenling night ‘be required to stay.sbove
a-certain-yalue. Dr. Bush seaid that annecaling may result in degradation of
the primary systcm. He indicated thet, with a fracture enerpy of 70 ft-lbs,
e: flaw ppproxinately 4 feet:long would be necessary’'in order to-couse.as, prob-
dems::Annealing three or: four, times during the life.of the veasel might.be
legs conservative than permitting the critical flaw size to decrease togls 1/?

or..2 feet long uithout annealing. : . EO B R

I " L
r'ul...' A

Mhenever the minimum fracturc enersy levels cannot be net, fracture mechnnics
may be applied to justify lower values. Mr. Etherington stated that, L{f 50

Ithen a, higher'value should be prasent in the: nozzle rerion. Dr.(Bush beateved i
de: highly-amprobnble thet different materials would be used {n febricatdng: 'NQ;:;
gifferent: parts: of:ithe pressure vessel, Vr. Corten thought that a single:ss of §
lcriterion should. be used :ond that, pcrhaps, the material be requiredqmo hnva i
the same mnfttal Bracture cnergy value throughout the vessel, Dr. Coopera‘vh. y

. and Lhat ho was- won‘ied about the: possibillty of dynnmc terr. Le said that.
Itha::true upper: shelf should not be allowed to £sll below 35 to 40 fit- lbs., He
isuggested ;that new ! eriteria might be added that the upper shelf must have, 2
fractire energy.of at least 70 fr~1lbs initinlly and at lesst 35-to; 4D £t- lbs i
“vati the endoflwessel Life.. Mr. Maccary said that he did not kuow uhetheri'"”"'“
.operation with o materdis] Lsving.a fracture energy leos than 50..ft-1bs;ean:
be justified } : ]
A TRENTR ' b
Mr. Ethcrinbton inguired whether the R4 gulntory Staff hed obtained cammen{s
rcgnrdinu the proposed criterian. Mr. Macecary reported that they had frow
five different individunls or groups. He said that the Regulatory Staff does
not plan to publish the bases document and that this document has been gener-
ated as n result of p Subcommittee request. Mr. Case has indlcated there is
a question as to how the criteriz should be published.

vy

R

Mr Maccnry agrced that the “Criterin Eor Ferritic Moterial Fracture Touﬂhness

thcy.are.aﬁplicnble] Mr.'Etheringtcn qUestioncd the use of the word "Lcchanicaff
in the.title "Criteria for Ferritie laterial Frocture Toughness Requirements of g
Cowponents and Piping of Mechanical Fluid Systems™. lle also questioned the ause §
of the word '"within"” in the first sentence of the criteria. The phrase, withing
the reactor coolant .pressure boundary' cnn be conatrued to mean core internals, §
etc. Dr. Cooper sussested that the phrase "pressure retsining” might be used §
in the criteria,. Dr. Dush indicated he wns concerned that the criteria mipht
sppear to apply to bolts. Dr. Ceooper susnpested that the criteria wmight cx-
. clude bolting materirl., Dr. Okrent coizsented that, in writing eriterin, one o
USUR LY A3K0 Loy contyrvalve :nah?r i,y adoquijee requireaedts. Dr. Gusl g:
... potnted lout..that. the . lta tement--tha (--00- lvapae k-1 stiny-ghell-lie-required far—-—-- % s
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ferritic materinls 3/2 inch and. lesa in-thickness; would-have excluded{puch {v-_f
testing. for the\Snxton presnurc veasel which waa, laminabed. "Mr., Etherington P B
comaented; thﬂti ,e word: * ormalizinﬂ" in acctton (c) (1) nceds to .be clarified.mi &
SRR B d o PR,k cooversel waiil | B

br.. Okrenu{rccallcd that Hr. Diuunno uncd ‘Lo suggest the .use -of the MDT: ol B
temperature plus, 120° F.whcre dynamic loading, may, be prcacnt. Mr.. Mnccnry STV |
- said; ithat.such -a.. .eriterton, way, not: be conservative dn.that the transition. iﬁ
curve ;may:, be; very. shallow and that 230° F might. need. to.be -added rachcr -£han;
1200 .7, - Re said‘that Ahis was ‘the reason that'.the declsion was made o sLana
a-: mintnum frﬂccurc .oneTgy. Dri Bush said that, -in the most dcwraded -condition
allowed by the -criteris,; the material would be.on . the borderllne of -the plnatxc
enclave. - Drii;Okrent, aaid that Mr. Pellinl had" stated.. that operation should be.
carried ‘out: only inqthe plastic -enclave, - He :inquired whether there.was.any...
reason  that ~this, could ;not ‘be dgne. Te pointediout “thst . the use of WDT plus
60° F was thought to he acceptable o few years ago and now Lt is being stated
that -this.erizertonits ‘not iconservative,  Dr. Gkredt inquired as tdthe;reason .
uhyasfminimumrmra:ture -encrny 0f. 60 ror 65 ft~1bs;:should not -be required. idivhn,
Matcary stotéd that;iperhaps, 2 -uinimum upper shelf- tenexrgy level should, bcil\pL
edtablishednnDriBush sdid that he 'would like.to use-the 50 ft-1bsvalug:and
woild:be wilicling cto-hove thervalueschanged iE the HSST program doas .not, -indi
crte . thstﬁMhts is;.-very safe value. co 45 6 - : e Tt

W an L <. TR A ”, - srnd prend nEvs;_, !
Mr.+Goztan snid tham with the,&roPQSed crlteria a pressure‘vcssemfcoulo-have il

Icrack"rtithc send o f vthe 40-yeor Ydfe which LStcompletely throughithe vesnel:, Kp,}
walleand #ue; itimes-ithe wall ‘thiclmess ‘in lengthcand .stdll not run.-1hgxqﬁgy;1cgﬂg'
indicated that the did inot expect ‘that.a crack throwgh the pressurésvessel.wall  f
would- uecessarlly let woter out.. Mr. Corten stdted, however, thzt one could 5
not; possibly miss finding such s crack during an inspection. Dr. tush bel&cved i
that such a crock could be detectéd by humidity or radiavion monitors or by 3
other means before it would run. Dr. Qkrent pointed out that, until reccqtly,
it miahu hove beon safd that turbines never feil at nuclepr facilities; th
cvc;, reccntlv one failed. ™Mr. Corten suggested that, imstead of ircressing |
the. pivimun fracture energy, better imspection methods might be used.' Dr.
Okrent predicted that flaws will be found and licemsees will wish to continue
operation usings the defective pressure vessel., MHr. Cooper queStioned as to
what mechenisn night cause a flav to prow in the beltline region.

Dr. O rent statcd that, 4f it con be.snid on & s6lid basis there is zero
prDb“blllt} 05 {nxlure vtth thc.usc 0f 2 mi nimum fracture energy of .50 .ft-lbs,
then ‘the use of such ﬁ value ts:rccuptable. He indteﬂtcd that, .if: this .cannot
be snid, then. thc quest;on should be raised aé to why a more "onserv1tivc
minimum fracture enersy is not used. Dr. Okrent inouired rigarding the reason
for nast. usiua [y hi}_,her ‘nurmer., "1:.'. I.‘thc-.rin{,ton stntcd rhnt onu renson o hiy he‘

ﬂrtcruﬂ WM r.ﬂ"nul‘ckt l.mh.c:'teu Lhat there nii,ht be difficuley in; dcnlxnb uxu.
industry {a voqv;ncing them that even » 50 fr-1b walue is acceptoables ' Dre. Coope
srid chat use ol too hizh a m\nLnJ"' alue would force the use of snnealing. ' DLr.g8
Orent indleated thnt the ACRS had bccn told that annenling can be ucrforned
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O' iireferred to ithe ;iaa-r_ stotement.on pene 3 of thc_,rcquirencm:a recardiny  the

I - that differcat resctors will :be opernced under comparable conditions and .

N PR Y S [ 1 .-:‘--
. o g vqr OFFIZE ...' FUTRP UL VRPN UL SIS
watl. .

P D 1 "". - ',... - e . __H‘...J_ .é
a THE,” Paulickiwsaid that npplicanw npreod thnr. they wlll be prepared to,nnnenl

. ,becauno thcy do not bclievc thcy ever will have ‘to do 3o, I AR

v
il
PRI

’H:.';‘mccnry nt.tted thnt the AST up"ci‘iﬂntlmw aet forth the rcquirc-nt:nta i
regarding smples token from & heat affected zone, Section (d)(5) on:poge o
. of the. "Fracture Thunhneds Requirc:-;c'\..s" L3 to be changed o specify a value }
i.of 25%-inlthe statemant: “the trpasition temserature . . . shell pot be greater;

i than.the:minimo operatinz tempereture ot vhich. the pressure cxceeds 20%-of
:system ‘operating precsure .5, .'. Dr. Cooper sald thot he did noi’ L..‘uerarmm-
"thow the transition tempercoture 1s cbtoined frem the dynmmic tear tast, " MNr. f

Povlicki curnested that the criteriz ceuld lcave an option of using something E

j-other than - the: Canrpy west . results cnd providing o correlatfion with the Ghar'p i

i.values, Dz~ Lusiy-sundested that Such on option be given but subjoct to the
apprawl iof the procedure by the Rchuln:nry taff S

SRR
Ny .

r.." i . .--.. i v ' '
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o Dr.-gkrent qucnticmcd .the use nf the vulue af 250° £ instead of & lm:cr- va.lue ¥
..in L&Y dmipote B Dii-Okrent “sugiested that’ such. problems as passidle flux, §
i..depression .in eapsules and other d‘ff icultian reording cerrelation of-spmple &
mdste‘ L0 pressire ressel material dera nishisbe-Indicated in the eriteria.  Mr.§
Etheriuc,ton thousht that 'temporature differences between the copsules iand jthe §
“prcs ure wesacl wall micht 'not renrasent much.of ¢ preblea, Appronimately sing
1 neutron .energy threshold monitors are ugsed to- c‘.ete,r.mine the neutron frredi- ‘B
i ration of ‘@ eonsule. . . The usc-of the vrlue of (250°.F instend of a loxrar ‘value

gron pages 2 ;ond 3 .of "Moterisl Survetllence Prograz’.was questioned. - Do, Okrent
:'_'r'r"}iatdr-.&nl‘.‘-Sut:vei.-llance Program', HNe said that it was difficult to belicve

servxcc. Dr. cl::cn., thouzht that, cven at the Snme gite, resctors mll;be
opcratcd di[fcr..ntly. iie {ndicated, alse, thn: he had the feeling Lhatl the

.. .operator should bec responsible for o aurveillance progrom and was . urnrised
to see the phrase "supplied to one or more applicants” stated in (e) on page
‘3. : .

Dr, Bush pointed out that Charpy teitinn tinachines often malfunction so ng to
make the impret valuves hiph. lie sugzested that the requiresecats night indi-
cate thet the Charpy testing machinu must be calibrated by npproprxate pro=-
cedures. Dr. Qlirent inculred regerding how the Charpy data are used to drae
& curve. It wins reported thot thic uas done by "Eyebsll". Dr. Okrett cups-
tion.d whather there should be o recuiresent that the most couscrvacive volues
‘be used. ilr. “aceary indizated he belicved that there are ASTY requirecments
regardint howv the. data muot be plotled. Iz, Ohrent inquired as to vhather
‘persons perfoniing the Charpy tests nced 2o be qunlified. ZApparéntly, lictlc
Af aoy qualification, other than a lemiliority with ASTM 185, is required.
1r. Stherinstou sested he belicved that the Subeonrittee did not have any
major reservat.ens reparding tha requircments of 'Haterinl Surveillance Pro-
wraa™. The Resulatory 5talf is to rev.se "Criteria for Perritic Ilaterial
FfaccurL Touzhiness Raquirenents™. r. itherington inguired as to hou soon

this mizht be done, and Nr. Maczary indic2ted that this u-mu]d e ceapleted
procod Pas s nT tha Mangls ADSS
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. vessel. Dr. Bush said he assuwmed that the applicant would be required to
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Hru _thering:on aBked regardiug the Regulatory Staff 5 poaition relative:to e
annealing. wMr. Hacenry atnted that there.sre Iimibed data- regnrding the
componenta that:world.be subjected: vo annenling.w’l'here ore qucstions isuch
qas the.cﬁfccts :on the :tubs-1m- tdbaesheet foints., Mr. MHaccary indicated thet

the Regulatory Staff is reluctant to comsider annealing at temperatures above &

iy the, desipn value of 6500 F.-

-Dr. Okrent inquired.whether {t is.prnacticsl;to
anneal at, 6500 F.-

Hru!-!accnry replied that.the believed 1t bas been, yerdfied

11¢hat the PwRypresaurizer ‘henter and pumps: can create a -temperature. .Of- 6500 F. &

.M. -Btherington. inquired about strain:aging andstenper Embrittlemcnt. It was
reported that these arte {tems that will be investigated a2 part of the HSST

prograem, Dr. Bush i{ndicated that these represent poteantisal problems to
materials not now being used in reactors.

br. Okrent reported that he had asked an spplicant whether he could state
that his PUR systea could be anncaled at 6509 ¥ without going back and our-

veying to mnke sure this could be done, and the applicant stated unequivocally &

that he coul’. Dr. Okrent indicated that the Regulatery Staff might review -
the problems regarding snnealing.

te thinking of asking applicants how they would enneal Lf this were found tc
be necessary.

Dr. Okrent stated that some gpplicants have sald thut the startup period is
the most dangerous time regardine the possibility ol faflure of the pressure

stay within specified technical specificatioms limits regerding temperature
and pressura values during this time.

L

.Dr..{ Bush pointed out that there iz »a Cvo-day meeting repardine the HSST | pro-
gram*and that the mreting will be held on Mareh 31 and April 1, 1970 at) Oak

-..,-Mdge. Re indicatqd that this meeting would represent a good opportum.lt:y
for anycne interested to remain current regerding the HSST program.

ot o e A _q"'».

T b

Mr. Maccary sald that the Regulatory Staff.
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April 7, 1970

H. Etherington, Chalirman
NDT/Pressura Vessels/Containment

Subcomuittae

MINUTES OF MERTING

Minutes of the meeting hald in the Alexander Motor Imnm, Oak Ridge, on
attached for your review. A copy has been sent to
Please edvise me regarding whather

April 2, 1970, are

each of the remaining ACRS mewberxs.

OF APRIL 2, 1970

or not ouwr consultants should receive them.

i have sent Dr. Mager of Westinghouse a list of names and addresses, of
mesting attendees so he can forward a summary of what he prasented.”

Attachment:

J - E - aard
Senior Staff Assistant

Minutes of Meeting of April 2,

197G, Oak Ridge,

Tennepnee

cc: Remainder ACRS Members, w/attachment

FMLE: NDT/PV/Con
4

tainment RD9-4

QFFICE p .-,ACR‘S e e 0| e e 5 o s o n w | k& 8 e e
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MINUTES OF
NDT/PRESSURE VESSELS/CONTAINMENT
SUBCOMMITTEE MEETING
OAK RIDGE, TENNESSEE
APRIL 2, 1970

Summary
The Subcommittee met with the Regulatory Staff and ACRS comsultants to
discuss the following proposed criteria:

Appendiz F, Reactor Material Surveillance Program Raguirements,
February 20, 1970

10 CFR 50.55a(i), Fracture Toughness Criteria, March 18, 1970

Appendix ¥ was approved for incorporation of the day's comments and for
final drafring.

Fracture Toughepess Criteria was sent back to the Staff for study and revisionm.
The effect of irradiation on fracture rosistance of thick reactor vessel walls
contipuea to be a major concern.

A Westinghouse representative (T. Mager) presented fracture toughoess dats
which indicated that Kye may exhibit a shelf behawvior with increasing tem-
perature.

Attendance
ACRS ' DRL RDT
H. Btherington R. Birkel H. Behrmau
$. Bush V. Benarxaoya J. Hhmter
D. Okrent
J, Haxrd, Staff BRS ORNL
¥. Cooper, cansultant B. Maccary F. wite
B. Cortaen, consultant S. Pawlichki
F. Logs, congultant J. Knight
P. Paris K. #iclman
P. Borian
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NDT/PV/Contairment Meeting -2 - April 7, 1970

Meeting with All Attendess

Mr. Etherington requested Mr. Witt's commentsm on the NDT requirements por-
tion of the draft 50.55a(1), Fracture Toughmess Criteria. Witt recommended
that NDT + 609F be used as the mintmm gervice temperatuze criterion.

Dr. Okrent asked Mr. Witt his opinion on sonesling requirements. Witt felt
that, 1if ammealing is reguired, gurveillance specimens mnst be provided to
Jodge when this should be done.

Maccary pagsed out a set of curves which avre examples of how the criterion
would work in practice. Indian Point 3 was the specific project inwolved.
The roiling ratio for these plates is about 1/2. Figure 3 of the attach-
ment ghows the application of the fracture tonghness criteria to the IP-3
beltline materials. DUse of the proposed criteria wonld result in a mini~
mum service temperature of 132°F vs 45°F for the present criteria.

With the proposed criteris applied to other~than-beltiine materisls, the
minimpm service temperature ie much higher (1759F) as shown on Pigure 5.
{(This is bacause of the lower aceceptable fracture toughmess away.from the
beltline.) During the life of the plant, the beltline requirement will
graduslly incresse snd could overtake the 175°F requirement.

¥For all theee discussions, the trangverse Charpy-V ensrgies are assumed to
be 2/3 of the longirudinal values. On the basis of these compariscns, .
Maccary stoted that three of the existing IP-3 wessel plates would be /accept-
able, Using the previous versiom of the proposed criteria, no plates would
bave been rejected.

There was some discussion on whether or not the Charpy curves are directly
applicable to pressure vessels since they only describe specimen bebavior.

As potnted out by Mr. Cortem, these data may unot heve direct relationship

to rapid crack propagstiom 4n a vessel. Dr. Paris reinforced Cozten's state~
ment .

Mr. Etherington asked Witt if his size effects salso apply to tensile speci-
mens. Witt felt that they do. There was some Subcemmittee comceyn that the
proposed criteria is written for 3" anduthicker plates whereas the thinnest.
pressure vessel wall being constructed is 6-5/8" in thickness. Therefore,
the criteria may not be conservative in this seuse.

Dr. Bush cautioned the group about unwarranted inereases in required Charpy
values. In his opinion, much vessel plate may bave to be dlscarded if the
ptandards become too restrictive. Dr. Cooper's opinion was that experience
with vessels £ 6" thick has been good even though the standards have been
poor. Above 67, there is reason for concernm because of the sizing effects.
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KDT/FV/Containment Meeting -3 - April 7, 1970

He worries that WDT + 60°7 may not be adequate for the lLarger sizes, and
the rhicker the wassal, the more the concern. Though he wouldn't worry
about standing next to a thick wall being hydrotested at 10097, he would
feel better at 170°F. 1f the temperature went above 2129F, he wouldn't

be any place around because of the gsafety problems with any leaking steanm.
Dr. Okrent folt that these bases for deciding what's safe and vhat isn’t
may not be applicable to public safety concerns. He stated his comclugion
on the prioy discuszions, Chat g single criterion for thick wanlled vegsels
may not be appropriste. Dr. Bash felt that there may be inndeguste data to
g3y that the proposed criteria give safe vespels in the very thici gections.

Presentation by T. Mager, UWestinphouse (All Attendees present)

Westinghouse has been looking for a fracture toughmess uwpper ghelf for thick
reactor materials. Dr. Mager presented some new data frem his rescarch 1lab.
(Mager will send copies of this data to all attendees.) He asked that the
data be bandlied in a confident{al mannmer. The Ky. values for a NiCrMoV
material showed sn upper shelf behawior with temperature (previowsly, an up-
turn of the curve had been expected). The shelf behavior has been seen in
othey materials, too. Mopsar vecommends that tha HSST program use mild steels
end evaluatz the questiones brought up by these diecussions. He fait that a
Ey. walse of 50 ksi 7in would be acceptable for a 1-1/2" crack and that a
c{argy V value of 30 €t. lbs., post-irradiated, is probably acceptable. West-
inghouse's second recommendation is to irradiate A~533 material and try to fit
this information to the present data. Different steels may show different
behavior than the bebavior discussed above. Also, since the yield streagths
tend to saturate at about 2-3x101% ove, the Kj. shelf may drop off at the
higher trradiation.

Meeting saos F. Wite, T. Msger, and RDT Representatives

Discussion of Proposed 10 CFR 50.55a{i), Fracture Toughmess Criteria (3/4/7% ﬁ/w/d

Mr., Pawlicki intxoduced the subject for the Regulatory Staff. He cbgserved
that the geometrically scaled up specimens with scaled up ersciks, will fail
at lower stress than the thin ores. This mmgt be factored into the Regula-
tory considerarions. Pawlicki felt thet the considerations fall ioto three
categoriest

1. Nominal operation of wessels - establish safety margios.
2. Anticipated transients - determine how mergins are reduced.
3. Acts of God and other undefined accidents -~ determine how
wuch energy would have to be absorbed for the vessel to fail.

Dr. Okrent obperved that there may be two categories of anticipated transiesnts;
those with aud taose wix:hou: pmtect:.ve act wn, Pawlicki pointed out the prob-
ent materials.
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NDT/P¥/Containment Meeting -4 = April 7, 1970

Mr, Btherington assiked for consultants' comments on tha importance of the
fracture energy absorbed per unit volume of materisl versus size (this is
Witt's concern). Dr. Cooper felt that fracture area is not the correlat-
able parameter nor is_fracture velume. For brittle failures, the fracture
energy goes up with 2%, wmr. Losz generally would be happy with adding
more margin to the KDT + 609F, dependant on a satisfactory Charpy curve
and a good correlation between Kj. and Charpy results. He later added
that there 18 a difference between flawed and unflawed behavior.

Dr. Paris would recommend a compromise between the pure Charpy appruoach
and the pure Ky, approach. Ky./yield strength may be s useful parameter.
A limit based on yield strength vs Charpy shelf was ome of Dr. Paris’ sug-~
gestions.

" Prof. Corten commented that a level of Charpy upper shelf ebergy and am
NDT + some margim limit ig required. Some relationship sbould be estab-
lighed between upper shelf and section thickpess.

Dr. Cooper added that he agreed generally with both Paris and Corten. He
stated that the average analyst would use L3 as the correlation with frac-
ture energy but that this would be unconservative. He was uocertais as to
what value between LZ and L3 ghould be employed .

Mr. Etherington asked if a diffarent spproach siould be taken on the cri-
teria. Paris repeated that these limits should be based on thickness and
on yield strength, The thicker vessel should have more restrictive limicts
than the thinner one. Cooper thought that the industry can't wait €or more
sophisticated criteria and that the proposed should be igsued soon.

Dr. Okrent asked if there were any reservations asbout thick sections.

Mr. Logs felt there shouid be more margin for the thinner sections. For
some stesls, che WDT + 60°F is not conservative because of the curve shapes
and method of determining NDT point. The general subject of changing the
basts of determiniog NDT was discussed with no conclusion. {The problem

is that the DT test value falls mear the toe of the Charpy curve.)

In respouse to Dr. Okrent's question on whether or not the present approach
for thick sections was conservative, Pawlicki gtated that the proposed cri-
teria are in concert with Witt's findings. Paris stated that the gituation
is marginal far vessels 8% thick and larger and that a criterion without pro-
viaions for change in thickness ig probably not adeqguete. Peris would require,
for 6" thick irradiated sections, a 55 ft-lbsminiwum Charpy valve., For a
higbly irradisted 6" section, the number would be 90 ft-lbs., For a 12" un-
irradiated section, 57 ft-1bs is recommended, for 12" irradiation the mummber

. becomes 115, Ris metbod of analysis is conservative becaunse he agssumes uni-
form fluence through the wvessel wall, According to Dr. Bush, if these numbers

mpes pegorl et bty vemepeper yroae
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NDT/PV/Contaimment Meeting -5~ April 7, 1370

are used, one better forget about building reactor vessels. Paris' mumbers
are based on fluences which get yield strengths up to 10° pai. Lack of Kye
data in the upper shelf ragion continues to be z problem.

Caucus

In view of the comsultants' conserns {(principally Paris‘') about irradiatiocn
effacts in thick sections, the Subcommitiee wap faced with a thorough re-
vision of the proposed criteria to incorperate fracture toughness require-
ments in additinn te NDBT criteria, or with an iaterim issue of the pmpoa';al
with 2 provisn on irvadiation effects in the thicker sections. The latter
course seemed most asppropriate to the Subcomittee.

Continued Discussion of Proposed 10 CFR 58.55a(1)

Pr. Bush's comments on the draft were discussed and handed to Maeccary for
incorperation in the next draft {Maccary handed out s 3/18/70 draft of the
criteria).

A congiderable #iscussion was held on the number of degrees the Charpy curve
should be tramslated /Requirement ii(a}(l.):] and on the specification on the
Charpy “fiz" waluwe (Dr. Bush would recommend 30 ft-lbs as the basis here).

Dr. Bush warned against increasing the mmbers for minimum Charpy adjusted
fractsre emergy becanse of the opposition and delays which will come from im-
dustry. Cooper asked for limits in the criteria which would prohibit shop
hydvo testing at > 2B80YF. Dr. Okrent expressed his difficulty in understanding
Cooper's comcarn since the name of the game is public health and safety and not
concern over the gsafety of ehop workers. ’

Discussion of Appendix F - Survelliance Requirements

A page~by-page review uas performed of this 2/20/70 draft and modiffcations
made as shown on the marked up cepy in the ACRS files. Buring the discusfsion
it wes brought ocut that double smealing of the vessel wall during vessel life

" would probably require a specimen capsule in addition to what is alveady 're-
quired by Appendix F. Changes to the draft were largely editorial. DRS ‘was
to redraft this for final review.

Discuesion of 50.55a(3)

A page~by-page discussion was conducted on the 3/18/70 draft (comments are
inclueded in the ACRS file copy of the marked up draft). DPr. Okrent had a
concern sbout how system overpressure comgideratioms are handled by the pro-
posed criteria. Coupar poilnted out that pressure containing systems are both
pressura-rate sensitive amd pressure-time sensitive. Flange lezkage can help
in limiting preasure rises. One possible solution to this overpressure question

OF FECE PP | ot m | mmmm i i 0 i e et 3 im0 [ | s o
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NDT/PV/Containment Meeting -6 ~ April 7, 1970

would be trsatwent in o separate criterion. According to Mr. Etherington,
all expected pressure rises should be accommodated by the proposal. DRS
was to study this furthar, Maccary pointed out that the proposal is being
written with rhe thought that it will be ameuded as necessary, perhaps
every six months. Words are to be included to this effect.

Prof. Corten believed that the questiom of whether or mot Charpy tests
should be conducted at 5009F shouid be evaluated. He was to give this
question some gtudy.

He also felt that the 50 fi-lbs adjusted fracture emergy for plates, etc.,
was about appropriate. This gives him no trouble with an unirradiated
vessel. Cooper liked 50 ft 1b pravided the 10 ft 1b sdder is increased to
15 ft 1b, Dr. Okrent wounld reqoire a qualifying statement for thick sec~
tions, based on any wew informatiom on effect of irradiatiom.

Some of the more significant changas to the March 18, 1970 draft are as fol-
lows:

An upper limit to tensile strength is to be added.

System transients are to be lisgted.

A comment in to be included on suitable operating restrictions.
Operation with known flaws is to be discussed.

In addition, the Staff is to veview the suggestion that the followiﬁg limits
apply:

Thicknesg Min, Adjusted Charpy
t =5 in. 50 £t 1bs
t = 2-5 in. 40 fr 1bs
£ =2 in. 35 £t lbs

The upper ghelf shall be 15 ft lbs higher than these wvalues.

Further 3ubcommittee discumssion will be required following Staff review and
incorporation of the members' comments.

Attachments:

1. Charpy V-Notchb ~ Impact Properties -
Indian Point III Reactor Vessel,
ded 3/30/70

Use of CYN for Semi-Ductile or Nom-

Prangible-Siople-Eracturs-Critazia

2.

for Pressure V
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§ S0.55a (1) FRACTURE TOUGHNESS CRITERIA

. (1) Introduction

These criteris specify minimum fracture toughness requiremsncs for
ferritic materials used in pressure-containing components of the reactor

‘coolant pressure boundary to provide an adequate margin of safety againét

—brisele- fracture over the entire gervice lifetime under the system

design conditions of the reactor coolant pressure boundary.

For the purpose of these criteria, the system service conditions include
those presasure and temperature transients imposed by normal reactor
operation, system hydrostatic tests, and other losding transients speci-

fied in the respective deoipn apecification of the pressure containing

components,

Mfm (AJ\ J:,cmfkuu M@g /& ﬁé{/ M
L/L%’/ Z/l/tﬁmlz//j, (AN J/U.jlmké, z a - ﬁ"«‘@w‘:i/ )
Ci AN~ 0%/4/10\6(_/@/ A |
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(2) Dpefinitions
~ ST
(L ”PressureaeeagaéaJT§Z compenents' means those pressure vegsels,
piping, valves, and pumps, including pressure~retaining bolting

thereof, which make up the reactor coolant pressure boundary.

}
{i1) '‘Reactor coolant pressure boundary" is defined in 10 CFR Part 50,

§ 50.2.

" (441) "Ferritlc materials' means those carbon and low alloy steels

m '.

: -

with specified minimum tensile strength less than 100,000 psi, <
N AN I
(including welds and weld heat~affected zones in such materials) ]
Aop UPPER { PRssiBLy peLETE ’ ﬁ :
LIM /T To anq ow alloy steel bolting)with specified minimum tensile \y E
— iz . ;
’T'EVV57£Ak. :§4?:;rength not greater than 125,000 psi, which conform with the %L !
speciflcations oo {dentdfied in the applicable constructicn code ;

under which rules the component is built.

- Avv - = i TING THIS YERITEEGHN To THESE,
/(\_.‘ T WORP 8 N?ﬂ-z@ﬁ@m‘?spmm*ﬁ?mz_f.'

. i &y
(iv) ‘“Normal reactor operation" g¥e those service conditions normally !

expected during operation of the reactor coolant system, including,

but not limited to:
Normal system startup

Normal operation in the desipn power range (includes hot standby)

System transients fin chanping from one normal condition to

, LisT THEM . PEY D&
another (e.p., power loading and unloading) IRNATTS NC"EMA}LJ I
ETh, ’ s

(v) 'System hydrestatic tests" includes those pressurization cycles T
to which the reactor coolant pressure boundarv, or portions

thercof, will be subjected in the conduct of any hydrostatic



(vi)

Ave Sommpnr ox SUTABLE 0PER, EESTRT 0,

(vii)

testa, Such tests Include those required to comply with the

rules of the ASHME Section XI - "Rulesa for Inservice Inspection of
Nucliear Reactor Coolant Systems' a8 well as tests conducted prior

to each plant startup.

Fing BPETTER WD
"Minimum(éggggggjﬁemperature“ of a component is the minimum

temperature above which the coincldent pressure imposed on the
component may excaed 25 percent of the reactor coolant gystem
operating pressure {(at normal rated power) , or 25 percent of the

resctor coolant syetaem hydrostatic test pressure,

"Adjusted fracture energy", for the purpose of these criteria,

shall be the fracture energy of ferritic material, at a given

tommapnrure ahtadnod Fram tha Cknku- Vepatsh murva sAduastrod

e e - —— - W e e - e e

in accordance with (5)(i1)(a). ;

-t



" {(3) Fracture Toupghness Requiremente - Qutzet of Service-Life

(1) VPerritic materiasls of pressure-containing components of the reactor
coolant pressure boundary shsll exhiblt, st the outset of service~ 73
AT THKE MUK, SERVr S TEMP in = \.‘v’/f‘
1ife, the following fracture toughness propertiesgun&er the
prassure gnd tempevature transients of the system gervice condi-

tiona acsocisted with normal reactor operation, and system hydro-

) gtatic tests;

gii&’/%ef%$%$ewas;e§&ala (except as qualified under (3)(v}) shall exhibit,

, adjusted fracturs energy levels

noe lower than:

(a) Por plates, pipes, tubss, forgings, and castings:

App < /Z FbE vESSEC whessDHEL [HATES OF

Section Thickness Miniwum Charpr-V-~-Notch Fb 2l r M 'Q'j,f
t {(inchae) Ad4usted Fracture Energy (ft-lbs)
t> 3 15 7 50 : -
Ar A STAEF TOLOUK AT
1< t< 3 40 ErTERIENCE,
t< 1 w35 -
(_13) /Paﬁesaure-—retaining bolting: /) 5 ErARATT & 4
' —_— T S o NS (DERAY LN g
Diamater Charpy-V-Notch )
d (inches) - "Ad{usted Fracture Energy (ft-1ba)
d> 3 : 50

d <3 ’ 40



(11i) The upper ghelf fracture enerpgy levels, as detarmined by Charpy

: 15 (oot To be leaﬁed’

V-notch tests, shall be at least 1Oft-1b hipgher than the values”
specified under (3)(ii), except for reactor vessel beltline

material which shall meet additional requirements of (3){lv).

(if) Reactor vepsel beltline material, vhose fracture toughness
propertics may be subject to significant degradation in service,
shall exhible upper shelf energy levels significantly higher

~
thnn.chose :equifed under (3)(iii). Th adeqpacx/af such initial
upper shelf énergy levels shall be justifiea"59.approprinteﬂ
data and analyses based on the estimated service dcgradaiion of .

fracture toughness properties. Such analyses ghall be made

avallable for review by the Commigsion.

(v)i Ferritic material 1/2-inch and less in thickness, when maée to
fine-grain pracrice, may be used in pressure containing components
of the reactor coolant pressure boundary without compliance wifh
the requirements of (3)(ii) provided their minimum service teumpera-~

ture is not less than 100° ¥,



(4)

Inservice Reguiremant - Reactor Vzagel Beltline Materianl

(1)

(i1)

(111)

Recetor vessals constructed of fzrritic materiels shall have their
beltlina region materials and wald preperties monitored by a
surveillance prograsm conforming to the requirementa of "Reactor

Materisl Surveillance Program”.

Rocactor wvessels shall be designed to permit the conduct of a
thermal annealing treatment to recover materiasl toughnesa properties

of tha raactor vesgsel beltline farritic m:ariala,
MAKE ST ROGEFR

experimental data and tests performed on\comparable jreactor vessel

steels demonstrate that the adjusted fracture energy of the reactor
vagsel beltline material will meet conservatively the requirements
of (3){(1i) =t a tempercturc of 200°F over the entire service

1lifetima of thg reactor vessel,

feactor vecgels may be permitted continued operatlon provided the
adivated frieture energy, at the minimum service temperature, as
eastablighed ot any service period frowm the tesr yesulta of the

material surveillance program satisfies the limit specified in

3)(11). -\/a e N FLAWS.

In the event the adjusted fracture emergy, at the minimum service

temperature, 23 established at any service period from the test

. yresults of the material surveillance program, fallg betwee SOft—lbs,;y
w

and( 35~ft-1lba, )the reactor vesael may be permitted continued opera-

tion provided: ;Zing\/'fg;\)b{f



(a) Adeauate ssfety margins for continved operstion can be
demonstrated by the applications of the principles of fracture
machenice based on valid fracture toughmess datz cbtzined from
reprasentative materials including welds, and weld heat-affected .
somea. FPreee 7o ASTM sreEes AND Kig

_ VoL Uy METRIC
(b) Essenrcially 100 percentAineervice inspection of the beltline

fegicn of the reactor veesel is performed to eatablish the

existence, 1f any, of eignificamt flaws in the macerial.

{e) A fracture mechanlcs analysis is performed based on:
the beltline stress onalyses, the fracture toughness proper-
ties of the materials obtained from (4)(iv)(a), ard the

1

ingservice inmepession of {4) (1) {b).

" Such teet data and gnalyses shall be made avallable for review and

gpprovel by the Commisajion.

(v} 1In the evént the adjusted fracture encrgy, at the minimum service
tapperature, as established gt any service period from the test
tesulté of the material surveillance progrnm, falle below 35fr-1bs,
the reactor vessel may no longer be permitted continued operation,
unlazz a thermal annealing creatment io performad to effect & v
racovery of material toughness properties of the reactor vessel

beltline wateriasl.

The proposed amnnsaling m2thod and procedure, and the fracture tough-
ness teat dates before and after anneeling treatrent, shall be made

svatlable for review snd approval by the Commission,



(5>
1)

Revised March 18, 1970

Fracture Toupghness Tests

Ferritic materials shall be tested for fracture toughness proper—
ties by maans of the Charpy V-notch impact test (ASTM A-370), and

the Drovweight test (ASTM E-20B), in accordance with the following

requirement and the adjusted fracture energy levels determined as

specified in (5)(11) te demonstrate compliance with the fracture

toughness criteria of (3)(ii):

() Charpy V-notch (cv) impact tests shall be conducted to define
the Cv test curve (including the upper-shelf energy level)
using Type A specimens oriented with respect to the "weak"
direction (VR orientation in plates) of the respective plates,

L3, pipe, and tubes ifuniénded for pfussure—con~
taining components,.

(b) Where the usa of specimens orilented with respect to the 'weak"

direction is not practicable, specimens oriented with respect

to the "strong’ direction (RW orientation in plates) may be used

jﬁ.g O AT provided test correlation data obtained from ferritic materials

goLL I Q
ZATIOT

of the same specification 1s available to convert the Cv test curve
(RW orientation) to the Cv ﬁesQ curve (WR orientation). Where

such correlation is not available, the "strong' direction C

test curves may be used to demonstrate adequate fracture tough-
ness provided that ferritic materials exhibit, at the minimum
service temperature, adjusted fracture enérgy levels no lower

than 1.5 times the energy levels of (3)(ii ).




(@)

(£)

Matericzlc used to prepare test specimens shall be represecta-

tive of the sctusgl properties of the fin}ehed component as | !

rquired by the applicabla ccpattuction code under which rules

the component is built, with the cxception that ferritic mzterials |
intended for tha reactor vassel beltline ragion shall comply

" with the requirements of (5)(i)(d).

Materials ucad to prepare test specimens for the reactor wvessel

beltline region shall be taken directly from excess material

.end walds in the veassel shell course(s) following completion %
ANT wWHICH NAYE QENE TS YA THE w’mw
of the production longitudinal weld joint. Where aseamlecs -
L.F‘/_,g{
ghell forginpgms ave used, the test specimens ghall be faken

from a geparate weldment using excesz material from the ghell

forging(c) end welded under the same production, welding condi-
tions applied in joining the sheil forgings.

Charpy V-notch impact test machines used to determine fracture '
toughness properties for comparison with the criteria of |
(3)(11) sh=zll have been calibrated at least once in each
6-month intervasl employing standnrd epecimens obtained from | o

U. 8. Army Materials Research Center, : _ '
Ferere Tp ADTr SFPEC, .

Temperature instrumentation used to control test temperature
of specimens, for both Charpy V-notch impact tests ond drop-

weight tests shall have been calibrated at least once in each

3-month interval.
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(i1) Adjusted Fracture Inergy
The Charpy V-notch {Cv) test curve a2s derived from the tests of
(5) (i) shall be adiusted as follows, to establish the adjusted
fracture energy of each material tested, for comparison with the

acceptance requivrements specified 1n (3)(ii):

(a) The Charpy V-noteh curve of (5)(1) shall be translated to
the right along the temperature coordinate by a temperature

increment equal to the sum of:

(1) the difference between the Nil-Ductility Transition (NDT)
temperature derived from the Dropweight test (DWT), and

the temperature correspounding to the Charpy V-notch "fix"

energy value (ft~lbs) specified in the ASME Section III -

Nuclear Vessel Code for the applicable ferritic material,
to be applied only when the HNDT temperature 1ls higher
than the temperature corresponding to the Charpy V-notch

"fix," and

(2) a "size-effect" increment of 70°F to be applied only for

f material thickness above 3-inches,

(b) The adjusted fracture energy, as read from the adjusted Cv
curve of (3)(1i)(a), at the minimum service temperature,

ghall be used to determine compliance with the fracture

~  toughness requirement of (3){(ii).
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APPENDIX F

REACTOR MATERIAL SURVEILLANCE PROGRAM REQULREMENTS

I Introduction

The requirements qf this material surveillance program are intended to
mnniior the changes in the fracture toughness properties of reactor
vessel beltline region constructed of ferritic materials, which
changes such materials may experience as a consequence of neutron
irradiation over the service life of the‘vesael. The purpose of the
program 15 to obtain fracture toughness test data from material
specipens withdrawn periodically from the reactor veasgsl, to assure
- that the vessel will be operated under conditions of adequate margins

of safety against byittle fracture.



i

.11 Definitions

A.

E,

"Beltline region of reactor vessels'' means the shell macterial,
igcluding welds and weld heat-affected zones, which directly

surround the effective height of the reactor core.

"Effective height of reactor core' ia not less than the overall
height of the reactor fuel element assemblies, and in no case
less than the height of vessel internal thermal shields where

used,

"Minimum service temperature" is defined in 10 CFR Part 50,

§.50.55a (1)(2).

"Adjusted fracture energy’ is defined in 10 CFR Part 50, § 50.55a

(1)(2).

"Integrated surveillance programs'' means the combination of
individual material surveillance programs as applied to one or
more reactor vessels to yield results which serve to monitor the

changes in fracture toughness properties for a group of vessels.



111 Materia)l Surveillance Program

A.

Surveillance Program Requirements - Reactor vessels constructed

of ferritic materials shall have their beltline region monitored

by a surveillance program complying with the following requirements

and the provisions of the ASTM Specification E~-185-70 except as

modified by these requirements:

1‘

3.

Surveillance gpecimens shall be taken directly from the
exceds shell course materiai, welds, and heat-affected zones
of the belrline region of the reactor vessel, which are used
to conduct the fracture toughness tests in meeting the
requirements of 10 CFR Parc 50, § 50.55a (1){(4).
Irradiation capsules containing the surveillance specimens
f?&%&éﬂT;tJBJ
shall be located as close as .practigable to the inside vessel
wall, In any c;se, the capsule locations shall be such that
the calculated neutron flux received by the innermost {(with
respect to the reactor,cofe) irradiation specimené will not
exceed three times the calculated maximum neutron flux at
the inside wall of the vegsel. The design and location of
the capsules shall permit removal and reinsertion of the

capaules.

The required number of specimens and capsules and their

withdrawal aschedule shall be governed by the following:



(a} For reactor vessels for which 1t cﬁn be conservatively
demonstrated by experimental data and testa performed on
comparable vessel steels that the adjusted fractute_energy
level of the reactor vessel beltline ragion will meet the
requirements of § 50.55a (1)}(3)(i1), at a temperature of
100°¥, over the entire service.lifetime of the reactor
vegsel, at least three capsules shall be required, for
withdrawal as follows:

Withdrawal Schedule

lst capsule ' 1/4 Service Life
2nd capsule 3/4 Service Life
3rd capsule ‘ Standby

In the event, the surveillance specimeng exhibit, at
one-quarter of the veasel's gervice life, a shift of the
Charpy V-notch (Cv) fracture energy curve greater than
org;nally'predicted hy test data, the withdrawal achedule
shall be modified as follaws:

Withdrawal Schedule

is% capsule 1/4 Service Life
2nd capsule 1/2 Service Life
3rd capsule Standby

TROLUDE MOENITOIR REQUIREMENT



L e

(&)

(e)

For reactor vessels which do not meet the conditions of
IT11 A.3(a) but for which it can be conservatively
demongtrated by experimeqtal data and tests performed

on comparable vessel steels that the adjusted fracture
energy levels of the reactor vessel beltliné region
will meet the requirémenCS of § 50.535a (1)(3)(41), at a
temperature of 200°F over the entire service lifetime of
the reactor vessel, at leaast four capsules shall be
required, for withdrawal as follows:

Withdrawal Schedule

1st capsule At time when predicted
ghift of Cv adjusted

fracture energy curve

/ L
. Y . is approx. 50°F oy AR
= v b o [‘,é‘.) sl he e, f.6 s iy
2nd capsule Approx. equal interval
between lst and 3;d
capsule withdtfawal
3rd capaule 3/4 Service Life
4th capsule Standby

For reactor vessels which do not mset the conditions of
IIT A.3(b), at least five capsules shall be required,

for vi;hdrswal-as follows:



B'

withdrawal Schedule

lst capsule

2ad & 3rd capsule

4th capsule

5th capsule

At time when predicted

shift of Cv adjusted

‘fracture energy curve o
is approx. S50°F O kﬁé Qn}'\
Approx. equal intervals
between lat and 4th
capsule

3/4 of Service Life

Standby

(d) Withdrawal schedules may be modified to coincide with

those refueling outages or plant shutdowns most closely

approaching the withdrawal aschedule.

(e) Sufficient “"archi
pare additional s
ASTM Specificatio
meet the conditio
material shall be
material, welds,

in II1 A.l.

va' material shall be retained to pre- i
urveillance gpecimens (as recommended by’ |

n E-185-70) except for reactors which

ne of ILI A.3(a) or (b). The "archive"
obtained from the excess shell course

and heat affected zones as identified

integrated Survelllance Program

1.

An integrated surveillance program may be employed for multiple

reactor vessels locate

d at one site, provided that;



(a) The reactors are designed in accordance with the sane

dtgﬁllpt ade\design specification, and constructed by & single fabri-

(b)

cator using the materials produced to the same speclfica-

tions, and empioying the same fabrication procedures.

All reactor vessels meet the conditions of III A.3(a)

or (b).

(\{.Mmi Lo powt ‘Zﬁ All reactors will be operated .nder comparable conditions

Tt INRLVDE S8ME
AL L AT R

(d)

(e)

(f)

and service,

All reactors are provided with equivalent space for
insertion of a full complement of surveillance capsules
and sufficient "archive'' material is retained for this

purpose

Each vessel contains material specimens obtained from
its respective beltline region as required by the provi-

sions of III A.l.

The most congervative value of adjusted fracture energy
levels determined from tests of the specimens withdrawn
from any of the reactors will be applied to all vessels

in establishing operational limitatioms,

For an integrated surveillance program, the required number of

capsules and the withdrawal schedules ghall conform to the

following:



(a)

D o R
Kgwo P

C.

(b)

For reactor vemsels which meet the conditions of IiI A.3(a),
the number of capsules and the withdrawal schedule éhall

conform to the requirements of III A.3(a).

For veactor vessels which do not meet the conditions of
I1T A.3(a), the veasel initially placed in service ghall
contain & fell complement of capsules as required by III a.3(b)

BT —4{e}y—as applicable. The remaining vessels shall contain a

minimum of three capsules.

The withdrawal schedule for the vessel with the full comple~

ment of capsules shall comply with the schedule gpecified in

IIT A.3(b) or—{cr—asapplicabie.

The withdrawal schedule for the other vessels shall correspond
approximately to the achedule for the withdrawal of the last
tua-capsules from the vessel initially placed in service, And

the third capaule retained as a standby.

Fracture Toughness Tests

1.

Fracture toughness testing of the specimens withdrawn from
the capsules shall be conducted in accordance with the require-
ments of 10 CFR Part 50, § 50.55a (1)(5) '"Fracture Toughness

Tests."

The test results shall be adjusted in accordance with the
procedure specified under 10 CFR Part 50, § 50.55a (1){5) to
verify that the fracture toughness requirements of § 50.55a

(1)(3)(11) are satisfied.



D.

Report of Test Results

1. Each specimen withdrawal and the fracture toughness tests shall

be the subject of a summary technica; report, which includes

a schematic diagram of the capsule locations in the reactor
vegeel, identification of specimens withdrawn, the test réuults,
and :ﬁe tranalatiﬁn &f the messured results to those‘axiec:ed

in the reactor vessel beltline region.

The report shall also include the dosimetry measurements per—
formed at each specimen vithdraweal, analyses of tﬁe results
which yield the calculated neutron fluence which the reactor
vesgsel beltline region has received at the time of the tests,

and comparisons with the orginally predicted values.

The miniﬁum service tamparature, egtablished for the period

of operation of the react;r vessel between any two surveillance
apecimen with&raéals shall be specified in the report, including
any changes in operational procedures which will be adopted to

assure meeting such temperature limitations.
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'.yﬁeld-strength eha&l bo'subject to review and approval by the Commisstou.--

P . . o

§ 50.55a (1) FRACTURE TOUGHNESS CRITERIA

(1) Iutroduction and Scope

These criteria,specify minimum fracture toughness requirements fo:

ferritic materials of pressure—retaining components of the reactor
_eoolant pressure: boundary, to provide adequate margins of safety againot R v

fracture under normal reactor operation, syatem hydrostatie teats, and

antiotpated transients towwhtch the. system may be subjected.over ics
entire-service lifetime.,
These criteria apply to carbon and low alloy ferritic steels (iucluding

P 0

welds and ueld hoat-affeoted zones in such materials) ‘whose specified

-,minimum yield strength. as defined in (2)(v), does not exceed 50,000 pai

‘..

Adequacy of fracture toughness of matertels with higher specified minimum

‘These criteria apply to. preesure-retaining components of the. reaotor

'coolant presaure boundary for nuclear powet plants whose conatruetion ’

:pe;mtg is iooued months after these criteria are published as. a

LR

' “ Regulation. For nuclear power plants uhoee construetiou'petmitzia-1esue3-;iﬂ ’
ﬁfior:to-uheezdaCe, theae.criteria ehall be applied to the extent ﬁractie-~'_ .

. able, to estebliah safe operating: procedures ‘based on the measured fracturef 

toughnesa of the forritic mateérials used, ‘In cases 'where :hese critaria
canno: be aatisfied at any time during the service l1ife, the liceneee Bhalli :
demonstrato by other means that adequate margine of saféty are. available "”

for eontinued operation of the system.
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are based on the current state of dévelopment of fracture méchanics and ~ |

periodic revisions aa more dath are obﬁained on the fracture toughness

'prépérities of irradiated heavy section steels.

‘the available: fracture toughness data. These criteria are subject to

.

The minimum fracture toughneéé.rEqﬁireﬁénté specified in.these: criteria
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(2) Definitions

®

1)

-(11i)

_i_tﬁ‘whféh the feactor”édélhﬁt'pféséufa bouﬁdafy. Or.ﬁorﬁibns”.

{iv)

'(é)' normal system -ahutdown: ' .and cooldovnm . SN

(d) system Cransients in changing from one normal condition to-

"Pressure—retaining componanta are those pressure vessels, _ 5fﬁ”

;p_ip'ing,‘valves.,' and pumps, which make up the reactor coolant _

prggsﬁre'bouﬁaary. as defined im 10 CFR Part 50, § 50.2.

"Normnl reactor operation includaﬁwthosa conditions normally

' expectad during the ‘course of reactor coolant system operation,,,;f,*

including, but not: necassarily limited to:
(a) " normal system startup
(b} normal operation in the design power range {including hot -

| 'standby operation)

A

'dnothar'(e;g.,_power-loading and unloading)=-

"Systeﬁ-ﬁydrostgﬁié“teéta" 1nc1uﬁe those prassurizktion-cyclés

thereof will be subjected 1n the conduct of any hydroatatic

-testa‘of the;ayatem._ Such tests include. thosa required to comply

with the rules of the ASME Seection XI - "Rules for Inservice
Inapeétibn bf'Nuclear Reactor Coolant Systema 88 well as :ests;“iﬁ

cbnductedlprio; to each plant ‘startup.

“Anticipated tranaienta" include faults of mnderste frequency.. ;

and infrequent faults.- Faults of moderate frequency are those

A

PRI (R S D MY Y



deviations from normal operating oondftions under which the
reactor coolant system must regain its normal operational status,

lnquding, but not oeceosafily‘limited.to:

(5} :siogle'otroro by oPeratora in the use of controls or
” con:rol devices, which wnder normal operating. cooditions are.“
corrected aotomacically,
(g)- reactivity changes due to improper control. rod motiona,_
chomical.(neutron abaorber) dilutions, or inadvertent modorflx"k
- ator cooldawo, ? |
(gj Tstep-load transients including reactor—turbine iload mismatchV;f
\ (e:go,.loss of load);_‘
fg) foootor;ocfaﬁs dofiﬁg normal foaotor operatiog oonditlonp
(e g., turbine trip}, |

(e). reactor coolant flow interruptiona (e.g., pump failure, loss".

_ofpuﬂppwer)._-ﬂ o o SR

(£) malfunctions of the associaced ‘auxiliary systems and the

main steasm and feedwater dygtems, which.causeotranaients-inl”l'

the reactor coolant system. B

. Infrequent faults are those postulated deviations from norkal opera- :
ting conditions which require the reactor to be shut down,.includiogla

but not necessarily limited to:

(g) systeo:depressurizaoion by faflure of active eléments,-(e.g,,
fatlure of a safety valve to opan, or inadvertent opening of

a normally closed valve),



———

(h) -reactiyity‘excursibn resulting from the ejection of maximum

worth 'control rod,

(1) transients in reactor coolant system as a result. of a major .

rﬁpthre in the boundary of the main steam and feedwater
systems,,
(1) design postulated accidents (e.g., rupture of any pipe within »0. "

'tﬁe*boundary'of'the'reactor coolant syﬁtem)-which'reQuire B

operation of. emergency core cooling systems,
(E); reactor coolant systems: transients produced by the operation

3 .¥; o 'aﬁnemetgency cnre,cooling systems..

[

(v): "Spectfied minitum yield strength" is the minimum yield strength .-

T . in’ the: unirradiated Condition of a material, tabulate&*in:tHle'

éa«@;ﬁ L construction cddeiuﬁderwvhfch rules the component is bufle, !
R o o (vl); "Loweat pressurization temperature" of a compouent 15 the lowest ﬁ": 
cemperatute at which coolunt preasure within the component .

' exceeda.zs'percent of :he,:eactor coolnnt sysatem operating pres--'

'f ' : sure,'or-at:which the rate of:temperatufe‘éhange in thezcompanéanf i
s PR ' h'_ material exceeds 50°F/hr, under normal reactor-operation,.system
hydrogtaric teata or anticipated transients.

e S (viit) "Adjusted fracture energy is the fracture energy uf ferritic

materinl, at a. given tempera:ure obtained frnm the Charpy V-netch

" curve adjusted-in;nccordance with (5)(11)(5).
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: e
v : (viii) _"Beltl‘ine region of reactor .ves-sel" comprises the shell material.
. 1 : _ . : including welds and - weld, heat-affected zones which directly
*H . - .surrounda the effective height of the fuel elefnent asaemblies-
plus any additional material for which the predicted shif: of . the'--
ot 'Charpy V-notch (C ) fracture energy curve exceeds 100°F
EN
g ‘ i
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3) Fracture Toughness Requirements

(i)  Ferritic materials of pressure-retaining components of the reactor coolant
pressure boundary (except as quantified under (3)(v)) shall exhibit
throughout their service lifetime, at the lowest pressurization temperature,

adjusted fracture energy levels no lower than the following:

Section Thickness Minimum Charpy V-Notch
t (inches) Adjusted Fracture Energy (ft-lbs)
Average One Individual

3 Specimens Specimen

t>5 50 45*
2<t<5 45 40
t<2 40 35

(ii) The upper shelf fracture levels, as determined by Charpy V=notch tests, shall
be at least 15 ft-1b higher than the values specified under (3)(i), except for
reactor vessel beltline material which shall meet the additional requirements

of (3)(ii).

(iii) For the reactor vessel beltline region the upper shelf fracture energy levels for

unirradiated material, as determined by

* For reactor vessel beltline region these minimum fracture energy levels may be inadequate for
plates and forgings thicker than 12 inches. The minimum fracture toughness of such vessels shall
be subject to a separate review by the Commission.



e

Charpy V-notch tescs;,bhall meet the following requirements,
except where it can be conservatively demonstrated by appropriate,'
data.end?analyaes-that lower values of upper shelf fracture energy hi

are adequate. Such dhte and . analyses shall be subject toirevfew ﬂf

and epproﬁal by the Commission.

(a) For reactor vessels. for which it can be conservatively

demuﬁatrate& by experimental‘date and tests performed
.on.eamparablelvessel ateels, and'making-proper.allewaﬂces~
fer all uncertainties inntﬁe measurements, that the
adjusted fracture. energy level of the reactor vesael
vjlbeltline region will meet .the requirements of (3)(1)
at .a. temperature of 100°F, over the-entira_serviee Lifer_
time ef the reectqr vessel), the*uﬁper shelf-ﬁractere-epergfﬁTf;in-
levels for enirra&iated.material shdall meet the-reqﬁiremenr§ 
of (3(11) . | |
(Q} For reactor vessela which do not meet the . conditione of
K (3)(111)(&) but for which it can be coneervatively demon-.
‘etrated by,experimental deta andltests performed.on comparf
able resael steels that the adjusted fracture energy leﬁele
of the reactor vessel‘beitline region wiil meet the'reeuire- r';
ments og (3)(1) at e temperﬁture of ZOOfF, ever the entirer
service 1ifetime of the reactor vessel, the upper shelf
fracture energy levels for unirradiated material ehall be -

at least 20ft-1bs higher rthan the values specified under (3)(1)
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(iv)

)

(vi)

- temperatures below 200°F

(c) TFor reactor vesselg which do not meet the conditions of
.(3)(iii)(2),-the'uppet shelfﬂfrécture'éﬁergy 1evéis'for“
uﬁirradiaced material sliall be at least 25ft-1bs higherf_ff;*

"than the vnlﬁaa-specified under. (D).

Reactor vessels which do not meet the conditions ofb(3)fiii)(E?) f..‘j

shall ‘be designed to permit a thermal annealing creatmeﬁt to

. recoﬁer'm&ferial'toughness propertieﬁ of fefritié materials df_?;f

the reactor vessel beltlitne, . : ig

.Ferfitic-material llz?inch.and-less in thickness, when made.ko

fine-grain- practice may. be used in pressure retaining component;
of the .reactor coolant presgure: boundary without campliance with K
the requirements of (3)(i) proyided'their lowvest pressurizationl'f:
tamberaﬁure is not leés.fhaﬁ 100°F. - - - 3}f.

L P

The.ini;iél'fraqtu;e toughness propertiés'of ﬁnirfédiafe&{maﬁerﬁ&is'

shall be adequﬁte'to allow praoperational hydrostattc tasciné

. of the teactor coolant presaure boundary. or portions thereof, at
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(4) Inservice Req_;remenc - Reactor Vesgel Beltline Material

(1) Reactor vessels shall have their beltline

egion materials and o7

de1d properties monitored by a surveillance program conforming

_ to the "Reactar Haterial Surveillance Program Requirements

Appéﬁdt# ¥.

(11) Reactor veaaels shali‘be acceptable for continued operation'fof e

tha: aervice period within which.

Qg) 'the predicted adjusted ftacture energy, at the lowest

' pressurization. temperature, (as derived -from: the testiresulfki-

- cf‘theﬁmaterial;suryefrlhnce=prograﬁ-of;{i)fghove)'sattafies;:

'the-Eéquirémentérof”f33(1), and’

(h}'.fhé-requtremantslof the ASME Code  Section XI,

"Rﬁleh'fdr

"

Inservice Inspectian of Nuclaar Rgactor Coolant Systema .-

are: met prior to each. reaumption of gystem operation.

(111) TIn ‘the-event that thé’réqui#emeﬁté'of (3)(1) candot be met) - . .
reactoflﬁéééalsfﬁﬁy?hé acéeptébleﬁfor continued1bpérattqn; pro- "

" vfﬁédifhe3foilﬁ?iﬁ8.fQQﬂirémantsvaré:ﬁa:isfied for:theVaPéciﬁiédfip

conditions;

(g)' if the pfedictéd.adjﬁéﬁéd frﬁcture-ahergy level is aQualJo?';f-

higher than 35ft-Ibs, the beltline reglon of the vessel

shall be subjectad to essentially 100 percgﬁt,volumetrié

examination in dccord with the rules of ASME Code Sectlon XI,

andﬁﬁ fraéturelmechanics'analysis shall be perfofmed; which -~
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o,

conéervativel}.oemonstrates'thet-adeouate safety margins
_ekiet foi.cont;nued operation, Such analyeis'ahallloe'Besed;'
'5n;}- 1. : . _ :

?};-' o o ' ' (1) flaw sizes detected by the 1nservicelinapection,

_(_2_).‘ vel‘i;d'-: i'racture 'tongﬁness &ata (K per ASTM: Spec. .

Ic. _
Ttk *_ - - N E~2%). for ‘the: {rradiated base metal, welds and weldL '

heat—affected zones, and

(3 stress analyseo of the. beltline region,

(b) 1if the prediotad adjusted fracture energy level is lower -\;f

-----

then 35ft~1bs, the. reactor vesael beltline region shall be

| ubjectad to'a theml annealing treatment to effect recove;;'- :
of material toughness properties. 'I-'he degree of-such-recovery ES
ahall be monitored by testing specimens from the survelllanze;, .
prOgrem:capsulea before and"after'annealing'treatment3,L'ﬁe‘1ff;‘

'and shall be adequate to satisfy the rEquirementa of (30(1) 3;f-
at the end. of the proposed service period. v

{c) -if the requirements for conditions (_) ‘or - (b)" ‘¢annot be'- ‘igi

satiafied, the licensee shall be responaible to, demonatrate‘7“

) by_other.approprieteqmaane. chnt adequatetsefety mergins i

. exist for'continued'operationi

oy

The proposed programs - for conditions (_). (b)) or (_), shall be: -

raported by the ' licensee to the Commission for review and
approval at least 3 years prior to the date when the.predicted,
fracture energy lewvels will no longer ssdtisfy thE'reqi:ements-of

3)¢1).

Lo
PRI R P L
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; (5} Fracture Toughness Tests |
'é (i) Ferritic materials shall be tested for fracture tooghnesa proper-slz
'Q! 'Izﬁ ' .‘ - ties by means of the Charpy V—notch impact test (ASTM A-370),
5%%%"; _ ' and-the.unigradietedtmateriams also by means of'chedDropweighc-:ﬁf
? tesc,(ASTﬁiE—ébs);.in_aécordance eich the followiog'fequireoantf-u
{t- Tg | - and.thenadjustéd-fractore-energy levals determined as Bpecifiéd-;?i
nw:? L ' '_ in (SJKii) to demonstrafe.coopllance-with-the-fractore coughneso ﬁf
B ' | criceria of (3)-(*15-- . . S L
-;ﬁﬁ;ﬁ - ' | {a): Charpy V-notch (C ) impact tests ahall be conductad to.

_ define the C test curve (including the upper_ghelf energy ;h

o

é- Tlovel) using Type A specimens oriented with respect to- the':”
. 'E weal" diroction CWR orientation in platea) of plates, _
%QJTE o o i B forgings, castings, pipe, nd tobee intended_for,presougef;"ﬂ;
“Tffli o '_: ; retaining'components; L Lo , ;.. _f;;' E;
-é;?%.%. ) ' ' (E}.-I“ lieu of (a) nbove C apecimens oriented with reapect to‘:.
Fe. A1 '

the ”strong direction (RH orientation in plates) may be:

;oeed"provided:teet correlation data obtaioed-from fergitic

materihlé-of‘che'aame specificacion'are‘evofleb;e to con%eccz; 5

:* “f o the C teat curve (Rw orientation) to the C tegt cutve; _

o (HR orientation) i
H . : ‘
- () In lieu of (b) above, C specimens oriented wi:h reopecc
{ . to the "strong"-direction may be used toauemonstratevadeqnebw :

fracture toughness provided that materials exhibit,,at che._:f?

I S ' lowest pressurization temperature, adjusted fracture energy s

e - R i s U O 0 WPV VI L P U SV R
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levels no lower than 2 times the energy levels of (jJ(i)-

‘Materials uaedctofprepare test Specimens.shall”be repreaenta-

tive of the actual propetties of the finished component as_

required by the applicable construction code under whichtx_‘

' rules the - component is built, with the exception that. ferritic

()

69

(g)

materials intended for the reactor veasel beltline region¢;=
shall ‘comply with the requirements of (5)(1)(e).

Materiala uged to prepare test -specimens for. the reactor.l
vesael beltline region ahall be taken directly from exceaa:r: _

material and welda in the veaael ahell courae(a) followihg

_completion of the production longitudinal weld joint, and

'subjected te. the heat treatment equivalent to that received

by the vesael throughout its fabrication proceaa Where--ltn
aeamless shell forgings are used, the. test apecimena shall

be. taken from. a- aeparate weldment using exceas material from

“thie sliell forging(a) and welded under the aame production

‘welding conditions applied inyjoining\the.ahellﬂforgangané‘”&

Charpy V-notcn imoact test machinea“used to determina-fratturet
toughness propertiea for comparison with the criterialof | |
(3)(i) shall have been calibrated at least once An: each
6-month 1nterval using methoda outlined in ASTM 523—60

and employving standard apecimens obtained from U.. S. Army
Materials Research Center.

Temperature inatrumentation used to control test temperature

i

of specimens, for: both Charpy V-notch impact testa nnd

{{I : i i a4 1n e e b S U ST SO SRS R
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.authority over the tests. performed that

1
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dropweight tests shall have been calibrated at lemst once

in eech Fmonth interval.

Peraonnel performing these fracture toughness tests ghall be.n\

qualified by training and experience and ahell have demon—';;ymf”

strated campentency ta perform the tests in. accord uith
wriitendprocedures.of'the component mnnufacturer:or the

licensee.

Fracture;tnughneas tests results shall be recnfded end shall - -

incIude-e-cetcificationwby the responeible person having

1) the test. dats are correctly reported and identified _;

_with.the-matcrial intended fer 8 Preeeure—rcteinins e L

"camponcnt,

(2) the tests: have been conducted using machines and instru--"y

I_nentetion,with,evailable reco:ds-ofﬂperiodic-caiibrar'- L

'tion3 and"

L3) the personncl performing the teate are identified and

records. of their qualifications are- availahle upon

request.

*“f? o ' (ii) Adjuated Frecture Enargy
e o The Charpy V—no:ch (C ) test curve ag ‘derived from the tests of
(5)(1) shall be edjusted as follows - to establish the adjusted

frecturc energy of "each material tested, for c0mparison-ﬁtth'the_f[

- .- : acceptance requirements specified in (3)(1):

5

e
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(a) The Charpy V-notch curve of (5)(1) shall be translated to -
- the right along the temperature coordinate by a temgeretqre“

increment equal to. the sum of:

Loy

(1) the difference between ‘the Nil—Ductility Transitian f

) (NDT) Cemperature de ived “from the Dropweight test
. '.__43}-

(DWT}, and the temperature=corresponding to the Charpj"
-notch “fix" energy value (ft=-1bs) epecified in the
'ui_ . ASME Section IIT - Nuclear Vessel' Code for-the applic-‘;*

able ferritic material as obtained from tests-on .

unirradiated 5pecimens,_to be applied only when thesNDT i

temperature is higher than the - temperature corresponding
v . C ' to .the Charpy V-notch "fix“ and

(2) a size-effect" ‘increment of 80 ' to be applied fn N

ﬁaterialﬂthickness-S*incheSfend greater, an@;ﬁOfF:fo_

ma:erial thickness 1ess that 5~ inchee.

(b)Y The: adjusted fracture energy, as resd from the adjusted C _ ..,Q

curve: of (5)(11)(3). at the loweet pressurization cempera

ture, ‘ghall be uaed to determine campliance with the fract re

toughnesa requirement of (3)(1)
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Appendix F

Reactor Material Surveillance Program
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APPENDIX F

REACTOR MATERIAL SURVEILLANCE PROGRAM REQUIREMENTS;

Introduction:

The rcquirementslof this material surveillance program are to moninor_"'

the changes in the fracture toughness propertieq of ferriiic materials

in the reactor vessel beltline region aa a consequence of neutron

1rradiacion.' The purpose of the program is to obtain fractuyre toughness

vessel to assure that the vessel will be operated under conditions of

i
I
1'
|
test data from material Specimens withdrawn periodically from the reactor ‘
1

ut

thquate margins of safecty againsi\fracturefthroughouc.its service life.
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befinitions

A. "Beltline fegionlof reactor vessel is defined in 10 CFR Part 50, .
§ 50.55a (1)(2).

B. ‘“Lowest Préssurizatiou Temperatqre" is-definéﬁlin 10 CFR Part 50;-','.
§ 50.55a (1)(2). | |

C. "Adjusted'f:acture energy” is defined in 10 CFR Part 50, § 50.553
W . -

D. ”Ihtggrated'éhrvéillance programs' means tﬁé combination of

L mne g prm——— = e

individual material surveillance programs as applied to one or

'more reactor vessecls to.yield results which serve to monitor the’

changes ih.fraccure toughness preoperties for a group of_vesselsl
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1I1. Material Surveillanecc Program
A Surveillanoe,Program-Requirements_— Reactor vessels comstructedy =
of-ferritic'materialsfshall have'their'beltline‘region-mnnitored;'

by a surveillance program complying with the prov131ons of the g o

fil » ASTM Specification E-185- 70 except as modlfied by the following i
{eﬂi ;requirementsJ ' i
j% :_” L 1. Surveillance epeELmens,sHall be “taken directly-fron thell"h
| excesezshellmcourse ﬁeterial, welos,;and ﬁeat-afftcte&_zoneegl
B | . _ : of.the.beltllnewreglonwof.the-feector vessel, whioh~ate3uged% '
?i%'*;. o ' tolconductithe'fracture toughneos~testslin meetiné the é
o : :

' 'requirementswof 10 CFRiPartISO '§'50“55a (i)(3) Type of .

_.the specimens ahall comply with the requirements of §. 50 SSaE"x {

(1)(5)(1) g L

2. IrradiatiOnacapSules containing7the.sutveillance soecimens '%‘In

A ——

shall be: located as. close as precticable to ‘the inside vessel .

well but-shall not.be attached-to the.wall In any case, the

capsule loeations shall be such that the calculated neutron ﬂ 'QﬁT
. . S
flux-recefved.by the innermost (with respect to the.reactor“ o
x .

'core) irradiation specimens wlll not exceed three times the

calculated maximum neutron flux at the: inside wall of the

vessel. THe design and_locatibn of the capsules shall'permit

ineertion_of replacement capsules,

A

. ) - " P - .
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Thefreﬁuired numbér;df_speCimens and capsules and fheir 
withdfawalsscheduie shall be governed by the following:
{a} For reactor vesséls for which it can be'conservativeiy
 demonstrated by éxperimental.data and fests perfofmed.
on;comﬁarable vegsel steels, and ﬁakiﬁg proper aiidwaﬁ&eﬁ?u-
for all uncertainties in the measurements, that the
adjusted fracture-éﬁergy Tevel gf the }eactor.vessel
beltline regibn.will meet the requirements of §“50.$5a“
(1) (3) 1), atléltemperature of 100°F, over the eﬁtipe
qeryide lifetime 6f the reactor vegselw at 1e;3t three
capsules shall Be required, for witharéwal as_foilows:

Withdrawal Schedule

. ) I f‘ . - N .
lst capsulﬁ-. . o 1/4 Service Life
2nd capsule: T 3/4 Service Life:

3rd capsule ' N ) Standby

.In the event the surveillandé specimens exhibit, at’
6ﬁé~quantér of théfveésel'é ser#icé life, a shiftgbf tﬁgsl‘ﬁ'

- Charpy V-notch (C ) fracture energy curvelgreater than .
originally predicted by test data, the ‘withdrawal schedule“

shall be modified as follows: - ' S 525

- 1
Ly

. - - )
T S B
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3rd capsule - 3/4 Service Life

4th capsule o ‘ Standby

L (¢) - For reactor vessels which do not meet.the conditions of

PRI S ' ;IIiiA,S(h),.at least five capsules shall be required, .’

for withdrawal as follows:

Nithdrawﬁl Schedule -
ist capsule | _ At time when predicted
shift of Cy adjusted

O | . S ' ‘ fracture energy curvej
ié approx. S50°F or at
1/4 Service Life, which-
ever comes firs;g

s _ i ' : énd’& ?rd cap;Lle L ) App;og.:?qualjiﬁtgrﬁalg

between lst and 4th

capsule
; ) 4th cqpsule'- c 3/4 of Service Life
ST - . Sth capsule = . Standby
'(d) Withdrawal schedules may be modified to colncide with
cere 1o : e those refdeling outages or plant shutdowns most clbself

apprbaching the withdrawai_schedule.
s ) : (é} ‘Suffictent "archive" material shall be retained to pre-

iy ' h : ‘pare'additionai survéillance specimens (as’ recommended by

e
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o

~material, welds, and heat-affectedIzanS-as,identified'

f”) _

o

ASTM Specificaton E-185-70) except for reactors which
meet the conditions of 'IIT A.3(a) or (b), The "archtive"

material shall be obtained from the éxcess shell course

in iII‘A.lQ

B, Integrated. Surveillance Program

1. An'integrated surveillance program may be employed for multiplé-

reactor vessels located at one site, provided that:

(a)

(b)

(c)

(&)

The reactors are of the same design, ordered to the same -
design specification,.and conatructed by a single. fabri-
cator using the materials produced to the gsame gpecifica-

ﬁipns, and employing the same fabrication procedures.

All reactor vessels meet the conditions of ITL A.3(a) ;
EO . . . | . ]

Io;'(b)-

All reactors will be operated under comparable conditiouns

and service..

Epch vessel contains material spécimensrobtained from
its respective bgltliné region as required by the provi-‘°

sions of IIT A.1l.

{Tﬂ_

S SR
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(e} The most-conservaéivé value of adjusted fracture énergy
levels determined from tests.of the specimens withdrawn
_froﬁ any of the reactors wiil’be applied éo:éli yessels T

ﬁg;ﬁ,I P_- s _ o in establiéh;n#.operational limitations.. ‘

2. -Fprla;Iintegratéd'dirvéillaﬁcélproéram, the required number df_
capsules and the with&rawal schedules shall conform to the.

. following: |
(a). For_feactor vessels which meét the conditions of III %.3(&5;".4

| the-uuﬁber of capaﬁles-ahd.the withdrawal schedule fot}eaéﬂi 

vessel shall éonform_to the requirements of III A.3(a)i
I . - (b) For reactor vessels which meet the conditions of III AL3(b),
the number of caﬁsules for each vessel shall conform to.the"

requirements of III A.3(b).

The withdrawal ‘schedule for the vessel initialiy placed
in service éhhil.cpmpiy-with the schedule'specified in

-in A.3(B).

Thg withdrawﬁl schedulé fo;,thé other vessels 3hali cofre%
;,w-.: : qund apbroximatély go the schedule for the #ithﬂrawal of'
the last tw03capéu1es_from the vessel initially placed'iq
service, and. the :eﬁainiﬁg two capsules shail be retained

as s:andbys.'

an o s Sms - ——— TS



. C. Fracfure-ToughnesslTests

1. Fracture toughness testing of the specimens withdragn.from
the capsules shall be conducted in accordance with the
?requiygﬁénts gf lO_CEg Part 50, § 50.55a (i)(5)} "Fractufe |
'EQUgﬁhess Tests.' | )

2. The test.results Qhall be adjusted in-accordance.with the
‘procedire specified under 10 CFR Part 50, § 50.55a (1)(5) to
verify.th?t théiffaCture tough#ess ré&uiremehts of § 50.55a
(1) (3).(1) are satisfied. |

D;_'keport_df fest Resglta
i. ‘Each~gﬁecimen wiﬁharawal and. the frgcture toughness tésfs

éﬁall;be the subject of a summary technical repqrt, which

rea;;or-vessel..identification of specimens withdrawn, the
test results, and the translation of tlie measured results to

those Expected in the reactor vessel beltline region.

. Tﬁé_réport sﬁalilalsa‘fﬁclude the dosimetry measureﬁénhs per=
formed at each sbeciﬁén wigﬁdrawal, analyses of thg results °
whichlyield the calculated neutron fluence wiiich the reactor.
vessel Bélﬁline region haa'receive& at the time of.the‘teétsi

'and'épmparisoné'with-the'originally predicted values;;

includeé.a:schemaﬁic &iag;am-of the capsule locations in. the:

. ' . -
A b b e —— o ——— A " kmm s b n - B ——-—... — ™
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. The lcwest preasuriaatiOnJCemperature. as,def;ned 1h-ii,a,
 es£abiiehed fnr the:périod of uneration of the reactor
”veseel between any two surveillance specimen withdrawals
shall be apecified in the report. 1nc1udin5 any changes in
operational proccdures which will be adopted to aseure.

neeting such temperature limitations.
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the Administrator before taking action
upon the proposed rule. The proposals
contained in this notice may be changed
in the light of comments received. All
comments will be available, both before
and after the closing date for comments,
in the Rules Docket for examination by
interested persons.

. In consideration of the Toregoing, it
is proposed to amend § 39.13 of Part 39 of
the Federal Avigtion Regulations by add-
ing the following mnew airworthiness
directive:

GrunmMan. Applies to all Model G-159 air-

planes. _

Tompliance required as indicated.

To detect cracking in the wing to fuselage
attachment fittings at Butt Line 9 of Grum-
man AModel G-159 airplanes, accomplish the
following:

a. Within 6 months time in service after
the effective date ‘of this AD, unless already
accomplished, inspect the wing to fuselage
attachment fittings, P/Ns 159WM10064 and
159WMI10065 (P/N 159WM10223 assembly),
and P/N 159WAL10045 at Butt Line 9 Left and
Right, wing front beam for cracks, deforma-
tion, gaps, or improper shimming in ac-
cordance with Grumman Gulfstream I Air-
craft Service Change No. 190, dated June 28,
1971, or later FAA approved revision or in &
manner gpproved by the Chief, Engineering
and Manufacturing Branch, FAA Southern
Region,

b. If cracks, deformation, geps, or im-
proper shimming are found when conduct-
ing the inspection required by paragraph =a.
within 100 hours time in service after detec-
tion correct in accordance with Aircraft Serv-
ice Change 190 or in s manner approved by
the Chief, Engineering and Manufacturing
Branch, FAA Southern Region.

c. Upon xequest of the operator and FAA
Maintenance Inspector, subject to prior ap-
proval of the Chief, Engineering and Manu-
facturing Branch, FAA Southern Reglon, the
initial inspection time may be adjusted to
coincide with inspections for wing corrosion
required by AD 67-4-1.

This amendment is proposed under the
authority of sections 313(a), 601, and
603 of the Federal Aviation Act of 1958
(49 U.S.C. 1354(a), 1421, 1423) and of
section 6(c) of the Department of Trans-
portation Act (49 U.S.C. 1655(c)).

Issued .in East Point, Ga., on June 15,
1971,

i JAMES G. ROGERS,
Direclor, Southern Region.

[FR Doc.71-9454 Filed 7-2-71;8:48 am]

ATOMIG ENERGY COMMISSION

[ 10 CFR Part 501

LICENSING OF PRODUCTION AND
UTILIZATION FACILITIES

Fracture Toughness Requirements for
Nuclear Power Reactors

The Atomic Energy Commission has
under consideration amendments of its
regulations in 10 CFR Part 50, “Licens-
ing of Production and Utilization Facili-
ties,” which would add new appendices

FEDERAL
No. 129——5

PROPOSED RULE MAKING

entitled “Fracture Toughness Require-
ments” and ‘“Reactor Vessel Material
Surveillance Program Requirements.”
The purpose of the proposed amendments
is to specify minimum fracture toughness
requirements for ferritic materinls of
pressure-retaining components of the
reactor coolant pressure boundary and
to regquire surveillance of the fracture
toughness specimens of the reactor vessel
material by periodic tests. These amend-
ments would apply only to bolling and
pressurized water power reactors.

Criterion 31 of the “General Design
Criteria for Nuclear Power Plants” (Ap-
pendix A of Part 50) states that the re-
actor coolant pressure boundary shall be
designed with sufficient margin to assure
.that when stressed under operating,
maintenance, testing, and postulated
accident conditions (a) the boundary
behaves in a nonbrittle manner and (b)
the probability of rapidly propagating
fracture is minimized. The criterion also
requires that the design reflect considera-
tion of service temperatures and other
conditions of the houndary material un-
der operating, maintenance, testing, and
postulated accident conditions and the
uncertainties in determining (a) ma-
terial properties, (b) the effects of ir-
radiation on material properties, (c)
resiqual, steady-state and transient
stresses, and (d) size of flaws.

. "Theproposed amendments would spec-

ify minimum fracture toughness require-
ments needed to assure that Criterion 31
is satisfied and describe methods by
which the fracture toughness of reactor
coolant pressure bhoundary materials
should Jbe determined. Because of the
-special importance to safety of the re-
actor vessel and because the fracture
toughness properties of the reactor ves-
sel beltline region may change as a re-
sult of neutron irradiation, special re-
quirements for periodic testing of irradi-
ated specimens of reactor vessel beltline
materials would be specified.

Recent fracture toughness test data
indicate that the rules of currently ap-
plicable industry codes pertaining to
the required fracture toughness proper-
ties of ferritic materials used in nuclear
powerplants may not assure, in some
cases, adequate margins of safety under
certain conditions of operations. The
proposed fracture toughness criteria are
based on the theoretical methods of
elastic fracture mechanies, currently
under further development under the
AEC-funded Heavy Section Steel Tech-
nology  (HSST) Program at Oak Ridge
National Laboratory and on recent frac-
ture toughness test data obtained by
organizations such as the Naval Re-
search Laboratory, Westinghouse Elec-
tric Corp., and General Electric Co.

Pursuant tothe Atomic Energy Act of
1954, as amended, and section 553 of title
5 of the United States Code, notice is
hereby given that adoption of the follow-
ing amendments to 10 CFR Part 50 is
contemplated. All interested persons who
desire to submit written comments or
suggestions for consideration in connec-
tion with the proposed amendments
should send them to the Secretary of the

17697

Commission, U.S. Atomic Energy Com-
mission, Washington, D.C. 20545, Atten-
tion: Chief, Public Proceedings Branch,
within 60 days after publication of this
notice in the Fepegrar Recister. Com-
ments received after that periocd will be
considered if it is practicable to do so,
but assurance of consideration cannot be
given except as to comments filed within
the reriod specified. Copies of comments
received may be examined at the Com-
mission’s Public’ Document Room, 1717
H Street NW.,, Washington, D.C.

1. In §50.53a, the introductory lan-
guage in paragraph <b) is amended,
paragraphs (h) and (i) are redesignated
as paragraphs (1) and (j), respectively,
the reference to paragraph ¢(h) in para-
graph (b) (1) is amended to refer to
paragraph (1), and a new paragraph (h)
isadded to read as follows:

§ 50.55a Codes and standards.

Each construction permit for a utiliza-
tion facility shall be subject to the fol-
lowing conditions, in addition fto those
specifiedin § 50.55:

£ d Ed » - A ]

(b) As a minimum, the systems and
components of bolling and pressurized
water cooled nuclear power reactors spe-
cified in paragraphs (¢), (D, (e), D),
(), and (h) of this section shall meet
the requirements described in those para-
graphbs, except that the American Soci-
ety of Mechanlical Engineers (hereinafter
referred to as ASME) Code N-symbol
need not be applied, and the protection
systems of nuclear power reactors of all
types shall meet the requirements de-
scribed In paragraph (1) of this section,
except as authorized by the Commission
upon demonstration by the applicant for
or holder of a construction permit thaf:

. . L - »

(h) Fracture toughness requirements:
For construction permits issued on or
after January 1, 1971, ferritic materials
of pressure-retaining components of the
reactor coolant pressure boundary shall
meet the requirements set forth in Ap-
pendices G and H to this part.

- - L £ ] -

2. New Appendices G and H are added
to read as follows:

Avrpoipix G—FnrACTUurE TOUCHNESS
REQUIREMENTS

I. IINODUCTION AID SCOFE

‘This appendix cpecifies minimum fracture
toughness requirements for ferritic mate-
rinls of preccure-retalning components of the
reactor coglant preccure boundary of water
coaled power reactors In order to provide -
adequate margins of cafety under normal
reactor operating conditions, system hydro-
statle tests, and during trancient conditions
to which thie system may be subjected over
its cervice Hfetime.

Thesze requirements apply to carbon and
lovwr alloy ferritic steels (Including welds and
weld heat-affected zones in such materials)
whose cpeclfied minimum yleld strength, as
defined in section IIB, does not exceed 50,0063
p.od. Adequacy of fracture toughness of fer-
ritic materials with higher specified mint-
mum yleld strength shzll be demonstrated
to the commli=slon on an individual case

basts,

‘REGISTER, VOL. 36, NO. 129—SATURDAY, JULY 3, 1971
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II. DEFINITIONS

A, “System hydrostatic tests” mean those
pressurization cycles to which the reactor
coolant pressure boundary, or portions
thereof, will be subjected during all hydro-
static tests of the system. Such tests include
those required to comply with' the American
Soclety of Mechanical Engineers (ASME)
Boller and Pressure Vessel Code—Section
XI—*Rules for Inservice Inspection of Nu-
clear Reactor Coolant Systems” as well as
tests conducted prior to initial and subse-
quent plant startups. .

B. “Specified minimum yleld strength” is
the mintmum yleld strength in the unirradi-
ated condition of a material specified in the
rules of the construction cofde under which
the component is built, pursuant to § 50.55a.

C. “Lowest pressurization temperature” of
a component is the lowest temperature at
which coolant pressure within the com-
ponent ekceeds 25 percent of the reactor
coolant system normal operating pressure, or
at which the rate of temperature change in
the component material exceeds 50° F./hr.,
during normal reactor operation, system hy-
drostatic tests or transient conditions.

D, “Adjusted fracture energy” is the frac-
ture energy of ferritic material, at a given
temperature, obtained from the Charpy V-
notch curve adjusted in accordance with par-
agraph II1.B.1.

E, “Beltline region of reactor vessel” com-
prises the shell material, including welds
and weld heat-affected zones, which directly
surrounds the effective height of the’ fuel
element assemblies, and any additional
height of shell material for which the pre-
dicted shift of the Charpy V-notch (C,)
fracture energy curve exceeds 100° F.

F. “Material surveillance program” means
the provisions for the placement of reactor
vessel material specimens in the reactor ves-
sel, and the program of perlodic withdrawal
and testing of such specimens tbo monitor,
over the service life of the vessel, changes in
the Iracture toughness properties of the ves-
sel as a result of neutron irradiation.

G. “Integrated surveillance programs”
means the combination of individual ma-
terial surveillance programs as applied to one
or more reactor vessels to yield results which
serve to monitor the changes in fracture
toughness properties for a group of vessels.

IOI. FRACTURE TOUGHNESS TESTS

A. To demonstrate compliance with the
Ifracture toughness requirements of section

IV.A, both unirradiated and irradiated ferritic

materials shall be tested for fracture tough-

' ness properties by means of the Charpy
V-notch impact test specified by the Ameri-
can Soclety for Testing and Materials (ASTM
A~370). In addition, unirradiated ferritic ma-
terlals shall be tested by means of the drop-
weight test (ASTM E-208). Charpy V-notch
impact tests shall be conducted in accord-
ance with the following requirements, and
the adjusted fracture energy levels deter-
mined as specified in section III.B:

1. Charpy V-notch (Cv) impact tests shall
be conducted to define the Cy test curve (in-
cluding the upper-shield energy level) using

pe A specimens oriented with respect to
the “weak” direction (WR orientation in
plates) of plates, forgings, castings, pipe,
and tubes Intended for pressure-retaining
components.

2. In lleu of the specimens specified in
section III.A.1, Cv specimens oriented with
respect to the “strong” direction (RW orien-
tation in plates) may be used provided test
correlation data obtained from ferritic ma-
terials of the same specification are available
to convert the Cr test curve (RW orlentation)
to the Cr test curve (WR orientation).

PROPOSED RULE MAKING

3. In lieu of the requirement of section
IIT.A.2, Cv specimens oriented with respect
to the “strong” direction may be used to
demonstrate adequate fracture toughness
provided that materials exhibit, at the low-
est pressurization temperature, adjusted
fracture energy levels no lower than two
times the energy levels of section IV.A.

4. Materials used to prepare test speci-
mens shall be representative of the actual
properties of the finished component as re-
quired by the applicable rules of the con-
struction code under which the component
is built, pursuant to § 50.55a, except that
ferritic materials intended for the reactor
vessel beltline region shall comply with the
requirements of section ITI.A.5.

5. Materials used to prepare test speci-
mens for the reactor vessel beltline region
shall be taken directly from excess materlal
and welds in the vessel shall course(s) fol-
lowing completion of the production longi-
tudinal weld joint, and subjected to the heat
treatment equivalent to that received by the
vessel throughout its fabrication process.
Where seamless shell forgings are used, the
test specimens shall be taken from a separate
weldment using excess materlal from the
shell forging(s) and welded under the same
production welding conditions applied in
joining the shell forgings.

6. Charpy V-notch impact test machines
used to determine fracture toughness prop-
erties for comparison with the criteria of
sections IV.A and IV.B shall have been cali-
brated at least once in each 6-month interval
using methods outlined in ASTM E23-60, and
employing standard specimens obtained from
U.S. Army Materials Research Center.

7. Temperature instrumentation used to
control test temperature of specimens, for

both Charpy V-notch impact tests and drop-

weight tests, shall have been calibrated at
least once din each 3-month interval.

8. Persons performing fracture tough-
ness tests shall be qualified by training and
-experience, and shall have demonstrated
competency to perform the tests In ac-
cord with written procedures of the com-
ponent manufacturer or the licensee.

9. Fracture toughness test results shall be
recorded and shall include a certification by
the licensee or person performing the tests
for the licensee that:

(a) The test data are correctly reported
and identified with the material intended for

~& pressure-retaining component,

(b) The tests have been conducted using
machines and instrumentation with avail-
able records of periodic calibration, and

(c) Records of the qualifications of the
individuals performing the tests are avall-
able upon request.

B. Adjusted fracture energy:

The Charpy V-notch (Cv) test curve as de-
rived from the tests in section III.A shall
be adjusted to establish the adjusted frac-
ture energy of each material tested and to
determine compliance with the acceptance
requirements specified in section IV.A as
follows:

1. The Charpy V-notch curve of paragraph
II1.A shall be translated to the right along
the temperature coordinate by & tempera-
ture increment equal to the sum of:

(a) The difference between the Nil-Duc-
tility Transition (NDT) temperature derived
from the dropwelght test (DWT), and the
temperature corresponding to a Charpy
V-notch energy value of 15 ft.-1bs. as obtained
from tests on unirradiated specimens (to be
applied only when the NDT temperature is
higher than the temperature corresponding
to the 15 ft.-lbs. Charpy V-notch energy),
and -

(b) A “size-effect” increment of 7° F. per
inch, or fraction thereof, of material
thickness.
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2. The adjusted fracture energy, as read
from the adjusted Cy curve of section IILB.1
at the lowest pressurization temperature,
shall be used to determine compliance with
the fracture toughness requiroment of seco«
tion IV.A.

1V. FRACTURE TOUGHNELSS REQUIREMENTS

A. Ferritic materials of pressure-retaining
components of the reactor coolant pressure
boundary (except as qualified under secotion
IV.E) shall exhibit throughout their cervice
lifetime, at the lowest pressurization toeme
perature, adjusted fracture energy levels no
lower than the following:

Mindmum Oluarpy
V-notch adjusted

Section thickness ¢ fracture encrgy
(inches) : (ft~1bs.)
t=5 150
2<t<Lb 45
<2 40

rFor reactor vessel boltline reglon this
minimum fracture energy level may be in-
adequate for plates and forgingy thioker than
12 inches. The proposed minimum freoture
toughness for such vessels shall be subjeot
to review and spproval by the Commission on
an individual case basly,

B. The initial upper shelf fracture enorgy
levels, as determined by Charpy V-notch
tests, shall be at least 16 {t.-1bs, higher than
the values specified under section IV.A, oX«
cept for reactor vessel beltlilne material
which shall meet the additional reguiremontsy
of section IV.C. ‘

C. For the reactor vessel beltline reglon the
upper shelf fracture energy lovels for unir«
radlated material, as determined by Charpy
V-notch tests, shall meet the following re-
quirements, excepi where it can bo cone
servatively demonstrated to the Commission
by appropriate data and analyses that lower
values of upper shelf fracture onergy are
adequate.

1. For reactor vessels for which 1t can be
conservatively demonstrated by experimental
data and tests performed on comparable veg«
sel steels, and making proper sllowances for
all uncertainties in the measurements, that
the adjusted fracture energy lovel of tho
reactor vessel beltline reglon will meeot the
requirements of section IV.A at & tempera-
ture of 100° ¥., over the entire service 1ifo-
time of the reactor vessel, the upper shelf
fracture energy levels for unirradinted mate«
rial shall meet the requiroments of section
1V.B.

2. For reactor vessels which do not meot
the conditions of section IV.C.1 but for
which it can be conservatively demonstrated
by experimental data and tests performed on
comparable vessel steels that the adjusted
fracture energy levels of the reactor vessol
beltline region will meet the requirements
of section IV.A at a temperature of 200° F,,
over the service 1ifetime of the reactor vessel,
the upper shelf fracture onergy.lovels for
unirradiated materlal shall be at least 20 ft.«
1bs. higher than the values specified in gco-
tion IV.A.

3. For reactor vessels which do not meob
the conditions of section 1V.0.2, the upper
shelf fracture energy levels for unirradiated
material shall be at least 26 ft.-1bs, higher
than the values specified in seotion 1V.A.

D. Reactor vessels which do not meot the
conditions of section IV.C.2 shall be designed
to permit a thermel annealing treatment to
recover material toughness propertles of
ferritlc materials of tho reactor veszel
beltline,

E. Ferritic materlal one-half inch and less
in thickness, when made to fine-grain pracs=
tice, may be used In pressure rotaining
components of the reactor coolant pressure

3, 1971 ¢
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boundary without compliance with the
quirements of :section IV.A provided their
- lowest pressurization temperature is not less
than 100° F.

V. INSERVICE REQUIREMENT-—REACTOR VESSEL
BELTLINE NATERIAL

A. Reactor vessels shall have their beltline
region materials -and weld “properties moni-
tored -by a material- surveillance program
conforming to-the “Reactor Vessel Material
Surveilllance Program Requiremen ', set
forth in Appendix H.

B. Reactor vessels shall be acceptable for
continued operation for that service period
within -which the predicted adjusted frac-
ture energy, -at -the lowest pressurization
temperature (as predicted from the test re-
sults of -the material surveillance program
of section V.A)), satisfies the requirements
of section IV.A.

C. In the event that the requirements of
section IV.A cannot be satisfied, reactor ves-
sels are acceptable for continued operation
provided the following requirements are sat-
isfied for the specified conditlons:

1. If the predicted adjusted fracture en-
ergy level is not less than 35 ft.-1bs., the belt-
line region of the vessel shall be subjected
to essentially 100 percent volumetric exam-
ination in accord with the rules of ASME
Boiler and Pressure Vessel Code, “Rules for
Inservice Inspection of Nuclear Reactor Cool-
ant Systems,” section XI, and a fracture
mechanics analysis shall be performed which
conservatively demonstrates, making proper
allowances for all uncertainties in the meas-
urements, that adequate safety margins exist
for continued operation. Such analysis shail

~be based on:

(a) Flaw sizes detected by the inservice

inspection,
: (b). Valid fracture toughness data (as de-
fined by: “Tentative Method of Test for
Plane-Strain Fracture Toughness of Metallic
Materials,” ASTM Designation: E 399-70T)
for the base metal, welds, ‘and weld heat-
affected zones, irradiated to a level equiva-
lent to that of the reactor vessel beltline
region, and

(c) Stress analyses of the beltline regioz.

2. If the predicted adjusted fracture en-
ergy level is lower than 35 ft.-1bs., the re-
actor vessel beltline region shall be subject
to a thermal annealing treatment to effect
recovery of material toughness properties.
The degree of such recovery shall be moni-
tored by testing specimens from the survefl-
lance program capsules before and after
annealing treatment, and shall be adequate
to satisfy the requirements of section IV.A
at the end of the proposed service period.

3. If the requirements of section V.C. 1 or
2 cannot be satisfied, the licensee-shall dem-
onstrate, by other appropriate means, that
adeguate safety margins exist for continued
operation, -~

The proposed programs for. satisfying the
requirements of section V.C, 1, 2, or 3, shall
be reported to the Commission for review and
approval on an individual case basis at least
3 years prior to the date when the predicted
fracture energy levels will no longer satisfy
the requirements of section IV.A.

AppENDIX H—REACTOR VESSEL MATERIAL
SURVEILLANCE PROGRAM REQUIREMENTS

I. INTRODUCTION

The purpose of the material surveillance
program required by this appendix is to mon-~
itor changes in the fracture toughness prop-
erties of ferritic materials in the reactor
vessel beltline region of water cooled power
reactors as a consequence of neutron irradia-
tion. Under this program, fracture toughness
test data are obtained from material speci-
mens withdrawn periodically from the re-
* actor vessel which will permit determining
the conditions under® which the vessel can

PROPOSED RULE MAKING

be operated with adequate margins of cafetly
against fracture throughout {ts cervice life.

II. SURVEILLANCE FPROGRAXL CXITERIA

Reactor vescels constructed of ferrltic ma-
terials shall have their beltline reglon mont-
tored by s survelllance program complying
with the practice recommended by the Amer-
ican Soclety for <Testlng and 2dnterials
(ASTMI) in “Survelllance Tests on Structural
Materlals in Nuclear Reactors”, ASTM Des-
jgnation: E 185-70, except as modlfied by
the following requirements:

A. Survelllance specimens shall be taken
directly from the excess shell cource mate-
rial, welds, and heat-affected ~ones of the
beltline reglon of the reactor vessel, which
are used 'to conduct the fracture toughnecs
tests in meeting the requirements of cection
IV of Appendix G. The specimen type thall
comply with the requirements of section
JIII.A of Appendix G.

B. Irradiation capsules containing the sur-
velllance specimens shall be located as clece
as practicable to the inside vecsel wall, but
shall not be attached to the wall. In any
case, the capsule locations shall be such that
the calculated neutron flux recelved by the
innermost (with respect to the reactor core)
irradintion specimens will not excecd three
times the calculated maximum neutron flux
at the inslde wall of the vessel. The design
and location of the capsules shall permit
insertion of replacement capsules.

C. The required number of capsules and
thelr withdrawal schedule are as follows:

1. For reactor vessels for which it can be
conservatively demonstrated by experimen-
tal data and tests performed on comparable
vessel steels, and making proper allowances
for all uncertainties in the measurcments,
that the adfusted fracture energy level of
the reactor vessel beltline reglon will meot
the requirements of section IV.A of Appen-
dix G at a temperature of 100° F. over the
service lifetime of the reactor vessel, at least
three capsules shall be provided for subze-
quent withdrawal as follows:

Withdrawal
schedule
One-fourth service 1ife,
Three-fourth cervice
1ife.
Third capsule.... Standby.

In the event the survelllance speclmens
exhibit, at one-quarter of the vecsel's cervice
life, s shift of the Charpy V-noich (Cr)
fracture energy curve greater than originally
predicted by test data, the remaining with-
drawal schedule shall be modified as follows:

First capsule-_..-
Second capsule...

Revised
withdrawal
schedule
Second capsule... One-half service fe.
Third ecapsule.... Standby.

2, For reactor vessels which do not mect
the conditions of section ILC.1 but for which
it can be conservatively demonstrated by
experimental data and tests performed on
comparable vessel steels that the adjusted
fracture energy levels of the reactor vessel
beltline region will meet the requirements
of section IV.A of Appendix G, at a tempera«
ture of 200° F, over the service lifetime of
the reactor vessel, at least four capsules shall
be provided for the subsequent withdrawal
as follows:

Withdrawal
schedule
At the time when pre-
dicted shift of Cr ad-
Justed fractureenergy
curve 1is approxi-
mately 50° . or at
one-fourth  service
life, whichever is
earlier.

First capsulCeaooa.
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At approximately om2-
half of the time in-
terval between first
and third capsule
withdrawal.

Three-fourths
life.

Fourta capsule..... Standby.

3. For reastor vescels which do niot mest
the conditlons of cectlon II.C.2, at least five
capsules choll he provided for subsequent
withdrawal a3 follawa:

Withdrawal

schedule

At the time when pre-
dicted chift of Cy ad-
justedfractureenergy
curve 15 approxi-
mately §50° F. or at
onae-fourth cervice
1fe, whichever is
earller.

At approximately one-
third and two-thirds
of the time interval
between  first  and
fourth capsule with-

Socand capsuleaewa

Third capitleae . servize

First e2pitleacaunas

Sacond and third
capsules.

drawal.

Fourth capsule.... Threz-fourths of serv-
ice Ufe.

Fifth capsuleccaaea Standby.

4. Withdrawal cchedules may be modified
to colnclde with thoze refueling outages or
plant shutdowns most clocely approaching
the withdrawal cchedule.

5. Sufficlent archive material shall be re-
talned to prepare additlonal survelllance
cpecimens (as recommended by ASTM Des-
jgnation: E 185-70 “Survelllance Tests on
Structural 2Materials in Nuclear Reactors™)
except for reactor vecsels which meet the con-
ditions of cection XI.C. 1 or 2. The archive
material ghall be obtalned from the excess
shell cowrse material, welds, and heat-
affected zone as {dentified in cection ILA.

IO, RITECRATED SURVEILLANCE PROGRANL

A. For multiple reactors located at, a single
slte, cach of which meets the conditions of
cection JXILC.1, the minimum survelllance
program requirements of cection IT.C.1 shall
be met for cach reactor.

B. For multiple reactors located at a single
slte, each of which meets the condltions of
sectlon IX.C.2, an Integrated survelllance pro-
gram may be employed, provided that:

1. All reactor vecsels meet the following
additional conditions:

(a) The reactor vessels are of the same de-
cign, ordered to the same design specifica-
tion, and constructed by the same fabricator
using the materials produced to the same
opecifications, and employing the same fabri-
catlon procedures.

(b) All reactors will be operated under
comparable condltions and service.

{c) Each vessel contalns materlal spect-
mens obtained from ito respective beltline
reglon as required by the provislons of sec-
tions LA,

(d) The most conservative value of ad-
Justed fracture energy levels determined from.
tests of speclmens withdrawn from any of the
reactors will be applied to all reactor veszels
in establishing operational limitations.

2. The required number of capsules and
thelr withdrawal cchedule are as follows:

(a) At least four capsules for each vessel
chall be provided for subsequent withdrawal.

{b) The withdrawal schedule for the ves-
£ol indtially placed in service shall correspond
to the cchedule specified In cectlon IX.C.2.

(¢) The withdrawal schedule for the other
vescels shall correspond approximately to the
echedule for the withdrawal of the last two
capsules from the vessel inltially placed in
eervice, and the remaining two capsules shall

- be retained a3 standbys.
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C. For multiple reactors located at a
single site, which do not meet the conditions

of sectlon II.C.2, an integrated surveiliance
program may hot be employed.

IV. FRACTURE TOUGHNESS TESTS

A. Practure toughness testing of the speci-
mens withdrawn from the capsules shall be
conducted in accordance with the require-
ments of section III of Appendix G, “Fracture
Toughness Reduirements.”

B. The test results shall be adjusted in
accordance with the procedure specified
under section I of Appendix G to verify that
the fracture toughness requirements of sec-
tion IV.A of Appendix G are satisfied.

PROPOSED RULE MAKING

V. REPORT OF TEST RESULTS

A. Each specimen withdrawal and the frac-
ture toughness test shall be the subject of &
summary technical report to be provided to
the Commission. The report shall include s
schematic dlagram of the capsule locations
in the reactor vessel, identification of speci-
mens withdrawn, the té€st results, and the
translation of the measured results to those

ed In the reactor vessel beltline
reglon. -

B. The report shall also include the do-
simetry measurements performed at each
specimen withdrawal, analyses of the results
which yield the calculated neutron fiuence
which the reactor vessel beltline region has
received at the time of the tests, and com-
parisons with the originally predicted values.

C. The lowest pressurlzation tempernture
established for the perlod of operation of the
reactor vessel between any two survelllanco
specimen withdrawals shall bo speolfied in
the report, including any changes In opera=
tional procedures which are adopted to assure
meeting such temperature 1imitationy,

(Sec. 161, 68 Stat. 948, 42 U.8.0. 2201)

Dated at Washington, D.C,, this 4th
day of June 1971.

For the Atomic Energy Commission,

W. B. McCoor,
Secretary of the Commission.

[FR Doc.71-9453 Filed 7-2-71;8:47 am}
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SECY-R 700

Le 1, 1973

CONSENT CALENDAR ITEM

The Commissioners

Thru: Director of Regulation'ég/j?j{jf;‘mw

Subiect: : AMENDMENT TO 10 CFR PART 50: APPENDIX G, "FRACTURE
TOUGHNESS REQUIREMENTS,'" AND ‘APPENDIX H, "REACTOR
VESSEL MATERIAL SURVEILLANCE PROGRAM REQUIREMENTS"

o)
a
s ]

Purpose: To recommend publication in effective form of amendments
to 10 CFR Part 50 which would specify requirements for
the fracture toughness of the materials in the reactor
coolant pressure boundary and alsc the requirements for
a surveillance program to monitor changes in fracture
toughness of the materials in the reactor vessel beltline
resulting from exposure to neutron irradiation.

Digcussion: Present requirements for fracture toughness and for sur-
veillanee of irradiation damage of the materials for the
reactor coolant pressure boundary are covered by General
Design Criteria 31 and 32 of Appendix A to 10 CFR 50.

RECEIvE L Construction of the affected components is governed by
ADVISORY Gu . Section III of the ASME Boiler and Pressure Vessel Code
RHSWRS&ENMBM o as required by section 50.55a of 10 CFR 50. These amend-
JlJN 5 1473 ments give specific requirements for design and operation,
. many of which are in the form of a reference to pertinent
”' . sections of the ASME Code with certain supplemental require-
9Jﬂllﬂzﬂ gtéééﬁ- ments. Some of these add fracture toughness requirements
e on the material, some feqqire higher temperature before the
EE ol == pressure is allowed to approach operating pressure and hefore
8 o 3 the core is allowed to go critical, and some are inservice
a ty EE requirements that are needed to cope with damage from ncutron
- - " % irradiation. : '
L i
" These amendments have the game scope as thoese publisboed {or
- “+  comment on July 3, 1971. They provide comparahle marpios
= . jig of safety over the critical temperature range where lracture
;: fug is a possibility. However, the language and technical ap-
i :Jm; proach have been updated. Publication of the proposed rule
h o occurred at a time when the fracture toughness requirements

of the ASME Code were being modernized. Many of the comments

rule be c0n51stent with the forthcomlng




Recommendations:

Cocerdination:

Scheduling:

Contact:

[ -

revisions to the ASME Code, and this has been done,
Attachment A gives z comparative text of the propased
rules and the rules in their effective form.
Attachment B summarizes the comments received.

(a)_

(b}

Approve the enclosed Notice of Rule Malking which
would amend 10 CFR Part 50 to incorporate the rules
for fracture toughness requirements and for reactor

vessel material surveillance program requirements,
and .

Note: .

1) The amendments will be published in the Federal
Register to be effective thirty (30) days after
publication;

2} The JCAL will be informed: and

3) A public ammouncement will he issued.

The Directorates of Licensing and Repulatory Operations
and the Office of the General Counsel concur, and the
Advisory Committee on Reactor Safeguards has approved
publicatien in effective form.

(a)
(b)

Approvals or comments by June 11, 1973.

For affirmation at an early Policy Session.

&ester Rogerg :,

Director of Regulatory Standards

. N. Randall, Ext. 7546

OFFICAL ISE GRY
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Attachment A

NOTICE OF RULE MAKING

TITLE 10 - ATOMIC ENERGY

CHAPTER 1 ~ ATOMIC ENERGY COMMISSION

PART 50 - LICENSING OF PRODUCTION AND"
UTILIZATION FACILITIES

Fracture Toughness and Surveillance Program Requirements

On July 3, 1971, the Atomic Emergy Commission published in the
FEDERAL REGISTER (36 TR 12697) proposed amendments to its regulations
in 10 CFR Part 50 which would add new appendices entitled, "Appendix G,

Fracture Toughness Requirements," and "Appendix H, Reactor Vessel Material
Surveillance Program Requirements."

Interested persons were invited to submit written comments within

60 days. Upon consideration of the comments received and other factors

- involved, the Commission has adopted the proposed amendments with certain

modifications in the ﬁorm set forth below.

Significant differences in Appendix G from the amendments published

for comment are:

{1) Terminology was changed to be consistent with that of the ASME

1
Code .—f

(2) The method of combining the results of the Charpy and dropweight

tests to get a.combined measure of toughness was changed.

1/
American Society of Mechanical Engineers Boiler and Pressure Vessel Code,

Section III, "Rules for the Construction of Nuclear Power Plant Components,”
1971 Edition, and addenda through the Winter, 1972 Addenda.



The proposed rule would have required charnccerizatlon of (he
fracture toughness of the ferritic materials in the veactor
coolant pressure boundary in terms of the temperature depend-
ence of two quantiti es: (a) energy absorbed in Charpy V-notch

impact tests (ASTMQZ

Standard A-370) and (b) the nil-ductilit&
transition (NDT) temperature obtained from dropweight tests
(ASTM Standard E-208). Charpy tests were te be run at appro-
priate temperatures to characterize the transition from fully
ductile, "upper shelf,” behavior to low-energy, "brittle,” be-
havior. To obtain a toughness characterization that depended.
on both types of tests, the "éharpy curve' was to be adjusted

upward on the temperature scale to make the 15 ft. lb. level

correspond to the NDT temperature from the dropweight tests,

These. amendments continue the requirement contained in éhe pro-
posed rule that fractdre-toughness be measured by the Charpvy
test and the dropweight fest. However, to reflect comments
urging ﬁonsiétency with the ASME Code, fracture toughAess of
the material is characterizéd by its réfefence température,

RT This temperaturé is the higher value of the NDT temper-

NDT®
ature from the dropweight test or the temperature that is HQ°F
below the temperature at which Charpy test data meet a specified

toughness level (50 ft, 1lbs. and 35 mils lateral expansion}.

2/

American Society. for Testing and Materials.



— e,

(3)

The concept of a2 lowest pressurization temperature given in
the proposed rule was changed to a concept based on fracture
mechanics that aliows a continuous buildup of pressure as a

function of temperature and wall thickness.

The proposed rule would have reéuired a "thickness correctioﬁ"
whereby the Charpy curve was to be shifted up the temperature:
scale 7°F per inch of material thickness. The thickness cor-
rection would have been added to the shift required for consis-
tency between fhe two types of toughness”tests to obtain a curve
of "adjusted fracture energy' versus temperature. Fracture
control would have been achieved by requiring the "lowest pres-
surization temperature” ﬁt_which system pressure could exceed

25 percent of normal 0pe;ating pressure, or at which the rate

of temperature change could exceed §0°F/hr., to be the temperature
at which the adjusted'fracture energy exceeded a certain level,

which was higher for thick material than for thin.

Many of the comments questioned the validity of the dependence
placed on the Charpy test by the proposed rule. The thickness
correction was consideré@ excessive for thick sections and in-
adequate for thin sections. Other comments asked that the rules
treat stresseé'more quantitatively to take account of the opera-

tors’ ability to control pressure and rate of temperature change

and the designers' ability to calculate pressure and thermal



stresses. Specifically, they urged the adoption of the approach
that now appears in the 1972 Summer Addenda to the ASME Code.

The proposed rules.were also revised to reflect these comments.

As required by these amendments, fracture control is achieved
by requiring that stress in the pressure boundary be limited
as a function of the metal temperature relative to the reference

temperature, and as a function of material thickness

RTNDT’

according to the "K__ curve” given in the ASME Code. Taken

iR
from fracture mechanics, the term "stress intensity factor" (XK)
defines a quantity that is proportional to the product of gross
stress and the -square root of crack depth, and includes factors
to account for crack shape and fof the manner of loading. Crit-
ical values of K, determined from tests in which precracked
specimens are loaded to fallure, are a counvenient measure of
fracture toughness, Decause différences in crack size and shape
and differences in manner of loading between specimen and com-
ponent can be treated quantitatively. The KIR curve in the ASME
Code gives allowable values of fracture toughness as a function
of temperature relative .to RT oy The curve is based oun data
obtained from tests of large specimens in the HSSTQ/ program.
Rather than reguire the estimation of maximum expected flaw size,

these amendments reguire that in areas of the reactor vessel

3/
Heavy Section Steel Technology Program, conducted at Oak Ridge National
Laboratory.



remote from discontinuities, the assumed flaw size be propor=-
tional teo wall thickness. Thus, from the value of Kip 8t 8
given temperature, allowable stress values are obtained that.

are inversely proportional to the square root of wall thickness.

{4) TFracture control procedures deséribed in paragraph (3), above,
are.supﬁlmented in these amendments by a requirement that
whenever the core is critical, the metal temperature of the
reactor vessel shall exceed specified values dependent on the

concurrent stress level.

(5) The Charpy V-notch upper-shelf energy requirements for beltline
region materials was set at 75 ft. lbs. for all cases, without

distinction as to the predicted amount of irradiation damage.

{(6) TFracture toughness requirements for the various components of
the pressure boundary were separated to reflect comments sug-
gesting that the rules fit the anticipated severity of service

to which the component might be subjected.

{(7) The definition of "beltline region of the reactor veysel" was
broadened to include more shell material above and below the

core,

Significant differences in Appendix H from the amendwents published

for comment are:



(1) Terminology was changed.to be consistenf with. that of Appendig
G and the ASME Code. In particular, the adjustment for ir-
radiation effec;s is described in these amendments as an ad-
justmeﬁt of the reference temperature, RINDT , and the amount
of temperature shift is determined by a slightly different
treatment‘of the Charpy data than that given in the proposed

amendment.

(2) Provision was made for accelerated irradiation capsules and for
wodification of capsule withdrawal schediles based on results

of tests of specimens that received the accelerated irradiatiosm.

(3) A general provision for an integrated surveillance program was
substituted for the specific requirements given in the proposed
rule. It appeared from comments that it would be impractical to

. meet thg requirements of the proposed rule for commonality of

multiple reactors.

Appendices G and H are intended to implement General Design Criterion
31, "Fracture Prevention of Reactor Coolant Pressure Boundary," of 10 CFR
Part 50, Appendix A, "General Design Criteria for Nuc;egr Power ?;ants;"
to the extent described below. The margin of safety against brittle
fracture will be controlled moxre quantitatively by these amendments than by

the proposed rule, particularly with regard to specific guidelines for the



treatment of heatup and cooldown conditions. Appendices G and B track
the language of the ASME Code and have adopted certain of its requireﬁents
but also include several key supplemental rquirements. For the vessel
beltline, inservice requirements are based on the reference temparature
as adjusted to account for igradiaciOn damage. There is alsc an addicional'
[ructure toughness requirement in the form of shelf energy values Irom
the Charpy curve for the material in its unirradiatced qundition.

Although the requirements of Appendiceslc and H become effective on

, the Commission recognizes that there may be an interim

period when, for plants now under construction, the method of complianﬁe
with certair provisions may.be determined on a case-by-case basis. For
example, if the test data needed to establish certain fracture control
requirements are not available because they were not required at the time
material sampling was dohe, estimated vélues that are appropriately con-
servative may be acceptable.

Pursuant to the Atomic Energy Act of -1954, as amended, and sections
552 and 553 of Title 5 of the United States Code, the following amendments
to Title 10, Chapter I, Code of Tederal Regulations, Part 50, are published

as a document subject to codification to be effective on . .

[30 davs after publication in the FEDERAL REGISTER]

1. In £50.55a of 10 CFR Part 50, a new paragraph (i) is added

and subdivision (a)(2)(i) and the prefatory language in paragraph (a)(2)

are amended to read as follows:



850.55a Codes and atandards. -

Each construction permit for a utilizarion facility shall be subject to

the following conditione, in addition to these specified in 850.55+

(a) (1) % *

(2) As a minimum, the systems and components of boiling and pres-
surized water-cooled nuclear ﬁuwe£ reactors specified in paragraphs
(c), (a), (e}, (£}, (g), and (i) of this section shall meet the require-
ments described in those paragraphs, except that th? American Society
Qf_Mechanical Engineers (hereinafter referred to as ASME) Code N-symbol
need not be applied, and the protection systems of nuclear power reactors
of all types shall meet the requirements described in paragraph (h) of
thig section, except as authorized by the Commisgion upon demonstration

by the applicant for or holder of a construction permit that:

(1) Design, fabrication, installation, testing, or inspection of
the specified system or compounent, 1s to the maximum extent practical,
in accordance with generally recognized codes and standards, and compliance
with the requirements described in paragraphs (c¢) through (i) of this
section or portions thereof would ;esult in hardships or unusual dif-
fi culties without a compensating increase in the level of quality and

safety; or

(11) * * *
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APPENDIX G—~TFRACTURE TOUGHNESS
REQUIREMENTS

I. TINTRODUCTION AND SCOPE
This appendix specifies minimum fracture toughness requirements for
ferritic materials of pressure-retaining components of the reactor cool-
ant pressuré boundary of watef cooled power reactors [dm-oxder] to provide
adequate margins of safety [under-nesmad-reaetoy-operating-eenditionss
syatemhiydrestatie—tentas—ard-during-sransient-geondttions—+fe—whieh~the

aystem—ay-he-gubiected-ovesr—tg—gervice—difetime~] during any conditien

of normal opezration, including anticipated overational occurrences and

system hvdrostatic tests, to which the pressure boundarv mav be subjected

over its service lifetime,

[?heee-ieqﬂifeﬁﬁﬂiﬁ“ﬁﬁﬁif—Efwfﬁf%ﬂﬁ—ﬁﬁd“%ﬁWFﬁiéﬁy—£€¥¥i€i€—€£€£46-{iﬁ€1ﬁéiﬁg
welde-and-weld-heat—nffoeted-zones—in-sueh-materiadsl-vhese-speeified-ainimmm
yielé-e{¥eng{h1—es-dééiﬂeé—ia-aeeeéea-§§1S;—deée-aee—e«eeeé-éd;@@@—ﬁeevi.
Adequeey—eﬁ—éfeefﬁfe—%eughaese—eé-éefaitée—ma%eria&s—w%{k—héghef—s?Eﬁéfied

sdazmun—yield-serength-ehall-be—demonstrated-to~the—cormigsion—en—an-——

individuai-ecase~bagis.] The requirements of this appendix apply to the

following materials:

A, Carbon and low-alloy ferritic steel plate. forzings, castings, and

pipe with specified minimum vield strengths not over 50,000 psi.




B_l

Welds and weld heat-affected zones 1in the materials specified in

C.

scetion 1.A.

Materials for belting and other types of fasteners with specified

minimum vield strengths not over lBD}DOD_psi.

" Adequacv of the fracture toughness of other ferritic materials shall be

demonstrated to the Commission on an individual case basis.

II. DEFINITIONS

"ASHME Code" means the American Society of Mechanical Engineers Boiler

and Pressure Vessel Code, Section IIT, "Rules for the Construction of

Nuclear Power Plant Components” {(unless another Section is specified),

1971 Edition, and addenda through the Winter, 1972 Addenda.ll

"Ferritic material” means carbon and low-alleoy steels, higher allov

[&1C

and precipitation hardening steels with a predominantly bodv-centered

cubic structure,

"System hydrostatic tests' means [these~presgurizatien—cycies—te
whitch-the—reacsdr—coctiant—pressure—boundaryy-or—portions—thereofs

wiit-be-subsecped-during-agis-hydrogtacte-festa—oft—the—gygeemr—~Goel

1/

Copies may be obtained from the American Seociety of Mechanical Engineers,
United Engineering Center, 345 East 47th Street, New York, W. Y. 10017.
Copies are available for inspection at the Commission’'s Public Document
Reom, 1717 H St. N. W., Washingeon, D. C.
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[6.

[B.
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__testsrﬁneigde-thgae—eeﬁu&redfgo—eompiyrwé&h—ehe-ﬁmgeéean—éeeieﬁy-e@

Heehanieai-Engéneere—{ﬁSHE}ABai&ee-ehd-ﬂreeeuwe;veaeei—cede] all

preoperational svatem leakape and hydrostatic pressure tests and

all system leakape and hvdrostatic pressure tests performed during

the service life of the pressure boundary in compliance with the

ASME Code, Section XI, "Rules for Inservice Inspection of Nuclear
Reactor Coolant Systems." [es-weil-gs—tests-esndueted-prier-£s

ipitiali-and-subaequent—plant-atarEupay |

"Specified minimum yield strength" [£s] means the minimum yield strangth
Gn the unirradiated condition) of a matetrial specified in the [zuies
ef~the] construction code under which the component is built{s] pur-

suant to § 50.55a.

ﬂhewest'ﬁfeﬁﬁuriEﬁtiﬁﬁ~£ewpe!ﬁEﬂ?eu—eﬁ&e—ﬁeﬁﬁeﬂenﬁ—iﬁ—ihe—iﬂwesf—ieﬁﬁ&fa—
Eure—aE—Qhiehveeeiﬂnt—preﬂﬁufe—wéﬁhiﬂ—éhe-eempenea£~eﬁaeeés—§5—?e¥eeae
ef-the-reaetor—eoelant—ayaten-nRermad— operatia g preagures—or—at-whien-£he
rﬂte—eé—eeméeratufe—ehgage~éaﬁ£heeeeMﬁeaeﬁf—ﬁﬁfefia%—éﬁeeeds—5@3¥7¥h¥77
during-normei-reaefor—operations—ayateB-hydregsatie—teato—or—transient

epnditiona ]

ﬂﬁdjuséeé—iraesuEe—ene¥g§3~és-eha-§:ae&u;e—ane;gy-aﬁ-£aa;itia—ma:a;ial,
at-a-given-temperatures—obtained-£fromn—cha—Lharpy-Vonctoh-surva-adjusiad

in-ageordanee—with-paragraph-IiiyBely ]



[E]H.

[F)L.

. ————
e

E. "Lowest service temperature’ means the lowest service temperaturs as

defined by paragraph NB-2332 of the ASME Code,

"Reference temverature' means the reference temperature, RTymr, a$

defined in paragraph NB-233] of the ASME Code.

Ga rAdineted xeference temperature” means the reference. temperature as

adiuvsted for irradiation effonts (see Appendix MY by adding to Elﬁﬁ'f'

the temperature shift in the Charpy V-netch curve for the {rradiated

material relative to that for the unirvadiated material. measured

at _the 50 ft 1b level or megsured at the 35 mil latsral expansion

level, whichever temperature shift is ereater.

"Beltline region of reactor vessel" [ecomprigesa] means the shell mate-
rial (including welds and weid heat-affected zones) that directly
gurrounds the effective height of the fuel element assemblies

and any additiomnal height of shell material for which the predicted

[shife-of-the-Charpy-Y-notch—{Bvi—fracture—energy—curve] adjustment of

reference temperature at end of service life of the reactor vessel

‘exceeds [166%] 50°F. .

"Material surveillance program'" means the provisions for the placemant
of reactor vessel beltline material specimens ia the reactor vessel,

and the program of periodic withdrawal and testing of such specimens



[613.

[4.

‘to monitor, over the service life of the vessel, changes in the fracture

toughness properties of the beltline [vessei] as a result of exposure

Lo neutron irradiation and the thermal environment.

"Integrated surveillance programs' means’ the combination of individual
material surveillance programs as applied to one or more reactor vessels
to yield results which serve to monitor the changes in fracture

toughness properties for a group of vessels.
ITI. TFRACTURE TOUGHNESS TESTS

Te~demenstrate—compiiance—with—fracturs—toughness-—requirements—of
gevtien-I¥-hs—both-univradiated-end-irradieted-ferritie—materints
shall-be-testec-foxr-fraature—teushnega-propertica-by-neans—ef-the

Ghaspy—H*aeeéh—éépae&—%ese-e?eeiéieé—by-ehe—ﬂaefiean-SeeéeEf—ées

Teating-and-Nateriais-{ASTH-4-3703v——In-additiony-untrradiaccd—Sox-

ritde-paterialo-shaeli-be-fested-by—means—ef—the-drep-weishi-tass
LAS M~ B2 G 8w~ —Charpy-F-noeh-dmpact—tegis-shaltl-be—asenductee—in
aeeordanee—yith-the-folloving-requirenents-—and-the—adjuetad-frackure

eneray-levelg-determined-aa—apeeified-in—seesion—IIl-B+

i, Eharpy-¥-notch-{Ev}-impact-teses—shali-be—condusbed _to_doline-the Cu

test—curve-{includins—the-upper—sheli-enersy-laval)using Type A

: . - . ——— et " . .
specimens-oriented-vwith-respect-to-the~“wezkt—direceion—£+R

SrIEMTatIon In-piatesy—uf~platmss-Iorgingsy-tastingss-piper

gné-tobes-intondsd—for-pressure—rotaisino—componentsy



-2, ¥n-iten-uvf-the-specimens-specifind-in-section—F3EirAziy-Er-mpecimens
nrfente&—wi+h—rtapett—tn—the—“ﬂtrnnnu-dircctiﬁn;{RH—ﬂrirntntécn—in
piatensi—may-be-tacd-provided-rest—corretacton—data-obtained—from
forritte-materinis-of-the—same-apeetficatien—are-evailabie—to—convers
ehe~€v~€es£—cufve~{EW—efieataeien}méa—%he—ev~eese—eayve—{ﬂn

orientafionlc

3.  In-liew-—of-she-requivement—of-—seetlon-LlirAdrd GOV -Spacimens.—oriented
with-respect—to-the-"etronal-direcetion-nay be—voed-to—demeastrate
adtq‘d&&er'f‘r'ae-tu-re—&tﬁsiﬁmﬁ—prwiéeé-ﬁmm&mﬁi&Ls-e}é%ﬁ}ier—&E—m
lawesb—pre&surizabig&—Eempe*&ﬁ&%ef—aé&&sEeé—EF&GE&%e-eaa;gy-LauaLs

no-}owerFEHan—Ewe-Eime&—Ehe—e&epgy-Levelsaai-;aeeian—rinLr]

To domonstrate compliance with the minimum fracture toughness

requirements of sections IV and V of this appendix, ferritic materials

shall be tested in accordance with the ASME Code, section NB-2300,

"Fracture toughness requirements for materials.” Both unirradiated

and irradiated ferritic materiasls shall be tested for fracture tough-

ness properties bv means of the Charpy V-notgh test specified by

paragraph NB-2321,2 of the ASHME Code. In addition, when required bw

the ASME Code, unirradiated ferritic materials snall be tested by

neans of the dropweight test specified by paragraph NB=2321.1 of the

ASME Code. Provision zhall Le made for supplemental tests in crucial

situations such. as that described dpn Seectd V.



B, Charpy VY=-notch dmpact tests and dropweight tests shall be conducted

in

acecordance with the following requirements:

Location and orientation of impact test specimens shall comply with

[44.]2.

[#6.

&S,

the requirements of parapraph NB-2322 of the ASME Code,

Materials used to prepare test specimens shall be representative

of the actual [prepexties] materials of the finished component as
requiged by the applicable rules of the construction code under
which the component is built[y] pursuant to § 50.55a, except that
ferritic materials intended for the reactor vessel beltline region
shall comply with the additional requirements of section [EEZwh=b=z)

ITI.C. of this appendix.

Ghﬂf?y-¥—56Eeh—impﬁ&%*EE9%-mﬁehines—HSEd—EB—de€e¥miﬁe~§¥BEEH¥e
toughnegs-—properties-for—comparigon-—with-che—oxitowin—of-sectiens
IV-A-and-1¥-B-shail-have-been-ealibrated—at-least-onee—in-each—6—month

interval-usingmethods—outdined—4n-ASTH-E33-005-and-empleving

otandard-speeimens—sobtained—fvrem—Hoor—Army-Hatesiplia-Reseqreh-Contey,

Tomperature-instruneniation—usod-to-contrcl-Sact-tamparatuta-oi-—

spocinaney-for-both-Charpy-Y-nstch-inpaci.fasis_and-_drop=weight

testsy-shall-have-besa~catibratad-at-Leass-once~in-aach-3=moath

intarwal. ]



Calibration of temperature instruments and Charpv V-noteh impact

[48. }4.

[49.15.

test machines used in impact testing shall comply with the

requirements of paragraph NB-2360 of the ASME Code.

[Persors] Individuals performing fracture toughness tests shall be
gualified by training and experience{s] and shall have demonstrated
competency to perform the tests in accord with written proce-

dures of the component manufacturer. [ef-the-licensees]

Fracture toughness test results shall be recorded and shall include
a certification by the licensee or persecn performing the tests for

the licenseez that:

a. The tests have been performed in compliance with the require-

ments of this appendix,

[(a)]Db. The test data are correctly reported and identified with the

material intended for a pressure-retaining component,

[£b3 ]c. The tests have been conducted using machines and instru-

mentation with available records of periocdic calibration, and

[£23]1d. Recards of the qualifications of the individuals performing

the tests are available upon request.



ddsugted-fracture-cnergy:
The-Charpy-¥-notch—-<E€v}-—test-curve-—as-derived-fvom~the-teste—din-seacier
FFi-a-sheii-be-adiusted—te-eateblish-the—adiusted-fraesure-onergy-cf-each

materiel-£egeod-und-to-determine-oonplionee—with-the-aceepianee—requive—

menta-apaetficd-in—geetion-IV¥r-h-as—feollews:

1. Fhe-Sharpy-VY-noteh-eurve—of-paragraph-IIEI-As—shali-be-tranulated-to
the-ripht-elonp—the—tenperature—eserdinate-bo-e—temperature

snerement—aqual-te—the-sum—eof:

(a) The-diffexence-between—the-Nil-Buettiddey—Trannition—{HNBE}
temperature—derived-from—the-dropweishi-teut—{BNT};-and-the
temperature~eorregpeondins—to-a~Sharpy-Y-noteh~epersy-value-pf
&5~£E7—%bsr—aﬁ—eb£ﬁiaeé~érea—eeses-en—uairredée;eé—s?eééaeﬂs
{to-be-sapplied-only-whern—the-NBF-tempevrature—ia-higher—than-the
temperature-correapending—to-the—15-f4~-Ibs<-Charpy-¥-neteh

energy}5—end

(b) A~uize-effeet-iperement-af-7 Fr—poar-inchs-gr—fractian

thercofys—ef-matevrial—thieknesas.

2. The-aciusted-fracture-0nergir—as-read_£fram. the adjusted Cr_curve of

eetion-LhtrBrl-ab-the-lowest—pressurization temperarure_shall_be

used—Ee—deﬁermine-:empiian:e—wiﬁh—ﬁhe—fraeture—tcughness—requfremcnt

of-section—F¥chT ]
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C, In addition to the test requirements of scction ITI,A.of this an;ondix,

tests on materials of the reactor vessel beltline shall be conducted in

accordance with the following miniwum reguirements:

l'

Charey V-notch (Cv) imnact tests shall be conducted at apumropriate

[45.12.

temperatures over a temperature range sufficient to define the Cv

test curves (including the upper-shelf levels) in terms of both

fracture energy and lateral expansion of specimens, Location and

orientation of impact test specimens shall comply with the

requirements of paragraph NB-2322 of the ASME Code.

Materials used to prepare test specimens for the reactor vessel

beltline region shall be taken directly from excess materizl and

- welds in the vessel shell course{s) following completion of the

production longitudinal weld joint, and shbjected to [€he] a heat

treatment that produces metallureical effects equivalent to [thez]

those [reeeived-by)] produced in the vessel material throughout its

fabrication process, in accordance with paragraph NB-2211 of the

ASME Code. Where seamless shell forgings arc used, or

where the same welding process is used for longitudinal and circum-

ferential welds in plates, the test specimens [sheild] may be taken

from a separate welduent provided that such a weldment is prepared

using excess material from the shell forging(s)([s] or plates, as




[P S P
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applicable, the same heat of filler material, and [welded-unde=]

the same production welding conditions [appited] as those used in

joining the corresponding shell [fersiags] materjals.

IV. FRACTURE TOUGHNESS REQUIREMENTS
[A. Ferritlie—materials-of-pressure-recatning-compenanta—of-the—renctor~coodant
prespure~beundary-{eneept-as—quatified-under-section—ivV-Sr-akatd
exhibie-throupheut—their-serviep—lifesimes—st~the—toveat—puessurisaston
temperaturer—adinsted-fraature—enersy—levels-po-lover—than-the-Lfollowing:

Minimum—Shawpy
Y~noteh—sdiusced

Seevion-thicknesa—t fractupe—apayan
{(Enakes): {(fo-—3iba)
EPH— e - - *59
BRELG e 45
=2 ~— — 46

For-reactor-vésgei-beltitna-reston-thic—ninimom-frecture—enera?—tevet—mnv-be
inadeguate-for-pintes—and-forgingn-thickar-ehan—1i3-itnchoeur——The—propesed
minimum-frecture—tonghness—for-such~vessets—snnii-re—aubjeve—te-review-and
spprovai-hy—the—Commivsion-on—an-indivicuat-caae-bavigs )

A, The pressure-~rctaining comnonents of the reactor coolant pressure

boundary that are made of ferritic materials shall meet the following

requirements fcr fracture toughness during system hvdrostatic tests

and any condition of normal cperation, including anticipat=d cperational

gccurrendces:

l. The materials shall meet the acceptance standards of paracraph

NB-2330 of the ASHE Code, and the requirements of sections

IV.A.2, 3 and 4 and TV.B. of this appendix,
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2. For vessels, exclusive of boltinz or other fasteners:

Calculated stress intensitv factors shall be lower than the

reference stress intensity factors by the margins specified

in the ASME Code Appendix G, "Protection Arainst Non-Ductile

Failure". The calculation procedures shall -comply with rhe

precedures specified in the ASME Code Appendix G, but addi-

tional and alterpative procedures mav be used if the Commission

determines that thev provide equivalent margins of safaty

against fracture, making aporopriate allowance for all un-

certainties in the data and onalyses.

For nozzles, flanges and shell regions near gecometric dis-

continuities, the data and procedures required in addition teo

those specified in the ASME Code shall provide margins of

safety comparable to those required for shells and heads

remote f[rom discontinuities,

Whenever the core is critical, the metal temperature of the

reactor vessel shall be high enough to provide an adegquats

margin of protection against fracture, taking into account

such factors as the potential Tor overstress and chermal

shock during anticipated operationial occurrcuces jn the con-

trol of recactivity., In no case when the core is eritical




i—m—L
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(other than for the purpose of low-level phvsics tests) shall

the temperature of the reactor vessel be less than the minimum

permissible temperature for the inservice svstem hvdrostatic

pressure test nor less than 40°T above that temperature required

bv section IV.A,2.a.

d. If there is no fuel in the reactor durins the inicial ore-

operational svstem leakace and hydrostatic pressure tests,

the minimum permissible test temperature shall be determined

in accordance with paragraph G2410 of the ASHE Code excepnt

that the factor of safetv applied to each term making up the

calculated stress intensitv factor mav be reduced to 1.0.

In no case shall the test temperature be less than RT...

E LT

of

+ 60°F.

3. Materials for piping (i.e., pipe, tubes and fittings), pumps, and
valves (excluding bolting materials) shall meet the requirements
paragraph G3100 of the ASME Code,

4.

Materials for bolting and other fasteners with nominal diameters

exceeding 1 ineh shall meet the minimum requirements of 235 mils

lateral excansion and 45 £t lbs, in terms of Charpv V-ncotch tescs

conducted at the preleoad temperature or at the lowest service

temperature, whichever temperature is lower.
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[Br——The-inteipt-uppes—gnetf-fracture—anetay—levelgy-an-daternined by

Sharpy-¥-noteh—tautos—shedi~be—at-tease-Lts—fe-—Itha-nishep-shun—rhe
valuey-spectited—onder—segeton~IvrarT—encspi—Lor-reseder—yegsed
bettiine—natertnt—which—sneii-neci-the—gddistomi-requiremancy

of-secrion—I¥-Er

Gy==Fovuthe-vopetor-vegser—pexEline—vegion—tho-upper-shelf-fugetnre

enaergy-teveis-den-unirrediated-materiatr-as-determined-py~Eharpy-¥
noech~tests?—shg%é—meet—Ehe—fe%%ewing—rEQnirement97-eneept~where
ét-ean-be—eenaefvative}y—&emeﬁseraéed—ee-the—éemmissian-by—eppre-
pripgpe-date—and-s2nelyses-that—lower—valuas—of-upper-shelé-fraeture

encrey-sre-asdequa fer

tr--For-reagtor-vesseiv—for—yhich—ti-cun-be-consuerainively—demon-
strated-by—evperimentat—data—and-tesEd-performed—on-compurable
vcﬁeei;stee%é?—andwmakiﬁgfpraper—e%&ew&nccs—fur-aii-ancertainh
ties—in—the-mensurementsy-thet—the-pdjusted—Froature—anersy
levei-of-phe-rencror-vesset-petetina=repion-witi-mess-she
vequirenantg—ef-section—Iv¥ri—at—a-rempaxasure—of-iB3 F—oven
the—anttre—gepyica—tifctimne—cfi-—the-vreactor—vespsel;—£he-uppesr
sheif-frzcture-energy—ieveis—éerﬂuniffaéiateé—mgteriai—shﬂii

neet-the-regnivrementd-or—seetion—I¥-Br
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2e—For-reactor-vessels-which-de—not-meet-the—conditiona-pi-gention
iUvai-hut-¥cr—which—it-cun—be—cénscrvntﬁvc+y—demanaerntcd—by
cxperimentat-dets—and-eeaty-—penforned—ernrcomparabie-vesvei-geeels
thae—the=ndinstad—Ernapure—enerer—teyeld—af—the-renceor—vessal
Petiiine-region-witl-mect-—the—roquirenenta—of-aection~I¥rd
ae-a*temperaeure—o£—2993?=7—svef—ehe-service-ééfeeime—eé-the
reaceer-vesse&;-Eha—upper—she&f-érgctnre—energy—%evei&~£or
unirradisted-nateriat-shati-be-st—tengp-20-Lfer=tbar-hisher

than-the-values-spectited-in—gecedon—Foiy

Ar--For—renetor-yeddeis—which—de-not—meet—tshe—rondititons—~af-seaptan
Iz Grdr-the—upper—shelf-Lfravture—cnergy—Jevely—for-unieradisted
materinl-sheli-be—at—tesss—25-Ffirtbar-pisher—uhan—the-valuyey

specdifted—in—sectian-IV¥sA<]

Reactor vessel beltline materials shall have minimum upper-shelf anerev,

as determined from Charpv V-notch tests on unirradiated svecimens in

accordance with paragraphs NB-2322.2(4) and 2322.2(6) of the ASME Code,

of 75 ftr lbs unless it is demonstrated to the Commission by aopro-

.priate data and analvses based on other tvpes of tests that lower

values of upper shelf fracture enerpy are adequate.
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Reactor vessels fwhieh-do-not-mest-the—conditiona-of-gectiona-=¥sE+33

for which the predicted value of adjusted reference temperature

exceeds 200°F shall be designed te permit a thermal annealing treat-
ment to recover material toughness properties of ferritic materials

of the reactor vessel beltline,

[Es~—Ferpitia—muterial-one-half-inch-und-tess—in-thicknesss-when—made—teo

Al

B.

fine—grain-practices—nuy—be-used—in-pressure—retuining-conponentc-of
the—remctor—cootane—pressure-boundary-without-eomplinnee-with—the
requirementu-af-section—I¥d-provided—their—lewvest-pressurisation

temperature—ia-net—tess—than-1062F<]

V. INSERVICE REQUIREMENTS-—REACTOR VESSEL

BELTLINE MATERIAL

[Bepetor—vesseis—shetl-have—their] The properties of reactor wvessel

beltiine region materials, [and-weld-preperties] including welds,
shall be monitored by a material surveillance program conforming
to the "Reactor Vessel Material Surveillance Program Requirements'{+]

set forth in Appendix M.

Reactor vessels [shell-be-geceptaplie-ior-sentinued-~operatien] may

continue to be operated only for that service period within which the

[prediectad-fadiucted-fracture onorgry-at-the-lovest-presouriaasion
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temperature—tas-prodiesed—Exom-the—test—pesnles-—of-the-nasevrial
eurveillsnee—program—of~secocion-¥rir}y-gatisfieothe-requirenentes—9s

peetion—I¥N+A+} requirements of section IV.A.2. are satisfied, using

the predicted value of the adjusted reference temperaturg at the end

of the service period to account for the effects of irradiation on

the fracture toughness of the beltiine materials. The basis for the

prediction shall include results from pertinent radiation effects

studies im addition to the results of the surveillance program of

section V.A.

In the event that the requirements of section [F¥=2a] V.B. caanot be-:

satisfied, reactor vessels [are-seecestebie—for-continusd-eperation]

may continue to be operated provided all of the following requirements

are satisfied Ifcr—the—specified~candit§enﬁ]:

l__—Ii—tha;p§edieGad—ad&usEeé—éfaesaf€-eﬁeygy-éeveé—és-aeﬁ—%ese—ehaa

Je-ft=lhgry-the-baltlinc-sagion~si—tha-nvassel-shaitl-ba-subiected

:ouessenxially_lQO_pm:caa;_uolumac;ie—examina:ion~in—aee§sé-wieh—§he
sules of ASME. Boilat-and-Brassuze-Yassel-Codey~LRulas—for-Insarviee
Iaspeciion-ol-Naclaar-Reantor-Loolant—Syciams y~~Ro65+0R~ KT y~and—a
£:actu:a_meahaniaa_analyais-shall-be-ﬁerﬁs;med—whieh—eenﬁeﬁvae&ve;§
demonstratase—making-propar-allowancss—for—all-upecertaintics—in-Lhe
measurenanisthat~adaguata-safety-narginc-~eukbt—for~eontinnad

oparationr—-Such-analyeis-~shali-be-baced-on+
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£ay——Fiaw-sires-—detacted—by—the-inservice—tnspections

Lpy-~Vniid-frmeture-tonshiness—dara—{as—dedined-bys--Fenpative

| Methpd-of—?est—ﬁef—Pi&ne—StrainwFracture—?cugbnesa-of
Hetai&ic—ﬁatcria£371——ﬂ8?H-Beéign&tienf——E-SQ9—?8?}—for
thewpase-metpis~weldegwand-wekd-hent—afifectud-zoness
4rradiaeed-to~a-tevei-equivalent~to-that—of—the-reactor

vesgel-petpline-resiony-and
fer——Lereas-anatyses—ef-the-beletine~regtons

An cssentially complete volnmetriec examination of the beltline

2.

reglon of the vessel including 100 perecent of nny weldments

shall be made in accordance with the requirements of Section X1

of the ASME Code.

Additional evidence of the changes in fracture toughness of the

La

3.

beltline materials resulting from exposure to neutron irradiation

shall be obtained from results of supplemental tests, such as

measurements of dynamic fracture tourhness of archive material

that has been subjected to accelerated irradiacion.

A fracture analvsis shall be performed that conscrvatively

demonstrates, making appropriate allewances for zll uncertainties,

the existence of adequate zafetvy margins for continued operation.
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_ d2em=db-the-predictiad-adinsted-fraoomre-—cnerpsy-teve t-in-tower-than

35-5tr-£b377-the-reaetcr-vESHe+-hé+t+;ne-regfnn-shnik-he-smhjc:r
to-a—thermai-annea&ing-tréafment-tc—cff EtirccaVcrr-oé—meteréei
toughness-propertiesr——The-dégrae—of—such—recovery~snaii-ba
mondtored-by-tosting—epecimans-from-the-—surveiiianse—progeam
capsuies-beénfe-and-after—anneaiing~tre&tment;~and-shaii-b&
adeqaate—ee—setis£y—the—requirements—of—secﬁian—§¥7ﬁ~at~the

end-of-eche-preposed-~seryice-periods]

If the procedures of section V.C. do not indicate the existence of an

adequate safety margin, the reactor vessel beltline recion shall he

subjectud to o thermal annealing treatment to effeect recoverv of

material touphness properties. The degree of such recovery shall be

measured by testing additional specimens that have been withdrawn

from the surveillance program capsules and annealed under the same

time-ar-temperature conditions as those given the beltline materiai,

The results shall provide the basis for estsblishmant of the adjusted

reference temperature after annealing. The reactor vessel msv contipue

.

to be gperated onlv for that service period within which the predicred

fracture tougihness of the beltline region wmaterials satisfies the

reguircments of scction IV,A,2., using the values of adjusced reforence

temperature that dnclude the effects of anncaling and subscouent

irradiation.
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[3+-if-the-reqniremeneu~cf—section-Y;Estror-tucannot—be—sattofsado—ehe

lieensce—shrti-demonstrater—by—othe=—appropriste—meanss—that—adegoate

sefety-marsins—entoc-for-eomeinned-opesations]|

The proposed programs for satisfying the requirements of sechiong

[¥56rt5—2+-or-35] V.C. and V.D. shall be reported to the Commission
for review and approval on an individual casc basis at least 3 vears

prior to the date when the predicted fracture [ememew] tgughness

levels will no longer satisfy the requirements of section [T¥ras)

V.B.



APTENDIX H--REACTOR VESSEL HATERIAL
SURVEILLANCE PROGRAM REQUIREMENTS -7

-

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 water cooled

power rcactors [es—a-eomsequenes—af] resulting from their expeosure to

neutron irradiation and the thermal environment. Under this program,

fracture toughness test data are obtained from material specimens withdrawn

ﬁeriodically from the reactor vessel. [whier] These data will permit

[deereruininz] the determinatrion of the conditions under which the vessel

can be cperated with adequate margins of safety against fracture throughout

its service life.

II. SURVEILLANCE PROGRAM CRITERIA

A. No materisl surveillance program is required for reactor vessels for
which it can be conservatively demoﬁstrated by analytical methods,
applied to exﬂerimental.data and tests performed on comparable

!
vessels, malting appropriate allowancks for all uncertdinties in the
measurements, that ths peak neutron flqen:e (E> 1MeV) ac the end of
the design life of the vessel will not exceed [5 = 2875] 1017 nfqﬁi;

B.

Reactor wvessels constructed of ferritihic materials winich do not meet

the conditions of section II.A. shall have their belcline regions

monitored by a surveillance program complying with the [preestice

wdmwﬂmmm%mﬂmmm L AL TR VEA Rt i et B An 0t A i b b e
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recommended-by-the] American Society for Testing and Materials (ASTM)
Standard Recommended Practice for Surveillance Tests for Nuclear

Reactor Vessels, [sn-USurveillanee-Festa—on—Gtrueturat-Hateriats

dm-Nuelear-ReseremssH ] ‘ASTH Designation: [B—385-78] E-185-73,l/

except as modified by [the-fetrlowinp-requirements+] this appendix.

C. The surveillance propram shall meet the following requirements:

foat

Surveillance specimens shall be taken 4direesiy—from—-the-exeess
shetl-ceurse-maresigi—weltda —and-hent-affected-reneg—of—fha

beltline~region-of—the-reaetor-vessetct from locations alongside

[whieh-gre-used—te—cendauee] the fracture toughness test specimens
required by [%ﬁ—meefing—the—feQﬁifemen&a-eé}'section IIT of
Appendix G, The specimen ftypeid tvpes shall comply with the

requirements of section ITI.A. of Appendix G (except that drop=

welght specimens are not required),

%]

Surveillance dewadiation capsules containing the surveillance

specimens shall {be-toested-as-close—mo—practicabia—go~the
éﬁside—vesseé"waiiy—buf—sha%&-neﬁ—be—aﬁtachedw&e—ehe—wa£iv——§n
eny—ease;—ehe—capsu&e-&eeatéens—sh&i%~be—sueh—th&e—ehe—c&&eu&&EedI
negtren—Livn-maaeivad-si-ene—fnyernesf—<yith-ungpaas-io—the—rapopas

carelr—irradigrion—apecinens—wilti-net-exased-rhree—tires—the

leffective March 1, 1973. Copies may be obtained from the American
Society for Testing and Materials, 1916 Race S5t., Philadelphia, Pa.
19103, either as a separate or (when available) as part of the 1973
Annual Book of ASTM Standards, Part 30 ard alse in Part 31, Copies are
available for inspection at the Commission's Public Document Room,
1717 ¥ sc. N.W., Washington, DI, C.
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ealoulosed-mpuinup-wenppon—~fliov-ne—the~inpide-wakreoi-sha-vesgal,
The-deotpn-—pnd-isenpion-of-the—cnpouien-sieii-permit-insevredon-of

repiacemens-capyntessd be located near but not attached to the

inside vessel wall in the beltline region, so that the neutron

flux received bv the specimens is at leasr as _high but not more

than throe times ag high as that received by the vessel inner

gsurface, and the thermal environment is as closae as practical to

that of the vessel inner surface. The desion and location of- the

capsules shall permit insertion of revplacement capsules. Accel-

erated irradiation capsules, for which the calculated neutron

flux will exceed three times the calculated maximum neutron flux

at the inside wall of the vessel, mav be used in addition to the

required number of surveillance capsules specified in section

I1.C.3.

The required number of surveillance capsules and their withdrawal

schedules are as follows:

a, For reactor vessels for which it can be conservatively

demonstrated by experimental data and tests performed on
comparable vessel steel, [s—and] making [presex] zppropriate
allowances for all uncertainties in the measurements, that
the adjustud [ﬁy&éﬁafe—eaefgy-&eve}—eé-ebe—reeeEer-vesee&
be&&&inewregé9&~wii&—meef~ehe—fequifeﬂeafe—eé—séeﬁien—£¥7&1

ef-Appendiv—GC-ge—a-temperatuce~af] rofevonce temperature

established in zccerdance with section IVLB., will not axooewd




100°F [ever] at the end of the service lifetime of the rsactor

vessel, at least three surveillance capsules shall be preovided

for subsequent withdrawal as follows:

Withdrawal Schedule

1

First capsule One-fourth service life

Second capsule Three~fourths service life

Third capsule S

1
v
ot

w
8
o'
g

In the event that the surveillance specimens exhibir, at
one-quarter of the vessel's service 1ife, a shift of the
{Gherpy-¥~netchf{G;}—fraeﬁure—energy—eurve—gfeaﬁer-ehan

origineily—predicied-by—tese—darard refercnce temperature

greater than orginallvy predicted for similar material as

recorded and desomemeed in the applicable technical

gpecifications, the remaining withdrawal schedule shall

be modified as follows:

Revisead
Withdrawal Schedule

Second capsule - One-half service life

Third capsule -~ Standby

For reactor vessels which do not meet the conditions of
section $¥3<E6+3} II.C.3.a. but for which it can be conser-

vatively demonstrated by experimental data and tests performed
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on comparable vessel steels that the adjusted {frasture-snergy

tevela-of—the-reaacter—veaget-beifiine~resion-will-rees—ahe

Tequirenenta-of-section-I¥rA-of-Appendivn-S5-at-a-tempersture

of} reference temperature will not exceed 20C°F [-owver] at

the end of the

service lifetime of the reactor vessel, at

least four surveillance capsules shall be provided for the

subsequent withdrawal as follows:

First capsule -

Second capsule-

Third capsule -

Fourth capsule-

Withdrawal Schedule

At the time when the predicted shift of
{€~-adiusted-fraceure—enersv—curved the
adjusted reference temperature is approxi-
mately 50°F or at one-fourth service life,
whichever is earlier.

At approximately one-half of the time incerval
between first and third capsule withdrawal.

Three~fourths service life.

Standbyv.

€333 ¢. For reactor vessels which do not meet the conditions of

gsection $¥E+€723 II1.C,3.b., at least five surveillance

capsules shall be provided for subsequent withdrawal as

follows:

First capsule -

Second and
third capsules=-

Withdrawal Schedule

At the time when the predicted shift of f&-
ndfusted=frantnrecenespu—eurved bl M
adjusted refrnrence temporature fs approximately

50°F or at one-fourth service life, whichever
is earlier.

At approximately one—third and two-thirds of

the time interval between first and fourth
capsule witharawal.




th

1

Fourth capsule- Three-fourths of service life.
Fifth capsule - Standby.

Provision shall also be made for additional surveillance .

tests to monitor the effects of annealing and subseduent .

irradiacion.

Withdrawal schedules may be modified to coincide with those

refueling outages or plant shutdowns most closely approaching

the withdrawal schedule,

1f accelerated irrvadiation capsules are emploved in addition

to the mivipum required aumber of surveillance capsules, the

withdrmeal schedule may be modified, taking into account the

test results obtained from tasting of the specimens in the

accelerated capsules., The proposed modified withdrawal

schedule in such cases shall be approved bv the Commission

on an individual case basis.

roposed withdrawal schedules that differ from those specified

in paragraphs a. through f, shall be submitted, with a

technical justification therefor, to the Commission for

approval. The proposed schedule shall not be implemented

without prior Commission approval.

4. For multiple reactors located at a single site, an integrated

surveillance program may be authorized by the Commission on an




ut

individual case basie, dependine on the deproe of commonality

and the predicred severitvy of irradiacion.

{9z ~~Enffieient-prehive—mrpewint-aheli-~be-retained-to-prepare-additionat
survetitence-apeeimens—{as-reconmended-by—ALIH-Besienationt—E-185-
78-YSurvedllonce-Fests—on-Beructurai-Materials—in-Huelenr-Renetoraly
except-%ef—feaeﬁef-vesﬂeis-whieh—meef—fhe—eeaéieieﬁe—eé—eeeféeﬂ
EErEri-oy—2r~-Fhe-archive-matertsi-shaii-be-ebtained-from—the
exneegs-shetl-epurge~materials-veidas-and—hest—aifoeted-sone-es

sdencified-in-seetion-IT-Acd

[Z2FE--—-INFEGRATED-SURVEZLLANGE~-PREGRAH |
[ﬁr--Fee-muitipie-feaeeers—&eeaEed—eﬁ—a—eiagée-eé£e7—eeeh—eé—whéeh—mﬁefs

the-conditiona—af—geetion-{II+6531-IXCr3s{n)r—the—mininum-ousveiliianee

program-requirements-of-gection—fLII6<-23-TI-€x3v{ar—sheli-be-mes

for—-caeh-reaet s |

[B-—TFor-multtpie-venctors~-located~at—a-9inete~aiteg~each—of-which-meets
the-conditions-of—acctton—+£33:€523-FIréc3s{br-—an—intesratead

aurvei&iance~ﬁzegrgm-may—be~empioyeé?—?revideé—fhate]

[lv——A&&—reaeEefwveseeis—meet—;he-ﬁoléewimg-additional-asadizicns;
{ay——The-reaetor-vassale—ara-pf-tho-same-dasigny—ordevaed—Lo—the
same-decigp—spacifigntiony—and-construciad-by.tha-sarma
fabriecatox~ueing-fehed-natariats—produnad-so—tha_gume-cpacio

fieationsy—and—emploving-tho-same-fabrication—procadurasy )



[(b}-—ﬁ&i-reaceers—wi&&-%e—epefsted-uaéer—eempafebie-eenditéans

and~servieces ]

[$e3—-Fech-vesgel-containa-meteriad-apeeimens—obeained-£rom-ses
vespeetive-betidine—region-ag—vrequired-by-she—provintona-of

pection—II-a<]

[¢dy—~The-most-conservative—valne—of-adjusted-£fracture—eneray-deveds
determined—from—testa—of-apecimens—withdrava-£from—any-ei—the
reactors-wiil-be-applisd-te-atl-veaeter-vegsaela-dn-eateb-

iishing-eperationai—timstationas ]

[2r--The-=equived-Aumber-of-capanies-and-their-withdraval-schedule

are—-as—-feilewas].

[€2y--At—lesst-feur—capaulea-—for-caeh-veasel-shelli-be-provided

for-gubsequent-withdravals]

[£b3--The-withdrawvai-schedule-for-the-vesged-initially-placed-in
service-sheli-correapond-to-—the—uehedudo—apecifiad-4n

geetion-II-E<2]

[€ey--Fhe—withdraval-gehedute-for-the~other-vessels-chall-corres~
pend-dpproximatery-fo-the-echedule~for~the~withdrawal-of
the-last-twe—enpouleg-frem-the-vessel-insiedldy-—placed—in
serviees-—and-the-remaining-iwe—eapsutes—shati-ba-retained-as

atandbysy ]



[Es~—Fer-muitipie—rescters-—dorated—at-a-sinsle—nitew—which-de-noct-mees-the
econditions—of-geetion-IirEr3s—an—inteprated-survedilance—progran-may

not-be-empioyed: ]

111, [¥¥<] FRACTURE TOUGHNESS TESTS
A, Fracture toughness testing of the specimens withdrawn from the capsules
shall be conducted in accordance with the requirements of section III

of Appendix G, "Fracture Toughness Requirements.”

$8---FThe-tege—yeautusg-shail-be—adiuated-in-nceovrdance—with-the-procedurs
apeeified-under—seetion—itt-eof-Anpendin—G-Eo-verify-that—the-£fraceure

toughress-reguirementas—af~geetton-IV d-ef-Appendin-—G-ave-gatiafteds]

B. The adjusted reference temperatures for the base metal., heat-affected

zone, and weld metal shall be obtained from the test results by

adding to the reference temperature the amount of the temperature

shift in the Charov test curves between the unirradiated material

and the irradiated material, measured at the 50 foot-pound level or

that measured at the 35 mil lateral expansion level, whichever tem-

perature shift is preater. The highest adiusted reference tempera-

ture and the lowest upper—shelf energy level of 7ll the beltline

materials shall be used to verify that the fracture toughness re-

cuirements of section V.B. of Appendix G are sarisfied.
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IV. [¥=] REPORT OF TEST RESULTS

Each {speeimeﬁ} capsule withdrawal and the results of the fracture
toughness {¢esef tests shall be thé subject of a summary technical
report to be provided to the Commission. The report shall include
a schematic diagroam of the capsule locations in the reactor vessel,
identification of specimené withdrawn, ghe test results, and the

feransineiond relationship of the measured results to those [expected

én] predicted for the reactor vessel beltline region,

The report shall also include the dosimetry measurements performed
at each specimen withdrawal, analyses of the results-which yield
the calculated neﬁtron fluence which the reactor wvessel beliline
region has received at the time of the tests, and comparisons with

the originally predicted values of fluence,

The {iowest-presaurisatien-temperature] operatiug pressure and

temperature limitations established for the period of operation of

the reactor vessel between any two surveillance specimen withdrawals

shall be specified in the report, including any changes made in

operatisnal procedures whiek-ere-adepted Lo assure meeting such

temperature limitarions.
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ATTACHMENT B

ANALYSIS OF COMMERTS

The followlng is an analysis of the salient comments received on the proposed

amendment, adding Appendices G and H to 10 CFR 50. Copies of the comments

are available in the Directorate of Regulatory Standards.

A,

Request for Conslistency with the ASME Code

1.

Comments

The letter from W. G. Hoyt, Secretary of the Boiler and Pressure

Vessel Committee read as follows:

The ASME Boiler and Pressure Vessel Committee has noted with great
incerest the proposed re%isions of 10~CFR Part 50 and the proposed
Appendices G and H as published in the Federal Register of July 3,
1971. We‘have been studying this subject intensively for over a
year with a view toward updating the present requirements of Section
1II of the ASME Boiler and Pressure Vessel Code in accordance with

the latest developments in the technology.

In January 1971 we requested specific recommendations on.this
subject from the Pressure Vessel Research Commit tee. Thelr recom-
mendations have now been received and are being studied by our
approoriate.subcommittees and subgroups. It is expected that

specific Code revisions will be formulated well before the end of

1971.

Due to our meetinpg schedule it is not possible to submic detailed



comments on your propoced requirements before September 3, as

requested. We would, however, appreciate the copportunity to comment |

on this subject or perhaps meet with your selected representatives
at a later date so that the ASME and the AEC toughness requirements

can be as consistent as possible.

The letter from W. D. Doty, Chairman of the Pressure Vessel Research

Committee read as follows:

In Januafy 1971, the Pressure Vessel Research Committee initiated
the preparation of recommendations for toughness requirements for
ferritic materials in nuclear power reacteors. Concentrated effort
was apolied to this task and a report, "Recémmendations of PVRC =~
Toughness Requirements for Ferritvic Materials," August 13, 1971,
was prepared. Industry and government personnel participated in

the preparaticn of the report.

Enclosed are two (2) copies of this report which we are submitting

to the U. S. Atomic Energy Commission in response to. the subject
notice of July 3, 1971 in the Federal Register. The PVRC recommenda-
tions in the report are offered as replacement rules for those pro-

posed in the Federal Register.

PVRC should be pleased to arrange for representatives of the Committee

to meet with representatives of the Atomic Lnerpy Commission for

a discussion of the PVRC report, if such a discussion is desired by

the Commission.
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3. These comments were echoed by: Babcock and Wilcox, Combustion

Engineering, General Electric, Westinghouse, and the Tennessae

Valley Authority.

Staff Action

The proposed rule was revised tc make full use of pertinent provisions
of the ASME Code, Section III, Summer 1972 Addenda. The language of

the proposed rule was also modified to be consistent with the ASME Code.

Objection to the Lowest-Pressurization Temperature Concept of Fracture

Control and to the Basis for Establishing it

Comments

1. To limit the pressure to 25 percent of normal operating pressure
and the réte of temperature change to 50F per hour until a certain
temperature is reached (beyond which there are no limits based on
toughness criteria) is not consistent with the designers' ability
to calculate stresses in nuclear components, and leaves no basis
for evaluating the extra margiﬁ achieved by such ﬁhings as re-

duction of cooling rate. (General Electric Co., Consolidated Edisen)

2. The use of a step change in allowable pressure as a function of
temperature does not provide a uniform margin of safety over the
temperature range, because toughness increases steadily with temp-

erature, even below the "transition temperature.' (Westinghouse)

3. The adjustment of the Charpy fracture energy curve to a higher
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temperature to make the 15 £t. 1b., level coincide with the NDT
temperacure from the dropweight test unduly penalizes the most

commonly used low-alloy pressure vessel steels. (Babecoek and Wilcox,

Westinghouse, Consumers Power, Consilidated Edison, Fffects Technology).

4, The proposed thickness correction of 7F per inch of thickness, as
a second adjustment of the fracture energy curve, is excessive for

thicknesses over 10 inches (as in flanges) and is too small for the

lower range of thicknesses. (Babcock and Wilcox. Combustion Engineering,

Westinghouse, Tennessee Valley Authority).

Sscaff Action

The adoption of the requirements of the ASME Code, including its non-
mandatory Appendix G, represents agreement with the comments., The
following discussion paraphrases the affected parts of the proposed
rule and of the substitute requirements and shows how the latter

accomplish the purposes intended.

The proposed_rule required characterization of the fracture toughness
of the materia; in terms af the temperature dependence of two quanti-
ties —— energy absorbed in a Charpy V-notch impact test (ASTM Standard
A-370) and the nil-ductility transition (NDT) temperature in a drop-
weight tesﬁ (ASTM Standard E-208). In this test, a beam specimen is
subjected to the impact of a falling weight to cause a running crack

to propagate from a brittle weld bead on the tension face of the speci-
men. NDT is the highest test temperature at which the crack reaches
both edges of the specimen before the latter hits the deflection stop.
Charpy tests were to be run at a series of temperatures chosen to

characterize the transition from fully ductile, "upper shelf," behavior



to low-energy 'brittle' hehavior where there is very little piasti;
strain before fracture.. To obtain a toughness characterization that
depended on both types of tests, the "'Charpy curve" was adjusted

upward {only) on the.temperatﬁre scale to make the 15 ft. 1lb. level

correspond to the NDT temperature from the dropweight test.

The' proposed rule also requiréd consideration of the known tendency

of thick sections to suffer brittle fracture more readily than thin
sections by requiring a "thickness correction.” For this, the Charpy
curve was’shifted up the temperature scale 7 degrees per inch of material
thickness. The "size-effect increment" was added to the shift required

for consistency between the two types of toughness tests to obtain a

“curve of "adjusted fracture energy” versus temperature as the charac-

terization of -the fracture toughness of the material in the intended
thickness. Fracture control was achieved by a requirement of the pro-
posed.rule that the ''lowest pressurizatioh temperature,"” below which
prassure could unot exceed 25 percent of normal cperating pressure nor
cooling rate exceed 50 F/hr.,was required to be the temperature at

which the adjusted fracture energy exceeded a ce%tain level , which

was Nhigher for thick material than for thin. Radiation damage was
accounged'for in terms of a measured shift in the temperature required
to achieve the specified Charpy energy levels. The surveillance program

required by Appendix H provided Charpy specimens for such measurements.

The rule in its effective form continues the proposed requirement that

fracture toughness be characterized by both the Charpy test and the



dropwelight test, but in keeping with the ASME Code, the results are

interpreted in terms of a reference temperature, RT , which is the

NDT
higher of the nil-ductility transition temperature from the dropweight
test and a temperature ¢btained from Charpy test data in a special way.

(It is 60F below the temperature at which Charpy energy equals 50 ft.

Ibs. and back face deformation equals 35 mils lateral expancsion.)

Fracture control under the new rule is achieved by a requirement that

stress in the pressure boundary be limited as a function of temperature

relative to the reference temperature, RT and as a.function of

NDT’

material thickness according to the "K__ curve" given in the revised

IR
ASME Code; Taken from fracture mechanics, the term "stress intensity
factor," (K) defines a quantity that is proportional to the product
of gross stress and the square root of crack depth, and includes factors
to account fo? crack shape and for the manner of loading. Critical
values of K, obtained from tests in which precracked specimens are
loaded to failure, are a convenieﬁt measure of fracture toughness,
because differences in crack size and shape and in manner of lcading
betwean specimen and component can be treated quantitatively. The KIR
curve in the ASME Code is regarded as a lower—-bound measure of the
dependence of fracture toughness on temperature, relative to RT for:

NDT’

the materials of interest. The curve is based on data obtained in the

HSST program,*

*
Heavy Steel Technology Program, being conducted at Qak Ridge National
Lakoratory.



Rather than require an independent estimate of the maximum expected
i flaw size in shells and heads remote from discontinuities, the ASME

Code requires that the assumed flaw for a vessel of wall thickness

1t

t" shall be a semielliptical surface crack of depth 0.25¢ and length

l1.5c.. Thus, the value of KIR at a given temperature amounts to an

allowable stress value that decreases with increasing wall thickness

as the square root of 1l/t.

With regard to fracture control in the operation of a nuclear reactor,

the rule in effective form substitutes the KIR curve for the proposed

requirement that the system not be pressurized above 25 percent of

normal cperating pressure until the temperature reached the value

corresponding to a8 specified energy level on the adjusted Charpy curve.
Thus, instead of permitting a step change in allowable pressure at a
certaln temperature, the KIR curve permits stress levels to rise at a

steadily increasing rate through the temperature range, relative to

RTNDT'

C. Objection to Amount of Testing Required

Comments

1. 1Instead of treating the entire pressure boundary alike, there

should be separate regquirements for the various components depending

R on the likelihood of fracture. (Babeock and Wilcox, Consumers Power)

2. Requirements for testing fracture properties in the transverss direction

are unreasonable for plates which are stressed in the rolling direction,

e in which fracture toughness is greater. (Combustion Engineering,

Consumers Power).



- H =

Staff Action

The effective rule has been changed to accommodate comment (1) but thé
requirements for specimeﬁ location and orientation referred to in comment
(2) were changed only to be consistent with the ASME Code. Toughness in.
the transverse direction is a good measure of plate qﬁality,and quality

assurance is made easier if orientation of the plate in the vessel is not

an essential factor.

Objection to the Definition of Deitline and to the Extra Material Testing

Required for Belrline Materials

1. Beltline should be defined as material receiving a predicted fluence

19 n/cm2 (E>» IMeV), rather tham a certain predicted shift

exceeding 10
in temperature of the Charpy V-notch energy curve. Also, withdrawal

schedules should be based on fluence rather than a 'Charpy shift."

2. Charpy V-notch upper-shelf requirements should be based on the expected

"Charpy shift" instead of an absolute temperature.(General Electric Co.}.

Staff Action

Comment {2) has been accommodated but not comment (1). Although material
characteristics are not completely understood, certain [actors such as
copper and phosphorus content have been found to be significant, and the

rules should encourage the trend toward use of radiation-insensitive

materials. Furthermore, the definition of "beltline" was actually tightened

to include all of the vessel that was expected to suffer more than 50°F



Charpy shift (rather than 100°F). This was to reduce the possibility
of overlooking significant radiation damage to a sﬁell course or a set
of nozzles located just above or below the core. Thus, if radiation-
sensitive materials are used in these locations, surveillance épecimens
must be taken from those materials as well as those directly opposice

the . core.

Objection to Prohibition on Direct Attachment of Radiation Capsules to

the Vessel Wall

The weld attachment of capsule holders to the vessel wall should be per-
mitted, because this minimizes fluence and temperature differences and

causes no structural problems. (Combustion Engineering, General Electric},

Staff Action

Tbe prohibition of direct attachment to the vessel wall remains in

effect, although the merits of direct attachment are certainly recognized.
The overriding concern was the possible introduction of a flaw in the
beltline region of the vessel through improper'weld practices, which might
be used inadvertently praticularly if someone other than the vessel manu-

facturer did the welding.
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Dated July 11, 1973, to become effec-

tive July 20, 1973.
' CHARLES R. BRADER,

Acting Deputy Director, Fruil

- and Vegetable Division, Agri-
cultural Marketing Service.

[FR Doc.73-14487 Filed 7-16-73;8:45 am]

CHAPTER X—AGRICULTURAL MARKET-
ING SERVICE (MARKETING AGREE-
MENTS AND ORDERS; MILK), DEPART-
MENT OF AGRICULTURE

[Milk Order No. 63]

PART 1063—MILK IN THE QUAD CITIES-
DUBUQUE MARKETING AREA

Order Suspending Certain Provisions

This suspension order is issued pursu-
ant to the provisions of the Agricultural

RULES AND REGULATIONS

farmers involved, retain producer status.
It is hereby found and determined that
thirty days’ notice of the effective date
hereof is impractical, unnecessary and
contrary to the public interest in that:
(a) This suspension is necessary to re-
fleect current marketing conditions and
t0 maintain orderly marketing condi-
tions in the marketing area in that the
most efficient method of handling the
market’s reserve milk supply is move-
ment directly from producers’ farms to
milk manufacturing plants. This suspen-
sion would allow such handling during
July and August 1973, while the dairy
farmers involved retain producer status;
(b) This suspension order does not re-
quire of persons affected substantial or
extensive preparation prior to the ef-
fective date; and .
(c) Notice of proposed rulemaking was

Marketing Agreement Act of 1937, as given interested parties and they were

amended (7 U.S.C. 601 et sea.), and of afforded opportunity to file written data, .

the order regulating the handling of milk  views or arguments concerning this sus-
in the Quad Cities-Dubuque marketing pension, No views were received in oppo-
area. . " sition to the proposed suspension.

Notice of proposed rulemaking was Therefore, good cause exists for mak-
published in the FEDERAL REGISTER (38 ing this order effective with respect to
FR 16878) concerning a proposed sus-.- producer milk deliveries during July and
pension of certain provisions of the or- August 1973.
der. Interested persons were afforded op- 1% is therefore ordered, That the afore~
portunity to file written data, views, and said provisions of the order are hereby
arguments thereon. . suspended for .the months of July and
teAfter consideraii:;ion of all r:%evaéltf mgg_ August 1973.

rial, including the proposal set for _ .
in the aforesaid notice, data, views, and gg;fg:,i) 19, 48 Stat. 31, as amended; 7 U.S.C.
arguments filed thereon, and other avail- .
able information, it is hereby found and Effective date: July 17, 1973.
determined that for the months of July s :
and August 1973, the following provi- lg%gned at Washington, D.C., on July 12,
sions of the order do not tend to efiectu-
ate the declared policy of the Act:

In § 1063.14, the proviso which reads:

“Provided, That in any of the Iponiéhs
o Ty rouEh oy e orone  Title 8—Animals and Animal Products
than the number of days that milk was CHAPTER I—ANIMAL AND PLANT HEALTH
delivered to a pool plant from such farm INSPECTION SERVICE, DEPARTMENT
during the month shall not be deemed OF AGRICULTURE '

to have been received by the diverting sypcHAPTER C—INTERSTATE TRANSPORTA-
handler.” TION OF ANIMALS (INCLUDING POULTRY)

CLAYTON YEUTTER,
Assistant Secretary.

_ [FR Doc.73~14582 Filed 7-16-73;8:45 am]

. . AND ANIMAL PRODUCTS; EXTRAORDINARY
Statement of consideration, The sus-  EMERGENCY REGULATION OF INTRASTATE
pension action will permit unlimited di- ACTIVITIES

version of producer milk under the Quad pART 72—TEXAS
Cities-é)ubuque order during July and
August 1973. ) . N
The suspension is requested by Mis- Permitted Dips

sissippi Valley Milk Producers Associa- The purpose of this amendment is fo
tion, Inc., Land O'Lakes, Inc., and Mid lower the concentration at which ap-
American Dairymen, Inc., to accommo- proved proprietary brands of Dioxathion
date the handling of reserve milk on the -(Delnav® may bq used as a permitted
market. The seasonal increase in milk dip in official dipping for interstate
production in conjunction with a decline movement. . .

in Class I sales has created a surplus Statement of conszgieratzon. The En-
milk disposal problem in this market. vironmental Protection Agency has
Without the suspension much of the re- recommended a change in the proposed
serve milk on the market would have to use pattern for Dioxathion (Delnav®)
be moved from farms to pool plants and when used on beef cattle, horses, sheep
-then reshipped to manufacturing plants and goats which would reduce the maxi-
in order to remain pooled instead of mum concentration at which this prod-
being moved directly from farms to man- uct may be used from 0.160 percgnt to
ufacturing plants. The additional labor 0.150 percent. Such a conceqtga,tlon is
and hauling costs involved with such withinthe effective range for disinfection
milk movements would adversely affect purposes. ‘ .

the economic handling of milk in excess Therefore, to conform with the En-
of fluld requirements. This suspension vironmental Protectionn Agency’s pro-
will allow more economic handling of the posed use pattern and pursuant to the
‘market’s reserve milk while the dairy. provisions of the Act of March 3, 1905, as

(SPLENETIC) FEVER IN
CATTLE

amended, the Act of February 2, 1903, as
amended, and the Act of May 29, 1884, a3
amended (21 U.S.C. 111-113, 115, 117,
120, 121, 123-126), §72.13(b)(2) 13
amended to read as follows:

§ 72.13 Permitted dips and procedures.

*® * ® * ]

(h) » & »

(2) Approved proprietary brands of &
Dioxathion (Delnav@®) emulsifinble
concentrate used at o concentration of
0.125 to 0.150 percent.®

2 = ] * ®

(Secs. 1, 2, 32 Stat. 791-702, as nmended;
secs. 47, 23 Stat. 32, as amended; cecs. 14,
33 stat. 1264, 1266, secs. 3 and 11, 76 Stat.
130, 132 as amended; 21 U.S.C. 111113, 115,
117, 120, 121, 123-126, 134b, 134f; 37 ¥R
28464, 28471.)

Effective date. 'The foregoing amend-
ment shall become effective July 17, 1973,

The amendment relieves certain re=-
strictions presently imposed but no
longer deemed necessary to prevent the,
interstate spread of Texas fever ticks and
must be made effective promptly to be of
maximum benefit to persons subject to
the restrictions which are relleved. It
does not appear that public participation
in this rulemaking proceeding would
moke additional relevant information
available to the Department.

Accordingly, under the administrative
‘procedures provisions in 5 U.8.C. 553, 1t i3
found upon good cause that notice and
other public procedure with respect to
the amendment are impracticable and
contrary to the public interest, and good
cause is found for meking the amend-
ment effective less than 30 days after
publication in the FepenarL RreisTen.

Done at Washington, D.C.,, this 11th
day of July 1973.
F. J. MULHELRN,
Administrator, Animal ond Plont
Health Inspection Service.

[FR Doc.73-14581 Filed 7-16-73;8:45 nm}

Title 10—Atomic Energy

CHAPTER I—ATOMIC ENERGY
COMMISSION

PART 50—LICENSING OF PRODUCTION
AND UTILIZATION FACILITIES

Fracture Toughness and Survelllance
Program Requirements

On July 3, 1971 the Atomic Energy
Commission published in the Frorran
REGISTER (36 FR 12697) proposed amend~
ments to its regulations in 10 CFR Part
50 which would add new appendices en-
titled, “Appendix G, Fracture Toughness
Requirements,” and “Appendix H, Re-

aoare 1s required when treating animalg
and in maintaining required concentratlon
of chemicals in dipping baths, Detalled ine
formation concerning the use of, oriteria for,
and names of proprietary brends of per«
mitted dips for which speeific permission had
been granted, and concerning the use of com«
pressed afr, vat menagement techniques, and
vatside tests, and othor pertinent informae
tion may be obtained from the U.S. Dopart«
ment of Agriculture, APHIS, Vetorlnary
Services, Hyattsville, Maryland 20782.
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actor Vessel Material Surveillance Pro-
gram Requirements.”

Interested persons were invited to sub-
mit written comments within 60 days.
Upon consideration of the comments re-
ceived and other factors involved, the
Commission has adopted the proposed
amendments with certain modifications
in the form set forth below.

Significant differences in Appendix G
from the amendments published for
comment are:

(1) Terminology was changed to be
consistent with that of the ASME Code.t*

(2) The method of combining the re-
sults of the Charpy and dropweight tests
to get a combined measure of toughness
was changed.

The proposed rule would have required
characterization of the fracture tough-
ness of the ferritic materials in the re-
actor coolant pressure boundary in
terms of the temperature dependence of
two quantities: (a) Energy absorbed in
Charpy V-notch impact tests (ASTM?®
Standard A-370) and () the nil-
ductility transition (NDT) temperature
obtained from dropweight tests (ASTM
Standard E-208). Charpy tests were to
be run ab appropriate temperatures to
characterize the transition from fully
ductile, “upper shelf,” behavior to low-
energy, “brittle,” behavior. To obtain a
toughness characterization that de-
pended on both types of tests, the
“Charpy .curve” was to be adjusted up-
ward on the temperature scale to make
the 15 ft. 1b. level correspond to the NDT
temperature from the dropweight tests.

These amendments continue the re-
quirement contained in the proposed rule
that fracture toughness be measured by
the Charpy test and the dropweight test.
However, to reflect comments urging
consistency with the ASME Code, frac-
ture toughness of the material is char-
acterized by its reference temperature,
RTxpr. This temperature is the higher
value of the NDT temperature from the
dropweight test or the temperature that
is 60° F below the temperature at which
Charpy test data meet a specified tough-
ness level (50 ft. 1bs. and 35 mils lateral
expansion).

(3) The concept of a lowest pressuri-
zation temperature given in the proposed
rule was changed to a concept based on
fracture mechanics that allows a-con-
tinuous buildup of pressure as a function
of temperature and wall thickness.

The proposed rule would have required
a “thickness correction” whereby the
Charpy curve was to be shifted up the
temperature scale 7°F per inch of mate-
rial thickness. The thickness correction
would have been'added to the shift re-
quired for consistency between the two
types of toughness tests to obtain a curve
of “adjusted fracture energy” versus

1 American Society of Mechanical Engineers
Boiler and Pressure Vessel Code, section IT,
«Rules for the Construction of Nuclear Power
Plant Components,” 1971 Edition, and
addenda through the Winter, 1972 Addenda,

3 American Society for Testing and Mate-
rials.

RULES AND REGULATIONS

temperature. Fracture control would
have been achieved by requiring the
“lowest pressurization temperature” ab
which system pressure could exceed 25
percent of normal operating pressure, or
at which the rate of temperature change
could exceed 50°F/hr. to be the tem-
perature at which the adjusted fracture
energy exceeded a certain level, which
was higher for thick material than for

Many of the comments questioned the
validity of the dependence placed on the
Charpy test by the proposed rule. The
thickness correction was consldered ex-
cessive for thick sections and inadequate
for thin sections. Other comments asked
that the rules treat stresses more quan-
titatively to take account of the opera-
tors’ ability to control pressure and rate
of temperature change and the de-
signers’ ability to calculate pressure and
thermal stresses. Specifically, they urged
the adoption of the approach that now
appears in the 1972 Summer Addenda to
the ASME Code. The proposed rules were
also revised to reflect these comments.
As required by these amendments, frac-
ture control is achieved by requiring that
stress in the pressure boundary be lim-
jted as a function ¢f the metal tempera-
ture relative to the reference tempera-~
ture, RTxrr, and as & function of ma-
terial thickness according to the “En
curve” given in the ASME Cede. Taken
from fracture mechanics, the term
“stress intensity factor” (K) defines a
quantity that is proportional to the prad-
uct of gross stress and {he square root of
crack depth, and includes factors to ac-
count for crack shape and for the manner
of loading. Critical values of K, deter-
mined from tests in which precracked
specimens are loaded to failure, are a
convenient measure of fracture tough-
ness, because differences in crack size and
shape and differences in mamner of
loading between specimen and comps
nent can be treated quantitatively. The
Kr curve in the ASME Code gives allovr-
able values of fracture toughness as a
function of temperature relative to
RTxpr. The curve is based on data ob-
tained from tests of large specimens in
the HSST? program. Rather than re-
quire the estimation of maximum ex-
pected flaw size, these amendments re-
quire that in areas of the reactor vessel
remote from discontinuities, the as-
sumed flaw size be proportional to wall
thickness. Thus, from the value of Eir
at a given temperature, allowable stress
values are obtained that are inversely
proportional to the square root of wall
thickness.

(4) Fracture control procedures de-
scribed in paragraph (3), above, are sup-
plemented in these amendments by a re-
quirement that whenever the core is
critical, the metal temperature of the
reactor vessel shall exceed specified
values dependent on the concurrent
stress level.

sHeavy Sectlon Stcel Technelegy Program,
conducted at Oak Ridge Nationnl Laboratory.

19013

(5) The Charpy V-notch upper-shelf
energy requirements for beltline region
materials was set at 75 {t. los. for all
coses, without distinction as to the pre-
dicted amount if irradiation damage.

(6) Frocture toughness requirements
for the various components of the pres-
sure boundary were separated to reflect
comments suggesting that the rules fit
the anticipated severity of service fo
which the component might be subjected.

(1) The.definition of “keltline rezion
of the reactor vessel” was broadened to
include more shell material above and
below the core.

Sipgnificant differences in Appendix H
from the amendments published for
comment are:

(1) Terminclozy was changed to be
consistent with that of Appendix G and
the ASME Cecde. In particular, the ad-
justment for Irradiation effects is de-
sceribed in these amendments as an ad-
justment of the reference temperature,
RT:.rr, and the amount of temperature
shift is determined by a slighfly dif-
ferent treatment of the Charpy data
than that given in the proposed amend-
ment.

(2) Provision was made for accelerated
irradiation capsules and for modifica~
tion of capsule withdrawvn schedules
based on results of tests of specimens
that received the accelerated irradiation.

(3) A general provision for an in-
tezrated surveillance program was sub-
stituted for the specific requirements
civen in the proposed rule. It appeared
from comments that it would be im-
practical to meet the requirements of
the proposed rule for commonality of
multiple reactors.

Appendices G and H are intended to
implement General Design Criterion 31,
“Fracture Prevention of Reactor Coolant
Pressure Boundary,” of 108 CFR Part 50,
Appendix A, “General Desien Criteria
for Nuclear Power Plants,” to the extent
described below. The margin of safety
against brittle fracture will be controlled
more quantitatively by these amend-
ments than by the proposed rule, par-
ticularly with regard to specific guide-
lines for the treatment of heatup and
copldown conditions. Appendices G and
H track the language of the ASME Code
and have adopted certain of its require-
ments but also include several key sup-
plemental requirements. For the vessel
beltline, inservice requirements are
based on the reference temperature as
adjusted to account for irradiation dam-
age. There is also an additional fracture
toughness requirement in the form of
shelf energy values from the Charpy
curve for the material in its unirradiated
condition.

Although the requirements of Ap-
pendices G and H become effective on
August 16, 1973, the Commission rec-
oznizes that there may be an interim
period when, for plants now under con-
struction, the method of compliance
with certain provisions may be deter-
mined on a case-by-case basis. For
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example, if the test data needed to es-
tablish certain fracture control require-
ments are nob gvailable because they
were not required at the time material
sampling was done, estimated values that
are appropriately conservative may be
acceptable. '

Pursuant to the Atomic Energy Act of
1954, as amended, and sections 552 and
553 of Title 5 of the United States Code,
the following amendments to ‘Title 10,
Chapter I, Code of Federal Regulations,
Part 50, are published as a document
subject to codification to be effective on
August 16, 1973.

1. In § 50.55a of 10 CFR Part 50, the
existing paragraph (i) is redesignated
paragraph (j), 8 new paragraph () is
added, and subdivision (a)(2) (i) and
the prefatory language in paragraph
(a) (2) are amended to read as follows:

§ 50.55a Codes and standards.

Each construction permit for a utiliza-~
tion facility shall be subject to the fol-
lowing conditions, in addition to those
specified in § 50.55:

(@)(1) = = =

(2) As a minimum, the systems and
components of boiling and pressurized
water-cooled nuclear power reactors
specified in paragraphs (¢), (@), (&), ),
(), and (@) of this section shall meet
the reguirements described in those
paragraphs, except that the American
Society of Mechanical Engineers (here-
inafter referred to as ASME) Code N-
symbol need not be applied, and the
protection systems of nuclear power re-
actors of all types shall meet the re-
quirements described in paragraph (h)
of this section, except as authorized by
the Commission upon demonstration by
the applicant for or holder of a con-
sj;ruction permit that:

(i) Deslgn, fabrication, installation,
testing, or inspection of the specified sys-
tem or component, is to the maximum ex-
tent practical, in accordance with gen-
erally recognized codes and standards,
and compliance with the requirements
described in paragraphs (¢) through ()
of this section or portions thereof would
result in hardships or unusual difficulties
without a compensating increase in the
level of quality and safety; or

L] ® & -3 *

(1) Fracture toughness requirements:
Pressure-retaining components of the re-
actor coolant pressure boundary shall
meet the requirements set forth in Ap-
pendices G and H to this part.

(J) Power reactors for which a notice
of hearing on an application for a pro-
visional construction permit or a con-
struction permit has been published on
or before December 31, 1970, may meet
the requirements of paragraphs (¢) (1),
(@ (1), (e) (@), and () (1) of this sec-
tion instead of paragraphs (c)(2), (d)
(2), (e)(2), and (£) (2) of this section,
respectively.

2. New Appendices G and H are added
to Part 50 to read as follows:

FEDERAL

RULES AND REGULATIONS

APPENDIX G—FEACTURE TOUGHNESS
REQUIREMDNTS

I, INTRODUCTION AND SCOPL

This appendix specifies minimum fracture
toughness requirements for ferritlc mate-
rials of pressure-retaining components of the
reactor coolant pressure boundary of water
cooled power reactors to provide adequate
margins of safety during any condition of
normal operation, including anticipated op-
erational occurrences and system hydro-
static tests, to which the pressure boundary
may be subjected over its service lifetime.

The requirements of this appendix apply to
the following materials:

A. Carbon and low-alloy ferritic steel plate,
forgings, castings, and plpe with specified
minimum yield strengths not over 50,000 psi.

B, Welds and weld heat-afected zones in
the materials specified in section I.A.

C. Materials for bolting and other types of
fasteners with specified minimum yield
strengths not over 130,000 psi.

Adequacy of the fracture toughness of
other ferritic materials shall be demonstrated
to the Commission on an Individual case
basis.

II. DEFINITIONS

A, “ASME Code” means the American So-
clety of Mechanical Engineers Boller and
Pressure Vessel Code, section III, “Rules for
the Construction of Nuclear Power Plant
Components” (unless another section is spec~
ified), 1971 Edition, and addenda through
the Winter, 1972 Addenda?

B. “Ferritic material” means carbon and
low-alloy steels, higher alloy steels includ-~
ing all stainless alloys of the 4xx szries, and
maraging and precipitation hardening steels
with a predominantly body-centered cublc
structure.

C. “System hydrostatic tests” means all
preoperational system leakage and hydro-
static pressure tests and all system leak-
age and hydrostatic pressure tests performed
during the service life of the pressure
boundary in compHance with the ASME
Code, section XI, “Rules.for Inservice In-
spection of Nuclear Reactor Coolant Sys-
tems.”

D. *“Specified minimum yleld strength’”
means the minimum yleld strength (In the
unirradiated condition) of a material speci~
fied in the construction code under y7hich the
component is built pursuant to § 50.55a.

E. “Lowest service temperature’” means the
lowest service temperature as defined by
paragraph NB-2332 of the ASME Cotde.

F. “Reference temperature” means the
reference temperature, RT,,,., as defined in
paragraph NB-2331 of the ASME Code.

G. “Adjusted reference temperature”
means the reference temperature as adjusted
for irradiation effects (see Appendix H) by
adding to RTxpr the temperature shift in.
the Charpy V-notch curve for the irradiated
material relative to that for the unirradiated
material, measured at the 50 ft 1b level or
measured at the 35 mil lateral expansion
level, whichever temperature shift is greater.

H. “Beltline region of reactor vessel” means
the shell material (including welds and weld
heat-affected zones) that directly surrounds
the effective height of the fuel element
assemblies and any additional height of shell

1 Coples may be obtained from the Amer-
ican Soclety of Mechanical Engineers, United
Engineering Center, 345 East 47th Street,
New York, N.¥. 10017, Coples are available
for inspection at the Commission’s Public
Document Room, 1717 H St. N.W., Washing«
ton, D.C. :

material for which the predicted adjustment
of reference tomperature ot ond of corvice
life of the reactor vessol exceods 50° F,

I. “Material survellianco program' means
the provisions for the placement of repotor
vessel beltline material specimeong in the
reactor vessel, and the program of perledic
withdrawal end testing of such speoimeng
to monitor, over the service 1life of the vessel,
changes in the frocture toughness properties
of the beltline a3 & result of exposure to
neutron irradiation and the thermal enviren«
ment,

J. ‘“Integrated survelllonce progroms”
means the combination of individual mate
rial survelllance programs as applicd to one
or more reactor vessels to yleld results which
serve to monitor the changes in fracture
toughness propertles for o group of veosols,

I, FRACTURE TOUGHNLUSY TCSTS

A. To demonstrate complance with the
minimum frocturo toughness requiromenty
of sections IV end V of this appondix, for-
ritic materials shall be tested in accordance
with the ASME Code, scotion NB-2300,
“Fracture toughness roquirements for mae
terials.” Both unirradioted and rradinted
ferritic materials shall be tested for fraocturo
toughness properties by means of the Charpy
V-notch test specified by paracroph NB-
2321.2 of the ASME Code. In addition, whon
required by the ASME Code, unirradinted
ferritic materials sheoll be tested by meang
of the dropweight test specified by paragraph
NB-2321.1 of the ASME Code. Provision ghall
be made for supplemental tests in oruolal
situations such as that described in Sootfon
V.C.

B. Chorpy V-notch impact tests and drop«
welght tests shall be conducted in nccord-
ance with the following requirements!

1. Location and orlentation of impaet test
specimens shall comply with the requiroe
ments of paragraph NB-2322 of tho ASMDE
Code.

2, Matorials used to propare test speot-
mens shall be representative of the actunl
materials of the finished component oy ro-
quired by the applicable rules of tho con-
struction code under which the component
is built pursuant to §50.55a, excopt that
ferritic materlials intended for theo renctor
vessel beltline region sheall comply with the
additional requirements of section IIL.C. of
this appendix.

3. Calibration of temperaturo instrumonts
and Charpy V-notch impact test machines
used in impact testing shall comply with the
requirements of paragraph NB-2360 of the
ASME Code.

4. Individuals performing fracture tough«
ness tests shall be qualified by training and
experience and shall have demonstrated come
petency to perform the tests in accord with
written procedures of the component monu«
facturer.

6. Fracture toughness test results shall bo
recorded and shall Include o certification by
the licensee or person performing the tests
for the licensee that:

a. The tests have been porformed in come-
pliance with the requiroments of thiy
appendisy,

b. The test data are correctly reported and
identified with the material intended for o
pressure-retaining component,

c. The tests have been conducted using
machines and instrumentation with avall«
able records of perlodle callbration, and

d. Records of the quallfications of the
individuals performing the tests are nvalle
able upon request.

C. In addition to the test requirements of
section IIIA. of this appendix, tests on mo«
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terials of the reactor vessel beltline shall be
conducted in accordance with the following
minimum requirements:

1, Charpy V-notch (Cr) impact tests shall
be conducted at appropriate temperatures
over a temperature range sufficlent to define
the Cv test curves (including the upper-shelf
levels) in terms of both fracture energy and
lateral expansion of specimens. Location and
orientation of impact test specimens shall
comply with the requirements of paragraph
NB-2322 of the ASME Code.

2. Materials used to prepare test specimens
for the reactor vessel beltline region shall be
taken directly from excess material and
welds in the vessel shell course(s) following
completion of the production longitudinal
weld joint, and subjected to a heat treatment
that produces metallurgical effects equiva-
lent to those produced in the vessel material
throughout its fabrication process, in accord-
ance with paragraph NB-2211 of the ASME
Code. Where seamless shell forgings are used,
or where the same welding process Is used
for longitudinal and circumferential welds
in plates, the test specimens may be taken
from a separate weldment provided that such
2 weldment is prepared using excess material
from the shell forging(s) or plates, as appli-
cable, the same heat of filler material, and
the same production welding conditions as
those used in joining the corresponding shell
materials.

IV. FRACTURE TOUGHNESS REQUIREMENTS

A. The pressure-retaining components of
the reactor coolant pressure houndary that
are made of ferritic materials shall meet the
following requirements for fracture tough-
ness during system hydrostatlic tests and any
condition of normal operation, including an-
ticipated operational occurrences:

1. The materials shall meet the acceptance
- standards of paragraph NB-2330 of the ASMRE
Code, and the reguirements of sections
IV.A2, 3 and 4 and IV.B. of this appendix.

2. For vessels, exclusive of bolting or other
fasteners: T

a. Calculated stress intensity factors shall
be lower than the reference stress intensity
factors by the margins specified in the ASME
Code Appendix G, “Protection Against Non-
Ductile Failure”. The calculation procedures
shell comply with the procedures specified in
the ASME Code Appendix G, but additional
and alternative procedures may be used if
the Commission determines that they provide
equivalent margins of safety against fracture,
making appropriate allowance for all uncer~
tainties in the data and analyses.

b. For nozzles, flanges and shell reglons
Tnear geometric discontinuities, the data and
procedures required in addition to those
specified in the ASME Code shall provide
margins of safety comparable to those re-
quired for shells and heads remote from dis-
continuities.

c¢. Whenever the core is critical, the metal
temperature of the reactor vessel shall be
high enough to provide an adequate margin
of protection against fracture, taking into
account such factors as the potentlal for
overstress and thermal shock during antici-
pated operational occurrences in the control
of reactivity.- In no case when the core is
critical (other than for the purpose of low-
level physics tests) shall the temperature of
the reactor vessel be less than the minimum
permissible temperature for the inservice sys-
tem hydrostatic pressure test nor less than
40°F above that temperature required by
section IV.A2.a.

d. If there is no fuel in the reactor during
the initial preoperational system leakage and
hydrostatic pressure tests, the minintum per-
missible test temperature shall be deter-
mined in accordance with paragraph G2410
of the ASME Code except that the factor of
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safety applled to each term making up the
calculated stress intensity facter moy bo xo-
duced to 1.0. In no cace chall tho test teme-
perature be less than RTxor4-CO°F.

3. Materinls for piping (i.e., pipe, tubes
and fittings), pumps, and valves (escluding
bolting materials) chall meet the require-
ments of paragraph G3100 of the ASLIE Code.

4, Materials for bolting and other fasten-
ers with nominal dinmeters exceeding 1 inch
shall meet the minimum requirements of 25
mils lateral expansion and 45 £t 1bs in terms
of Charpy V-notch tests conducted at tho
preload temperature or at tho lowest cerve
ice temperature, whichover toemperature is
lower.

B. Reactor vessels beltline materials sholl
have minimum upper-chelf encrgy, os dotor-
mined from Charpy V-notch tests on unirra-
dinted specimens in pccordance with para-
graphs NB-2322.2(4) nnd 23222(0C) of tho
ASME Code, of 76 1t 1bs unless it is demon-
strated to the Commicslon by cppropriate
data and analyses baced on other types of
tests that lower values of upper chelf froce
ture energy are adequate.

C. Reactor vecsels for which the predicted
value of adjusted reference temperature ox-
ceeds 200°F shall be destigned to pormit o
thermal annenling treatment to recover mate-
rinl toughness propertics of ferritic materials
of the reactor vecsel beltline,

V. INSERVICE REQUIREAENTS—REACTOZ VESSEL
DELTLINE 2XIATERIAL

A. The propertles of reactor vessel beltlino
reglon materials, including welds, chall be
monitored by o materinl survelllanco pro-
gram conforming to the “Reactor Vessel Ma-
terial Survelllanco Program Requirements”
set forth in Appendix H.

B. Reactor vessels may continue to be op-
erated only for that cervice pericd within
which the requirements of cection IV.AZ. are
satisfled, using the predicted value of the
adjusted reference temperaturo at the end of
the service period to account for the effects
of irradintion on the fracture toughnezs of
the beltline materinls. The basts for the pre-
diction shall include results frem pertinent
radiation effects studies in addition to the
results of the survelllonce pregram of cec-
tion V.A.

C. In the event that the requirements of
section V.B. cannot be taticfied, reactor ves-
sels moy continue to bo operated provided
gudot the following requirements are catice

ed:

1. An esentially complete velumetric ex-
amination of the beltline reglon of the ves-
sel including 100 percent of any veldments
shall bo mado in accordance with theo ro-
quirements of Section XX of the ASME Code.

2. Additionnl evidence of the changes in
frocture toughness of the beltline materials
resulting from expesure to necutron irradin.
tion shall be obtained from results of cup-
plemental tests, such ts measurements of
dynamie fracture toughness of archive mo-
terlial that hos been subjected to accelerated
Irradiation.

3. A fracture analysls ghall bo performed
that conservatively demonstrates, maling
appropriate allowances for all uncertaintles,
the existence of adequate maorgins for con-
tinued operation.

D. If the procedures of cection V.C. do not
indicate the existencs of an cdequate cafety
margin, the reactor veccel beltling rogion
shall be_ subjected to o thermal annealing
treatment to effect rocovery of material
toughnezs propertics. The degree of such
recovery shall be measured by testing eddi-
tional specimens that have been withdravm
from the survelllance program capsules and
annealed under the came time-at-tempera-
ture conditicns as thozo given tho Leltlino
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material. The results chall provide the basis
for establichment of the adjusted reference
temporature after gnnecling. The reactor
vezsel may continuoe to be cperated only for
that corvico period within which the pre-
dicted fracture toughnezs of the beltlins
reglon materials catizfles the requirements
of cection IV.AZ2, uszing the values of ad-
Justed reference temperature that include
tho effects of annealing and subsequent
irrodiation.

E. The propiccd programs for satisfying
tho reguirements of cectlons V.C. and V.D.
canll bo reported to the Commiszlon for re-
view ond cpproval on an individual cese
basis at least 3 years prior to the date when
tho predicted fracture toughness levels will
no lonzer catisfy the requirements of sec-
tlon V.B.

Arprriprg H—Roacron VESSEL MATERIAL
SURvEILLANCS Progrart RUQUIEELENTS

I. DIPDODYUCTION

The purpeza of the material survelllance
program requircd by this appendix Is to
monitor changes in the frocture touzhness
properties of ferritic materiols in the re-
actor veccel beltling rezion of water cooled
potwrer reactors reculting from thelr exposure
to neutron irrcdiation and the thermal en-
vironment. Under this prozram, fracture
toughness test data are obtalned from mate-
rlal specimens withdrawn perisdically from
the reactor vescel. Tneze data will permit
the determination of the conditions under
wialch the vecsol can ke operated with ade-
quata 5 of cafety against fracture
throughout its cervice lfe.

II. SURVEILLANCE FROGRAZL CTITETIA

A. o materinal survelllanca program is re-
quired for reactor vezcels for which it can
ba concervatively demonstrated by analyt-
ical mothods, applied to expaerimental data
and tests performed on comparable vezzels,
making appropriate allowances for all un-
certaintics In the mecsurements, that the
peak neutron fluence (B 1MeV) ot the end
of the decign Ufe of the vessal will not exceed
10" n/em?2

B. Reactor vecc2ls constructed of ferritic
materials which do not meet the condifions
of cection ILLA. chall have thelr beltline re-
glons monitored by o survelllance program
complying with the American Soclety for
Tosting and Materlals (ASTM) Standard Rec-
ommended Practica for Survelllance Tests for
Nuclear Reactor Vexcels, ASTM Designation:
E-185-73 except o5 modified by this op-
pendis,

C. The survefllance program shell meet
the following requirements:

1. Surveillance gpecimens chall be taken
from locations alongside the fracture touzh-~
ness test cpecimens required by sectlon I
of Appendix G. The specimen types shall
comply with the requirements of section
IOIA. of Appondix G (except that drop welzht
cpecimens are not required).

2. Survelllance capsules containing the
survelllanco speclmens shall be located near
but not attached to the inside vessel wall
in the boltline rezion, co that the neutron
flux received by the speeim?ns 15 ot least as
hizh but not more thon three times 25 hizh

2 ERective 24arch 1, 15873. Coples may ba cb-
talned from the American Soclety for Test-
ing and Materlnls, 1916 Race St., Pailadel-
phia, Pa. 19103, elther as a ceparate or (when
available) o5 part of the 1973 Annual Beok
of ASTM Standards, Part 30 and alzo in Part
31, Coples aro avallable for Inzpection at the
Commi-sion’s Public Document Room, 1717
H 5t W, Wachington, D.C.
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as that recelved by the vessel inner surface,
and the thermal environment is as close as
practical to that of the vessel inner surface.
The design and location of the capsules chall
permit insertion of replacement capsules.
Accelerated irradiation capsules, for which
the calculated neutron flux will exceed three
times the calculated maximum neutron flux
at the inside wall of the vessel, may be used
in addition to the required number of sur-
veillance capsules specified in section II.C.3.

3. The required number of surveillance
capsules and their withdrawal schedules are
as follows:

a. For reactor vessels for which it can bs
conservatively demonstrated by esperimental
data and tests performed on comparable ves-
sel steel, making appropriate allowances for
all uncertainties in the measurements, that
the adjusted reference temperature estab-
lished in accordance with section IV.B. will
not exceed 100°F at the end of the service
lifetime of the reactor vessel, at least three
survelllance capsules shall be provided for
subsequent withdrawal as follows:

WiTHDRAWAL SCHEDULE

First capsule—One-fourth service life
Second capsule—Three~fourths service life
Third capsule—Standby

In the event that the surveillance speci-
mens exhibit, at one-quarter of the vessel’s
service 1ife, 8 shift of the reference tempera-
ture preater than originally predicted for
similar material as recorded in the applicable
technical specification, the remaining with-
drawal schedule shall be modified as follows:

REVISED
‘WITHDRAWAL SCHEDULE

Second capsule—One-half service life

Third capsule—Standby

b. For reactor vessels which do not meet
the conditions of section II.C.3.a. but for
which it can be conservatively demonstrated
by experimental data and tests performed on
comparable vessel steels that the adjusted
reference temperature will not exceed 200°F
at the end of the service lifetime of the re-
actor vessel, at least four surveillance cap-~
sules shall be provided for the subsequent
withdrawal as follows:

YVITHDRAWAL SCHEDULE

First capsule—At the time when the pre-
dicted shift of the adjusted
reference temperature is ap-
proximately 50°F or at one~
fourth service life, which~
ever Is earlier.

Second capsule—At approximately one-half
of the time interval be-
tween first and third cap-
sule withdrawal.

‘Third capsule—Three-fourths service life,

Fourth capsule—Standby.

c. For reactor vessels which do not meet
tho conditions of section IL.C.3.b., at least
five survelllance capsules shall be provided
for subsequent withdrawal as follows:

‘WITHDRAWAL SCHEDULE

First capsule—At the time when the pre-
dicted shift of the adjusted reference tem=
perature is approximately 60°F or at one-
fourth service life, whichever is earlier.

Becond and third capsules—At approximately
one-third and two-thirds of the time in-
terval between first and fourth capsule
withdrawal.

Fourth capsule—Three-fourths of service life,

Fifth capsule—Standby.

d. Provision shall also be made for ad-
ditionsl surveillance tests to monitor the
:{Iects of annealing and subsequent irradia~

on.,

6. Withdrawal schedules may be modified
to coincide with those refueling outages or

FEDERAL

RULES AND REGULATIONS

plant shutdowns most closely approachingA

the withdrawal schedule.

£. If accelerated irradiation capsules are
employed in addition to the minimum re-
quired number of surveillance capsules, the
withdrawal schedule may be modified, taking
into account the test results obtained from
testing of the specimens in the accelerated
capsules. The proposed modified withdrawal
schedule in such cases shall be approved by
the Commission on an individual case basis.

g. Proposed withdrawal schedules that dif-
fer from those specified in paragraphs a.
through £. shall be submitted, with a tech-
nical justification therefor, to the Commis-
sion for approval. The proposed schedule
shall not be implemented without prior
Commission approval.

4, For multiple reactors located at a single
site, an Integrated surveillance program may
be authorized by the Commission on en in-
dividual case basis, depending on the de-
gree of commonality and the predicted se-
verity of Irradiation.

IIX. FRACTURE TOUGHNESS TCSTS

A, Fracture toughness testing of the specl-
mens withdrawn from the capsules shall be
conducted in aceordance with the require-
ments of section I of Appendix &}, “Frac-
ture Toughness Requiremen:

B. The adjusted reference temperatures for
the base metal, heat-affected zone, and weld
metal shall be obtained from the test re-
sults by adding to the reference temperature
the amount of the temperature shift in the
Charpy test curves between the unirradiated
material and the irradiated material, meas=-
wred at the 50 foot-pound level or that
measured at the 35 mil lateral expansion
level, whichever temperature shift is greater.
The highest adjusted reference temperature
and the lowest upper-shelf energy level of
gll the beltline materials shall be used to
verify that the fracture toughness require-
ments of section V.B. of Appendix G are
satisfied.

IV. REPORT OF TEST RESOLIS

A, Each capsule withdrawal and the results
of the fracture toughness tests shall be the
subject of a summary technieal report to be
provided to the Commission, The report shall
include a schematle diagram of the capsule
locations in the reactor vessel, identification
of specimens withdrawn, the test results, and
tho relationship of the measured results to
those predicted for the reactor vessel belt-
line region.

B. The report shall also include the dosim~
etry measurements performed at each speci~
men withdrawal, analyses of the results
which yield the calculated neutron fluence
which the reactor vessel beltline region has
received at the time of the tests, and com~
parisons with the originally predicted values
of fluence.

C. The operating pressure and temperature
limitations established for the period of
operation of the reactor vessel between any
two surveillance specimen withdravwals shall
be specified In the report, including any
changes made in operationsl procedures to
assure meeting such temperature limitations.

(Sec. 161, 68 Stat. 948; 42 U.S.C, 2201)

Dated at Germantown, Md., this 11th
day of July 1973.

For the Atomic Energy Commission.

GorpoN M. GRANT,
Acting Secretary of the Commission.
Note: Incorporation by reference provie

slons approved by the Director of the Federal
Reglster on May 29, 1973,

[FR Doc.73-14531 Filed 7~16-73;8:456 am]
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Title 12—Banks and Banking
CHAPTER II—FEDERAL RESERVE SYSTEM

SUBCHAPTER A—BOARD OF GOVERNORS OF
THE FEDERAL RESERVE SYSTEM
PART 201—EXTENSIONS OF CREDIT BY
FEDERAL RESERVE BANKS

Changes in Rates

Pursuant to section 14(d) of the Fed-
eral Reserve Act (12 U.S.C. 357), and for
the purpose of adjusting discount rates
with & view to accommodating commerce
and business in accordance with other
related rates and the general credit situ-
ation of the country, Part 201 is amended
as seb forth below:

1. Section 20151 is amended to read
as follows:

§201.51 Advances and discounts for
xlngember banks under sections 13 and
.

The rates for all advances and dis-
counts under sections 13 and 13n of the
Federal Reserve Act (except advances
under the last paragraph of such section
13 to individuals, partnerships, or cor-
porations other than member banks)
are:

Feoderal Reservo Bonk of Rate  Effcotivo
Boston 7 July 2, 1073
New York 7 July 2, 1073
Philadelphia 7 July 2, 3073
Clov land 7 July 2, 1073

1d 7 July 2, 1973
Mhnh 7 July 2, 1073
Chi H 7 July 2, 1913
Bt Lows. caacnanna R 7 July 2, 1973
Minneapoli B 7 July 2 1973
KANSaS CAtY - - -mwmmwamaezosmmszsd 7 July 2, 1013
Dallas eruTesd 7 July 2, 1973
San Francleo.caeean. SNEP=X > 7 July 2, 1073

2. Section 201.52 is amended to read
as follows:

§201.52 Advances to member banko
under section 10(b).

The rates for advences to member
banks under section 10(b) of the Federal
Reserve Act are:

Federal Reserve Bank of Rato  Effcotive
oo L s
Philadelphia. cceucoancecnnanes 7—,:4 Ji uly 2,1073
%' v 1. 7—,’ 3J uls: , 1673

chmon 7-,, 4 July 2, 1073
Atlanta. 7—,, 4 July 2, 21073
Se o 75 e & s
Minneapolls 7-1) July 7, 1073
s Ol yol % B A T

35 4
San Franclseo.cacescencoanaa PRNURER 2 I | uly 2,1073

3. Section 201.53 is amended to read
as follows:

§201.53 Advances to persons other than
member banks.

The rates for advances under the last
paragraph of section 13 of the Federal
Reserve Act to individuals, partnerships,
or corporations other than member
banks secured by direct oblizations of,
or obligations fully guaranteed ag to
principal and interest by, the United

States or any agency thereof are:

17, 1973
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NUCLEAR ﬁE_GULATORY
COMMISSION

10 CFR Part 50 .

Domestlc Licensing of Production and
Utilization Facilities; Fracture
Toughness.Requirements for Nuclear
Power Reactors -

AGENCY: U.S. Nuclear,Regulatory )
Commission.

ACTION: Proposed rule.

SUMMARY: The'Nuclear Regulatory
Commission (NRC) is considering
amending its regulations which specify
fracture toughness requirements for
nuclear fower reactors and its
requirements for reactor vessel ‘material
surveillance programs. The amendments
would clarify the appllcabxhty of these -
requirements to old and néew plants,
modify certain requirements as
described below, and shorten and
simplify these regulations by more
extensively incorporating by reference
appropriate National Standards.

DATES: Comment penod expxres ]anuary
13, 1981.

ADDRESSES: Written comments should
be submitted to the Secretary of the
Commission, U.S. Nuclear Regulatory
Commission, Washington, D.C. 20555,
Attention: Docketmg and Service
Branch,

FOR FURTHER INFORMATION CONTACT:
Dr. P. N. Randall, Office of Standards

- Development, U.S. Nuclear Regulatory
Commission, Washington, D.C. 20555,
301-443-5997.

SUPPLEMENTARY INFORMATION: When 10
CFR Part 50 was amended by adding
Appendix G, “Fracture Toughness
Requirements,” and Appendix H,
“Reactor Vessel Material Surveillance
Program Requirements,” on July 17, 1973
{38 FR 19012), the ASME Boiler and
Pressure Vessel Code (the ASME Code)
provisions pertaining to nuclearpower.
plant components were bemg
" extensively revised. Some requlrements

that had not yet beéome effective in the

ASME Code were included in Appendix
G. Now that experience has shown that
_the ASME Code requirements are
adequate, Appendix G is being
condensed by more extensively
incorporating the ASME Code by
reference,”
Appendix H incorporated by
reference the 1973 edition of ASTM E
185.1 Now there is a new edition, E 185-

‘Slandurd Recommended Practice for

Surveillance Tests for Light Water Cooled Nuclear -

Power Reactor Vessels. Copies may be obtained-
from the American Society for Testing and -
Mnlerials. 1918 Race St., Philadelphia, Pa. 19103.’ .

79. As amended, Appendix H would
specify the earliest edition of E 185 that

- could be used for each part of the

surveillance program, and would delete
paragraphs that are now covered by
specific provisions of E 185-79,
Paragraph 50.55a(i), which makes the .
provisions of Appendices G and H
conditions of a construction permit for a
utilization facility (e.g., a nuclear power
plant), would be delefed and a new
§ 50.47 would be added for this purpose.
This change would avoid any confusion
that might occur when § 50.55a is
amended for purposes not relevant to
the appendices. The new § 50.47 also
would describe when an exemption
must be requested of the Commission

for acceptance of a proposed alternative

to the requirements of Appendices G
and H. Conversely, several paragraphs

-of Appendices G and H would be

amended to state that a proposed
alternative may be accepted by the
Director of Nuclear Reactor Regulation
if the proposed alternative provides a
margin of safety equivalent to that
achieved by the specified requirement,.

Slgmficant differences between the -
existing regulations in Appendix G and
the proposed amendments are: 2

{lI1.G. The definition of “adjusted
reference temperature” would be

_ changed to make the definition

applicable to test data over a broader
range of severity of radiation damage.
{ILH. The definition of “beltline” would
be changed to more clearly delineate
which parts of the vessel are of °
concern from the standpoint of
surveillance of radiation damage.
{IL]. The definition of “integrated
surveillance program” would be
refmoved from Appendix G and a more
complete discussion of sucha .
program would be included in
paragraph I.C. of Appendix H.
§ I1I. Section III, “Fracture Toughness
.. Tests,” would be reduced in length
* because most of the pertinent
requirements could be incorporated
by referencing the ASME Code.

. JUILA. Language would be added to

~ paragraph IIL.A, to clarify how the
fracture toughness test requirements
would be applied to “old” plants,
those for which the reactor vessel was
constructed to an ASME Code earlier
than the Summer 1972 Addenda to the
1971 Edition. This language would
clarify the Commission’s intention
that all plants must meet the required
margins of safety and the other

Copies will be available for inspection at the
Commission’s Public Decument Room, 1717 H St.,
NW., Washington, D.C.

- 2Listed according to ex:stmg paragraph numbers.
See Enclosure 3.
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fracture prevention requirements of
Appendices G and H; but the owners
of “old” plants may, when approved
by the Director of Nuclear Reactor
Regulation, use [racture toughness
tests and fracture analyses other than
those required by Appendices G and
H, to demonstrate that the required
margins of safety have been met.

§ IV. As amended, Section 1V, “Fracture
Toughness Requirements” would
incorporate by réference the fractute
toughness requirements of the ASME
Code and then give certain

- supplemental requirements, thereby
deleting much technical detail from
the regulation.

(IV.A.2.b. As an alternative to the
existing general requirement for
fracture toughness of nozzles, flanges
and shell regions near structural
discontinuities, a specific pressurg-
temperature requirement would be
added.

{IV.A.2.c. For boiling water reactors, tho
criticality limit would be reduced to
permit them to go critical earlier
during startup. A systems analysis has
shown that the existing limit is more

- restrictive than is necessary to
provide the required safety margin.

{1vV.A.2.d. The minimum permissible
temperature for system hydrostatic
pressure tests would be reduced when
performed when there is no fuel in the
reactor (and thus no radiological
hazard to the public) to improve the
efficiency of the inspection operation.

{1v.B. The 50 ft 1b requirement for
Charpy upper-shelf energy would be
stated explicitly. Language would be
added to permit acceptance of a lower
value by the Direcior of Nuclear
Reactor Regulation if a fracture
analysis showed that the margin of
safety against ductile fracture was
equivalent to the margin of safety
against fracture in the transition
region required by Appendix G of the
ASME Code.

{V.B. A requirement would be added
that material toughness values to be

- . used in fracture analyses are those

predicted for the material near the tip
of the assumed flaw at its deepest
part.

Significant dlfferences between the
existing regulations in Apendix H and
the proposed amendments are:

{ILB. As revised, paragraph ILB. would
incorporate by reference ASTM E 185,
and reference to the 1973 edition of -
ASTM E 185 would be deleted.
Language would be added to permit
the use of the 1979 editionoran
earlier edition if it was the current
edition at the time the action was
taken. For example, the earliest
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edition of ASTM E 185 that could be
used in the selection of surveillance
materials, preparation of specimens,
and construction of surveillance
capsules would be the edition that
was current on the issue date of the
ASME Code to which the reactor
vessel was purchased,

§11.C.3. Most of this paragraph would be
deleted, because the requirements for
withdrawal schedules contained in
the 1979 edition of ASTM E 185
provide satisfactdry criteria for
scheduling surveillance information
gathering.

§11.C.4. Expanded criteria would be
given for an integrated surveillance
program for a set of reactors of similar
design and operating features. In an
integrated program, surveillance
capsules from one or more reactors
are irradiated in other reactors in the
set.

§111. Section Il would be deleted
because its provisions are covered in
Appendix G, Section V.

§IV. Reporting requirements for the test
results from each capsule withdrawal
would be clarified and a time limit for
submittal of the report would be
specified.

Staff of the Commission’s Office of
Standards Development has prepared a
value/impact statement for the proposed
amendment, which provides additional
technical details and justification. This
statement is available for inspection by
the public in the Commission's Public
Document Room at 1717 H Street, NW.,
‘Washington, D.C. Single copies of the
value/impact statement may be
obtained by request addressed to the
Office of Standards Development, U.S.
Nuclear Regulatory Commission,
Washington, D.C. 20555, Attention: P. N,
Randall, (301) 443-5997.

Pursuant to the Atomic Energy Act of
1954, as amended, the Energy
Reorganizaiton Act of 1974, as amended,
and-section 553 of title 5 of the United
States Code, notice is hereby given that
adoption of the following amendments
of 10 CFR Part 50 is contemplated. All
interested persons who wish to submit
written comments or suggestions in
connection with the proposed
amendments should send them to the
Secretary of the Commission, U.S.
Nuclear Regulatory Commission,
Washington, D.C. 20555, Attention:
Docketing and Service Branch by
Janaury 13, 1981. Copies of comments
received may be examined in the
Commission’s Public Document Room at
1717 H Street, NW., Washington, D.C.

1. Section 50.55a is amended by
deleting paragraph (i) and inserting the
word “Reserved” in its place.

2. A new § 5047 is added to 10 CFR
Part 50 to read as follows:

§50.47 Acceptance criteria for Fracture
Prevention Measures for Light Water
Nuclear Power Reactors.

(a)(1) Except as provided in paragraph
(a)(2} of this section all light-water
nuclear power reactors shall meet the
fracture toughness and material
surveillance program requirements for
the reactor coolant pressure boundary
set forth in Appendices G and H to this
part.

{2) Proposed alternatives to the
described requirements or portions
therof may be used when an exemption
is granted by the Commission as
authorized by § 50.12. In addition, the
applicant must demonstrate that (i)
compliance with the specified
requirements would result in hardships
or unusual difficulties without a
compensating increase in the level of
quality and safety and (ii} the proposed
alternatives would provide an adequate
level of quality and safety.

{b) [Reserved]

§50.12 [Amended]

3. Paragraph (a) of § 50.12 is amended
by adding the following sentence at the
end of the paragraph:

* * *Tg obtain an exemption to
Appendices G and H to this part, the
requirements of paragraph 50.47(a)(2)
must be met in addition to the
requirements of this paragraph.

4. Appendices G and H to 10 CFR Part
50 are revised to read as follows:

Appendix G—Fracture Toughness
Requirements

Table of Contents

L Introduction and Scope

1L Definitions

IIL. Practure Toughness Tests

IV. Fracture Toughness Requirements

V. Inservice Requirements—Reactor Vessel
Beltline Materials

I. Introduction and Scope

This appendix specifies fracture toughness
requirements for ferritic materials of
pressure-retaining components of the reactor
coolant pressure boundary of light water
nuclear power reactors to provide adequate
margins of safety during any condition of
normal operation, including anticipated
operational occurrences and system
hydrostatic tests, to which the pressure
boundary may be subjected over its service
lifetime.

The requirements of this appendix apply to
the following materials:

A. Carbon and low-alloy ferritic steel plate,
forgings, castings, and pipe with specified
minimum yield strengths not over 50,000 psi
(345 MPa), and to those with specified
minimum yield strengths greater than 50,000
psi (345 MPa) bul not over 90,000 psi (621
MPa) if qualified by using methods equivalent

*
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to those described in paragraph G-2110 of the
ASME Code.!

B. Welds and weld heat-affected zones in
the materials specified in seclion LA.

C. Materials for bolting and other types of
fasteners with specified minimum yield
strengths not over 130,000 psi {896 MPa).

Adequacy of the fracture toughness of
other ferritic materials shall be demonstrated
to the Director of Nuclear Reactor Regulation
on an individual case basis.

IL Definitions

A. “ASME Code” means the American
Soclety of Mechanical Engineers Boiler and
Pressure Vessel Code. If no section is
specified, the reference’is to Section I1,
Division 1, “Rules for Construction of Nuclear
Power Plant Components.” “Section X1”
means Section X1, Division 1, “Rules for
Inservice Inspection of Nuclear Power Plant
Components.” If no edition or addenda is
specified, the applicable ASME Code edition
and addenda *and any limitations and
modifications thereof are specified by
§ 50.55a, Codes and Standards.

B. “Ferritic material” means carbon and
low-alloy steels, higher alloy steels including
all stainless alloys of the 4xx series, and
maraging and precipitation hardening steels
with a predominantly body-centered cubic
crystal structure.

C. “System hydrostatic tests™ means all
preoperational system leakage and -
hydrostatic pressure tests and all system
leakage and hydrostalic pressure tests
performed during the service life of the
pressure boundary in compliance with.the
ASME Code, Section X1

D. “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 pursuant to
§ 50.552.

E. “Reference temperature™ means the
reference temperature, RTypr, as defined in
the ASME Code.

F. “Adjusted reference temperature™ means
the reference temperature as adjusted for
irradiation effects (see Section V of this
Appendix) by adding to RTypy the
temperature shift in the average Charpy
curve for the irradiated material relative to
that for the unirradiated material, measured
at the 30 ft 1b (41]) level.

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

tDefined in paragraph ILA. The latest Edition and
Addenda permitted by paragraph 50.55a{b} at the
time the analysis Is made shall be used for the
purposes of paragraph LA.

2Copies may be oblained from the American
Society of Mechanical Engineers, United

Center, 345 East 47th Street. New York,

N.Y. 10017. Coples are available for inspection at
the Commission’s Public Document Room. 1717 H
St N.W., Washingtoa, D.C.



75538

Federal Register / Vol. 45, No. 222 / Friday, November 14, 1980 / Proposed Rules

111, Fracture Toughness Tests

A. To demonstrate compliance with the
fracture toughness requirements of Sections
IV and V of this appendix, ferritic materials
shall be fested in accordance with the ASME
Code and, for the beltline materials, the test
requirements of Appendix H. For.a reactor .
vessel that was constructed to an ASME  ~
Code earlier than the Summer 1972 Addenda

of the 1971 Edition {pursuant to § 50.55a), the .

fracture toughness data and data analyses
shall be supplemented in a manner approved
by the Director of Nuclear Reactor Regulation
to demonstrate equivalence with the fracture
toughness requirements of this appendix.

B. Test methods for supplemental fracture
toughness tests described in paragraph V.C.2
shall be submitted to and approved by the
Director of Nuclear Reactor Regulation prior
to testing.

C. All fracture toughness test programs
conducted in accordance with paragraphs A
and B of this Section shall comply with
ASME Code requirements for calibration of
ltest equipment, qualification of test
personnel and retention of records of these
functions and of the test data. ’

IV. Fracture Toughness Requirersents

A. The pressure-retaining components of
the reactor coolant pressure boundary that-
are made of ferritic materials shall 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
occurrances,

1. Reactor vessel beltline materials shall
have minimum Charpy upper-shelf-energy .of
75 ft 1b {102])-initially and shall maintain
minimum upper-shelf energy throughout the
life of the vessel of 50 ft b (68]), unless it is
demonstrated in a manner approved by the
Director of Nuclear Reactor 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.?

2. When the core.is not cnhcal, pressure-
temperature limits for the reactor vessel shall
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 2 supplemented by the .
requirements of Section V of this Appendix.
In addition, when pressure exceeds 20
percentof the preservice system hydrostatic
test pressure, the temperature of the stressed
regions of nozzles, flanges and other
structural discontinuities shall be at least
150° F above (83 C above) the reference
temperature of the material in those regions
unless a lower temperature can be justified
by showing that the margins of safety for =
those regions are equivalent to those required
for the beltline when it is controlling. The
justification submitted for the pressure
temperature limits shall describe the methods
of analysis used.

3. When the core is critical (other than for
the purpose of low-leve! physics tests} the

3The latest Edition and Addenda permitted by
paragraph 50.55a(b) at the time the analysis is made
shall be used for the purposes of paragraphs IV.A.1
andIV.A2.

temperature of the reactor vessel shall not be
lower than 40° F above {22 C above) the
minimum permissible temperature of
paragraph 2. of this section nor lower than
the minimum permissible temperature for the
inservice system hydrostatic pressure test.
An exception may be made for boiling water
reactor vessels when water level is within the
normal range for power operation and the
pressure is less than 20 percent of the
preservice system hydrostatic test pressure,
in which case the minimum permissible
temperature is 60° F above [33 C above) the
reference temperature of the closure flange
regions that are hlghly stressed by the bolt

preload.

4. If there is no fuel in the reactor during
system hydrostatic pressure tests or leak
tests, the minimum permissible test
temperature shall be RTxpr+60° F (RTypr+33
C).

5. If there is fuel in the reactor during
system pressure fests or leak iests, the
requirements of paragraphs 2 or 3 shall apply,
depending on whether the core is critical
during the test.

B. Reactor vessels Tor which the predicted
value of upper shelf-shelf energy at end of life

. is below 50 ft Ib or the predicted value of

adjusted reference temperature at end of life
exceeds 200° F (93 C) shall be designed to
permit a thermal annealing treatment to .
recover material toughness properties of
ferritic materials of the reactor vessel
beldine.

V. Inservice Requirements—Reactor Vessel

- Beltline Material -

A. The effects of nentron radiation on the
reference temperature and upper-shelf energy
of reactor vessel beltline materials, including
welds, shall be predicted from the results of
pertinent radiation effects studies in addition
to the results of the snrvelllanx:e program of
Appendix .

B. Reactor vessels may continue {o be
operated only for that service period within
which the requirements of Section IV are
satisfied using the predicted value of the

. adjusted reference temperature and the

predicted value of the upper-shelf energy at
the end of the service period to account for
the effects of radiation on the fracture
toughness of the beliline materials. These
predictions shall be made for the radiation- .

" conditions at the tip of the assumed flaw at

its deepest part. The highest adjusted -
reference temperature and the lowest upper-
shelf energy level of all the beltline materials
shall be used 1o verify that the fracture
toughness requirements are satisfied,

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

1. A volumetric exammatlon of the beliline
materials that do not satisfy the reqtirements
of Section V.B. including 100 percent of any
associated welds shall be made and any
flaws evaluated according to Section X1 of
the ASME Code and as otherwise specified
by the Director of Nuclear Reactor
Regulation. ‘

. 2..Additional evidence of the fracture
toughness -of the beltline materials after
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exposure to neutron irradiation shall be
obtained from results of supplemental
fracture toughness tests,

3. An analysis shall be parformed that
conservatively demonstrates, making
appropriate allowarnces for all uncertainties,
the existence of equivalent margins of safely
for continued operation.

D. If the procedures of section V.C. do not
indicate the existence of an equivalent safoty
margin, the reactor vessel beltline may,
subject to the approval of the Director of
Nuclear Reactor Regulation, be given &
thermal annealing treatment to recover the
fracture toughness of the material, The degree
of recovery shall be measured by testing
additional specimens that have been
withdrawn from the surveillance program
capsules and that have been annealed undor
the same time-at-teniperature conditions as
those given the beltline’ material, The results
shall 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 tho beltline
region materials satisfies the requircments of
Section IV.A. 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 Sections V.C. and V.D. shull
be reported to the Director of Nuclear
Reactor Regulation, .S, Nuclear Rogulatory
Commission, Washington, D.C. 20555, [or
review and approval on an individual cuse
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.

Appendix H—Reactor Vessel Matedal
Surveillance Program Requirements

Table of Contenls

1. Introduction
11. Surveillance Program Criteria
1IL Report of Test Results

1. Introduction

The purpose of the material surveillance
progtam 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 nucleat
power reactors resulting from their exposure
to neutron irradiation and the thermal
environment. Under this program, fraciure
toughness test data ate obtained from
material specimens exposed in surveillance
capsules, which are withdrawn periodically
from the reactor vessel. These data will bo

" used as described in Sections 1V and V of

Appendix G.

II. Surveillance Program Criteria

A. No material surveillance program 1s
required for reactor vessels for which it cun
be conservatively demonstrated by analytical
methods applied to experimental data und

-tests performed on comparable vessols, ;

making appropriate allowances for all
uncertainties in the measurements, that the
peak.neutron fluence (E<1MeV} at the end of
the design life of the vessel will not exceed
107n/cm2
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B. Reactor vessels that do not meet the
conditions of paragraph IL.A. shall have their
beltline materials monitored by a
surveillance program complying with ASTM
E 185, except as modified by this Appendix.
ASTM E 185 was approved for incorporation
by reference by the Director of the Federal
Register, on May 29, 1973.

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. For each
capsule withdrawal, the test procedures and
reporting requirements shall meet the
requirements of the edition of E 185 in effect
on the date of capsule withdrawal, to the
extent practical for the configuration of the
specimens in the capsule. For any part of the
surveillance program, later editions of E 185
may be used instead of the editions
previously specified, but including only those
editions through 1979,

2. Surveillance specimen capsules shall 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 history, and maximum neutron
fluence experienced by the reactor vessel
inner surface. If the capsule holders are
attached to the vessel wall or to the vessel
cladding, construction and inservice
inspection of the attachments and attachment
welds shall be done according to the
requirements for permanent structural
attachments to reactor vessels given in the
ASME Code, Sections IIl and XL The design
and location of the capsules shall permit
insertion of replacement capsules.
Accelerated irradiation capsules may be used
in addition to the required number of
surveillance capsules specified in ASTM E
185.

3. Proposed withdrawal schedules shall be
submitted with a technical justification
therefor to the Director of Nuclear Reactor
Regulation for approval. The proposed
schedule shall not be implemented without
prior approval.

C. An integrated surveillance program may
be considered for a set of reactors that have
similar design and operating features. The
representative 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
requirements 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 surveillance programs must be
approved by the Director of Nuclear Reactor
Regulation on a case-by-case basis. Criteria

! Standard Recommended Practice for
Surveillance Tests for Light Water Cooled Nuclear
Power Reactor Vessels. Copies 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 St.,
NW., Washington, D.C.

-

for approval include the following
considerations:

1. The design and operating features of the
reactors in the set shall be sufficiently similar
to permit accurate comparisons of the
predicted amount of radiation damage as a
function of total power output.

2. There shall be adequate arrangements
for data sharing between plants.

3. There shall be a contingency plan to
assure that the surveillance program for cach
reactor will not be jeopardized by operation
at reduced power level or by an extended
outage of another reactor from which data
are expected.

4. There shall be substantial advantages to
be gained in reduced power outages or
personnel exposure to radiation, achieved by
not requiring surveillance capsules in all
reactors in the set,

II1. Report of Test Results

A. Each capsule withdrawal and the results
of the fracture toughness tests shall be the
subject of a summary technical report to be
submitted for approval to the Director of
Nuclear Reactor Regulation, U.S. Nuclear
Regulatory Commission, Washington, D.C.
20555, within 90 days after completion of
testing. The Director shall be notified at least
30 days in advance of the capsule
withdrawal, giving the expected date of
completion of testing and submittal of report.

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

C. If a change in the operating pressure-
temperature limits given in the Technical
Specifications is required, the revised limits
shall be submitted with the report, including
any changes made in operating procedures
required to meet the limits,

* * * - *

(Secs. 108, 104, 161i, Pub. L. 83-703; 68 Stat.
938, 837, 948; Sec. 201, Pub. L. 93-438, 88 Stal.
1242; (42 U.S.C. 2133, 2134, 2201(i), 5841))

Dated at Washington, D.C. this 5th day of
November 1980.

For the Nuclear Regulatory Commission.
Samuel . Chilk,
Secretary of the Commission.
{FR Doc. 80-35307 Piled 11-13-80: #:45 am}
BILLING CODE 7530-01-M
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