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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

6.1.1 ENGINEERED SAFETY FEATURES MATERIALS
REVIEW RESPONSIBILITIES

Primary - Materials-Engineering Branch-(MTEB)Organization responsible for review of
component integrity issues related to engineered safety features

Secondary - ChemicatEngineeringBraneh(SMEB)None
l. AREAS OF REVIEW

Engineered safety features (ESF) are provided in nuclear plants to mitigate the consequences
of design basis or loss-of-coolant accidents, even though the occurrence of these accidents is
very unlikely. ppendixA-of 46 e efta{GD 4—H

—ahd-4t-and B-of10 art-50and19 art-50,-8560- The Commission
regulations of 10 CFR Part 50 require that certain systems be provided to serve as Engineered

ESF) systems. FomeetGBE44the-The fluids used in ESF systems, when
interacting with the reactor coolant pressure boundary (RCPB), should have a low probability of
causing abnormal leakage, of rapidly propagating failure, and efof gross rupture. Containment
systems, residual heat removal systems, emergency core cooling systems, containment heat
removal systems, containment atmosphere cleanup systems, and certain cooling water
systems are typical of the systems that are required to be provided as ESF. The materials and
fluids compatibility for these systems are reviewed in this Standard Review Plan (SRP) section.
The General Design Criteria (GDC) establish functional requirements for specific systems.
Specific acceptance criteria identified in subsection Il of this SRP section establish the basis for
acceptance of materials and fluids compatibility of the ESF systems.
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The emergency core cooling system, the containment heat removal system, the containment
cleanup systems, and other ESF systems are described in Sectien6-ofthe SAR and are
reviewed in accordance with the SRP sections for the individual systems. The fluids
compatibility and materials for these systems are reviewed in this SRP section.

Fhe-fluid-and-material-compatibility for-the-a/uxiliary systems that directly support the ESF
systems-igentified-above; include systems such as the component cooling water (CCW), station
service water (SSW), and ESF ventilation. The fluid and material compatibility for Fthese
systems are reviewed in this SRP section upon request of the respective responsible primary
branch.

The specific areas of review are as follows:

Al Materials and Fabrication

ef—E—SI'—ma%eﬁals—M:FEB-EMGBThe review afeas—lncludes the materlals and fabrlcatlon
procedures used in the design construction of engineered safety features. The specific
areas of review and review procedures are similar to those in SRP Section 5.2.3,
"Reactor Coolant Pressure Boundary Materials," and to-those-of-SRP Section 10.3.6,
"Steam and Feedwater System Materials." The purpose of the review is to assure
compatibility of the materials with the specific fluids to which the materials are subjected.
The review is performed to assure compliance with the applicable Commission
regulations stated-nof 10 CFR Part 50, including the applicable &general Bdesign
Ccriteria;-and-with the positions of applicable Rregulatory Gguides and Bbranch
Ftechnical Ppositions, and-atse-with the applicable provisions of the ASME Boiler and
Pressure Vessel Code (hereinafter "the Code," Reference 19), including Section I,
pParts A, B, and C, Section lll, Divisions 1 and 2, and Section IX. Areas that are
reviewed include= mechanical properties of materials (including fracture toughness),
use of cold worked stainless steels, control of ferrite content in austenitic stainless steel
welds, and control of ferritic steel welding.

42. Composition and Compatibility of ESF Engineered-SafetyFeatures-Fluids

The composition of the containment and core spray coolants must be controlled to
ensure their compatibility with materials in the containment building, including the
reactor vessel, reactor internals, piping, and structural and insulating materials. The
methods and procedures to control the chemical composition of solutions recirculated
within the containment after design basis accidents (DBA) must be selected (a) to
maintain the integrity of the reactorcootantpressure-boundaryRCPB, by preventing
stress corrosion cracking of safety-related components, (b) to insure that adequate
solution mixing of ESF fluids will occur, and (c) to prevent evolution of excessive
amounts of hydrogen within the containment in the unlikely event of a design basis
accident.

The time-dependent analysis-history of the pH of the fluids, including the source and
quantity of all soluble acids and bases in the containment after a DBAdestgrbasis
aceident, is reviewed.
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23.

34.

The controls on contaminants, such as chIorldes Iead zmc sulfur or mercury, in the
ESF fluids are reV|ewed Nofn O

Component and Systems Cleaning

EMEBEMEB The reviews includes the requirements for the cleaning (in-shop and
on-site) of materials and components, cleanliness control, and preoperational system
cleaning and the procedures for lay-up of nuclear plant fluid systems. Requirements for
the maintenance of system cleanliness of fluid systems and associated components
during the operational phase of the nuclear power plant are also reviewed.

Thermal Insulation

EMEBEMEBreviewsThe review includes the composition of the non-metallic insulation
and the control of leachable contaminants from the insulation. Nonmetallic thermal
insulation that will be exposed to ESF fluids in DBA environments is evaluated as a
potential source of contaminants, such as chlorides, lead, zinc, sulfur, and mercury. The
branchalsoreviews also includes the use of inhibitors to reduce the probability of stress
corrosion cracking of attematic stainless steel components.

Inspection, Test, Analysis, and Acceptance Criteria (ITAAC)

For design certification and combined license (COL) reviews, the applicant’s proposed
information on the ITAAC associated with the systems, structures, and components
(SSCs) related to this SRP section is reviewed in accordance with SRP Section 14.3. It
is recognized that the review of ITAAC is performed after review of the application
against acceptance criteria contained in this SRP section. Furthermore, the ITAAC are
reviewed to assure that all SSCs in this area of review are identified and addressed as
appropriate in accordance with SRP 14.3.

Review Interfaces

The listed SRP sections interface with this section as follows:

1.

The review of the adequacy of programs for assuring the integrity of bolting and
threaded fasteners is performed under SRP Section 3.13, “Threaded Fasteners.”
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The evaluation of the use and compatibility of ESF fluids with organic materials
(coatings) in containment, including their qualifications, is performed under SRP Section
6.1.2, “Protective Coating Systems (Paints) Organic Materials.”

The review of the stability of core and containment spray solutions, including solutions
containing boron for reactivity control and other additives for reacting with gaseous
fission products, under long-term storage and prolonged spray operating conditions, is
performed under SRP Section 6.5.2, “Containment Spray as a Fission Cleanup System.”

The review of the acceptability of the reactor coolant chemistry and associated
chemistry controls (including additives such as inhibitors) as it relates to corrosion
control and compatibility with ESF materials is performed under SRP Sections 5.4.8
"Reactor Water Cleanup System (BWR)," and 9.3.4, "Chemical and Volume Control
System (PWR)."

The review of the adequacy of the design for structural integrity of components and their
supports is performed under SRP Section 3.9.3, “ASME Code Class 1, 2, and 3
Components, Component Supports, and Core Support Structures.”

The determination of the adequacy of post-loss-of-coolant accident (LOCA) hydrogen
control, including control of the volume of hydrogen gas expected to be generated by
metal-water reaction involving the fuel cladding and radiolytic decomposition of the
reactor coolant, and corrosion of metals by emergency core cooling and containment
spray solutions is performed under SRP Section 6.2.5, “Combustible Gas Control in
Containment.”

The specific acceptance criteria and review procedures are contained in the referenced SRP
sections.
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Fhe-a/\cceptance criteria
are based on meetlng the reIevant reqwrements of the foIIowmg Commission

A. GeneralBesign-—Criterion-GDC 1, and 10 CFR Part-56,-§50.55a;
Recefds—aﬁd—eedes—aﬁd—Sfaﬁdards— as they relate to quallty standards

for design, fabrication, erection, and testing of ESF components and the identification of
applicable codes and standards.

B. GeneralBesign-Criterion-GCDC 4-"Environmentatand-Missite BesignBases'= as it
relates to compatibility of ESF components with environmental conditions associated
with normal operation, maintenance, testing, and postulated accidents, including LOCAs
loss-of-cootantaceidents.

C. GeneralBesign—Criterion-GCDC 14;"Reactor-CootantPressure Boundary"= as it relates
to design, fabrication, erection, and testing of the
RCPB so as to have an extremely low probability of abnormal leakage, of rapidly
propagating failure, and ef-of gross rupture.

D. Geﬁefai—Besigﬁ—eH%eﬂeﬁ—GDC 31 "Fracture Preventionof ReactorCootant Presstre
- as it relates to designing the RCPB such that the boundary behaves in a
nonbrittle manner and there is an extremely low probability of rapidly propagatlng
fracture and of gross rupture of the RCPB

E. GeneralBesign-—Criterion-CDC 35— Emergency-Core-Cooting"— as it relates to providing
adequate asstrance-that-core cooling isprovided-following a LOCA at such a rate that

fuel and clad damage that could inhibit core cooling is prevented and that the clad
metal-water reaction is limited to negligible amounts.

F. GeneralDesignCriterion-GDC 41 "Containment-AtmosphereCleantp™= as it relates to

control of the concentration of hydrogen in the containment atmosphere following
postulated accidents to assure that containment integrity is maintained.

Append|x B to 10 CFR Part 50 Cr|ter|a IX and XIII
as they relate to establishing and controlling work and inspection instructions that
prescribe the special cleaning processes and measures necessary to prevent material
and equipment damage or deterioration in accordance with applicable codes, standards,
specifications, criteria, and other special requirements.
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10 CFR 52.47(a)(1)(vi), which requires ITAAC (for design certification) sufficient to
assure that the SSCs in this area of review will operate in accordance with the
certification.

10 CFR 52.97(b)(1), which requires ITAAC (for combined licenses) sufficient to assure
that the SSCs in this area of review have been constructed and will be operated in
conformity with the license and the Commissions regulations.

Specific criteria necessary to meet’ the relevant requirements of the Commission’s regulations
|dent|f|ed above are as foIIows for each review descrlbed GB%,—HA—:%—‘l—&S—M—aﬁd __

subsectlon I of thls SRP sectlon—afe—as—feﬂewe For example
N ~teriaforPri Review

1.

Materials and Fabrication

To meet the requirements of GeneratBesign-Criterion-GDC 1 and § 10 CFR 50.55a to
assure that structures;systems-and-components-{SSCs) important to safety shall be

designed, fabricated, erected, and tested to quality standards commensurate with the
importance of the safety functions to be performed, Codes and standards should be
identified and records maintained. The materials specified for use in these systems
must be as given in Parts A, B and C of Section Il of the ASME Code and Appendix 4! to

Section lll, Division 1 of the Code—aﬁd—pPaﬁs—A—B—aﬁd-eof—Secﬁoﬁ—H-of—t-he-eode

Regulatory Guide 1.845;
describes acceptable Code eCases that may be used in conjunction with the above
specifications. Fracture toughness of the materials shall be as stated in SRP Section
10.3.6, “Steam and Feedwater System Materials,” subsection 11.1.

a. Austenitic Stainless Steels

To meet the requirements of GDC 4 relative to compatibility of components with
enwronmental condltlons GDC 14 Wlth respect to fabrlcatlon and testing of the
RCBPre 3 such that there is an

extremely low probability of abnormal Ieakage of—rapldly propagating failure, and
of-gross rupture; and the quality assurance requirements of Appendix B of
10 CFR Part 50, the following guidelines should be used:

(12Z) Regulatory Guide 1.44;"Controt-of-the-Use-of Sensitized-Staintess-Steel"
describes acceptable criteria for preventing intergranular corrosion of
stainless steel components of the ESF. Furnace-sensitized material

SRP |s not a subs‘utute for the NRC s regula‘uons and Compllance W|th |t is not requwed However
applicants are required to identify differences between the design features, analytical techniques, and
procedural measures proposed for their facility and the SRP acceptance criteria and evaluate how the
proposed alternatives to the SRP acceptance criteria provide an acceptable method of complying with
the NRC regulations.

Rev. 3 -l 2005 6.1.1-6



should not be allowed in the ESF, and methods described in this guide
should be followed for testing the materials prior to fabrication, and for
ensuring that no deleterious sensitization occurs during welding.

(24-) Regulatory Guide 1.31;"Controtof Ferrite-Contentin-StaintessSteet
Wetd-Hvetal" describes acceptable criteria for assuring the integrity of
welds in austenitic stainless steel ESF components. The control of delta
ferrite content of weld filler metal is specified in this guide, which sets
forth an acceptable basis for delta ferrite content of weld filler metal.

(35) The controls for abrasive work on austenitic stainless steel surfaces
should, as a minimum, be equivalent to the controls described in
Regulatory Guide 1.37 position C.5 to prevent contamination, which
promotes stress corrosion cracking. Tools that whieh-contain materials
that could contribute to intergranular or stress-corrosion cracking or
which, because of previous usage, may have become contaminated with
such materials, should not be used on austenitic stainless steel surfaces.

4) Criteria to assure adequate resistance to intergranular stress corrosion
cracking (IGSCC) for susceptible boiling water reactors (BWR) austenitic
stainless steel ESF piping are described in NUREG-0313 (Reference 16)
and in Attachment A to Generic Letter 88-01 (Reference 17)-and-orin
NUREG-6313(Reference-16). The technical bases for the positions
provided in Generic Letter 88-01 are detailed in NUREG-0313. These
criteria are applied to piping specified in Generic Letter 88-01. Generic
Letter 88-01 and NUREG-0313 criteria used for the evaluation of initial
material selection and fabrication include welding controls (e.g., delta
ferrite content limits) and material specifications (e.g., carbon content
specifications) thatwhieh are more stringent than specified in Regulatory
Guides 1.31 and 1.44 and should supplant the regulatory guides to
assure adequate resistance of susceptible piping to IGSCC.

b. Ferritic Steel Welding

To meet the requirements of General Design Criterion 1 related to general
quality assurance and €codes and Sstandards;; Appendix B to 10 CFR Part 50,
related to control of special processes; and 10 CFR Part-56,-§ 50.55a,"Codes
and-Standards;" the following acceptance criteria for ferritic steel welding should
be used:
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12.

(1:)  The amount of minimum specified preheat must be in accordance with
the recommendations of the Code, Section lll, Appendix D, Article
D-1000, and Regulatory Guide 1. 50 .

Weng—l:ew—AHey—SteeH unless an alternate procedure is justified.

(2:) Moisture control on low hydrogen welding materials shall conform to the
requirements of the Code, Section lll, Articles NB, NC, ND-2000 and

4000, and AWS D1.1 (Reference 21) —S%ructtrrar—Weidrng—eede— unless

alternate procedures are justified.

(37) For areas of limited accessibility, the criteria of SRP Section 10.3.6,
subsection 11.2.eb shall apply.

5 Criteriafor SecondanReview

Composition and Compatibility of ESF Engineered-Safety Feature-Fluids

In meeting the requirements of General Design Criteria 4 and 41; that structures;

SSCs important to safety are deS|gned to accommodate the

effects of and to be compatible with environmental conditions associated with normal
operation, maintenance, testing, and postulated accident conditions, including
loss-of-coolant accidents, and to assure that the concentration of hydrogen in the
containment atmosphere following postulated accidents is controlled to maintain
containment integrity, the-hydrogen generation resulting from the corrosion of metals by
the-containment sprays during a design basis accident should be controlled as
descrlbed in Regulatory Gwde 1. 7 posrtlon C 6 —'Geﬁ%rei—of—eernbustrHe—Gas

Pressurized Water Reactors (PWRs)

To meet the requirements of GDC 4, 14, and 41, the composition of containment
spray and core cooling water should be controlled to ensure a minimum pH of

7.0, as addressed given-in Branch Technical Position MHEB-EMES 6-1, "pH for

Emergency Coolant Water for PWRs

Experience has shown that maintaining the pH of borated solutions at this level

will help to inhibit initiation of stress corrosion cracking of austenitic stainless

steel components.

Fhe-hHydrogen generation from the corrosion of materials within containment,
such as aluminum and zinc, depends upon the corrosion rate, which in turn
depends upon such factors as the coolant chemistry, the coolant pH, the metal
and coolant temperature, and the surface area exposed to attack by the coolant.

The reviewercompares-the-assumed corrosion rates of materials in containment
should be consistent with standard corrosion rate data.

Boiling Water Reactors (BWRSs)

To meet the requirements of GDC 4, 14, and 41, the water used in the ESF
engineered-safety-featture-systems should be controlled to provide assurance

against stress corrosion cracking of unstabilized austenitic stainless steel
components. Water used for emergency core cooling systems and spray
systems should be controlled to ensure the following limits:

Conductivity =6-3te—+ #0.5 mS/m (3te-+6-#5 pmhos/cm) @ 25 EC
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Chloride (CI') < 856 0.20 ppm

pH=531t086 @ 25EC
Hydrogen generation in BWR containments is assumed to follow the same
characteristics as in pressurized water reactors (PWRs) in that the rates of
hydrogen generation will rise with increasing zinc corrosion as the temperature
rises, and will change with any change in pH.

23. Component and Systems Cleaning

To meet the requirements of Appendix B to 10 CFR Part 50, Criteria IX and XIII,
measures should be established to control the cleaning of material and equipment in
accordance with work and inspection instructions to prevent damage or deterioration.

Components and systems afe—to-should be cIeaned in conformance with the posmons of
Regulatory Gwde 1.37.

34. Thermal Insulation

To meet the requirements of GDC GeneratBesign-Criteria-1, 14, and 31, so-thatthe
RCPB should be reactorcootantpressure-boundaryis designed, fabricated, erected,
and tested in conformance with the following guidelines, such that there is an seasto
have-extremely low probability of abnormal leakage, of ef-rapidly propagating failure,
and of gross rupture-the-foltowinggtidetines—shottd-beused:

a. The composition of nonmetallic thermal insulation on ESF fer-components of
ESFshould be controlled as described in Regulatory Guide 1.36 ;"'Nonmetatlic
FhermaHnsulation-for-Austenitic- Staintess-Steet™

b. The use of nonmetallic insulation on nonaustenitic stainless steel components
should be controlled as described in Regulatory Guide 1.36abeve. The
m\oisture dripping from wet insulation erany-component-can affect austenitic
stainless steel components at thatis-ataphystealty-lower elevations.

C. Concentrations of leachable contaminants and added inhibitors should be
controlled as specified in position C.2.b and Figure 1 of Regulatory Guide 1.36 to
reduce the probability of stress corrosion cracking of austenitic stainless steel
components.
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The technical rationale for application of the above acceptance criteria to the-ESF materials is
discussed in the following paragraphs:

TA.

2B.

3C.

4D.

GDC 1 and 10 CFR 50.55a require that SSCs structures;systems,—and-components-be
designed, fabricated, erected, constructed, tested, and inspected to quality standards
commensurate with the |mportance of the safety function to be performed.

10 CFR 50.55a also incorporates by reference applicable editions and addenda of the
ASME Boiler and Pressure Vessel Code. ESF functions include emergency core
cooling, reactivity control, fission product containment, and heat removal to an ultimate
heat sink. These functions are provided to establish, maintain, and/or protect barriers
against the release of fission products. In addition, ESFs may interface with the RCPB
or protect the RCPB. The RCPB provides a fission product barrier, a confined volume
for the inventory of reactor coolant, and flow paths to facilitate core cooling. Application
of 10 CFR 50.55a and GDC 1 to the ESF materials provides assurance that established
standard practices of proven or demonstrated effectiveness are used to achieve a high
likelihood that these safety functions will be performed.

GDC 4 requires that SSCs important to safety be designed to accommodate the effects
of, and to be compatible with, the environmental conditions associated with normal
operations, maintenance, testing, and postulated accidents, including LOCAs. ESF
functions include emergency core cooling, reactivity control, fission product
containment, and heat removal to an ultimate heat sink. These functions are provided
to establish, maintain, and/or protect barriers against the release of fission products. In
addition, ESF systems may interface with the RCPB or protect the RCPB. The RCPB
provides a fission product barrier, a confined volume for the inventory of reactor coolant,
and flow paths to facilitate core cooling. Application of GDC 4 to the ESF materials
provides assurance that degradation and/or failure of the ESFs and/or the RCPB
resulting from environmental service conditions that could cause substantial reduction in
the capabilities of fission product barriers are not likely to occur.

GDC 14 requires that the RCPB be designed, fabricated, erected, and tested so as to
have an extremely low probability of abnormal leakage, ef-rapidly propagating failure,
and ef-gross rupture. ESF systems, such as emergency core cooling, reactivity control,
and residual heat removal, interface with the RCPB. Application of GDC 14 assures
that ESF materials are selected, fabricated, installed, and tested to provide a low
probability of significant degradation, and in the extreme, gross failure of the RCPB that
could cause substantial reduction in capability to contain reactor coolant inventory,
reduction in capability to confine fission products, or interference with core cooling.

GDC 31 requires that the RCPB be designed to assure that when stressed under
operating, maintenance, testing, and postulated accident conditions, (1) the boundary
behaves in a nonbrittle manner and (2) the probability of rapidly propagating fracture is
minimized. ESF systems may interface with the RCPB or protect the RCPB.
Application of GDC 31 assures that ESF materials are selected to provide a minimum
probability of material degradation leading to rapid failure. The probability of substantial
reduction in capability to contain reactor coolant inventory, reduction in capability to
confine fission products, and interference with core cooling is thereby minimized.
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SE.

6F.

7G.

GDC 35 requires that a system be provided whichfunetions-to transfer heat from the
reactor core following any loss of reactor coolant. Appropriate selection of ESF
materials and fluids can enhance the likelihood of achieving design emergency core
cooling flow and heat transfer rates following a loss of reactor coolant, thereby
minimizing fuel damage. Meeting GDC 35 through proper material selection assures
that integrity of fission product barriers is maintained in the event of a LOCA.

GDC 41 requires that systems be provided to control the concentration of hydrogen in
the containment atmosphere following postulated accidents to assure that containment
integrity is maintained. If hydrogen gas were to accumulate in explosive concentrations
inside the reactor containment, ignition or detonation of the gas could threaten or breach
this fission product barrier. Containment atmosphere cleanup is an ESF function.
Appropriate selection of ESF materials and fluids enhances the ability to reliably perform
containment atmosphere cleanup functions, including hydrogen control. ESF materials
and fluids, as well as other materials used in containment, are also selected to limit the
quantity of hydrogen gas generated following postulated accidents. Application of GDC
41 thus assures that following postulated accidents, eonreentrations-ef-hydrogen gas will
not accumulate in concentrations that whiek-could threaten or breach the containment
fission product barrier.

Criterion IX of Appendix B of to 10 CFR Part 50 requires;in-CriteriorrX; that measures
be established to assure that special processes, including welding, heat treating, and
nondestructive testing, are controlled and accomplished by qualified personnel using
qualified procedures in accordance with applicable codes, standards, specifications,
criteria, and other special requirements. ESF functions include emergency core cooling,
reactivity control, fission product containment, and heat removal to an ultimate heat sink.
These functions are provided to establish, maintain, and/or protect barriers against the
release of fission products. Application of special process control requirements provides
assurance that implementation of special processes will not introduce conditions
adverse to quality in ESF systems, including, but not limited to, damage or deterioration
of ESF and/or RCPB materials and pressure boundaries, alteration of critical material
properties, acceleration of effects associated with aging, flow blockages in ESF
systems, or increases in the susceptibility to failure mechanisms such as stress
corrosion cracking. This reduces the likelihood of degradation and/or failure of the
ESFs that could cause substantial reduction in the capabilities of fission product
barriers.

Criterion XIII of Appendix B of to 10 CFR Part 50 atse-requires;inCriterionXHt; that
measures be established to control the cIeanlng of materlal and equment to prevent
damage or deterloratlon

ef—flseleﬁ—pfedﬂets—Appllcatlon of CIeanlng reqwrements to the ESF materlals prowdes
assurance that contaminants to which they could be exposed will not damage or
deteriorate the materials, alter their properties, accelerate effects associated with aging,
or increase the susceptibility to failure mechanisms such as stress corrosion cracking.
This reduces the likelihood of degradation and/or failure of the ESFs that could cause
substantial reduction in the capabilities of fission product barriers.

REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described below, as may
be appropriate for a particular case.

For each area of review specified in subsection | of this SRP section, the review procedure is
identified below. These review procedures are based on the identified SRP acceptance criteria.
For deviations from these specific acceptance criteria, the staff should review the applicant’s
evaluation of how the proposed alternatives to the SRP criteria provide an acceptable method
of complying with the relevant NRC requirements identified in subsection II.
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2b.

3cC.

4d.

5e.

Primary ReviewArealVlaterials and Fabrication

Material Specifications

The MTEBreviewer verifies that the materials proposed for the ESF are in conformance
withAppendixtof-SectionH Division—1-ofthe-Code;and with pParts A, B, and C of
Section Il of the ASME Code-, Appendix | of Section lll, Division 1 of the Code -and/or
with acceptable material Code Cases as identified in Regulatory Guide 1.845. For ESF
portions of the austenitic stainless steel piping specified in Generic Letter 88-01, the
reviewer verifies that materials are in conformance with staff positions on BWR
materials described in Attachment A to Generic Letter 88-01 or the recommendations of
NUREG-0313 for stress corrosion resistant materials.

Nickel-Chromium-Iron Alloys

Operating experience has indicated that certain nickel-chromium-iron alloys (e.g.,
Inconel) are susceptible to cracking due to corrosion. Inconel Alloy 690 altey has
improved corrosion resistance in comparison to Inconel Alloy 600 previously used in
reactor applications. Where nickel-chromium-iron alloys are proposed for use as ESF
materials, the reviewer verifies that an acceptable technical basis is either identified
(based upon demonstrated satisfactory use in similar applications) or presented by the
applicant to support use of the material under the expected environmental conditions
(e.g., exposure to the reactor coolant). Particular review emphasis is placed upon the
corrosion resistance and stress corrosion cracking resistance properties of the proposed
nickel-chromiume-iron alloy(s).

Austenitic Stainless Steels

HeThe reviewer verifies that cold-worked austenitic stainless steels used in fabrication
of the ESF and associated controls for fabrication are in conformance with the criteria
specified in subsection Il.A=1.a of this SRP section, including the criteria specified for
BWR piping susceptible to IGSCC in Attachment A to Generic Letter 88-01 or
NUREG-0313, where applicable.

The methods of controlling sensitized stainless steel in the ESF systems are examined
by the reviewer who verifies that the methods are in conformance with Regulatory
Guide 1.44. This applies especially to the verification of nonsensitization of the
materials, and to the qualification of welding procedures using ASTM A-262
(Reference 20). If alternative methods of testing the qualification welds for degree of
sensitization are proposed by the applicant, the reviewer determines if these are
satisfactory, based on the degree to which the alternate methods provide the needed
results. An alternate method of testing for degree of sensitization that which has
previously been accepted is described in SRP Section 5.2.3, subsection Il.4.a.

Corrosion Allowances

The reviewer determines that corrosion allowances are specified for ESF materials to be
exposed to process fluids and that specified allowances are supported by adequate
technical bases. The reviewer verifies that specified corrosion allowances are adequate
for the proposed design life of affected components and piping.

Fabrication Controls
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The reviewer examines the methods for controlling the amount of delta ferrite in

stainless steel weld deposits are-examined-by-the-MTEBreviewer-in accordance with
Regulatory Guide 1.31 ;"Controtof Ferrite-Contentin-Staintess-Steel-Weld-Metat"

The reviewer verifies the applicant's description of abrasive work controls for austenitic
stainless steel surfaces is reviewedand-is-vetified-adequate to minimize the cold-
working of surfaces and the introduction of contaminants through stress corrosion

cracking-premoting-contaminants.

The reviewer verifies that the controls of ferritic steel welding are in conformance with
subsection Il.Az1.b of this SRP section. The reviewer verifies that the fracture
toughness of the materials is in accordance with the requirements of the Code.

B2. Secondary Review AreaProcess Huidsand-Compatibitity Composition and Compatibility
of ESF Engineered-Safety FeaturesFluids

The reviewer{EMEB?} considers the composition of the spray solutions and any
mixing processes that might occur during operation of the sprays.

The reviewer{EMEB} examines the information on the compatibility of the ESF
materials of construction with the ESF fluids to verify that all materials used are
compatible.

a. Pressurized Water Reactors (PWRs)

The reviewer determines that the coolant spray will have a minimum pH
of 7.0 and reviews the methods of ascertaining that the pH will remain
above this minimum during the operation of the sprays. The reviewer
examines the control of pH of such coolants to evaluate the short-term
(during the mixing process) compatibility and long-term compatibility of
these sprays with all safety-related components within the containment.

The reviewer examines the methods of storing the ESF fluids to
determine whether deterioration will occur either by chemical instability or
by corrosive attack on the storage vessel. The reviewer determines what
effects such deterioration could have on the compatibility of these ESF
coolants with both the ESF materials of construction and the other
materials within the containment.

EMEBThe reviewer further verifies that hydrogen release due to
corrosion of metals by emergency core cooling and containment spray
solutions is controlled in accordance with Regulatory Guide 1.7,
position C.6.
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The reviewer also compares the assigned corrosion rates of materials in
containment, as stated in the SAR, with standard corrosion rate data. In
accordance with the procedures in SRP Section 6.5.82, the reviewer
examines the paths that the solutions would follow in the containment
from sprays and emergency core cooling systems to the sump, for both
injection and recirculation phases to verify that no areas accumulate very
high or low pH solutions and that any assumptions regarding pH in the
modeling of containment spray fission product removal are valid.

b. Boiling Water Reactors (BWRSs)

The reviewer verifies that the chemistry of the water used for the
emergency core cooling systems and the containment spray systems is
controlled to the limits given in subsection Il.B=42.b. The reviewer further
verifies that hydrogen release is controlled in accordance with Regulatory
Guide 1.7. The reviewer also compares the assumed corrosion rates of
materials in containment with standard corrosion rate data.

Where appropriate for the ESF fluid under consideration, the reviewer considers
the guidelines identified as acceptable for reactor coolant in SRP Section 5.4.8.

3. Component and Systems Cleaning

The reviewer verifies that components and systems are cleaned in accordance with
Regulatory Guide 1.37.

4. Thermal Insulation

The reviewer determines whether non-metallic thermal insulation will be used on
components of the ESF. If so, the reviewer verifies that the amount of leachable
impurities in the specified insulation will be within the "acceptable analysis area" of
Figure 1 of Regulatory Guide 1.36, as discussed in subsection 1.4 of this SRP section.

5. 10 CFR Part 52 Review
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For reviews of COL applications under 10 CFR Part 52, the reviewer should follow the
above procedures to verify that the design set forth in the safety analysis report, and if
applicable, site interface requirements meet the acceptance criteria. For design
certification applications, the reviewer should identify necessary combined license action

items.

Following this review, SRP Section 14.3 should be followed for the review of

Tier | information for the design, including the postulated site parameters, interface
criteria, and ITAAC. With respect to COL applications, the scope of the review is
dependent on whether the COL applicant references a design certification, and ESP or
other NRC-approved material.

V. EVALUATION FINDINGS

The staff concludes that the engineered safety features materials specified are acceptable and
meet the requirements of GDC 1, 4, 14, 31, 35, and 41 of Appendix A of 10 CFR Part 50;
Appendix B of 10 CFR Part 505; and 10 CFR Part56:5§ 50.55a. This conclusion is based on

the following:

1.

General Design Criteria (GDC) 1, 14, and 31, and 10 CFR Part56:5§ 50.55a
have been met with respect to assuring an extremely low probability of leakage,
of rapidly propagating failure, and of gross rupture. This is shownsince
demonstrated by the selection of materials sefeeted-for the engineered safety
features (ESF) that satlsfy Parts A, B, and C of Section Il of the ASME Code and

Ffracture toughness of ﬂ°re-ferr|t|c materlals selected for the ESF ysfems meets
the Code requirements-oftheCode.

The controls on the use and fabrication of the-austenitic stainless steel efthe in
ESF systems satisfy the requirementspositions of Regulatory Guide 1.31,
"Control of Ferrite Content of Stainless Steel Weld Metal," and Regulatory
Guide 1.44, "Control of the Use of Sensitized Stainless Steel." Fabrication and
heat treatment practices performed in accordance with these
regtirementspositions provide added assurance that the probability of stress
corrosion cracking will be reduced during the postulated accident time interval.
For BWRs, to assure adequate resistance against intergranular stress corrosion
cracking, susceptible austenitic stainless steel piping appropriately conforms with
the positions of Attachment A of Generic Letter 88-01 and the recommendations
of NUREG-0313, Revision 2, "Technical Report on Material Selection and
Processing Guidelines for BWR Coolant Pressure Boundary Piping."

Conformance with the Codes and Regulatory Guides and with the staff positions
mentioned above, constitute an acceptable basis for meeting the requirements of
Genefai—Beﬁgﬁ—eﬁfﬁla GDC 1, 4, 14, 35, and 41; Appendix B to 10 CFR Part
50;; and 10 CFR Part56;-§ 50. 55a in which the systems are to be designed,
fabricated, and erected so that the systems can perform their function as
required.

General Design Criteria 1, 14, and 31 and Appendix B to 10 CFR Part 50 have
been met with respect to assuring that the reactor coolant pressure boundary
and associated auxiliary systems have an extremely low probability of leakage,
of rapidly propagating failures, and of gross rupture. The controls placed on
concentrations of leachable impurities in non-metallic thermal insulation used on
Engineered Safety Features components-of-the-Engineered-Safety Features-are
in accordance with the reguirementspositions of Regulatory Guide 1.36,
"Nonmetallic Thermal Insulation for Austenitic Stainless Steels." Compllance
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with the requirementspositions of Regulatory Guide 1.36 ferma is the basis for
meeting the requirements of GDC 1, 14, and 31.

3. The requirements of GDC 4, 35, and 41 and Appendix B, 10 CFR Part 50 have
been met with respect to compatibility of ESF components with environmental
conditions associated with normal operation, maintenance, testing, and
postulated accidents, including loss-of-coolant accidents, since the controls on
the pH and chemistry of the reactor containment sprays and the emergency core
cooling water following a loss-of-coolant or design basis accident; are adequate
to reduce the probability of stress corrosion cracking of the austenitic stainless
steel components and welds of the engineered safety features systems in
containment throughout the duration of the postulated accident to completion of
cleanup.

Also, the control of the pH of the sprays and cooling water, in conjunction with
controls on selection of containment materials, is in accordance with Regulatory
Guide 1.7, "Control of Combustible Gas Concentrations in Containment
Following a Loss-of-Coolant Accident," and provides assurance that the sprays
and cooling water will not give rise to excessive hydrogen gas evolution resulting
from corrosion of containment metal or cause serious deterioration of the
materials in containment.

The controls placed upon component and system cleaning are in accordance
with Regulatory Guide 1.37, "Quality Assurance Requirements for Cleaning of
Fluid Systems and Associated Components of Water-Cooled Nuclear Power
Plants," and provide a basis for the finding that the components and systems
have been protected against damage or deterioration by contaminants as stated
in the cleaning requirements of AppendixB; 10 CFR Part 50, Appendix B.

For design certification reviews and combined license reviews, the findings will also summarize;

(to the extent that the review is not discussed in other safety evaluation report sections); the

staff’s evaluation of the ITAAC, including design acceptance criteria (DAC), and-as applicable,
interface requirements, and combined license

meltn%rﬁg—deswaeeep{-mee—m%eﬁ‘a—ﬁﬁe)—sﬁe
actlon |tems Hﬁa{—afe—relevant to this SRP Sectlon. [-l-hghhgh%ed—text—reﬁee@aﬁ‘&meﬁai—laﬁ@dage

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regarding the NRC
staff plans for using this SRP section.
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The staff will use this Fhis-SRP section wittbeused-by-the-staffFwhen-in performing safety
evaluations of design certifications and license applications submitted by applicants pursuant to
10 CFR Part 50 or +6-€FR-52. Except inthosecasesinwhich-when the applicant proposes an
acceptable alternate method for complying with specified portions of the Commission's
regulations, the staff will use the method described herein

evatuation-of o evaluate conformance with Commission regulations.

The provisions of this SRP section apply to reviews of applications docketed six months or
more after the date of issuance of this SRP section, unless superceded by a later revision.

Implementation schedules for conformance to parts of the methods discussed herein are
contained in the referenced regulatory guides. Acceptable repairs and upgrades are described
in the referenced Generic Letter for previously accepted materials and welds whichthat do not
meet NUREG-0313, Revision 2, recommendations related to material specifications and
post-weld treatments for stress corrosion cracking resistant piping installations. NUREG-0313,
Revision 2 recommendations for stress corrosion cracking resistant installations will be used by
the staff for evaluation of IGSCC susceptible portions of ESF piping in new BWR applications.

VI. REFERENCES

1. 10 CFR Part506:-Section-50.55a, "Codes and Standards."
2. 10 CFR Part 50, Appendix A, General Design Criterion 1, "Quality Standards and
Records."

3. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Dynamic
Effects Design Bases."

4. 10 CFR Part 50, Appendix A, General Design Criterion 14, "Reactor Coolant Pressure
Boundary."

5. 10 CFR Part 50, Appendix A, General Design Criterion 31, "Fracture Prevention of
Reactor Coolant Pressure Boundary."

6. 10 CFR Part 50, Appendix A, General Design Criterion 35, "Emergency Core Cooling."

7. 10 CFR Part 50, Appendix A, General Design Criterion 41, "Containment Atmosphere
Cleanup."

8. 10 CFR Part 50, Appendix B, "Quality Assurance Criteria for Nuclear Power Plants and
Fuel Reprocessing Plants"; Criterion 1X, "Control of Special Processes" and
Criterion XIIl, "Handling, Storage and Shipping."

59. Regulatory Guide 1.7, "Control of Combustible Gas Concentrations in Containment
Following a Loss-of-Coolant Accident."

610. Regulatory Guide 1.31, "Control of Ferrite Content in Stainless Steel Weld Metal."
#11. Regulatory Guide 1.36, "Nonmetallic Thermal Insulation for Austenitic Stainless Steel."

812. Regulatory Guide 1.37, "Quality Assurance Requirements for Cleaning of Fluid Systems
and Associated Components of Water-Cooled Nuclear Power Plants."
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913.
1014,

Regulatory Guide 1.44, "Control of the Use of Sensitized Steel."

Regulatory Guide 1.50, "Control of Preheat Temperature for Welding Low-Alloy Steel."

15.

16.

17.

Regulatory Guide 1.845, "Design, Fabrication and Materials Code Case Acceptability
ASME Section Il Bivision—+."

NUREG-0313,: Revision 2,: "Technical Report on Material Selection and Processing
Guidelines for BWR Coolant Pressure Boundary Piping"; Hazelton, W.S., Koo, W.H.;
Division of Engineering and Systems Technology; January, 1988. (Revision 0 of this
document replaced Branch Technical Position MTEB 5-7, "Material Selection and
Processing Guidelines for BWR Coolant Pressure Boundary Piping," which was a part of
previous revisions of SRP Section 5.2.3)

NRC Letter to All Licensees of Boiling Water Reactors (BWRs), and Holders of
Construction Permits for BWRs, "NRC Position on IGSCC in BWR Austenitic Stainless
Steel Piping (Generic Letter No. 88-01)," January 25, 1988.

4818.

219.

203.

214.

Branch Technical Position EMEB-MFEB- 6-1, "pH for Emergency Coolant Water for
PWRs;"-attached-to-this-SRP-section.”

ASME Boiler and Pressure Vessel Code, Section Il, "Materials," Parts A, B, and C;;
Section lll, "Rules for Construction of Nuclear Plant Components,” Division 1, including
Appendix I-Sectiontt;and Division 2;; and Section IX, "Welding and Brazing
Qualifications"; American Society of Mechanical Engineers.

ASTM A-262-1970, "Detecting Susceptibility to Intergranular Attack in Stainless Steel,"
Annual Book of ASTM Standards,Part-3; American Society for Testing and Materials:;
Practice A "Oxalic Acid Etch Test for Classification of Etch Structures of Stainless
Steels"; Practice E, "Copper-Copper Sulfate-Sulfuric Acid Test for Detecting
Susceptibility to Intergranular Attack in Stainless Steels."

AWS D1.1-1981, "Structural Welding Code," American Welding Society.

PAPERWORK REDUCTION ACT STATEMENT
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The information collections contained in the draft Standard Review Plan are covered by the
requirements of 10 CFR Part 50.54, which were approved by the Office of Management and
Budget, approval number 3150 - 0011.

Public Protection Notification
The NRC may not conduct or sponsor, and a person is not required to respond to, a request for

information or an information collection requirement unless the requesting document displays a
currently valid OMB control number.
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“*All pH values are at 25EC.
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SRP Draft Section 6.1.1
Description of Changes

(NOTE: Description of Changes follows the organization of SRP Section 6.1.1. In all instances
strikeout on top of redline designates language that was introduced into previous draft revisions
of the SRP section and was subsequently eliminated for this revision of the SRP section.)

General editorial and formatting changes to eliminate ambiguity and generally enhance to the
readability of the SRP.

For currently defined acronyms, replaced defined term with the acronym for occurrences
following the acronym definition (e.g., GDC, ESF, RCPB, LOCA, DBA, BWR, PWR).

In five occurrences, replaced “which” with “that” to reflect proper grammar. (pp. 5
(2 occurrences), 8, 10 and 13)

REVIEW RESPONSIBILITIES - Reftectschanges-inreview branches-Replaced specific
branches with functional responsibilities to preclude need for SRP revisions resulting from
reorganization and branch consolidation. (p. 1) Change is reflected throughout the SRP.

l. AREAS OF REVIEW:

Editorial change to reference 10 CFR 50.55a. (p. 1) Change is reflected throughout the
SRP.

Deleted a statement pertaining to the review of corrosion rates related to hydrogen
generation as this statement represents a review interface addressed later in this SRP.

(Pp. 2)

Re-organized areas of review by deleting differentiation between “primary review areas”
and “secondary review areas.” To the extent practicable, the five areas of review will be
followed throughout the Areas of Review, Acceptance Criteria (specific criteria), and
Review Procedures subsections of this SRP: (1) Materials and Fabrication; (2)
Composition and Compatibility of ESF Fluids; (3) Component and Systems Cleaning; (4)
Thermal Insulation; and (5) ITAAC. (pp.2-3)

Relocated the sentence pertaining to the review of controls of contaminants and the
evaluation of the effects on nonmetallic insulation associated with exposure to
contaminants to the review area for Thermal Insulation. (pp. 2 - 3)

Revised areas of review to eliminate references to branch responsible for performance
of the reviews. (pp. 2 - 3)

C. Inspection, Test, Analysis, and Acceptance Criteria (ITAAC)

This subsection was added for the purpose of addressing design certification
and combined license reviews performed pursuant to 10 CFR Part 52. (p. 3)

Review Interfaces subsection was added. Subsection captures related reviews under
other SRP sections-antHistsinterfaces-with-otherbranches. (p. 3)

Editorial change to add SRP titles after first mention of each SRP number. (p. 3)
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I. ACCEPTANCE CRITERIA

Citations of 10 CFR Regulations are now listed alphabetically. A citation of 10 CFR
52.97(b)(1) was added in reference to ITAAC requirements for design certification and
combined license reviews. (p. 4)

Revised summary of 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 14 to
add the word “of” before each of the potential failure mechanisms (abnormal leakage,
rapidly propagating failure, and gross failure) to accurately repeat the requirements in
the Commission regulations; thereby reflecting that the probability of failure from each

mechanism may be independent of the others. This change is repeated throughout this
SRP. (p. 4)

Revised summary of 10 CFR Part 50, Appendix A, GDC 31 and 35 to more accurately
reflect the requirements in the Commission regulations. (p. 4)

Revised summary of 10 CFR Part 50, Appendix B, Criteria IX and Xlll to more
accurately reflect the requirements in the Commission regulations. (p. 4)

Re-organized specific criteria so that the organization of this section correlates with
re-organized Areas of Review subsection. (pp. 4 -7)

Under the specific review criteria, eliminated the distinction between “criteria for primary
review areas” and “criteria for secondary review areas,” as only primary review areas are
addressed in this subsection.

1. Materials and Fabrication

a. Austenitic Stainless Steels

Subparagraph (1) deleted because the offset yield strength value
is unsubstantiated. Renumbering of items resulted from this
deletion. (p. 5)

Original subparagraph (3) deleted (pp. 5-6) and replaced by new
subparagraph (4). (p. 5)

Subparagraph (3) added because of specific criteria for abrasive
work on stainless steel surfaces based upon the Regulatory
Guide 1.37 position related to abrasive work operations. (p. 5)

Subparagraph (4) replaces deleted subparagraph (3) for
addressing the criteria in Attachment A to GL 88-01 and NUREG-
0313 that are needed to assure adequate resistance to IGSCC for
susceptible BWR ESF piping. (p. 5)

b. Ferritic Steel Welding

Subparagraph on acceptable alternate procedures for ferritic steel
welding was added for the 1996 draft revision of this SRP section
to explicitly identify an acceptable alternative control to Regulatory
Guide 1.50 as stated in the 1996 draft revision of SRP Section
5.2.3. This subparagraph is deleted for the current revision of this
SRP section and in SRP Section 5.2.3 because the references for
this alternative are from the 1970s and do not reflect current
knowledge and technology. (p. 6)
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2. Composition and Compatibility of Engineered Safety Feature Fluids

b. Boiling Water Reactors (BWRSs)

Limits on the conductivity, chloride concentration, and pH are
updated consistent with current industry guidelines. (p. 6)

Technical Rationale subsection introduced as part of the SRP updated format.
(pp. 7 - 9) Revised technical rationale designations to correlate with designations used
in Acceptance Criteria subsection (i.e., used capital letters rather than numbers.)

In the paragraph discussing Criterion XlIl under subparagraph (G), deleted two
sentences pertaining to ESF functions, as they are a word-for-word repeat of two
sentences in the previous paragraph for Criterion IX. (p. 9)

M. REVIEW PROCEDURES

Revised introductory section to conform with updated SRP guidance in LIC-200. (p. 9)

Reorganized and renumbered review procedures so that the organization of this section
correlates with re-organized Areas of Review subsection. (pp. 9-11)

Al. Materials and Fabrication

4a. Material Specification

Added a reference to regulatory guide 1.84 regarding acceptable material
Code Cases, as well as a reference to GL 88-01and NUREG-0313
concerning for ESF piping in BWRs. (p. 9)

2b. Nickel-Chromium-Ilron Alloys

Added review procedures for nickel-chromium-iron alloys proposed as
ESF materials, based on more recent operating experience. (p. 9)

3c. Austenitic Stainless Steels

Added review procedures for-applicable to BWR austenitic stainless steel
ESF piping exposed to reactor coolant during power operation and a
method identified as a previously accepted alternative to the weld
qualification/non-sensitization verification guidance of Regulatory Guide
1.44 in SRP Section 5.2.3. (pp. 9 - 10)

Subparagraph (4d) added to address review procedures of corrosion allowances
for ESF materials. (p. 10)

Subparagraph (5¢) added to address review of abrasive work controls for
stainless steel surfaces. (p. 10)

Deleted the subsection heading, “Process Fluids and Compatibility,” as to conform with
organization throughout this SRP section. (p. 10)

Relocated the paragraphs third and fourth paragraphs to new subsections (3) and (4) for
“Component and Systems Cleaning,” and “Thermal Insulation,” to conform with
organization throughout this SRP section. (pp. 10 - 11)
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VI.

12. Composition and Compatibility of ESF Fluids

a. Pressurized Water Reactors (PWRSs)

Augmented paragraph to further elaborate on the review criteria
addressed and subject to review in conformance with in Regulatory

Guide 1.7;-which-is-row-stubjectto-review by EMEB. (p. 10)

Deleted “Compatibility With Other Process Fluids” subsection, as it pertains to the
review interface for the acceptability of the reactor coolant chemistry and associated
chemistry controls performed under SRP Sections 5.4.8 and 9.3.4 (Review Interface 4.
in Section | of this SRP.) (p. 11)

End of subsection Ill: Paragraph introduced based on its applicability to standard
design certification reviews and combined license reviews under 10 CFR Part 52. The
strike out text immediately preceding the paragraph designates strike out text to be
removed following OGC review. (p. 11)

EVALUATION FINDINGS

Added findings for BWR austenitic stainless steel piping related to conformance with
Generic Letter 88-01 positions and NUREG-0313, Revision 2 recommendations. (p. 12)

The last paragraph addresses the performance of design certification reviews and
combined license reviews pursuant to 10 CFR Part 52. (p. 12)

IMPLEMENTATION

Added boiler-plate text to implementation subsection in reference to 10 CFR Part 52.
(p- 13)

Added third paragraph based on applicability of the section to new applications. (p. 13)
Added text to address the approach to implementation of evolutionary plant issues in the
SRP. Added explicit description of the applicability of NUREG-0313, Rev. 2 to the
review of new BWR applications (rather than identifying its applicability to evolutionary
BWRs in the body of the SRP section). (pp. 13 - 14)

REFERENCES

References updated to reflect applicable regulations, guidance, and renumbered per
updated SRP format. (p. 14)

Added PAPERWORK REDUCTION ACT STATEMENT and Public Protection Notification per
updated SRP format. (p. 14)

BRANCH TECHNICAL PAPER - Extracted BTP from SRP to create separate document.
Added footnotes, Paperwork Reduction Act Statement, and Public Protection Notification as
required for stand-alone documents. Renumbered BTP to eliminate reference to primary
review branch. Reformatted subsection headers to agree with SRP format.
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