UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

& August 31, 1994

Mr. Richard Ochs, Director
Maryland Safe Energy Coalition
P.0. Box 33111

Baltimore, MD 21218

SUBJECT: ISOLATION PROVISIONS FOR THE SERVICE WATER SYSTEM - CALVERT
CLIFFS NUCLEAR POWER PLANT, UNIT NO. 1 (TAC NO. M87189) AND UNIT
NO. 2 (TAC NO. MB7190)

Dear Mr. Ochs:

I am responding to your letter dated June 27, 1995. You indicated that the
Maryland Safe Energy Coalition is concerned that some issues are not being
addressed concerning seismic hazards and remedies. You indicated that nearby
residents of the plant have hYeard rumbles, explosions, crashes, booms,and
bangs from the Calvert Cl1iff: Nuclear Power Plant. I am in contact with the
resident inspectors and the licensee on a daily basis and neither they nor I
are aware of such occurrences except for an occasional lifting of the safety
valves (SVs) or the atiaspheric steam dump valves (ASDVs). The SVs have only
lifted approximately 5 tiucc and the ASDVs approximately 11 times in the last
5 years. The 1ifting of the SVs or the ASDVs usually occur for only a few
seconds accompanied by a Toud noise; however, I don't believe that tremors or
vibrations can be felt at locations adjacent to the power plant property due
to the 1ifting of the SVs or the ASDVs.

The ASDVs are located on the secondary steam system and are available to
relieve steam pressure if there is a turbine trip or loss-of-condenser vacuum
which does not allow the turbine bypass system to perform this function.

"Codes and Standards," 10 CFR 50.55a, requires that pressure-retaining
components of the reactor coolant pressure boundary (RCPB), designated

Class 1, be designed and constructed in accordance with the American Society
of Mechanical Engineers Boiler and Pressure Vessel Code (ASME Code),

Section II1. The ASME Code further requires overpressure protection for the
RCPB for normal, abnormal, and accident conditions. The SVs lifted as the
result of abnormal operational transients and resultant reactor scrams in
accordance with their design basis.

The 1ifting of the SVs or the ASDVs is not considered a seismic event and are
not recorded.

NUREG-0800, "Standard Review Plan for the Review of Safety Analysis Reports
for Nuclear Power Plants,” (SRP) dated June 1978, identifies the NRC staff’s
review process including the areas reviewed, acceptance criteria, review

procedures, and evaluation findings. Although the SRP was issued subsequent
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to the licensing of the Calvert Cliffs facility, it documented the NRC staff’s
iicensing review process that was being used for plants being 1icensed in the
early 1970s, such as Calvert Cliffs. The SRP was developed to inform
Ticensees and the public of the NRC's review process. The following SRP
sections indicate how the NRC staff addressees your concerns relating to the
amplitude, duration, number, and natural frequencies of transients during
normal, abnormal, and accident conditions including the resultant impact of
the transients on structures, systems, or components:

Section 3.7.3, "Seismic Subsystem Analysis." (Enclosure 1)

Section 3.7.4, "Seismic Instrumentation.” (Enclosure 2)

Section 3.9.1, "Special Topics for Mechanical Components." (Enclosure 3)

Section 3.9.2, "Dynamic Testing and Analysis of Systems, Components,
and Equipment.® (Enclosure 4)

Section 3.9.3, "ASME Code Class 1, 2, and 3 Components, Component
Supports, and Core Support Structures." (Enclosure 5)

Section 3.9.6, "Inservice Testing of Pumps and Valves." (Enclosure 6)

Section 6.6, "Inservice Inspection of Class 2 and 3 Components."
(Enclosure 7)

Section 10.3, "Main Steam Supply System" (Enclosure 8)

As detailed in the SRP, the NRC staff considers the impact of transients for
normal, abnormal, and accident conditions as well as external events, such as
seismic, during the licensing and operational life of nuclear power plants.
The structures, systems, and components are designed, analyzed, and tested to
assure that they will meet their safety-related functions under all
anticipated conditions.

Pre-operational testing is performed during startup to confirm that the design
specifications are met and surveillance testing, inservice testing, and
inservice inspections are performed during plant operation or shutdown to
assure that design and safety margins are maintained during the licensed life
of a nuclear power plant. The SRP is available in the Public Document Room
which has more detailed information relative to the design requirements and
NRC staff review process.

As noted in our request for additional information which you referenced, we
requested additional information on the ranges of natural frequencies of the
non-safety portion of the service water piping, the basis for the selection of
the postulated break locations, and the basis for concluding that the
integrity of the turbine building would be maintained during a seismic event.
We will determine the adequacy of the licensee’s interim actions until its
completion of the Examination of External Events (IPEEE) program for the
Calvert Cliffs site. The IPEEE is being performed by all nuclear power
plants, on a site specific basis, to determine if any additional actions need
to be taken to provide adequate protection from external events. If, during
this interim period, we or the licensee identify any safety concerns in this
area that might impact the NRC staff’s conclusions concerning the
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acceptability of the existing service water system configuration, we will take
whatever action is necessary to assure the continued safe operation of the

Calvert Cliffs Nuclear Power Plant.
I hope this has been responsive to your concerns.

Sincerely,

Daniel G. McDonald, Senior Projec{/Lanager
Project Directorate I-1

Division of Reactor Projects - I/11

Office of Nuclear Reactor Regulation

Docket Nos. 50-317
and 50-318

Enclosures: As stated

cc w/encls: See next page



Hobert E. Denton
Baltimore Cas & [lectric Company

cc:

Ms. Mary Krug, President

Calvert County Board of
Commissioners

175 Main Street

Prince Frederick, MD 20678

D. A. Brune, Esquire

General Counsel

Baltimore Gas and Electric Company
P.0. Box 1475

Baltimore, MD 21203

Jay E. Silberg, Esquire

Shaw, Pittman, Potts and Trowbridge
2300 N Street, NW

Washington, DC 20037

Mr. G. L. Detter, Director, NRM
Calvert Cliffs Nuclear Power Plant
1650 Calvert Cliffs Parkway

Lusby, MD 20657-47027

Resident Inspector

c/o U.S. Nuclear Regulatory
Commission

P.0. Box 287

St. Leonard, MD 20685

Mr. Richard 1. Mclean
Administrator - Radioecology
Department of Natural Resources
580 Taylor Avenue

Tawes State Office Building

B3

Annapolis, MD 21401

Regional Administrator, Region I
U.S. Nuclear Regulatory Commission
475 Allendale Road

King of Prussia, PA 19406

Calvert Cliffs Nuclear Power Plant
Unit Nos. 1 and 2

Mr. Joseph H. Walter, Chief Engineer

Public Service Commission of
Maryland

Engineering Division

6 St. Paul Centre

Baltimore, MD 21202-6806

Kristen A. Burger, Esquire
Maryland People’'s Counsel
6 St. Paul Centre

Suite 2101

Baltimore, MD 21202-1631

Patricia 7. Birnie, Esquire
Co-Director

Maryland Safe Euergy Coalition
P.0. Box 33111

Baltimore, MD 21218
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Office of Nuclear Reactor Regulation
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SECTION 3.7.3 SEISMIC SUBSYSTEM ANALYSIS
REVIEW RESPONSIBILITIES

Primary - Structural and Geosciences Branch (ESGB)
Secondary - None

b AREAS OF REVIEW

The following areas related to the seismic subsystem analysis are reviewed:

1. Seismic Analysis Methods

The information reviewed is similar to that described in subsection 1.1 of
Standard Review Plan (SRP) Section 3.7.2 but as applied to seismic Cate-
gory 1 subsystems.

2 Determination of Number of Earthguake Cycles

Criyeria or procedures used to establish the number of earthquake cycles
during one seismic event and the maximum number of cycles for which appli-
cable Category I subsystems and components are designed are reviewed.

3. Procedures Used for Analytical Modeling

The criteria and procedures used for modeling the seismic subsystems are
reviewed.

4, Basis for Selection of Freguencies

As applicable, criteria or procedures used to separate fundamental fre-
guencies of components and equipment from the forcing frequencies of the
support structure are reviewed.

Rev. 2 - August 1989
USNRC STANDARD REVIEW PLAN

Standard review pluns are prepared for the guidance of the Office of Nuclear Reactor Reguiation staff responsible for the review of
applications to construct and operste nuclear power plants These documents are made available 1o the public as part of the
Commission s policy 1o inform the nuclear industry and the general public of regulatory procedures and policies Standard review

plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required The
standard review plan sections are keyed 1o the Standard Format and Content of Satety Analysis Reports for Nuclear Power Plants
Not all sections of the Stande+d Format have a corresponding review plan
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10.

11.

12.

13.

Analysis Procedure for Damping

The information reviewed is similar to that described in subsection 1.13
of SRP Section 3.7.2 but as applied to Category I subsystems.

Three Components of Earthquake Motion

The information reviewed is similar to that described in subsection 1.6
of SRP Section 3.7.2 but as applied to Category I subsystems.

Combination of Model Responses

The information reviewed is similar to that described in subsection 1.7
of SRP Section 3.7.2 but as applied to Category I subsystems.

Intzraction of Other Systems With Category I Systems

The seismic analysis procedures to account for the seismic motion of non-
Category I systems in the seismic design of Category I systems are reviewed.

Multiply-Supported Equipment and Components with Distinct Inputs

The criteria and procedures for seismic analysis of equipment and compo-
nents supported at different elevations within a huilding and between
buildings with distinct inputs are reviewed.

Use of Equivalent Vertical Static Factors

The information reviewed is similar to that described in subsection 1.10
of SRP Section 3.7.2 but as applied to Category I subsystems.

Torsional Effects of Eccentric Masses

The criteria and procedures that are used to consider the torsional effects
of eccentric masses in seismic subsystem analyses are reviewed.

Category 1 Buried Piping, Conduits, and Tunnels

For Category I buried piping, conduits, tunnels, and auxiliary systems, the
seismic criteria and methods which consider the compliance characteristics
of soil media, dynamic pressures, settlement due to earthquake and differ-
ential movements at support points, penetrations, and entry polnts into
structures provided with anchors are reviewed.

Methods for Seismic Analysis of Category I Concrete Dams

The analytical methods and procedures that will be used for seismic
analysis of Category 1 concrete dams are reviewed. The assumptions made,
the boundary conditions used, the hydrodynamic effects considered, and the
procedures by which strain-dependent material properties of foundation

are incorporated in the analysis are reviewed.

3.7.3°2 Rev. 2 - August 1989



14, Methods for Seismic Anzlysis of Above-Ground Tanks

For Category I above-ground tanks, the seismic criteria and methods that
consider hydrodynamic forces, tank flexibility, soil-structure interaction,
and other pertinent parameters are reviewed.

II1.  ACCEPTANCE CRITERIA

The acceptance criteria for the areas of review described in subsection I of

this SRP section are given below. Other criteria which can be justified to be
equivalent to or more conservative than the stated acceptance criteria may be
used. The staff accepts the design of subsystems that are important to

safety and must withstand the effects of earthquakes if the relevant requirements
of General Design Criterion (GDC) 2 (Ref. 1) and Appendix A to 10 CFR Part 100
(Ref. 2) concerning material phenomena are complied with. The relevant
requirements of GDC 2 and Appendix A to 10 CFR Part 100 are:

1. General Design Criterion 2 - The design basis shall reflect appropriate
consideration of the most severe earthquakes reported to have affected the
site and surrounding area with sufficient margin for the limited accuracy,
quantity, and period of time in which historical data have been accumulated.

2. Appendix A to 10 CFR Part 100 - Two earthquake levels, the safe shutdown
earthquake (SSE) and the operating basis earthquake (OBE), shall be
considered in the design of safety-related structures, components, and
systems. Appendix A to 10 CFR Part 100 further states that the design
used to ensure that the required safety functions are maintained during
and after the vibratory ground motion associated with the safe shutdown
earthquake shall involve the use of either a suitable dynamic analysis or
a suitable qualification test to demonstrate that structures, systems, and
components can withstand the seismic and other concurrent loads, except
where it can be demonstrated that the use of an equivalent static load
method provides adeqguate conservatism.

Specific criteria necessary to meet the relevant requirements of GDC 2 and
Appendix A to Part 100 are as follows:

Seismic Analysis Methods

The acceptance criteria provided in SRP Section 3.7.2, subsection II.1,
are applicable.

2. Determination of Number of Earthguake Cycles

During the plant life at least one safe shutdown earthquake (SSE) and
five operating basis earthquakes (OBEs) should be assumed. The number of
cycles per earthquake should be obtained from the synthetic time history
(with a minimum duration of 10 seconds) used for the system analysis, or
a minimum of 10 maximum stress cycles per earthquake may be assumed.

3. Procedures Used for Analytical Modeling

The acceptance criteria provided in SRP Section 3.7.2, subsection II.3,
are applicable.

3.7.3-3 Rev. 2 - August 1989



Basis for Selection of Frequencies

To avoid resonance, the fundamental frequencies of components and
equipment should preferably be selected to be less than 1/2 or more than
twice the dominant frequencies of the support structure. Use of equip-
ment frequencies within this range is acceptable if the equipment is
adequately designed for the applicable loads.

Analysis Procedure for Damping

The acceptance criteria provided in SRP Section 3.7.2, subsection 11.13,
are applicable.

Three Components of Earthquake Motion

The acceptance criteria provided in SRP Section 3.7.2, subsection I1.6,
are applicable.

Combination of Modal Responses

The acceptance criteria provided in SRP Section 3.7.2, subsection II.7,
are applicable.

Interaction of Other Systems With Category I Systems

To be acceptable, each non-Category I system should be designed to
be isolated from any Category I system by either a constraint or
barrier, or should be remotely located with regard to the seismic
Category I system. If it is not feasible or practical to isolate
the Category I system, adjacent non-Category I systems should be
analyzed according to the same seismic criteria as applicable to
the Category I system. For non-Category I systems attached to Cate-
gory 1 systems, the dynamic effects of the non-Category I systems
should be simulated in the modeling of the Category I system. The
attached non-Category I systems, up to the first anchor beyond the
interface, should also be designed in such a manner that during an
earthquake of SSE intensity it will not cause a failure of the Cate-
gory I system.

Multiply-Supported Equipment and Components With Distinct Inputs

Equipment and components in some cases are supported at several
points by either a single structure or two separate structures. The
motions of the primary structure or structures at each of the support
points may be quite different.

A conservative and acceptable approach for equipment items supported
at two or more locations is to use an upper bound envelope of al)
the individual response spectra for these locations to calculate
maximum inertial responses of multiply-supported items. In addi-
tion, the relative displacements at the support points should be
considered. Conventional static analysis procedures are acceptable
for this purpose. The maximum relative support displacements can be

3.7.3-4 Rev. 2 - August 1989



obtained from the structural response calculations or, as a conser-
vative approximation, by using the floor response spectra. For the
latter option the maximum displacement of each support is predicted
by S4 = S‘g/wz, where S, is the spectral acceleration in "g's" at the

high-frequency end of the spectrum curve (which, in turn, is equal to
the maximum floor acceleration), g is the gravity constant, and w is
the fundamental frequency of the primary support structure in radians
per second. The support displacements can then be imposed on the
supported item in the most unfavorable combination. The responses

due to the inertia effect and relative displacements should be combined
by the absolute sum method.

In the case of multiple supports located in a single structure, an
alternative acceptable method using the floor response spectra involves
determination of dynamic responses due to the worst single floor re-
sponse spectrum selected from a set of floor response spectra obtained
at various floors and applied identically to all the floors, provided
there is no significant shift in frequencies of the spectra peaks.

In addition, the support displacements should be imposed on the
supported item in the most unfavorable combination using static
analysis procedures.

In Tieu of the response spectrum approach, time histories of support
motions may be used as excitations to the subsystems. Because of
the increased analytical effort compared to the response spectrum
techniques, usually only a major equipment system would warrant a
time history approach. The time history approach does, however,
provide more realistic results in some cases as compared to the res-
ponse spectrum envelope method for multipiy-supported systems.

10. Use of Equivalent Vertical Static Factors

The acceptance criteria provided in SRP Section 3.7.2, subsec-
tion I1.10, are applicable.

11. Torsional Effects of Eccentric Masses

For seismic Category I subsystems, when the torsional effect of an
eccentric mass is judged to be significant, the eccentric mass and
its eccentricity should be included in the mathematical model. The
criteria for judging the significance will be reviewed on a case-by-
case basis.

12. Category 1 Buried Piping, Conduits, and Tunnels

For Category I buried piping, conduits, tunnels, and auxiliary systems,
the following items should be considered in the analysis:

a. Two types of groundshaking-induced loadings must be considered
for design.

(i) Relative deformations imposed by seismic waves traveling

through the surrounding soil or by differential deforma-
tions between the soil and anchor points.

3.7.3-5 Rev. 2 - August 1989




13.

14.

(i1) Lateral earth pressures and ground-water effects acting on
structures.

b. The effects of static resistance of the surrounding soil on piping
deformations or displacements, differential movements of piping
anchors, bent geometry and curvature changes, etc., should be
adequately considered. Procedures using the principles of the theory
of structures on elastic foundations are acceptable.

L. wWhen applicable, the effects due to local soil settlements, soil
arching, etc., should also be considered in the analysis.

d. Actual methods used for determining the design parameters associated
with seismically induced transient relative deformations are reviewed
and accepted on a case-by-case basis. Additional information, for
guidance purposes only, can be found on page 26 of Reference 3 and in
Section 3.5.2 of Reference 4.

Methods for Seismic Analysis of Category I Concrete Dams

For the analysis of all Category I concrete dams, an appropriate approach
that takes into consideration the dynamic nature of forces (due to both
horizontal and vertical earthquake loadings), the behavior of the dam
material under earthquake loadings, soil-structure interaction (S5S1) effects,
and nonlinear stress-strain relations for the soil, should be used.

Analysis of earthen dams is reviewed under Section 2.5.6.

Methods for Seismic Analysis of Above-Ground Tanks

Most above-ground fluid-containing vertical tanks do not warrant
sophisticated, finite element, fluid-structure interaction analyses for
seismic loading. However, the commonly used alternative of analyzing such
tanks by the "Housner-method" (Ref. 5) may be inadequate in some cases.
The major problem is that direct application of this method is consistent
with the assumption that the combined fluid-tank system in the horizontal
impuisive mode is sufficiently rigid to justify the assumption of a rigid
tank. For flat-bottomed tanks mounted directly on their bases, or tanks
with very stiff skirt supports, the assumption leads to the usage of a
spectral acceleration equal to the zero-period base acceleration. Recent
studies (Refs. 6, 7, 8, 9, and 10) have shown that for typical tank
designs the frequency for this fundamental horizontal impulsive mode of
the tank shell and contained fluid is such that the spectral acceleration
may be significantly far greater than the zero-period acceleration. Thus,
the assumption of a rigid tank could lead to inadequate design loadings.
The SSI effects may also be very important for tank responses, and they
may be considered for both horizontal and vertical motions.

The acceptance criteria below are based upon the information contained in
References 1 through 3 and Reference 5. These references also contain
acceptable calculational technigues for the implementation of these
criteria. The use of other approaches meeting the intent of these
criteria can also be considered if adequate justification is provided.
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A minimum acceptable analysis must incorporate at least two horizontal
modes of combined fluid-tank vibration and at least one vertical mode
of fluid vibration. The horizontal response analysis must include

at least one impulsive mode in which the response of the tank shell
and roof are coupled together with the portion of the fluid contents
that moves in unison with the shell. Furthermore, at least the funda-
mental sloshing (convective) mode of the fluid must be included in

the horizontal analysis.

The fundamental natural horizontal impulsive mode of vibration of
the fluid-tank system must be estimated giving due consideration to
the flexibility of the supporting medium and to any uplifting
tendencies for the tank. It is unacceptable to assume a rigid

tank unless the assumption can be justified. The horizontal
impulsive-mode spectral acceleration, S_., is then determined using
this frequency and the appropriate dampng for the fluid-tank
system. Alternatively, the maximum spectral acceleration corres-
ponding to the relevant damping may be used.

Damping values used to determine the cpectral acceleration in the
impulsive mode shall be based upon the system damping associated
with the tank shell material as well as with the SSI, as specified
in References 3 and 10.

In determining the spectral acceleration in the horizontal convective
mode , Sa , the fluid damping ratio shall be 0.5 percent of critical
damping anless a higher value can be substantiated by experimental
results,

The maximum overturning moment, "o' at the base of the tank should be
obtained by the modal and spatial combination methods discussed in
subsection II of SRP Section 3.7.2. The uplift tension resulting
from M_ must be resisted either by tying the tank to the foundation
with afchor bolts, etc., or by mobilizing enough fluid weight on a
thickened base skirt plate. The latter method of resisting "o must
be shown to be conservative.

The seismically induced hydrodynamic pressures cn the tank shell at
any level can be determined by the modal and spatial combination
methods in SRP Section 3.7.2. The maximum hoop forces in the tank
wall must be evaluated with due regard for the contribution of the
vertical component of ground shaking. The beneficial effects of
soil-structure interaction may be considered in this evaluation
(Refs. 4, 11, 12, and 13). The hydrodynamic pressure at any level
must be added to the hydrostatic pressure at that level to determine
the hoop tensicn in the tank shell.

Either the tank top head must be located at elevation higher than the
slosh height above the top of the fluid or else must be designed for
pressures resulting from fluid sloshing against this head.

At the point of attachment, the tank shell must be designed to

withstand the seismic forces imposed by the attached piping.
An appropriate analysis must be performed to verify this design.
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i.  The tank foundation (see alsoc SRP Section 3.8.5) must be designed to
accommodate the seismic forces imposed on it. These forces include
the hydrodynamic fluid pressures imposed on the base of the tank as
well as the tank shell longitudinal compressive and tensile forces
resulting from Mo.

J. In addition to the above, a consideration must be given to prevent
buckling of tank walls and roof, failure of connecting piping, and
sliding of the tank.

ITI. REVIEW PROCEDURES

For each area of review, the following review procedure is followed. The
reviewer will select and emphasize material from the procedures given below,
as may be appropriate for a particular case. The review procedures are such
as to satisfy the requirements of acceptance criteria stated in subsection II.

I Seismic Analysis Methods

The seismic analysis methods are reviewed to determine that these are in
accordance with the acceptance criteria of SRP Section 3.7.2, subsection II.1.

Determination of Number of Earthquake Cycles

Criteria or procedures used to establish the number of earthquake cycles
are reviewed to determine that they are in accordance with the acceptance
criteria as given in subsection I1.2 of this SRP section. Justification
for deviating from the acceptance criteria is requested from the applicant,
as necessary.

3. Procedures Used for Analytical Medeling

The criteria and procedures used for modeling for the seismic subsystem
analysis are reviewed to determine that these are in accordance with the
acceptance criteria of SRP Section 3.7.2, subsection II.3.

4. Basis for Selection of Freguencies

As applicable, criteria or procedures used to separate fundamental fre-
quencies of components and equipment from the forcing frequencies of the
support structure are reviewed to determine compliance with the accept-
ance criteria of subsection I1.4 of this SRP section.

5. Analysis Procedure for Damping

The analysis procedure to account for damping in different elements of
the mode] of a coupled system is reviewed to determine that it is in
accordance with the acceptance criteria of SRP Section 3.7.2,
subsection II.13.
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10.

11.

12.

Three Components of Earthquake Motion

The procedures by which the three components of earthquake motion are con-
sidered in determining the seismic response of subsystems are reviewed to
determine compliance with the acceptance criteria of SRP Section 2.1.8,
subsection 11.6.

Combination of Modal Responses

The procedures for combining modal responses are reviewed to determine
compliance with the acceptance criteria of SRP Section 3.7.2, subsec-
tion I1.7 when a response spectrum modal analysis method is used.

Interaction of Other Systems with Category I Systems

The criteria used to design the interfaces between Category I and non-
Category I systems are reviewed to determine compliance with the
acceptance criteria of subsection 11.8 of this SRP section.

Multiply-Supported Equipment and Componerts With Distinct Inputs

The criteria for the seismic analysis of multiply-supported equipment

and components with distinct inputs are reviewed to determine that the
criteria are in accordance with the acceptance criteria of subsection 11.9
of this SRP section.

Use of Equivalent Vertical Static Factors

Use of equivalent static factors as response loads in the vertical direc-
tion for the seismic design of any Category I subsystems in lieu of a
detailed dynamic method is reviewed to determine that constant static
factors are used only if the structure is rigid in the vertical directior.

Torsional Effects of Eccentric Masses

The procedures for seismic analysis of Category I subsystems are reviewed
to determine compliance with the acceptance criteria of subsection 11.11
of this SRP section.

Category 1 Buried Piping, Conduits, and Tunnels

The analysis procedures for Category I buried piping, conduits, tunnels,
and auxiliary systems are reviewed to determine that they are in accord-
ance with the acceptance criteria of subsection I1.12 of this SRP section.
The analysis includes review of the procedures used to consider the
inertial effects of soil media and the differential displacements at struc-
tural penetrations, etc. Any procedures that are not adequately justified
are so identified, and the applicant is requested to provide additional
Justification.
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13. Methods for Seismic Analysis of Category I Concrete Dams

Methods for the seismic analysis of Category I concrete dams are reviewed
to determine compliance with the acceptance criteria of subsection II.13
of this SRP section.

14. Method for Seismic Analysis of Above-Ground Tanks

Methods for seismic analysis of Category I above-ground tanks are reviewed
to determine compliance with the acceptance criteria of subsection I1I1.14
of this SRP section.

IV. EVALUATION FINDINGS

Evaluation findings for SRP Section 3.7.3 have been combined with those of
SRP Section 3.7.2 and are ,iven under SRP Section 3.7.2, subsection IV.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with the Commission's regulations.

The provisions of this SRP section apply to reviews of construction permit (CP),
preliminary design approval (PDA), final design approval (FDA), and combined
license (CP/OL) applications docketed after the date of issuance of this SRP
section. Cperating license (OL) and final design approval (FDA) applications,
whose CP and PDA reviews were conducted prior to the issuance of this revision
to SRP Section 3.7.3, will be reviewed in accordance with the acceptance
criteria given in the SRP Section 3.7.3, Revision 1, dated July 1981.
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3.7.4 SEISMIC INSTRUMENTATION
REVIEW RESPONSIBILITIES

Primary - Structural Engineering Branch (SEB)
Secondary - None

I.  AREAS OF REVIEW

The following areas related to the seismic instrumentation program are reviewed:

1. Comparison with Regulatory Guide 1.12

A comparison of the proposed seismic instrumentation with the seismic instru-
mentation guidelines of Regulatory Guide 1.12 (Ref. 4) is made. In addition,

the bases for elements of the program that differ from Regulatory Guide 1.12
are reviewed.

2. Location and Description of Instrumentation

The locations for the installation of seismic instrumentation such as tri-
axial peak accelerographs, triaxial time history accelerographs, and triaxial
response spectrum recorders that will be installed in selected Category I
structures and components are reviewed. The bases for selection of the
instrumentation and the locations and a discussion of 1.he extent to which
the seismic instrumentation will be employed to verify the seismic analyses
following an earthguake are reviewed.

3. Control Room Operator Notification

The procedures that will be followed to inform the control room operator of
the peak acceleration level and the input response spectra values shortly
after occurrence of an earthquake are reviewed. Also reviewed are the bases
for establishing predetermined values for activating the readout of the
seismic instrumentation to the control room operator.
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4. Comparison of Measured and Predicted Responses

The criteria and procedures that will be used to compare measured responses
of Category I structures and selected components in the event of an earth-
quake with the results of the seismic system and subsystem analyses are
reviewed.

S. Inservice Surveillance

The requirements for inservice inspection, testing and calibration as
pertaining to operability and reliability are reviewed.

IT. ACCEPTANCE CRITERIA

The acceptance criteria for the areas of review described in subsection I of
this SRP section are given below. Any other seismic instrumentation program
which can be justified to be equivalent to the acceptance criteria may be used.
SEB accepts the seismic instrumentation system if the relevant requirements of
General Design Criterion 2 (Ref. 2), 10 CFR Part 100, Appendix A (Ref. 3), and
10 CFR Part 50, § 50.55a (Ref. 1), as they relate to the capabilities and per-
formance of the instruments to adequately measure the effects of earthquakes
are met. Specific criteria necessary to meet the requirements of GDC 2, 10 CFR
Part 100, Appendix A, and 10 CFR Part 50, § 50.55a, are as follows:

The instrumentation used for the measurements should be capable of record-
ing the effects produced by the most severe earthquakes that have been
historically reported for the site and surrounding area with sufficient
margin for the limited accuracy, quantity and period of time in which
historical data has been accumulated.

It is required in 10 CFR Part 100, Appendix A, that suitable instrumenta-
tion shall be provided so that the seismic response of nuclear plant
features important to safety can be determined promptly to permit com-
parison of such response with that used as the design basis.

1. Comparison with Regulatory Guide 1.12

The seismic instrumentation program is considered to be acceptable if it

is in accordance with Regulatory Guide 1.12 (see also Table 3.7.4-1).

This guide recommends provision of a triaxial time history accelerograph
and a triaxial response spectrum recorder to measure the input time history
and response spectra directly. Additional time history accelerographs,
response spectrum recorders, peak accelerographs, and seismic switches

are recommended to measure the responses of structures, equipment, and
components at selected locations. The bases for elements of the proposed
seismic instrumentation program that differ from Regulatory Guide 1.12
must be provided.

2. Location and Description of Instrumentation

For the construction permit review there should be a commitment by the
applicant to provide the following instruments at the given locations:
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a. A triaxial time history accelerograph in the free fieid or at the
containment foundation, with readout in the control room.

b. A seismic switch on the containment foundation, with re2adout in the
coitrol room.

c. A triaxial response spectrum recorder on the containment foundation,
with readout in the control room.

In addition, a commitment to provide the recommended additional instru-
mentation at the various response locations should be made without provid-
ing details of actual locations.

For the operating license review, a detailed seismic instrumentation plan
including details of the locations, mounting and descriptions of the instru-
mentation should be provided. To be acceptable, the remaining instrypenta-
tion locations are related to the locations of the cutput vibratory motions
used in the seismic design. Typical general locations are:

a. Containment structure or reactor building.

b. Reactor piping.

C. Reactor squipment.

d. Other Category I structures, equipment, and piping.

Instrumentation should be provided depending upon the plant safe shutdown
earthquake acceleration as given in Regulatory Guide 1.12. The specific
locations are determined by the plant designer so as to obtain the most
pertinent information. A possible approach to the specification of the
seismic instrumentation system is given in Regulatory Guide 1.12. Ottor
desirable combinations of instruments which may prove to be as useful as
the instrumentation plan outlined in the guide may be utilized.

The criteria for selection of Category I structures, components, and equip-
ment to be instrumented and the location of instrumentation, as well as the
extent to which this instrumentation is employed to verify the seismic
analyses following an earthquake, should be specified. The criteria will
be reviewed on a case-by-case basis.

Control Room Operator Notification

To be acceptable, the seismic switch located at the foundation of the con-
tainment should be connected to event indicators that are located in the

control room, so that a signal is given when the preset threshold level '
(OBE acceleration level) resulting from the earthquake is exceeded. Also

both audio and visual signals should be provided to the control room opera-

tors in the event of an earthquake.

In addition, the triaxial time history accelerograph located in the con-
tainment foundation or in the free field should be connected to the control
room, so that peak acceleration level experienced in the basement of the
reactor containment structure or in the free field is indicated to the con-
troi room operator. The response spectrum recorder in the reactor contcin-
ment foundation or in the free field is also connected to the control room
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to indicate if the design ~esponse spectra values for discrete frequencies
are exceeded during an earthquake.

Comparison of Measured and Predicted Responses

In the event of an earthquake, the control room operator should be immedi-
ately informed through the event indicators. If the instrumentation shows
that the peak acceleration or the response spectra experienced at the
foundation of the containment building or in the free field exceed the OBE
acceleration level or response spectra, the plant should be shut down

(Ref. 3) pending permission to resume operations. To help predict the capa-
bility of the plant for resuming operations, field inspection of salety-~
related items should be implemented and the measured responses from both
the peak-recording and strong motion accelerographs should be compared

with those assumed in the design.

The procedures for comparison of measured and predicted responses are
acceptable if a comnmitment is made to provide detailed comparisons, as
outlined below, between measured seismic responses of Category I struc-
tures and equipment with calculated responses determined from dynamic
aralysis. First, the time history records are digitized and corrected

for time signai variations and baseline variations. The time history
records from the triaxial sensors located in the free field or at the
foundation of the containment building are used to calculate response
spectra at appropriate critical damping values. The response spectra thus
obtained, or the response spectra from the response spectrum recorder, are
compared with the design response spectra. In addition, the time history
records from the free field triaxial sensor are used as input ground motion
for the reactor building dynamic model, including soil where applicable.
Amplified response spectra are then calculated at the locations of the
vther sensors in the reactor building for comparison and correlation with
the response spectra directly measured. Structural responses and ampli-
fied response spectra are calculated using the free field time history
records with the dynamic mode! for comparison with the original design and
analysis parameters. This comparison permits evaluation of seismic effects
on structures and equipment and forms the basis for remodeling, detailed
analyses, and physical inspection.

Inservice Surveillance

Each of the seismic instruments shall be demonstrated operable by the
performance of the channel check, channel calibration, and channel func-
tional test operations at the intervals specified in Table 3.7.4-2.

REVIEW PROCEDURES

For each area of review, the following review procedure is followed. The
reviewer will select and emphasize material from the procedures given below,
as may be appropriate for a particular case,.

1.

Comparison with Regulatory Guide 1.12

The scismic instrumentation program is checked to assure that the instru-
mentation is in accordance with the guidelines of Regulatory Guide 1.12.
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Any differences between the proposed and the guide seismic instrumentation,
which have not been adeguately justified, are identified and the applicant
is informed of the need for additional technical justification.

Location and Description of Instrumentation

At the operating license stage, the locations and descriptions of the
seismic instrumentatidn are reviewed to determine that these are in accord-
ance with the acceptance criteria of subsection I1.2 of this SRP section.
If the instrumentation provided is judged to be insufficient, the need for
additional instrumentation is transmitted to the applicant.

Contro! Room Operator Notification

The seismic instrumentation is checked to verify that the seismic switch
located at the foundation of the containment structure or in the free

field is connected to event indicators that are located in the contiol

room, so that a signal is given when the preset threshold level is exceeded.
If there is no provision for both audio and visual signals in the appli-
cant's seismic instrumentation plan, the applicant is so informed with a
request for compliance.

Comparison of Measured and Predicted Responses

The criteria and procedures that will be used to compare measured responses
of Cate?ory I structures and selected components in the event of an earth-
quake with the results of the seismic system and subsystem analyses are
checked to verify that sufficient information as specified in subsection
I1.4 of this SRP section is included. Any deficiency in the required
information is identified and the applicant is requested to provide

further information.

Inservice Surveillance

The inservice inspection program described by the applicant is reviewed
to assure that the acceptance criteria of subsection I1.5 of this SRP
section are met.

EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

The staff concludes that the seismic instrumentation system provided for
the plant is acceptable and seets the requirements of General Design Crite-
rion 2, 10 CFR Part 100, Appendix A and 10 CFR Part 50, § 50.55a. This
conclusion is based on the following:

The applicant has met the requirements of 10 CFR Part 100, Appendix A by
providing the instrumentation that is capable of measuring the effects of
an earthquake which meets the requirements of GDC 2. The applicant has

met the requirements of 10 CFR Part 50, § 50.55a by providing the inservice
inspection program that will verify operability by performing channe!
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checks, calibrations, and functional tests at acceptable intervals. In addi- |
tion, the installation of the specified seismic instrumentation in the reac-
tor containment structure and at other Category I structures, systems, and
components constitutes an acceptable program to record data on seismic
ground motion as well as data on the frequency and amplitude relationship
of the seismic response of major structures and systems. A prompt readout
of pertinent data at the control room can be expected to yield sufficient
information to guide the operator on a timely basis for the purpose of
evaluating the seismic response in the event of an earthquake. Data
obtained from such installed seismic instrumentation will be sufficient

to determine that the seismic analysis assumptions and the analytical

mode] used for the design of the plant are adequate and that allowable
stresses are not exceeded under conditions where continuity of operation

is intended. Provision of such seismic instrumentation complies with
Regulatory Guide 1.12.

V.  IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
tive method for complying with specified portions of the Commission's regula-
tions, the method described herein will be used by the staff in its evaluation
of conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, § 50.55a "Codes and Standards."

2. 10 CFR Part 50, Appendix A, "General Design Criteria for Nuclear Power
Plants®"

3. 10 CFR Part 100, Appendix A, "Seismic and Geologic Siting Criteria for
Nuclear Power Plants."

4. Regulatory Guide 1.12, “Instrumentation for Earthquakes."
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TABLE 3.7.4-1 SEIS.c

INSTRUMENTATION REQUIREMENTS

Instrumentation Triaxial Triaxial Response Triaxial Peak Seismic
Time-History Spectrum Recorder Accelerograph Switch
Accelerograph
Location SSE 0.3 g over 0.3 g over 0.3 ¢ over 0.3 g over
or less 0.3 g or less 0.3 g or less 0.3 g or less 0.3 g
I. Free Field 1** 1™
ITI. Inside Containment
Basement 1* = 1* 1* o ™
At Elevation 1 1
Reactor Equip. Sup. i1 j1 j1*
Reactor Piping Sup.
5: Reactor Equipment 1
'a.- Reactor Piping 1
h II1. Outside Containment
Cat. I Structure 1 1 1
Cat. I Equip. Sup. 1
Cat. 1 Piping Sup. il 1
Cat. I Equipment
» Cat. I Piping il
<

1861 Aine - 1

*Control room readout.

#May be omitted if soil-structure interaction is negligible.
jDenotes either of the two locations.



TABLE 3.7.4-2
SEISMIC MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNE |
CHANNE L CHANNEL FUNCTIONAL

INSTRUMENT CHECK CALIBRATION TEST
1. Triaxial Time-History Accelerographs M R SA
2 Triaxial Peak Accelerographs NA NA
3.  Triaxial Seismic Switches M R SA
4 Triaxial Response-Spectrum Recorders M R SA
Legend:
M = Monthly
R = Refueling
SA = Once per 18 months

NA

Not Applicable
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3.9.1 SPECIAL TOPICS FOR MECHANICAL COMPONENTS
REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch {MER)
Secondary - None

I.  AREAS OF REVIEW

The MEB reviews information in the SAR concerning methods of analysis for seismic
Category I components and supports, including both those designated as Code*

Class 1, 2, 3, or CS and those not covered by the Code. Certain aspects of dynamic
system analysis methods are discussed in Standard Review Plan Section 3.9.2 as well
as this SRP section. Information is also reviewed concerning design transients for

Code Class 1 and CS components and supports. The following specific subjects are
reviewed under this SRP section:

1 Transients which are used in the design and fatigue analyses of all Code

Class 1 and CS components, and supports and reactor internals. The Reactor
Systems Branch confirms on reques. the acceptability of the listed transients
and '.e number of cycles and events expected over the service lifetime of the
plant. The Structural Engineering Branch confirms the seismic cyclic ground
input loading as described in SRP Section 3.7.3. The method used to determine
the seismic cyclic loading used for fatigue analysis of appropriate components
and supports will be reviewed.

2. Description and verification of all computer programs which will be used in
analyses of seismic Category I Code and non-Code items listed in this SRP
section,

3. Description of any experimental stress analysis programs which will be used
in Tieu of theoretical stress analyses.

*American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code,
Section III (hereafter "the Code").
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I1.

Description of the analysis methods which will be used if the applicant
elects to use elastic-plastic stress analysis methods in the design of -
any of the above-noted components.

ACCEPTANCE CRITERIA

MEB acceptance criteria is based on meeting the relevant requirements of the
following regulations:

3.

General Design Criterion 1 as it relates to components important to safety
being designed, fabricated, erected, constructed, tested and inspected in
accordance with the requirements of applicable codes and standards commen-
surate with the importance of the safety-function to be performed.

General Design Criterion 2 as it relates to safety-related mechanical com-
ponents of systems being designed to withstand seismic events without loss
of capability to perform their safety function.

General Design Criterion 14 as it relates to the reactor coolant pressure
boundary being designed so as to have an extremely low probability of
abnormal leakage, of rapidly propagating failure, and of gross rupture.

General Design Criterion 15 as it relates to the mechanica) components of
the reactor coolant system being designed with sufficient margin to assure
that the design conditions of the reactor coolant pressure boundary are

not exceeded during any condition of normal operation, including anticipated
operational occurrences,

10 CFR Part 50, Appendix B as it relates to design quality control.
10 CFR Part 100, Appendix A as it relates to the suitability of the plant

design bases for mechanical components established in consideration of
site seismic characteristics.

Specific criteria necessary to meet the relevant requirements of the regulations
listed above are as follows:

1.

To meet the requirements of GDC 1, 2, 14, 15, and 10 CFR Part 100, Appendix A,
the applicant shall provide a complete 1ist of transients to be used in

the design and fatigue analysis of all Code Class 1 and CS components,
supports and reactor internals within the reactor coolant pressure boundary.
The -umber of events for each transient and the number of load and stress
cycles per event and for events in combination shall be included. All
transients such as startup and shutdown operations, power level changes,
emergenCy and recovery conditions, switching operations (i.e., startup or
shutdown of one or more coolant loops), control system or other system
malfunctions, component malfunctions, transients resulting from single
vperator errors, inservice hydrostatic tests, seismic events as determined
from the criteria specified in Appendix A of 10 CFR Part 100, and design
basis events, that are contained in the Code-required "Design Specifications"
for the components of the reactor coolant pressure boundary shall be
specified, including reactor internals and core support structures.

The section of the applicant's SAR which pertains to transients will be

acceptable if the transient conditions selected for equipment fatigue
evaluation are based upon a conservative estimate of the magnitude and
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frequency of the temperature and pressure conditions resulting from those
transients. To a large extent the selection of these specific transient
conditions is based upon engineering judgment ard experience. Some
guidance on the selection of these transients a~d combinations can be
found in References 8 and 9. Transients and resulting loads and load
combinations with appropriate specified design and service limits must
provide a complete basis for design of the reactor coolant pressure
boundary for all conditions and events expected over the service lifetime
of the plant.

To meet the requirements of 10 CFR Part 50, Appendix B and GDC 1, a list

of computer programs that will be used (preferably programs which are
recognized and widely known) in dynamic and static analyses to determine
the structural and functional integrity of seismic Category I Code and
non-Code items, and the analyses to determine stresses shall be provided.
For each program the following information shall be provided to demonstrate
its applicability and validity:

a. The author, source, dated version and facility.
b. A description, and the extent and limitation of its application.

C. The computer program solutions to a series of test problems which
shall be demonstrated to be substantially similar to solutions
obtained from any one of sources 1 through 4, and source 5:

(1) bhand calculations

(2) analytical results published in the literature
(3) acceptable experimental tests

(4, by an MEB acceptable similar program

(5) the benchmark problems prescribed in Reference 10.

A summary comparison of the solution obtained by using sources 1
through 4 shall be provided, in either graphical or numerical form.
For source 5, the complete computer printout of the input and the
solution shall be submitted for every benchmark problem. These
solutions may be referenced, and need not be resubmitted, in subse-
quent license application provided the information submitted under
a. and b. remains unchanged.

To meet the requirements of GDC 1, 14, and 15, if experimental stress
analysis methods are used in lieu of analytical methods, for any seismic
Category I Code or non-Code items, the section of the SAR discussing the
experimental stress analysis methods will be acceptable if the information
provided meets the provisions of Appendix Il of Reference 7, and as in

the case of analytical methods, if the information provided is sufficiently
detailed to show the validity of the design to meet the provisions of the
Code-required "Design Specifications.”

To meet the requirements of GOC 1, 14, and 15 when Service Level D limits
are specified by the applicant for Code Class 1 and CS components, and
for supports, reactor internals, and other non-Code items, the methods of
analysis used to calculate the stresses and deformations shall conform to
the methods outlined in Appendix F of Reference 7, subject to the condi-
tions discussed in subsection I11.4 below.
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IT11. REVIEW PROCEDURES

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

1. The list of transients, the number of events estimated for each transient
presented in the applicant's SAR, and the method used to determine this
number are compared to the same information on similar and previously
licensed applications and to the acceptance criteria outlined in
subsection Il above. Any deviations from previous accepted practice are
noted and the applicant is required to justify these deviations. For
Code Class 1 and CS components and supports the MEB verifies that for
each transient loading condition or combination an acceptable Code ervice
limit has been specified, i.e., Design, Level A, Level B, Level C, or
Level D as specified in Reference 7.

Any deviations that have not been justified to the satisfaction of the
staff are identified and the finding is transmitted to the applicant with
a request that, unless conformance with the MEB acceptance criteria is
agreed upon, additional technical justification be submitted.

2. The information pertaining to computer programs which is presented in the
applicant's SAR is reviewed as follows:

a. The list of programs is evaluated to determine that the applicant
nas adequately described each program with respect to the type of
analysis that is performed and the specific components to which the
program is applied.

b. The submitted computer solutions to the test problems required in
subsection 11.2 of this SRP section are reviewed and compared to the
test solutions. Satisfactory agreement of computer and test solutions,
usually within a +5% error band, provides verification of the quality
and adequacy of the computer programs to perform the functions for
which they were designed.

Any deviations that have not been justified to the satisfactiun of the
staff are identified and the finding is transmitted to the applicant with
a request that, unless conformance with the MEB acceptance criteria is
agreed upon, additional technical justification be submitted.

3. If the applicant elects to use experimental stress analysis techniques in
lieu of theoretical stress analyses, sufficient informaticn must be
presented in the SAR to demonstrate that the requirements of Appendix Il
to Reference 7 as they apply to the conditions set forth in the "Design
Specifications" have been met.

4. If the applicant employs an elastic or an elastic-plastic method of analysis
to evaluate the design of safety-related Code or non-Code items for which
Service Level U limits have been specified (NB-3225 and Appendix F of
Reference 7), the review covers the following points:

a. The applicant must demonstrate that the stress-strain relationship

for component materials that will be used in the analysis is valid.
The ultimate strength values at service temperature must be justified.
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b. The analytical procedures to be used in the analysis are reviewed to
determine the validity of the analysis. If a computer program is
used, the applicable requirements of subsection I1.2 above shall be
met.

A If elastic system analysis is used, its application may require detailed
review and justification if applied to the analysis of systems which
contain active components with close tolerances, or systems in which
the sequence of load application could significantly affect the actual
stress distribution.

d. If elastic, elastic-plastic or limit analysis methods are used for
components in conjunction with elastic or elastic-plastic system
analyses, the basis upon which these procedures are used are reviewed.
The applicant shall provide assurance that the calculated item or
item support deformations and displacements do not violate the corres-
ponding 1imits and assumptions on which the methods used for the system
analysis are based.

Any deviations that have not been justified to the satisfaction of the
staff are identified and the finding is transmitted to the applicant with
a reguest that, unless conformance with the MEB acceptance criteria is
agreed upon, additional technical justification be submitted.

EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided in accord-
ance with this SRP section, and that his evaluation supports conclusions of
the following type, to be included in the staff's safety evaluation report:

The staff concludes that the design transients and resulting loads and load
combinations with appropriate specified design and service limits for mechanical
components is acceptable and meets the relevant requirements of General Design
Criteria 1, 2, 14, 15, 10 CFR Part 50, Appendix B, and 10 CFR Part 100, Appendix A.
This conclusion is based on the following:

5

The applicant has met the relevant requirements of General Design Criteria
14 and 1% by demonstrating unat the design transients and resulting loads
and load combinations with appropriate specified design and service limits
which the applicant has used for designing Code Class 1 and CS components
and supports, and reactor internals provide a complete basis for design

of the reactor coolant pressure boundary for all conditions and events
expected over the service lifetime of the plant

The applicant has met the relevant requirements of General Design Criteria 2
and 10 CFR Part 100, Appendix A by including seismic events in design tran-
sients which serve as design basis to withstand the effects of natural
phenomena.

The applicant has met the relevant requirements of 10 CFR Part 50, Appendix B,
and General Design Criteria 1 by having submitted information that demon-
strates the applicability and validity of the design methods and computer
programs used for the design and analysis of seismic Category I Code Class 1,
2, 3, and CS structures, and non-Code structures within the present state-
of-the-art limits and by having design control measures which are acceptable
to assure the quality of the computer programs.
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V.  IMPLEMENTATION

The following is intended to provide guidance to applicants regarding the NRC
staff's plan for using this SRP section.

Except in those cases in which the applicant proposes acceptable alternative
methods for complying with specified portions of the Commission's regulations,
the methods described here will be used by the staff in its evaluation of
comformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, Criterion 1, "Quality Standards and Reports."

2. 10 CFR Part 50, Appendix A, Criterion 2, "Design Bases for Protection Against
National Phenomena."

3. 10 CFR Part 50, Appendix A, Criterion 14, "Reactor Coolant Pressure Boundary."
4. 10 CFR Part 50, Appendix A, Criterion 15, "Reactor Coolant System Design."

5. 10 CFR Part 50, Appendix B, "Quality Assurance Requirements for Nuclear
Power Plants and Fuel Reprocessing Plants."

6. 10 CFR Part 100, Appendix A, "Reactor Site Criterion."

7.  ASME Boiler and Pressure Vessel Coae, Section III, Divison I, "Nuclear
Power Plant Components," American Society of Mechanical Engineers.

8. Regulatory Guide 1.68, "Initial Test Programs for Water-Cooled Reactor
Power Plants."

9. Standard Review Plan Section 3.9.3, "ASME Code Class 1, 2, 3 Components,
Component Supports, and Core Support Structures."

10. Report NUREG/CR-1677, "Piping Benchmark Problems."
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3.9.2 DYNAMIC TESTING AND ANALYSIS OF SYSTEMS, COMPONENTS, AND EQUIPMENT
REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)
Secondary - None

1. AREAS OF REVIEW

MEB reviews the criteria, testing procedures, anu dynamic analyses employed to
assure the structural and functional integrity of piping systems, mechanical equip-
ment, reactor internals, and their supports under vibratory loadings, including
those due to fluid flow and postulated seismic events to assure conformance with
General Design Criteria 1, 2, 4, 14 and 15. The staff review covers the following
specific areas:

X Piping vibration, thermal expansion, and dynamic effect testing shou.d be
conducted during startup testing. The systems to be monitured should include
(a) al) ASME Ccide Class 1, 2, and 3 systems, (b) other high-energy piping
systems inside Seisuic Category I Structures, (c) high-energy portions of
systems whose failure could reduce the functioning of any Seismic Category I
plant feature to an unacceptable safety level, and (d) Seismic Category I
portions of moderate-energy piping systems located outside containment. The
supports and restraints necessary for operation during the life of the plant
are considered to be parts of the piping system. The purpose of these tests
is to confirm that these piping systems, restraints, components, and supports
have been adequately designed to withstand flouw-induced dynamic loadings under
the steady-state and operational transient conditions anticipated during
service and to confirm that normal thermal motion is not restrained. The test
program description should include a list of different flow modes, a list of
selected locations for visual inspections and other measurements, the accep-
tance criteria, and possible corrective actions if excessive vibration or
indications of normal thermal motion restraint occurs.

2. The following areas related to the seismic system analysis described in the
applicant's safety analysis report (SAR) are reviewed.
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Seismic Analysis Method

For all Category ! systems, components, equipment and their supports
(including supports for coniuit and cable trays, and ventilation
ducts), the applicab'e seismic analysis methods (response spectra,
time history, equiva 'ent stat'c load) are reviewed. The manner in
which the dynamic system anaiysis method is performed is reviewed.
The method chosen for selection of significant modes and an adequate
number of masses or degrees or freedom is reviewed. The manner in
which consideration is given in the seismic dynamic analysis to
maximum relative displacements between supports is reviewed. In
addition, other significant effects that are accounted for in the
dynamic seismic analysis such as hydrodynamic effects and nonlinear
response are reviewed.

Determination of Number of Earthquake Cycles

Criteria or procedures usea to establish the number of earthquake
cycles during one seismic event and the maximum number of cycles for
which applicable Category I systems and components are designed are
specified by Structural Engineering Branch (SEB) in SRP Section
3.7.3, subsection I.2.

Basis for Selection of Frequencies

As applicable, criteria or procedures used to separate fundamental
frequencies of components and equipment from the forcing frequencies
of the support structure are reviewed.

Three Components of Earthguake Motion

The procedures by which the three components of earthquake motion
are considered in determining the seismic response of systems, and
components are reviewed.

Combination of Modal Responses

when a response spectrum approach is used for calculating the
seismic responce of systems, or components, the phase relationship
between various modes is lost. Only the maximum responses for each
mode can be determined. The maximum responses for modes do not in
general occur at the same time and these responses have to be
combined according to some procedure selected to approximate or
bound the response of the system. When a response spectra method is
used, the description of the procedure for combining modal responses
(shears, moments, stresses, deflections, and accelerations) is
reviewed, including that for modes with closely spaced frequencies.

Analytical Procedures for Piping Systems

The analytical procedures applicable to seismic analysis of piping
systems, including methods used to consider differential piping
support movements at different support points located within a
structure and between structures, are reviewed.
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g. Multiply-Supported Equipment and Components with Distinct Inputs

The criteria and procedures for seimic analysis of equipment and
componerts supported at different elevations within a building and
between buildings with distinct inputs are reviewed.

h. Use of Constant Vertical Static Factors

Where applicable, justification for the use of constant static
factors as vertical response loads for designing Category I systems,
components, equipment and their supports in lieu of the use of a
vertical seismic system dynamic analysis is reviewed.

i. Torsional Effects of Eccentric Masses

The criteria and procedures that are used to consider the torsional
effects of eccentric masses (e.g., valve operators) in seismic
system analyses are reviewed.

j. Category 1 Buried Piping Systems

For Category I buried piping, the seismic criteria and methods which
consider the effect of fill settlement including pipe profile and
pipe stresses, the movements at support points, penetrations, and
anchors are reviewed.

k. Interaction of Other Piping With Category I Piping

The seismic analysis procedures to account for the seismic motion of
non-Category I piping systems in the seismic dr gn of Category I
piping are reviewed.

1. Criteria Used for Damping

The criteria to account for damping in systems, components,
equipment and their supports is reviewed.

Dynamic responses of structural components within the reactor vessel
caused by steady-state and cperational flow transient condirions should
be analyzed for prototype (first of ¢ design) reactors. Generally, this
analysis is not required for nonprototypes except that segments of an
analysis may be necessary if there are substantial deviations from the
prototype internals design. The purpose of this analysis is to predict
the vibration behavior of the components, so that the input forcing
functions and the level of response can be estimated. Before conducting
the analyses, the specific locations for calculated responses, the con-
siderations in defining the mathematical models, the interpretation of
analytical results, the acceptance criteria, and the methods of verifying
predictions by means of tests should be determined. If the reactor
internal structures are a nonprototype design, reference should be made
to the results of tests and analyses for the prototype reactor and a
brief summary of the results should be given.

Flow-induced vibration testing of reactor internals should be conducted
during the preoperational and startup test program. The purpose of this
test is to demonstrate that flow-induced vibrations similar to those
expected during operation will not cause unanticipated flow-induced
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vibrations of significant magnitude or structural damage. The test
program description should include a list of flow modes, a list of sensor
types and locations, a description of test procedures and methods to be
used to process and interpret the measured data, a description of the
visual inspections to be made, and a comparison of the test results with
the analytical predictions. If the reactor internal structures are a
nonprototype design, reference should be made to the results of tests and
analyses for the prototype reactor and a brief summary of the results
should be given.

5, Dynamic system analyses should be performed to confirm the structural
design adequacy and ability, with no loss of function, of the reactor
internals and unbroken loops of the reactor coolant piping to withstand
the loads from a loss-of-coolant accident (LOCA) in combination with the
SSE. The staff review covers the methods of analysis, the considerations
in defining the mathematical models, the descriptions of the forcing
functions, the calculational scheme, the acceptance criteria, and the
interpretation of analytical results.

6. A discussion should be provided which describes the methods to be used to
correlate results from the reactor internals vibration test with the
analytical results from dynamic analyses of the reactor internals under
steady-state and operational flow transient conditions.

In addition, test results from previous plants of similar characteristics
may be used to verify the mathematical models used for the loading con-
dition of LOCA in combination with the SSE by comparing such dynamic
characteristics as the natural frequencies. The stafi review covers the
methods to be used for comparison of test and analytical results and for
verification of the analytical models.

Computer programs used in the analyses discussed in this SRP section are reviewed
in accordance with SRP Section 3.9.1.

The Reactor Systems Branch (RSB) verifies on request that (1) the various flow
modes to be used to conduct the vibration test of the reactor internals are
representative of the steady-state and operational transient conditions
anticipated for the reactor during its service, and (2) that an acceptable
hydraulic analysis has been used to determine the loads acting on the reactor
coolant system piping and the reactor internals.

I1. ACCEPTANCE CRITERIA

MEB acceptance criteria are based on meeting the relevant requirements set
forth in General Design Criteria 1, 2, 4, 14 and 15. The relevant require-
ments are as follows:

A. General Design Criterion 1, as it relates to the testing and analysis of
systems, components, and equipment with appropriate safety functions
being performed to appropriate quality standards.

B. General Design Criterion 2, as it relates to systems, components, and
equipment important to safety being designed to withstand appropriate
combinations of the effects of normal and accident conditions with the
effects of natural phenomena (SSE).
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C. General Design Criterion 4, as it relates to systems and components
important to safety being appropriately protected against the dynamic
effects of discharging fluids.

D. General Design Criterion 14, as it relates to systems and components of
the reactor coolant pressure boundary being designed so as to have an
extremely low probability of rapidly propagating failure or of gross
rupture.

E. General Design Criterion 15, as it relates to the reactor coolant system
being designed with sufficient margin to assure that the reactor coolant
pressure boundary will not be breeched during normal operating conditions
including anticipated operational occurrences.

Specific criteria necessary to meet the relevant requirements of the
Commission regulations identified above are as follows:

1. Relevant requirements of GDC 14 and 15 are met if vibration, thermal
expansion, and dynamic effects testing are conducted during startup func-
tional testing for specified high-and moderate-energy piping, and their
supports and restraints. The purpose of these tests is to confirm that
the piping, components, restraints, and supports have been designed to
withstand the dynamic loadings and operational transient conditions that
will be encountered during service as required by the Code and to confirm
that no unacceptable restraint of normal thermal motion occurs.

An acceptable test program to confirm the adequacy of the designs should
consist of the following:

a. A list of systems that will be monitored.

b. A listing of the different flow modes of operation and transients
such as pump trips, valve closures, etc. to which the components
will be subjected during the test. (For additional guidance see
Reference 8.) For example, the transients associated with the
reactor coolant system heatup tests should include, but not neces-
sarily be limited to:

(1) Reactor coolant pump start.
(2) Reactor coolant pump trip.
(3) Operation of pressure-relieving valves.
(4) Closure of a turbine stop valve.

€. A list of selected locations in the piping system at which visual
inspections and measurements (as needed) will be performed during
the tests. For each of these selected locations, the deflection
(peak-to-peak) or other appropriate criteria, to be used to show
that the stress and fatigue limits are within the design levels,
should be provided.

d. A list of snubbers on systems which experience sufficient thermal
movement to measure snubber travel from cold to hot position.
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A description of the thermal motion monitoring program, i.e.,
verification of snubber movement, adequate clearances and gaps,
including acceptance criteria and how motion will be measured.

If vibration is noted beyond the acceptance levels set by the
criteria of c., above, corrective restraints should be designed,
incorporated in the piping system analysis, and installed. If,
during the test, piping system restraints are determined to be
inadequate or are damaged, corrective restraints should be installed
and another test should be performed to determine that the vibra-
tions have been reduced to an acceptable level. If no snubber
piston travel is measured at those stations indicated in d., above,
a description should be provided of the corrective action to be
taken to assure that the snubber is operable.

To meet the relevant requirements of GDC 2, the acceptance criteria for
the areas of review described in subsection 1.2 of this SRP section are
given below. Other approaches which can be justified to be equivalent to
or more conservative than the stated acceptance criteria may be used to
confirm the ability of all seismic Category I systems, components,
equipment, and their supports to function as needed during and after an
earthquake.

Seismic Analysis Methods

The seismic analysis of all Category I systems, components, equip-
ment, and their supports (including supports for conduit and cable
trays and ventilation ducts) should utilize either a suitable
dynamic analysis method or an equivalent static load method, if
Justified.

(1) Dynamic Analysis Method

A dynamic analysis (e.g., response spectrum method, time
history method, etc.) should be used when the use of the
equivalent static load method cannot be justified. To be
acceptable such analyses should consider the following items:

(a) Use of either the time history method or the response
spectrum method.

(b) Use of an adequate number of masses or degrees of freedom
in dynamic modeling to determine the response of all
Category I and applicable non-Category I systems and plant
equipment. The number is considered adequate when addi-
tional degrees of freedom do not result in more than a 10%
increase in responses. Alternately, the number of degrees
of freedom may be taken equal to twice the number of modes
with frequencies less than 33 hz.

(c) Investigation of a sufficient number of modes to assure
participation of all significant modes. The criterion for
sufficiency is that the inclusion of additional modes does
not result in more than a 10% increase in responses.
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(2)

(d) Consideration of maximum relative displacements among
supports of Category I systems, and components.

(e) Inclusion of significant effects such as piping inter-
actions, externally applied structural restraints,
hydrodynamic (both mass and stiffness effects) loads, and
nonlinear responses.

Equilvalent Static Load Method

An equilvalent static load method is acceptable if:

(a) Justification is provided that the system can be realis-
tically represented by a simple model and the method
produces conservative results in terms of responses.
Typical examples or published results for similar systems
may be submitted in support of the use of the simplified
method.

(b) The design and associated simplified analysis account for
the relative motion between all points of support.

(c) To obtain an eguivalent static load of equipment or
component which can be represented by a simple model, a
factor of 1.5 is applied to the peak acceleration of the
applicabie floor response spectrum. A factor of less than
1.5 may be used if adequate justification is provided.

In addition, for equipment which can be modeled adequately as a
one-degree-of-freedom system, the use of a static load equiva-
lent to the peak of the floor response spectra is acceptable.
For piping supported at only two points, the use of a static
load equivalent to the peak of the floor response spectra is
also acceptable.

Determination of Number of Earthguake Cycles

Ouring the plant life at least one safe shutdown earthquake
(SSE) and five operating basis earthquakes (OBE) should be
assumed. The number of cycles per earthquake should be
obtained from the synthetic time history (with a minimum
duration of 10 seconds) used for the system analysis, or a
minimum of 10 maximum stress cycles per earthquake may be
assumed (extract from SRP Section 3.7.3, subsection II.2).

Basis for Selection of Frequencies

To avoid resonance, the fundamental frequencies of components
and equipment should preferably be selected to be less than 1/2
or more than twice the dominant frequencies of the support
structure. Use of equipment frequencies within this range is
acceptable if the equipment is adequately designed for the
applicable loads.
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Three Components of Earthquake Motion

Depending upon what basic methods are used in the seismic
analysis, i.e., response spectra or time history method, the
following twoe approaches are considered acceptable for the
combination of three-dimensional earthquake effects. (Ref. 11,
12, and 13)

(1) Response Spectra Method

wWhen the response spectra method is adopted for seismic
analysis, the maximum structural responses due to each of
the three components of earthquake motion should be com-
bined by taking the square root of the sum of the squares
of the maximum codirectional responses caused by each of
the three components of earthquake motion at a particular
point of the structure or of the mathematical model.

(2) Time History Analysis Method

When the time history analysis method is employed for
seismic analysis, two types of analysis are generally
performed depending on the complexity of the problem. (a)
to obtain maximum responses due to each of the three com-
ponents of the earthquake motion: 1in this case the method
for combining the three-dimensional effects is identical
to that described in (a) except that the maximum responses
are calculated using the time history method instead of
the spectrum method. (b) To obtain time history responses
from each of the three components of the earthquake motion
and combine them at each time step algebraically: the
maximum response in this case can be obtained from the
combined time solution. When this method is used, to be
acceptable, the earthquake motions specified in the three
different directions should be statistically independent.

Combination of Modal Responses

when the response spectrum method of analysis is used to deter-
mine the dynamic response of damped linear systems, the most
probable response is obtained as the square root of the sum of
the squares of the responses from individual modes. Thus, the
most probable system response, R, is given by

N
2
R =(2 RY)
k=1 K

1/2 (1)

th

where Rk is the response for the k= mode and N is the number

of significant modes considered in the modal response
combination.

wWhen modes with closely spaced modal frequencies exist, an
acceptable method for obtaining the system response is to take
the absolute sum of the responses of the closely spaced modes
and combine this sum with other remaining modal responses using
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the square root of the sum of the squares rule. Two modes
having frequencies within 10% of each other are considered
as modes with clocely spaced frequencies.

This approach is simple and straightforward in all those
cases where the group of modes with closely spaced fre-
quencies is tightly bundled, i.e., the lowest and the
highest modes of the group are within 10% of each other.
However, when the group of closely spaced modes is spaced
widely over the frequency range of interest (while the
frequencies of the adjacent modes are closely spaced), the
absolute sum method of combining responses tends to yield
over-conservative results. To obviate this problem, a
general approach applicable to all modes is considered
appropriate. The following equation is merely a math-
ematical representation of this approach.

The most probable system response, R, is given by

R=(z  REe2z |RR Y2

k

(2)

wWhere the second summation is to be done on all £ and m modes
whose frequencies are closely spaced to each other.

Other approaches which give an equivalent degree of conserva-
tism to the above methods, and which are adequately justified
are also acceptable. Regulatory Guide 1.92 (Reference 10)
“Combining Modal Responses and Spatial Components in Seismic
Response Analysis" presents detailed guidance on this topic.

Analytical Procedures for Piping Systems

The seismic analysis of Category I piping may use either a
dynamic analysis or an equivalent static load method. The
acceptance criteria for the dynamic analysis or equivalent
static load methods are as given in subsection II.2.a of this
SRP section,

Multiply-Supported Equipment and Components With Distinct Inputs

Equipment and components in some cases are supported at several
points by either a single structure or two separate structures.
The motions of the primary structure or structures at each of
the support points may be quite different.

A conservative and acceptable approach for equipment items sup-
ported at twe or more locations is to use an upper bound envelope
of all the individual response spectra for these locations to
calculate maximum inertial responses of multiply-supported items.
In addition, the relative displacements at the support points
should be considered. Conventional static analysis procedures
are acceptable for this purpose. The maximum relative support
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displacements can be obtained from the structural response cal-
culations or, as a conservative approximation, by using the

floor response spectra. For the latter option, the maximum dis-
placement of each support is predicted by Sd = Sag/wz. where Sa

is the spectral acceleration in "g's" at the high frequency end
of the spectrum curve (which, in turn, is equal to the maximum
floor acceleration), g is the gravity constant, and w is the
fundamental frequency of the primary support structure in radians
per second. The support displacements can then be imposed on
the supported item in the most unfavorable combination. The
responses due to the inertia effect and relative displacements
should be combined by the absolute sum method.

In the case of multiple supports located in a single structure,
an alternate acceptable method using the floor response spect-a
involves determination of dynamic responses due to the worst
single floor response spectrum selected from a set of floor
response spectra obtained at various floors and applied iden-
tically to all the floors, provided there is no significant
shift in frequencies of the spectra peaks. In addition, the
support displacements should be imposed on the supported item
in the most unfavorable combination using static analysis pro-
cedures.

In Tieu of the response spectrum approach, time histories of
support motions may be used as excitations to the systems (Ref.
16). Because of the increased analytical effort compared to

the response spectrum techniques, usuaily only a major equipment
system would warrant a time history approach. The time history
approach does, however, provide more realistic results in some
cases as compared to the response spectrum envelope method for
multiply-supported systems.

Use of Constant Vertical Static Factors

The use of constant vertical load factors as vertical response
loads for the seismic design of all Category I systems, com-
ponents, equipment, and their supports in lieu of the use of a
vertical seismic system dynamic analysis is acceptable only if
it can be justified that the structure is rigid in the vertical
direction. The criterion for rigidity is that the lowest fre-
quency in the vertical direction is more than 33 hz.

Torsional Effects of Eccentric Masses

For seismic Category I systems, if the torsional effect of an
eccentric mass such as a valve operator in a piping system is
Judged to be significant, the eccentric mass and its eccen-
tricity should be included in the mathematical mode. The
criteria for significance will have to be determined on a case-
by-case basis.

Category I Buried Piping Systems

For Category I buried piping systems, the following items
should be considered in the analysis:

3.9.2-10 Rev. 2 - July 1981




(1) The inertial effects due to an earthquake upon buried pip-
ing systems should be adequately accounted for in the
analysis. Use of the procedures described in References
11 and 14 is acceptable.

(2) The effects of static resistance of the surrounding soil
on piping deformations or displacements, differential
movements of piping anchors, bent geometry and curvature
changes, etc., should be adequately considered. Use of
the procedures described in Reference 15 is acceptable.

(3) When applicable, the effects due to local soil settle-
ments, soil arching, etc., should also be considered in
the analysis.

k Interaction of Other Piping with Category 1 Piping

To be acceptable, each non-Category 1 piping system should be
designed to be isolated from any Category I piping system by
either a constraint or barrier, or should be remotely located
with regard to the seismic Category I piping system. If it is
not feasible or practical to isolate the Category I piping sys-
tem, adjacent non-Category I piping should be analyzed according
to the same seismic criteria as applicable to the Category I
piping system. For non-Category I piping systems attached to
Category I piping systems, the dynamic effects of the non-
Category I piping should be simulated in the modeling of the
Category I piping. The attached non-Category I piping, up to
the first anchor beyond the interface, should also be designed
in such a manner that during an earthquake of SSE intensity it
will not cause a failure of the Category I piping.

1. Criteria Used for Damping

Regulatory Guide 1.61 (Reference 9) "Damping Values for Seismic
Design of Nuclear Power Plants," provides acceptable values
which may be used. The use of alternate damping values requires
Justification.

Relevant requirements of GDC 1 and 4 are met as given below. The follow-
ing guidelines, in addition to Regulatory Guide 1.20 (Reference 7), apply
to the analytical solutions to predict vibrations of reactor internals
for prototype plants. Generally, this analysis is required only for pro-
totype designs.

a. The results of vibration calculations for a prototype reactor should
consist of the following:

(1) Dynamic respuiises to operating transients at critical locations
of the internal structures should be determined and, in particu-
lar, at the locations where vibration sensors will be mounted
on the reactor internals. For each location, the maximum
response, the modal contribution to the total response, and the
response causing the maximum stress amplitude should be
calculated.
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(2) The dynamic properties of interna)l structures, including the
natural frequencies, the dominant mode shapes, and the damping
factors should be characterized. If analyses are performed on
a component structural element basis, the existence of dynamic
coupling among component structure elements should be investi-
gated.

(3) The response characteristics, such as the dependence on hydro-
dynamic excitation forces, the flow path configuration, coolant
recirculation pump frequencies, and the natural frequencies of
the internal structures, should be identified.

(4) Acceptance criteria for allowable responses should be estab-
lished, as should criteria for the location of vibration
sensors. Such criteria should be related to the Code allowable
stresses, strains, and limits of deflection that are estab-
lished to preclude loss of function with respect to the reactor
core structures and fuel assemblies.

The forcing functions should account for the effects of transient
flow conditions and the frequency content. Acceptable methods for
formulating forcing functions for vibration prediction include the
following:

(1) Analytical method: based on standard hydrodynamic theory, the
governing differential equations for vibratory motions should
be developed and solutions obtained with appropriate boundary
conditions and parameters. This method is acceptable where the
geometry along the fluid flow paths is mathematically tractable.

(2) Test-analysis combination method: based on data obtained from
plant tests or scaled model tests (e.g., velocity or pressure
distribution data), forcing functions should be formulated which
will include the effects of complex flow path configurations
and wide variations of pressure distributions.

(3) Response-deduction method: based on a derivation of response
characteristics from plant or scaled model test data, forcing
functions should be formulated. However, since such functions
may not be unique, the computational procedures and the basis
for the selection of the representative forcing functions
should be described.

Acceptable methods of obtaining dynamic responses for vibration pre-
dictions are as follows:

(1) Force-response computations are acceptable if the characteris-
tics of the forcing functions are predetermined on a conservative
basic and the mathematical model of the reactor internals is
appropriately representative of the design.

(2) 1f the forcing functions are not predetermined, either a special
analysis of the response signals measured from reactor internals
of similar design may be performed to predict amplitude and
modal contributions, or parameter studies useful for extrapolat-
ing the results from tests of internals or components of similar
designs based on composite statistics may be used.
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Vibration predictions should be verified by test results If the
test results differ substantially from the predicted response
behavior, the vibration analysis should be appropriately modified tc
improve the agreement with test results and to validate the analy-
tical method as appropriate for predicting responses of the prototype
unit, as well as of other units where confirmatory tests are to be
conducted

Relevant requirements of GDC 1 and 4 are met as given below The pre-
operational vibiation test program for the internals of a prototype
(first of a design) reactor should conform to the requirements for a
prototype test, as specified in Regulatory Guide 1.20, including vibra
tion prediction, vibration monitoring, data reduction, and surface
Inspectior The test program to demonstrate design adequacy of the
reactor internals should include, but not necessarily be limited to the
following

The vibration testing should be conducted with the fuel elements

the core or with dummy elements which provide equivalent dynamic
effects and flow characteristics esting without fuel elements 1in
the core may be acceptable 1f 1t can be demonstrated that testing in
this mode is conservative

A brief description of the vibration monitoring instrumentation
should be provided, including instrument types and diagrams of
locations, which shouid include the locations having the most severe

vibratory motions or having the most effect on safety functions

The planned duration of the test for the normal operation modes to
assure that all critical components are subjected to at least 10°
cycles of vibration should be provided For instance, if the lowest
response frequency of the core internal structures is 10 Hz, a total

1 9

test duration of 1.2 days or more will be acceptable

Testing should include all of the different flow modes of normal
operation and upset transients The proposed set of flow modes are
acceptable if they provide a conservative basis for determining the
dynamic response of the reactor internals and are reviewed by RSB or
request

The methods and procedures to be used to process the test data to
obtain a meaningful interpretation of the ccre structure vibration
behavior should be provided Vibration interpretation should
include the amplitude, frequency content, stress state, and the
possible effects on safety functions

Vibration predictions, test acceptance criteria and bases, and permis-
sible deviations from the criteria should be provided before the test

Visual and nondestructive surface inspections should be performed

after the completion of the vibration tests The inspection program
description should include the areas subject to inspection, the methods
of inspection, the design access provisions to the reactor internals,
and the equipment to be used for performing such inspections. These
inspections should be conducted preferably following the removal of
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the internals from the reactor vessel. Where removal is not feas-
ible, the inspections should be performed by means of equipment
appropriate for in situ inspection. The areas inspected should
include all load-beariny interfaces, core restraint devices, high
stress locations, and locations critical to safety functions.

For internals of subsequent reactors that have the same design, size, con-
figuration, and operating conditions as the prototype reactor interaals,
the vibration test program should conform to the requirements of the appro-
priate nonprototype program as specified in Regulatory Guide 1.20.

Relevant requirements of GDC 2 and 4 are met as given below. Dynamic '
system analyses should be performed to confirm the structural design ade-
quacy of the reactor internals and the reactor coclant piping (unbroken
loops) to withstand the dynamic loadings of the most severe LOCA in com-
bination with the SSE. Where a substantial separation between the forcing
frequencies of the LOCA (or SSE) loading and the natural frequencies of

the internal structures can be demonstrated, the analysis may treat the
loadings statically.

The most severe dynamic effects from LOCA loadings are generally found to
result from a postulated double-ended rupture of a primary coolant loop

near a reactor vessel inlet or outlet nozzle with the reactor in the most
critical normal .erating mode. However, all other postulated break loca-
tions should be evaluated and the location producing the controlling effects
should be identified.

Mathematical models used for dynamic system analysis for LOCA in combination
with the SSE effects should include the following:

a. Modeling should include reactor internals and dynamicailly related
piping, pipe supports, components, and fluia-structure interaction
effects when applicable. Typical diagrams and the basis of modeling
should be developed and described.

b. Mathematical models should be representative of system structural
characteristics, such as the flexibility, mass inertia effect,
geometric configuration, and damping (including possible coexistence
of viscous and Coulomb damping).

€. Any system structural partitioning and directional decoupling
employed in the dynamic system modeling should be justified.

d. The effects of flow upon the mass and flexibility properties of the
system should be discussed.

Typical diagrams and the basis for postulating the LOCA-iiduced forcing
function should be provided, including a description of the governing
hydrodynamic equations and the assumptions used for mathematically
tractable flow path geometries, tests for determining flow coefficients,
and any semiempirical formulations and scaled model flow testing for
determining pressure differentials or velocity distributions. The accept-
abilty of the hydraulic analysis, as reviewed by RSB on request, is based
on established engineering practice and generic topical reviews perfermed
by the staff.
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The methods and procedures used for dynamic system analyses should be des-
cribed, including the governing equations of motion and the computational
scheme used to derive results. Time domain forced-response computation

is acceptable for both LOCA and SSE analyses. The response spectrum modal
analysis method may be used for SSE analysis.

The stability of elements in compression, such as the core barrel and the
control rod guide tubes under outlet pipe rupture loadings should be inves-
tigated.

Either response spectra or time histories may be used for specifying seis-
mic input motions of the SSE at the reactor core supports.

The criteria for acceptance of the analytical results are as provided in
SRP Sections 3.9.3 and 3.9.5.

6. Relevant requirements of GDC 1 are mec as given below. Regarding the corre- '
lation to be made of tests and analyses of reactor internals, a discus-
sion covering the following items to assure the adequacy and sufficiency
of the test and analysis results should be provided:

a. comparison of the measured response frequencies with the analytically
obtained natural freguencies of the reactor internals for possible
verification of the mathematical model used in the analysis.

b. Comparison of the analytically obtained mode shapes with the shape
of measured motion for possible identification of the modal combina-
tion or verification of a specific mode.

ks Comparison of the response amplitude time variation and the t.e-
quency content obtained from test and analysis for possible
verification of the postulated forcing function.

d. Comparison of the maximum responses obtained from test and analysis
for possible verification of stress levels.

e. Comparison of the mathematical mode! used for dynamic system analy-
s$is under operational flow transients and under the combined LOCA
and SSE loadings, te note similarities.

II1. REVIEW PROCEDURES

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

General Design Criteria 1, 2, 4, 14, and 15 state that all structures, system
and components important to safety should be designed and tested to assure
that safety functions can be performed in the event of operational transients,
earthquakes, and LOCA loadings.

Under these guidelines, the sta’f reviews the treatment of dynamic responses

of safety-related piping systems and reactor internal structures by the follow-
ing procedures:
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During the CP stage, the PSAR is reviewed to assure that the applicant
has provided a commitment to conduct a piping steady-state vibration,
thermal expansion and operational transient test program. The applicants
program description should be sufficiently comprehensive to contain all
the elements of an acceptable program as described in subsection II.1 of
this SRP Section.

During the OL stage, the FSAR is reviewed to assure that the applicant's
PSAR commitment is fulfilled and the program is developed in sufficient
detail. The reviewer should be assured that the applicants program as
described in Sections 3.9.. and 14.0 of the FSAR is sufficiently devel-
oped to:

a. Establish the rationale and bases for the acceptance criteria and
selection of locations to monitor pipe motions.

b. Provide the displacement or other appropriate limits at locations to
be monitored.

g, Describe the techniques and instruments (as needed) for monitoring
or measuring pipe motions.

d. Assure that the NRC will be provided documentation of any corrective
action resulting from the test and conformation by additional testing
that substantiates effectiveness of the corrective action.

For seismic system analysis review, the following review procedures are
implemented.

a. Seismic Analysis Methods

For all Category 1 systems, components, equipment and their supports
(including supports for conduii and cable trays, and ventilation ducts),
the applicable methods of seismic analysis (response spectra, time
history, equivalent static load) are reviewed to ascertain that the
techniques employed are in accordance with the acceptance criteria

as given n subsection I1.2.a of this SRP section.

b. Determination of Number of Earthgiake Cycles

Criteria or procedures used to establish the number of earthquake

cycles are reviewed to determine that they are in accordance with

the acceptance criteria as given in subsection I1.2.b of this SRP

section. Justification for deviating from the acceptance criteria
is requested from the applicant, as necessary.

c. Basis for Selection of Freguencies

As applicable, criteria or procedures used to separate fundamental
frequencies of components and equipment from the forcing frequencies
of the support structure are reviewed to determine compliance with
the acceptance criteria of subsection I1.2.c of this SRP section.

d. Three Components of Earthguake Motion

The procedures by which the three components of earthquake motion
are considered in determining the seismic response of systems are
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reviewed to determine compliance with the acceptance criteria of
subsection I11.2.d of this SRP section.

Combination of Modal Responses

The procedures for combining modal responses are reviewed to deter-
mine compliance with the acceptance criteria of subsection I1.2.e of
this SRP section, when a response spectrum modal analysis method is
used.

Analytical Procedures for Piping Systems

For all Category I piping and applicable non-Category I piping, the
methods of seismic analysis (response spectra, time history, equiva-
lent static load) are reviewed to determine that the techniques
employed are in accordance with the acceptance criteria of subsec-
tion I1.2.f of this SRP section. Typical mathematical models are
reviewed to judye whether all significant degrees of freedom have
been included.

Multiply-Supported Equipment and Components With Distinct Inputs

The criteria for the seismic analysis of multiply-supported com-
ponents and equipment with distinct inputs are reviewed to determine
that the criteria are in accordance with the acceptance criteria of
subsection [1.2.g of this SRP section.

'‘Jse of Constant Vertical Static Factors

Use of constant static factors as response loads in the vertical
direction for the seismic desiqn of any Category I systems in lieu
of a detailed dynamic method is reviewed to determine that constant
static factors are used only if the structure is rigid in the ver-
tical direction based on the deflinition for rigidity given in
subsection I1.2.h of this SRP section.

Torsional Effects of Eccentric Masses

The procedures for seismic analysis of Category I piping systems are
reviewed to determine compliance with the acceptance criteria of
subsection 11.2.1 of this SRP section.

Category I Buried Piping Systems

The analysis procedures for Category I buried piping are reviewed to
determine that they are in accordance with the acceptance criteria

of subsection 11.2.j of this SRP section. This includes review of
the procedures used to consider the effect of fill settlement includ-
ing pipe profile and pipe stresses, and the differential movements

at support points, penetrations, and anchors. Any procedures that
are not adequately justified are so identified and the applicant is
requested to provide additional justification.

3.9.2-17 Rev. 2 - July 1981




k. Interaction of Other Piping with Category I Piping

The criteria used to design the interfaces between Category I and
non-Category I piping are reviewed to determing comp11ancg with the
acceptance criteria of subsection 1I1.2.k ¢i this SRF section.

1. Criteria used for Damping

The criteria used to account for damping in systems, cqmpgneqts. equip-
ment and their supports is reviewed to determine that it is in
accordance with the regulatory position in Reference 9.

At the CP stage, the api licant should commit to performing an analysis of
the vibration of the reactor internal structures if they are designated
as a prototype design. A brief description of the methods and procedures
to be used for the analysis should be provided.

At the OL stage, a detailed dynamic analysis should be provided for a proto-
type design, to be used for vibration prediction prior to the performance

of preoperational vibration tests. Acceptance of the analysis is based

on the technical soundness of the analytical method and procedures used

and the degree of conformance to the acceptance criteria listed above.

In addition, the analysis is verified by correlation with the test results
when these are available.

For both CP and OL stages, if the reactor internal structures are a non-
prototype design, then reference should be made to the reactor which is
prototypical of the reacior being reviewed. A brief summary of test and
analysis results for the prototype should be given. Alternatively, the
information may be contained in another applicable document, such as a
topical report, to which reference should be made.

At the CP stage, the staff review of the%rogram for preoperational
vibration testing of reactor internals for flow-induced vibrations
includes the following matters:

a. The applicant should clarify his intention to perform either a pro-
totype test or a non-prototype test.

b. If the plant is designated as a prototype, a brief description of
the preoperational vibration test program should be provided. The
staff review will be based on the conformance of this program to the
requirements as listed in subsection I]1.4, above.

C. If the plant is a non-prototype, the applicant should identify the
existing plant of similar design that is the prototype plant. The
staff reviews the validity of the designated prototype, including
any design difference of reactor internal structures from the proto-
type plant to verify that any design modifications do not substantially
alter the behavior of the flow transients and the response of the
reactor internals. Additional detailed analysis, scaled model tests,
or installation of some instrumentation during the confirmatory test
may be required in order to compiete the review. 'n addition, the
applicant should commit to performing the prototype test if adequate
test results are not obtained on a timely basis for the designated
prototype.
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At the OL stage, the staff review includes the fellowing procedures:

(1) A detailed preoperational vibration test program and the tentative
schedule to perform the test are reviewed. If elements of the pro-
gram differ substantially from the guidelines specified in Regulatory
Guide 1.20, discussion of the need and justification for the dif-
ferences should be given. 0On request, RSB verifies that the flow
modes to be used are acceptable.

(2) For a prototype plant, the review covers the acceptability of vibra-
tion prediction, the visual surface inspection procedures, the details
of instrumentation for vibration monitoring, the methods and pro-
cedures to process the test results, and possible supplementary tests,
such as component vibration tests, flow tests, and scaled mode]l tests.

‘3) For a nonprototype plant, the staff verifies the applicability of
the designated prototype, including the design similarity of the
reactor internal structures to the prototype. Additional detailed
analysis, scaled model tests, or vibration monitoring in the confir-
matory tests may be needed in order to complete the review.

In the CP stage review of the dynamic analysis of the reactor internals

and unbroken loops of the reactor coolant piping under faulted condition
loadings, the applicant commits to perform this analysis or identifies

the applicable document, generally in the form of a topical report, contain-
ing the required information. A brief description of the scope and methods
of analysis should be provided.

In the OL review, the staff reviews the detailed information to confirm
that an adequate analysis has been made of t! capability of reactor
internal structures and unbroken loops to withstand dynamic loads from
the most severe LOCA in combination with the safe shutdown earthquake.
The staff review covers the analytical methods and procedures, the basis
of the forcing functions, the mathematical mod>1s to represent the dyna-
mic system, and the stability investigations for the core barrel and
essential compressive elements. Acceptance of the analysis is based on
(1) the technical soundness of the analytical methods used, (2) the degree
of conformance to the acceptance criteria listed above, and (3) verifica-
tion that stresses under the combined loads are within allowable limits
of the applicable code and deformations are within the limits set to
assure the ability of reactor internal structures and piping to perform
needed safety functions. On request, RSB verifies that an acceptable
hydraulic analysis has been used.

MEB reviews the program which the applicant has committed to implement as
part of the preoperational test procedure, principally to correlate the
test measurements with the analytically predicted flow-induced dynamic
response of the reactor internals. MEB reviews the applicant's state-
ments in this area to assure that there is a commitment to submit a
report on a timely basis. The report should summarize the analyses and
test results so that MEB can review the compatibility of the results from
tests and analyses, the consistency between mathematicael models used for
different loadings, and the validity of the interpretation of the test
and analysis results.
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IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
the review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The staff concludes that the dynamic testing and analysis of systems, com-
ponents, and equipment is acceptable and meets the relevant requirements of
General Design Criteria 1, 2, 4, 14 and 15. This conclusion is based on the
following:

| The applicant has met the relevant requirements of General Design
Criteria 14 and 15 with respect to the design and testing of the
reactor coolant pressure boundary to assure that there is a low prob-
ability of rapidly propagating failure and of gross rupture and to
assure that design conditions are not exceeded during ncrmal operation
including anticipated operational occurrences by having an acceptable
vibration, thermal expansion, and dynamic effects test program which
will be conducted during startup and initial operation on specified
high- and moderate-energy piping, and all associated systems,
restraints and supports. The te-ts provide adequate assurance that
the piping and piping restraints of the system have been designed to
withstand vibrational dynamic effects due to valve closures, pump
trips, and other operating modes associated with the design basis
flow conditions. In addition, the tests provide assurance that
adequate clearances and free movement of snubbers exist for unre-
strained thermal movement of piping and supports during normal
system heatup and cooldown operations. The planned tests will
develop loads similar to those experienced during reactor operation.

2. The applicant has met the relevant requirements of General Design
Criteria 2 with respect to demonstrating design adequacy of all Cate-
gory I systems, components, equipment and their supports to withstand
earthquakes by meeting the regulatory positions of Regulatory Guides
1.61 and 1.92 and by providing an acceptable seismic systems analysis
procedure and criteria. The scope of review of the seismic system
analysis included the seismic analysis methods of all Category I sys-
tems, components, equipment and their supports. It included review
of procedures for modeling, inclusion of torsional effects, seismic
analysis of Category I piping systems, seismic analysis of multiply-
supported equipment and components with distinct inputs, justification
for the use of constant vertical static factors and determination of
composite damping. The review has included design criteria and pro-
cedures for evaluation of the interaction of non-Category I piping
with Category I piping. The review has also included criteria and
seismic analysis procedures for reactor internals and Category I
buried piping outside containment.

The system analyses are performed by the applicant on an elastic
basis. Modal response spectrum multidegree of freedom and time
history methods form the bases for the analyses of all major Cate-
gory I systems, components, equipment and their supports. When the
modal response spectrum method is used, governing response parameters
are combined by the square root of the sum of the squares rule. How-
ever, the absolute sum of the modal responses are used for modes with
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closely spaced frequencies. The square root of the sum of the squares
of the maximum codirectional responses is used in accounting for three
components of the earthquake motion for both the time history and
response spectrum methods. Floor spectra inputs to be used for design
and test verifications of systems, components, equipment and their
supports are generated from the time history method, taking into account
variation of parameters by peak widening. A vertical seismic system
dynamic analysis will be employed for all systems, and components,
equipment and their supports where analyses show significant struc-
tural amplification in the vertical direction.

The applicant has met the relevant requirements of General Design
Criteria 1 and 4 with respect to the reactor internals being designed
and tested to quality standard commensurate with the importance of

the safety functions being performed ana being appropriately pro-
tected against dynamic effects by meeting the regulatory positions

of Regulatory Guide 1.20 for the conduct of preoperational vibration
tests and by having a preoperational vibration program planned for

the reactor internals which provides an acceptable basis for veri-
fying the design adequacy of these internals under test loading
conditions comparable to those that w11 be experienced during
operation. The combination of tests, predictive analysis, and post-
test inspection provide adequate assurance that the reactor internals
will, during their service lifetime, withstand the flow-induced vibra-
tions of reactor operation without loss of structural integrity.

The integrity of the reactor internals in service is essential to
assure the proper positioning of reactor fuel assemblies and unimpaired
operation of the control rod assemblies to permit safe reactor opera-
tion and shutdown.

The applicant has met the relevant requirements of General Design
Criteria 2 and 4 with respect to the design of systems and com-

ponents important to safety to withstand the effects of earthquakes

and the appropriate combinations of the effects of normal and postu-
lated accident conditions with the effects of the safe shutdown
earthquake (SSE) by having a dynamic system analysis to be performed
which provides an acceptable basis for confirming the structural design
adequacy of the reactor internals and unbroken piping loops to with-
stand the combined dynamic loads of postulated loss of coolant acci-
dents (LOCA) and the SSE and the combined loads of a postulated main
steam line rupture and SSE (for a BWR). The analysis provides ade-
quate assurance that the combined stresses and strains in the components
of the reactor coolant system and reactor internals will not exceed

the allowable design stress and strain limits for the materials of
construction, and that the resulting deflections or displacements at
any structural elements of the reactor internals will not distort

the reactor internals geometry to the extent that core cooling may

be impaired. The methods used for component analysis have been

found to be compatible with those used for the systems analysis.

The proposed combinations of component and system analyses are, there-
fore, acceptable. The assurance of structural integrity of the reactor
internals under LOCA conditions for the most adverse postulated loading
event provides added confidence that the design will withstand a spec-
trum of lesser pipe breaks and seismic loading events.
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5. The applicant has met the relevant requirements of General Design
Criterion 1 with respect to systems and components being designed
and tested to quality standards commensurate with the importance of
the safety functions to be performed by the proposed program to corre-
late the test measurements with the analysis results. The program
constitute an acceptable basis for demonstrating the compatibility
of the results from tests and analyses, the consistency between
mathematical models used for different loadings, and the validity of
the interpretation of the test and analysis results.

For the FSAR, the review should provide justification for a finding
similar to that stated above with the phrase "will be implemented"
modified to read "has been implemented."

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff’'s plans for using this SRP section. Except in those
cases in which the applicant proposes an acceptable alternative method for
complying with specified portions of the Commission's regulations, the method
described herein will be used by the staff in its evaluation of conformance
with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced Regulatory Guides.
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3.9.3 ASME CODE CLASS 1, 2, AND 3 COMPONENTS, COMPONENT SUPPORTS, AND CORE
SUPPORT STRUCTURES

REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)
Secondary - None

1. AREAS OF REVIEW

The MEB reviews the information presented in the applicant's safety analysis
report (SAR) concerning the structural integrity of pressure-retaining components,
their supports, and core support structures which are designed in accordance with
the rules of the American Society of Mechanica)l Engineers (ASME) Bofler and Pres-
sure Vessel Code, Section III, Division 1 (hereinafter "the Cou<") (Reference 3)
and General Design Criteria 1, 2, 4, 14, and 15 (Reference £)-

The staff reviews covers the following specific areas:

1. Loading Combinations, System Operating Transients, and Stress Limits

The design and service loading combinations (e.g., design and service loads,
including system operating transients, in combination with loads calculated
to result from postulated sefsmic and other events) specified for Code
constructed items designated as Code Class 1, 2, 3 (including Class 1, 2

and 3 component support structures) ana CS core support structures are
reviewed to determine that appropriate design and service limits have been
desfgnated for all loading combinations. This review ascertains that the
cesign and service stress Timits and deformation criteria comply with the
applicable limits specified in the Code and Appendix A to this SRP section.
Service stress limits which allow fnelastic deformation of Code Class 1, 2,
and 3 components, component supports, and Class CS core support structures
are evaluated as are the justifications for the proposed design procedures.
Fiping which is “field run" should be included. Internal parts of components,
such as valve discs and seats and pump shafting, subjected to dynamic loading
during operation of the component should be included.
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Design and Inggg)lation of Pressure Relfef Devices

The design and installation criteria applicable to the mounting of pressure
relief devices (safety valves and relief valves) for the overpressure protec-
tion of Code Class 1. 2, and 3 components are reviewed. The review includes
evaluation of the applicable loading combinations and stress criteria.

The design review extends to consideration of the means provided to accommo-
date the rapidly applied reaction force when a safety valve or relief valve
opens, and the transient fluid-induced loads applied to the piping downstream
of a safety or relief valve in a closed discharge piping system. The dynamic
structural response due to BWR safety relief valve discharge into the suppres-
sion pool is also considered.

The design of safety and relief valve systems is reviewed with respect to
the load combinations imposed on the safety or relief valves, upstream
piping or header, downstream or vent piping, system supports, and BWR
suppression pool discharge devices such as ramsheads and guenchers.

The load combinations should identify the most severe combination of the
applicable loads due to internal fluid weight, momentum and pressure, dead
weight of valves and piping, thermal load under heatup, steady state and
transient valve operation, reaction forces when valves are dischargin-
(thrust, bending, and torsion), seismic forces, and dynamic forces ¢ ' to
BWR safety relief valve discharge into the suppression pool as appliLable.
The reaction loads due to discharge of loop seal water slugs and subcooled
or saturated liquid under transient or accident conditions shall also be
inciuded as valve discharge loads.

The structural response of the piping and support system is revicsed with
particular attention to the dynamic or time history analyses employed in

evaluating the appropriate support and restraini stiffness effects under

dynamic loadings when valves are discharging.

Where the use of hydraulic snubbers is proposed, the snubber performance
characteristics are reviewed to assure that their effects have been
considered in the analyses under steady state valve operation and repeti-
tive load applications caused by cyclic valve opening and closing during
the course of a pressure transient.

Component Supports

The review of information submitted by the applicant includes an evaluation
of Code Class 1, 2, and 3 components supports. The review includes an
assessment of design and structural integrity of the supports. The review
addresses three types of supports: plate and shell, linear, and component
standard types. All the component supports of these three types are
covered in this SRP section. Altnough classified as component standard
supports, snubbers require special consideration due to their unigue
function. Snubbers provide no load path or force transmission during
normal plant operations but function as rigid supports when subjected to
dynamic transient loads. Component supports are those metal supports
which are designed to transmit loads from the pressure-retaining boundary
of the component to the building structure. The methods of ana ysis for
calculating the responses of the reactor coolant pressure boundary supports
resulting from the combination of LOCA and SSE events are reviewed in SRP
Sections 3.6.2 and 3.9.2.
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In addition, the MEB will coordinate other branches evaluations that interface
with the overall review of this SRP section as follows: The Fquipment Qualifica-
tion Branch (EQB) evaluates the operability of pumps and valves and judges the
design criteria for pressure-relievin? devices which may have an active function
during and after a faulted plant condition against the requirements of the
component operability assurance program as part of its primary review respon-
sibility for SRP Section 3.10. The Auxiliary Systems Branch (ASB) verifies

that the number and size of valves specified for the steam and feedwater systems
have adequate pressure-relieving capacity as part of its primary review responsi-
bility for SRP Section 10.3. The Reactor Systems Branch (RSB) verifies that

the number and size of valves specified for the reactor coolant pressure boundary
have adequate pressure-relieving capacity as part of its primary review responsi-
bility for SRP Sectfon 5.2.2. The Containment Systems Branch (CSB) reviews

the applicant's analyses of sub. ‘partment differential pressures resulting

from postulated pipe breaks as part of its primary review responsibility for

SRP Section 6.2.1.2.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

I1. ACCEPTANCE CRITERIA

MEB acceptance criteria are based on meeting the relevant requirements of the
following regulations:

A. 10 CFR Part 50, §50.55a and General Design Criterion 1 as it relates to
structures and components being designed, fabricated, erected, constructed,
tested, and inspected to quality standards commensurate with the importance
of the safety function to be performed.

B. General Design Criterion 2 as it relates to structures and components
important to safety being designed to withstand the effects of earthquakes
combined with the effects of normal or accident conditions.

C. General Design Criterion 4 as it relates to structures and components
important to safety being designed to accommodate the effects of and to
be compatible with the environmental conditions of normal and accident
conditions.

D.  General Design Criterion 14 as it relates to the reactor coolant pressure
boundary being designed, fabricated, erected, and tested to have an extremely
low probability of abnormal leakage, of rapidly propagating failure, and
of gross rupture.

E.  General Design Criterion 15 as it relates to the reactor coolant system
being desfgned with sufficient margin to assure that the design conditions
are not exceeded.

Specific criteria necessary to meet the relevant requirements of §50.55a and

General Design Criteria 1, 2, 4, 14, and 15 by which the areas of review defined
in subsection I of this SRP section judged to be acceptable are as follows:
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Loading Combingtigns, System Operating Transients, and Stress Limits

The design and service loading combinations, including system operating
transients, and the associated design and service stress limits considered
for each component and its supports should be sufficiently defined to
provide the basis for design of Code Class 1, 2, and 3 components, component
supports and Class CS core support structures for all conditions.

The acceptability of the combination of design and service loadings (includ-
ing system operating transients), applicable to the design of Class 1, 2,
and 3 components, component supports, and Class CS core support structures,
and of the designation of the appropriate design or service stress limit

for each loading combination, is judged by comparison with positions stated
in Appendix A, and with appropriate standards acceptable to the staff
developed by professional societies and standards organizations.

The design criterfia for internal parts of components such as valve discs,
seats, and pump shafting should comply with applicable ASME Code or Code
Case criteria. In those instances where no ASME criteria exist, the design
criteria are acceptable {f they assure the structural integrity of the

part such that no safety-related functions are impaired.

Design and Installation of Pressure Relief Devices

The applicant should use design criteria for pressure relief stations
specified in Appendix O, ASME Code, Section III, Division 1, "Rules for
the Design of Safety Valve installations" (Reference 6). Additionally,
the following criteria are applicable:

(1) where more than one valve is installed on the same run pipe, the
sequence of valve openings to be assumed in analyzing for the stress
at any piping locatfon should be that sequence which is estimated to
induce the maximum instantaneous value of stress at that location.

(2) Stresses should be evaluated, and applicable stress limits should be
satisfied for all components of the run pipe and connecting systems
and the pressure relief valve station including supports and all
connecting welds between these components.

(3) In meeting the stress 1imit requirements, the contribution from the
reaction force and the moments resulting from that force should include
the effects of the Dynamic Load Factor or should use the maximum
instantaneous values of forces and moments for that location as deter-
mined by the dynamic hydraulic/structural system analysis. This
requirement should be satisfied in demonstrating satisfaction of all
design 1imits at all locations of the run pipe and the pressure relief
valve for Class 1, 2, and 3 piping. A Dynamic Load Factor (DLF) of
2.0 may be used in lieu of a dynamic analysis to determine the DLF.

The SAR must also include a description of the calculational procedures,
computer programs, and other methods to be used in the analysis. The
analysis must include the time history or equivalent effects of changes

of momentum due to fluid flow changes of direction. The fluid states
considered must includ® oostulated water slugs where water seals are used
and subcooled or satu liquid 1f such fluid can be discharged under
postulated transient o. accident conditions. Plants utilizing suppression
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pools shall also consider the applicable poo! dynamic loads on the safety
relief valve system. Stress computations and stress limits must be in
accord with applicable rules of the Code.

Component Supports

The component support designs should provide adequate margins of
safety under all combinations of loadings. The combination of load-
ings (including system operating transients) considered for each
component support within a system, including the designation of the
appropriate service stress limit for each loading combination should
meet the criterfia in Appendix A and Regulatory Guides 1.124 and 1.130
(References 7 and 8).

Component supports of active pumps and valves should be considered

in context with the other features of the operability assurance pro-
gram as presented in SRP Section 3.10. If the component support

affects the operability requirements of the supported component, then
deformatfon limits should also be specified. Such deformation limits
should be compatible with the operability requirements of the components
supported and incorporated into the operability assurance program.

In establishing allowable deformations, the possible movements of

the support base structures must be taken into account.

Where snubbers are utilized as supports for safety-related systems
and components, acceptable criteria for snubber operability assurance
should contain the following elements:

(1) Structural Analysis anc Systems Evaluation.

Systems and components which utilize snubbers as shock and vibra-
tion arrestors must be analyzed to ascertain the interaction of
such devices with the systems and components to which they are
attached. Snubbers may be used as shock and vibration arrestors
and in some instances as dual purpose snubbers. When used as a
vibration arrestor or dual purpose snubbers, fatigue strength
must be considered. Important factors in the fatigue evaluation
include: (1) unsupported system component movement or amplitude,
(11) force imparted to snubber and corresponding reaction on
system or component due to restricting motion (damped amplitude),
(111) vibration frequency or number of load cycles, and (iv)
verification of system or component and snubber fatigue strength.

Snubbers used as shock arrestors do not require fatigue evaluation
ff it can be demonstrated that (1) the number of load cycles

which the snubber will experience during normal plant operating
coenditions is small (<2500) or (11) motion during normal plant
operating conditions does not exceed snubber dead band.

Snubbers utilized in systems or components which may experience
high thermal growth rates either during normal operating condi-
tions or as a result of anticipated transients should be checked
to assure that such thermal growth rates do not exceed the snubber
lock=up velocity.
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(2) Characterization of Mechanica) FProperties.

(3)

(4)

A most important aspect of the structural analysis is realistic
characterization of snubber mechanical properties (i.e. spring
rates) in the analytical model. Since the "effective" stiffness
of a snubber is generally greater than that for the snubber
support assembly (i.e., the snubber plus clamp, transition tube
extension, back-up support structure, etc.) the snubber response
characteristics may be “"washed out" by the added flexibility in
the support structure. The combined effective stiffness of the
snubber and support assembly must therefore be considered in
evaluating the structural response of the system or component.

Snubher spring rate should be determined independent of clearance/
lost motion, activation level, or release rate. The stiffness
should be based on structural and hydraulic compliance only,

anc should consider the effects of temperature.

The snubber end fitting clearance and lost motion must be mini-
mized and should be considered when calculating snubber reaction
loads and stress which are based on a linear analysis of the
system or component. This is especially important in multiple
snubber applications where mismatch of end fitting clearance

has a greater effect on the load sharing of these snubbers than
does the mismatch of activation level or release rate. Equal
load sharing of multiple snubber supports should not be assumed
if mismatch in end fitting clearance exists.

Design Specifications

The required structural and mechanical performance of snubbers

is determined from the user's system analysis described in (1)

and (2). The snubber Design Specification is the instrument
provided by the purchaser toc the supplier to assure that the
requirements are met. The Design Specification should contain

(i) the general functional requirements, (ii) operating environ-
ment, (i11) applicable codes and standards, (iv) materials of
construction and standards for hydraulic fluids and lubricants,
(v) environmental, structural, and performance design verification
tests, (vi) production unit functional verification ‘ests and
certification, (vii) packaging, shipping, handling, and storage
requirements, and (viii) description of provisions for attachments
and installation.

In addition, the snubber manufacturer should be requested to
submit his quality assurance and assembly quality control
procedures for review and acceptance by the purchaser.

Installation and Operability Verification

Assurance that all snubbers and properly installed prior to
preoperational piping vibration and plant start-up tests should
be provided. Visual observation of piping systems and measure-
ment of therma] movements during plant start-up tests could
verify that snubbers are operable (not locked up). Provisions
for such examinations and measurements should be discussed in
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I11.

(5)

(6)

(7)

the piping preoperational vibration and plant start-up test
programs as described in SRP Section 3.9.2.

Use of Additional Snubbers

Snubbers could in some instances be installed during or after
plant construction which may not have been included in the design
analysis. This could occur as a result of unanticipated piping
vibration as discussed in SRP Sectfon 3.9.2 or interference
problems during construction. The effects of such installation
should be fully evaluated and documented to demonstrate that
normal plant operations and safety are not diminished.

Inspection and Testing

Inservice inspection and testing are critical elements of oper-
ability assurance programs for mechanical components. The appli-
cant should provide a discussion of accessibility provisions

for maintenance, inservice inspection and testing, and possible
repair or replacement of snubbers consistent with the requirements
of the NRC Standard Technical Specifications.

Classification and ldentification

A1l safety-related components which utilize snubbers in their
support systems should be identified and tabulated in the FSAR.
The tabulation should include the following information: (1)
identification of the systems and components in those systems
which utilize snubbers, (11) the number of snubbers utilized in
each system and on components in that system, (if1i) the type(s)
of snubber (hydraulic or mechanical) and the corresponding
supplier identified, (iv) specify whether the snubber was
constructed to the rules of ASME Code Section III, Subsection
NF, (v) state whether the snubber is used as a shock, vibration,
or dual purpose snubber, and (vi) for snubbers identified as
either dual purpose or vibration arrestor type, indicate {f both
snubber and component were evaluated for fatigue strength.

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, the following review procedures apply:

3

Loading Combinations, System Operating Transient, and Stress Limits

The objectives in reviewing the loading combinations and stress limits
employed by the applicant in the design of Code Class 1, 2, and 3 compo-
nents, component supports, and Class CS core support structures are to
confirm that the appropriate postulatid events have been included, that

the loading combinations (including system operating transients) and the
designation of design and service streis 1imits are appropriate. The

review conducted during the CP stage determines that the objectives have
been addressed and are being implementec in the design by obtaining a
commitment from the applicant that speci'ic design criteria will be utilized.
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By checking selected Code required Design Documents such as Desfgn Reports,
Load Capacity Ddta Sheets, and related material, the OL stage review verifies
that the design criteria have been utilized and that components have been
designed to meet the objectives. To assure that these objectives are met,
the review 1s performed as follows: ’

a. The applicant's proposed design and service loadings, and combina-
tions thereof, are reviewed for rompleteness and for appropriate
designation of corresponding design and service stress limits.

b. The combination of design and service loadings, including procedures
for combination, proposed by the applicant for each Code-constructed
item are reviewed to determine {f they are adequate. This aspect of
the review is made by comparison with the loading combinations and
procedures for combination set forth in Appendix A. Deviations from
the position are evaluated on a case-by-case basis by questions
addressed to the applicant to determine the rationale and justifica-
tion for exceptions. Final determination is based on engineering
judgment and past experience with prior applications.

c. The design and service stress 1imits selected by the applicant for
each set of design and service loading combinations as established
in (a) are reviewed to determine if they meet those specified in
Appendix A. The provisions for piping component functional capability
are reviewed to determine their adequacy in meeting the objectives
set forth in Appendix A. Deviations from the position may be permitted
provided justification is presented by the applicant. The acceptability
determination is based on considerations of adequate margins of safety.

Design and Installation of Pressure Relief Devices

The objective of the review of the design and installation of pressure
relief devices is to assure the adequacy of the design and installation
so that there is assurance of the integrity of the pressure relieving
devices and associated piping during the functioning of one or more of
the relief devices. In the CP review, it is determined whether there is
reasonable assurance that the final desi?n will meet these objectives.

At the OL stage, the final design is reviewed to determine that the objec-
tives have been met.

The review is performed as follows:

a. The design of the pressure retaining boundary of the device is
reviewed by comparison with the Code. S5ince explicit rules are not
yet available within the Code for the design of safety and pressure
relief valves, the design is reviewed on the basis of reference to
sections of the Code on vessels, piping, and line valves, and ASME l
Code Case N-100 (Reference 6).

Allowable stress limits are compared with those in the Code for the
appropriate class of construction. Deviations are identified and

the applicant is requested to provide justification. Stress limits
and loading combinations are covered under the areas entftled “Loading
Combinations, System Operating Transients, and Stress Limits" in this
SRP section.

3.9.3-8 Rev. 1 - July 1981



b, The design of the installation s reviewed for structura)l adequacy
to vfthsg:n ]
applicant should include and discuss: reaction force, valve opening
sequence, valye opening time, ®ethod of analysis, and magnitude of a
dynamic load factor (if used). 1In reaching an acceptance determination,
the reviewer compares the submission with the requirements in subsec- I
tion I1.2 of this SRp section.

Where deviations occur, they are identified and the Justification is
evaluated. valye opening sequence effects must consider the worst
combination possible and forcing functions must be justified with
valve opening time data. The review is based in part on comparisons
with prior acceptable designs tested in operating plants.

3. Component Supports

S0 that there is assurance as to structural integrity of supports and as r
to Operability of active components that interact with Component supports.

The reviewer should be assured that the applicant's PSAR contains discussions'

this SRP section s sufficient for the cp review stage. During the oL
review the FSAR should contain Summaries {in sufficient detai) to verify
the PSAR Comm{tments .

The structural integrity of the three types of component supports described
in subsection 1.3 of this sgrp section are reviewed against the criteria
and guidelines of subsection I].3 of this SRp section.

IV.  EVALUATION FINDINGS

The reviewer verifies that sufficient information has been Provided in accordance
with the requirements of this SRp section, and that his evaluation supports
cenclusions of the following type, to pe included in the staff'sg safety evaluation
report:

The starf concludes that the specified design and service combinations of load-
ings as applied to ASME Code Class 1, 2, and 3 Pressure retain{ components

are acceptable angd meet the requirements of 10 CFR Part 50, §50.55a and Genera)
Design Criteria i, 2, 4, 14, and 15, This conclusion is based on the following:

L. The applicant met the requirements of 10 CFR Part 50, §50.55a andg General
Design Criteria 1, 2, and & with respect to the design and service load
co-? nations and associated stress and deformation Timi

Surate with their fmportance to safety and that these systems can accom-
modate the effects of normal operation as wel) 85 postulated events such
a5 loss-of-coolant accidents and the dynamic effects resulting from earth-
Quakes. The specified design and service combinations of lToadings as
applied to ASME Code Class 1, 2, and 3 pressure retaining components in
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systems designedl to meet seismic Category I standards are such as to
provide assurance that in the event of an earthquake affecting the site
or other service loadings due to postulated events or sy<tem opemating
transients, the resulting combined stresses imposed on system CO nts
will not exceed allowable stress and strain limits for the mateviialg of
construction. Limiting the stresses under such loading combinat¥ens
provides a conservative basis for the design of system components to
withstand the most adverse combination of loading events without loss of
structural integrity.

The applicant has met the requirements of 10 CFR Part 50, §50.55a and
General Design Criteria 1, 2, and 4 with respect to the criteria used for
design and installation of ASME Code Class 1, 2, and 3 overpressure
relief devices by insuring that safety and relief valves and their
installations are designed to standards which are commensurate with their
safety functions, and that they can accommodate the effects of discharge
due to norma)l operation as well as postulated events such as loss-of-
coolant accidents and the dynamic effects resulting from the safe
shutdown earthquake. The relevant requirements of General Design
Criteria 14 and 15 are also met with respect to assuring that the reactor
coolant pressure boundary design limits for normal operation including
anticipated operational occurrences are not exceeded. The criteria used
by the applicant in the design and installation of ASME Class 1, 2, and 3
safety and relief valves provide adequate assurance that, under discharging
conditions, the resulting stresses will not exceed allowable stress and
strain limits for the materials of construction. Limiting the stresses
under the loading combinations associated with the actuation of these
pressure relief devices provides a conservative basis for the design and
installation of the devices to withstand these loads without loss of
structural integrity or impairment of the overpressure protection
function,

The applicant has met the reguirements of 10 CFR Part 50, §50.55a and
General Design Criteria 1, 2, and 4 with respect to the design and
service load combinations and associated stress and deformation limits
specified for ASME Code Class 1, 2, and 3 component supports by insuring
that component supports important to safety are designed to quality
standaras commensurate with their importance to safety, and that these
supports can accommodate the effects of normal operation as well as
postulated events such as loss-of-coolant accidents and the dynamic
effects resulting from the safe shutdown earthquake. The combination of
loadings (including system operating transients) considered for each
component support within a system, including the designation of the
appropriate service stress limit for each loading combination, has met
the positions and criteria of Regulatory Guides 1.124 and 1.130 and are
in accordance with NUREG-0484 and NUREG-0609. The specified design and
service loading combinations used for the design of ASME Code Class 1, 2,
and 3 component supports in systems classified as seismic Category I
provide assurance that in the event of an earthquake or other service
loadings due to postulated events or system operating transients, the
resulting combined stresses imposed on system components will not exceed
allowable stress and strain limits for the materials of construction.
Limiting the stresses under such loading combinations provides a
conservative basis for the design of support components to withstand the
most adverse combination of loading events without loss of structural
integrity.
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Class CS component evaluation findings are covered in SRP Section 3.9.5 in
connection with reactor internals.

V.  IMPLEMENTATION

The following is intended to provide guidance to applicants and )icensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.

V1. REFERENCES
1. 10 CFR Part 50, §50.55a, "Codes and Standards."

- A 10 CFR Part 50, Appendix A, "General Design Criteria for Nuclear Power
Plants," (a) General Design Criterion 1, "Quality Standards and Records,"
(b) General Design Criterion 2, "Design Bases for Protection Against
Natural Phenomena," (c) General Design Criterion 4, “"Environmental and
Missile Design Bases," (d) General Design Criterion 14, "Reactor Coolant
Pressure Boundary," and (e) General Design Criterion 15, “Reactor Coolant
System Design."

3. ASME Boiler and Pressure Vessel Code, Section Iil, Division 1, “Nuclear
Power Plant Components," American Society of Mechanical Engineers.

4, Standard Review Plan Section 3.10, "Seismic and Dynamic Qualification of
Mechanical and Electrical Equipment Important to Safety."

. Appendix A to SRP Section 3.9.3, "Stress Limits for ASME Class 1, 2, and
3 Components and Component Supports of Safety-Related Systems and Class
CS Core Support Structures Under Specified Service Loading Combinations."

6. ASME Code Case N-100, "Pressure Relief Valve Design Rules, Section 1II,
Division 1, Class 1, 2 and 3."

7. Regulatory Guide 1.124, "Design Limits and Loading Combinations for
Class 1 Linear-Type Component Supports.”

8. Regulatory Guide 1.130, "Design Limits and Loading Combinations for
Class 1 Plate- and Shell-Type Component Supports.”

9.  NUREG-0484, "Methodology for Combining Dynamic Loads."
10.  NUREG-0609, "Asymmetric Blowdown Loads on PWR Primary Systems."
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APPENDIX A

STANDARD REVIEW PLAN SECTION 3.9.3
STRESS LIMITS FOR ASME CLASS 1, 2, AND 3 COMPONENTS AND COMPONENT
SUPPORTS OF SAFETY-RELATED SYSTEMS AND CLASS CS CORE SUPPORT STRUCTURES
UNDER SPECIFIED SERVICE LOADING COMBINATIONS

A.  INTRODUCTION

Nuclear power plant components and supports are subjected to combinations of
loadings derived from plant and system operating conditions, natural phenomena,
postulated plant events, and site-related hazards. Section III, Division 1 of
the ASME Code (hereafter referred to as the Code) provides specific sets of
design and service stress limits that apply to the pressure retaining or
structural integrity of components and supports when subjected to these
loadings. The design and service stress limits specified by the Code do not
assure, in themselves, the operability of components, including their supports,
to perform the mechanical motion required to fulfill the component's safety
function. Certain of the service stress limits sgecified by the Code (i.e.,
level C and D) may not assure the functional capability of components, including
their supports, to deliver rated flow and retain dimensional stability. Since
the combination of loadings, the selection of the applicable design and service
stress limits appropriate to each load combination and the proper consideration
of operability is beyond the scope of the Code; and the treatment of functional
capability, including collapse and deflection limits, is not adequately treated
by the Code for all situations, such factors must be evaluated by designers

and appropriate information developed for inclusion in the Design Specification
or other referenced documents.

Applicants require ?uidance with regard to the selection of acceptable design
and service stress 1imits associated with various loadings and combinations
thereof, resulting from plant and system operating conditions and design basis
events, natural phenomena, and site-related hazards. The relationship and
application of the terms "design conditions," “plant operating conditions,"
"system operating conditions," and the formerly used term “component operating
conditions,” now characterized by four levels of service stress limits, have
not been clearly understood by applicants and their subcontractors.

For example, under the "faulted plant or system condition" (e.g., due to LOCA
within the reactor coolant pressure boundary), the emergency core cooling system
(ECCS) should be designed to operate and deliver rated flow for an extended
period of time to assure the safe shutdown of the plant. Although the “plant
condition" is termed "faulted," components in the functional ECCS must perform
the safety function under a specified set of service loadings which includes
those resulting from the sPecified plant postulated events. The selection of
level "D" (related to the "faulted" condition) service stress l1imits for this
system, based solely on the supposition that all components may use this limit
for a postulated event resultin? in the faulted plant condition cannot be
justified, unless system operability is also demonstrated.

This appendix is necessary to improve consistency and understanding of the
basic approach in the selection of load combinations applicable to safety-
related systems and to establish acceptable relationships between plant
postulated events, plant and system operating conditions, component and
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component support #esign, and service stress limits, functional capability,
and operabiiity.

B. DISCUSSION

Current reviews of both standardized plants and custom plants have indicated
the need for additional guidance to reach acceptable design conclusions in the
following areas:

(1) Relationship between certain plant postulated events, plant and system
operating conditions, resulting loads and combinations thereof, and
appropriate design and service stress limits for ASME Class 1, 2 and 3
components and component supports and Class CS core support structures.

(2) Relationship of component operability assurance, functional capability,
and allowable design and service stress limits for ASME Class 1, 2, and 3
components and component supports.

The Code provides five categories of limits applicable to design and service
loadings (design, level A, Tevel B, level C, and level D). The Code rules
provide for structural iniegrity of the pressure retaining boundary of a
component and its supports, but specifically exclude the subject of component
operability and do not directly address functional capability. The types of
loadings to be taken into account in designing a component are specified in
the Code, but rules specifyin; how the loadings, which result from postulated
events and plant and system nperating conditions, are to be combined and what
stress level is appropriate vor use with loading combinations are not specified
in the Code. It 1s the respo.sibility of the desiiner to include all this
information in the Code required Design Specification of each component and
support.

C. POSITION

Effective with the 1977 Edition, the Code provides design stress limits and
four sets of service stress limits for all classes of components, component
supports, and core support structures. The availability of such design and
service stress limits within the Code requires that the MEB review and deter-
mine maximum acceptable design and service stress limits which may be used
with specified loads, or combinations thereof, for components and component
supports of safety-related systems (refer to definition in Table III) and core
support structures.

This appendix provides guidance for dealing with the components and component
supports of safety-related systems and core support structures in the following
areas:

(1) Consideration of design loadings and limits.

(2) Consideration of service loading combinations resulting from postulated
events and the designation of acceptable service limits.

(3) Consideration of piping functional capability and operability of active

pumps and valves under service loading combinations resulting from
postulated events.
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(4)

1.0

1.1

O

1.3

1.3.1

Applicability of the appendix to components, component support structures,
and core support structures and procedures for compliance.

ASME CLASS 1, 2, AND 3 COMPONENTS AND COMPONENT SUPPORTS OF SAFETY-RELATED
SYSTEMS ARD CTASS TS CORE SUPPORT STRUCTURES

Design Considerations and Design Loadings

ASME Code Class 1, 2, and 3 components, component supports, and class CS
core support structures shall be designed to satisfy the appropriate sub-
sections of the Code in all respects, including 1imitations on pressure,
and the requirements of this appendix. Component supports that are
intended to restrain either force and displacement or anchor movement
shall be designed to maintain deformations within appropriate limits as
specified in the component support Design Specifications.

Design loadings shall be established ir e Design Specification. The
design limits of the appropriate subsec n of the Code shall not be
exceeded for the design loadings specifi ..

Service Lvading Combinations

The identification of individual loads and the appropriate combination of
these loads (i.e., sustained loads, loads due to system operating transients
SOT, OBE, SSE, LOCA, DBPB, MS/FWPB and their dynamic effects) shall be in
accordance with Section 1.3. The appropriate method of combination of

these loads shall be in accordance with NUREG-0484, “Methodology for
Combining Dynamic Loads" (Reference 9).

Service Conditions

Service Limit A

Class 1, 2, and 3 components, component supports, and Class CS core support
structures shall meet a service 1imit not greater tnan Level A when sub-
jected to sustained loads resulting from normal plant/system operation.

1.3.2 Service Limit B

Class 1, 2, and 3 components, component supports, and Class CS core support
structures shall meet a service limit not greater than Level B when sub-
jected to the appropriate combination of loadings resulting from (1) sus-
?;;n:g lgags. (2) specified plant/system operating transients (SCT), and

e .

1.3.3 Service Limit C

(a) Class 1, 2, and 3 components, component supports, and Class CS core
suggort structures shall meet a service l1imit not greater than Level
C when subjected to the appropriate combination of loadings resulting
from (1) sustained loads, and (2) the DBPB.

(b) The DBPB inciudes loads from the postulated pipe break, ‘tself, and

also any associated system transients or dynamic effects resulting
from the postulated pipe break.
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1.3.4 Service Limit D

2.0
2.1

2.2

2.3

3.0
3.1

3.2

(a) Class 1, 2, and 3 components, component supports, and Class CS core
support structures shall meet a service stress limit not greater
than Level D when subjected to the appropriate combination of
loadings resulting from (1) sustained loads, (2) efther the DBPB,
MS/FWPB, or LOCA, and (3) and SSE.

(b) The DBPB, MS/FWPB, and LOCA include loads from the postulated pipe
breaks, themselves, and also any asscciated system transients or
dynamic effects resulting from the postulated pipe breaks. Asymme-

tric blowdown loads on PWR primary systems shall be incorporated per
NUREG-0609 (Reference 10).

OPERABILITY AND FUNCTIONAL CAPABILITY

Active Pumps and Valves

SRP Section 3.10 (Reference 4) shall demonstrate that the pump 'r valve,
as supported, can adequately sustain the designated combined se:sice
loadings at a stress level at least equal to the specified service limit,
and can perform its safety function without impairment. Loads produced

by the restraint of free end displacement and anchor point motions shall
be included.

Snubbers

The operability requirements specified for mechanical and hydraulic
snubbers installed on safety-related systems is subject to review by the
staff. When snubbers are used, their need shall be clearly established
and their @ " criteria presented.

Functional Ce . ility

The design of Class 1, 2, and 3 piping cougonents shall include a
functional capability assurance program. This pro?ran shall demonstrate
that the piping components, as supported, can retain sufficient dimen-
sfonal stability at service conditions so as not to impair the system's
functional capagility. The program may be based on tests, analysis, or a
combination of tests and analysis.

TABLES

Table I summarizes the requirements of this appendix for use with ASMF
Class 1, 2, and 3 components, component supports, and Class CS core
support structures. The table fllustrates plant events, system operating
conditions, service loading combinations, and service stress limits and
should always be used in conjunction with the text of this appendix.

Table 1] defines all the terms used in this appendix.
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4.0 PROCEDURES FOR QINPLIANCE

4.1 Design Sgggifigation and Safety Analysis Report

(a) The dasign options provided by the Code and related design criteria
specified in the Code required Design Specification for ASME Class 1,
2, and 3 components, component supports, and Class C5 core support
structures should be summarized in sufficient detall 1n the Safety
Analysis Report of the application to persit comparison with this
Appendix.

(b) The presentation in the PSAR should specify and account for all
design and service loadings, method of combinatfon, the designation
of the appropriate design and service stress 1imits (including
primary and secondary stresses, fetigue consideration, and special
limits on pressure when appropriate) for each loading combination
presented, and the provisions for functional capability.

(¢) The presentstion in the FSAR should indicate how the criteria in
Sections 1 and 2 of this appendix have been implemented.

(d) The staff may request the submission of the Code required Design
Documents such as Design Specifications, Design Reports, Load .
Capacity Data Sheets, or other related material or portions thereof
to establish that the design criteria, the analytical methods, and
functional capability satisfy the guidance provided by this appendix.
This may include information provided to, and received from,
component and support manufacturers. As an alternative to the
applicant submitting these documents, the staff may require them to
be made available for review at the applicant's or vendor's office.

4.2 Use with Regulatory Guides

The information and requirements contained in this appendix supersede
those in the October 1973 versfon of Regulatory Guide 1.67 and the

May 1973 version of Regulatory Guide 1.48. Regulatory Guides 1.124 and
1.130 on Class 1 linear and Class 1 plate and shel]l component support
structures are to be supplemented by this appendix.
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TABLE I

Allowable Service Stress Limits for Specified Service Loading Combinations for
ASME Class 1 Components and Class CS Support Structures

System Service Service Stress
Plant Event? Operating Conditions Loading Combination’ Limit
1. Normal Operation Normal Sustained Loads B
2. Plant/System Operating
Transients (SOT) + 0B Upset Sustained Loads + SOT + 7BE g3
3. DBPB Emergency Sustained Loads + DBPB c3
4. MNS/FWPB Faulted Sustained Loads + MS/FWPB D3
5. DBPB or MS/FWPB + SSE Faulted Sustained !oads + DBPB or D3
MS/FWPB + SSE
6. LOCA Faulted Sustained Loads + LOCA 03
7. LOCA + SSE Faulted Sustained Loads + LOCA + SSE 03

NOTE: !The appropriate method of combination is subject to review and evaluation. Refer to Section 1.2.
ZRefer to Table II for definition of terms.
31n addition to meeting the specified service stress limits for given load combirations, operability

and functional capability must also be demonstrated as discussed in subsectior 2.0 of this appendix
and in SRP Section 3.10.




TABLE 11
DEFINITION OF TERMS
Active Pumps and Valves - A pump or valve which must perform a mechanical motion

in order to shut down the plant or mitigate the consequences of a postulated
event. Safety and relief valves are specifically included.

Component and Support Functional Capability - Ability of a component, including
its supports, to deliver rated flow and retain dimensional stability when the
design and service loads, and their resulting stresses and strains, are at
prescribed levels.

Component and Support Operability - Ability of an active component, including
its support, to perform the mechanical motion required to fulfill its designated
safety function when the design and service loads, and their resulting stresses
and strains, are at prescribed levels.

DBPB - Design Basis Pipe Breaks - Those postulated pipe breaks other than a
[OTK or HS??WPB This includes postulated pipe breaks in Class 1 branch lines

that result in the loss of reactor coolant at a rate less than or equal to the
capability of the reactor coolant makeup system.

This condition includes loads fror the postulated pipe breaks, itself, and also
a?y associated system transfents or dynamic effects resulting from the postulated
pipe break.

Design Limits - The limits for the design loadings provided in the appropriate
subsection of Section IIl, Division 1, of the ASME Code.

Design Loads - Those pressures, temperatures, and mechanical loads selected as
the gasis for the design of a component.

Functional System - That configuration of components which, irrespective of
KSHE Tode CTass designation or combination of ASME Code Class designations,

performs a particular function (i.e., each emergency core cooling system performs
a single particular function and yet each may be comprised of some components
which are ASME Class 1 and other components which are ASME Code Class 2).

LOCA - Loss-of-Coolant Accidents - Defined in Appendix A of 10 CFR Part 50 as
"fhose postulated accidents that result from the loss of reactor coolant, at a
rate in excess of the capability of the reactor coolant makeup system, Vrom
breaks ir the reactor coolant pressure boundary, up to and including a break
equivalent in size to the double-ended rupture of the largest pipe of the reactor
coolant system. "

This cond‘tion includes the 'oads from the postulated pipe break, itself, and
also any associated system transients or dynamic effects resulting from the
postulated pipe break.

MS/FWPB - Main Steam and Feedwater Pipe Breaks - Postulated breaks in the main
steam and Teedwater Tines. For a BWR plant this may be considered as & LOCA
event depending on the break location.

3.9.3-18 Rev. 0 - July 1981




This condition leeludes the loads from the postulated pipe break, ftself, and
also any associated system transients or dynamic effects resulting from the
postulated pipe break.

OBE - Qgerat1n8 Basis Earthquake - Defined in Section 11l (d) of Appendix A of

ar Y at earthquake which, considering the regional and loca)
geology and seismology and specific characteristics of local subsurface material,
could reasonably be expected to affect the plant site during the operating life
of the plant. It is that earthquake which produces the vibratory ground motion
for which those features of the nuclear power plant, necessary for continued
operation without undue risk to the healthk and safety of the public, are designed
to remain functional.”

This condition includes the loads from the postulated seismic event, itself,
and also any associated system transients or dynamic effects resulting from
the postulated seismic event.

Piping Components - These ftems of a piping system such as tees, elbows, bends,
pipe and tubing, and branch connections constructed in accordance with the rules

of Section 111 of the ASME Code.

Postulated Events - Those postulated natural phenomena (i.e., OBE, SSE), postu-
lated site hazards (i.e., nearby explosion), or postulated plant events (i.e.,
DBPE, LOCA, MS/FWPB) for which the plant is designed to survive without undue
risk to the health and safety of the public. Such postulated events may also
be referred to as design basis events.

SSE - Safe Shutdown Earthquake - Defined in Section I1I(c) of Appendix A of

ar ac at earthq: ake which is based upon an evaluation of the
maximum earthquake potential considering the regional and local geology and
seismology and specific characteristics of local subsurface material. It is
the earthquake which produces the maximum vibratory ground motion for which
cercain structures, systems, and components are designed to remain functional.
These structures, systems, and components are those necessary to assure:

(1) The integrity of the reactor coolant pressure boundary.

(2) The capability to shut down the reactor and maintain it in a safe shutdown
condition, or

(3) The capability to prevent or mitigate the consequences of accidents which
could result in potential offsite exposures comparable to the guideline."

This condition includes the loads from the postulated seismic event, itself,
and also any associated system transients or dynamic effects resulting from
the postulated seismic event.

Service Limits - The four limits for the service loading as provided in the
appropriate subsect on of Section III, Division 1, of the ASME Code.
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Service Loads - Those pressure, temperature, and mechanical loads provided
Tn the Design Specification.

50T - System Operating Transients - The transients and their resulting
mechanical responses gue to dynamic occurrences caused by plant or system
operation.
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NUREG-0800
(Formerly NUREG-75/087)

U.S. NUCLEAR REGULATORY COMMISSION

Ys{ ) STANDARD REVIEW PLAN

g OFFICE OF NUCLEAR REACTOR REGULATION

3.9.6 INSERVICE TESTING OF PUMPS AND VALVES
REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)
Secondary - None

I.  AREAS OF REVIEW

The MEB reviews the following areas of the applicant's safety analysis report (SAR)
that cover the inservice testing of certain safety-related pumps and valves
t;gicgllx designated as Class 1, 2, or 3 under Section III1 of the American Society
of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code (hereinafter "the
Code"). Other pumps and valves not categorized as Code Class 1, 2, or 3 may be
included if they are considered to be safety related by the staff. Compliance with
the Code will assure conformance with 10 CFR Part 50, Appendix A, General Design
Criteria 37, 40, 43, 46, 54, and 10 CFR Part 50, §50.55a(g);

g Inservice Testing of Pumps

a. The descriptive information in the SAR covering the inservice test
program is reviewed for those ASME Lode Class 1, 2, and 3 system pumps
whose function is required for safety, and in addition includes pumps
not categorized as Code Class 1, 2, or 3 but which are considered to
be safety related.

b. Procedures for testing for speed, fluid pressure, flow rate, vibration
amplvtuae, lubricant level or pressure, and bearing temperature at normal
pump operating conditions are reviewed.

3 The pump test schedule is reviewed.

d. The methods described in the SAR for measuring the ' :ference values and
inservice values for the pump parameters above are reviewed.
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I1.

Inservice Testing of Valves

The descriptive information in the SAR covering the inservice test program
is reviewed for those ASME Code Class 1, 2, and 3 valves whose function

75 required for safety. 1his review does not in.iude those
nonsafety-related valves exempted by the Code.

Relief Requests

10 CFR Part 50, §50.55a(g) requires a nuclear power facility to periodically
update its inservice testing program to meet the requirements of future
revisions of Section XI of the ASME Code. However, if it proves impractical
to implement these criteria, the applicant is allowed to submit requests

for relief from Section XI requirements on a case-by-case basis. Accord-
ingly, any requests for relief are reviewed by the staff to determine if

the proposed exceptions to Section XI will degrade the overall plant

safety. Due consideration is given to the burden upon the applicant that
could result if the criteria of Section XI were imposed on the facility.

ACCEPTANCE CRITERIA

The acceptance criteria is based on meeting the relevant requirements set
forth in General Design Criteria 37, 40, 43, 46, 54, and 1C CFR Part 50,
§50.55a(g). The relevant requirements are as follows:

A.

General Design Criterion 37, as it relates to periodic functional testing
of the emergency core cooling system to assure the leak tight integrity
and performance of its active components.

General Design Criterion 40, as it relates to periodic functional testing
of the containment heat removal system to assure the leak tight integrity
and performance of its active components.

General Design Criterion 43, as it relates to periodic functional testing
of the containment atmospheric cleanup systems to assure the leak tight
integrity and the performance of the active components, such as pumps and
valves

General Design Criterion 46, as it relates to periodic functional testing
of the cooling water system to assure the leak tight integrity and
performance of the active components.

General Design Criterion 54 as it relates to piping systems penetrating
containment being designed with the capability to test periodically the
operability of the isolation and determine valve leakage acceptability.

10 CFR Part 50, §50.55a(g), as it relates to including pumps and valves
whose function is required for safety in the Inservice Inspection Program
to verify operational readiness by periodic testing.

Specific criteria necessary to meet the relevant equirements of the Commission
regulations identified above are as follows:
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Inservice Testing of Pumps

a. The scope of the applicant's test program is acceptable if it is in
agreement with IWP-1000 of Section XI of the Code and in addition
inciudes pumps not categorized as Code Class 1, 2, or 3, but which
are considered to be safety related. Since the pump test program is
based on the detection of changes in the hydraulic and mechanical
condition of a pump relative to a reference test specified in
IWP-3000, the establishment of a reference set of parameters and a
consistent test method is a basic criterion of the program.

b. The pump test program is acceptable if it meets the requirements for
establishing reference values and the periodic testing schedule of
IWP-3000 of Section XI of the Code. The allowable ranges of inservice
test quantities, corrective actions, and bearing temperature tests
are established by IWP-3000 and IWP-4000. The pump test schedule in
the plant technical specification is required to comply with these
rules.

c. The test frequencies and durations are acceptable if the provisions
of IWP-3000 of Section XI of the Code are met.

d. The methods of measurement are acceptable if the test program meets
the requirements of IWP-4000 of Section XI of the Code with regard
to instruments, pressure measurements, temperature measurements,
rotational speed, vibration measurement, and flow measurements

Inservice Testing of Valves

a. To be acceptable, the SAR valve test list must contain all
safety-related Code Class 1, 2, and 3 valves required by IwWV-1100
except those nonsafety-related valves exempted by the Code and n
addition includes valves not categorized as Code Class 1, 2, or 3 but
which are considered safely related. The SAR valve list must include
a valve categorization which complies with the provisions of
IWV-2000 of Section XI of the Code. Each specific valve to be
tested by the rules of Subsection IWV is listed in the SAR by type,
valve identification number, code class, and IWV-2000 valve category.

b. The valve test procedures are acceptable if the provisions of IWV-3000
of Section XI of the Code are met with regard to preservice and
periodic inservice valve testing.

Information Required for Review of Relief Requests

a. Identify component for which relief is requested:

(1) Name and number as given in FSAR

(2) Function

(3) ASME Section III Code Class

(4) For valve testing, also specify the ASME Section XI valve
category as defined in IWV-2000.

b. Specifically identify the ASME Code requirement that has been
determined to be impractical for each component.
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¢. Provide information to support the determination that the
requirement in item (b) is impractical; i.e., state and explain the
basis for requesting relief.

d. Specify the inservice testing that will be performed in lieu of the
ASME Code Section XI requirements.

e. Provide an explanation as to why the proposed inservice testing
will provide an acceptable level of quality and safety and not
endanger the public health and safety.

f. Provide the schedule for implementation of the procedure(s) in
item (d).

Requests for relief from Section XI requirements will be granted by the staff if
the applicant has adequately demonstrated either of the following:

a. Compliance with the code requirements would result in hardships or
unusual difficulties without a compensating increase in the level of
safety, and noncompliance will provide an acceptable level of guality
and safety.

b. Proposed alternatives to the code requirements or portions thereof
will provide an acceptable level of quality and safety.

[I1. 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,
the following review procedures are fq1lowed:

1. Inservice Testing of Pumps

a. The scope of the applicant's program is reviewed for agreement with
subsection II.1.a. The program is acceptable if a preservice test
program is used to establish reference values. The periodic
inservice program must verify the reference values within
acceptable limits. '

b. The pump test program procedures must agree with the requirements of
subsection II.1.b. The program is best presented in tabular form. |

& The inservice test frequencies and test durations are reviewed for
agreement with subsection Il.1.c.

d. The test procedures described in the SAR are reviewed for agreement |
with subsection I1.1.d. The SAR need only provide the necessary
information to permit a conclusion that the methods of measurement
and the data acquisition system will provide the needed data. The
reviewer does not approve or disapprove the instruments or methods
proposed or used.

2. Inservice Testing of Valves

a. The SAR valve test 1ist and categorization are reviewed for
agreement with Subsection I11.2.a.
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b. The valve test program is acceptable if the procedures follow the
rules of subsection I1.2.b for preservice and periodic inservice
testing.

3. Relief Recuests

Requests for relief from Section XI requirements are reviewed to determine
that sufficient information has been provided and that the acceptance
criteria of subsection I1.3 have been met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information is provided in accordance
with the requirements of this SRP section and that his evaluation supports a
conclusion of the following type, to be included in the staff's safety
evaluation report:

The staff concludes that the applicant's pumps and valves test program is
acceptable and meets the requirements of 10 CFR Part 50, Appendix A,
General Design Criteria 37, 40, 43, 46, 54, and §50.55a(g). This
conclusion is based on the applicant having provided a test program to
ensure that safety-related pumps and valves will be in a state of opera-
tional readiness to perform necessary safety functions throughout the
life of the plant. This program includes baseline preservice testing and
periodic inservice testing. The program provides for both functional
testing of the components in the operating state and for visual
inspection for leaks and other signs of distress. Applicant has also
formulated his inservice test program to include all safety-related Code
Class 1, 2, and 3 pumps and valves and to include those pumps and valves
which are not Code Class 1, 2, and 3 but are considered to be safety
related.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section. Except in those
cases in which the applicant proposes an acceptable alternative method for
complying with specified portions of the Ccmmission's regulations, the method
described herein will be used by the staff in its evaluation of conformance
with Commission regulations.

VI. REFERENCES

B 10 CFR Part 50, Appendix A, General Design Criterion 37, "Testing of
Emergency Core Cooling System."

- B 10 CFR Part 50, Appendix A, General Design Criterion 40, "Testing of
Containment Heat Removal System. '

3. 10 CFR Part 50, Appendix A, General Design Criterion 43, "Testing of
Containment Atmosphere Cleanup Systems."

4. 10 CFR Part 50, Appendix A, General Design Criterion 46, "Testing of
Cooling Water Systems."
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10 CFR Part 50, Appendix A, General Design Criterion 54, "Piping Systems
Penetrating Containment. "

ASME Boiler and Pressure Vessel Code, Section III and Section XI,
Subsections IWP and IWV, American Society of Mechanical Engineers.

Code of Federal Regulations, Title 10, Part 50, Section 50.55a, "Codes
and Standards."
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NUREG-0800
(Formerly NUREG-75/087)

U.S. NUCLEAR REGULATORY COMMISSION
-\,; STANDARD REVIEW PLAN
“, 4.7  OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 6.6 INSERVICE INSPECTION OF CLASS 2 AND 3 COMPONENTS
REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)
Secondary - None

I.  AREAS OF REVIEW

General Design Criterion 36, "Inspection of Emergency Core Cooling System";
Criterion 39, “Inspection of Containment Heat Removal System"; Criterion 42,
“Inspection of Containment Atmosphere Cleanup Systems"; and Criterion 45,
“Inspection of Cooling Water System," of Appendix A to 10 CFR Part 50 require
that the subject systems be designed to permit appropriate periodic inspection of
important component parts to assure system integrity and capability., Genera)
Design Criterion 37, "Testing of Emergency Core Cooling System"; Criterion 40,
"Testing of Containment Heat Removal System"; Criterion 43, “Testing of Contain-
ment Atmosphere Cleanup Systems"; and Criterion 46, “Testing of Cooling Water
System," require in part that the subject systems be designed to permit appro-
priate periodic pressure testing to assure the structural and leaktight integrity
of their components.

Inservice inspection programs are based on the general requirements of 10 CFR
Part 50, Section 50.55a, as detailed in Section XI of the ASME Code, "Rules for
Inservice Inspection of Nuclear Power Plant Components.” Inservice inspection
includes a preservice inspection prior to initial plant startup.

The following areas relating to the inservice inspection (ISI) program for NRC
Quality Group B and C (ASME Boiler and Pressure Vesse) Code, Section III, Code
Class 2 and 3) components are reviewed:

1. Components Subject to Examination

The descriptive information in the applicant's or licensee's safety analysis
report (SAR) is reviewed to establish that a1l the ASME Boiler and Pressure
Vessel Code (hereinafter "“the Code"), Section III, Article NA-2000, Class 2
and Class 3 components are included in the ISI program. The Mechanical
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Engineering Branch verifies in SRP Section 3.2.2 that the systems
classified as Code Class 2 and 3 agree with Article NA-2000 of Section III
and with the definitions of the General Design Criteria. The inservice
inspection requirements for ASME Code Class 1 components in the reactor
coolant pressure boundary and steam generator tubes are reviewed by MTEB
as part of its primary review responsibility for SRP Sections 5.2.4 and
5.4.2.2, respectively.

Accessibility

The descriptive information, including drawings, is reviewed by the MTEB
to establish that the Code Section XI, Subarticle IWA-1500, provisions
for system accessibility are included in the applicant's or licensee's
layout and design of these systems.

Examination Categories and Methods

The required examination categories and methods included in Iwl-2000 and
IWD-2000 of Section XI are reviewed.

Inspection Intervals

The required examinations and inspections listed in the SAR are reviewed
and compared to the requirements in IWC-2000 and IWD-2000 of Section XI
to verify that they will be performed within the designated inspection
interval.

Evaluation of Examination Results

The information concerning repair procedures is reviewed for compliance
with Articles IWC-4000 and IWD-4000 of Section XI. The information
concerning evaluation of examination results is reviewed for compliance
with IWC-3000 and IWD-3000 of the Code. 1f these requirements are in
course of preparation in the applicable Code edition for a program,
suitable alternative provisions, such as the requirements in IWB-3000 or
those in later approved editions of the Code, should be proposed by the
applicant or licensee.

System Pressure Tests

The pressure test program is reviewed for compliance with Articles IWC-5000
and IWD-5000 of Section XI to establish that leakage and signs of
structural distress are inspected for on a periodic basis.

Augmented ISI to Protect Against Postulated Piping Failures

The augmented inservice inspection program as specified in SRP

Section 3.6.1 to provide assurance against postulated piping failures of
high-energy fluid systems between containment isolation valves is
reviewed.

Code Exemptions

The ASME Section XI Code exemptions as permitted by IWC-1220 are
reviewed.
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9. Relief Reguests

Requests for relief from the ASME Code Section XI examination
requirements which are found to be impractical due to the limitations of
design, geometry, or materials of construction of components are
evaluated in accordance with Section 50.55a of 10 CFR Part 50.

IT. ACCEPTANCE CRITERIA

The requirements for periodic inspection and testing of Class 2 and 3 systems
in General Design Criteria 36, 37, 39, 40, 42, 43, 45, and 46 are specified in
part in 10 CFR Part 50, Section 50.55a, "Codes and Standards," and detailed in
Section XI of the ASME Code. Compliance with the preservice and inservice
examinations of 10 CFR Part 50, Section 50.55a, as detailed in Section XI of
the Code, constitutes an acceptable basis for satisfying in part the require-
ments of General Design Criteria 36, 37, 39, 40, 42, 43, 45, and 46. Specific
acceptance criteria for meeting the ISI requirements of these General Design
Criteria and 10 CFR Part 50, Section 50.55a for the areas of review described
in subsection I of this SRP section are as follows:

1. Components Subject to Inspection

The applicant's or licensee's definition of Code Class 2 and 3 components
and systems subject to an ISI program is acceptable if it is in agreement
with the definitions of Code Section III, Article NA-2000. The inter-
pretation of code classifications by the applicant or licensee is subject
to review by the Mechanical Engineering Branch in SRP Section 3.2.2 for
compliance with safety criteria pertaining to component classification.
"Refer to NA-2000 of Section III1.)

- Accessibility

The design and arrangement of Class 2 and 3 systems are acceptable if the
applicant or licensee includes allowances for adequate clearances to
conduct the examinations specified in IWC-2000 and IWD-2000 at the
frequency specified. Special design considerations are given to those
systems that are intended to be examined during normal reactor operation.

3. Examination Categories and Methods

The examination categories and requirements specified in the SAR are
acceptable if in agreement with the criteria of IWC-2000 and IWD-2000 of
the Code. Every area subject to examination should fall within one or
more of the examination categories and must be examined at least to the
extent specified. The methods of examinaticn for the components are also
listed in the requirements of IWC-2000 and IWD-2000 of the Code.

The applicant's or licensee's examination techniques and procedures used
for PSI or 1S1 are acceptable if in agreement with the following
criteria:

a. The methods, techniques, and procedures for visual, surface, or
voelumetric examination are in accordance with IWA-2000 of the Code.

b. Alternative examination methods, combination of methods, or newly
developed techniques to those given in a. above are acceptable
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provided that the resuits are eguivalent or superior. The
acceptance standards for these alternate methods are given in
Section XI, IWC-3000 and IWD-3000.

Inspection Intervals

The inservice inspection program schedule given in the SAR is acceptable
if the required examinstions are completed during each ten-year interval,
hereinafter designatew as the inspection interval, and as reguired by
Articles IWC-2000 and IWG-2000 of Section XI.

Evaluation of Examination Results

The methods for evaluation of exarination results are reviewed for
compliance with Articles IWC-3000 and IWD-3000 in the Code. 1f the
applicable edition of the Code states that these articles are in the
course of preparation, the rules of IWB~3000 shall apply.

System Pressure Tests

The SAR program for Class 2 and 3 system pressure testing is acceptable
if it meets the criteria of IWC-5000 and IWD-5000 of Section XI.

Augmented IS1 to Protect Against Postulated Piping Failures

High-energy fluid system piping between containment isolation valves
should receive an augmented ISI as follows:

a. Protective measures, structures, and guard pipes should not prevent
the access required to conduct the inservice examinations specified
in vne Code, Section XI, Division 1.

b. For those portions of high energy fluid system piping between
containment isolation valves, the extent of inservice examination
completed “uring each inspection interval should provide 100%
volumetric ««amination of circumferential and longitudinal pipe
welds within the boundary of these portions of piping.

¢ For those portions of high-energy fiuid system piping enclosed 11
guard pipes, inspection ports should be provided in the guard pipes
to permit the required examination of circumferential pipe welds.
Inspection ports should not be located in that portion of the guard
pipe passing through the annulus of dua) barrier containment
structures.

d. The areas subject to examination should be defined in accordance
with Examiration Categories C-F and C-G for Class 2 piping welds in
Article IWC-2000.

Code Exemptions

The applicant or licensee should l1ist the exemptions from Code
examination requirements that have been permitted by IWC-1220 of the
Code.
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I11.

Relief Requests

Request for relief from the ASME Code Section XI examination requirements
which are found to be imoractical due to the limitations of design,
geometry, or materials of construction of components are evaluated in
accordance with Section 50.55a of 10 CFR Part 50.

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 the following review procedure is followed:

1.

Components Subject to Inspection

The applicant's or licensee's components and system classifications under
Class 2 are reviewed for agreement with subsection II.1 of this SRP sec-
tion. The interpretation of Code classifications is the responsibility
of the Mechanical Engineering Branch in the review of SRP Section 3.2.2,
should a discrepancy occur between the SAR and subsection I1.1 of this
SRP section.

The applicant's or licensee's classification of Class 3 systems is
reviewed for agreement with subsection II.1 of this SRP section. Any
safety-related, fluid-carrying components not included in Class 1 or
Class 2 and not a part of the containment structure are included in
Class 3.

Accessibility

The design and arrangement of Class 2 and 3 systems are reviewed in terms
of accessibility for ISI to establish that the design meets the require-
ments of subsection 11.2 of this SRP section. No remote inspection
program is required for Code Class 2 or 3 components.

Examination Categories and Methods

The reviewer verifies that the examination categories and methods as
described by the SAR are the same as those specified in subsection II1.3
of this SRP section.

Inspection Intervals

The inservice inspection program for Class 2 and 3 components in the
plant technical specifications is reviewed to establish that each area
and component in the program is inspected on a schedule in agreement with
subsection 11.4 of this SRP section.

Evaluation of Examination Results

The reviewer verifies that the evaluation of examination resuits
described in the SAR is in accordance with subsection II.5 of this SRP
section.
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6. System Pressure Test

The system pressure test program is acceptable if it meets the criteria
of subsection I1.6 of this SRP section.

7. Augmented ISI to Protect Against Postulated Piping Failures

The reviewer verifies that the augmented inservice inspection program as
described in the SAR meets the acceptance criteria identified in
subsection I1.7 of this SRP section.

8. Code Exemptions

The reviewer verifies that the exemptions from Code examinations are in
accordance with the criteria in IWC-1220.

9. Relief Requests

The reviewer determines if the applicant or licensee has demonstrated
that a code requirement is impractical due to the limitations of design,
geometry, or materials of construction of components.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided in
accordance with the requirements of this SRP section and that his evaluation
supports conclusions of the following type, to be included in the staff's
safety evaluation report:

To ensure that no deleterious defects develop during service in ASME
Code Class 2 system components, selected welds and weld heat-affected
zones are inspected prior to reactor startup and periodically through-
out the life of the plant. In addition, Code Class 2 and 3 systems
receive visual inspections while the systems are pressurized in

order to detect leakage, signs of mechanical or structural distress,
and corrosion.

The applicant (licensee) has stated that his inservice inspection
(1S1) program will comply (complies) with the rules published in

10 CFR Part 50, Section 50.55a, and Section XI of the ASME Code,

( ) Edition, including addenda through the ( ) Addenda. The
ISI program will consist of a preservice inspection plan and an
inservice inspection plan.

Examples of Code Class 2 systems are: residual heat removal
systems, portions of chemical and volume control systems (in PWR
plants), portions of control rod drive systems (in BWR Plants), and
engineered safety features not part of Code Class 1 systems. Exam-
ples of Code Class 3 systems are: component cooling water systems
and portions of radwaste systems. Al]l of these systems transport
fluids.

The staff concludes that the inservice inspection program is
acceptable and meets the inspection and pressure testing require-
ments of General Design Criteria 36, 37, 39, 40, 42, 43, 45, and 46
and 10 CFR Part 50, Section 50.55a. This conclusion is based on the
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applicant's or licensee's meeting the requirements of the ASME
Boiler and Pressure Vessel Code, Section XI, as reviewed by the
staff and determined to be appropriate for this application.

V. IMPLEMENTATION

The following is intendr provide guidance to applicants and licensees
regarding the NRC stafy s p:an for using this SRP section. Except in those
cases in which the applicant or licensee proposes an acceptable alternative
method for complying with the specified portions of the Commission's regula-
tions, the methods described herein will be used by the staff in its
evaluation of conformance with Commission regulations. Implementation
schedules are defined in Section 50.55a of 10 CFR Part 50.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 36, "Inspection of
Emergency Core Cooling System"; Criterion 37, “Testing of Emergency Core
Cooling System"; Criterion 39, "Inspection of Containment Heat Removal
System"; Criterion 40, "Testing of Containment Heat kemoval System";
Criterion 42, "Inspection of Containment Atmosphere Cleanup Systems";
Criterion 43, "Testing of Containment Atmosphere Cleanup Systems":
Criterion 45, "Inspection of Cooling Water Systems"; and Criterion 46,
“"Testing of Cooling Water System."

- ASME Boiler and Pressure Vessel Code, Section III, "Nuclear Power Plant
Components,"” Article NA-2000 and Section XI, "Rules for Inservice
Inspection of Nuclear Power Plant Components," Division 1, "Rules for
Inspection and Testing of Components of Light-Water Cooled Plants,"
American Society of Mechanical Engineers.
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NUREG-0800
(Formerly NUREG-75/087)

U.S. NUCLEAR REGULATORY COMMISSION
.\ | STANDARD REVIEW PLAN
“, 4. OFFICE OF NUCLEAR REACTOR REGULATION

LETE s

10.3 MAIN STEAM SUPPLY SYSTEM
REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)
Power Systems Branch (PSB)

Secondary - None

I. AREAS OF REVIEW

The main steam supply system (MSSS) for both boiling water reactor (BWR) and
pressurized water reactor (PW<) plants transports steam from the nuclear steam
supply system to the power ccrversion system and various safety-related or non-
safety-related auxiliaries. Pou-tions of the MSSS may be used as a part of the
heat sink to remove heat from the reactor facility during certain operations
and may also be used to supply steam to drive engineered safety feature pumps.
The MSSS may also include provisions for secondary system pressure relief in
PWR plants.

The MSSS for the BWR direct cycle plant extends from the outermost containment
isolation valves up to and including the turbine stop valves, and includes con-
necie. niping of 2-1/2 inches nominal diameter and larger up to and including
the first valve that is either normally closed or is capable of automatic
closure during all modes of reactor operation. The MSSS for the PWR indirect
cycle plant extends from the connections to the secondary sides of the steam
generators up to and including the turbine stop valves, and includes the
containment isolation valves, safety and relief valves, connected piping of
2-1/2 inches nominal diameter and larger up to and including the first valve
that is either normally closed or capable of automatic closure during all modes
of operation and the steam line to the auxiliary feedwater pump turbine. The
ASB is responsible for the review of the MSSS from the containment up to and
including the outermost isolation valve. The PSB is responsible for the review
of the remainder of the MSSS. (The turbine stop valve review is included in
SRP Section 10.2.) The PSB also determines the adequacy of the design,
installation, inspection, and testing of the electrical power supplies for
essential components required for proper operation of the MSSS. The design of
the MSSS must be in accordance with General Design Criteria 2, 4, 5, and 34.
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The ASB and PSB review the MSSS to determine which, if any, portions of
the system are essential for safe shutdown of the reactor or for
preventing or mitigating the consequences of accidents. The system is
reviewed to verify that:

A single malfunction or failure of an active component would not
preclude safety-related portions of the system from functioning as
required during normal operations, adverse environmental occurrences,
and accident conditions, including loss of offsite power.

Appropriate quality group and seismic design classification are met
for safety-related portions of the system.

Failures of nonseismic Category I equipment or structures, or pipe
cracks or breaks in high- and moderate-energy piping will not
preclude essential functions of safety-related portions of the
system.

The system is capable of performing multiple functions such as trans-
porting steam to the power conversion system, providing heat sink
capacity or pressure relief capability, or supplying steam to drive
safety system pumps (e.g., turbine-driven auxiliary feedwater pumps),
as may be specified for a particular design.

The design of the MSSS includes the capability to operate the atmo-
spheric dump valves remotely from the control room following a safe
shutdown earthquake coincident with the loss of offsite power so that
a cold shutdewn can be achieved with dependence upon safety-grade
components only.

The system design capability can withstand adverse dynamic loads,
such as steam hammer resulting from rapid valve closure and relief
valve fluid discharge loads.

The ASB reviews the MSSS with regard to measures provided to limit blow-
down of the system in the event of a steam line break.

The ASB and PSB also review the design of the MSSS with respect to the
following:

The functional capability of the system to transport steam from the
nuclear steam supply system as required during all operating
conditions.

The capability to detect and control system leakage, and to isolate
portions of the system in case of excessive leakage or component
malfunctions.

The capability to preclude accidental releases to the environment,

Provisions for functional testing for safety-related portions of the
system.

ASB also performs the following reviews under the SRP sections indicated:
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a. Review for flood protection is performed under SRP Section 3.4.1.

b. Review of the protection against internally generated missiles is
performed under 5RP Section 3.5.1.1.

c. Review of the structures, systems, and components to be protected
against externally generated missiles 1s performed under SRP
Section 3.5.2.

d. Review of high- and moderate-energy pipe breaks is performed under
SRP Section 3.6.1.

In the review of the main steam supply system, the ASB and PSB will coordinate
other branches' evaluations that interface with the overall review of the
system as follows: The Reactor Systems Branch (RSB) identifies essential
components associated with the portion of the MSSS inside the primary
containment that are required for normal operations and accident conditions,
establishes shutdown cooling load requirements versus time, and verifies the
design transient used in establishing the flow capacity and setpoint(s) of
steam generator relief and safety valves as part of its primary review
responsibility for SRP Section 5.2. The Structural and Geotechnical
Engineering Branch (SGEB) determines the zcceptability of the design analyses,
procedures, and criteria used to establish the ability of seismic Category I
structures housing the system and supporting systems to withstand the effects
of natural phenomena such as the safe shutdown earthquake (SSE), the probable
maximum flood (PMF), and tornado missiles as part of its primary review
responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through 3.7.4,
3.8.4, and 3.8.5. The Equipment Qualification Branch (EQB) reviews the seismic
and environmental qualification of components under SRP Sections 3.10 and 3.11.
The Mechanical Engineering Branch (MEB) determines that the components, piping,
and supports are designed in accordance with applicable codes and standards as
part of its primary review responsibility for SRP Sections 3.9.1 through 3.9.3.
The MEB determines the acceptability of the seismic and quality group
classifications for system components as part of its primary review
responsibility for SRP Sections 3.2.1 and 3.2.2. The MEB also reviews the
adequacy of the inservice testing program of the system valves as part of its
primary review responsibility for SRP Section 3.9.6. The Materials Engineering
Branch (MTEB) verifies, upon reguest, the compatibility of the materials of
construction with service conditions. The Instrumentation and Control Systms
Branch (ICSB) reviews portions of the MSSS with respect to the adequacy of
design, installation, inspection, and testing of essential components necessary
for instrumentation and control functions as part of its primary review
responsibility for SRP Sections 7.1, 7.4, 7.5, and 7.7. The Procedures and
Systems Review Branch (PSRB) determines the acceptability of the preoperational
and startup tests as part of its primary review responsibility for SRP

Section 14.0. The reviews for fire protection, technical specificacions, and
quality assurance are coordinated and performed by the Chemical Engineering
Branch, Standardization and Special Projects Branch (SSPB), and Quality
Assurance Branch as part of their primary review responsibility for SRP
Sections 9.5.1, 16.0, and 17.0, respectively.

For those areas of review identified above as being part of the primary review
responsiblity of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP
sections of the corresponding primary brancies.
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I11. ACCEPTANCE CRITERIA

Acceptability of the design of the MSSS, as described in the applicant's safety
analysis report (SAR), is based on specific general design criteria and
regulatory guides.

The design of the MSSS is acceptable if the integrated design of the system is
in accordance with the following criteria:

¥ Genera)l Design Criterion 2, as related to safety-related portions of the
system being capable of withstanding the effects of natural phenomena such
as earthguakes, tornadoes, hurricanes, and floods, and the positions of
the following:

a. Regulatory Guide 1.29, as related to the seismic design
classification of system components, Positions C.1.a, C.1l.e, C.1.f,
C.2, and C.3.

b. Regulatory Guide 1.117, as related to the protection of structures,
systems, and components important to safety from the effects of
tornado missiles, Appendix Positions 2 and 4.

2. General Design Criterion 4, with respect to safety-related portions of the
system being capable of withstanding the effects of external missiles and
internally generated missiles, pipe whip, and jet impingement forces
associated with pipe breaks, and the position of Regulatory Guide 1.115 as
related to the protection of structures, systems, and components important
to safety /rom the effects of turbine missiles, Position C.1.

The system design should adequately consider steam hammer and relief valve
discharge loads to assure that system safety functions can be achieved

and should assure that operating and maintenance procedures include
adequate precautions to avoid steam hammer and relief valve discharge
loads. The system design should also include protection against water
entrainment.

3. General Design Criterion 5, as related to the capability of shared systems
and components important to safety to perform required safety functions.

4. Generai Design Criterion 34, as related to the system function of
transferring residual and sensible heat from the reactor system in
indirect cycle plants, and the following:

a. The positions in Branch Technical Position RSB 5-1 as related to the
design requirements for residual heat removal.

b. Issue Number 1 of NUREG-0138 as related to credit being taken for all
valves downstream of the main steam isolation valves (MSIV) to limit
blowdown of a second steam generator in the event of a steam line
break upstream of the MSIV.

IT1. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
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forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection 11 of this SRP section. For review of operating

license (OL) applications, the procedures are used to verify that the initial
design criteria and bases have been appropriately implemented in the final
design as set forth in the final safety analysis report.

The procedures for OL applications include a determination that the content and
intent of the technical specifications prepared by the applicant are in
agreement with the reguirements for system testing, minimum performance, and
surveillance, developed as a result of the SSPB review, as indicated in
subsection I of this SRP section.

The primary reviewers, will coordinate this review with the other branches’
areas of review as stated in subsection I of this SRP section. The primary
reviewers obtain and use such input as required to assure that this review
procedure is complete.

The review procedures below are written for typical MSSSs for both direct and
indirect cycle plants. The reviewer will select and emphasize material from
this SRP section, as may be appropriate for a particular case.

¥ There are significant differences in the design of the M555 for an
indirect cycle (PWR) plant as compared to that for a direct cycle (BWR)
plant. Further, different portions of the MSSS are safety-related in
different plant designs, although the safety functions of the system are
much the same in all PWR plants, and also in all BWR plants. The first
step in the review of the MSSS, then, is to determine which portions are
designed to perform a safety function. For this purpose, the system is
evaluated to determine the components and subsystems necessary for
achieving safe reactor shutdown in all conditions or for performing
accident prevention or mitigation functions.

2. The reviewer determines that essential (safety-related) portions of the
MSSS are correctly identified and are isolable to the extent reqguired from
nonessential portions of the system. The system description and piping
and instrumentation diagrams (P&IDs) are reviewed to verify that they
clearly indicate the physical division between each pertion. System
arrangement drawings are reviewed to identify the means provided for
accomplishing system isolation.

3. The SGEB reviews the seismic design bases and MEB reviews the quality and
seismic classification as indicated in subsection 1 of this SRP section.
The SAR is reviewed by ASB and PSB to verify that essential portions of
the MSSS are designed to Quality Group B and/or seismic Category I
requirements, and to verify that the design classifications specified meet
the acceptance criteria specified in subsection Il of this SRP section.
In general:

a. The main steam lines from the steam generators to the containment
isolation valves in PWR plants are classified seismic Category I and
Quality Group B.

b. The main steam lines in BWR plants extending from the outermost con-
tainment isolation valve and connected piping up to and including the
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first valve that is either normally closed or capable of automatic
closure during all modes of normal reactor operations but not
including the turbine stop and bypass valves are classified seismic
Category 1 and a quality group classification in accordance with BTP
RSB 3-1.

Alternatively, for BWRs containing a shutoff valve (in addition to
the .wo containment isolation valves) in the MSSS, seismic Category I
and a quality group classification in accordance with BTP RSB 3-2
should be applied to that portion of the MSSS extending from the
outermost containment isolation valves up to and including the
shutoff valve.

The SAR is reviewed to assure that design provisions have been made to
permit appropriate functional testing of system components important to
safety. It is acceptable if the SAR delineates a testing and inspection
program and the system drawings show any test recirculation loops or
special connections around isolation valves that would be required by this
program.

The system description, safety evaluation, component table, and P&IDs are
reviewed to verify that the system has been designed to:

Provide the necessary quantity of steam to any turbine-driven safety
system pumps. The reviewer verifies that the design is capable of
providing the required steam flow to the turbine so that an adequate
supply of water can be pumped. (OL)

Assure safe plant operation by including appropriate design margins
for pressure relief capacity and setpoints for the secondary system,
and for removal of decay heat during various accident conditions, as
may be applicable in a particular case. The review is done on a
case-by-case basis, and system acceptability is based on a comparison
of system flow rates, heat loads, maximum temperatures, and heat
remocvsal capabilities to those of similarly designed systems for
previously reviewed plants. For PWRs the design is reviewed to
verify system capability for controlled cooldown to about 350°F to
allow actuation of RHR system.

Provide leakage detection means for steam leakage from the system in
the event of a steam line break. Temperature or pressure sensors are
acceptable means for initiating signals to close the main steam line
isolation valves and/or turbine stop valves to 1imit the release of |
steam during a steam line break accident.

Assure that in the event of a postulated break in a main steam line
in a PWR plant, the design will preclude the blowdown of more than
one steam generator, assuming a concurrent single active component
failure. In this regard, all main steam shut-off valves downstream
of the MSIVs, the turbine stop valves, and the control valves are
considered tv be functional. The reviewer should verify that the
main steam isolation valves, shut-off valves in connecting piping,
turbine stop valves, and bypass valves can close against maximum
steam flow. The reviewer verifies that the SAR provides a tabulation

10. 3-6 Rev. 3 - April 1984



and descriptive text of all flow paths that branch off the main steam
lines between the MSIVs and the turbine stop valves. The descriptive
information shall include the following for each flow path:

(1) System identification

(2) Maximum steam flow in pounds per hour
(3) Type of shut-off valve(s)

(4) Size of valve(s)

(5) Quality of the valve(s)

(6) Design code of the valve(s)

(7) Closure time of the valve(s)

(8) Actuation w&. hanism of the valve(s) (i.e., solenoid operated,
motor operaied, air operated diaphragm valve, etc.)

(9) Motive or power source for the valve actuating mechanism.

In the event of a main steam line break, termination of steam flow
from all systems identified in d, above, except those that can be
used for mitigation of the accident, is required to bring the reactor
to a safe cold shutdown. For these systems the reviewer verifies
that the SAR describes what design features have been incorporated to
assure closure of the steam shut-off valve(s) and what operator
actions, if any, are required. If the systems that can be used for
mitigation of the accident are not available, or the decision is made
to use other means to shut down the reactor, the reviewer verifies
that the SAR decribes how these systems are secured to assure
positive steam shut-off and what operator actions, if any, are
required.

Assure that in the event of a postulated safe shutdown earthquake in
a PWR plant, the design includes the capability to operate
atmospheric dump vaives remotely from the control room so that cold
shutdown can be achieved using only safety-grade components, assuming
a concurrent loss of offsite power (refer to Branch Technical
Position RSB 5-1 attached to SRP Section 5.4.7).

The reviewer verifies that the system is designed so that essential
functions will be maintained, as required, in the event of adverse
environmental phenomena, certain pipe breaks, or loss of offsite power.
The reviewer uses engineering judgment and the results of failure modes
and effect analyses to determine that:

a.

Failure of nonseismic Category I portions of the MSSS or of other
systems located close to essential portions of the system, or of
nonseismic Catagory I structures that house, support, or are close to
essential portions of the MSSS, do not preclude operation of the
essential portions of the MSSS. Reference to SAR sections describing
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site features and the general arrangement and layout drawings will be
necessary, as well as the SAR tabulation of seismic design classi-
fications for structures and systems. Statements in the SAR that
confirm that the above conditions are met are acceptable.

b. Essential portions of the MSSS are protected from the effects of
floods, hurricanes, tornadoes, and internally and externally
gene ated missiles. Flood protection and missile protection criteria
are evaluated under the SRP Section 3 series. The locations and the
design of the system and structures are reviewed to determine that
the degree of protection provided is adegquate. A statement to the
effect that the system is located in a seismic Category I structure
that is tornado missile and flood protected, or that components of
the system will be located in individual cubicles or rooms that will
withstand the effects of winds, flooding, and tornado missiles is
acceptable.

c. Essential portions of the MSSS are protected from the effects of high
and moderate energy line breaks and cracks, including pipe whip, jet
forces, and environmental effects. The means of providing such
protection will be given in Section 3.6 of the SAR and procedures for
reviewing this information are given in SRP Sectiun 3.6.

d. Essential components and subsystems necessary for safe shutdown can
function as required in the event of loss of offsite power. The SAR
is reviewed to verify that for each MSS55 component or subsystem
affected by a loss of offsite power, the system functional capability
meets or exceeds minimum design requirements. Statements in the SAR
and results of failure modes and effects analyses are considered in
assuring that the system meets these requirements. This is an
acceptable verification of system functional reliability.

The descriptive information, P&IDs, MSSS drawings, and failure modes and
effects analyses in the SAR are reviewed to assure that essential portions
of the system will function following design basis accidents assuming a
concurrent single active component failure. The reviewer evaluates the
analyses presented in the SAR to assure function of required components,
traces the availability of these components on system drawings, and checks
that the SAR contains verification that minimum requirements are met for
each accident situation for the required time spans. For each case the
design is acceptable if minimum system requirements are met.

The SAR is reviewed to assure that the applicant has committed to
address the potential for steam hammer and relief valve discharge
loads, and will take adequate procedures action to minimize such
occurrences. Drain pots, line slope and valve operators should be
addressed.

EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the foliowing type, to be included in the
staff's safety evaluation report:
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The main steam supply system (MSSS) includes all components and piping from the
outermost containment isolation valves (for BWRs) [from the steam generatur
connection (for PWRs)] up to and including the turbine stop valves. The
essential portions of the MSSS are designed to quality Group B [for PWR., from
the steam generator to the containment isolation valves, and connected piping
up to and including the first valve that is normally closed] [for BWRs, from
the outermost containment isolation valves and connecting piping up to and
including the first valve that is either normally closed or capable of
automatic closure during all modes of normal reactor operation, but not
including the turbine stop and bypass valves]. Those portions of the MSSS
necessary to mitigate the consequences of an accident such as a steam line
break are designed to the quality standards commensurate with the importance to
its safety function, and are designed to the following standards:

The scope of review of the M55S for the
plant included layout drawings, piping and instrumentation
diagrams, and descriptive information for the system.

The basis for acceptance of the MSSS in our review was conformance of the
applicant's design criteria and bases to the Commission's regulations as set
forth in the General Design Criteria (GDC) of Appendix A to 10 CFR Part 50.
The staff concludes that the plant design is acceptable and meets the
requirements of GDC 2, 4, 5, and 34. This conclusion is based on the
following:

1. The applicant has met the requirements of GDC 2, "Design Bases for
Protection Against Natural Phenomena," with respect to the ability of
structures housing the safety-related portion of the system and the
safety-related portions of the system being capable of withstanding the
effects of natural phenomena such as earthquakes, tornadoes, hurricanes,
and floods and GDC 4 "Environmental and Missile Design Bases" with respect
to structures housing the safety-related portions of the system and the
safety-related portions of the system being capable of withstanding the
effects of external missiles, and internally-generated missiles, pipe whip
and jet impingement forces associated with pipe breaks. The essential
portions of the MS5S (as identified in the above discussion) are designed
Seismic Category I and housed in a Seismic Category I structure which
provides pr~*ection from the effects of tornadoes, tornado missiles,
turbine mi es, and floods. This meets the positions of Regulatory
Guide 1.29, ‘Seismic Design Classification," Position C.1.a, C.l.e, C.2
ard C.3 or C.1.7, C.2 and C.3; Regulatory Guide 1.115, "Protection Against
Low Trajectory Turbine Missiles," Position C.1; and Regulatory Guide
1.117, "Tornado Design Classification," Appendix Positions 2 and 4.

In addition, the system design capabilities should include the capability
to accommodate steam hammer dynamic loads resulting from rapid closure of
systems valves (including turbine bypass and stop valves), and safety/
relief valve operation without compromising required safety functions.
Water entrainment considerations should include provisions for drain pots,
Tine sloping and valve operation. Operating and maintenance procedures
are to be reviewed by the applican. to alert plant personnel to the
potential for such occurrences an. means to minimize such occurrences.
This commitment should be states in the applicants' SAR.
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The applicant has met the requirements of GDC 5, "Sharing of Structures,
Systems, and Components with Respect to the Capability of Shared Systems
and Components," important to safety to perform required safety functions.
We have reviewed the interconnections from the MSSS of each unit to

. The interconnections are designed so that the capability to
n?tigate the conseguences of an accident in either unit and achieve safe
shutdown in that unit is retained without reducing the capability of the
other unit to achieve safe shutdown.

or

Each unit of the plant has its own MS555 with no
interconnections between the safety-related and/or nonsafety- related

portions.

The applicant has met the requirements of GDC 34, "Residual Heat Removal,"
with respect to the system function of transferring residual and sensible
heat from the reactor system in PWR plants. The MSSS is capable of
providing heat sink capacity ana pressure relief capability and supplying
steam to the steam driven safety-related pumps necessary for safe
shutdown. The MSSS is also designed to include the capability to operate
the atmospheric pump valves remotely from the control room following a
safe shutdown earthquake coincident with the loss of offsite power so that
a cold shutdown can be achieved with dependence upon safety-grade
components only. This meets the positions in Branch Technical Position
RSB 5-1, "Design Requirements of Residual Heat Removal System," and in
Issue 1 of NUREG-0138.

IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implemenation schedules for conformance to parts of the method - iscussed herein
are contained in th2 referenced regulatory guides, NUREGs and implementation of
acceptance criterion subsection 11.2, associated with water hammer loads, is as

follows:

(a) Operating plants and OL applicants need not comply with the provisions of
this revision,

(b) CP applicants will be required to comply with the provisions of this
revision.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for

Protection Against Natural Phenomena."
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10.

i1.

12.

13.

10 CFR Part 50, Appendix A, General Design Criterion 4, “"Environmental and
Missile Design Bases."

10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of
Structures Systems and Components."

10 CFR Part 50, Appendix A, Geraral Design Criterion 34, "Residual Heat
Removal."

Regulatory Guide 1.26, "Quality Group Classifications and Standards for
Water-, Steam-, and Radioactive-Waste-Containing Components of Nuclear
Power Plants."

Regulatory Guide 1.29, "Seismic Design Classification."

Regulatory Guide 1.115, "Protection Against Low-Trajectory Turbine
Missiles."

Regulatory Guide 1.117, “Tornado Design Classification."

Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment," attached to SRP

Section 3.6.1, Brar 1 Technical Position MEB 3-1, "Postulated Break and
Leakage Locations in Fluid System Piping Qutside Containment," attached to
SRP Section 3.6.2.

Branch Technical Position RSB 3-1, “Classification of Main Steam
Components Other than the Reactor Coolant Pressure Boundary for BwR
Plants," attached to SRP Section 3.2.2.

Branch Technical Pesition RSB 3-2, “"Classification of BWR/6 Main Steam and
Feedwatler Components Other Than the Reactor Coolant Pressure Boundary,"
attached to SRP Section 3.2.2.

Branch Technical Position RSB 5-1, "Design Requirements of the Re<:gual
Heat Removal System," attached to SRP Section 5.4.7.

NUREG-0138, "Staff Discussion of Fifteen Technical Issues Listed in

Attachment to November 3, 1976, memorandum from Director NRR to NRR
Staff."
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SECTION 3.9.4 CONTRGL ROD DRIVE SYSTEMS
REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)
Secondary - None

I. AREAS OF ZEVIEW

The control rod drive system (CRDS) consists of the control rods and the
related mechanical compr -nts which provide the means for mechanical movement.
General Design Criteria 26 and 27 require that the CRDS provide one of the
independent reactivity control systems. The rods and the drive mechanism shall
ve capable of reliably controlling reactivity changes either under conditions
of anticipated norme] plant operational occurrences, or under postulated acci-
dent conditions. A positive means for inserting the rods shall always be main-
tained to ensure appropriate margin for malifunction, such as stuck rods. Since
the CRDS 1s a system important to safety and portions of the CRDS are a part of
the reactor coolent pressure boundary (RCPB), General Design Criteria 1, 2, 14,
and 29 and 10 CFR Part 50,§50.552, require that the system shall be designed,
fabricated, and tested to quality standards commensurate with the safety func-
tions to be performed, so as to assure an extremely high probability of accom-
plishing the safety functions either in the event of anticipated operational
occurrences or in withstanding the effects of postulated accidents and natural
phenomena such as earthquakes.

Information in the areas noted below is provided in the applicant's safety
analysis report and is reviewed by t! e MEB in accordance with this SRP section.
This information pertains to the CiUS, which is considered to extend to the
coupling interface with the reactivity control elements in the reactor pressure
vessel. For electromagnetic systems, the review under this SRP section is
limited to just the control rod drive mechanism (CRDM) portion of the CRDS.

For hydraulic systems, the review covers the CROM and also the hydraulic con-
trol unit, the condensate supply system, and the scram discharge volume. For
both types of systems, the CRDM housing should be treated a. part of the RCPB;
the relevant mechanical engineering information may be presented in this SRP
section or by reference to the sections on the RCPB.
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If other types nf CRDS are proposed or if new features that are not specifi-
cally mentioned here are incorporated in CRDS of current types, information
should be supplied for the new systems or new features similar to that
described below.

1.

The descriptive information, including design criteria, testing programs,
drawings, and a summary of the method of operation of the control rod
drives, is reviewed to permit an evaluation of the adequacy of the system
to perform its me_nanical function proverly.

A review is performed of information pertaining to design codes,
standards, specifications, and standard practices, as well as to General
Design Criteria, regulatory guides, and branch positions that are applied
in the design, fabrication, construction, and operation of the CRDS.

The various criteria, described in general terms above, should be supplied
along with the names of the apparatus Lo which they apply. Pressurized
portions of the system which are a part of RCPB are reviewed to determine
the extent to which the applicant complies with the Class 1 requirements
of Section 111 of the American Society of Mechanical Engineers (ASME)
Boiler and Pressure Vessel Code (hereafter "the Code"). Those portions
which are not part of the RCPB are reviewed with other specified parts of
Section 111, or other sections of the Code. The MEB reviews the non-pres-
surized portions of the control rod drive system to determine the accept-
ability of design margins for allowable values of stress, deformation, and
fatigue used in the analyses. If an experimental testing program is used
in 1ieu of analysis, the program is reviewed to determine whether it
adequately covers the areas of concern in stress, deformation, and
fatigue.

Information is reviewed which pertains to the applicable design loads and
their appropriate combinations, to the corresponding design stress limits,
and to the corresponding allowable deformatiors. The deformations are of
interest in the present context only i) those instances where a failure of
movement. could be postulated due to excessive deformation and such move-
ment would ov necessary for a safety-related function.

If the apniicant selects an experimental testing option in lieu of estab-
lishing a set of stress and deformation allowables, a detailed description
of the testing program must be provided for review.

In the preliminary safety analysis report (PSAR), the load combinations,
design stress limits and allowable deformations criteria should be
provided for review.

In the final safety analysis report (FSAR), the actual design should be
compared with the design criteria and 1imits to demonstrate that the
criteria and limits have not been exceeded.

Loadings imposed during normal plant operation and stazrtup and shutdown
transients include but are not limited to pressure, deadweight, tempera-
ture effects, and anticipated operational occurrences. Loadings
associated with specific seismic and other dynamic events are then
combined with the above plant-type loads. For BWRs only, the CRDS is
reviewed to verify that the system is capable of withstanding adverse
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dynamic loads such as water hammer. The response to each set of combined
loads has a selected stress or deformation limit. The selection of a
specific limit is influenced by the probability of the postulated event
occurring and the need to assure operation during and after the event.

4. The portion of the SAR is reviewed that describes plans for the conduct of
an operability assurance program or that references previous test programs
or standard industry procedures for similar apparatus. For example, the
Tife cycle test program for the CRDS is reviewed. The operability assur-
ance program is revicwed to ascertain coverage of the following:

a. Life cycle test program.

b. Proper service environment imposed during test, including appropriate
anticipated normal operational occurrences, seismic, and postulated
accident conditions.

e, Mechanism functional tests.
d. Program results.

In addition, the MEB will coordinate other branches' evaluations that interface
with the overall review of the CRDS as follows:

The Core Performance Branch (CPB) will verify fuel system design, including
effects of the CRDS on fue)l behavior in meeting the requirements of the reactor
core design under various normal and accident operating conditions in SRP
Section 4.2. The Materials Engineering Branch (MTEB) wil)l review the material
aspects of CRDS in SRP Section 4.5.1.

For those areas of review identified above as part of the primary review
responsibility of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP
section of the corresponding primary branch.

IT. ACCEPTANCE CRITERIA

MEB acceptance criteria are based on meeting the requirements of the following
regulations:

1. GDC 1 and and 10 CFR Part 50,850.55a, as its relates to CRDS, requires
that the CRDS be designed to quality standard commensurate with the impor-
tance of the safety functions to be performed.

2. GDC 2, as it relates to CRDS, requires that the CRDS be designed to with-
stand the effects of an earthquake without loss of capability to perform
its safety functions.

3. GDC 14, as it relates to CRDS, requires that the RCPB portion of the CRDS
be designed, constructed, and tested for the extr~mely low probability of
leakage or gross rupture.

4. GDC 26, as it relates to CRDS, requires that the CRDS be one of the inde-
pendent reactivity control systems which is designed with appropriate
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margin to assure its reactivity control function under anticipated normal
er~ration condition.

GDC 27, as it relates to CRDS, requires that the CRDS be designed with
appropriate margin, and in conjunction with the emergency core cooling
system, be capable of controlling reactivity and cooiing the core under
postulated accident conditions.

GDC 29, as its relates to CRDS, requires that the CRDS, in conjunction
with reactor pro.ection systems, be designed to assure an extremely high
probability of accomplishing its safety functions in the event of antici-
pated operational occurrences.

Specific criteria necessary to meet the relevant requirements of the regula-
tions identified above are as follows:

1.

The descriptive information is determined to be sufficient provided the
minimum requirements for such information meet Section 3.9.4 of
Reference 11.

Construction (as defined in NCA-1110 of Section II1 of the ASME Code,
Reference 7) should meet the following codes and standards utilized by the
nuclear industry which have been reviewed and found acceptable:

a. Pressurized Portions of Equipment Classified as Quality Group A, B, C
(ReguTatory Guide 1.26)

Section 111 of the ASME Code, Class 1, 2, or 3 as appropriate
(Ref. 7).

b. Pressurized Portions of Equipment Classified as Quality Group D
(Regulatory Guide 1.26)

(1) Section VIII, Division 1 of the ASME Code for vessels and pump
casings (Ref. 7)

(2) Applicable to Piping Systems (American National Standards Insti-
tute, ANSI):?

B16.5 Steel Pipe Flanges and Flanged Fittings (Ref. 13).
B16.9 Steel Butt Welding Fittings (Ref. 14).

B16.11 Steel Socket Welding Fittings (Ref. 15).

B816.25 Butt welding Ends (Ref. 16).

B31.1 Piping (Ref. 17).

SP-25 Standards (Ref. 18).

B16.34 Vvalves (Ref. 19).

C. Nonpressurized Equipment (Non-ASME Code)

Design margins presented for allowable stress, deformation, and fati-
gue should be equal to or greater than those for other plants of

TThis 1ist can be extended by a staff review and acceptance of other ANSI and

MSS standards in the piping system area.
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I11.

similar design having a period of successful operation. Justifica-
tion of any decreases should be provided.

For the various design and service conditions defined in NB-3113 of
Section III of the ASME Code (Ref. 7), load combination sets are as given
in Standard Review Plan Section 3.9.3 (Ref. 12). The stress limits
applicable to pressurized and nonpressurized portions of the control rod
drive systems should be as given in Reference 12 for the response to each
loading set. The CRDS design should adequately consider water hammer
loads to assure that system safety functions can be achieved.

The operability assurance program will be acceptable provided the observed
performance as to wear, functioning times, latching, and overcoming a
stuck rod meet system design requirements.

REVIEW PROCEDURES

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

1

The objectives of the review are to determine that design, fabrication,
and construction of the control rod drive mechanisms provide structural
adequacy and that suitable life cycie testing programs have been utilized
to prove operability under service conditions.

In the construction permit (CP) review, it should be determined that the
design criteria utilize proper load combinations, stress and deformation
Timits, and that operability assurance is provided by reference to a pre-
viously accepted testing program or that a commitment is made to perform a
testing program which includes the essential elements listed below. In
the operating license (OL) review, the results of any testing program not
previously reviewed shouid be evaluated.

The design criteria presented should be evaluated for boih the interna)
pressure-containing portions and other portions of the CRDS. These
include the CRDM housing, hydraulic control unit, condensate supply system
and scram discharge volume, and portions such as the cylinder, tube,
piston, and collect assembly.

Of particular concern are any new and unique features which have not been
used in the past. Pressure-containing components are checked to ensure
that they meet the design requirements of the codes and criteria which
have been accepted by the Mechanical Engineering Branch, and are
identified in Standard Review Plan Section 3.2.2. The review of the
functional design of reactivity control systems, including control rod
drive systems, is the responsibility of the Reactor Systems Branch (RSB)
(see SRP Section 4.6). The loading combinations for the various plant
operating conditions are checked for consistency with Reference 12; given
these loading combivations, the stress 1is ts of the appropriate code
should not be exceeded, or the limits in Reference 12 should not be
exceeded if not specified in the listed design code. Exceptions taken by
the applicant to any of the accepted codes, standards, or NRC criteria
must be identified and the basis clearly justified so that evaluation is
possible. Engineering judgment, experience, comparisons with earlier
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cases and design margins, and consultation with supervisors permit the
reviewer Lo reach a decision on the acceptability of any exceptions posed
by the applicant.

The choice of structura) materials of construction for the CRDS is
reviewed by the MTEB in SRP Section 4.5.1.

Loading combinations are defined as those loadings associated with plant
operations which are expected to occur one or more i..nes during the life-
time of the plant and include but are not limited to loss of power to all
recirculation pumps, tripping of the turbine generator set, isolation of
the main condenser, and loss of all offsite power, combined with loadings
caused by natural or accident events including, for BWRs, water hammer
loads. The load combinations which are postulated to occur are specified
for each of the design and service conditions as defined in Paragraph
NB-3113 of the ASME Code (Ref. 7). These load combinations are defined in
Reference 12 and are compared by the reviewer with those provided by the
applicant.

The design stress limits, including fatigue limits, and deformation limits
as appropriate to the components of the control rod drive mechanism are
compared by the reviewer with those of specified codes, previously
designed and successfully operating systems, or with the results of scale
model and prototype testing programs.

The control rod drive mechanisms of a new design or configuration should
be subjected to a life cycle test program to determine the ability of the
drives to function during and after normal operating occurrence, seismic,
and postulated accident condition over the full range of temperatures,
pressures, loadings, and misalignment expected in service. The tests
should include functional tests toc determine times of rod insertion and
withdrawal, latching operation, scram operation and time, system valve
operation and scram accumulator leakage for hydraulic CRDS, ability to
overcome a stuck rod condition, and wear. Rod travel and number of trips
expected during the mechanism operational life should be duplicated in the
tests.

The reviewer checks the elements of the test program to be sure all
required parameters have been included and finally reviews the test
results to determine acceptability. Excessive wear, malfunction of
components, operating times beyond determined limits, scram accumulator
leakage, etc., all would be cause for retesting.

EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided to satisfy
the requirements of this SRP section and that his evaluation is sufficiently
complete and adequate to support conclusions of the following type, to be
included in tne staff's safety evaluation report:

The staff concludes that the design of the control rod drive system is
acceptable and meets the requirements of General Design Criteria 1, 2, 14,
26, 27, and 29, and 10 CFR Part 50, §50.55a. This conclusion is based on
the following:
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The applicant has met the requirement of GDC 1 and 10 CFR Part 50,
§50.55a, with respect to designing components important to safety to
quality standards commensurate with the importance of the safety
functions to be performed. The design procedures anu criteria used
for the control rod drive system are in conformance with the reguire-
ments of appropriate ANSI and ASME Codes.

The applicant has met the requirements of GDC 2, 14, and 26 with
respect to designing the control rod drive system to withstand
effects of earthquakes and anticipated normal operation occurrences
with adequate margins to assure its reactivity control function and
with extremely low probability of leakage or gross rupture of reactor
coolant pressure boundary. The CRDS design capabilities include the
ability to accommodate water hammer dynamic loads resulting from
rapid opening of the scram insert and withdraw valves and closure of
the hydraulic buffer under the worst case loading condition without
compromising the safety functions of the system. The specified
design transients, design and service loadings, combination of loads,
and limiting the stresses and deformations under such lcvading
combinations are in conformance with the requirements of appropriate
ANS] and ASME Codes and acceptable regulatory positions specified in
SRP Section 3.9.3.

The applicant has met the reguirements of GDC 27 and 29 with respect
to designing the contrcl rod drive system to assure its capability of
controlling reactivity and cooling the reactor core with appropriate
margin, in conjunction with either the emergency core cocling system
or the reactor protection system. The operability assurance nrogram
is acceptable with respect to meeting system design requirements in
observed performance as to wear, functioning times, latching, and
overcoming a stuck rod.

IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con~
formance with Commission regulations.

Implementetion schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and implementation of
acceptance criterion associated with water hammer loads in BWRs, subsection
11.3, is as follows.

(a)

(b)

Operating plants and OL applicants need not comply with the provisions of
this revision.

CP applicants will be required to comply with the provisions of this
revision.
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