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ABWR Design Document

3.3 Piping Design
Design Description

Piping associated with hvdraulic and pneumanc systems is categorized as either
nuclear salety related or nonssalety related. Piping systems that must remain
functional following a sale shutdown carthquake (SSE) are designated as
Seismic Category I Depending on the intended service conditions and system
design funcuions, piping 1s further classified as ASME Code Class 1, 2, 3, or non-
Code Class. NRC regulations govern piping designations and piping in the
cerufied design may further be - wsilicd es Duahty Group A, B, C, or D,

| All ABWR piping components will be designed, fabricated, installed and
examined 1o conlirm (ull compliance with all apphcable regulatory
requirements and indusirial codes and standards.

Inspection, Test. Analyses and Acceptance Criteria

Table 3.3 provides a delinition of the inspeciions, wests and analyses, toge er
with the acceptance critenia, which will be performed for ABWR piping in order
to demonstrate complhiance with the cerulied design commiuments. The
informauon in Table 3.3 is intended 1o be generic and 1o apply to all safety
related piping governed by Quahity Group A, B, or C and ASME Code Class 1, 2,
or 3 designaiions. Not all of the entries in Table 3.3 apply o all piping
classifications. Apprapriate apphcability, based on designation, wili be
incorporated ot the ume the inspections, tests, and analyses are implementad.
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Certified Design Commitment

The piping sha!t be designed for a fatigue
hife of 60 years. This design shali account
for the cyclic stresses resuiting from the
expected pressure/temperature cycles and
loads in the required combinations. For
ASME Class 1 piping systems, a fatigue
analysis will be performed in accordance
with ASME Coce. Section 1

‘equirements. For ASME Class 2 & 3
piping, ASME Code, Section il rules will be
followed using a stress range reduction
factor of 1.0, based on fewer than 7000
cycles. These fatigue analyses results shall
he documented in 2 certified stress report.

Pipe mounted equipment allowable loads
and attachment interface (for example, the
interface betwean 3 snubber and s
embedment piate! allowable ioads
accelerations and stresses shall be
satisfied. The loads, accelerations, and
stresses that the piping system imposes on
its pipe mountad equipment and on a4
interfaces shall be determined by analyses
of the piping systems and compa2red to the
ailowable values. The resuits of these
analyses shall be documented as interface
requirements to assure design
compatibiity with the equipment and
interfaces.

Tobyinn 3 % s *mm

inspections, Tests, Analyses

An inspection of the certified stress report
will b.- 7 - .ducted to assure that the fatigue
evaluation is consistent with the ASME
Code, Section il requirements and with the
60 year desian hife.

inspections of stress reports, design
specifications, and design drawings will be
conducted to confirm that the as designed
interface loads, accelerations and strescas
are consistent with the interfacing vendor's
/ constructor's specified hardware
altowables.

1

Acceptance Criteria

ASME Code, Section lil requirements shall
be satishied, inciuding the cumulative
than or equal 1o 1.0 The apphed
subsections of ASME Code shall be
contained in the approved edtions
documented n 10CFR50 . 55a.

The allowabies for pipe mounted
equpment and mterfacing equipment shall
be met The allowables at attachment
interfaces shail be met
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Table 3.3: Generic Piping Design (Continued)
Inspections, Tests, Analyses anu Acceptance Criteria

Certifiad Design Commitment

Analytical methods for the dynamic and
static analysis of piping systermrs and the
corresponding compone- it stress analysis
shall be specified in a certified design
specification for each oiping system. The
dynamic analysis of piping systems shall
use a suitable dynamic method, such as

time history Or response spectrum method,
or an equivalent static load method. Linear-

elastic analysis or nonlinear plastic

ana'ysis shai! be used. For the appied

method, the key analysis paramaeters shall
be addre:sed. For exan:pie, for the
response spectrur - muthod, the following
shall be defined:

a. Combimnation of group : _sporses when
muitiple response specira are used
Combination of modal responses.

c. Combmnation of response spectra

analysis results with differential

butlding movement analysis results

Damgping coefficients.

e Cut-off frequency.

High frequency modes

Q

——

inspections, Tests, Analyses

3. Inspsection (review) of the certified design

specification and the certifie) stress repon
will be conducted to confirm that the
piping was designed and analyzed in
comaphance with all reguiatory {and other
apphicable) requuwements.

Acceptancs Criteria

3 Metho 's shall be in comphance with all
appi:cable regulatory requirements.
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Table 3.3: Generic Piping Design (Continued)

inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitmen*

Essential piping systems, including
required pipe whip restraints, shall be
designed to protect against the dynamic
effects associated with the postulated
rupture of high energy and moderate
energy fluid systems. A pipe break analysis
report shall be generated to confirm that
the piping system is acceptable for all
postulated breaks. Piping systems that are
quahtied for the optional leak-before break
design approach may exclude design
against the dynamic effects from the
postulation of breaks in high energy
piping

Ali ASME Code Safety Class 1, 2, and 3
piping systems which are essential for safe
sh' ‘own, shal. be designed to assure that
they .ol mantamn sufficient dimensional
stability to perform their required function
following apphcation of ali ioads to which
they will be subjected during postulated
events requinng their safety function.

inspections, Tests, Analyses

inspections of ASME Code Il required
documents and the pipe break analyc's
report, or leak before break justification
report, will be conducted to confirm that
the piping system was designed/analyzed
n comphance with requirements that
assure postulated pipe breaks will not
unduly impact the safety of the plant

An inspection of the certified stress repon
will be conducted to assure that none of
the stresses or deflections of the piping
sysiam exceed values which could lead to
large reductions in the cross sectional flow
area

Acceptance Criteria

The essential funchions of structures,
systerns, and components shall not be
preciuded by the postulated pipe breaks.
For those components required for safe
shutdown, imits to meet the ASME Code
requirements for faulted conditions and
mits to ensare required aperability shall
he met.

ASME Code, Section i krmits that protect
the piping and pipe supports aganst
primary stress failures will be compared
with aliowable values that preciude
impairment of functional capabilnty. In no
case will stresses exceed values allowed
for Sarvice Leve! D in ASME Code. Gection
i H
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Table 3.3: Generic Piping Design (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

When periorming static and dynamic
znalysis of piping systems, the
mathematical model of the piping system
shall be constructed to realistically reflect
the dynamic and static characteristics of
the piping system. The following
parameters shall be addressed:

a. The model shall adequately account for
modes up to the analysis ¢ -off
frequency.

b. Tkre appropriate stiffness and mass of
piping. pipe supports, ond pipe
mounted equipment shall be included
in the piping system model.

c. The appropnate stiffnesses for anchors
and intermediate supports shall be
included in the piping system model

Construction items:

5
i

The piping. its appurtenances, and ds
supports, shall satisfy the ASME Ciass,
Seismic Category, and Quality Group
requirements commensurate with its
classification.

For those piping systems using ferntic
materials, the ferritic mateniais shall not be
susceptible to brittie fracture under
pressure during the expected service
conditions. Only intrinsically tough grades
of ferritic materials conforming to the
ASME Code, Section lli SA specifications
shall be used.

Inspections, Tes's, Analyses
An nspection {verification} of the
mathematical model will be performed to
confirm that the boundary conditions a. «d
dynamic and stal ¢ characteristics have
been adequately techmicaily addressed

Inspections will be conducted of ASME
Code required documents and the Code
stamp on the components

Fracture toughness tests will be pesformed 8

in accordance with ASME Code, Section i

Acceptance Criteria

6. Analytical modeling practices shatl be n
comphance with all applicable regulastory
requirements. The methods used for
modeling will be applied to NAC

benchmark problems and the resuits of the

corresponding ana.yses shall be
compared to the NAC benhmark and
consistericy shail be confirmen

7. Ewmstence of ASME Code required
documents and the Code stamps on the
components confirms that the pigping and
components have been designed,
analyzed, fabricated, and examined in
accordance with the apphcable
requirements

Records of the fracture toughness tests
must confirm that the requirements of
ASME Code, Section 1l are satisfied



Table 3.3. Generic Piping Design (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

For those piping systems using austenitic
stainless stee! materials, the stainiess steel
piping shall be selected to minimize the
possibility of cracking during service.
Special chernical, fabrication, handling,
welding. and examination requirements
that minimize cracking shali be met.

. For  ssential systems, the as-built piping
system shatl be confirmed to be consistent
with the as-designed piping system. All
dewviations shail be shown to not invahdate
the design.

10.

inspections, Tests, Analyses

inspections of ASME Code required
documents and other pertinent records will
be conducted to confirm that manufacture,
fabrication, welding, and examinaticn were
performed in accordance with the
committed requirements.

a. Pipe routing witl be confirrmmead by
nspecting isometnc drawngs
comtareing verification stamps from
field visual inspections. This
documentation will aiso confirm that
no interferences exist

b. The exactlocation, onentation, and size
of snubbers and struts; the lccation
and size of hangers,; the location and
weight of valves, pumps, and heat
exchangers; the locaton and
configuration of anchors; the location
of guides and pipe whip restramnts, and
the specifed clearances, will be
confirmed by reviewing isometric
drawings contaiming quality control

verification stamps, or by taking the as-

huiit measurements

c. Deviaticns from the as designed
condimon will be documented and
evaluated. If acceptance limits are not
satisfied in the reevaluation, a
reanalysis of the as-built condition will
be performed, the stress report and
design drawings will be revised, and
the final stress report wili be certiied.

10

Acceptance Criteria

Records of the materials and processes
must confirm that the committed
requirements to avond the potential of
stainless steel to crack i service arc
satisfied

a.  The as bul!t pipe routing is within the
tolerances alivwed on the as designed
drawings. The piping system has the
minimum specified clearance from
neighbonng hardware Dewviations shiall
be addressed i comphance sath ¢
below

b, The location, size, onentahon of pipe
mounted compoenents are withen the
tolerances atlowed on the as-designed
drawings. Deviations shall be
addressed in clompliance with ¢ below

c. For Safety Ciass 1, 2. & 3 piping, the
-equired allowables in the apphcable
subsectons of ASME Code, Section i
shall be satisfied. The apphed
subsections of ASME Code, Section il
shall be contained in the approved
edimons documented n 10CFR 50 55a.
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Table 3.3: Genenc Piping Design (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

Combination Cesign and Construction items:

1

12,

ASME Code Safety Class 1, 2, and 3 piping
shall retain its pressure integrity under ali
internal pressures that wili be expected
during its design lifetime. Piping and
piping components shall be designed and
analyzed 10 show comphiance with the
pressure integrity requirtements of ASME
Code.

Piping shal! be designed {and instailed) to
provide adequate clearance to prevent
interference with other piping, structures,
and components as the piping moves or
deflects due to the thermal, dynamic. and/
or static loads which it experiences in
service. Stress analyses shall be performed
to calculate piping movements. These
calculated movements shall be used 10
develop and document minimum required
clearances.

|2

12.

Inspections, Tests, Analyses

Inspections of ASME Code required
documents wili be conducted to confirm
that the piping system was designed/
analyzed in comohiance with requirements
that assure pressure integrity.

A hydrostatic test of the Safety Class 1, 2,
and 3 piping will be conducted as required
by, and in accordance with, the ASME
Code.

An inspection of the certified stress repon
will be conducted to assure that the
caiculated pipe deflection values do not
result in the piping exceeding s design
altowables for the spec:fied load
combinations and that the mimimum
specified clearances adequately
encompass these deflections.

A field waikdown will he performed on all
essential piping to measure the “As
installed” piping clearances and confirm
the actual clearances are withun allowabie
values

1

A . Criteri

For safety class 1, 2, & 3 piping. the
requirad akowables in the apphicabdie
subsections of ASME Code, Section 1! shall
be satisfied. The applied subsections of
ASME Code, Section 11! shali be contained
in the approved editions documented in
10CFR 50 552.

The results of the hydrostatic test mu
conform with the regqurements in the
ASME Code.

The design aliowables for piping clearance
n both the axial and iateral directwons shall
be met.
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3.6 PROTECTION AGAINST DYNAMIC
EFFECTS ASSOCIATED WITH THE
POSTULATED RUPTURE OF PIPING

This S ‘ion deals with the structures, sys-
tems, components and equipment in the ABWR
Standard Plant,

Subsections 3.6.1 and 3.6.2 describe the
design bases and protective measures which ensure
that the containment; ¢ssential systems, compo-
ncots and equipment; and other essential struc-
tures are adequately protected from the conse-
quences associated with a postulated rupture of
high-cacrgy piping or crack of moderate-encrgy
piping both inside and outside the containment.

Before delineating the criteria and assump-
tions used to evaluate the consequences ol pip-
ing failures inside and outside of containment,
it is necessary to define a pipe break event and
a postulated piping failure:

Pipe break event: Any single postulated
piping failure occurring during normal plant
operation and any subsequent piping failure
and/or equipment failure that occurs as a direct
consequence of the postulated piping failure.

Postulated Piping Failure: Longitudinal or
circumferential break or rupture postulated in
high-energy fluid system piping or throughwall
leakage crack postulated in moderate-energy fluid
system piping. The terms used in this definition
are explained in Subsection 3.6.2,

Structures, systems, components and equipment
that are required to shut down the reactor and
mitigate the consequences of a postulated piping
failure, without offsite power, are defined as
essential and are designed to Seismic Category |
requirements.

The dynar ic effects that may result from a
postulated rupture of high-energy piping include
missile generation; pipe whipping; pipe break
reaction forces, jet impingement forces; compart-
ment, subcompartment and cavity pressurizations;
decompression waves within the ruptured pipes and
seven types of loads identified with loss of cool-
ant accident (LOCA) on Table 3.9-2.

Amendment

2IA6100AE
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Subscction 3.6.3 and Appendix 3E describe the
implementation of the lcak-before-break (LBB)
evaluation procedures as permitted by the broad
scope amendment to General Design Criterion 4
(GDC-4) published in Reference 1. It is antici-
pated, as mentioned in Subsection 3.6.4.2, that
a COL applicant will apply to the NRC for
anproval of LBB qualification of selected piping
by submitting a technical justification report.
The approved piping, referred to in this SSAR as
the LBB-qualified piping, will be excluded from
pipe breaks, which are required to be postulated
by Subscction 3.6.1 and 3.6.2, for desigr |
against their potential dynamic effects. i
However, such piping are included in postulation
of pipe cracks for their effects as described in
Subsections 3.6.1.3.1, 3.6.2.1.5 and
362162 It is emphasized that an LBB
qualification submittal is no* a mandatory |
requirement; a COL applicant has an option to |
select from none to all technically feasible
piping systems for the benefits of the LBB’
approach. The decision may be made based Lpon a
cost-benefit evaluation (Reference 6).

3.6.1 Postulated Piping Failures
In Fluid Systems Inside and
Qutside of Containment

This subsection sets forth the design bases,
description, and safety evaluation for determin-
ing the effects of postulated piping failures in
fluid systems both inside and outside the con-
tainment, and for including necessary protective
measures.

3611 Design Bases
3.6.1.1.1 Criteria

Pipe break event protection conforms to 10CFRS0
Appendix A, General Design Criterion 4, Environ-
mental and Missile Design Bases. The design
bases for this protection is in comapliance with
NRC Branch Technical Positions (BTP) ASB 3-1 and
MEB 3-1 included in Subsections 3.6.1 and 3.6.2,
respectively, of NUREG-0800 (Standard Review
Plan).

It
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MEB 3-1 describes an acceptable basis for
sclecting the design locations and orientations
of postulated breaks and cracks in fluid systems
piping. Standard Review Plan Sections 3.6.1 and
3.6.2 describe icceptable measures that could be
taken for protection against the breaks and
cracks and for restraint against pipe whip that
may result from breaks.

The design of the containment structur:, com-

ponent arrangement, pipe rur ., pipe whip re-
straints and compartmentalization are cone in

Amendment
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consonance with the acknc viednest of protection
sgainst dynamic effects associated with a pipe
break event. Analytizally sized and positioned
pipe whip restraints are sngineered to preclude
damage based oo the pipe break evaluation

16.1.12 Objectives

Protection against pipe break eveat dynamic
effects is provided to fulfill the following ob-
jectives:

(1) Assure that the reactor can be shul down
safely and maintained in a safe cold shut-
down condition and that the consequences of
the postulated piping failure are mitigated
to acceptable limits without offsiic power.

(2) Assure that containment integrity is main-
tained.

(3) Assure that the radiclogical doses of a pos-
tulated piping failu. remain below the
limits of 10CFR100.

3.6.1.13 Assumptions

The following assumpt.ons are used to deter-
mine the protection requirements.

(1} Pipe break events may occur during normal
plant conditions (i.e., reactor startup,
operation at powe:, normal hot standby® or
reactor cooldown 10 a cold shutdown condi-
tions but excluding test modes).

{2) A pipe break svent may occur simultancously
with a seismic event, however, a seismic
event does not initiate a pipe break event.
This applies to Seismic Category | and non-
Seismic Category | piping.

(3) A single active component failure (SACF) is
assumed in systems used to mitigate conse-
quences of the postulated piping failure and
to shut down the reactor, except as noted

*  Normal hot standby is @ normally atigined
zero power plant operating state (as opposed
to @ hot standby initiated by G plant upset
condition) where both feedwater and main
condenser are available and in use.

Amezndment 1

(4)

(5)

(6)

LIAGIIOAL
REY. B

in item (4) below. A SACF is malfunction or
loss of function of a component of electric-
al or flvid systems. The failure of an ac-
tive component of a fMuid system is consi-
dered to be a loss of component function as
a result of mechanical, hydraulic, or elec-
trical malfunction but not the loss of tom-
ponent structural integrity. The direct
cousequences of a SACF are considered to be
s part of the single active failure. The
single active component failure is assumed
to occur in addition to the post-lated
piping failure and any direct consequences
of the piping failure.

Where the postulated piping failure is as-
sumed to occur in one of two or more redun-
dant trains of a dual-purpose moderate-en-
ergy cssential system (i.e., one required to
operate dur.og normal plant conditions as
well as to shut down the reactor and miti-
gate the consequences of the piping fail-
ure ), single active failure of componeats in
the other train or trains of that system’
only are not assumed, provided the system is -
designed to Seismic Category | standards, is
powered from both offsite and onsite sour-
ces, and is constructed, operated, and in-
spected to quality assurance, testing aend
inservice inspection standards appropriate
for nuclear safety-related systems. Re-
sidual heat removal system 15 an example of
such a system,

If a pipe break event involves a failure of
non-Seismic Category | piping, the pipe
break event must not result in failure of
essential systems, components and equipment
to shut down the reactor and mitigate the
consequences of the pipe break cvent consid-
ering a SACF in accordance with item« (3)
and (4) above.

If loss of offsite power is a direct conse-

quence of tue pipe break event (e.g., trip
of the turbine-generator producing a power

i
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sutge which in turn trips the main breaker),
then a loss of offsite power occurs in a
mechanistic time sequence with a SACF.
Otherwise, offsite power is assumed available
with a SACF.

(7) A whipping pipe is not capable of rupturing
impacted pipes of equal or groater nominal
pipe diameter, but may develop throughwal!
cracks in equal or larger nominal pipe sizes
with thinner wail thickness,

{8) All available systems, including those ac-
tuated by operator actions, are available to
mitigate the consequences of a postulated
piping failure. luo judging the availability
of svstems, account is taken of the postu-
lated failure and its direct conscquences
such as unit trip and loss of offsite power,
and of the assumed SACF and its direct con-
sequences. The feasibility of carrying out
operator actions are judged on the basis of
ample time and adequate access Lo equipment
being available for the proposed actions.

Although a pipe break event outside the
containment may require a cold shutdown, up to
cight hours in hot standby is allowed in order
for plant personnel (o assess the situation
and make repairs,

(1 Pipe whip occurs in the plane defined by the
piping geometry and causes movemett in the
direction of the jet reaction. If unre-
straired, a whipping pipe with a constant
energy source forms a plastic hinge and
rotates about the nearest rigid restraint,
anchor, or wall penetration. If unre-
strained, a whipping pipe without a constant
energy source (i.e., a break at a closed
valve with only one side subjevt to
pressure) is not capable of forming a
plastic hinge and rotating provided its
movement can be d.fined and evaluated.

{11) The fluid internal energy associated with
the pipe break reaction can take into
account any line restrictions (e.g., flow
limiter) between the pressure source and
break location and absence of energy
reservoirs, as applicable.

Amendment
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36114 Approach

To comply with the objectives previously
described, the essential systems, components,
and equipment are identified. The essential
systems, components, and equipment, or portions
thereof, are identificd in Table 3.6-1 for pip-
ing failures postulated inside the containment
and in Table 3.6-2 for outside the containment.

36,12 Description

The lines identified as high-encrgy per
Subsection 3.6.2.1.1 2re listed in Table 363
for inside the containment and in Table 3.6-4
tor outside the containment. Moderate-energy
piping defined in Subsection 3.6.2.1.2 is listed
in Table 3.6-5 for outside the containment.
Pressure response analyses are porformed for the
subcompartments containing h.gh-encrgy piping.
A detatled discussion of the line breaks
selected, vent paths, room volumes, analytical
methods, pressure results, e, is provided inm
Section 6.2 for primary containment _
subcompartments.

The cffects of pipe whip, jet impingement,
spraying, and flooding on required function of
essential sysiems, components, and equipment, or
portions thereof, inside and outside the
containment are considered,

In particular, there are no high-energy lines
near the control room. As such, there are no
effects upon the habitability of the contro!l
room by a piping failure in the control building
or elsewhere either from pipe whip, jet impinge-
ment, or transport of steam. Further discussion
on control room habitability systems is provided
in Section 6.4,

3.6.13 Safety Evaluation
36.13.1 Ceneral

An analysis of pipe break cvents is performed
to identify those essential systems, components,
and equipment that provide protective actions
required to mitigate, to acceptable limits, the

consequences of the pipe break event.

Pipe break events involving high-cnergy fluid
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systems are evaluated for the effects of pipe
whip, jet impingement, flooding, room pressuri-
zation, and other environmental effects such as
temperature. Pipe break events involving
moderate-energy fluid systems are evaluated for
wetting from spray, flooding, and other coviron-
mental effects.

By means of the design features such as
separation, barriers, and pipe whip restraints, a
discussion of which follows, adequate protection
is provided against the effects of pipe break
events for essential items to an extent that
their ability to shut down the plant safely or
mitigate the consequences of the postulated pipe
failure would not be impaired.

1.6 132 Protection Methods
461321 General

The dircet effects associated with a particu-

lar postulaied break or crack must be mechanis-
tically consistenc with the failure. Thus, actu-
ai pipe dimensions, piping layouts, matenal pro-
perties, and equipment arrangements are consider-
¢d in defining the following specific measure for
protection against actual pipe movement and other
assoctated consequences of postulated failures.
(1) Protection against the dynamic effects of
pipe failures is provided in the form of
pipe whip restraints, equipment shields, and
physical separation of piping, equipment,
and instrumentation.

The precise method chosen depends largely
upon limitations placed on the designer such
as accessibility, maintenance, and proximity
to other pipes.

361322 Separation

The plant arrangem :at provides physical
separation to the extent practicable to maintain
the independence of redundant essential systems
(including their auxiliaries) in order to prevent
the loss of safety function due to any single
postulated event. Redundant trains (e.g, A and
B trains) and divisions are located in separate
compartments to the extent possible. Physical
separauion between redundant essential systems
with their related auxiliary supporting features,
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therefore, is the basic protective measure
incorporated in the design ta protect against
the dynamic effects of postulated pipe failures.

Due to the complexities of several divisions
being adjacent to high-energy lines in the dry-
well and reactor building steam tunnel, speci-
fic break locations are determined in accordance
with Subsection 3.6.2.1.4.3 for possible spatial
separation. Care 1s taken to avoid concentra-
ting essential equipment in the break exclusion
zone allowed per Subsection 3.6.2.1.42. If
spatial separation requirements (distance and/or
arrangement to prevent damage) cannot be mei
based on the postulation ol specific breaks,
barriers, enclosures, shields, or restraints are
provided. These methods of protection are dis-
cussed on Subsections 3.6.1.3.2.3 arnd
3.6.1.3.2.4.

For other areas where physical separation is
not practical, the following high-energy line-«
separation analysis (HELSA) evaivatiou is done -
to determine which high- energy lines meet the
spatial separation requirement and which lines
require further protection:

(1) For the HELSA evaluation, no particular
break points are identified. Cubicles or
arcas through which the high-energy lines
pass are examined in total. Breaks are pos-
tulated at any point in the piping system.

Essential systems, comporents, and equipment
at a distance greater than thirty feet from
any high energy piping are considered as
meeting spatial scparation requirements. No
damage is assumed to occur due to jet im-
pingement since the impingement force be-
comes negligible beyond 30 feet. Likewise,
a 30-ft evaluation zone is established for
pipe breuks to assure protection against
poteatial damage from a whipping pipe. As-
surance that 30 feet represents the maximum
free length is made in the piping layout.

(3) Essential systems, components, and equipment
at a distance less than 30 feet from any
high-energy piping are evaluated to see if
damage could occur to more than one
essential division, preventing safe shutdown
of the plant. If damage occurred to only
one division of a redundant system, the
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requirement for redundant separation is
met. Ovher redundant divisions are
available for safe shutdown of the plant and
no further evaluation is perlormed.

If damaye could ocenr to more than one
division of a redundant essential system
within 30 ft of any high energy piping,
other protection in tae form of barriers,
shields, or enclosures is used. These
methods of protection are discussed in Sub-
section 3.6.1.3.2.3. Pipe whip restraints
as discussed in Subsection 3.6.1.3.2.4 are
used if protection from whipping pipe is not
possible by barriers and shields,

4

16,1323 Barriers, Shields, und Enclosures

Protection requirements are wmet through the
protection afforded Ly the walls, floors,
columns, abutments, and foundations in many
cases. Where adzquate protzction is not already
present due to spatial separation or existing
plart features, additional barriers, doilectons,
or shields are identified as necessary ‘o meet
the functional protection requirements.

Barriers or shie!ds that are identified as
necessity by the use of specific break locations
in the drywell are designed for the specific
loads associated with the particular break
lscation,

The steam tunnel is made of reinforced
concrete 2m thick. A steam tunnel subcompartment
analysis was performed for the postulated rupture
of a mainsteam line and for a feedwater lins (see
Subsection 6.2.3.3.1). The peak pressure from a
mainstcam line break was iound to be 11 psig.
The peak pressure from a feedwater une break was
found to be 3.9 psig. The steam tunrel is
designed for the effects of an SSE cointident
with high energy line oreak inside the steam
tunnel. Under this conservative load
combination, no failure in any portion of the
steam tunnel was found to occur; therefore, a
high energy line break inside the steam tunnel
will not effect control room habitability.

The MSIVs and the feedwater isolation and check
valves located inside the tunnel shall be
designed for the effects of a line break. The
details of how the MSIV and feedwater isolation
and check valves functional capabilities are
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protected against the effects of these
postulated pipe failures will be provided by the
applicant referencing the ABWR design (see
Subsection 3.6.4.1, item 4 and 6),

Barriers or shields that are identified as
necessary by the HELSA evaluation (i.e., based
on no specific break locations), are designed
for worst-case loads. The ¢losest high-energy
pipe location and resultant loads are used to
sizez the barriers.

161324 Pipe Whip Restraints

Pipe whip restraints are used where pipe
break protection requirements could not be
satisfied using spatial separation, barriers,
shields, or enclosures alone. Restraints are
located based on the specific break locations
determined in accordance with Subsections
3.6,2.1.4.3 and 3.6.2.1.4.4. After the
restraints are located, the piping and essentialt
systems are cvaluated for jet impingement and -
pipe whip. For those cases where jet
impingement damage could still occur, barriers,
shields, or enclosures are utilized.

The design criteria for restraints is given in
Subsection 3.6.2.3.3.

3.6.1.33 Specific Protection Measures

(1) Nonessential systems and system components
are not required for the safe shutdown of
the reactor, nor are they required for the
limitation of the offsite release in the
event of a pipe rupture. However, while
none of this equipment is needed during or
following a pipe break event, pipe whip
protection is considered where a resulting
failure of a nonessential system or
component ¢ould initiate or escalate the
pipe break event in an essential system or
component, or in another nonessential system
whose failure could affect an essential
system.

For high energy piping systems penctrating
through the coatainment, isolation valves
are located as close to the containment as
possible.

The pressure, water level, and flow sensor
instrumentation for those essential systems

(3)
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4)

()

(6)

which are required to functior following a
pipe rupture, are protected,

High-energy fluid system pipe whip
restraints and protective measures are
designed so that a postulated break in one
pipe could not, in turn, lead to & rupture
of other nearby pipes or components f the
secondary rupture cculd result in
consequences that would be considered
unacceptable for the initial postulated
break.

For any vostulated pipe rupture, the
structural integrity of the containment
structure is maintained. In addition, for
those postulated ruptures classified as a
loss of reactor coolant, the design leak
tichtness of the coniainment fission product
barrier is maintained.

Safety/reiief valves (SRV) and the reactor
core isolation cooling (RCIC) sy<tem steam-
line ars located and restrained so that a
pipe failure would not prevent depressuri-
zation.
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(7) Separation is provided to preserve the
independence of the low-pressure flooder
(LPFL) systems.,

(8) Protection for the FMCRD scram insert lines
is not required since the motor operation of
the FMCRD can adequately insert the control
rods even with a complete loss of insert
lines (See Subsection 3.6.2.1.6.1),

(9) The escape of steam, water, combustible or
corrosive fluids, gases, and hoat in the
event of a pipe rupture do not preclude:

(a) Accessibility to any arcas required to
cope with the postulated pipe rupture;

(b) Habitability of the control room; or

(¢) The ability of essential
instrumentation, electric power
supplies, components, and controls to
perform their safety-related function.

3.6.2 Determination of Break
Locations ar.d Dynamic Effects
Associated with the Postulated
Rupture of Piping

Information concerning break and crack
location criteria and methods of analysis for
dynamic effects is presented in this Subsection.
The location criteria and methods of analysis are
needed to evaluate the dynamic effects associated
with postulated breaks and cracks in high- and
moderate-energy fluid system pipi-g inside and
outside of primary containment. This information
provides the basis for the requirements for the
protection of essential structures, systems, and
components defined in introduction of Section
36

3.62.1 Criteria Used to Define Break and
Crack Location and Configuration

The following subsections establish the
criterie for the location and configuration of
postulated breaks and cracks.

362.1.1 Definition of High-Energy Fiuid
Systems

High-energy fluid systems are defined te be
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those systems or portions of systems that,
during normal plant conditions (as defined in
Subsection 3.6.1.1.3(1)),are either in operation
or are maintained pressurized under conditions
where cither or both of the following are met:

(1) maximum operating temperature exceeds
200°F, or

(2) maximum operating pressure exceeds 278 psig.

3.6.2.12 Definitien of Moderate-Energy Fluid
Systems.

Moderate-energy fuid systems are defined to
be those systems or portions of systems that,
during normal plant conditions (as defined in
Subsection 3.6.1.1.3.(1)), are cither in
operation or are maintained pressurized (above
atmospheric pressure) under conditions where
both of the following are met:

(1) maximum operating temperature is 200°F |
or less, and

2) maximum operating pressure 18 275 psig or
less.

Piping systems are classified as
moderate-energy systems when they operate as
high-energy piping for only short operational
periods in performing “heir system function but,
for the major operational period, qualify as
wnderate-erergy fluid systems. An operational
p ' «d is considered short if the total fraction
of time that the system operates within the
pressure-temperature conditions specified for
high-energy fluid sysiems is less than two
percent of the total time that the system
operates as a moderate-energy fluid system.

3.62.1.2 Postuluted Pipe Breaks und Cracks

A postulated pipe break is defined as a
sudden gross failure of the pressure boundary
either in the form of a complete circumferential
severance (guillotine break) or a sudden
longitudinal split without pipe severance, and
is postulated for high-energy fluid systems
only, For moderate-energy fluid system, pipe
failures are limited to postulation Hf cracks in
pipinZz and branch runs. These cracks affect the
surrounding environmental conditions only and do
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not result in whipping of the cracked pipe.
High-energy fluid systems are also postulated to
have cracks for conservative environmental
conditions in a conflined arca where high- and
moderate-energy fluid systems are located.

The following high-energy piping systems (or
portions of systems) are considered as potential
candidates for a postulated pipe break during
normal plant conditions and are analyzed for
potential damage resulting from dynamic cffects:

(1) All piping which is part of the reactor
coolant pressure boundary and subject to
reactor pressure continuously during station
operation,

(2) All piping which is beyond the second
isolation valve but subject to reactor
pressure continuously during station
operation; and

(3) All other piping systems or portions of
piping systems considercd high-energy
systems.

Portions of piping systems that are isolated
from the source of the high.cacrgy fluid during
normal plant conditions are exempted from
consideration of postulated pipe breaks. This
includes portions of piping systems beyoand a
normally closed valve. Pump and valve bodies are
also exempted from consideration of pipe break
because of their greater wall thickness.

3.62.1.4 Locations of Postulated Pipe Breaks

Postulated pipe break locations are selected
as follows:

3.62.1.4.1 Piping Meeting Separalion
Requirements

Baser on the HELSA evaluation described in
Subsection 3.6.1.3.2.2, the high-energy lines
which meet the - ‘al separation requirements

” For those loads and conditions in which
Level A and Level B stress limits have been
specified in the Design Specification
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are generally not identified with particular
break points. Breaks are postulated at all
possible points in such high-energy piping
systems. However, in some systems break points
are particularly specified per the following
subsections if special protection devices such
as barriers or restraints are provided.

36.2.1.42 Piping in Containment Penetration
Areas

No pipe breaks or cracks are postulated in
those portions of piping from containment wall
to and including the inboard or outboard
isolation valves which meet the following
requirement in addition to the requirement
the ASME Code, Section I11, Subarticle NE-1120:

(1) The following design stress and fatigue
limits are not exceeded:

Fot ASME Code. Section IiL. Class 1 Pigi

(a) The maximum stress range between any two
loads sets (including the zero load set)
does not exceed 2.4 S, and is
caleulated® by Eq. (10) in NB-T53, ASME
Code, Section 11

If the calculated maximum stress range
of Eq. (10) exceeds 2.4 S, the stress
ranges caleulatad by both'tq. (12) and
Eq. (13) in Puragraph NB-3653 meet the
limit of 2.4 Sm'

{b) The cumulative usage factor is less than
0.1

(¢) The maximum stress, as calculated by Eq.
(9) in NB-3652 under the loadings
resulting from a postulated piping
failure beyond these portions of piping
does not exceed the lesser of 2.25 §
and 1.8 §_ except that following ™
failure outfide containment, the pipe
betweer the outboard isolation valve and
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(2)

(e)

the first restraint may be permitted
higher stresses provided a plastic hinge
is not formed and operability of the
valves with such stresses is assured in
accordance with the requirement
specified in Section 3.9.3. Primary
loads include those which are deflection
limited by whip restraints.

For ASME Code. Section 11l Class 2 Pipi
(@

The maximum stress as calculated by the
sum of Egs. (9) and (1C) in Paragraph
NC-23652, ASME Code, Section 111,
considering those loads and conditions
thereof for which level A and level B
stress limits are specified in the
system’s Design Specification (ie.,
sustained loads, occasic nal loads, and
thermal expansion) including an OBE
event does not exceed 0.8(1.8 S, +
S$.). The S, and §, are allowdble
s(?esses at mn‘hmum @m) temporature
and allowable stress runge for thermal
expansion, respectively, as defined in
Article NC-3600 of the ASME Co'e,
Section 1.

The maximum stress, as calculated by Eq.
(9) in NC-3653 under the loadings
resulting from a postuiated piping
failure of fluid system piping beyond
these portions of piping does not exceed
the lesser of 2.25 S and 18 Sy.

Primary loads include those which are
deflection limited by whip restraints, The
exceptions permitted in (¢) above may also
be applied provided that when the piping
between the outboard isola- tion valve and
the restreirt is con- structed in accordance
with the Power Piping Code ANSI B3l.1, the
piping is cither of seamless construction
with fuil radiography of all circumferential
welds, or all longitudinal and circum-
ferential welds are fully radiographed.

Welded attachments, for pipe supports or
other purposes, to these portions of piping
are avoided except where detailed stress
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analyses, or tests, are performed to
demonstrate comphiance with the limits of
item (1),

The number of circumferential and longi-
tudinal piping welds and branch connections
are minimized. Where penctration sleeves
are used, the enclosed portion of fluid
system piping 1s seamless construction and
without ¢ircumferential welds unless
specific access provisions are made to
permit inservice volumetric examination of
longitudinal and circumferential welds.

The length of these portions of piping are
raducad to the minimum length practical.

The design of pipe anchors or restraints
(e.g , conncctious (o containment
penctrations and pipe whip restraints) do
not require welding directly 1o the outer
surface of the piping (¢.g., fMued integ-
rally forged pipe fittings =way pe ased)
except where such wolds are 100 percent
volumetrically examinable in service and a
detailed stress analysis is purformed to
demonstrate compliance with the limits of
item (1),

Sleeves provided for those portions of
piping in the contuinment penetration areas
are constructed in accordance with the rules
of Class MC. Subsection NE of the ASME Code,
Section I11. where the sleeve is part of the
containment boundary. In addition, the
entire sleeve assembly is designed 1+ meet
the following requirements and tests:

(a) The design pressure and temperature are
not less than the maximam operating
pressure and temperature of (he
enclosed pipe under normal plant
conditions.

(b) The Level C stress limits in NE-3220,

ASME Code, Section 11T, are not

exceeded under the loadings associated

with containment design pressure and
temperature in combination with the
safe shutdown carthquake.
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(¢) The assemblies are subjected to a single
pressure test at a pressure not less
than its design pressure.

(d) The assemblies do not prevent the access
required to conduct the inservice
examination specified in item (7).

(7) A 100% volumetric inservice examination of
all pipe welds would be conducted during
cach inspection interval a- defined in
IWA-2400, ASME Code, Section X1,

| 362143 ASME Code Section 111 Class 1
Piping In Areas Other Than Containment
Penetrution

With the exceptivn of those portions of piping
identified in Subsection 3.6.2.1.4.2, breaks in
ASME Code, Section 111, Class 1 piping are
postulated at the following locations in cach
piping and branch run:

(a) At terminal ends®

(b) At intermediate locations where the
maximum: stress range (see Subsection
3.6.2.1,4.2, Paragraph (1)(a)) as
calculated by Eq. (10) in NB-3653, ASME
Code, Section 117,

If the calculated maximum stress range
of Eq.(10) exceeds the stress range
calculatzd by both Eq.(12) and Eg. 13)
in Paragraph NB-3653 should meet the
limit of 2.4 Sm.

(¢) At intermediate locations where tne
cumulative usage factor cxceeds 0.1

* Extremities of piping runs thai connect to
Structures, components (e.g., vessels, pumps,
valves), or pipe anchors that act as rigid
constrainis to piping motion and thermal
expansion. A branch connection to a main
piping run is a terminal end of the branch
run, excep! where the branch run is classified
as pari of @ main run in the stress analvsis
and is shown to have a significant effect on
the main run behavior. In piping runs which
are maintained pressurized during normal plant
conditions for only a portion of the run
fi.e., up to the first normally closed valve)
a terminal end of such runs is the piping
connection to this closed valve.
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As a result of piping re-analysis due to
differences between the design configuration
and the as-built configuration, the highest
stress or cumulative usage factor locations
may be shifted; however, the iaitially
determined intermediate break locations need
not be changed unless one of the following
conditions exists:

(1) The dynamic effects from the new
(as-built) intermediate break locations
are not mitigated by the original pipe
whip restraints and jet thields.

(i) 4 change is required in pipe parameters
such as major differences in pipe size,
wall thickness, and roating.

162.1.44 ASME Code Section 11 Class 2 and
* Piping in Areas Other Than Conta‘nment
etration

With the exceptions of those portions of
piping identified in Subsection 7.6,2.14.2, -
breaks in ASME Caodes, Section "1, Class 2 and 3
piping are postulated at the following locations
ir those portions of each piping and branch run:

(a) At terminal ends (see Subsection
3.6.2.1.4.3, Paragraph (a))

(b) At intermediate locations selected by one of
the following criteria:

(1) At cach pipe fitting (e.g., elbow, tee,
cross, flange, and nonstandard
fitting), welded attachmeat, and
valve, Where the piping contains no
fittings, weided attachments, or
valves, at one location at each extreme
of the piping run adjacent to the
protective structure

(1)) At each location where stresses calcu-
lated (see Subsection 3.6.2.1.4.2,
Paragraph (1)(d)) by the sum of Egs.
(9) and (10) in NC/ND-3653, ASME Code,
Section [, exceed 0.8 times the sum
of the stress limits given in NC/ND-
3653,

As a result of piping re-analysis due
to differences between the design
configuration and the as-built
configuration, the highest stress
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locations may be shifted; however, the
initially determined intermediate break
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locations may be used unless a redesign
of the piping resulting in a change in
the pipe parameters (diameter, wall
thickness, routing) is required, or the
dynamic effects from the new (as-built)
intermediate break location are not
mitigated by the original pipe whip
restraints and jet shields.

162,145 Nov-ASME Class Pipiog

Breaks in seiswically analyzed non-ASME Class
{not ASME Class 1, 2 ur ?) piping are postulated
according to the same requirements for ASME Class
2 and 3 piping above. Separation and interaction
reguircments between Seismically analvzed and
non-seismically analyzed piping are met as
described in Subsection 3.7.3.13.

362146 Separating Structure Wit!; High-
Eneryy Lines

If a structure separates a high energy line
from an essential component, the separating
structure is designed to withstand the consequen-
ces of the pipe break in the high-energy line at
locations that the alorementioned criteria
require to be postulated. However, as noted in
Subsection 3.6.1.3.2.3, some structures that are
identified as necessary by the HELSA evaluation
(i.e., based on no specific break locations), are
designed for worst-case loads.

3.6.2.1.5 Locations of Postulated Pipe Cracks

Postulated pipe crack locations are selected
as follows:

3162151 Piping Meeting Separation
Regiirements

Based on the HELSA evaluation described in
Subsection 3.6.1.3.2.2, the high- or moderate-
encrgy lines which meet the separation require-
ments are not identified with particular crack
locations. Cracks are postulated at all possible
points that are necessary to demonstrate adequacy
of separation or other means of protections pro-
vided for essential structures, systems and
components.

362.1.52 High-Energy Piping

With the exception of those portions of piping
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identified in Subsection 3.6.2.1 4.2, leakage
cracks are postulated for the most severe
environmental effects as follows:

(1) For ASME Code, Section 11T Class 1 piping,
at axial locations where the calculated
stress range (sce Subsection 3.6.2.1.4.2,
Paragraph (1)(a)) by Eq. (10) and either Eq
(12) or Eq. (13) in NB-3653 exceeds 1.2

Sm-

(2) For ASME Code, Section 111 Class 2 and 3 or
non-ASME class piping, at axial locations
where the calculated stress (see Subsection
3.6.2.1.4.4, Paragraph (b){ai)) by the sum
of Egs. (9) and (10) in NC/ND-3653 exceeds
0.4 times the sum of the stress himits given
in NC/ND-3633,

(3) Non-ASME class piping which has oot been
cvaluated to obtuin stress information have
leakage cracks postulated at axial locations;
that produce the most severe environmental |
effects,

3.62.1.83 Maoderate-Energy Uiping

162,151 Piping In Containment Penetration
Areas

Leakage cracks are not postulated in those
portions of piping from containment wall to and
including the inboard or outboard isolation
valves provided they meet the requirements of
the ASME Code, Section TII, NE-1120, and the
stresses calculated (Sec Subsection 3.6.2.14.4,
Paragraph (b)(ii)) by the sum of Eqgs. (9) and
(10) in ASME Code, Section 11, NC-3653 do not
exceed 0.4 times the sum of the stress himits
given in NC-3653,

36.2.1.53.2 Piping In Areas Other Than
Containment Penetration

(1) Leakage cracks are postulated in piping
located adjacent to essential structures,
systems or componeals, except:

{a) Where exempted by Subsections
3.6.2.1.5.3.1 and 3.6.2.1,5.4,

{b) For ASME Code, Section I, Class 1 pip-

ing the stress range calculated (sce
Subsection 3.6.2.1.4.2, Paragraph (1)
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(a)) by Eq. (10) and either Eq. (12) or Eq.
{(13) in NB-3653 is less than 1.2 Sm.

(¢) For ASME Code, Section I1I, Class 2 or 3 and
non-ASME class piping, the stresses calcu-
lated (sce Subsection 3.6.2.1.4.4, Paragraph
(b)(i1)) by the sum of Egs. (9) and (10) in
NC/ND-3653 are less than 0.4 times the sum
of the stress limits given in NC/ND-3653.

(2) Leakage cracks, unless the piping system is
exempted by item (1) above, are postulated
at axial and circumferential locations that
result in the most severe environmental
consequences.

(3) Leakage cracks sre postulated in fluid
system piping designed to nonscismic
standards as necessary to meet the
environmental protection requirements of
Subsection 3.6.1.1.3,

3.6.2.1.5.4 Mocle ate-Energy Piping in Proximity
to High-Enerygy 'iping

Moderate-energy fluid system piping or
portions thereof that are located within a
compartment of confined arca involving
considerations for a postulated break in
high-energy fluid system piping are cceptable
without postulation of throughwall leakage cracks
except where a postulated leakage crack in the
moderaic-energy fluid system piping results in
more severe environmental conditions than the
break in the proximate high-energy fluid system
piping, in which case the provisioas of
Subsection 3.6.2.1.5.3 are applied.

362.1.6 Types of Breaks and Cracks to be
Posiulated

36.2.1.6.1 Pipe Breaks

The following types of breaks are postulated
in high-energy fluid system piping at the
locations identified by the criteria specified in
Subsection 3.6.2.1.4.

{1} No breaks are postulated in piping having a
nominal diameter less than or equal to one
inch. Instrument lines one inch and less
nominal pipe or tubing size mee: the
provision of regulatory Guide 1.11 (See
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Table 3.2-1). Additionally, the 1-1/4-inch
hydraulic control unit fast scram lines do
not require special protection measure
because of the following reasons:

(a) The piping to the control rod drives
from the hydraulic control units (HCUs)
are located in the containment under
reactor vessel, and in the rcactor
building away from other safety-related
ecquipment; therefore should a line fail,
1t would not affect any safety-related
equipment but only impact on other HCU
lines. As discussed in Subsection 3.6,
1.1.3, Paragraph (7), a whipping pipe
will only rupture an impacted pipe of
smaller nominal pipe sice or cause a
through wall crack in the ssme nominal
pipe size but with thioner wall
thickness.

(b) The total amount of energy contained in
the 1-1/4" piping between normally'
closed scram insert valve on the HCU -
module and the ball-check valve in the
control rod housing is small. In the
event of a rupture of this line, the
pall-check valve will close to prevent
reactor vessei flow out of the break.

(¢) Even if a number of the HCU lines rup-
tured, the control rod insertion func-
tion would not be impaired since the
electrical motor of the fine motion con-
trol drive would drive in the control
rods.

Longitudinal breaks are postulated only in
piping having 2 numinal diameter equal to or
greater than four inches.

Circumferential breaks are only assumed at
all terminal ends.

At each of the intermediate postulated break
locations identified to exceed the stress
and usage factor limits of the criteria in
Subsections 3.6.2.1,4.3 and 3.6.2.1.4.4,
considerations is given to the occurrence of
either a longitudinal or circumferential
break. Examination of the state of stress
in the vicinity of the postulated break
location is used to identify the most
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probably type of break. If the maximum
stress range in the longitudinal direction
is greater than 1.5 times the maximum stress
range in the circumferential direction, only
the circumferential break is postulated.
Conversely, if the maximum stress range in
the circumferential direction is greater
than 1.5 times the stress range in the
longitudinal direction, only the longitudi
nal break is postulated. I ao significy
difference between the circumferential o
longitudinal stresses is determined, th
both types of breaks are considered,

Where breaks are postulated to occur at each
intermediate pipe fittin, weld attachment,
or valve without the benefit of stress
calculations, only circumferential breaks
are postulated.

For both longitudinal and circumferential
breaks, after assessing the contribution of
upstream piping flexibility, pipe whip is
assumed to occur in the plane defined by the
piping geometry and configuration for
circumferential breaks and out of plane for
longitudinal breaks and to cause piping
movement in the direction of the jet reac-
tions, Structural members, piping
restraints, or piping stiffness as demon-
strated by inelastic limit analysis are
considered in determining the piping
movement limit (alternatively, circumfer-
ential breaks are assumed to result in pipe
severance and separation amounting to at
least a one-diameter late. al displacement of
the ruptured piping sections),

For a circumferential break, the dynamic
force of the jet discharged at the break
location is based upon the cffective
cross-sectional flow area of the pipe and on
a calculated fluid pressure as modified by
an analytically or experimentally determined
hrust coefficiert. Limited pipe
displacement at the break location, line
restrictions, flow limiters, positive
pump-controlied flow, and the absence of
encrgy reservoirs are used, as applicable,
in the reduction of the jet discharge.

Long.tudinal breaks in the form of axial
split without pipe severance are postulated

Amendment 7
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in the center of the piping at two
diametrically apposed points (but not
concurrently) located so that the reaction
foree is perpendicular to the plane of the
piping configuration and produces put-of-
plane bending. Alternatively, a single
split is assumed at the section of highest
tensile stress as determined by detailed
stress analysis (e.g., finite element
analysis).

(9) The dyvamic force of the fluid jet discharge
is based on a circular or elli- cical (2D x
1/2D) break area equal to the effective
cross-sectional flow arca of he pipe at the
break location and on a calculated fluid
pressure modified by +  analytically or
experimentally determined thrust coefficient
as determined for a circumferential break at
the same locotion. Line restrictions, flow
limiters, positive pump-controlled flow, and
the absence of energy reservoirs may be,
taken into account as applicable in the |
reduction of jet discharge.

362162 Pipe Cracks

The following criteria are used to postulate
throughwall leakage cracks in high- or moderate-
energy fluid systems or portions of systems.

(1) Cracks are postulated in moderate-energy
fluid system piping and branch runs
exceeding a nominal pipe size of one inch.

(1) At axial locatians determined per Subsection
3.6.2.1.5, the postulated cracks are
oriented circumferentially to result in the
most severe envirormental consequences.

(3) Crack openings are assumed as a circular
orifice of area equal to that of a rectangle
having dimensions one-half-pipe-diameter in
length and one-half-pipe-wall thickness in
width.

(4) The flow from the crack opening is assumed
to result in an eavironment that wets all
unprotected components within the compart-
ment, with consequent flooding in the com-
partment and communicating compartments,
based on a conservatively estinated time
period to effect corrective actions

16-12
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1.6.2.2 Analytic Methods 1o Define Blowdown
Forcing Functions and Response Models.

362,10 Analytic Methods to Define Blowdown
Forcing Functions.

The rupture of a pressutized pipe causes the
flow characteristics of the system to change
creating reaction forces which can dynamically
excite the piping system. The reaction forces
are a function of time and space and depend upon
fluid state within the pipe prior to rupture,
break flow area, frictional losses, plant system
characteristics, piping system, and other
factors. The methods used to calculate the
reaction forces for various piping systems are
presented in the following subsections.

The criteria that are used for ¢alculation of
fluid blowdown forcing functions include:

(1) Circumferential breaks are assumed to result
in pipe severance and separation amounting
to at least a ony-diameter lateral
displacement of the ruptured piping sections
unless physically limited by piping
restraints, structural members, or piping
stiffness as may be demonstrated by
inelastic limit analysis (e.g., a plastic
hinge in the piping is not developed under
loading).

(2) The dynamic force of the jet discharge at
the break location is based on the
cross-sectional flow area of the pipe and on
a calculated fluid pressure as modified by
analytically. or experimentally-determined
thrust coefficient. Line restrictions, flow
limiters, positive pump-controlied flow, and
the absence of energy reservoirs are taken
intlo accounts, as applicable, in the
reduction of jet discharge.

(3) All breaks are assumed to attain full size
within one millisecond after break
initiation,

The forcing functions duc to the postulated
pipe breaks near the reactor ot at 2 hranch
connection are calculated by the solution of
one-dimensional, compressible unsteady st flow
in the gas system. The numerical analysis is
performed by the method of characteristics. The
flow starts with steady flow from the RPV (o the
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turbine. A pipe break caghes the steam flow to
reverse its direction ana to flow from the
turbine to the break location. The pipe segment
force time histories are determined by
calculating the momentum change in the pipe |
segments of a closed system. The broken pipe
segment force time history i+ calculated in
accordance with Appendix B of ANSI/ANS-582

36113
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16222 Pipe Whip Dynamic Response
Analyses

The prediction of time-dependent and steady-
thrust reaction loads caused by blowdown of sub-
conled, saturated, and two-phase fluid from rup-
tured pipe is used in design and evalation of
dynamic cffects of pipe breaks. A discussion of
ide analyvtical methods employed to compute these
blowdown loads is given in Subsection 3622 1.
Following is a discussion of analytical methods
used to account for this loading.

The criteria used for performing the pipe whip
dynamic response analyses include:

(1) A pipe whip analysis is performed for cach
postulated pipe break. However, a given
analysis can be used for more than one post-
ulated break location if the blowdown forc-
ing function, piping and restraint system
geometry, and piping and restraint system
properties are conservative for other break
locations.

{2) The analysis includes the dynamic response
of the pipe in question and the pipe whip
restraints which transmit loading to the
support structures.,

{3) The analytical model adequaiely represents
the mass/inertia and stiffness properties of
the system.

(4) Pipe whipping is assumaed to occur in the
plane defined by the piping geometry and
configura’ion and to cause pipe movement in
the direction of the jet reaction.

Amendment
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(5) Piping within the broken loop is no longer
considered part of the RCPB. Plastic
deforaation in the pipe is considered as a
potential energy absorber  Limits of strain
are imposed which are similar to strain
levels allowed in restrain' plastic
members. Pip ag systems are designed so
that plastic instability wors not ocour in
the pipe at the design dynamic and static
loads uuless damage studies ure performed
which show the consequences do not result in
direct damage 10 any essential system or
component.

(6) Comipone.  such as vosiel safe ends and val-
ves which are attached to the broken piping
system, ¢o not serve a safeiv-related func-
tion, or failure of which would not further
escalate the consequences of the accident
are not designed to meet ASME Coue-imiposed
limits for essential components under fault-
ed loading. However, if these components
are required for safe shutdown or serve to' |
protect the structural integrity of an es- °
sential component, limits to meet the Code
requirements for faulted conditions and li-
mits to ensure required operability will be
met,

(7) The piping stresses in the containment
penetration arcas due to loads resulting
from a postulated piping failure can not
exceed the limits specified in Subsection
36.2.0.42(1)¢,;.

An analysis for pipewhip restraint selection
PDA computer program; and a pipe break modeling
program ANSYS are performed as described in
Appendix 3D, which predicts the response of a
pipe subjected to the thrust force occurring
after a pipe break. The program treats the
situation in terms ¢ © *eneric pipe break con-
figuration which invo. 2s a straight, uniform
pipe fixed at one end and subjected to a time-
-dependent thrust force at the other end. A
typical restraint used to reduce the resulting
deformation is also included at a location
betveen the two ends. Nonlinear and
time-independent stress- strain relationships
are used to model the pipe and the restraint
Using a plastic-hinge concepi, bending of the
pipe is assumed to occur only at
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the fixed end and st the location supporied by
the restraint,

Effects of pipe shear deflection are consider-
ed negligibie. The pipe ¢nding moment-deflec
tion (or rotation) reiation used for these ' ca-
tions is obtained from a static nonhaoar
cantilever-boram anulysis. Using the moment-ro-
ti. n relation, nonlinecr equations of motion of
the pipe are formulated using energy considera-
tions and the equations ure numerically integrat.
ed in small time steps to yield time history of
the pipe motion.

The piping stresses in the coutainment
penettation arcas are calculated by thy ANSYS
compuler program, a program as described in
Appendix 3D, ©, ¢ program s used 1o perform the
non-linear analysis of & piping system for time
varying displaccments and forces due to
postulated - ¢ breaks.

3623 Dynamic Analysis ** thods to Verify
Integrity and Operability

16231 Jet Impingement Analyses und
¥ Mects on Safety-Related Components

The methods used to evaluate the jet effects
resulting from the postulated breaks of high-
energy piping are described in Appendices C and
D of ANSI/ANS 582 and presented in this
subsection.

The criteria veed for evaluating the effects
of fluid jets on essential structures, systems,
and components are as follows:

(1) Essertial structures, systems, and compo-
nents are not impaired so as to preclude es-
sential functions. For any given postulal.
ed pipe break and consequent jet, those es-
sential structures, systems, and components
need 1o safely shut down the plant are
identified.

(2) Essential structures, systems, and compo-
nents which are hot necessary to safely shut
down the plant for a given break are not
protected from the consequences of the fluid |
jet.

(3) Safe shutdown . . the plant due o postulated
pipe ruptures within the RCPB is not
aggravated by sequential failures of
safety-related piping and the required
emereency cooling system performance is
ma’ aained.

(4 Offsite dose limits specified in 10CFR100
are complied with.

(5) Postulated breaks resulting in jet
impingement loads are assumed (0 occur in
high-energy lines at full (102%) power |
operation of the plant,

(6) Throughwal! leakage cracks are postulated in
moderate energy lines end are assumed to

An 1S
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(a)

b

(c)
(d)

where

Al.
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quantify. For these cases, the following
assumptions are made.

The jet is un formly disteibured around
the periphery.

The jet crose section at any cul through
the pipe uxis has the configuration
depicted in Figure 3.6-3b and the jet
regions are us thereia delinested.

The jet “» 'ol'j « total blowdown F

The pressure st any point intersected by
the jet is:

r,."

) e
"R

the total 60" area of the jet at o
radius eqeul to the distatce from the
pipe centerline to the target.

The pressure of the jet is then

multiplied by the ares of the target
submerged within the jet.

(12)

(a)

(d)

Target loads are determined using the
following procedures.

For both the fully separated
circumlerential break and the
longitudingl break, the jeo is studied
by determining tarpet locations vs.
asymplomatic distance and applying
ANSI/ANS S82, Appendices C and D,

For circumferential break limited
separation, the jet is analyzed by
using different equations of ANSI/ANS
S8.2, Appendices C and D and determing
respective target and asymptomatic
locations

N617
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Code Section HH-imposed limits for essential
components under faulted loading.

(2) If these components are required for safe
shutdown of serve to proteet the structural
integrity of an essential compooent, limits
to meet the ASME Code requi.ements for
faulted conditions and limits to ensure
requited operability are met

The methods used to ealculate the pipe whip
loads on piping componcuts in the same run as the
postulated break are described in Section
36222

162322 Pipe Displacement Effects =
Essentlal Structures, Other Systems, snd
Components

The criteria and methods used to caleulate the
effects of pipe whip on external components
vonsists of the following:

(1) Tne effects on essential structures and bar-
riers are evaluated in accordance with the
barrier design procedures given in Subsec.
tion 3.5.3

(2) U the whipping pipe impacts a pipe of equal
or greater nominal pipe diameter and equal
or greater wall thickness, the whipping pipe
does not rupture the impacted nipe.  Other-
wise, the i pacted pipe is sisumed to be
ruptured.

(3) 1f the whipping ppe impacts other compo-
nents (valve actuators, cable trays, con-
duits, ete.), it is assumed that the im-
pacted component ic unavailable to mitigate
the vonsequences of the pipe break event

(4) Damage of uurestrained whipping pipe on es-
sential structures, components, and systems
other than the ruptured one is prevented by
cither separating high encrgy systems from
the essential systems or providing pipe whip
restraints,

16223 Loading Combinations and Design
Criteria for Pipe Whip Restraint

Fipe whip restraints, as differentiated from
piping supports, are designed to function and
carry load for an extremely low-probability gross
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I3A6LIAL
S——— L%

failure in a piping system carrying high. energy
fluid. In the ABWR plant, the piping integrity
does not depend on the pipe whip restraints for
any piping design loading combination including
carthquake but shall remain functional following
an carthquake up to and including the SSE (See
Subsection 3.2.1). When the piping integrity is
lost because of & postulated Sreak, the pipe
whip restraint acts (o limit the movement of the
broken pipe to an acceptable distance. The pipe
whip restraints (Le., those devices which serve
only to control the movement of & ruptured pipe
following gross failure) will be subjected to
once in-a-lifetime loading. For the purpose of
the pipe whip restraint design, the pipe break
is considered to be a faulted condition (See
Subsection 39.3.1.1.4) and the structure to
which the restraint is attached is also analyzed

nd designed accordingly. The pipe whip
ivstraints are non-ASME Code components,;
however, the ASME Code requiroments may be used
in the design sclectively to assure ils
safety-related function if ever needed  Other

methods, i testing, with reliable data base ~

for design and sizing of pipe whip restraints
can also be used,

The pipe whip restraints utilize energy ab.
sorbing U-rods to attenuate the kinetic encrgy
of a ruptured pipe. A typical pipe whip re-
straint is shown in Figure 356, The principal
feature of these restraints iy that they are in-
stalled with several inches of annular clearance
between them and the process pipe. This allows
for installation of notmal piping insulation and
for unrestricted pips thermal movements during
plant operation. Select critical locations in.
side primary containment are also monitored
during hot functional testing to provide verific
cation of adequate clearances prior to plant
operation. The specific design objectives for
the restraints are.

(1) The restraints shall in no way increase the
reactor coolant pressure boundary stresses
by their presence during any normal mode of
reactor operation or condition,

(2) The restraint system shall function Lo stop
the movement of a pipe failure (gross loss
of plping mtegrity) without allowing damage
to critical components or missile develop-
ment; and
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accordance with Subsections 3.6.2.1.58 ard
362162

The LBB approach is not applicable 1o piping
systems where operating experience has indicated
patticular susceptibility to fuilure from the
effects of intergranular stress corrosion
cracking (1GSCC), water hammer, thermal fatigues,
Of Erosion,

The LBB approach is not a replacement for
existing regulations or criteria pertaining to
the design bases of emorgency core cooling system
(Subsection 6.3), containment system (Subsection
6.2) of equipment qualification (Subsection
3.11). However, benefits of the LBB procedures
to these arcas will be taken and the subsections
will be revised as the regulations will be
relaxed by the NRC. For clarity, it is noted
that the LBB approach is not used to relax the
design requirements of the primary containment
system that includes the primary containment
vessel (PCV), vent systems (vertical flow
vnannels and horizontal vent discharges), drywell
rones, suppression chamber (wetwell), vacuum
breakers, PCV penctrations, and drywell head.
However, in designing for loads per Table 3.9-2,
which does not apply to these PCV subsys: tems,
the seven types of design loads identified with
LOCA-induced dynamics of suppression pool or
shield wall annulus pressurization are excluded
if they are a result of LOCA postulated in those
piping that meet the LBB criteria

Appendix 3E characterizes fracture mechanics
properties of piping materials and analysis me-
thods including leakage calculation methods, as
required by the criteria of this subsection.
Following NRC's review and approval, this appen-
dix will becor = approved LBB methodology for app-
lication to ABWR Standard Plant piping. Appendix
3F applies these properties and methods (o
specific piping to demonstrate their eligibi-
lity for exclusion under the LBB approach. See
Subsection 3.6.4.2 for interface requirements.

1621 General Evaluation

The high-energy piping system (or analyzable

Amendment 7
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portion thereof) is evaluated with the following
considerations in addition to the deterministic
LBB evaluation procedure of Subsection 3632

(1) Degradation by erosion, erosion/corrasion
and erosion/cavitation due to unfavorable
flow conditions and water chemistry is
examined. The evaluation s based on the
industry experience and guidelines. Addi-
tionally, fabrication wall thinning of ¢l
bows and other fittings is considered in the
purchase specification to assure that the
code minimum wall requitements are met.
These evaluations demonstrate that these me-
chanisms are not potential sources of pipe
rupture

(2) The ABWR plant design involves operaiion
below 7009F in ferritic steel piping and
below BOOCF in austenitic steel piping.
This assures that creep and creep-latigue
are not potential sources of pipe rupture.

(3) The design also assures that the piping
material is not susceptible to brittle
cleavage-type failure over the full range of
system operating temperatures (that is, the
material is on the upper shelf).

(4) The ABWR plant design specifies use of
austenitic stainless steel piping made of
material (e.g., nuclear grade or low carbon
type) that is recognized as resistant to
1IGSCC. The material of piping in reactor
coolant pressure boundary is ferritic steel.

(5) A systems evaluation of potential water
hammer is made to assure that pipe ruptare
due to this mechanism is unlikely. Water
hammer is a generic ierm including various
unanticipated high {requency hydrodynamic
cvents such as steam hammer and water
shigging. To demonstrate that water hammer
i not a significant contributor to pipe
rupture, reliance on historical frequency of
water hammer events in specific piping
systems coupled with a review of operating
procedures and conditions is used for this
evaluation, The ABWR design includes
features such as vacuum breakers and jockey
pumps coupled with improved operational
procedures to reduce or eliminate the pot
ential for water hammer identified by past
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(6)

)

(%)

b))

experience. Certain anticipated water
hammer events, such as a closure of a valve,
are accounted for in the Code design and
analysis of the piping.

The systems evaluation also addresses a po-
tential for fatigue cracking or failure from
thermal and mechanical induced fatigue,
Based on past experience, the piping design
avoids potential for significant mixing of
high- and low: temperature fluids or
mechanical vibration, The startup and
preoperational monitoring assures avoidance
of detrimental mechanical vibration,

Based on experience and studies by Lawrence
Livermore Laboratory, potential indirect
sources of indirect pipe ruptuic afe remote
causes of pipe rupture. Compliance wity ‘he
snubber surveillance requirements of the
techuical specifications assures that
snubber failure rates are acceptably low.

Initial LBB evaluation is based on the
Jdesign configur=tion and stress levels that
are acceptably higher than those identified
by the initial analysis. This cvaluation is
reconciled whew the as-built configuration
is docamented at ' the Code stress evaluation
is reconciled. 1t is assured that the
as-built configur.ition does not deviate
signilicantly from the design coufiguration
to invalidate the initial LBB evaluntion, or
a new evaluation coupled with necessary
configuration modifications is made to
assure applicability of the LBB procedure.

Sufficiently reliable, redundant, diverse
and sensitive leak detection systems are
provided for monitoring of leak. The system
that is relicd upon to predict the through-
wall flaw used in the deterministic fracture
mechanics evaluation is sufficiently
reliable and sensitive 1o justify a margin
of 2 on the leakage prediction.

1632 Deterministic Evaluation Procedure

The following determiuistic analysis and

evaluation are performed as an NRC-approved
method for the ABWR Standard Nuclear Island to
justify applicability of the LBB concept.

Amendment §
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Use the fracture mechanics and the leak
rate computational methods that are sccept-
¢d by the NRC staff, or are demonstrated
accurate with respect to other acceptable
computational procedures or with
experimental data.

Identify the types of materials and ma-
terials specifications used for base metal,
weldmeats and safe ends, and provide the
materials properties including toughness
and tensile data, long-term effects such as
thermal aging, and other limitations.

Specify the type and magnitude of the loads
applied (forces, bending and torsional
moments), their source(s) and method of
combination. For cach pipe size in the
functional system, identify the location(s)
which have the least favorable combination
of stress and material properties for base
metal, weldment, and safe ends.

Postulate a throughwall flaw at the
location(s) specified in (3) above. The
size of the flaw should be large enough so
that the leakage is assured detection with
sufficient margin using the installed leak
detection capability when the pipes are
subjected to normal operating loads. If
auxiliary lesV detection systems are relied
on, they should be described. For the
estimation of leakage, the normal operating
loads (i.¢., deadweight, thermal expansion,
and pressure) are to be combined based on
the algebraic sum of individual values.

Using fracture mechanics stability analysis
or limit load analysis based on (11) below,
and normal plus SSE loads, determine the
critical crack size for the postulated
throughwall crack. Determine crack size
margin by comparing the selected leakage
size crack to the critical crack size,
Demonstrate that there is a margin of 2
bhetween the leakage and critical crack
sizes. The same load combination method
selected in (5) below is used to determine
the critical crack size.

Determine margin in terms of applied loads
by a crack stability analysis, Demonstrate
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(6)

(7

{8)

(9

that the leaduge size cracks will not expe-
rience unstable crack growth if 1.4 times
the normal plus SSE loads are applied. De-
monstrate that crack growth is stable and
the final crack is limited such thai a
double-cnded pipe break will not occur. The
dead-weight, thermal expansion, pressare,
SSE (inertial), and seismic anchor motion
(SAM) loads are combined based on the same
method used for the primary stress evalu-
ation by the ASME Code. The SSE (inertial)
snd SAM loads are combined by square-root.
of-the-sum-of-the- squares (SRSS) mechod.

The giping material toughness (J-R curves)
and tensile (stress-strain rurves)
properties are determined al temperatures
ncar the upper range of normal plant
aperation,

The specimen used to generate J-R curves is
assured large enough to provide crack
extensions up to an amount consistent with
1/T condition determined by analysis for the
application. Because practical specimen
size limitations exist, the ability to
oblain the desired amount of experimental
crack extension may be restricted. In this
case, extrapolation techniques is used as
described in NUREG-1061, Volume 3, of in
NUREG/CR-4575. Other technigues can be used
if adequately justified.

The stress-strain curves are obtained over
the range from the proportional limit 1o
maximum load.

Preferably, the materials tests should be
conducted using archival materials for the
pipe being evaluated. If archival material
is no{ available, plant specific or industry
wide generic material data bases are
assembled and used to define the required
material tensile and toughness properties.
Test material includes base and weld metals.

(10) To provide an acceptable level of reli-

ability, generic data bases are reasonable
lower bounds for compatible sets of material
tensile and toughness properties associated
with materials at the plant. To assure that
the plant specific generic data base is

Amendment 1

P p—

e

AL
REV A

adequate, a determination is made to demon
strate that the generic data base represents
the range o plant materials to be evalu-
ated. This derermination is based on a com
parison of the plant waterial properiics
identified in (2) above with those of the
materials used to develop the generic data
base. The numbger of material beats and weld
procedures tested are adequate to cover the
strength and toughness range of the actual
plant macerials. Rewsonable lower bound
tensile and toughaess properties fram the
plant specific generic data base are to be
used for the stability analysis of indivi-
dual materials, unless otherwise justified

Industry generic data bases are teviewed 1o
provide a reasonable lowetr bound for the
population of material tensile and toughness
properties associated with any individual
specification (¢.g., A106, Grade B), material
type (e.g., austenitic steel) or welding,
procedures.

The number of material heats and weld proce
dures tested should be adequate to cover the
tange of the strengtn and tensile properties
expected for specific material specify

tions or types. Reasonable lower bound
tensile and toughness properties from the
industry generic data base are used for the
stability analysis of individual materials

If the data are being developed from an
archival heat of material, three stress-
strain curves and three J-resistance curves
from that one heat of material 1s sulficient
The tests should be conducted at temperatures
near the upper range of normal plant
operation. Tests should also be conducted at
a lower temperature, which may represent a
plant condition (¢.g., hot standby) where pipe
break would present safety concerns similar 10
normal operation, These tests are intended
only to determine if there is any significant
dependence of toughness on temperature over
the temperature range of intercst. The lower
toughness should be used in the fracture
mechanics evaluation, One J-R curve and one
stress-strain curve for one base metal and
weld metal are considered adequate to
determine temperature dependence.

lh* L
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(11) There are certain limitations that currently

preclude generic use of limit load analyses
to evaluate leak-before-break conditions
deterministically. However, a modified
limit-load analysis can be used for
austenitic steel piping to demonstrate
acceptable margins as indicated below:

Construct a8 master Curve where a stress index,
S1, given by

SI =S + M Py (1)

is plotted as a function of postulated total
circumferential throughwall flaw length, L,
defined by

L =286R (2)

where

§  =20( [2sing  sin @), (3

"

B =05[(n-8)-% (P /ap)] )

- = half angle in radians of the postu-
lated throughwall circumferential
flaw.

R = pipe mean radius, that is, the aver-
age between the inner and outer
radius,

Pm =the combined membrane stress,
including pressure, deadweight, and
seismic components,

M = 1.4, the margin assoc’ated with the
load combination method selected for
the analysis, per item (5),

of =flow stress for austenitic steel

pipe material categories.

If8& + 8 {rom Eqs. (2) and (4) is greater

than », then

S =2gr |sing) (&)
n

where

B= -n(Py/og). (6)
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When the master curve is constructed using
Egs. (1), (2), and (3) or (5), the allowably
circumferential throughwall flaw length can be
determined by entering the master curve at a
stress index (S1) value determined from the
loads and austenitic steel piping material of
interest, The allowable flaw size determined
from the master curve at the appropriate SI
value can then be used to determine il the
required margins are met. Allowable values of
8 are those that result in § being greater
than zero from Eqs. (3) and (5). The flow
stress used to construct the master curve and
the definition of S1 used to enter the master
curve are defined for cach material category
as follows:

Base Metal and TIG Welds:

The flow stress used to construct the master
CUrve is

af = 05 (oy9 + oy

when the yield strength, oy, and the uiti-
mate strength, o, at temperature are
known.

If the yield and ultimate strengths at temper-
ature are notl known, then Code minimum values
at temperature can be uscd, or alternatively
it

(8L « 25, then
17M

of = 51ksi, or

(8L > 2.5 then
1M

¢ = 45 ksi.

The value of SI nsed to enter the raster curve
for base metal and TIG welds is

Sl = M (P + Pp) (7
where

Py  =the combined primary bending stress,

Yu-26



3.6.4 COL Licrase Information

1.6.4.1 Details of Pipe Break Analysis Resuits
and Protection Methods

The following shall be provided by the COL
applicant (See Subsection 3.6.2.5):

Amendment

DIAGI0AF
REY. B

(1) A summary of the dynamic analyses

(3

(4)

(%)

(6)

applicable to high-energy piping systems
in accordance with Subsection 3.6.2.5 of
Regulatory Guide 1.70. This shall
i.‘l(‘llldt:

(a) Sketckes of applicable piping
systems showing the location, size
and orientation of postulated pipe
breaks and the location of pipe whip
restraints and jet impingement
barriers.

(b) A summary of the data developed to
select postulated break locations
including calculated stress
intensities, cumulative usage
factors and stress ranges as
delincated in BTP MEB 1.1,

For failure in the moderate-encrgy
piping systems listed in Table 3.6-5,
descriptions showing how safety-related’
systems are protected from the resulting
jets, flooding and other adverse
environmental effects,

Identification of protective measures
provided against the effects of
postulated pipe lailures for protection
of each of the systems Jisted in Tables
36-1 and 3.6-2,

The details of how the MSIV functional
capability is protected against the
effects of postulated pipe failures.

Typical examples, if any, where
protection for safety-related systems
and components against the dynamic
effects of pipe failures include their
enclosure in suitably designed
structures or compartments (including
any additional drainage system or
cquipment eavironmental qualification
needs).

The details of how the feedwater line
check and feedwater isolation valves
functional capabilities are protected
against the effects of postulated pipe
failures.

3627
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3642 Leak-Before-Break Analysis Report

As required by Reference 1, and LBB analysis

report shall be prepared for the piping systems
proposed for exclusion from analysis for the
dynamic effects due to failure of piping
failure. The report shall be parpared in
accrodance with the guidelines presented in
Appendix 3E and Submitted by the COL applicant to
the NRC for approval
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ESSENTIAL SYSTEMS, COMPONENTS, AND EQUIPMENT* FOR
POSTULATED PIPE FAILURES INSIDE CONTAINMENT

Reactor Coolant Pressure Boundary (up 1o and including the outboard isolaton valves)

Containment Isolation system and Containment Boundary (including liner plate)

Reactor Protection system (SCRAM SIGNALS)
Emergency Core Cooliug Systems** (For LOCA events only)
Omne of the following combinations is available /see Table 6.3-3):

(0) HPCF (B and C) + RCIC + RHR-LPFL (B and C) « ADS
{b) HPCF (Band C) + RHR-LPFL (A and B and C) + ADS

(¢) HPCF (B ot C) + RCIC + RHR-LPFL (A and either of B or C) + ADS

Core Cooling Systems (other than LOCA events)

(a) HPCF (B ot C) or RCIC

(b) RHR-LPFL (A or Bor ) + ADS

{¢) RHR shutdown Cooling Mode (two loops)

(d) RHR Suppression Pool Cooling Maode (two loops

Control rod drive (scram /rod insertion)

Flow restrictors (passive)

Atmosphenic control (for LOCA event only)

Standby gas treatment*** (for LOCA everl only)

Control Room Eavironmental***

The following equipment/systems or portions thereol required

to assure the proper operation of those essential items

listed ir items | through 10.

\«) Cla.s 1E electrical systems, ac and dc (including diesel
generacor system” **, 6900, 480 and 120V ac, and 125V dc

emergency buses**®, motor conirol centers**®,
switchgz ar***, batteries*** and Aistribution systems)

Y628
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Table 1.6-1

ESSENTIAL SYSTEMS, COMPONENTS, AND EQUIPMENT* FOR
POSTULATED PIPE FAILURES INSIDE CONTAINMENT (Continued)

(b) Reactor Building Cooling Water*** to the following:
1. Room coolers
2. Pump cooless

3. Diesel generator jacket coolers

4. Electrical switchgear coolers
(¢) Environmental Systems*** (HVAL)
(d) Instrumentation (including post-LOCA monitoring)
(¢) Fire Protection System ***

(N HVAC Emergency Cooling Watsr System ***

41022

(g) Process Sampling System ***

NOTR

* The esseotial items listed in this table are protected in
accordance with Subsection 3.6.1 consistent with the particular
pipe break evaluated.

| ** Reference Section 6.3 for detailed discussion of emergency core
cooling capabilities.

*** Located outside containment but listed for completeness of
essential shutdown requirements.

Amendment 10 1629
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Table 1.6-2

ESSENTIAL SYSTEMS, COMPONENTS, AND EQUIPMENT* FOR
POSTULATED PIPE FAILURES OUTSIDE CONTAINMENT

1. Containment lsolation System and containment boundary,
2. Readtor Protection System (SCRAM signals)
3. Core Cooling systems
(a) HPCF (B or C) ar RCIC
(b) RHR-LPFL (AorBor C) + ADS
(¢) RHR shutdown cooling mode (two loops)
{(d) RHR suppression pool cooling mode (two loops)
4, Flow restrictors
5. Control room habitability
6. Spent fuel pool cooling
7. Standby gas treatment
8  The following equipment/systems or portions thereof re juired to assure

the proper operation of those essential items listed in items 1 through
;

{a) Class 1E electrical systems, ac and de (including diesel generiior
system, 6900, 480 and 120V ac, and 125V dc emergency buses, motor
control centers, switchgear, batteries, auxiliary shutdown control
panel, and distribution systems).
(b) Reactor Building Cooling water to the following:
(1) Room coolers
(2) Pump coolers (motors and seals)
(3) Diesel generator auxiliary system coolers |
(4) Electrical switchgear coolers

(5) RHR heat exchangers l

*  The essential items listed in this table are protected in accordance
with Subsection 3.6,1 consistent with the particular pipe break
evaluated.

Amendment 17 3630
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Table 1.6.2

ESSENTIAL SYSTEMS, COMPONENTS, AND EQUIPMENT* FOR
POSTULATED PIPE FAILURES OUTSIDE CONTAINMENT (Continued)

(6) FPC heat exchangers
(7) HECW refrigerators
{¢) HYAC
(d) lostrumentation (including post accident momtoring)
(¢) Fire Water System
(N HVAC Emergency Cooling Water System

(g) Process Sampling System

Amendment 17 36301
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Table 1.6-3
HIGH-ENERGY PIPINC INSIDE CONTAINMENT

Piping System

Main steam

Main steam drains

Steam supply to RCIC

Foedwater

Recirculation motor cooling

HPCF (RPV to first coeck valve)

RHR-LPFL (RPV to first check valve)

RHR (Suction from RPV to first normally closed gate valve)
Reactor Water Cleanup (from RHR and RPV drain)
RPV head spriy (RPV 10 first check valve)

RPV vent (RPV 1o first closed valve)

Standby Liquid Control (from HPCF to first check valve)
CRD (Scram /rod insertion)

RPV bottom head drain lines (RPV to first closed valves)
Miscellaneous 3-inch and smalier piping

AGIHNAK
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able 5.6-4

HIGH ENERGY PIPING OUTSIDE CONTAINMENT
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Table ).6-6
MODERATE-ENERGY PIPING OU JSIDE CONTAINMENT

Residual Heat Removal System
(Piping beyond outermost isolation valve)

High Pressure Core Flooder System
(Piping beyond outermost isolation valve)

Reactor Core lsolation Cooling System

(Suction line (ron) condensate storage pool bevond
second shutoff valve, vacuum pump discharge line
from vacuum prmp to containment isolation valve)

Control Rod Drive System
(P =g up to pump suction)

Standby Liquid Control System
(Piping beyvond injection vaives)

Suppression Pool Cleanup System
(Beyond containment isolation valve )

Fuel Pool Cooling and Cleanup System

Rad.oactive Waste System
(Reyond isolation valve)

Instrument /Service Air System
(Beyond isolation valve)

HVAC Cooling Water System

Makeup Water System (Condensate)
Reactor Building Cooling Water Sysiem
Turbine Building Cooling Water Systen

Atmospheric Control System
(Beyond shutoff valve)

16331
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Table 3.6.7
ADDITIONAL CRITERIA FO.. INTEGRATED LEAKAGE RATE TEST

(1) Those portions of Nuids systems that are part of the reactor coolant
pressure boundary, that are open directly to the primary reactor
containment atmosphere under post-accident conditions and become an
estension of the boundary of the primary reactor containment, shall
be opened or vented to the containment atmospbere prior to or during
the Type A test. Portions of closed systems inside containment that
penetrate primary containment and are not relied upon for containment
isolation purposes following a LOCA shall be vented to the
containment atmosphere.

All vented systems shall be drained of water to the extent necessary
to ensure exposure of the system primary containment isolation valves
to the containment air test pressure.

Those portions of fluid systems that penetrate primary containment,
that are external to containment and are not designed to provide a
containment isolation barrier, shall be vented to the outside
stmosphere as applicable, to assure that full post-accident
differential pressure is maintained across the containme * isolation
barrier.

Sy tems that are required to maintain the plant in a safe condition
during the Type A test shall be operable in their normal mode and are
not vented.

Systems that are normually filled with water and operating under
post-LOCA conditions need not be vented.

Amendment 10 16332
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3.7 SEISMIC DESIGN

All structures, systems, and equipment of the
facility are defined as cither Seismic Category |
or non-Seismic Category 1. The requirements for
Seismic Category ! identification are given in
Section 3.2 along with a list of systems, compo-
nents, and equipment which are so identified.

All structures, svstems, components, and equip-
ment that are safety-related, as defined in Sec-
tion 3.2, are designed tu withstand carthquakes
as defined herein and other dynamic loads includ-
ing those due to reactor building vibration (RBV)
caused by suppression pool dynamics. Although
this section addresses seismic aspects of design
and anaiysis in accordance with Regulatory Guide
1.70, the methods of this section are also
applicable to other dynamic loading aspects,
except for the range of frequencies considered.
The cutoff frequency for dynamic analysis is 33
Hz for seismic loads and 60 ZHz for suppression
pool dynamic loads. The definition of rigid
systemn used in this section is applicable to
seismic design only.

The safe shutdown carthquake (SSE) is that
carthquake which is based upon an evaluation of
the maximum carthquake potential considering the
regional and local geology, seismology, and
specific characteri-tics of local subsurface
material. It is that carthquake which produces
the maximum vibratory ground motion for which
Seismic Category I systems and components are
designed to remain fun tional. These systems and
components are those necessary to ensure:

(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: and

(3) the capability to rrevent or mitigate the
consequences of accidents that could result
in potential offsite exposures comparable to
the guideline exposures ot 10CFR100.

The operating basis carthquake (OBE) is that
carthquake which, considering the regional and
local geology, seismology, and specific charac-
teristics of local subsurface material, could
reasonably be expected to affect the plant site
during the operating life of the plant. It is

Amendment
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that carthquake which produce vibratory ground
motion for which those features of the nucicar
power plant necessary for continued operation
without undue risk to the health and safety of
the public are designed to remain functional.
During the NBE loading condition, the safety-
related systems are designed to be capable of
continued safe operation. Therefore, for this
loading condition, safety-related structures,
and equipment are required to operate within
design limits.

The seismic design for the SSE is intended to
provide a margin in design that assures
capability to shut down and maintain the nuclear
facility in a safe condition. In this case, it
is only necessary to ensure that the required
systems and components do not lo.e their
capability to perform their safety related
function. This is referred tc as the
no-loss-of-function criterion and the loading
condition as the SSE loading condition,

Not all safety-related components have the -
same functional requirecments. For example, the
reactor containment must retain capability to
restrict leakoage to an acceptable level,
Therefore, based on present vractice, elastic
behavior of this structure under the SSE loading
condition is ensured. On the other hand, there
ar¢ certain structures, components, and systems
that can suffer permanent deformation without
loss of function. Piping and vessels are
examples of the latter where the principal
requirement is that they retain contents and
allow fluid flow.

Table 3.2-1 identifies the equipment in
various systems as Seismic Category | or non-
Seismic Category 1.

3.7.1 Seismic Input

37.1.1 Design Response Spectra

The design carthquake loading is specified in
terms of a set of idealized, smooth curves
called the design response spectra in accordance
with Regulatory Guide 1.60.

Figure 3.7-1 shows the standard ABWR design
values of the horizontal SSE spectra applied at
the ground surface in the free field for damping
ratios of 2.0, 5.0, 7.0 and 10.0% of critical
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values of the vertical SSE specira applied at the
ground surface in the free field for damping
ratios of 2.0, 5.0, 7.0, and 10.0% of critical
damping where the maximum vertical ground
acceleration is 0.30 g at 33Hz, same as the
maximum horizonta’ ground acceleration.

The design values of the OBE response spectra
are one-half* of the specira shown in Figures
3.7-1 and 3.7-2. These spectra are shown in
Figures 3.7-3 through 3.7-20.

The design spectra are constructed in
accordance with Regulatory Guide 1.60. The
normalization factors for the maximum values in
two horizontal directions are 1.0 and 1.0 as
applied to Figure 3.7-1. For vertical direction,
the normalization factor is 1.0 as applied to
Figure 3.7-2.

3.7.12 Design Time History

The design time histories are synthetic
acceleration time histories generated to match
the design response spectra defined in Subsection
3L

The design time histories considered in GESSAR
(Referencs 1) are used. They are developed hased
on the method proposed by Vanmarcke and Cornell
(Reference 2) because of its ir insic capability
of imposing statistical independence among the
synthesized acceleration time history
components. The earthquake acceleration time
history components are identified as H1, H2, and
V. The H1 and H2 are the two horizontal
components mutually perpendicular to each other.
Both H1 and H2 are based on the desige horizontal
ground spectra shown in Figure 3.7-1. The V is
the vertical component and it is based on the
design vertical ground spectra shown in Figure
3.7-2.

* The OBE given in Chapter ” is one-third of
the SSE, i.e, 0.10 g for the ABWR Standard
Nuclear Island design. However, as discussed
in Chapter 2, @ more conservative value of
one-half of the SSE, i.e., 0.15 g, was
emploved to evaluate the structural and
component response.
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The magnitude of the SSE design time history
is equal to twice the magnitude of the design
OBE time history. The OBE time histories and
response spectra are used for dynamic anaiysis
and evaluation of the structural Seismic System,
the OBE results are doubled for evaluating the
structural adequacy for SSE. For development of
floor response spectra for Seismic Subsystem
analysis and evaluation, see Subsectior 3.7.2.5,

The response spectra produced from the OBE
design time histories are shown in Figures 3.7-3
through 3.7-20 s'ong with the design OBE
response spectra. The closeness of the two
spectra in all ¢-ses inlicates that the
synthetic time histor.es vre acceptable.

The response spectra from the synthetic time
histories for the damping valwes of 1, 2, 3 and
4 percent conform to the requirement for an
enveloping procedure provided in Item 11.1.b of
Section 3.7.1 of NUREG-0800 (Standard Review
Plan, SRP). However, ihe response spectra for
the higher damping values of 7 and 10 percent -
show that there are some dev tions from the SRP
requirement. This deviation is considered
inconsequential, because (1) generating an
artificial time history whose response spectra
would envelop design spectra for five different
damping values would result in very conservative
time histories for use as design basis input,
and (2) the response spectra from the synthetic
time histories do envelop the design spectra for
the lower damping values. This is very
important because the loads due to SSE on
structures should use 7 percent damping for
concrete components, but are obtained by
ratioing up the response from the OBE analysis
involving the lower damping. The OBF analysis
uses only the lower damping values (up to 4%),
which are consistent with the SRY requirements
(See Subsection 3.7.1.3).
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The frequency range used in generating the
response spectra from synthetic histories is 0.2
to 33 Hz. The frequency range intervais used in
generating those spectra is the ssme as given in
Table 3.7.1-1 of SRP Section 3.7.1.

The coherence function for the three carthquake
scceleration time history components H1, H2, and V
are genzrated (o check the statistical indepen-
dence among them. The coherence function for H1
and H2 is given in Figure 3.7-21; tor H1 and V in
Figure 3.7-22; and for H2 and V in Figure 3.7-23.
All values within the frequency range between 0 to
50 Hz are calculated at a freguency increment of
0.1 Hz. The smali values of these coherence
funciions indicate that the three components are
sufficiently statistically indepeadent,

To assess the energy conteat of the synthetic
time history, the power spectral density functions
(PSDFs) are generated from the two horizoatal
components H1 and H2. The PSDFs are computed at a
frequency inciement of 0.024 Hz, and are smoothed
using the average method as recommended in
Revision 2 of Reference 3.

The stationary duration used in the calculation
is taken to be 22 seconds which is the total
duration of the synthetic time history. The
calculated PSDFs for the H1 and H2 time histories
normalized to 0.15g peak grouad acceleraticn are
shown in Figures 3.7-24 and 3.7-25, respectively,
for frequencies ranging from 0.3 to 24 Hz

The target PSDFs and 80% of target PSDFs
specified on revision 2 of Reference 3 are 4also
plotted on these figures for comparison. As
shown, PSDF of H1 and H2 time histories ervelope
the target PSDF with a wide margin in the
specified frequency range ¢ 0.3 to 24 Hz. This
demonstrates that the two synthetic time kectonies
have sufficient energy content.
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3713 Critical Damping Values

The damping values for OBE and SSE analyses
are presented tn Table 3.7-1 for various
structures and components, They are in

compliance with Regelatory Guides 1.61 and 1.84

For seismic system evali 2tion of the SSE, the h

larger SSE damping values shown in Table 3.7-1
are not used. The SSE loads are obtained by
doubling the OBE loads tha: result from the OBE
Seismic Sysiem analysis based on the lower OBE
damping values (see Subsection 3.7.1.2).

For analysis and evaluation of seismic
subsystems (piping, compoaents and equipment),
the floor response spectra are obtained from the
OBE time-history response of the seismic system,
that supports the subsystems. The floor
response spectra are computed (see Subsection
3.7.2.5) for damping values that are applicable
to the subsystems under OBE as well as SSE; and
further the OBE spectra are doubled to obtain
the SSE floor response spectra for input to the
SSE analysis in design of the subsystems,

3.7.1.4 Supporting Media for Selsmic Category
I Structures

The following ABWR Standard Plant Seismic
Category I structures have concrete mat
foundations supported on soil, rock or compacted
backfill. The maximum value of the embedment
depth below plant grade to the bottom of the
base mat is given below for each structure

373
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(1) Reactor Building (including the enclosed
primary containment vessel and reactor
pedestal) - 25,7 m (84 ft, 4 in.),

(2) Control Building - 12.2 m (40 ft),
(3) Service Building - Surface founded.

All of the above buildings have independent
fourdations. In all cases the maximum valus of
embedment is used for the dynamic analysis to
determine seismic soil-structure inleraction
effects. The foundation support materials
withstand the pressures imposed by appropriate
loading combinations without failure. The total
structural height of cach building is described in
Subsection 3.8.2 through 3.8.4. For details of
the structural foundations refer to Subsection
385 The ABWR Standard Plant is designed for a
range of soil conditions given in Appendix 3A.

3.7.1.4.1 Soeil-Structure Interaction

When a structure is supported on a flexible
foundation, the soil-structure interaction is
taken into account by coupling the structural
model with the soil medium. The finite-clement
representation is used for a broad range of
supporting medium coanditions, A different
representation based on the continuum impedance
approach is also used for selected site
conditions. Detailed methodology and results of
the soil-structure interaction analysis are
provided in Appendices 3A and 3G, respectively.

3.7.2 Seismic System Analysis

This subsection applies to the design of
Seismic Cutegory 1 structures and the reactor
pressure vessel (RPV). Subsection 3.7.3 applies
to all Seismic Category | piping systems and
equipment,

3721 Seismic Analysis Methods

Analysis of Seismic Category I structures and
the RPV i5 accemplished using the response
spectrum or time-history approach. The time-
history approach is made either in the time domain
or in the frequency domain.

Either approach utilizes the natural period,
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mode shapes, and appropriate damping factors of
the particular system toward the solution of the
equations of dvnamic equilibrium. The time-
history approach may alternatel tilize the
direct integration method of solution.  Jhen the
structural response is compi.ed directly from
the coupled structure-soil system, the time-
history approach solved in the frequency domain
is used. The frequency domain analysis method
is described in Appendix 3A,

37211 The Equations of Dynamic Equilibrium
for Base Support Excitation

Assuming velocity proportional damping, the
dynamic equilibrium equations for a lumped-mass,
distributed-stiffness system are expressed in a
matrix form as:

(3.7-2)
MU )+ [ {aq)) +[KJ{u()) =
{F())

where

fu()} = time-depondent displacement
vector of non-support points
relative to the supports
(ug(t) = u(r) + ugit))

{8()} = time-dependent velocity vectar
of non-support points relative
to the supports

{V()} = time-dependent acceleration
vector of non-support points
relative to the supports

(M] = mass matrix

€] = damping matrix

K] = stiffness matrix

{P{)} = time-dependen:t inertia force

vector (-[M] (ug(t)} acting
at non-support points

The manner in which a distributed-mass,
distributed-stiffaess system is id-alized into a
lumped-mnass, distributed-stiffness system of
Seismic Category I structures and the RPV is

3.74



SR PO p PR
5 = L d .

P i S B Sk ) 4 e ey 4 e T P S —— D -

Standard Plant_____
shown in Figure 3.7-28 along with a schematic
representation of relative acceleration; Y (1),

support acceleration; ug(t) and total
acceleration; W (1),

372,12 Solution of the Equations of Motion
by Modal Superposition

The technique used for the solution of the
equations of motion is the method of modal
superposition.

The set of bomogeneous equations represented by
the undamped free vibration of the system is:
[M] {ii (1)) + [K] {u(0)} = {0}. (3.7-3)

Since the free oscillations are assumed to be
narmonic, the displacements can be written as:

{u(O)} = {@) ekt (3.7-4)
where
@} = column matrix of the amplitude of

displacements {u}
w = circular frequency of oscillation
t = lime.

Substituting Equation 3.7-4 and ius derivatives
in Equation 3.7-3 and noting that ¢'“! is aot
necessarily zero for all values of wt yields:

[« [M] + [K]] (@) = {0}. (3.7-5)

Equation 3.7-5 is the classic dynamic
characteristic equation, with solution involving
the eigenvalues of the frequencies of vibrations
wj and the eigenvalues mode shapes, (@},
(i = 1,2, ..., 8).

For each frequency wj, there is a
correspending solution vector {@}); determined
to withiu arbitrary scalar factor Y; known as
the normal coordinate. It can be shown ttat the
mode shape vectors are orthogonal with respect to
the weighting matrix [K| in the n-dimensional
vector space.
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The mode shape vectors are also orthogonal
with respect to the mass matrix [M]

The orthogonality of the mode shapes can be
used to effect a coordinate transformation of the
displacements, velocities and accelerations such
that the response in cach mode is independent of
the response of the system in any other mode
Thus, the problem becomes one of solving n
independent differential equations rather than n
simulianeous differentisl equations; and, since
the system is linewr the principle of superposi-
tion holds and the ‘otal cesponse of the system
oscillating simultaneously in n modes may be
determined by direct addition of the responses in
the individual modes.

17213 Analysis by Response Spectrum Method

The response spectrum method is based on the
fact that the modal response can be expressed as
a set of convolution integrals which satisfy thg
governing differential equations. The advantage
of this form of solution is that, for a given
ground motion, the only variables under the in-
tegral are the damping factor and the frequency.
Thus, for a specified damping factor it is possi-
ble to construct a curve which gives a maximum
value of the integral ¢s a function of frequency,

Using the calculated natural frequencies of
vibration of the system, the mi  um values of
the modal responses are determin . irectly from
the appropriate response spectrum. The modal
maxima are then combined as discussed in
Subsect'on 3.7.2.7.

When the equipment is supported at more than
two points located at different clevations in the
building, the response spectrum analysis is
performed using the envelope response spectrum of
all attachment points. Alternatively, the
multiple support excitation analysis methods may
be used where acceleration time histories or
response spectra are applied to all the equipment
attachmont points. In some cases, the worst
single floor response spectrum selected from a
set of floor response spectra obtained at various
floors may be applied identically to all floors
provided there is no significant shift in fre-
quencies of the spectra peaks.
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1.72.1.4 Support Displacements in Multi-
Supported Struciures

In the preceding sections, analysis proce-
dures for forces and displacements induced by
time-dependent support displacement were dis-
cussed. In a multi-supported structure there
are, in addition, time-dependent support dis-
placements which produce additional displzce-
ments at nonsupport points and pseudo-static
forces at both support and nonsupport points.

The governirg equation of motion of a
structural system which is supported at more than
one point and has differcnt excitations applied
at cach may be expressed in the following concise
matrix form:

= s
"‘“]i 1

Ua = displacement of the active
(unsupported) degrees of
freedom;

(3.7-6)

i
o
L]

Specified displacements of
support points;

M, and Mg = lumped diagonal mass
matrices associated with the
active degrees of freedom
and the support points;

Caa and Kaa = damping ma rix and clastic
stiffness matrix,
respectively, expressing the
forces developed in the
active degrees of freedom
due to the motion of the
active . grees of freedom;

Cys and Kss = support forces due to unit

velocities and displacement
of the supports;
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Cas and Kas = damping and stiffness
matrices denoting the
coupling forces developed in
the active degrees of
freedom by the motion of the

supports and vice versa;

Fa = prescribed external
time-dependent forces
applivd on the aclive
degrees of freedom; and

Fy = reaction forces at the
system support points.

Total differentiation with respect to time is
denoted by (1) in Equation 3.7-6. Also, the
contributions of the fixed degrees of freedom
have been removed in the equation, The
procedure utilized to construct the damping
matrix is discusscd in Subsection 3.7.2.15. The,
masz and elastic stiffness matrices are _
formulated by using standard procedures.

Equation 3.7-6 can be separated into two sets
of equations. The lirst set of equations can be
written as:

- . E (3.7-7a)
[Mg] {Ug} + [Cas) {Ug} + [Kss) {Ts)
+ [Casl {Ua} + [Kagl {Uy) = (Fehi
and the second set as:
(3.7-Th)

Mal {Ug} + [Caal (Ua} + [Kaal {Ua)
+ [Casl {Us) + [Kagl (Us} = (Fak:

The timewise solution of Equation 3.7-7b can
be obtained casily by using the standard normal
mode solution technique. After obtaining the
displacement response of the active degrees of
freedom (U,), Equation 3.7-7a can then be used
to solve the support point reaction forces
(Fg).

Modal superposition is used to determine the
solutions of the uncoupled form of Equation
3.7-7a. The procedure is identical to that
described in Subsection 3.7.2.1.2.
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3.7.2.1.5 Dynamic Analysis of Buildings

The time-history method either in the time
domain or in the frequency domain is used in the
dynamic analvsis of buildings. As for the
modeling, both finite-element and lumped-mass
methods are used.

172.1.5.1 Description of Mathematical Models

A mathematical model reflects the stiffness,
mass, and damping characteristics of the actual
structural systems. One important consideration
is the information required from the analysis.
Consideration of maximum relative displacements
among supports of Seismiwc Category 1 structures,
systems, and components require that enough
points on the structure be used. Locations of
Seismic Category I equipment are taken into
consideration. Buildings are mathematically
modeled as a system of lumped masses located at
clevations of mass concentrations such as floors,

In general three-dimensional models are used
for seismic analysis. In all structures, six
degrees of freedom exist for all mass points
(i.e., three translational and three
rotational). However, in most structures, some
of the dynamic degrees of freedom can be
neglected or can be uncoupied form each other so
that separate analyses can be performed for
different types of motions,

Coupling between the two horizontal motions
occurs when the center of mass, the centroid, and
the center of rigidity do not coincide. The
degree of coupling depends on the amount of
eccentricity and the ratio of the uncoupled
torsional frequency to the uncoupled lateral
frequency. Since lateral/torsional coupling and
torsional response can significantly influence
floor accelerations, structures are in general
designed to keep minimum eccentricities.
However, for analysis of structures that possess
unusual eccentricities, a model of the suppert
building is developed to include the effect of
lateral/torsional coupling.

3.7.2.1.5.1.1 Reactor Building and Reactor
Pressure Vessel

The reactor ouilding (RB) complex includes:
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(a) the reinforced concrete contaiument vessel
(RCCV) that includes the reactor shicld wall
(RSW), the reactor pedestal, and the reactor
pressure vessel (RPV) and its internal
compon  ; (b) the secondary containment zone
havin®  wny equipment compartments, and (¢) the
clean zone. The building basemat is assumed to
be rigid. Building elevations along the 0°-
180° and 90°.270° sections are shown
in Figures 3.7-29 and 3.7-30, respectively, The
mathematical model is shown in Figure 3.7.31,
Model elevations are with respect to the RPV
bottom head. The model X and Y axes correspond
to the RB 0°-180° and 90°.270°
directions, respectively. The Z axis is along
the vertical direction. The combined RB mode!
as shown in Figure 3.7-31 basically consists of
two uncoupled 2-D models in the X-Z and Y-2
planes since the building is essentially of a
symmetric design with respect to its two
principal directions in i ¢ horizontal plane.
The coupling effects of the lateral and
torsional motions on the building natural
frequencies in the horizontal directions are
found to be negligible. Therefore, the
uncoupled 2-D models which omit the torsional
degrees of freedom are used for seismic dynamic
analysis. The methods used to account for
torsional effects to define design loads are
given in Subsection 3.7.2.11.

The model shown in Figure 3.7-31 corresponds
to the X-Z plane. The only differences in terms
of schematic representation between the X-Z and
Y-Z plane models are that (1) the two building
walls represented above EL. 18.5 m (60.7ft) in
the X-Z plane by two sticks combine into one
stick in the Y-Z plane, and (2) the rotational
spring between the RCCV top slab (node 90) and
the basemat top (node 88) is presented only in
the X-Z plane.

Each structure in the reactor building
complex is tdealized by a center-lined stick
modei of a series of massless beam clements.
Axial, flexural, and shear deformation effects
are included in formulating beam stiffness
terms. Coupling between individual structures
is modeled by lincar spring elements. Masses
including dead weights of structural elements,
vquipment weights and piping weights are lumped
to nodal points. The weights of water in the
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spent fuel storage pool and the suppression pool
are also considered and lumped to appropriate
locations.

The portions of the reactor building outside
the RCCV are box-type shear wall systems of
reinforced concrete construction. The major
walls between floor slabs are represented by beam
clements of a box cross section. The shear
rigidity in the direction of excitation is
provided by the paraliel walls The bending
rigidity includes the cross walls contribution,
The reactor building is fully integrated with the
RCCV through floor slabs at various elevations.
Spring clements are used to represent the slab
in-plane shear stiffness in the horizontal
direction. The outer and inner walls between EL
44.7 m (146.601) and 18.5 m (60.70t) along the X
direction are also coupled rigidly in rotation
about the Y axis at the connecting slab
locations. In the vertical direction a single
mass point is used (or each slab and it is
connected to the walls ard RCCV by spring
elements. The spring stiffness is determined so
that the fundamental frequency of the slab in the
vertical direction is maintained.

The RCCV is a cylindrical structure with a
flat top slab with the drywell openi ', which,
along with upper pool girders an . reactor
building walls, form the upper pool. Mass points
are selected at the RB floor slab locations.
Stiffnesses are represented by a series of beam
elements. In the X-Z plane, a rotational spring
clement connecting the top slab and the basemat
is used to account for the additional rotational
rigidity provided by the integrated RCCV-pool
girder-building walis system. The RCCV is also
coupled to the RPV through the refueling bellows,
to the RSW through the RSW stabilizors, and to
the reactor pedestal through the diaphragm
floor. Spring elements are used to account for
these interactions. The lower drywell access
tunnels spanning between the RCCV and the reactor
pedestal are not modeled since flexible rings are
provided which are designed to reduce the
coupling effects,

The RSW consists of two steel ring plates with
concrete fill in between for shiclding purposes.
Concrete in the RSW does not contribute to
stiffness; but its weight is included. The
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reactor pedestal is a cvlindrical structure of a
composite steel-concrete design. The total
stiffness of the pedestal includes the full
strength of the concrete core. Mass points are
selected at equipment interface locations and
geometrical discontinuities. In addition,
intermediate mass points are chosen to result in
more uniform mass distribution. The pedestal
supports the reactor pressure vessel and it also
provides lateral restraint to the reactor
control rod drive housings below the vessel,
The top of the RSW is connected 1o the RPV by
the RPV stabilizers which are modeled as spring
elements.

The model of the RPV and its internal
components is described in Subsection
3.7.23.2. This model as shown in Figure 3.7.32
is coupled with the sbove-described RB model for
the seismic analysis,

3721512 Control Building

The control building dynamic model 1< shown
in Figure 3.7-33. The control building is box
type shear wall system reinforced concrete. The
major walls between floor slabs are represented
by beam elements of a box cross section, The
shear rigidity in the direction of excitation is
provied by the parallel walls. The bending
rigidity includes the cross walls contribution.
In the vertical direction a single mass point is
used for each slab and it is connected to the
walls by spring elements. The spring element
stiffness is determined so that the fundamental
frequency of the slab in the  rtical direction
1s maintained.

3721513 Radwaste Building

The radwaste building dynamic model is shown
in Figure 3.7-34. The radwaste building 15 box
type shear wall system of reinforced concrete.
The major walls between floor slabs are
represented by beam elements of a box cross
section. The shear rigidity in the direction of
excitation is provided by the parallel walls.
The bending rigidity includes the cross walls
contribution. In the vertical direction a
single mass point is used for each slab and it
is connected to the walls by spring elements,
The spring element stiffness is determiaed so
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are assumed to be negligible and the water mass
is lumped to appropriate structural locations.

1722 Natural Frequencies and Response Loads

The natural frequencics up to 33 Hz for the
reactor-con.rol buildings and radwaste are
presented in Tables 3.7-2 through 3.7-5 and
3.7-10 for the fixed base condition,

Enveloped response loads at key lecations in
the reactor building complex due to OBE for the
range of site conditions considered in Appendix
3A are presented in Appendix 3G . Response
spectra at the major equipment elevations and
support poinis are also given in Appendix 3G.

The SSE loads are two times the OBE loads as
explained in Subsection 3.7.1.2.

1723 Procedure Used for Modeling

37231 Mod ling Techniques for Systeris
Other Than Reactor Pressure Vessel

An important step in the seismic analysis of
systems other than the reactor pressure vessel is
the procedure used for modeling. The techniques
center around two methods. The first method, the
system is represented by lumped masses and a set
of spring dashpots idealizing both the incrtia!
and stiffness properties of the system. The
details of the mathematical models are determined
by the complexity of the actual structures and
the information required for the analysis. For
the decoupling of the subsystem and the
supporting system, the following criteria
equivalen: to the SRP requirements are used:

(1) If Ry < 0.01, decoupling can be done for
any Ry

(2) 001 £ Ry, < 0.1, decoupling can be done
if Rf < 0.8 or Ry 2 1.25.

(3) f Ry > 0.1, an approximate model of the
subsystem should be included in the primary
system model.

Where Ry, and Ry are defined as:

Total mass of the supported system/
Mass that supports the subsystem

Rmﬁ
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Fundamental frequency of the supported
subsystem/frequency of the dominant
support motion

R =

If the subsystem is comparatively rigid in
relation to the supporting system, and also is
rigidly connected to the supporting system, it
is sufficient to include only the mass of the
subsystem at the support point in the primary
system model. On the other hand, in case of a
subsystem supported by very flexible
connections, ¢.g., pipe supported by hangers,
the subsystem need not be included in the
primary model. In most cases the equipment and
components, which come under the definition of
subsystems, are analyzed (or tested) as a
decoupled system from the primary structure and
the seismic input for the former is obtained by
the analysis of the latter. One important
exception to this procedure is the reactor
coolant system, which is considered a subsystem
but is usually analyzed using a coupled mode! of
the reactor coolant system and primary
structure. '

In the second method of modeling, the
structure of the system is represented as a two-
or three-dimensional finite-element model using
combinations of beam, plate, shell, and solid
elements. The details of the mathematical
models are determived by the complexity of the
actual structures aed the information requued
for the analysis.

3.7.2.32 Modeling of Reactor Pressure Vessel
and Internals

The seismic loads on the RPV and reactor
internals are based on coupled dynamic analysis
with the rezctor building. The mathematical
model of the RPV and internals is shown in
Figure 3.7-32. This model is coupled with the
reactor building model for this analysis.

The RPV and interrals mathematical model
consists of lumped masses connected by elastic
beam element members. Using the elastic proper-
ties of the structural componeants, the stiffness
properties of the model are determined and the
effects of axial bending and shear are included.

M- s points are located at all points of
critical interest such as anchors, supports,
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points of discontinuity, ete. In addition, mass
points are chosen so that the mass distribution
in various zones is uniform as practicable and
the full range of frequency of response of inte-
rest is adequately represented. Further, in
order to facilitate hydrodynamic mass calcula-
tions, several mass points (fuel, shroud, vessel)
are selected at the same elevation. The RPV and
internals are quite stiff in the vertical direc-
tion. Vertical modes in the frequency range of
interesi are adequately obtained with few dynamic
degrees of freedom. Therefore, vertical masses
are distributed to a few key nodal points. The
various length of control rod drive housing are
grouped in to the two representative lengths
shown in Figure 3.7-32. These lengths represent
the longest and shortest housing in order to
adequately represent the full range of frequency
response of the housings.

Not included in the mathematical model are the
stiffness properties of light components, such as
in-core guide tubes and housings, sparger, au’
their supply headers. This is done to reducs ‘ne
complexity of the dynam = model. For the scismis
responses of these components, floor respouse
spectra generated from system analysis is ssed

The presence of a fluid and other structural
components (e.g., fuel within the RPV} introduces
a dynamic coupling effect. Dynawic effocts of
water enclosed by the RPV are acconnied fo by
introduction of a hydrodynasuic . "« aatrix which
will serve to link the accelerat oa rerms of the
equations of motioa of points ai the ame
elevation in concentric cylinders with a fluid
entrapped in the annulus. The details of the
hydrodynamic mass derivation are given in
Reference 4.

3724 Soil-Strucigre Interaction

The soil & ~del and soil-structure ini¢craction
analysis arc described in Appendir 3A.

1725 Development of Floor Response Spectra

In order to predict the seismir effects on
equipment located at various elevations within a
structure, floor response spectra are developed
using a time-history analysis technique.

The procedure entails first developing the

mathematical model assuming a linear system and
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then obtaining its natural frequencies and mode
shapes. The dynamic response at the mass points
is subsequently obtained by usiig a time-history
approach.

Using «he acceleration time-history response
of a particular mass point, a spectrum response
curve is developed and incorporated into a
design acceleration spectrum to be utilized for
the seismic analysis of equipment located at the
mass print. Horizontal ard vertical response
specira are computed for various damping values
applicable for OBE and SSE evaluation of
equipment. Two orthoconal horizontal and one
vertical earthquake component are input
separately. Response spectra at selected
locations are then generated for each earthquate
component separately. They ars combined using
the square-root-of-the-sum-of -the-squares (SRSS)
method to predict the total co-directional tioor
respense spectrum for thay particular
fréquency. This procedure is carried out for:
each siie-s. !’ case used in the soil-structure .
mirraction analysis. Response spectra for all
stte-soil 7908 are finally combined to arrive
at e set of final response spectra,

An alternate approach to obtain co-direc-
tienal floor response spectra is to perform
dyaaaic analysis with simultancous input of
variods carthquake components if those
components are statistically independent to cach
other.

The SSE floor response speci-a are obtained
by doubling the OBE response spectra as
explained in Subsection 3.7.1.3.

The response spectra values are computed as a
minimum either at frequency intervals as
specified in Table 3.7.1-1 of SRP 3.7.1 or at a
set of frequencies in which cach frequency is
within 10% of the previous one.

3.72.6 Three Components of Earthquake Motion

The three components of earthquake motion are
considered in the building seismic analyses. To
properly account for the responses of syvstems
cubjected to the three-directional excitation, a
statistical ccmbination is used to obtain the
net response according to the SRSS criterion of
R :gulatory Guide 1.92. The SRSS method accounts
for the randomness of magnitude and direction of
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carthquake motion. The SRSS criterion, applied
to the responses associated with the three
components of ground earthquake motion, is used
for seismic stress computation for steel
structural design as well as for resultant
seismic member force computations for reinforced
concrete structural design.

3727 Combination of Modal Response

Since only the time-history method is used for
seismic system analysis, the response spectrum
combination of modal responses is not applied.

3728 Interaction of Non-Category |
Structures with Seismic Category | Structures

The interfaces between Seismic Category 1 and
non-Seismmic Category 1 structures and plant
cquipment are dusigned for the dynamic loads and
displacements produced by both the Category | and
non-Category I structures and plant equipment.
All noa-Category | structures will meet any one
of the following requirements:

(1) The collapse of any nou-Category 1 structure
will not cause the non-Category | structure
to strike a Seismic Category | structure
component.

(2) The collapse of any non-Category ! structure
will not impair the integrity of Seismic
Category I structures or companents

(3) The non-Category 1 structures will be
analyzed and designed to prevent their
failure under SSE conditions in manner such
that the margin of safety of these structures
is equivalent to that of Seismic Category |
structures.

3729 Effects of Parameter Variations on
Floor Response Spectra

The following conservative assumptions are
included in the calculation of the floor response
spectra:

(1) The expected actual earthquake time histories
are enveloped by a smooth ground response
spectrum for design use. The smooth curve
leadt to conservative effects on modal
analysis because it treats all the modes in
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the maximum acceleration range having the
same amplification factor as the mo!
strongly amplified.

(2) The time history used to calculate the floor
response spectra produces a ground response
which envelopes the design ground response
spectra. In order to do this, it has
spectral peaks which are substantially
higher than the design spectra.

(3) The building and soil damping values used in
the analysis are near the lower bound of the
available damping data. The actual values
of damping are expected to be much higher
than the values used in the analysis,

(4) The yield strengths used in the .nalysis are
based on the minimum values and are
considerably lower than expected values.

(5) The additional strength and damping that is,
available when materials are stressed beyond
yield are neglected when using linear
elastic analvtical methods.

(6) The working stresses for most equipment arc
usually considerably below the vield
stresses.

(7) The calculated natural frequencies of
equipment are usually lower than actual
becauvuse of conservative modeling
assumptions.

These clements of conservatism are in series
(i.e., they are compounded), which results in an
extremely conservative design. The only reason
for broadening the spectra at all is to account
for the unlikely possibility that a particular
piece of equipment might have a natural
frequency which is not on the calculated
spectral peak but is on the real peak.

Since the peaks characteristic of the low
damping response are narrow, such an occurrence
is extremely improbable. Even if this
eventuality does occur, the extreme conservatism
described above ensures seismic adequacy ol
equipment design. Further, the floor response
spectra obtained from the time-history analysis
of the building are broadened plus and minus 10%
in frequency. Alternatively, peak shifting

3T



ABWR

method of ASME Code Case N-397, as permitted by
Regulaiory Guide 1.84, Revision 24, is used.

The broadening method of accounting for
variations causes modes having frequencies near
the spectral peaks to be calculated as though
they experience the peak acceleration. This is
quite conservative because the spectra for the
actual structure have only one narrow peak
somewhere in the 2( & broadened range.

37210 Use of Constant Vertical Static
Factors

Since all Seismic Category | structures and
the RPV are subjected to a vertical dynamic
analysis with a time-history defining the input,
no constant vertical static factors are utilized.

3.72.11 Methods Used to Account for Torsional
Effects

Torsional effects for two-dimensional analyt-
ical models are accounted for in the following
manner. The locations of the center of mass are
calculated for each floor. The centers of rigid-
ity and rotational stiffness are determined for
each story. Torsion effects are introduced in
each story b applying a rotational moment about
its center of rigidity. The rotational moment is
calculated as the sum of the products of tke in-
ertial force applied at the center of mes. of
each floor above and a moment arm cqual to the
distance from the center of mass of the floor to
the center of rigidity of the story plus five
percent of the maximum building dimension at the
level under consideration. To be conservative,
the absol. . values of the moments are used in
the sum. The torsional moment and story shear
are distributed to the resisting structural ele-
men.s in proportion to each individual stiffness.

The RPV model is axisymmetric with no built-in
eccentricity. Hence, the torsional effects for
the RPV are only those associated with the
reactor building model.

3.72.12 Comparison of Responses
Since only the time-history method is used for
structural analysis, the responses obtained from

response spectrum and time-history methods are
not compared.

Amendment |

BALIAE
REV. A

17213 Methods for Seismic Analysis of
Category J Dams

The analysis of all Categoiy 1 dams, if
applicable for the site, taking into
consideration the dynamic nature of forces (due
to bath horizontal and vertical earthquake
loadings), the behavior of the dam material
under carthquake loadings, soil structure
interaction effects, and nonlinear stress-strain
relations for the soil, will be used. Analysis
of earth-l.ded dams, if applicable, includes an
evaluation of deformations

37214 Determination of Seismic Category |
Structure Overturning Moments

Sewamic loads are dynamic in nature. The
miethod of ealeulating seismic loads vith dynamic
analvsis and thea treating them as static loads
to evaluate the overturning of structures and
foundation failures while treating the,
foundation mutcrials as linear elastic is _
conservative., Overturning of the structure,
assuming uo soil slip failure occurs, can be
caused only by the center of gravity of the
structure moving far enough horizoatally to
cause instabilify,

Furthermore, when the combined effect of
earthquake ground motion and structural response
is strong enough, the structure undergoes a
rocking motion pivoting about either edge of the
base. When the amplitude of rocking motion
becomes so large that the center of structural
mass reaches a position right above either edge
of the base, the structure becomes unstable and
may tip over. The mechanism of the rocking
motion is like an inverted pendulum and its
natural period is long compared with the linear,
elastic struc- tural response. Thus with regard
to overturning, the structure is treated as a
rigid body.

The maximum kinetic energy can be conserva-
tively estimated to be:

E -1 Zmi[(mﬂ.* (vw) 2 i
\ 1 1 (3.7-8)

where (viy) and (vy)are the maximum values of
the total lateral velocity and total vertical
velocity, respectively, of mass mj,
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Values for (vy); and (vy); are
computed as follows:

(vH) 2 = (%) 2 + (v 2
i . v (3.7-9)

(W) 2 = (vp) 2 + (w) 2
' 1 £ (3.7-10)

where (VH)g aud (vy)g are the peak
horizontal and vertical ground velocity,
respectively, and (vy); and (v;); are the
maximum values of the relative lateral and
vertical velocity of mass m;.

Letting m, be total mass of the structure
and base mat, the energy required to overturn the
structure is equal to

Ey=mogh

where h is the height to which the center of mass
of the structure must be lifted to reach the
overturning position. Because the structure may
not be a symmetrical one, the v ae of h is
computed with respect to the edge that i uearer
to the center of mass. The structure is defined
as stable against overturning when the ratio E,
to Eg exceeds 1.5.

(3.711)

These calculations assume the structure rests
on the ground sarface, hence, are conservative
because tae structure is actually embedded to a
considerable depth. The embedded effect is
considered only when the ratio E, to Eg is
less than 1.5,

3.7.2.15 Analysis Procedure for Damping

In a lincar dynamic analysis using a modal
superposition approach, the procedure to be used
to properly account for damping in diffe :at
clements of a coupled system model is as fo'' /s

(1) The structural percent critical damping of
the various structural elements of the mode!
is first specified. Each value is referred
to as the damping ratio (<) of a partic-
ular component which contributes to the
complete stiffness of the system.
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(2) Ap cigenvalue analysis of the lincar system
model is performed. This result. ‘o the
eigenvector matrices (@;) whi. are
pormalized and satisfy the orthoge  lity

conditions

: . » (3.7-12)
¢ K@j=uw’ and ' Ko

. ’ ' =0forigk)

where

K = stiffness matrix;

wj = circular natural frequency asso-

ciated with mode i; and

T
¢ o |

! = transpose of i'® mode cigen-

vector @

Matrix @ contairs all translational and
rotationa! coordinates. 3

(3) Using the strain energy of the individual
components as a weighting function, the
following equation is derived to obtain a
suitable damping ratio (8:) for mode i

N T (3.7-13)
fisdy g [q (Jilwi)j]
i j=1 )
where
Bi = modal damping coefficient for
' ith d
it" mode;

N = total number of structural
clements;

@i = component of i'h mode
eigenvector corresponding to jtb
element;

¢T = Transpose of @; defined above;

i

G = percent critical damping

associated with element j;
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K = stiffness matrix of clement j; and
Wi = circular natural frequency of mode
i,

3.7.2 Seismic Subsystem Analysis
3730 Seismic Analysis Methods

This subsection discusses the methods by which
Seismic Category | subsystems and components are
qualified to ensure the functional integrity of
the specific operating requirement: which
characterize their Seismic Category |
designation,

In general, one of the following five methods
of seismically qualifying the equipment is chosen
based upon the characteristics and complexities
of the subsystem:

(1) dynamic analysis;

(2) testing procedures;

(3) equivalent static load method of analysis;
(4) a combination of (1) and (2); or

(5) a combination of (2) and (3).

Equivalent static load method of subsystem
analysis is described in Subsection 3.7.0.5.

Appropriate design response spectra (OBE and
SSE) are furnished to the manufacturer of the
cquipmeant for seismic qualification purposes.
Additional information such as input time history
is also supplied only when necessary.

When analysis is used to qualify Seismic
Category I subsystems and components, the
analytical techniques must conservatively account
for the dynamic nature of the subsystems or
components. Both the SSE and OBE, with their
difference in damping values, are considered in
‘he dynamic analysis as explained in Subsection
3.71.3.

The general approach employed in the dynamic
analysis of Seismic Category | equipment and
component design is based on the response
spectrum technique. The time-history technique
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described in Subsection 3,7.2.1.1 generates
timehistories at various support elevations for
use in the analysis of subsystems and
equipment. The structural response spectra
curves are subsequently generated from the time
history accelerations,

At cach level of the structure where vital
components are located, three orthogonal
components of floor response spectra, two
horizontal and one vertical, are developed. The
floor response spectrum is smoothed and
envelopes all calculated response spectra from
different site soil conditions. The response
spectra are peak broadened plus or minus 10%,
When components are supported at two or more
clevations, the response spectra of cach
elevation are superimposed and the resulting
spectrum is the upper bound envelope of all the
individual specirum curves considered.

For vibrating sys.ems and their supports,
multi-degrec-of-freedom models are used in
accordance with the lumped-parameter modeling
techniques and normal mode theory described in
Subsection 3.7.2.1.1. Piping anc ysis is
described in Subsection 3.7.3.3.1.

When testing is used to qualify Seismic
Category | subsystems and components, all the
loads normally acting on the cquipment are
simulated during the test. The actual mounting
of the equipment is also simulated or
dupiicated. Tests are performed by supplying
input accelerations to the shake table to such
an extent that generated test response spectra
(TRS) envelope the required response spectra.

For certain Seismic Category | equipment and
components where dynamic testing is necessary to
ensure functional integrity, test performance
data and results reflect the following:

(1) performance data of equipment which has been
subjected to dynamic loads equal to or
~rgater than those experienced under the
specified seismic conditions;

(2) test date from previously tested comparable

equipment which has been subjected under

similar conditions to dynamic loads equal to
or greater than those specified; and
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(3) actual testing of equipment in accordance
with one of the methods described in
Subsectior 3.9.2.2 and Section 3.10.

3732 Determination of Number of Earthquake
Cycies

37321 Piping

Fifty (50) peak OBE cycles are postulated for
faiigue evaluation,

37322 Other Equipment and Components

Criterion 11.2.b of SRP Section 3.7.3 recom-
mends that at least one safe shutdown earthquake
(SSE) o five operating basis carthquake, (OBE<)
should be assumed during the plant lie. 1t also
recommunds that a minimum of 10 ma amur stress
cycles per earthquake should be as-omed (ie., 10
cycles for SSE and 50 cycles feor OBE). For
equipment and components other than piping, 10
peak OBE stress cycles are postulated for fatigue
evaluation based on the tollowing justification,

To evaluate the number of cycles engendered by
a given earthquake, a typical Boiling Water Re -
tor Building reactor dynamic model was excited by
three different recorded time histories: May 17
1940, El (‘cntrn NS component, 29.4 sec; 1952,
Taft N69° W component 30 sec; and March
1957, Golden Gates 89°E component, 13.2 sec.
The modal rosponse was truncated so that the
response of three different frequency bandwidths
could be studied, 0* -to-10 Hz, 10-to-20 Hz, and
20-10-50 Hz. This was done to give a good
approximation to the cyclic behavior expected
from structures with different frequency content.

Enveloping the results from the three earth-
quakes and averaging the resulrs from several
differcnt points of the dynamic model, the cyclic
behavior given in Table 3.7-6 was formed.

Independent of carthquake or component
frequency, 99.5% of the stress reversals occur
below 75% of the maximum stress level, and Y59 of
the reversals lie below 509% of the maximum stress
level.

In summary, the cyclic behavior number of

fatigue cycles of a component during a earthquake
is found in the following manner:
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(1) the funda .ental frequency and peak scismic
luads are found by a standard seismic
analysis (i.e., from eigen extraction and
forced response analysis);

(2) the number of cycles which the component
experiences are found from Tabie 3.7.6
according to the frequency range within
which the fundamental frequency lies; and

(3) for fatigue evaluation, one¢-half percent
(0.005) of these cycles is conservatively
assumed to be at the peak load, and 4.5%
(0.045) at the three-quarter peak. The
remainder of the cycles have negligible
contribution to fatigue usage.

rhe SSE has the highest lcvel of response.
However, the encounter probability of the SSE is
so small that it is not necessaiv to postulate
the possibility of more than one SSE during the,
60-year life of a plant. Fatigue evaluation due .
to the SSE is not necessary since it is a
‘aulted condition and thus not required by ASME
Code Section 111

The OBE is an upset condition and is included
in fatigue evaluations according to ASME Code
Section H1. Investigation of seismic histories
for maoy plants show that during a 60-year lLife
it is probable that five carti uakes with
intensities oue-tenth of the SSE i .tensily, and
one carthquake approximately 20% of the proposed
SSE intensity, will occur. The 60-year life
corresponds to 40 years of actual plant
operation divided by a 67% usage factor. To
cover the combined effects of these earthquakes
and the cumulative effects of even lesser
carthquakes, 10 peak OBE stress cycles are
postulated for fatigue evaluation.

1733 Procedure Used for Modeling
3.733.1 Modeling of Piping Systems
3733.1.1 Summary

To predict the dynamic response of a piping
system t2 the specified forcing function, the
dynamic model must adequately account for all

significant modes. Ca:eful selection must be
made of the proper response spectrum curves and

N
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proper location of anchors | order to separate
Seismic Category I from =ca-Category I piping
systems.

172312 Selection of Mass P 5

When performing a dynamic analysis, a piping
system is idealized either as a mathematical
model consisting of lumped masses connected by
weightless clastic members or as a consistent
mass model. The elastic members are given the
propertics of the piping system being analyzed.
The mass points are carefully located to
adequately represent the dynamic properties of
the piping system. A mass poiat is located at
the beginning and end of every elbow or vahe, at
the extended valve operator, and at the
intersection of every tee. On straight runs,
mass points are located at spacings no greater
than the span length corresponding to 33 Hz. A
mass point is located at every extended mass to
account for torsional effects on the piping
system. In addition, the increased stiffness and
mass of valves are considered in the modeling of

a piping system.
372213 Selection of Spectrum Curves

In selecting the spectrum curve to be used for
dynamic analysis of a particular piping system, a
curve is chosen which most closely describes the
& celerations existing at the end points and
restraints of the system. The procedure for de
coupling small branch lines from the main run of
Seismic Category I piping systems when estab-
lishing the analytical models to perform seismic
analysis are as follows:

(1) The small branch lines are decoupled from the
main runs if they have a diameter less than
one-third the diameter of the main run.

The stiffness of all the anchors and its
supporting steel is large encugh to
effectively decouple the piping on either
side of the anchor for analytic and code
jurisdictional boundary purposes. The RPV is
very stiff compared to the piping system and
therefore, it is modeled as an anchor.
Penetration assemblies (head fittings and
penctration sleeve pipe) are very stiff
compared to the piping system and arc modeled
as anchors,

(2)
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The stiffness matrix at the attackment loca- |

tion of the process pipe (i.¢., main steam,
RHR supply and return, RCIC, etc.) head
fitting is sufficiently high to decouple the
penetration assembly from the process pipe.
Previous analysis indicates that a satis-
factory minimum stiffn=ss for this attachment
point is equal to the stiffness in bending
and torsion of a cantilevered pipe section of
the same size as the process pipe and equal
in length to three times the process pipe
outer diameter,

For a piping system supported at more than
twy points located at different elevations in
the building, the response spectrum analysis is
performed using the envelope “esponse spectrum
of all attechmert points. Alternatively, the
multiple support excitation analysis methods may
be used where acceleration time histories or
response spectrs are applied at all the piping
attachment points. Finally, the worst single
floor response spectrum selected from a set of

floor response spectra obtained at various -

floors may be applied identically to all floors
provided it envelops the other fi. ur response
spectra in the set.

37332 Modeling of Equipment

For dynamic analysis, Seismic Category |
equipment is represented by lumped-mass systems
which consist of discrete masses connected by
weightlesc _prings. The criteria used to lump
masses are:

(1) The number of modes of a dynamic svstem is
controalled by the number of masses used,
therefore, the number of masses is chosen so
that all siguificant modes are included.
The modes are considered as significant if
the corresponding natural frequencies are
less than 33 Hz and the stresses calculated
from these modes are greater than 10% of the
total stresses obtained from lower modes.
This approach is acceptable provided at
least 90% of the loading/inertia is
contained in the modes used. Alternately,
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times the mass times the maximum spectral
acceleration from the floor response spectrs of
the point of sttachments of multispan
structures. The factor of 1.5 is adequate for
sinuple beam type structures. For other more
complicated structures, the factor used s
justified.

1724 Three Components of Earthquake Motion

The total seismic response is pred .ted by
combining the response calculated from the 1wo
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horizontal and the vertical analysis.
When the response spectrum method s used, the

method for combining the res . ases due to the
three orthogonal components of seismic excitation

is given as follows:
3 1/2
R; « R
; I i (3.714)
j=1
where

Rjj = maximum, coaxial seismic response
of interest (e.g., displacement,
moment, shear, siress, sirain) in
directions i due to ecarthquake
excitation in direction j, (j = 1,
2 3.

R, « seismic response of inlerest in i
direction for design (e.¢ .,
displacement, moment, shear,
stress, strain) obtaived by the
SRSS rule to account for the
nonsimultancous occurrence of the
Rjj's.

AT27 Combination of Modal Response
L7271 Subsystems Other Than NSSS

When the response spectrum method of modal
analysis is used, contributions from all modes,
except the closely spaced modes (i.e., the
difference between any two natural frequencies is
equal to or less than 10%) are combined by the
square-root-of-the-sum-of-the-squares (SRSS)
combination of modal resporss. This is defined
mathematically as:

R » (R)?
p> (3.7:15)
o

]
where
R = combined response,
R; = response to the ith mode; and
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N = number of modes considered in the
analysis.

Closely spaced modes are combined by tuking
the absalute sum of the such modes.

An alternate to the absolute sum method
presented 1o Regulatory Guide 1,92 iy the
following:

5
l,'o

N -
R » z R;‘E'R'ﬂml

i=1

(1.7:16)

where the second summation is 1o be done ou all
L and m modes whose frequencies are closely
spaced 1o cach other

L7272 NASS Subsy tems

In & response spectrum modal dynamic
analysis, if the modes are not closely spaced

(Lo, if the frequencies differ from cach other

by more than 10% of the lower freqrency), the
modal responses are combined by the
square-1oot-of-the-sum-of- the-squares (SRSS)
method as described in Subse . m 3.7.3.71 and
Regulatory Guide 1.92.

If some or all of the modes are closely
spuced, a double sum method, as descrit =d in
Subsection 5.7.3.7.2.2, is used to evalui.v the
combined responce. In a time-history method of
dynamic analysis, the vector sum of every step
is used to calculate the combined response. The
us¢ of the time -history analysis method
precludes the need to consider closely spaced
modes.

172721 Square-Root-ol-the-Sum-of -the-
Squares Method

Mathematically, this SRSS method is expressed
as follows:

(Rj)?
(3717
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where
R -
Rji, =~
N x

combined response;
~se to the M mode; and

of modes considered in the

soko.

A72722 Double Sum Metlod

This method, as defined in Regulatory Guide
1.92, is mathematically:

N
R = 3
k=1
where
R «
Ry w
N -
R‘ =
where
’ thy * ll B ’
L
in which
| 4-w[
|
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representative maximum value of a
particular response of a given
element to a given component of
excitation;

peak value of the respoanse of the
element due to the k'™ mode;

putiber of significant modes
considered in the modal response
combination, and

peak value of the response of the
element attributed to s'" mode

Bk @y + £y wo)

(i - &) '211

(3.7-19)
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where wy und By are the modal frequency
and th damping ratio in the kth mode,
respectively, and ty is the duration of the
carthquake.

LIAE Avalytical Procedure for Piping
173K1 Piping Subsystems Other Than NSSS
L738.01 Qualification by Analysis

The methods used in seismic analysis vary
according to the type of subsystems and
supporting structure involved. The following
possible cases are defined along with the
associated analyiical methods used.

172812 Rigid Subsystems with Rigid
Supports

if all natural frequencies of the subsystem
are greater than 33 Hz, the subsystem s
considered rigid and analyzed statically as
such, In the static analysis, the seismic
forces on each component of the subsyste: . are
obtained by concentrating the mass al the center
of gravity and multiplying the mass by the
appropriate maximum floor acceleration.

373812 Rigid Subsystems with Flexible
Supports

If it can be shown that the subsystem itself
15 a rigid body (e.g . piping supporied »: only
two points) while its supports are flexible, the
overall subsystem is modeled as a single-degree-
of-freedom subsystem consisting of an effective
mass and spring.

The natural frequency of the subsystem 1s
computed and the acceleration determined from
the floor response spectrum curve using the
appropriate damping value. A static analysis is
performed using 1.5 times the acceleration
value. In lieu of calculating the natural
frequency, the peak acceleration from the
spectrum curve may be used.

If the subsystem has no definite orientation,
t*e excitation along each of three mutually
perpendicular axes is aligned with respect to
the system to produce maximum loading The
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excitation in cach of the three axes is
considered to act simultancously. The
excitations are combined by the SRSS method.

173814 Flexible Subsystems

If the piping subsystem has more than two
supports, it cannot be considered a rigid body
and must be modeled as a raulti-degree-of -freedom

subsystem,

The subsystem is modeled as discussed in
Subsection 3.7.0.3.1 in sufficient detail (ie.,
number of mass points) to ensure that the lowes
natural frequency between mass points is greater
than 33 Hz. The mathematical model is analyzed
using a time-hisiory analysis technique or a
response spectrum analysis approach. After the
natural frequencies of the subsystem are
obtained, a stress analysis is performed using
the inertia forces and equivalent static loads
obtained from the dynamic analysis for cach mode.

For a response spectrum analysis based on a
modal superposition method, the modal response
accelerations are taken directly from the
spectrum. The total seismic stress is normally
obtained by combining the modal stress using the
SRSS method. The scismic stress of closely
spaced modes (i.e., within 10% of the adjacent
mode) are combined by absolute summation. The
resulting total is treated as a pseudomode and is
then combined with the remaining modal stresses
by the SRSS method.

The approach is simple and straightforward in
ail cases where the group of modes with closely
spaced frequencies is tightly bundled (i.¢., the
lowest and the highest modes of the group are
within 10% of each othrr). 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 suin method of combining
response tends to yield over-conservative
results. To prevent this problem, a general
approach applicable to all modes is considered
appropriate. The following equation is merely &
mathematical representation of this approach.

The most probable system response, R, is given

by:
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where the second summation is to be done on all
L and m modes whose frequencies are closely
spaced to cach other,

172
R? 20 [ R Ry |
! (3.7.20)

and where
R, = response to the ith mode

N « number of significant modes
considered in the modal response
combinations,

The excitation in each of tue threg major
orthogonal directions is considered 1o act
simultancously with their elfect combined by the
SRSS method.

LTAKLE Static Analysis

A static analysis is performed in lieu of a
dynamic analysis by applying the following
forces at the concentrated mass locations
(nodes) of the analytical model of the piping
system:

(1) borizontal static load, Fj, = CpW, in one
of the horizontal principal directions;

{2) eoual static load, Fy, in the other
horizontal princip ! direction; and

(3) vertical static lood, Fy = C W,

where
Ch €y = multipliers of the gravity
acceleration, g, determined
from the horizontal and ver-
tical floor response spectrum
curves, respectively. (They
are functions of the period and

the appropriate damping of the
piping system); and

W = weight at node points of the
analvtical model.

3.7.20
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For special cave analyses, Cy and Cy may
be taken as:

(1) 1.0 times the zero-period acceleration of the
response spectrum of subsystems described in
Subsection 373812,

(2) 1.5 times the value of the response spectrum
at the determined frequency for subsystems
described in Subsection 3.7.3.8.1.3 and
373814, and

(3) 1.5 times the peak of the respoise spectrum
for subsystems described in Subscctions
373813 ard 373814

An alternate method of static analysis which
allows for simpler technique with added conserva-
tism is acceptable . No determination of natural
frequencies is made, but rather the response of
the subsystem is assumed to be the peak of the
Appropriate response spec um at a conservative
and justifiable value of damping. The response
is then multiplied by a static coefficient of 1.5
to take into account the effects of both
multifrequency excitation and multimodal
response.

A73816 Dyamic Analysis

The dvnanic analysis procedure using the
response spectram method is provided as fo'lows:

(1) The number of node points and members is
indicated, If a computer program is
utilized, use the same order of number in the
computer program input. The mass at cach
node point, the length of cach member,
elastic constants, and geometric properties
are determined.

(2) The dynamic degrees of freedom according to
the boundary conditions are determined.

(3) The dynamic properties of the subsystem
(1.¢., natural frequencies and mode shapes)
are computed.

(4) Using a given direction of earthquake motion,

the modal participation factors, 5. for
cach mode are calculated:
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where
M, « ith mass

Pij « component of Qi in the
ca.thquake direction

@ii - i'h characteristic displacement
in the '0 mode

8 « modal participation factor for
the )'% mode

N « number of masses.

(5) Using the appropriste response spectrum
curve, the spectral acceleration, ry, for
the j!h mode as a function of the jth
mode natural frequency and the dampieg of
the svstem is determined.

{6) The maximum modal acceleration at each mass
point, i, in the moudel is computed s

follows:
%j " % Ta i (37-22)
where
ajj « acceleration of the i'™M mass
point in the j'M mode.

(7) The maximum modal izerlia force at the ith
mass point for the J'® mode is calculated
from the equation:
Fij = Mj aj; (3.7-23)

(8) For cach mode, the maximum inertia forces

17.21
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AT73822 Effect of Differential Bullding
Movements

The relative displacement between anchors is
determined from the dynamic analysis of the
structures. The results of the relative anchor-
point displacement are used in a static analysis
to determing the additional stresses due to
relative anchor-point displacements. Further
details are given in Subsection 3.7.3.8.1.8,

L7289 Multiple Supported Equipment Components
With Distinet lnputs

The procedure and criteria for analysis are
described in Subsections 3.7.2.1.3 and
3.7.8.3.1.3.

L7210 Use of Constant Vertical Static
Factors

All Seismic Catzgory | subsystems and compo-
nents are subjected to a vertical dynamic
analysis with the vertical floor speetra or time
histories defining the input. A static analysis
is performed in liew of dynamic analysis if the
peak value of the appiicable floor spectra times
a factor of 1.5 is used in the analysis, A
tuctor of 1.0 instead of 1.5 car be used if the
cquipment is simple enough such that it behaves
essentially as a single degree of freedum
system, I the fundamental fruquency of a compo-
ent in the vertical directiun is greater than or
cqual to 33 Hez, it is treated as seismically
rigid and analyzed statically using the
zero-pe-sponse spectrum.

172001 Torsional Effects of Eccentric Masses

Torsional effects of eccentric masses are
included for Seismic Category I subsystems
similar to that for the piping systems discussed
in Subsection 3.73.3.1.2

17212 Buried Seismic Category | Piping and
Tunnels

For buried Category ! buried piping systems
and tunnels the following items are considered in
the analysis:

(1) The inertial effects due to an earthquake

upon buried systems and tunnels will be

Amendment 11
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adequately accounted for in the analysis. In
case of buried systems sufficiently flex-
ible relative 1o the surrounding or under-
lying soil, it is assumed that the systems
will follow essentially the displacements and
deformations that the soil would have if the
systems were absent. When applicable,
procedures, which take into account the
phenomena of wave travel and wave refleciion
in compacting soil displacements from the
ground displacements, are employed.

(2) The effects of static resistance of the
surrounding soil on piping deformations or
displacements, differential movements ol
piping atchors, bent geometry and curvature
changes, etc., are considered. When
applicable, procedures utilizing the
principles of the theory of structur.s on
clastic foundations are used.

(3) When applicable, the effects due to local

soil settlements, soil arching, etc | arc"

also considered in the analysis,

L7013 Interaction of Other Piping with
Seismic Category 177 Jing

In certain instances, non-oeismic Category |
piping may be connected to Seismic Category |
piping at locations other than a piece of equip-
ment which, for purposes of analysis, could be
represented as an anchor, The transition points
typically ozcur at Sei-mic Category | valves
which may or may not <. physically anchored.
Since 4 dynamic analysis must be modeled from
pipe anchor point to wnchor point, two options
eXisl:

(1) specify and design a siructural anchor at
the Scismic Category | valve and analyze the
Seismic Category | subsystem; or, if
impractical to design an anchor,

(2) analyze the subsystem from the anchor point
in the Seiemic Category 1 subsystem through
the valve to either the first anchor point
in the nou-Seismic Category | subsystem; or
to sullicient distance in the non-Seismic
Category | Subsystem s0 as not to
significantly degrade the accuracy of
analysis of the Seismic Category | piping.

113
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Whetre small, non-Seismic Category piping is
directly attached to Seismic Category | piping, its
effect on the Seismic Category 1 piping is
accounted for by lumping a portion of its mass with
the Seismic Category | piping at the point of
attachment.

Furthermore, non-Seismic Category | piping
(particularly high energy piping as defined in
Section 3.6) is designed to withstand the SSE to
avoid jeopardizing adjacent Scismic Category |
piping if it is not feasible or practical to solate
these two piping systems.

17214 Seismic Analysis for Reactor
Internals

The modeling of RPV internals is discussed in
Subsection 3.7.232. The damping values are given
in Table 3.7-1. The seismic model of the RPV and
ntcrnal in shown in Figure 17.32,

17518 Analysis Procedures for Damiping

The modeling of RPV interna’: is discussed in
Subsection 3.7.2.32. The damping values are given
in Table 3.7-1. The seismic model of the RPV and
internals s shown in Figure 37-32,

3.7.3.16 Analysis Procedure for NonSeismic
Structures in Lieu of Dynamic Analysis

The method described here can be used for
non-seismic structures in licu of a dynamic analysis

Structures designed to this method should be
able to do the following:

(1) Resist minor levels of earthquake ground
motion without damage.

(2) Resist moderate levels of earthquake ground
motion without structural damage, but possibly
cxperience some nonstructural damage.

(3) Resist major levels of carthquake ground
motion having an intensity equal to the
strongest either experienced or forecast at the
building site, without collapse, but possibly with
some structural as well as noastructural
damage.

Amsndment 20

AT216.1 Lateral Forces

Seismic loads are chavacierized as a force profile
that varies with the height of the structure. These
forces are applied at cach floor of the structure and
the resulting forces and moments are calculated
from static equilibrium.

The buildings total base shear is characterized by
the following equation:

Vo= ZP1IC'W/R | where,
Vv = Total lateral force or shear at the
base.

FFF = Lateral force applied to level i, n, ot x
respectively,

F = That portion of V considered to be
concentrated at the top of the
structure in addition to F,

Z = Secismic zone factor

—
]

Importance tactor

C = Numenca! Coefficient

R, = Numerical Cocfficient

) = Coellicient for site soil characteristics
T = Fundamental period of vibration of

the structure in the direction under
consideration, as determined by using
the properties and deformation
characteristics of the resisting
clements in a properly substantiated
analysis,

W = Total dead load of building including
the partition joad where applicable.

w w = That portion of W which is located at
or is assigned to level i or x, respeets
ively

h h, = Heightin feet above the base to level i
or x, respectively
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The ABWR design will fix 2 and 1 and leave R
and C as variables for cach building and site.

The value of 1 has been selected for power
generating facilities.

=10

The site coefficient Z will be selected to
provide enveloping coverage for most of the U S,
cast of rocky mountains.

Z=015

The value of C is calculated based upon the
following formula:

C = 1.28°s7%"
Where: C need not exceed 2 78

The value of S is dependent on the site soil
characteristics, The value of S shall be selected
from Table 3.7-11.

The value of R  shall be selecied from Table
3.7-12 according to the type of construction
material and framing system under consideration.

173,162 Lateral Force Distribution

The concentrated force at the top of the
structure shall be determined according to the

following formuty:
l"t = 0.07*T*V where,

F need not exceed 0.25V and may be considered
ab 0 where T is 0.7 seconds or less. The remaining
portion of the total base shear V shal. be
distributed over the rest of the structure including
level n according to the following formula:

AN

‘ 2 :'-l W' h!
At each level designated x, the force F shall be

applied over the area of the building in actordance
with the mass distribution on that level,

Amendment 20
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A72162 Accident Torsion

In addition, the vertical resisting elements
depend on diaphragm action for shear distribution
any level, the shear resisting elements shall be
capable of resisting torsional moment assumed to be
equivalent to the story shear acting with an
eccontricity of not less than S percent of the
maximum building dimension at that level,

1.7.3.16.4 Lateral Displacement Limits

Lateral deflections or drift of a story relative to
its adjucent stories shall not exceed 0.005 times the
story height nor 0.04/R_ for buildings less than 65
feet in height. For buildings greater in height, the
caleulated story drift shall not exceed 0.004 times the
story height nor 0.04/R . These drift limits may be
exceeded when it is defnonstrated that greater drift
can be tolersted by both structural elements and
nonstructural elements that could effect life or
scfety. For designs using working stress methods, |
this capacity may be determined using an allowable
stross increace of 1.7, The rigidity of other elements
shall also be considered.

172165 Ductility Requirements

All framing not required by design to be part of
the lateral force-resisting systera shall be investigated
and shown 1) be adequate for vertical load-carrying
capacity and induced moment due to 3R /8 times
the distortions resulting from the code"required
lateral fo.ces.

Connections shall be designed to develop the full
capacity of the members or shail be based upon the
above forces without the one-third increase usually
permitted for stresses resulting from carthquake
{orces.

1.7.4 Seismic Instrumentation

1741 Comparison with NRC Regulatory Guide
112

The seismic instrumentation program is
consistent with Regulatory Guide 1.12.

1.7.4.2 Location and Description of
Instromentation

The following instrumentation and associated
equipment are used to measure plant response to

7241
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carthquake motion:

(1) three triaxial time-history accelerographs
(THA);

(2) three peak-recording accelerographs (PRA);
(3) two triaxial seismic triggers;

(4) one seismic switch (8S);

(%) four response spectrum recorders;

(6) recording and playback equipment; and

(7) annuciators.

The location of seismic instrumentation is
. dtlined in Table 3.7.7,

37421 Time-History Accelerographs

Time-history accelerographs prodnce a record
of the time-varying acceleration at the sensor
location. This data is used directly for analy-
sis and comparison with reference information
and may be, by calculational methods, converted
to response spectra form for spectra comparisons
with design parameters.

Each triacial acceleration sensor unit con-
tuins three accelerometers mounted in an ortho-
gonal array (two horizontal and one vertical).
All accelerstion units have their principal axes
oriented identically. The mounted units are
oriented so that their axes are aligned with the
building major axes used in development of the
mathematical models for seismic analysis.

One THA is located on the reactor building
(RB) foundation mat, El (-) 13.2 M, at the basc
of an RB clean zone for the purpose of measuring
the input vibratory motion of the foundation mat.
A second THA is located in an RB clean zone at
El (+) 26.7 M on the same azimuth as the
foundation mat THA. They provide data on the
frequency, amplit . de, and phase relationship of
the seismic response of the reactor building
structure. A third THA is located in the free field
at the finished grade app:oximately 160 M from
any station structures with axes oriented in the
same direction as the reactor building
acceleromsters.

Amendment 20
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Two seismic triggers, connected to form redun
dant triggering, are provided to start the THA
recording system. They are located in the free field
at the finished grade 160 M from the reactor
building. The trigger unit consists of or-
thogonally mounted acccleration sensors that ac-
tuate relays whenever o reshold acceleration is
exceeded for any of the thice axes. The trigger in
engineered to discriminate against false starts from
other operating inputs such as traffic, elevators,
people, and rotating equipment.

17242
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Magnetic tape recording and playback units are
provided for multiple channel recording and play-
back of the THA accelerometer signals. The data
recordings include an additional recorded channel
for the himing reference signal generated in the
control unit, The recording and playback systems
have a spucial cabinet furnished for those
instruments and devices accessary for system
testing, annunciating, calibration, and control
This cabinet is located in the control ¢quipment
room.

37422 Peak Recording Acevlerographs

Each sensor unit contains three peak-recording
accelerographs mounted in & mutually orthogonal
array. The units are unpowered and record peak
accelerations triaxially by proportional
scratches on record plates. The PRAs that are
mounted directly on equipment have one axis
coincident with the principal equipment axis.
All other PRAs have their prinzipal axes oriented
identically with one horizontal axis parallel to
the major horizontal axis assumed in the seismic
analysis.

One PRA is located on a reactor water cleanup
unit (RWCU) regenerative heat exchanger support.
A second PRA is located on an RHR pipe support
A third PRA is located an a diesel generator
support,

Data from PRAs must be manually retrieved
following an earthquake and is used in the
detailed investigations for particular
structures, systems, and equipment,

17423 Seismic Switches

One triaxial seismic switch (SS) is insta ed
on the reactor building foundation, This device
sctuates a visual and audible annunciator in the
main control room when the OBE acceleraton on at
leasy one of the axes has been exceeded. When
the threshold acceleration is sensed, the relay
closes and remains closed for an adjustable
period after the threshold is no longer exceeded.

317424 Response Spectrum Recorders
The response spectrum recorders measure both

horizontal and vertical peak acceleration for a
series uf frequencies pertinent to specific

Amendment 7
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structures and equipment. Response spectra are
recorded for three mutually orthogonal
directions at the sensor location by inscribing
steel reed deflections upon record plates, One
recorder is located on the reactor building
foundation in a clean zone. Another recorder is
located on the control building foundation. 1f
the OBE design response spectra values for
specific frequencies are exceeded during an
carthquake, specific switches mounted in the
recorders annunciate the spectfic frequencies in
the control equipment room.

Two other recorders do not contain alarm
contacts, One is mounted in the reactor
building pipe tunnel on a 20-inch RHR line and
anorher is on a YMCRD control panel support,

17425 Recording and Pluyback Equipment

A cabinet located in the control equipment
room houses the recording, playback, and,
calibration units that are used in conjunction .
with the THA sensors to produce a time-history
record of the carthquake, 1t also contains
audible and visual annunciators wired to display
initiation of the THA recorder and the power
supply components for all equipment contained
within the cabinct.

1743 Control Room Operator Notification

Activation of the sersmic triggers causes an
audibie and visual annunciation in the main
control room to alert the plant operator that an
carthquake has occurred. The annunciation is
set to occur at 0.01g vertical acceleration on
the free field.

The triggers cause initiation of the THA
recording system at horizontal or vertical
acceleration levels slightly higher than the
expected background level including induced
vibrations from sources such as traffic,
elevators, people, and machinery. The initial
sel points may be changed once significant plant
operating data have been obtained which indicate
that a different setpoint would provide better
THA system operation.

Audible and visual annunciators are provided

in the main control room to indicate whether the
OBE floor accelerations have been exceeded for

1728
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the seismic switch location.

The peak acceleration level exporienced by the
reactor building basemat is available immediately
following the carthquake. This is obtained by
playing back the recorded THA data from the
basemat location and reading the peak value from
a strip chart recorder.

Significant response spectra from the reactor
building basemat are available immediately
following an carthquake for comparison with the
OBE and SSE response spectra.

1744 Comparison of Measured and Predicted
Responses

Initial determination of the carthquake level
is performed immediately after the earthquake by
comparing the measured response spectra from the
reactor building basemat with the OBE and SSE
response spectra for the corresponding location,
If the measured spectra exceed the OBE response
spectra, the plant is shut down and a detailed
analysis of the carthquake motion is undertaken.

After any carthquake, the data from all
seismic recorders and recording instruments are
retrieved. When the OBE has been exceeded, the
data from these instruments are analyzed to
obtain the seismic accelerations experienced at
the location of major Seismic Category |
structures and equipment. The measured response
from the time-history accelerographs, peak-
recording accelerographs, and response spectrum
tecorders are used to determine the response
spectra at the location of cach Seismic Category
I structure and system. These spectra are
compared with those used in the design to
determine whether the structure or system is
still adequate for future use. Peak-recording
accelerographs mounted on cquipment are used to
determine whether the design limitation of that
specific equipment has becn exceeded.

The theoretical structural response and mea-
sured structural responses are compared 1o assess
the degree of conservatism in the analytical pre-
dictions. Seismi~ lcvels are established to de-
termine whethe ¢ plant can be brought back on
line. The criteria consider system design and
dynamic analysis in establishing the acceptable
levels for continued operation.

Amendment
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L7458 In-Service Surveillance

Each of the seismic instruments will be
demonstrated operable by the performance of ihe
channel chezk, channel calibration, and channel
functional test operations at the intervals
specified in Table 3.7.9,

A7.5COL License Information
1750 Seismic Parameters

The design basis hesizontal g value is 0.3g
for SSE and 0.15g tor OBE. These are maximum
free-field ground accelerations at the site as
measured at the existing grade level near the
ABWF.. The response spectra are presenied in
Subsection 3.7.1  The range of site parameters
used to establish the design basis seismic
parameters is presented in Appendix 3A

1.7.6 References

1. General Electric Company BWR /6-238 Standard
Safety Analysis Report (GESSAR), Docket No,
STN 50-447, November 7, 1975,

2. E. H. Vanmarcke and C A Cornell, Seismic
Risk and Design Respoi se Spectra, ASCE
Speciaity Confer:nce on Safety and
Reliability ~f Metal Structures, Pittsburgh,
Pennsylvania, November 1972,

3 NUREG-0800, Standard Review Plan, Section
371

4. L. K Liu, Seismic Analysis of the Boiling
Water Reactor, symposium on seismic analysis
of pressure vess=! and piping components,
First National Congress on Pressure Vessel
and Piping, San Fraocisco, California, May
1971.
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Table 1.7.2

NATURAL FREQUENCIES OF, THE REACTOR BUILDING COMPLEX IN
X DIRECTION (07-1807 AXIS) - FIXED BASE CONDITION

Mode No, Erequency (HZ)
| i
2 453
3 7720
4 K11
b 9.17
6 11.57
7 1364
.} 11,89
9 15.02
10 1531
11 1.9

2 16.26
13 1682
14 18.00
15 1973
16 20,42
17 21.08
18 2208
19 2311
20 2461
21 2627
22 2129
P 28.17
24 28.51
25 2938
26 3110
27 3204
28 nx
29 32.58

Amendment 1 1728
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Table 1,7.3

UENCIES OF THE REACTOR BUILDING COMPLEX IN
TION (907:270" AXIS) - FIXED BASE CONDITION

Ereguengy (HZ)

Xl

452

7.03

7.65

7

848
11.57
1302
1367
14,17
15.32
1590
16,68
1682
18.00
19.28
19.74
M
22.14
2375
24 58
2615
26.66
2783
20.59
29.90
31.10
363
222

IALI0ATL
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Table 1,74

NATURAL FREQUENCIES OF THE REACTOR BUILDING COMPLEX N
Z DIRECTION (VERTICAL - FIXED BASE CONDITION

E

Frequency (HZ)
.07
5176
5183
844
9.20
9.23
12.80
1337
19.60
10 27.54
313
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Table 3.7.5

NATURAL FREQUENCIES OF THE CONTROL
BUILDING - FIXED BASE CONDITION

Mode No, Frequency (HZ) Direction
1 542 X HORIZ
2 61 Y HORIZ
3 13.% Z VERT
4 18.55 X HORIZ
5 2481 Y HORIZ
6 31.59 Y HORIZ
7 3361 X HORIZ

Amendment 18 370
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NUMBER OF DYSNAMIC RESPONSE CYCLEFS EXPECTED
DURING ASEISMIC EVENTFOR SYSTEMS & COMPONENTS

FREOLENCY BANDWIDTH (M2
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DESCRIPTION OF SEISMIC INSTRUMENTATION

Component
Time -history accelerometer
SENSOT
Time-history accele: weter
sensor
Time-history accelerometsr
sensor

Seismic trigger

Seismic trigger

Peak recording accelero-
graph

Peak recording accelero:
utaph

Peak recording accelero-
graph

Seismic switch

Pespotse spectrum recorder,
(active)

Respons: spectrum recorder,
(active)

Response spectrum recorder,
(passive)

Response spectrum recorder,
(passive)

Seismic event - recording
alarm, playback panel

Location

Free field, 160 M fiom
Reactor Building RB

Reactor building founda-
tion mat at base an KB
Clean zone

Al RB clean zone

Free field, 160 M from
Reactor Building

Free field, 160 M from
Renctor Building

Reactor Building, RWCU
regenerative heat

exchanger support

Reactor Building, RHR
line

Reactor Building, Diesel
generator A support

Reactor Building founda-
tion

Reactor Building founda-
tion mat at the base of an
RB clean zone

Control Building found-
tion mat

Reactor Building p’ e
tunnel RHR hanger

Reucior Building FMCRD
control panel support

Control equipment room

*  Elevations are with respect to the RPV bottom head.

Amendment |

Setpolat
Lievation® w._
N/A
(=) 132M
(+)26TM
N/A 0.01
N/A om
()67 M
(+)73M
() 132M 0.10
() 132M Table
3178
() 35M Table
378
(+)187M

Operating
Range

0.01 to 1.0¢

0.01 10 1.0g

0.01 10 1.0g

0.005 to 0.02¢

0.005 w002 |

1to 20 Hz

1to 20 He

11020 Hz

0110 3.0 M2

Table 3.7-8

Table 3.7-8

1010 32 Hz

1.0 10 32 Hz

323
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Table 3.7.9
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REN. A

SEISMIC MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNEL
INSTRUMENT CHECK®
1. Triaxial Time-History Accelerographs M
2 Triaxial Peak Accelerographs NA
1. Triaxial Seismic Switches M
4. Triaxial Response-Spectrum Recorders M

M = Monthly

R = Refucling

SA = One per 18 months
NA = Not Applicable

Amendment |
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Table 3.7-11
SITE COEFFICIENTS
Description
A sail profile with either;

(a) A rock like material characterized by
a shear wave velocity greater than 2,500

fps or by other suitable means of classifi-

cation,
or

(b) Stiff or dense soil condition where soil
depth is less than 200 ft,

A soil profile with dense or stiff soil
conditions, where the soil depth exceeds
200 feet.

A soil profile 40 feet or more in depth
and containing more than 20 feet of soft
to medium stiff clay but not more than 40
feet of soft clay.

A soil profile containing more than 40 feet
of soft clay.

S Foctor

10

1.5

20

3782
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19 MECHANICAL SYSTEMS AND
COMPONENTS

39.1 Special Topics for Mechanical
Components

38511 Design Transients

The plant events affecting the mechanical
systems, comnonents and equipment are summarized
in Table 3.9-1 in two groups: (1) plant operat-
ing events during which thermal-hydraulic transi-
ents occur, and (2) dynamic loading events due to
accidents, carthquakes and certain operating con-
ditions. The number of cycles associated with
cach event for the design of the reactor pressure
vessel (RPV) as an example are listed in Table
3.9-1. The plant operating conditions are iden-
tified as normal, upset, emergency, faulted, or
testing as defined in Subsection 3.9.3.1.1. Ap-
propriate Service Levels (A, B, C, D or testing)
as defined in ASME Code, Section 111, are desig-
nated for design limits. The design and analysis
of safety-related piping and equipment using spe-
cific applicable thermal-hydraulic transients
which are derivec from th: system behavior during
the events listed in Table 3.9-1 are documented
in the design specification and/or stress report
of the respective equipment. Table 3.9-2 snows
the loading combinations and the standard
acceptance criteria,

31912 Computer Programs Used in Analyses

The computer programs used in the analysis of
the major safety-related components are described
in Appendix 3D,

The computer programs used in the analyses of
Seismic Category | components are maintained
either by General Electric or by outside computer
program developers. In either case, the quality
of the programs and the computed results are
controlled. The programs are verified for their
application by appropriate methods, such as hand
calculations, or comparison with results from
similar programs, experimental tests, or
publiched literature including analytical results
or wumerical results (o the benchmark probiems.

The updates to Appendix 2D will be provided to

Amendment |
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indicate any additional programs used or the
later version of the described programs, end the
method of their verification.

1913 Bxperimental Stress Analysis

The following subsections list those NSSS
components for which experimental stress
analysis is performed in conjunction with
aualytical evaluation. The experimental stress
analysis methods are used in compliance with the
provisions of Appendix 11 of the ASME Code,
Section 1L

19.1.3.1 Piping Snubbers and Restraints

The following components have been tested 1o
verify their design adequacy:

(1) piping seismic snubbers, and

(2) pipe whip restraints,

Descriptions of the snubber and whin -~

restraint tests are contained in Subsection
3.9.3.4 and Section 3.6, respectively,

39122 Fioe Motion Control Rod Drive
(FMCRD)

Experimental data were used in developing the
hydraulic analysis computer called the FMCRDO1L
The output of FMCRDO1 5 used in the dynamic
analysis of both /.SME Code and non-Code parts.
Pressures used in the analysis of these parts
are also determined during actual testing ot
prototype control rod dr ves.

3.9.1.4 Considerations for the Evaluation
of Faulted Condition

All Seismic Category | equipment are
evaluated for the faulied (Service Level D)
loading conditions identified in Tables 3.9-1
and 3.9-2, In all cases, the calculated actual
stiesses are within the allowable Service Level
D limits. The following subsections address the
evaluation methods and stress limits used for
the equipment and identify the major components
evaluated for faulted conditions. Additinnal
discussion of faulted analysis can be found in

391
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analyzed for the faulted loading conditions. The
ECCS and SLC pumps are active ASME Class 2 compo-
nents. The allowable stresses for active pumps
are provided in a footnote to Table 3.9.2.

The reactor coolant pressure boundary compo-
wenty of the reactor recirculation system (RRS)
pump motor assembly, and recirculation motor cool-
ng (RMC) subsystem heat exchanger are ASME Class
1 und Class 3, respectively, and are analyzed for
the faulted loading conditions. All equipment
stresses are within the clastic limits.

19.1.47 Fuel Storage and Refueling Equipment

Storage, refueling, and servicing equipment
which is important to safety is classified as es-
sential components per the requirements of
10CFRS50 Appendix A. This equipment and other
cquipment which ia case of a failure would de-
grade an essential component is defined in Sec:
tion 9.1 and is classified as Seismic Category
I. These components are subjected to an elastic
dynamic finite-element analysis to generate load-
ings. This analysis utilizes appropriate floor
response spectra and combines loads at frequen-
cies up to 33 Hz for seismic loads and up to 60
Hz for other dynamic loads in three directions.
Imposed stresses are generated »=4 combined for
normal, upset, and faulted co.witions, Stresses
are compared, dependiag on the specific ssfety
class of the equipment, to Industrial Codes,
ASME, ANSI or Industrial Standards, AISC,
allowables.

39148 Fuel Assembly (Including Channel)

GE BWR fuel assembly (including channel) de-
sign bases, and analytical and evaluation methods
including those pplicable to the faulted condi-
tions arc the same as those contained in Refer
ences 1 and 2.

19.1.49 ASME Class 2 and 3 Vessels

Elastic analysis methods are used for evaluat-
ing faulted loading conditio s for Class 2 and 3
vessels. The equivalent allowable stresses using
elastic techniques are obtained from NC/ND-3300
and NC-3200 of the ASME Code Section 11, These
allowables are above elastic limits.
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391 410 ASME Class 2 and 3 Pumps

Elastic analysis methods are used for evaluat-
ing faulted lcading conditions for Class 2 and 3
priaps. The equivalent allowable stresses for
n. active pumps using elastic techniques are ob-
tained from NC/ND-3400 of the ASME Code Section
111, These allowables are above elastic lim-
its. The allowables for active pumps are pro-
vided in a footnote to Table 3.9.2,

391411 ASME Class 2 and 3 Valves

Elastic analys: methods and standard design
rules are used .or evaluating fauited loading
conditions «or Class 2, and 3 valves. The
eguivalent allowable stresses [or nonactive
valves using elastic techniques are obtained
from NC/ND-3500 of ASME Code, Section 1L
These allowables are above elastic limits. The
allowables for active valves are provided in a
footaote to Table 3.9-2,

3.9.1.4.12 ASME Class 1,2 and 3 Piping

Elastic analysis methods are used [or evaluat-
ing faulted loading conditions for Class 1, 2,
and 3 piping. The equivalent allowable stresses
using clastic techniques are obtained from Appen-
dix F (for Class 1) and NC/ND-3600 (for Class 2
and 3 piping) of the ASME Code Section (11
These allowables are above elastic limits. The
allowables for functional capability of the es-
sential piping are provided in a footnote (o
Table 3.9-2.

1.9.1.5 Inelastic Analysis Methods

Inelastic analysis is only applied to ABWR
components to demonstrate the acceptability of
three types of postulated events. Each event is
an extermly low-probability occurence and the
equipment affected by these events would not be
reused. These three events are:

(1) Postulated gross piping failure.

(2) Postulated blowout of a reactor internal
recirculation (RIP) motor casing due to a
weld failure.

Postulated blowout of a control rod drive
(CRD) housing due to a weld failure.

(3)
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The loading combinations and design criteria
for pipe whip restraints utilized to mitigate the
effects of postulated piping failures are
provided in Subsection 3.6.2.3.3.

In the case of the RIP motor casing failure
event, therc are specific restraints applied to
mitigate the effects of the failure. The
mitigation arrangement consists of lugs on the
RPV bottom head to which are attached two long
rods for each RIP. The lower end of each rod
engages two lugs on the RIP motor/cover. The use
of inclastic analysis methods is limited to the
middle slender body of the rod itself. The
attachment lugs, bolts and clevises are shown to
be adequate by elastic analysis. The selection
of stainless steel for the rod is based on its
high ductility assumed for energy absorption
during inelastic deformation,

The mitigation for the CRD housing
att chment weld failure is by somewhat different
means than are those of the RIP in that the
comporents with regular functions also function
to mitigaie the weld failure effect. The
components are specifically:

(1) Core support plate

(2) Control rod guide tube

(3) Contral rod drive housing
(4)  Control rod drive outer tvbe

(5) Bayonet fingers

Orly the cylindrical bodies of the control
rod guide tube, control rod drive housing and
control rod drive outer tube are analyzed for
energy absorption by inelastic deformation.

Inelastic analysis for there latter two
events together with the criteria used for
evaluation are consistent with the procedures
described in Subsection 3.6.2.9.3 for the
different components of a pipe whip restraint.
Figure 3.9:6 shows the stress-strain curve used
for the blowout restraints.

3.9.2 Dynamic Testing <nd Analysis
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1.9.2.1 Piping Vibration, Thermal Expansion,
and Dynamic Effects

The overall test program is diviced into
two phases; the preoperational test phase and
the initial startup test phase. Piping vibra-
tion, thermal expansion and dynamic effects test-
ing will be performed duriog both of these
phases as described in Chapter 14, Subsections
14.2.12.1.51, 14.2.12 2.10 and 14.2.12.2.11 re-
late the specific role o this testing to the ov.
erall test program. Discussed below are the gen-
eral requirements for this testing. It
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siguilican( response, Steady state conditions
and trundient events 1o be monitored will be
detailed io the appropriate testing specification
consis cnt with OM3 guidelines.

920 1% Test Evaluation and Acceptance Crite-
ria

The piping response to test conditions
shall be eonsidered acceptable if the review of
the tes results indicates that the piping re-
sponds (0 & manner consistent with predictions of
the stress report and/or that piping stresses are
within ASME Code Section 111 (NB-36000) limits,
Acceptable limits are determined after the comple-
tion of piping systems stress analysis and are
provided in the piping test specifications.

To eosure test data integrity and test
salety, criteria have been established to fa-
cilitaie assessment of the test while it is in
progress. For steady state and transient vibra-
tion the pertinent acceptance criteria are usu-
ully expressed in terms of maximum allowable dis-
placement, deflection. Visual observation should
only be used to confirm the absence of sig:
nificant levels of vibration and not to determine
acceptability of any potentially excessive vibra-
tion. Therefore, in some cases other measurement
technigues will be required with appropriate quan-
titative acceptance criteria.

There are tvpically two levels of acceptance
criteria for allowable vibration displace-
ments/deflecticas. Level 1 critena are bounding
type criteria associnted with safety limits while
Level 2 criteria are stricter criteria associated
with system or component expectations. For
steady state vibration the Level 1 criteria a-»
based on the endurance limit (10,000 psi) to as-
sure no failure from fatigue over the life of the
plant. The corresponding Level 2 criteria are
based on one half the endurance limit (5,000
psi). For transient vibration the Level 1 crite-
ria are based on cither the ASME-I11 code upset
primary stress limit or the applicable snubber
load capacity. Level 2 criteria are based on a
given tolerance about the expected deflection
value,

3.9.2.1.1.4 Reconciligtion and Corrective Ac-
tions
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During the course of the tests, (he remote
measurements will be ‘egularly checked to verify
compliance with acceptance criteria. If trends
indicate that criteria may be violated, the mea-
surements should be monitored at more frequent
intervals. The test will be held or terminated
as $00Nn as criteria are violated, As soon as
possible after the test hold or termination ap-
propriate investigative and corrective actions
will be taken. If practicable, a walkdown of
the piping and suspension system should be made
in 23 attempt to identify potential obstructions
or improperly operating suspension components.
Hangers and snubbers should be positioned such
that they can accommodate the expected deflec:
tions without bottoming out or extending fully.
All signs of damage to piping supports or an-
chors shall be invesiigated.

Instrumentation indicating criteria failure
shall be checked for proper operation and
calibration including comparison with other in-
strumentation located in the proximity of the ex-
cessive vibration. The assumptions used in the
calculations that generated the applicable lim-
its should be verified againsi actual conditions
and discrepancies noted should be accounted for
in the criteria limits. This may require a
reanalysis at actual system conditions

Should the investigation of instrumentation
and calculations fail to reccncile the criteria
violations, then physical corrective actions may
be required. This might include identification
and reduction or elimination of offending forc
ing functions, detuning of resonant piping spans
by appropriate modifications, addition of brac-
ing, or changes in operating procedurcs 1o avoid
troublesome conditions. Any such medifications
will require retest to verify vibrations have
been sufficiently reduced.

3927 1 Thermal Expansion Testing

A thermal expansion preoperational and startup
testing program performed through the use of vi-
sual observation and remote sensors has been
established to verily that normal unresirained
thermal movement occurs in specified safety-
related high- and moderate-energy piping sys-
tems, The purpose of this program is to ensure
the following:
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(1) the piping system during system heatup and
cooldown is free (0 expand and move without
unplanned obstruction or restraint in the ¥,
v, and z directions;

(2) ibe piping system does shakedown after a few
thermal expansion cvcles;

(3) the piping system is working in @ manner con-
sistent with the assumption of the stress
analysis;

(4) there is adequate agreement between calcu-
lated values and measured values of displace-
ments; and

(5) there is consistency and repeatability in
thermal displacements during beatup and
cooldown of the systems.

The general requirements for thermal expan-
sion testing of piping systems are specified in
Pegulatory Guide 1.68, "Preoperational and Ini-
tial Startup Testing Programs for Water-Cooled
Power Reactors.” More specific requirements are
defined in ANSI/JASME OM7 "Requirements for
Thermal Expansion Testing of Nuclear Power Plant
Piping Systems.” Detailed test specifications
will be prepared in full accordance with this
standard and will address such issues as
prerequisites, test conditions, precautions,
measurement techniques, monitoring requirements,
test hold points and acceptance criteria. The
development and specification of the types of
measurements required, the systems and locations
to be monitored, the test acceptance criteria,
and the corrective actions that may be necessary
are discussed in more detail below.

192121 Measurement Techniques

Verilication of acceptable thermal expan-
sion of specified piping systems can be accom-
plished by several methods. One method is to
physically walkdown the piping system and ver 'y
by visual observation that free thermal movement
is unrestrained. This might include verification
that piping supports such as snubbers and spring
hangers are not fully extended or bottomed out
and that the piping (including branch lines and
instrument lines) and its insulation is pot in
hard contact with other piping or support
structures. Another method would involve local
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measurements, using a hand held scale or ruler,
against a fixed reference or by recording the
position of a snubber or spring can. A more
precise method would be using permanent or
temporary instrumentation that directly measures
displacement, such as a lanyard potentiometer,
that ~an be monitored via a remote indicator or
recording device. The technique to be used will
depend on such factors as the amount of movement
predicted and the assessability of the piping

Measurement of piping temperature is also of
importance when evaluating thermal expansion
This may be accomplished either indirectly via
the temperature of the process fluid or by
direct measurement of the piping wall tem-
perature and such measurements may be obtained
either locally or remotely. The choice of tech.
nique used shall depend on such considerations
as the accuracy required and the assessability
of the piping.

3192122 Monitoring Requireraents

As described in Subsections 14.2.12.1.51
and 14.2.12.2.10 all safety-related piping shall
be included in the thermal expansion testing pro-
gram. Thermal expansion of specified piping sys-
tems should be measured at both the cold and hot
extremes of their expected operating condi-
tions. Physical walkdowns and recording of
hanger and snubber positions should also be con-
ducted where possible considering assessability
and local environmental and radiological condi-
tions in the hot and cold states. Displacements
and appropriate piping/process temperatures
shall be recorded for those systems and condi-
tions specified. Sufficient time shall have
passed before taking such measurements to ensure
the piping system is at a steady state condi-
tion. In selecting locations for monitoring pip-
ing response, consideration shall be given to
the maximum responses predicted by the piping
analysis. Specific consideration should also be
given to the first run of pipe attached to
component nozzles and pipe adjacent to
structures requiring a controlled gap.

392123 Test Evaluation and Acceptance Cri-
teria

To ensure test data integrity and test
safety, criteria have been established to fa-
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* The 60 H: frequency cutoff for dynamic
analysis of suppression pool dynemic loads is the
minimum requirement based on a generic Reference
8 using the missing strain energy method,
performed for representative BWR equipment under
high-frequency input loadings.
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3922 Seismic Qualificution of
Safety-Related Mechanical Equipment
(locluding Odher RBY Induced Loads)

This subsection describes the criteria for
dyoamic qualification of safety-related
mechanical equipment and associated supports,
and also describes the qualification testing
and/or analysis applicable to the major
components on a component by component basis.
Seismic and other events that may induce
reactor building vibration (RBV)-(see Appendix
3B) are considered. In some cases, 8 module
or assembly consisting of mechanical and
electrical equipment is qualified as a unit
(e.g, ECCS pumps). These modules are
generally discussed in this subsection and
Subsection 3.9.3.2 rather than providing
discussion of the separate electrical paits in
Section 3.10. Electrical supporting equipment
such as control consoles, cabinets, and panels
are discussed in Section 3,10,

19221 Tests and Analysis Criteria and
Methods

The ability of equipment to perform its
safety function during and after the
application of a dynamic load is demonstrated
by tests and/or analysis. The analysis is
performed in accordance with Section 3.7
Selection of Testing, analysis or &
combination of the two is determined by the
type, size, shape, and complexity of the
equipment being considered. When practical,
the equipment operability is demonstrated by
testing. Otherwise, operability is
demonstrated by ruathematical analysis.

Equipment which is large, simple, and/or
consumes large amounts of power is usual'y
qualified by analysis or static bend test to
shiow that the loads, stresses and deflections
are less than the allowable maximum. Analysis
and/or static bend testing is also used to
show there are no natural frequencies below 33
Hz for seismic loads and 60 Hz for other RBV
loads*. If a natural frequency lower than 33
Hz in the case of seismic loads and 60 Hz in
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the case of other RBY induced loads i
discovered, dynamic tests and/or mathematical
analyses may be used to verify operability and
structural integ ‘t the required dyoamic
input conditions.

When the equipment 1s qualified by dynamic
test, the response spectrum or time history of
the attachment point is used in determining input
motion,

Natural frequency may be determined by running
a continuous sweep frequency search using
sinusoidal steady-state input of low magnitude.
Dynamic load conditions are simulated by testing
using random vibration input or single frequency
input (within equipment capability) over the
frequency range of interest. Whichever method is
used, the input amplitude during testing
envelopes the actual input amplitude expected
during the dynamic loading condition.

The equipment being dynamically tested is
mounied on a fixture which simulates the intended
service mounting and causes no dynamic coupling
10 the equipment.

Equipment having an extended structure, such
as a valve operator, is analyzed by applying
static equivalent dynamic loads at the center of
gravity of the extended structure. In cases
where the equipment structural complexity makes
mathematical analysis impractical, a static beand
test is used to determine spring constant and
operational capability at maximum equivalent
dynamic load conditions.

1922.11 Random Vibration loput

When random vibration input is used, the
actual input motion envelopes the appropriate
floor input motion at the individual modes.
However, single frequency input such as sine
beats can be use provided one of the following
conditions are met:

(1) the characteristics of ihe required input
motion is dominated by one frequency;
(2) the anticipated response of the equipment is
adequately represented by one mode; or

Amendment |

NAGIVAL

REV. A

(%) the input has sufficient intensity and
duration to excite all modes to the
required magnitude so that the testing
response spectra will envelop the
corresponding response spectra of the
individual modes.

192212 Application of nput Modes

When dynamic tests are performed, the
input motion is applied to one vertical and
one horizontal axis simultaneously. However,
if the equipment response along the vertical
direction is mot sensitive to the vibratory
motion along the horizontal direction and vice
versa, then the input motion is applied 1o one
direction at a time. In the case of sirgle
frequency input, the time phasing of the
inpuis in the vertical and horizontal
directions are such that a purely rectilinear
resultant input is avoided

392213 Fixture Design

The fixture design simulates the actual
service mounting and causes no dynamic
coupling to the equipment.

192214 Prototype Testing

Equipment testing . conducted on
prototypes of the equipment to be installed in
the plant,

39222 Qualification of Safety-Related
Mechanical Equipment

The following subsections discuss the
testing or analytical qualification of the
safety-related major mechanical equipment, and
other ASME 111 equipment, including equipmer!

supports.
392221 CRD and CRD Housing

The gualification of the CRD housing (with
enclosed CRD) is done analytically, and the
stress results of their analysis establish the
structural integrity of these components.
Preliminary dynamic tests are conducted to
verify the operability of the control rod
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drive during a dynamic even!. A simulated test,
imposing dynemic deflection in the fuel channels
up to values greater than the expected seismic
responie, 18 performed with the CRD demonstrated
functioning satisfactorily.

The test was conducted in twe phaser due to
facility limitations. The seismic test facility
cannot be pressurized while shaking therefore the
thargiog pressure of the hydraulic control unit
is reduced to simulate the back pressure that is
applied in the reactor, The appropriate
adjustment was determined by first running scram
tests with the iull reactor pressure and with
peak transient pressure. Then with the test
vessel at atmospheric pressure, the scram tests
were repeated with reduced charging pressures
until the scram performance matched that of the
pressurized tests. This was repeated for the
peak pressure also. The seismic tests were then
perfarmed with the appropriate pressure
adjustments for the conditions being tested. The
tests were run for various vibration levels with
fuel channel deflections being the independent
variable. The test facility was driven to
vibration levels that produced various channe!
deflections up to 1.6 inches and the scram curves
recorded. The 1.6 inch channel deflection is
several times toe channel deflection calculated
for the actual seismic condition. The
correlation of the test with analysis is via the
channel deflection not the housing structural
analvsis since scramability is controlled by
channel deflection not houvsing dellection.

3192222 Core Support (Fuel Support and
CR Guide Tube)

A detailed analysis imposing dynamic effects
due to seismic and other RBV events is performed
to show that the maximum stresses developed
during these events are much lower than the
maximum allowed for the component material.

192223 Hydraulic Coatrol Unit (HCU)

The HCU is analyzed for the seismic and other
RBV loads faulted condition and the maximum
stress on the HCU frame is calculated to be below
the maximum allowable for the faulted condition
As discussed in Subsection 3.9.1.4.1.2, the
favlied condition loads are calculated to be
below the HCU maximum capability,
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192224 Fuel Assembly (Including
Chanoel)

GE BWR fuel channel design bases, analyti-
cal methods, and seismic considerations are
s:milar 1o those contained in References 1 and
2. The resulting combined acceleration pro-
files, including fuel lift for all normal/
upset and faulted events are to be shown less
than the respective design basis acceleration
profiles.

392225 Reator Internal Pump and - lotor
Assembly

The reactor internal pump (RIP) and motor
assembly, including its appurtenances and
support, is classified as Seismic Category |,
but not active, and is designed to withstand
the seismic forces, including other RBYV
loads. The qualification of the assembly is
done analytically, and with a dynamic test.

192226 ECCS Pump and Motor Assembly

A prototype ECCS (RH™ and HPCF) pump motor
assembly is qualified for seismic and other
RBYV loads via a combination of dynamic
analysis and dynamic testing. The complete
motor assembly is qualified via dynamic
testing in accord- ance with IEEE 344, The
qualification test program includes
demonstration of startup capability as well as
operability during dynamic loading
conditions. This is discussed in more detail
in Subsection 393214,

The pump and motor assemblies, as units
operating under seismic and other RBV load
conditions, are qualified by dynamic analy-
sis and results of the analysis indicate that
the pump and motor are capable of sustaining
the above loadings without exceeding the
allowable stresses. This is discussed 10 more
detail in Sv’ sections 3.9.3.2.1.1 and
3.8.3.8.1.2.

392229 RCIC Pump and Turbine Assembly
The RCIC pump construction is a horizor’al,

multistage type and is supported on a
pedestal. The RCIC pump assembly is qualified
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subjected to a combination of SSE, other RBV, and
notmal operuti g loands. Analysis also ensures
that pump running clearances, which inciude
deflection of the pumyp shaflt and pump pedestal,
are met during seismic and other RBV loadings.

1922215 Other ASME 1 Equip.nent

Other equipment includiog associated supports
is qualified for seismic and othe; RBV loads to
ensure its functional integruy during and after
the dynamic eveat. The equipment is tested, if
necessary, to ensure s ability to perform its
specified function before, during, and following
A test.

Dynamic load qualification is done *v a
combivation of test and/or analysis as described
in Subsection 392.2.1. Natural frequency when
determined by an exploratory test is in the form
of a single-axis continuous-sweep frequency
search using a sinusoidal steady-state input at
the lowest possible amplitude which is capable of
determining resonance. The search is conducted
on cach principal axis with a minimum of two
continuous sweeps over the frequency range of
interest at a rate no greater than one octa.e per
minute, If no resonances are located, then the
equipment is considered as rigid and single
frequency tests at every 1/3 octave frequency
interval are acceptable. Also, if all natural
frequencies of the equipment are greater than 33
Hz for seismic loads and 60 Hz for other RBY
loads, the equipment may be considered rigid and
analyzed statically as such. In this static
analysis, the dynamic forces on cach component
are obtaired by concentrating the mass at the
center of gravity and multiplying the mass by the
appropriate floor acceleration. The dynamic
stresses are then added to the operating stresses
and a determination made of the aucquacy of the
strengih of the equipment. The search for the
natural frequency is done analytically if the
cquipment shape can be defined mathematically
and/or 2y prototype testing.

If ‘ae equipment is a rigid body while its
suppurt is flexible, the overall system can be
modeled as a single-degree-of-freedom system
consisting of a mass and a spring. The natural
frequency of the system is comprted; then the
acceleration is determined from the flont
response spectrum curve using the appropriate
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damping value. A static analysis is then
performed using this scceleration value In
lieu of calculating the natural frequency, the
peak acceleration from the spectrum curve is
used. The critical damping values for welded
steel structures from Table 3.7:1 are
employed.

Iu case the equipment cannol be considered
as @ rigid body, it can be modeled as a
multi-degree-of -freedom systeza. It is divided
into a sufficient number of nass points to
ensure adequate representation. The
mathematical model can be an lyzed using modal
analysis technique or direct integration of
the tquations of motion. Specified structural
damping is used in the analysis unless
justification for other values can be
provided. A stress analysis is performed
using the appropriate inertial forces or
equivalent static loads obtained from the
dynamic analysis of each mode,

For a multipie degree of freedom modal
analysis, the modal response accelerations can
be taken directly from the applicable floor
response spectrum. The maximum spectral
values within +10% band of the calculated
frequencies of the equipment are used for
computation of modal dynamic response inertial
loading. The total dynamic stress is obtained
by combining the modal stresses. The dynamic
stresses are added 1o the cperating stresses
using the loading combinations stipulated in
the specific equipment specification and then
compared with the allowable stress levels.

If the equipment being analyzed hes no
definite orientation, the worst possible
orientation is considered. Furthermo: g,
equipment is considered to be in its
operational configuration (i.e., filled with
the appropriate fluid and/or solid). The
investigation ensures that the point of
maximum stress is cor” ‘ered. Lastly a check
is made to ensure toat partially filled or
emply equipment do not result in higher
response than the operating condition, The
analy-is includes evaluation of the effects of
the calculated stresses on mechanical
strength, alignment, electrical performance
(microphonics, contact bounce, ete.) and
noninterruption of function. Maximum
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displacements are computed and interference
effects determined and justified.

Individual devices are tosted separately, when
necessary, in their operating condition. Then
the component to which the device is assembled is
tested with a similar but inoperative device
installed upon it.

The equipment, component, or device to be
tested is mounted on the vibration generator in a
manner that simulates the final service
mounting. [f the equipment is too large, othaer
means of simviating the service mounting are
used. Support structures such as air
conditioning units, consoles, racks, ete., could
be vibration tested without the equipment and/o:
devices being in operation provided they are
performance tested after the vibration test,
However, the components are in their operational
configuration during the vibration test. The
goal is to determine that, at the specified
vibratory accelerations, the support structure
does not amplify the forces beyond that level to
which the devices have been gqualified.

Equipment could aiternatively be qualified b,
presenting bistorical performance data which
demonstraces that the equipment satisfactorily
sustains dynamic loads which are equal to greater
than those specified for the equipment and that
the equipment performs a function equal to or
better than that specified for it.

Equipment for which continued furction is not
required after a scismic v ! other KBV loads
event, but its postalated failure could produce
an un~cceptable influence ox the performanie of
systems huaving » primary safevy function, ace
evaluated. Suca equipment {; qualified .0 the
extenl required to cnsure that an SSFE irc uding
other REV loads, in combination with norma’
operaling cornditions, would not cause
usscceptable failure. Qualification require ments
a s satisfied by easurig that the eqwpment ia
its functional configuratioa, complete with
attached appurtenauces, remains structurally
intact and affixed to the iuterface. The
structaral integrity of internal componea’s is
not required; nowever, the enciosure of such
components is requirea to be adequate to ensure
their confinement. Where applicable, Muid or
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pressure houndary integrity is demonstrated.
With a few exceptions, simplified analytical
techniques are adequate.

Histosically, it has been shown that the
main ¢zuse for equipment damage during »
dynamic excitation has been the failv. . ot its
anckorage. Stationary equipment is designed
with aachor boits or other suitah'. fastening
strong enough to prevent overturning or
sliding, The effects of friction on the
ability to r-sist sliding is neglected. The
effect of upward dynamic loads on overturning
fories and moments is considered. Unless
sprcifically specifie d otherwise, anchorage
devices are designed in accordance with the
roguirements of ASME Code Section 111,
Diivision 1, Subsection NF, or the AISC Manual
ot Steel Construction and ACT 318,

Dynamic design data are provided in the
form of acceleration response spectre for each
floor area of the equipment. Dynamic data for
the ground or building floor to which the
equipment is attached is usc 4. For the case
of equipment having supports with different
dynamic motions, the most severe floor
response spectrum is applied to 2l of the
supports.

Refer to §+ ssections 3.9.3.2.3.1.4 and
31.9.3.2.5.1.2 for additional information on
the dynamic qualification of active pumps and
valves, respectively.

39222.16 Supports

Subsections 3.9.3.4 and 3.9.3.5 address
analyses or tests that are performed for
component supports to assure their structural
capability to withstand the seismic and other
dynamic excitations.

3923 Dynamic Response of Reactor
Internals Under Operational Flow Transients
and Steady-Stat= Conditions

The major reactor internal compouents
within the vessel are subjected - ¢i - nsive
testing coupled with dynamic sysivm analyses
to properly evaluate the resulting
flow-induced vibration phenomena during normal
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39.2.4 Preoperational Flow-Induced
Vibration Testing of Reactor Internals

Reactor internals vibration measurement and

inspection programs is conducted ‘uring
preoperational ana initial startup testing in
accordance with guidelines of Regulatory Guide
1.20 for prototype reactor internals. These
programs arc conducted in the three phases
described as follows:

(1) Preoperational tests prior 1o fuel loading

3)

Steady-state test conditions mclude
balanced recirculation system operation and
unbalanced operation aver the full range of
flow rates up to rated flow. Trr :at flow
conditions include single- and mun. g le pump
trips from rated flow. This subjects major
components to a minimum of 10% cycles of
vibration at the anticipated dominant
respori.e frequency and at the maximum
response amplitudes. Vibration measurements
are obtained during this test and a close
visual inspection of internals is conducted
before and atter the test.

Brecritical testing with fuel This

vibration measurement series is conducted
with the reactor assembly complete but prior
to reactor criticality. Flow conditions
include balanced, unbalanced, and transient
conditions as for the first test series.
The purpose of this series is to verify the
unticipated effects ol the fuel on the
vibration response of internals. Previous
vibration measurements in BWRs (Reference 3)
have shown that the fuel adds damgping and
reduces vibrations amplitudes of major
internal structures; thus, the first test
series (without fuel) is a conservative
evaluation of the vibration levels of these
structures.

Initial Startup testing. Vibration
measurements are made during reactor startup
at conditions up to 100% rated flow and
power. Balance, unbalanced, and transient
conditions of recirculation sy-tem operation
will be evaluaied. The primary purpose of
this test series is to verify tle
anticipated effect of two-phase flow on the
vibration response of internals. Previous
vibration measurements in BWRs (Reference 3)
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have shown chat the effect of the two-phase
flow is to broaden the frequency response
spectrum and diminish the maximam response
amplitude of the shroud and core support
structures,

Vibration sensor types may include strain
gages, displacement sensors (linear variabie
transformers), and accelerometers,

Accelerometers are provided with double
integration signal conditioning to give a
displaceraent output. Sensor locations include
the following:

(1) top of shroud head. lateral acceleration
(displacement);

(2) top of shroud, lateral displacoment;

(3) control rod drive housings, bending
strain;

(4) incore housings, bending strain; and

(5) core flooier internal piping, bending
strain.

In addition to these componeats, vibration
of the core spray sparger is measured during
preoperational testing of that system at the
designated prototype.

In all prototype plant vibration
measurements, oaly the dynamic compoaent of
strain or displacement is recorded. Data are
recorded on magnetic tape and provision is
made for selective online analysis to verify
the ovarall quality and level of the data.
Interpretation of the data requircs
identification of the dominant vibration modes
of each component by the test engineer using
frequency, phase, and amplitude information
for the component dynamic analyses.
Comparison of measured vibration amplitudes to
predicted and allowable amplitudes is then to
be made on the basis of the analytically
obtained normal mode which best approximates
the obscrved mode.

The visual inspections conducted prior to

and following preoperational testing are for
vibration, wear, or loose parts. At the com-
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pletion of preopoeratico-al testiug, the reactor
vessel head and th . snroud head are removed, the
vessel is drained, and major components are
inspected on a selected basis. The inspections
cover the shroud, shroud head, core support
structures, recirculation internal pumps, the
peripheral control rod drive, and incore guide
tubes. Access is provided to the reactor lower
plenum for these inspections.

The analysis, design and/or equipment that are
to be utiiized in a facility will comply with
Regulatory Guide 1.70 as cxplained below,

Regulatory Guide 1.20 describes a
comprehensive vibration assessment program for
reactor internals during preoperational and
initial startup testing. The vibration
assessment program meets the requirements of
Criterion 1, Quality Standards and Record,
Appendix A to 10CFRS0 and Scition 5034, Contents
of Applications; Technical Information, of
10CFR50. This Regulatory Guide is appucable to
the core support structures and other reactor
internals.

Vibration testing of reactor internals is
performed on all GE-BWR plants. At the time of
original issue of Regulatory Guide 1.20, test
programs for compliance were irstituted for the
then designed reactors. The first ABWR plant is
crasidered a prototype and is instrumented and
subjected to preoperation and startup flow
testiag to demonstrate that flow-induced
vibrations similar {o thuse expected during
operaticn will not cause damage. Subsequent
plants which have internals similar to those of
the prototypes are also tested in compliance with
the requirements of Regulatory Guide 1.20. GE is
committed to confirm satisfactory vibration
performance of internals in these plants through
preoperational flow testing followed by
inspection for evidence of excessive vibration.
Extensive vibration measurements in prototype
plants together with satisfactory operating
experience in all BWR plants have established the
adequacy of reactor internal designs. GE
continues these test programs for the generic
plants to verify structural integvity and to
establish the margin of safety.

See Subsection 3.9.7.1 for COL license
information pertaining to the reactor internals
vibiation testing program.
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1925 Dynamic System Analysis of Reactor
Internals Under Faulted Conditions

The faulted events that are =valuated are
defined in Subsection 3.9.5.2.1.  The loads
that occur as 2 result of these ev- its ana  he
analysis performed to determine the response of
the reactor incernals are as follows:

1) Reactor Internal Pressures - The reactor |
internal pressure differentials (Figure
3.9-1a) due to assumed break of main steam
or feedwater line are determined by
analysis as described in Subsection
39522 1o order to assure that no
significant dynamic amplification of load
occurs s a result of the oscillatory
nature o1 the blowdown forces during an |
accident, a comparison is made oi the
periods of the applied forces and the |
natur-' periods of the core support |
structures being acted upon by the applied
forces. These penods are determined i |
from a comprehensive vertical dynamic |
model of the RPV and internals with 12
degrees of freedom. Briides the real
masses of the RPV and core support |
structures, account is made for the water
inside the RPV,

(2) External Pressure and Forces on the |
Reactor Vessel-An assumed break of the
main steam line, the feedwater line or the
RHR line at the reactor vessel nozzle |
results in jet reaction and impingement |
forces on the vessel and asymmetrical
pressurization of the annulus beiween the |
reactor vessel and the shield wall. |
These time-varying pressures are applied
to the dynamic model of the reactor vessel
system. Except for the nature and
iocations of the forcing functions, the
dynamic model and the dynamic analysis
method are identical to those for seismic |
analysis as described below. The
reselting loads on the reactor internals,
defined as LOCA loads, are considered as
shown in Table 3.9.2.

(3) Safety/Relief Valve Loads (SRV Loads)-The
discharge of the SRVs resuit in reactor
building vibiation (RBV) due io
suppression pool dynamics as described in
Appendix 3B. The response of the reactor
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internals to the RBV is also determined with
dynamic mode! and dynamic analysis method
described below for seismic analysis.

(4) LOCA Loads-The Assumed LOCA also results in
RBV due to suppression pool dynamics as
described in Appendix 3E and the response of
the reactor internals are again determined
with the dynamic model and dynamic analysis
method used for seismic analysis.  Various
types of LOCA loads are identified on Table
9.2,

(5) Seismic Levds-The theory, methods, and
compuler codes used for dynamic analysis of
the reactor vessel, internals, attached
piping and adjoining structures are
described in Section 3.7 and Subsection
39.1.2. Dynamic analysis is performed by
coupling the lumped-mass model of the
reactor vessel and internals with the
building model to determine the system
natural frequencies and mode shapes. The
relative displacement, acceleration, and
load response is then determined by either
the time-history method or the
resonse-spectrum method.  The load oo the
reactor internals due to faulted event SSE
are obtained from this analysis.

The above loads are considered in combination
us defined 1a Table 3.9-2. The SRV, ! OCA (SBL,
I3L or LBL) and SSE loads as defined in Table
3.9-2 are all assumed (0 act in the same
direction. The peak colinear respoases of the
reactor internals to each of these loads are
added by the sauare root of the sum of the
squares (SRSS) method. The resultant stresses
in the reactor internal structures arc directly
added with stress resulting from the static and
steady state loads in the faulted load
combination, including the stress due to peak
reactor internal pressure differential during the
LOCA. The reactor internals satisfy the stress
deformation and fatigue limits as defined in
Subsection 3.9.5.3.

392.6 Correlations of Reactor Internals
Vibration Tests With the Analvtical Results

Prior to initiation of the ins. imented

vibration measurement program for the
prototype plant, extensive dynamic analyses of
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the reactor and internals are performed. The
results of these analyses are used to generate
the allowable vibratioe levels during the
vibration test. The vibration data obtained
during the test will be analyzed in detail.
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The results of the data analyses, vibration
amplitudes, natural frequencies, and mode shapes
are¢ then compared to those obtained from the
theoretical analysis.

Such comparisons provide the analysts wit®
added insight into the dynamic behavior of the
reactor internals. The additional knowledge
gained from previous vibration tests has been
utilized in the generation of the dvnamic models
for seismic and loss of coolant accident (LOCA)
analyses for this plant. The models used for
this plant are similar to those used for the
vibration analysis of ecarlier prototype BWR
plaats,

393 ASME Code Class 1,2, and 3
Components, Component Supports, and
Core Support Structures

3931 Loading Combinations, Design
Transients, and Stress Limits

This section delineates the criteria for
selection and definition of design limits and
loading combination associated with normal
operation, postulated acciderts, and specified
seismic and other reactor buildiag vibration
(RBV) events for the design of safety-related
ASME Code components (except containment
components which are discussed in Soction 1.8),

This section discusses the ASM 2 Class 1, 2,
and ? equipment and associated pre.sure retaining
parts and identifies the applicabe loadings,
calculation methods, calculated stresses, and
allowable stresses. A discuss.on of major
equipment is included on a component-by-component
basis to provide examples. Design transieats and
dynamic loading for ASME Class 1, 2, and 3
equipment are covered in Subsection 3.9.1.1,
Seismic-related loads and dynamic analyses are
discussed in Section 3.7. The suppression
pool-related RBYV loads are described in Appendix
3B. Table 3.9-2 presents the combinations ol
dynamic events to be considered for the design
and analysis of all ABWR ASME Code Class %, 2,
and 3 components, component supposts, core
support structurcs and equipment. Sperific
loading combinations considered for evaluation of
cach specific equipment are derived from Tabie
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3.9-2 and are contained in the design
specifications and/or design reports of the
respective equipment. (See Subsection 3.9.7 4
for COL license information)

Table 3.9-2 also presents the evaluation
models .nd criteria, The predicted loads or
stresses and the design or allowable values for
the mosi critical areas of each component are
compared in accordance with the applicable code
crite ‘4 or ather limiting criteria. The
calcutated results mect the limits.

The design life for the ABWR Standard Plant
it 60 years, A 60 year design life is a
requirement for all major plant components with
reasonable expection of meeting this design
life. However, all plant operational components
and equipment except the reactor vessel ave
designed to be replaccable, design life not
withstanding. The design life requirement
allows for refurbishment and repair, as
appropriate, to assure the design life of the
overall plant is achieved. In effect, .
essentially all piping systems, components and
equipment are designed for a 60 year design
life. Many of these components are classified
as ASME Class 2 or 3 or Quality Group D.
Applicants referencing the ABWR design will
identify these ASME Class 2, 3 amd Quality Group
D components and provide the analyses required
by the ASME Code, Subsection NB. These analysis
will include the appropriate operating vibration
loads and for the effects of mixing hot and cold
fluids.

319.2.1.1 Plant Conditions

All events that the plant will or might
credibly experience during a reactor year are
evaluated to establish uesign basis for plant
squipment. These evenis are divided into four
plant conditions. The plant conditions
described in the following paragraphs are based
on event probability (i.e., frequency of
occurrence as discussed  Subsection
3.9.3.1.1.5) and correlated . service levels
for design limits defined in the ASME Boiler and
Pressure Ve. 2l Cude Section 11T as shown in
Tables 3.9-1 and 3.9-2.
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390113 Emergency Condition

An emergency condition includes deviations
from n. rmal conditions which require shutdown for
correction of the condition(s) or repair of
damage in the reactor coolant pressure boundary
(RTPB). Such conditions have a low probability
of occurrence but are included to provide assu-
rance that no gross loss of structura! integrity
will result as a concomitant effect ¥ any damage
developed in the s stem., Emc.ge v cendition
events include but are not limited 10 infrequent
op=rational trensients (10T) caused by one of the
following: (a) a multiple valve blowdown of the
reactor vesse!; (b) LOCA from a small break or
crack (SBL) which does not depressurize the rvac-
tor systems, does not actuate automatically the
ECCS operation, nor resul. 'n leakage beyond
normal makeup system capacity, but which requires
the safety functions of isolation of containment
and shutdown and may involve inadvertent actua-
tion of automativ depressurization system (ADS);
(¢) improper assembly of the core during refuel-
ing; or (d) improper or sudden start of one
recirculation pump. Anticipated transient
without scram (ATWS) or reactor overpressure with
delayed scam (see Tables 3.9-1 and 3.9-2) is an
10T classified as an emergency condition.

393.1.1+ Faalted Condition

A faulted condition is any of those
combinations of conditions associated with
extremely low-probability postulated ¢' :nts whose
cons:quences are such that the integrity and
operability of the system may be impaired to the
extent that considerations of public health and
safety are involved. Faulted conditions en-
compass events, skch as LOCA, that are postulated
because their consequences would include the
potential for the release of significant amount;
of radioactive material. These eveats are the
most drastic that must be considered in the de-
sign and thus represent limiting design bases.
Faulted condition events include but are not
limited to one of the following: (a) a control
rod drop accident; (b) a fuel-handling accident;
(¢) a main steam line or feedwater line break;
(d) the combination of any small/intermecdiate
break LOCA (SBL or IBL) with the safe shutdown
carthquake, and a loss of offsite power; or (¢)
the safe shutdown ecarthquake plus large break
LOCA (LBL) plus a loss of offsite power.
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The iBL classification covers those brea s
for which the ECCS system operation will or .+
during the blowdown, and which resulis in
reactor depressurization. The LBL classifica-
tion covers the sudden, double ended severance
of a main steam line inside or outside the con-
tainment that results in transient reactor de-
pressurization, or any pape rupture of equiv-
alent flow cross sectonal arca with similar
s¥fects.

3193.1.1.8 Correlation of Plant Condition
with Event Probability

The probability of an event occurring per
reactor year associated with the plant condi-
tions is listed below. This correlation identi-
fies the appropriate plant conditions and as-
signs the appropriate ASME Section HI service
levels for uny hypothesized event or sequence of
events.

Event Encounter

Plant ASME Code  Probability per
Condition Serviee Level  Reactor Year
Normal A 1.0

(planned)

Upset B 10 >P210°°
{moderate probability)

Emergency C ws>p210*
(low probability)

Faulted D 100 >P>10"°
(extremely low probability)

3.93.1.1.6 Safety Class Functiona' Criteria

For any normal or upset design condition
event Safety Class 1, 2, and 3 equipment and
piping (see Subsection 3.2.3) shall be capable
of accomplishing its safety functions as re-
quired by the event and shall incur no permanent
changes that could deteriorate its ability to
accomplish its safety functions as required by
any subsequent design condition event.

For any emergency or faulted design condition
event, Safety Class 1, 2, and 3 equipment and
piping shall be capable of accomplishing its
safety functions as required by the event but
repairs could be required to ensure its ability

3.9-19
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19318 RCIC Turbine

Although not under the jurisdiction of the
ASME Code, the RCIC turbine is designed and
evaluated and fabricated following the basic
guidelines of ASME Code Section I for Class 2
components.

39319 ECCS Pumps

The RHR, RCIC, and HPCF pumps are constructed
n accordance with the requirements of an ASME
Code Section [11, Ciass 2 component.

393.1.10 Standby Liguid Control (SLC) Pump

The SLC system pumyg is constructed in
accordance with the requirements for ASME Code
Section 111, Class 2 component.

392111 Standby Liquid Control (SLC) Valve
(Injection Valve)

The SLC system injection valve is constructed
in accordance with the requirements for ASME Code
Section 111, Class 1 component,

193.1.12 Main Steam Isolatinn and
Safety/Relief Valves

The main steam isolation valves and SRVs are
constructed in accordauce with ASME Boiler and
Pressure Vessel Code Section [11, Subsection
NB-3500, requirements for Class 1 component.

3.93.1.13 Safety/Relief Valve Piping

The relief valve discharge piping extending
from the relief valve discharge flange to the
diaphram floor penetration is constructed in
accordance with ASME Boiler and Pressure Vessel
Code Section [11, requiremer's for Class 3
components. The relief valve discharge piping
extending from the diaphram floor penetration to
the quenchers is constructed in accordance with
ASME Boiler and Pressure Vessel Code, Section
I, requirements for Class 2 components.

392.1.14 Reactor Water Cleanup (RWCL)
System Pump and Heat Exchangers

The RWCU pump and heat exchangers
{regenerative and nonregenerative) are not part

of a safety system and are non-Seismic Category |

Amendment

2IA6100AF
REV. B

equipment. ASME Boiler «" Pressure Vessel Code
Section U for Class 3 components is used as a
guide in constructing the RWCU System pump and
heat exchanger components.

31.9.0.1.15 Fuel Pool Cooling and Cleanup
System Pumps and Heat Exchangers

The pumps and heat exchangers are constructed
in accordance with the rcquirements for ASME
Boiler and Pressure Vessel Code Section 111,
Class 3 component.

193116 ASME Class 2 and 3 Vessels

The Class 2 aad 3 vesscls (all vessels not
previously discussed) are constructed in
accordance with the ASME Boiler and Pressure
Vessel Code Section 111, The stress analysis
of these vessels is performed using elastic
methods.

393,117 ASME Class 2 and 3 Pumps

The Class 2 and 3 pumps (all pumps no’ ‘

previously discussed) are designed and eval-
uated in avcordance with the ASME Boiler ¢nd
Pressure Vessel Code Section III. The stress
analysis of these pumps is performed using
clastic methods. See Subsection 3.9.3.2 for
additional information on pump operability.

393,118 ASME Class 1, 2 and 3 Valves

The Class 1, 2, and 3 valves (all valves not
previously discussed) are constructed in
accordance with the ASME Boiler and Pressure
Vessel Code Section [I1.

All valves and their extended structures are
designed to withstand the accelerations due to
seismic and other RBV loads. The attached
piping is supported so that these accelerations
are not exceeded. The stress analysis of these
valves i1s performed using elastic methods. See
Subsection 3.9.3.2 for additional information on
valve operability,

393.1.19 ASME Class 1, 2 and 3 Piping

The Class 1, 2 and 3 piping (all piping not
previously discussed) is constructed in accord-
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rotor and the cature of the random short duration
loading charucteristics of the dynamic event
prevents the rotor from becoming seized. The
seismic and other RBV loadings can be predicted
to require on'y a slight iucrease, if any, in the
torque (i.e., motor current) necessary to drive
the pump at *he constant design speed; therefore,
the pump is expected to operate at the design
speed during the {aulted event loads.

The functional ability of the active pumps
after a faulted condition is assured since only
normal operating loads and stecady state nozzle
lnads exist, For the active pumps, the faulted
condition loads are greater than the normal
condition loads only due to the SSE and other RBV
transitory loads. These faulted events are
infrequent and of relatively short duration
compared to the design life nf the equipment.
Since it is demonstrated that the pumps would not
be damaged during the faulted condition, the
post-faulted condition operating loads will be no
worse than the normal plant operating limits
This is assured by requiring that the imposed
nozzle loads (steady-state loads) for normal
conditions and post-faulted conditions be limited
to the magnitudes of the normal condition nozzle
loads. The posi-faulted condition ability of the
pumps to function under these applied loads is
proven during the normal operating plant
conditions for active pumps,

393213 ECCS Pumps

All active ECCS (RHR, RCIC and HPCF) pumps are
qualified for operability by first being
subjected to rigid tests both prior to
installation in the .lant and after installation
in the plant. The in-shop tests include: (1)
bydrostatic tests of pressure-retaining parts of
125% of the desivn pressure; (2) scal leakage
tests; and (3) performance tests while the pump
is operated with flow to determine total
developed head, minimum and maximum head and net
positive suction head (NPSH) r.quirements. Also
monitored duriog these opcrating tests are
bearing temperatures (except water cooled
bearings) and vibration levels. Both are shown
to be below specified limits. After the pump is
instalied in the plant, it undergoes the cold
hydro tests, functional tests, and the required
periodic inservice inspection and operation,
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These tests demonstrate reliability of the
pump for the design life of the plant.

In addition to these tests, these pumps are
analyzed for operability during a faulted
condition by assuring that (1) the pump will
not be damaged during the dynamic (SSE and
LOCA) event, and (2) the pump will continue
operating despite the dynamic loads.

39324 E7CS Motors

Qualification of the Class 1E motors used
for the ECCS motors complies with IEEE 323.
The qualificetion of all motor sizes is based
on completion of a type test, followed up with
review and comparison of design and material
details, and seismic and other RBV loads
analyses of production vuats, ranging from 600
to 3500 Bhp, with the motur used in the type
test. All manufacturing, inspection, and
routine tests by motor manufacturer on
production units are performed on the test ¢
motor.

The type test is performed on a 1250-hp
vertical motor in accordance with IEEE 323,
first simuiating a normal operation during the
design life, then subjecting the motor to a
number of vibratory tests, and then to the
abnormal environmental condition possible
during and after a LOCA. The test plans for
the type test is as follows:

(1) Thermal aging of the motor electrical
insulation system (which is a part of the
stator only) is based on extrapolation in
accordance with the temperature life
characteristic curve from 1EEE 275 for the
insvlation type used on the ECCS motors.
The amount of aging equals the total
estimated operation days at maximum
insulation surface temperature.

(2) Radiation aging of the motor electrical
insulation equals the maximum estimated
integrated dose of gamma during normal and
abnormal conditious.

(3) The normal operational induced current

vibration effect on the insulatiot system
is simulated by 1.5g horizontal vibration
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a fluid pressure boundary including the suction
and discharge nozzles, the shaft and secal
retainers, the impeller assembly including the
blading, shaft, and bearings for active pumps,
and integral suppoits.

All active pumps are qualified for operability
by first being subjected to rigid tests both
prior to installation and fier installation in
the plant. Electric motors for active pumps and
instrumentation, including electrical devices
which must function to cause the pump to
accomplish its intended function, are discussed
separately in Subsection 3.932.5.1.3,

3.93223.1.1 Hydrostatic Test

All seismic-active pumps shall meet the
hydrostatic test requirements of ASME Code
Section II1 according to the class rating of the
given pump.

39323.12 Leakage Test

The fluid pressure boundary is examined for
leaks at all joints, connections, and regions of
high stress such as around openings or thickness
tzansition sections vhile the pump is undergoing
a hydrostatic test o7 during performance
testing. Leakage rates that exceed the rates
permitted in the design specification are
etiminated and the componcent retested to
esiablish an observed leakage rate. The actual
obse:ved leakage rate, if less than permitted, is
documented and made a part of the acceptable
documentation package for the component.

31932313 Performance Test

The pump is demonstrated capable of meeting
all hydraulic requirements while operating with
flow at the total developed head, minimum and
maximum head, NPSH, and other parameters as
specified in the equipment specification.

Bearing temperature (except water cooled
bearings) and vibration levels are also monitored
during these operating tests. Both are shown to
be below specified levels.
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1932214 Dynamic Qualifi==tion

The safety-related active pumps are
analyzed for operability during dynamic
loading event by assuring that the pump is not
damaged during the seismic event and the pump
continues operating despite the dynamic loads.

A test or dynamic analysis is performed for
a pump to determine the dvnamic seismic and
other RBV load from the applicable floor
response spectra,

Response spectra for the horizontal
vibration are used in two orthogonal
horizontal direction simultancously with the
respoase spectra for the verticai vibration.
The effects from the thres simultaneous
accelerations are combined by the square root
of the sum of the squares method. The pump is
demonstrated by test or analysis that the
faulted condition nozzle loads do not impair
the operability of the pumps during or
following the faulted condition. Components
of the pump are considered essentially rigid
when having a natural frequeacy above 33 Hz.
A static shaft deflection analysis of the
motor rotor is performed with the conservative
SSE accelerations acting in horizontal and
vertical direction simultancously.

The deflections determined from the static
shaft analysis are compared to the allowable
rotor clearances. The allowable rotor
clearances are himited by the deflection which
would cause the rotor to just make contact
with the stator. In order to avoid damage
during the faulted plant condition, the
stresses caused by the comblaation of normal
operating loads, SSE and dynamic system loads
are limited to the material elastic limit.

The average membrane stress (o) for
the faulted conditions loads is limited to |
1.28 our approximately 0.75 oy (oy =
yield stress), and the maximum stress in local |
fibers (om + bending stress ob) 1s limited
to 1.8S or approximately 1.1 oy. The
maximum dynamic nozzle loads are alsu
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quirements and perform the!r mechanical motioa in
conjunction with a dyramic (SSE and other R3V)
load event. These valves are supperted entirely
by the piping, i. €., the valve operastors are not
used as attachment points.for piping supports
(See Subsection ? 9.3.4.1). The dynamic
qualification for operability is unique for cach
valve type; therefore, each method of
qualification is detailed individually below.

293241 Main Steam lsolation Valve

The typical Y-pattern MSIVs described in
Subsection 5.4.5.2 are evaluated by analysis and
test for capability to operate under the design
loads that envelop the predicted loads during a
design basis accident and safe shutdown
carthquake.

The valve body is designed, analyzed and
tested in accordance with the ASME Code Section
I, Class 1 requirements. The MSIVs are modeled
mathematically in the main steam line system
analysis. The loads, amplified accelerations and
resonance frequencies of the valves are
determined from the overall steamline analysis.
The piping supports (snubbers, rigid restraints,
etc.) are located and designed to limit amplified
acceleration, of and piping loads in the valves
to the design limits,

As described in Subsection 5.4.5.3, the MSIV
and associated electrical equipment (wiring,
solenoid valves, and position switches) are
dynamically qualified to operate during an
accident condition,

393242 Main Stea. . . sfety/Reliefl Valve

The typical SRV design described in Subsection
5.2.2.4.1 is qualified by type test to [EEE 344
for operability during a dynamic event.
Structural integrity of the configuration during
a dynamic event is demonstrated by both Code
(ASME Class 1) analysis and test,

(1) Valve is designed for maximum moments on
inlet and outlet which may be imposed when
installed ir service. These moments ave
resultants due to dead weight plus dynamic
loading of both valve and connecting pipe,
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thermal expansion of the connecting pipe, and
reaction forces from valve dischorge.

(2) A production SRV is demonstrated for
operability during a dynamic qualification
{shake table) type test with moment and
“g" loads appliced greater thau the
r-quired equipment’s design limit loads
and conditions,

A mathematical model of this valve is
included in the main steam line system
analysis, as with the MSIVs., This analysis
assures the equipment design limits are not
exceeded.

393243 standby Liguid Control Valve
(Injection Valve)

The typical SLC Injection Valve design-is
qualificd by type test to IEEE 344, The valve
body is designed, analyzed and tested per the
ASME Code, Section III, Class 1. The
qualification test demonstrates the ability to
remain operzhle after the application of the
horizontal and vertical dynaviic loading
exceeding the predicted dynamic loading.

393.2.44 High Pressure Core Flooder Valve
(Motor-Operated)

The typical HPCF valve body design,
analysis and testing is in accordance with the
requirements of the ASME Code, Section III,
Class 1 or 2 components: Thr Jass 1€
elec rical motor actuator is ~ =0 <@ by fype
test in accordance with IEEE 232, as discussed
in Subsection 3.11.2. A mathematical model of l
this valve is included in the HPCF piping
system analysis. The analysis results are
assured not to exceed the horizontal and
vertical dynamic acceleration limits acting
simultaneously {or a dynamic (SSE and other
RBV) even*, which is treated as an emergency
« wmdition,

39323 Other Active Valves
Other safety-related active valves are ASME

Class 1, 2 or 3 and are designed to perform
their mechanical motion during dynamic loading
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conditions. The operability assurance program
cnsures that these valves will operate during &
dynamic scismic and other RBV event.

193251 Procedures

Qualification tests accompanied by analyses
are conducted for all active valves. Procedures
for qualifying electrical and insirumentation
components which are depended upon 1o cause the
valve to accomplish its intended function are
described in Subsection 3.93.2.5.1.3

3832511 Tests

Prior to installation of the safety-relaied
valves, the following tusts are periormed: (1)
shell hydrostatic test to ASME Code Section 11
requirements; (2) back seat and main seat 1:akage
tests; (3) disc hydrostatic teat; (4, functional
tests to verify that the valve will open and
close with.n the specified rime limits when
subject to the design differential pressure; and
(5) operability qualification of valve actuators
for the environmental conditions over the
installed life. Environmental qualification
procedures for operation follow those specified
in Section 3.11. The results of all required
tests are properly documented and included as o
part of the operability acceptance documentation
package.

39232512 Dynamic Load Quatification

The functionality of an active valve during
and after a seizmic and other RBV event may be
demonstrated by an analysis or by a combination
of analysis and test. The quulification of
electrical and instrumentation components
controlling valve actuation is discussed in
Subsection 3.9.3.2.5.1.3. The valves are
designed using either stress analyses or the
pressure temperature rating requirements based
upon design conditions.. An analysis of the
extended structure is performed for static
equivalent dynamic loads app'cd ai the center of
gravity of the extended structire. See
Subsection 3.9.2.2 for further details.

The maximum stress limits allowed in these

analyses confirm structur: | integrity and are the
limits developed and accepied by the ASME for ths
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particular ASME Class of valve analyzed
Additional detail on stress limits for
operability is provided in a {ootnote to Table
3.9-2,

Dynamic load qualification is accomplished
in the following way:

(1) All the active valves are designed tu have
u fund.mental frequency which is greater
than t' ¢ high frequency asymptote (ZPA) of
the dynumic event. This is shown by
suitable test or analysis,

(2) The actuator and yoke of the va.ve system
is statically loaded to an amount greater
than that due to a dynamic «voy(, 77
load is applied at the centr -~ 3. (v
of the actuator alone in (Y

\‘('-\v\‘

the veakest axis -~ % n & (e
simuiated opere-- o> ilgaal
pressure is simults ' o § oo -0 e
valve during the stav o v~ 3 s, !

(3) The valve is then operated while in the
deflected position (i.e., from the normal
operating position to the safe position).
The valve is verified to perform its
safety-related function within the
specified operating time limits.

(4) Motor operaters and other electrical
appurtenances necessary for operation are
qualilied as operable during a dynamic
event by apprupriate qualification tests
prior to installation on the valve, These
motor operators then have individual
Seisruic Category 1 supports attached to
decouple the dynamic loads between the
operators and valves themselves,

The piping, stress analysis, and pipe
support design maintain the motor operator
accelerations below the qualification levels
with adequate margin of safety,

If the andamental frequency of the valve,
by test or analysis, is less than that for the
ZPA, a dynamic analysis of thy valve perfornied
to determine the equivalent acceleration to be
applied during the static test. The analysis
provides the amplification of the input
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acceleration considering the natural frequency of
the valve and the frequency content of the
applicable plant floor response spectra. The
adjusted accelerations have been determined using
the same conservatism contawed in the horizontal
and vertical accelerations used for rigid
valves, The adjusted acceleration is then used
in the static analysis and the valve operability
is assuicd by the methods outlined in Steps (2)
through (4), using the modified acceleration
input. Alternatively, the valve including the
actuator and all other accessaries is qualified
by shake table !=s.

Valves which are safety-related but can be
classified as not having an overhanging
structure, such as check valves and
pressure-relief valves, are considered as
follows:

319325121 Active Check Valves

Due to the particular simple characteristics
of the check valves, the active check valves are
qualified by a combination of the following tests
and analysis:

(1) Stress analysis including the dynamic loads
where applicable;

in-shop hydrostatic tests;
in-shop seat leakage test; and
(4) periodic in-situ valve exercising and

inspection to assure the functional
capability of the valve.

19325122 Active Pressure-Relief Valves

The active pressure-relief valves (RVs) are
gualified by the following procedures. These
valves are subjected to test and analysis similar
to check valves, stress analyses including the
dynamic loads, in-shop hydrostatic seat ieakage,
and performance tests. In addition to these
tests, periodic in-situ valve inspection, as
applicable, and periodic valve removal,
refurbishment, performance testing, and
reinstallation are performed to assure the
functional capability of the valve Tests of the
RV under dynamic loading conditions demonstrate
that valve actuation can occur during application

Amendment 7

BAGIAE
i

of the loads. The tests include pressurizing
the valve inlet with aitrogen and subjecting
the valve to accelerations equal to or greater
than the dynamic event (SSE plus ¢ ier RBV)
loads.

39325.1.3 Qualification of Electrical
and Instrumentation Components Controlling
Valve Actuation

A practical problem arises in attempting to
describe tests for devices (relays, motors,
sensors, etc.) as well as for complex
assemblics such as control panels. 1t is
reasonabie to assume that a device, as an
integral part of an assembly, can be s'ibjected
to dynamic loads tests while in an operating
condition and its performance monitored during
the test. However, in the case of complex
panels, such a test is not always pracucal.
In such a situation, the following alternate
approach is recommended.

The individual devices are tested
separately in an operating condition and the
test levels recorded as e qualification
levels of the devices. The panel, with
similar devices installed but inoperative, is
vibration tested to determinc if the pansl
response accelerations (* measure -y
accelerometers installed at the device
attachment locations cre less than the levels
at which the devices were qualified. Note
that ithe purpose of installing the
nonoperating devices is to assure that the
panel has the structural characteristics it
will have when in use. If the acceleration
levels at the device locations are found to be
less than the levels to which the device is
qualified, then the total assembly is
considered qualified. Otherwise, either the
panel is redesigned to reduce the acceleration
lzvel to the device locations and retested, or
the devices is requalified to the higher
levels.

393252 Documentation

All of the preceding requirements
(Subsection 3.9.3.2.5.1) are satisfied to
demonstrate that functionality is assured for
active valves. The documentation is prepared
in a format that clearly shows that each

3.9-29
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consideration has been properly evaluated and
tests have been validated by a designated quality
assurance representative. The analysis is
included as a part of the certified stress report
for the assembly.

31933 Design and Installation of Pressure
Relief Devices

319321 Main Steam Safety/Rellef Valves

SRV lift in a main steam (MS) piping system
results in a transient that produces momentary
unbalanced forces acting on the MS and SRV
discharge piping system for the period from
opening of the SRV until a steady discharge flow
from the reactor pressure vessel to the
suppression pool is established. This period
includes clearing of the water slug from the end
of the discharge pip submerged in the
suppression pool. Pr. re waves traveling
through the main steam and discharge piping
following the relatively rapid opening of the SRV
cause this piping to vibrate,

The analysis of the MS and discharge piping
transient due to SRV discharge consists of a
stepwise time-history solution of the fluid flow
equation to generate a time history of the fluid
properties at numerous locations along the pipe.
The fluid transient properties are calculated
based on the maximum set pressure specified in
the sccam system specification and the value of
ASME Code flow rating increased by a factor to
account for the conservative method of
establishing the rating. Simultaneous discharge
of all valves in a MS line is assumed in the
analysis because simultaneous discharge is
considered to induce maximum stress in the
piping. Reaction loads on the pipe are
determined at each location corresponding to the
position of an elbow. These loads are composed
of pressure-times-area, momentum-change, ard
fluid-friction terws.

The method of analysis applied to determine
response of the MS piping system including the
SRV discharge line, to relief valve operation is
time-history integration. The forces are applied
at locations un the piping system where fluid

DAGIWAE
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flow changes direction thus causing momentary
reactions. The resulting loads on the SRV, the
main steamline, and the discharge piping are
combined with loads due 1o other effects as
specified in Subsection 3.9.3.1. In accordance
with Tables 3.9-1 and 3.9-2, the Code stress
limits for service levels corre- sponding to
load combination classification as normal,
upset, emergency, and faulted are applied to the
main steam and discharge pipe.

19332 Other Safety/Relief Valves

An SRV is identified as a pressure relief
valve or vacuum breaker. SRV's in the reactor
components and subsystems are described and
identified in Subsection 5.4.13.

The operability assurance program discussed
in Subsection 3.9.3.2.5 applies to safety/relicf
valves. The qualification of active relief
valves is specifically outlined in Subsection
393351223, ‘

ABWR safety/relier valves (safety valves with
auxiliary actuating devices and pilot operated
valves) are designed and manufactured in
accordance with the ASME Code, Section II1,
Division 1 requirements. Specific rules for
pressure relieving devices are as specified in
Article NB-7000, and NB-3500 (pilot operated and
power actuated pressure relief valves).

The design of ABWR SRVs incorporates SRV
opening and pipe reaction load considerations
required by ASME II', Appendix O, and acluding
the additional criteria of SRP, Section 3.9.3,
Paragraph 11.2 and those identified under
Subszction NB-3658 for pressure and structural
integrity. Safety/relicf valve operability is
demonstrated either by dynamic testing or
analysis of similarly tested valves or a
combination of both in compliance with the
requirements of SRP Subsection 3.9.3.

39333 Rupture Disks
There are no rupture disks in the ABWR plant

design, that must function during and after a
dynamic event (SSE including other RBV loads)

3530
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(b)

Snubbers are generally used in
situations where dynamic support is
required because thermal growth of the
piping prohibits the use of rigid
supports. The snubber locations and
support directions are first decided by
estimation so that the stresses in the
piping system will have acceptable
values. The soubber locations and
support directions are refined by
performing the dynamic analysis of the
piping and support system as described
above in order that the piping stresses
and support loads meet the Code
tequirements,

The pipe support design specification
requires that snubbers be provid=d with
position indica! cs to identify the rod
position. Tcis indicator facilitates
he checking of hot anu cold setungs of
tLe snubber, as specified in the
inscallation manual, during p'ant
preoperational and startup testing.

Inspection, Testing, Repair and/or
Replacement of Saubbers

The pipe support design specification
requires that the snubber supplier
prepare an installation instruction
manual., This manual is required to
contain complete instructions for the
testing, maintenance, and repair of the
snubber. It also contains inspection
pcints and the period of inspection.

The pipe support design specification
requires that hydraulic snubbers be
equipped with a fluid level indicator so
that the level of fluid in the snubber
can be ascertained easily.

The spring constant achieved by the
snubber supplier for a given load
capacity snubber is compared against the
spring constant used in the piping
system model, If the spring constants
are the same, then the snubber location
and support direction become confirmed.
If the spring constants are not in
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agreement, they are brought in
agreemont, and the system analysis
is redone to confirm the snubber
loads. This iteration is continued
until all snubber load capacities
and spring constants are
reconciled,

Soubber Design and Testing

To assure that the required
structural and mechanical
performance characteristics and
product quality are achieved, the
following requirements for design
and testing are imposed by the
design specification:

(i)  The soubbers are required by
the pipe support design
specification to be designed
in accordance with all of the
rules and regulations of the,
ASME Code Section I,
Subsection NF. This design
requirement includes analysis
for the normal, upser,
emergency, and faulted
loads. These calculated
loads arc then compared
against the allowable loads
to make sure that the
stresses are belew the ceds
allowable limit,

(i) The snubbers are tested to
insure that they can perform
as required during the
seismic and other RBV evenis,
and under anticipated
operational transient loads
or other mechanical loads
associated with the design
requirements for the plaat,
The following test
requirements are included:

0 Sonubbers are subjected to
force or displacement versus
time loading at frequencies
within the range of

3832
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significant modes of the piping
system;

o Displacements are measured to
determine the performance
characteristics specified;

0 Tests are conducted at various
temperatures to ensure operability
over the specified range;

o Peak test loads in both tension and
compression are required to be equal
to or higher than the rated load
requirements; and

o0 The snubbers are tested for various
abnormal environmental conditions,
Upon completion of the abnormal
environmental transient test, the
snubber is tested dynamically at a
frequency within a specified
frequency range. The snubber must
operate normally during the dynamic
test.

(d) Sunubber Installation Requirements

(e)

An installation instruction manual is
required by the pipe support desiga
specification. This manual is required
to contain instructions for storage,
handling, erection, and adjustments (if
necessary) of snubbers. Each snubber
has an installation location drawing
which contains the installation Jocation
of the snubber on the pipe and
structure, the hot and cold settings,
and additional information needed to
install the particular snubber.

Snubber Pre-service Examination

The pre-servics examination plan of all
snubbers covered by *he Chapter 16 tech-
nical specifications will be prepared.
This examination will be made after
snubber installation but not more than 6
months prior to initial system pre-oper-
ational testing, The pre-service
examination will verify the following:
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(1)  There are no visible signs of
damage or impaired
operability as a result of
storage, handling, or
installation,

(i) The snubber location,
orientation, position
seiting, and configuration
(attachments, extensions,
etc.) are according to design
drawings and specifications.

(i) Snubbers are not seized,
frozen or jammed.

(iv)  Adequate swing clearance is
provided to allow snubber
movements,

(v) I applicable, tluid is to be
recommended level and not be
leaking from the snubber
system.

(vi) Structural connections such
as pins, fasteners and other
coannecting hardware such as
lock nuts, tabs, wire, cotter
pins are installed correctly,

If the period between the
initial pre-service
examination and initial
system pre-operational tests
exceeds 6 months because of
unexpected situations,
reexamination of Items 1, 4,
and 5 will be performed.
Snubbers which are installed
mcorrectly or otherwise fail
to meet the above
requirements will be repaired
or replaced and re-examined
in accordance with the above
criteria,

(4) Struts - The design load on struts

includes those loads caused by dead
weight, thermal expansion, seismic forces
(i.e., OBE and SSE), nther RBV loads,
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system anchor displacements, and reaction
forces caused by relief valve discharge or
valve closure, etc.

Struts are designed iv accordance with ASME
Code Section I, Subsection NF-3000 to be
capable of carrying the design loads for
various operating conditions. As in case of
snubbers, the forces on struts are obtained
frem an analysis, which are assured not to
exceed the decign loads for various
operating conditions.

39342 Reactor Pressure Vessel Support Skirt

The ABWR RPV support skirt is designed as an
ASME Code Class 1 component per the requirements
of ASME Code Section 111, Subsection NF*, The
loading conditions and stress criteria are given
in Tables 3.9-1 and 3.9-2, and the calculated
siresses meet the Code allowable stresses in the
critical support arecas for various plant
operating conditions. The stress level margins
assure the adequacy of the RPV support skirt. An
analysis for vuckling shows that the support
skirt complies with Subparagraph F-1332.5 of ASME
1, Appendix F, and the loads do not exceed two
thirds of the critical buckling strength of the
skirt. The permissible skirt loads at any
clevation, when simultaneously applied, are
limited by the following interaction equati/.n:

*Augmented by the following: (1) application of
Code Case N-476, Supplement 89.1 which governs
the design of single angle members of ASME Class
1,2,3 and MC linear component supports; and (2)
when eccentric loads or other torsional loads are
not accommodated by designing the load to act
through the shear center or meet “Standard for
Steel Support Design’, analyses will be performed
in accordance with torsional aralysis methods
such as* "Torsional Analysis of Steel Members,
USS Steel Manual®, Publication T114-2/83.
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(P/Perit) * (@/Qcrit) * (/7 ¢rip)

< “/S.F.)
where
q = longitudinal load
P = external pressure
r = (ransverse shear stress
S.F. = safety factor
= 3.0 for design, testing, service
levels / & B
2.0 for Service Level C
L5 for Servive Level D,

39343 Reuctor Pressure Vessel Stabilizer

The RPV stabilizer is designed as a Safety
Class 1 linear type component support in
accordance with the requirements of ASME
Boiler and Pressure Vessel Code Section 11,
Subsection NF. The stabilizer provides a
reaction point near the upper end of the RPV
to resist horizontal loads due to effucts such
as earthquake, pipe rupture and RBV. The
design loading conditions, and stress criteria
are given in Tables 3.9-1 and 3.9-2, and the
calcu'ated stresses meet the Code allowable
stresses in the critical support areas for
various plant operating conditions.

393,44 Floor-Mounted Major Equipment
(Pumps, Heat Exchangers, and RCIC urbine)

Since the major active valves are supported
by piping and not tied to building structures,
valve “supports" do not exist (See Subsection
3934.1).

The HPCF, RHR, RCIC, SLC, FPCCU,
SPCU, and CUW pumps; RMC, RHR,
RWCU, and FPCCU heat exchangers; and RCIC
turbine are all anaiyzed to verify the
adequacy of their support structure under
various plant operating conditions. In all
cases, the load stresses in the critical
support areas are within ASME Code allowables.

Seismic Category 1 active pump supporls are

qualified for ‘ynamic (scismic and other RBV)
loads by testing when the pump supports

3934
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together with the pump meet the following test
conditions:

(1) simulate actual mounting conditions;

(2) simulate all static and dynamic loadings
on the pump;

(3) monitor purnp operability during testing;

(4) the normal operation of the pump during
and after the test indicates that the
supports are adequate (any deflection or
deformation of the pump supports which
precludes the operability of the pump is
not accepted); and

{5) supports are inspected for structural in-
tegrity after the test, Any cracking or
permanent deformation is not accepted.

Dynamic qualification of component supports

by analysis is generally accomplished as fol-
lows:
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(1) Stresses at all support elements and parts
such as pump holddown and baseplate holddown
bolts, pump support pads, pump pedestal, snd
foundation are checked to be within the al-
lowable limits as specified in the ASME Code
Section 111, Subsection NF.

{(2) For normal and upset conditions, the
deflections and deformations of the supports
are assured to be within the elastic limits,
and to not exceed the values permitted by the
designer based on design verification tests.
This ensures the operability of the pump.
(3) For emergency and faulted plant conditions,
the deformations do not exceed the values
permitted by the designer to ensure the
operability of the pump. Elastic/plastic
analysis are performed if the deflections are
above the elastic limits,

3935 Other ASME 111 Component Supports

The ASME Il component supports and their at-
tachments (other than those discussed in preced-
ing subsevtion) are designed in accordance with
Subsection NF of the ASME Code Section [II* up to
the interface with the building structure, The
building structure componeni supports are de-
signed in accordance with the AISC Specification
for the Design, Fabrication, and Erection of
Structural Steel for Buildings. The loading
combinations for the various operating conditions
correspond to those used to design the supported
component. The component loading ¢ abinations
are discussed in Subsection 3.9.7... Active
component supports are discussed in Subsection
3.9.3.2. The stress limits are per ASME 111,
Subsection NF and Appendix F. The supports are
evaluated for buckling in accordance with ASME
Il

*Augmented by the following: (1) application of
Code Case N-476, Supplement 89.1 which governs the
design of single angle members of ASME Class 1,2,3
and MC linear component supports; and (2) when
eccentric loads or other torsional loads are not
accommodated by designing the load to act through
the shear center or meet "Standard for Steel
Support Design®, analyses will be performed in
accordance with torsional analysis methods such
as: "Torsional Analysis of Steel Members, USS
Steel Manual®, Publication T114-2/83.
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3.9.4 Control Rod Drive System (CRDS)

A control rod drive systems CRDS)in an ABWR
plant is equipped with an electro-hydraulic fine
motion control rod drive (FMCRD) system, which
includes the control rod drive (CRD) mechanism,
the hydraulic control vait (HCU), the condensate
supply system, and power for FMCRD motor, and
extends inside RPV to ‘he coupling interface
witF *he control rod blades.

3.9.4.1 Descriptive lnformation on CRDS

Descriptive information on the CRDs as well
as the entire control and drive system is con-
tained in Section 4.6,

3942 Applicahie CRDS Design Specification

CRDS is designed to meet the functional de-
sign criteria outlined in Section 4.6 and con-
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1943 Design Loacds, Stress Limits, and
Allowable Deformations 3.9.5 Reactor Pressure Vessel Internals

).5.1 Design Arrangements

1944 CRD Performan
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Core plate (and core plate vardware),
Top guide;

Fuel supports (orificed fuel supports and
peripheral fuel suppo.ts);

Control rod guide tubes; and
Reactor Internals

*Shroud h~ad and *steam scparators assembly;

*Steam dryers assembly;
Feedwater spargers;
RHR/ECCS low pressure flooder spargers;

ECCS high pressure core flooder sparger.
and piping;

RPV vent and head spray assembly;

Core and *internal pump differential
pressure lines;

In-core guide tubes and stabilizers;
*Surveillance sample holders;

A general assembly drawing ¢ *he important

These are non-nuclear safety {or "other")
category components as defined in Subsection
3.2.5.1. In Subsection 3.9.5, such compo-
ents are called non-safety class compo-
ents, and the safet-related internals
{Safety Clasy 3) are called safety class
components.
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DIA6100AY

39-36a



L ] v
p- ¥
»
}
Ni«”!fAil'l-“"”"
‘ ) & 11 111, ppont
!
b
) £ 1 Core Plate
{ re Supy it ir Ut
. )
il ! ‘ |
!
|
N
£1.1.1 Shrovd
195114 Tap Guide
’
3
} v \ '
)
LN | ‘ " , : |
| L . : , ’ ! ‘
‘ ' : H

1951158 Fuel Wppo




ABWK
Standard Plane.

eral fuel support supports one fuel assembly and
contains un orifice designed to assure o6y ot
coolant flow to the peripheral fuel assembly
Each orificed fuel support suppor’ four fuel
assemblies veriically upward and horizontally and
is provided with orifice plates to assure proper
coolast flow distribution to cach rod-controlled
fuel assembly, The orificed fuel supports 121
on the top of the control rod guide tubes wh ¢n
are supperted laterally by the core plate. The
cor. ol rods pass through cruciform openings in
the center «f the orificed fuel support. A
control rod and the four adj- .ent fuel assemblics
represent a eore cell (Sect.on 4.4),

195116 Contiol Rod Guide Tubes

The zoutrol rod puide tvbes located inside
the vessel extend from the top of the control rod
drive housings up through holes in the core
plate. Euch guide tube is designed as the guide
for the lower ¢nd of a control rod and as the
support for an orificed fuel support. This
locates the four fuel assemblies surrounding the
control rod. The bottom of the guide tube s
supporied by the contral rod drive housing, which
in turn transmits the weight of ti - juide tube,
fuel support, and fuel assemblies to the reactor
vessel bottom head. The control rod guide tubes
also contain holes, hear the top of the countrol
rod guide tube and below the core plate, for
coolant flow to the orificed fuel supports.

19512 Reactor Internals

The reactor internals consist of thase ems
listed in Subsection 3.9.5.1(2), and are Safety
Class 3 or non-safety class as noted. These com-
peaents direct and control coolant flow through
the core or support safety-related and nonsafety
related function.

195121 Shroud Head and Steam Separators
Assembly

The shroud head and standpipes/steam
separators are non-safety class internal
components. The assembly is discussed here to
describe the soolant flow paths in the reactor
pressure vessel. The shroud head and steam
separators assembly includes the upper flanges
and bolts, and forms the top of the core
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discharge mixture plenum together with the
separators and their connecting standpipes. The
discharge pleoum provides a mixing chamber lo,
the steam /wate: mixture before it enters the
steam separators. Individual stamless steel
axial Mow steam separators are supported on and
attached to the top of standpipes that are
weldaed into the shroud head The steam
separators ha ¢ no moving parts. In cach
separator, the steam/water mixtur  ising
through the standpipe passes vanes tha .npart a
spiy to establish a vortex separating the water
from the steam. The separated water Mows (rom
the lower portion of the steam separator into
the downcomer annulus. The assembi; s
removable from tLe reactor pressure vessel as o
single unit on a routine basis,

195122 Renctor luternel Pump
(REP)/Diffusers

The pump assemblies are non-safety class
components and are discussed here to describe’

coolant flow paths (Figure 3.9:3) in the ves- *

sel. The pump provides a means for forced cir
culation of the reactor coolant through the
core, including the mixing of feedweter and an-
nulus water from the steam separators and dis-
tribution of this fluid to the vessel lower
pleoum and up through the lower gnid to the
core.

The pump assee “ies are mounted vertically
into pump nozzles arranged in an equally-spaced
ring pattern on the bottom head of the RPV and
are located inside the downcomer annulus between
the core suroud and the reactor vessel wall.
The design and performance of the pump
assemblies is covered in detail in Subsection
541, Each pump consists of three major
hardware sections: an internal pump (IP)
section; a recirculation motor (RM) section; and
a stretch tube section (Figure 5.4-1).

The iP section of the RIP is located inside
the RPV, in an opening through the RPV pump
deck--the latter being the horizontal ring-plate
enclosing the bottom of the downcomer annulus
and thus separating the lower pressure annulus
region from the higher-pressure lower plenum
region. The IP, in turn, is comprised of a
vertical axis single stage, mixed-flow impellcr
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driven from underneath by a pump shaft, with the
impeiler being enciteled by a diffuser shroud
assembles 0to the pump deck opening.

The RM section of the RIP is located
underieath, and at the periphery of, the RPV
bottom head inside a prossure retainiag housing
termed the motor casing. The motor casing nself
is not part of the RM, but s instead a part of
and welded into an RPV sozzle (pump nozzle). The
motor casing thus comptis s part of the reactor
coolant pressure boundary and is a Safety Class 1
componont,

The principal clement of the streteh tube
section is a thin-walled tube configured as a
ho 'aw bolt fitting around the pump shaft and
within the pump nozzle. It has an external lip
(bolt head) at its upper end and an ¢xternal
threaded section at this lower end. The stretch
tube function is to achieve tight clamping of the
IP diffuser to the gasketed, intetnal-mount end
of the RPY pump nozzle, at all ext :mes ol
thermal transients and pump operating conditions,

195123 Steam Dryer Assembly

The steam dryer ussembly is  non-salety class
component. It is discussed here to describe
cooiant flow paths in the vessel. The steam
dryer removes moisture from the wot sleam leaving
the steam separators.  The extracted moisture
flows down *he dryer vanes to the collecting
troughs, then flows through tobes into the
downcomer annulus,

The steam dryer assembly consists of multiple
banks of dryer units mounted on & common
structure which is removable from the reactor
pressure vessel as an integral unit. The
assembly inciudes the dryer banks, dryer supply
and discharge ducting, drain collecting trough,
drain piping, and a skirt which furms a water
seal extending below the separator reference zero
elevation, Upward and radial movement of the
dryer assembly under the action of blowaown and
seismic loads are limited by reactor vessel
internal stops which are arranged to permit dif-
ferential expansion growth of the Cryer assembly
with respect to the reactor pressure vessel. Ths
assembly is arranged for removal from the vessel
as an integral unit on & routine basis.
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195124 Yeedwater Spargers

These are Safety Class 2 components. They
are discussed here to describe coolant flow
paths in the vessel and their safety
function, Each of two feedwater lines is
connevted to three spargers via three RPV
nozeles, One ling is utilized by the RCIC
system; the other by the RHR shutdown cooling
system, During the ECCS mode, the two groups
of spargers support diverse type of flooding
of the vessel. The RCIC system side supports
high pressure flooding and the RHR system side
supports low pressure floodine, as required
during the ECCS operatior

The fecawater spargers are stainless steel
headers leaated in the mixing plenum above the
dow comer annulus. A separate sp rger in two
hulves is fitted to each feedwater nozzle via
a tee and is shaped to conform to the curve of
the vessel wall. The sparger tee inlet is
connected to the RPV nozzie safe end by a
double thermal sleeve arrangement, with all
cannections made by full penetration welds.
Sparger end brackets are pinned to vessel
brackets 1o suppori the spargers. Feedwater
flow enters the center of the spargers and is
discharsed radially inward to mix the cooler
feedwater with the downcomer flow from the
steam separators and steam dryer before it
contacts the vessel wall, The feed- water
also serves to condense steam in the region
above the downcomer annulus and to subcool
water flowing to the recirculation intesnal
pumps,

195125 RHR/ECCS Low Pressure Flooder
Spargers

These are Satety Class 2 components. The
design features of these two spargers of the
RHR shutdown cooling system are similar to
those of the six fecdwater spargers, three of
which belonging to one feedwater line support
additionally the same RHR (and ECCS)
function. During the ECCS mode, these
spargers support low pressure flooding of the
vssel. The feedwater spargers are described
in Subsection 3.9.5.1.2.4,

Two lines of RHR shutdown conling system

enter the reactor vessel (heough the two
diagonally opposite norzles and connect to the
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spargers. The sparger tee inlet is connected to
the RPV nozele safe end by a thermal sleeve
arrangement with all connections made by full
penctration welds.

195126 ECCS High Pressure Core Flooder
Spargers and Piping

The core flooder spargesrs and piping are

A :Safuy Class 2, The spargers and piping are the

means for directing high pressure ECCS flow to
the upper end of the core during accident
conditions.

Each of two high pressure core flooder (HPCF)
system lines enters the reactor vessel through a
diagonally opposite nozzle in the same manner as
an RHR low pressure Mooder ling, except that the
curved sparger incleding the connecting tee 18
routed around the inside of and is supported by
the cylindrical portion of the top guide. A
flexible coupling is interposed between the
sparger tee inlet and the sleeved inlet connector
inside the nozzle. The two spatgers are
supported so as to accommodalte thermal expansion.

19.51.2.7 RPV Vent and Head Spray Assembly

This is designed as a Safety Class 1
component, However, only the nozzle portion of
the assembly is a reactor coolant pressvre
boundary, and the assembly function is not a
salety-related operation. The reactor water
cleanup return flaw to the reactor vessel, via
feedwater lines, .n be diverted partly to a
spray nozzle in the reactor head in preparation
for refucling cooldown. The spray maintains
saturated conditions in the reactor vessel head
volume by condensing stream being generated by
the hat reactor vessel walls and internals. The
head spray subsystem is designed to rapidly
cooldown the reactor vessel head flange region
for refueling and to allow installation of steam
line plugs before vessel floodup tor refueling.

The head vent side of the assembly passes
steam and moncondensable gases from the reactor
head to the steamlines during startup and opera-
tion. During shutdown aud filling for hydro-
testing, steam and noncondensable gases may be
vented to the drywell equipment sump while the
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connection to the steamline is blocked. When
draining the vessel during shutdown, air cuter.
the vessel through the vent,

195178 Core and Internal Pump
Differcudial Pressure Lines

These lines comprise the core flow measure-
ment subsystom of the recirculation flow control
system (RFUS) and provide two inethods of measur-
ing the ABWR core flow rates. The core DP lines
(Safety Class 3) and internal pump DP lines
(non-safety class) enter the reactor vessel se-
parately through reactor bottom head penetra-
tions. Four pairs of the core DP lines enter
the head in four quadrants through four penetra-
tions and terminate immediately above any below
the core plate to sense the pressure in the re-
gion outside the bottom of the fuel assemblies
and below the core plate during normal
operation.

Similarly, four pairs of the internal pump DP'

lines terminate above and below the pump deck
and are used to sense the pressure across the
pump during normal pump operation. Each pair is
routed concentiically through a penetration and
upward along a shroud support leg in the lower
plenum,

395129 In-Core Guide Tubes and
Stabilizers

These are Safety Class 3 components. The
guide tubes protect the in-core instrumentation
from fiow of water in the bettom head plenum and
provide a means of positioning fixed detectors
in the core as well as a path for insertion and
withdrawal of the calibration monitors (ATIP,
automated traversing incore probe subsystem).
The in-core flux monitoi guide tubes extend from
the top of the in-core flux monitor housing to
the top of the core plate. The power range de-
tectors for the power range monitoring units and
the dry tubes for the startup range neutron
moritoring and average power 1auge monitoring
'SRNM/APRM) detectors are inserted through the
guide tubes,

Two levels of stainless steel stabilizer

latticework of clamps, tie bars, and spacors
give lateral support and rigidity to the guide
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tubes. The stabilizers are connected to the
shroud and shroud support. The bolts are
tack-welded after asembly to prevent loosening
during reactor operation.

1951210 Surveillance Sample Holders

This a non-safety class component. The
surveillance <ample holders are welded baskets
containing impact and tensile specimen capsules.
The baskets hang from the brackets that are at-
tached to the inside of the resctor vessel wall
and extend to mid he.ght of the active core. The
radial positions are chosen to expose the speci-
mens to the same environment and maximum neutron
fluxes experienced by the reactor vessel itvelf.

1952 Loading Conditions
19521 Events to be Evaluated

Examinat'on of the spectrum « f conditions for
which the safety design bases (Subsection
3.9.5.3.1) must be satisfied by core support
structures and safety-related in ernal components
reveals [our sigrificant faulted events:

(1) Feedwater Line Break - A break in a
feedwater line between tke reactor vessel
and the primary containmeit penetration;
(the accident results in significant annulus
pressurization and reactor building
vibration due to suppression pool dynamics),

(2) Steam Line Break Accident - A break in one
main steam line between the reactor vessel
nozzle and the main steam isolation valve;
(the accident results i significant
pressure differentials across some of the
structures within the reactor and reactor
building vibration due to suppression pool
dynamics);

(3) Earthquake . subjects the cor. support
structures and reactor internals to
significant forces as a results of ground
motion and consequent RBV; and

(4) Safety/relief valve discharge - RBV due to
suppression pool dynamics and structural
feadback

Analysis of other conditions existing during
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normal operation, abnormal operational transi-
ents, and accidents show that the loads affect-
ing core support structures and other safety-
related reactor internals are less severe than
those affected by the four postulated events.

The faulted conditions for the reactor
pressure vessel internals are discussed in
Subsection 3.9.1.4. Loading combination and
unalysis for safety-related reactor internals
including core support structures are discussed
in Subsections 3,931, 3.7.5.3.5, arcd
1.9.5.3.6.

19522 Pressure Differentia! During Rapid
Depressurization

A digital computer code is used (o analyze
the transient conditions within the reactor
vessel following the main steam line break
between the vessel nozzle and main steam
isolation valve. The analytical model of the
vessel consists of nine nodes which are.

connected to the necessary adjoining nodes by -

flow paths huving the required resistance and
inertial characteristics. The program solves
the energy and mass ¢onservation equations for
cach node to give the depressurization rates and
pressures in the various regions of the
reactor. Figure 3.9-5 shows the nine reactor
nodes. The compute: ode used is the General
Electric Short-Term Thermal-Hydraulic Model
described in Reference 4. This medel has been
approved for use in ECCS conformance evaluation
under 10CFRS0 Appendix K. In order to
adequately describe the blowdown pressure
effect on the individual assembly compenrents,
three features are included n the model that
are not applicable to the ECCS analysis and are
therefore not described in Feference 4. These
additional features are as follows:

(1) The liquid 'evel in the steam separator
region and in the annuius between the dryer
skirt and the pressure vessel is tracked to
more accurately determine the flow and
mixture quality in the steam dryer and in
the steamliine.

(2) The flow path between the bypass region and
the shroud head is more accurately modeled
since the fuel assembly pressure differ-
ential is influenced by flashing in the
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guide tubes and bypass region for a steam-
line break. In the ECCS analysis, the mom a-
tum equation is solved in this flow path but
its irreversibie loss coefficient is conser-
vatively set at an arbitrary low value.

(3) The enthalpies in the guide tubes and the
bypass are calculated separately since the
fuel assembly pressure differential is
influenced by flashing in these regions, In
the ECCS analysis, these regions are lumped.

19523 Feedwater Line and Maln Steam Line
Break

1952351 Accident Definition

Both & feedwater line break (the largest
liquid line break) and a main steam line break
(the largest steam line break) upstream of the
main steam isolation valve are considered in
determining the design basis accident for the
safety related reactor internals including the
core support structures.

The feedwater line break is the same as the
design basis loss-of-coolant accident described
in Subsection 6.2.1,1.3.3.1, A sudden, complete
circumferential break is assumed to occur in one
feedwater line. The pressure differentials on
<he reactor internals and core support structures
are in all cases lower than those for the main
steam line break.

The analysis for the main steam line break
assumes a sudden, complete circumferential break
of one main steam line at the reactor vessel
nozzle, downstream of the limiting flow area.
This is described in Subsection 6.2.1.1.3.3.2.

The steam line break accident produces
significantly higher pressure differential across
“he reactor internal structures than does the
feedwater line break. This results from the
higher reactor depressurization rate associated
with the steam line break. Therefore, the steam
line break is the design basis accident for
internal pressure differentials.

195232 Effects of Initial Reactor Power
and Core Flow

The maximum internal pressure loads can be

Amendment 7

e e

JIAGIOAE

REV._ B

considered to be composed of two parts: steady-
state and transients pressure differentials.
For a given plant, the core flow and power are
the two major factors which influence the
reactor internal pressure differentials. The
core flow essentially affects only the steady-
stute part, For a fixed power, the greater the
core flow, the larger will be the steady-state
pressure differentials. On the other hand, the
cor. power affects both the steady-state and the
transient parts. As the power ‘« decreased,
there is tess voiding in the core and conse-
quently the steady-state core pressure differen-
tial is less. However, less voiding in the core
also means that less steam is generated in the
reactor pressure vessel and thus the depressuric
zation rate and the transient part of the maxi-
mum pressure load is increased. As a result,
the total loads on some components are higher atl
low power.

To ensure that calculated pressure differ-

ences bound those which could be expected if a'
steam line break should occur, an analysis is ~

conducted at a low power high-recirculation flow
condition in addition to the standard safety
analysis condition at high power, rated recircu-
lation flow. The power chosen for analysis is
the minimum valuc permitted by the recirculation
system controls at rated recirculation drive
flow (i.¢., the drive flow necessary to achieve
rated core flow at rated power).

This condition maximizes those loads which
are inversely proportional to power It must
be noted that this cond  a, while possible, is
unlikely; first, because the reactor wiil
generally cperate at or ncar full p wer; secoad,
because high core flow is neither required nor
desirable at such » reduced power condition,

Table 393 summarizes the maximv-n pressure
differentials, Case 1 is the safety analysis
condition; Case 2 is the low power high-flow
coadition,

39524 Seismic and Other Reactor Bailding
Vibration Events

The loads due to earthquake and other reactor
building vibration (RBV) acting on the structure
within the reactor vessel are based on a dynamic
analysis described in Sections 3.7, 3.8, and
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Subsection 3.9.2.5, ODynamic analysis is per-
formed by coupling the lumped-mass model of (he
reactor vessel and internals with the building
model 1o determine the syitem natura! fequenc s
and node shapes. The relative displacement,
acceleration, and load response is then deter-
mined by eithes the time-history method or the
response spectrum method.

1953 Design Bases
39521 Safety Design Hases

The reactor internals including core seppor!
structures chall meet the following safety design
bases:

(1) The reactor vessel nozzles and internals
shall be so urranged as to provide a
floodable volume in which tae core can be
adequately cooled ‘n the event of a breach
in the nuclear system process barrier
externs! to the reactor vessel;

(7) Deformation of internals shall be limited to
assure that the control rods and core
standby cooling systems can perform their
safety-relai.d fnnciions; and

(3) Mechanica! design of applicable structures
shall assure that safety design bases (1)
and (2) are satisfied so that the safe
shutdown of the plant snd removal of decay
heat are not impaired.

19532 Power Generation Design Bases

The reactor internals including core support
structures shall be designed to the following
power generation design bases:

(1) The internals shall provide the proper
coolant distribution during all anticipated
normal opevating conditions to full power
opergtion of the core without fuel damaye;

(2) The internals shall be arranged to
facilitate refucling operations; and

(3) The internals shall be designed to
facilitate inspeciion,

Amendment 7

19533 Design Loading Categories

The basis for determining faulted dynamic
event loads on the reactor internals is shown in
Sections 3.7, 3.8 gnd Subsections 3.9.2.5,
398523 and 39524 Table 3.9:2 shows the
load combinations used 1o the anolysis.

Core support structures and safety class
ternals stress limits are consistent with
ASME Code Section 111, Subsection NG, For
these components, Level A, B, C, and D service
limits are applied to the normal, upset,
emergency, and faulted loading conditions,
respectively, as defined in the dosign
specilication. Stress intensity and other
design limits sre discussed in Subsections

39535 and 39515

39534 Respoose of Internals Doe to Steam
Line Break Accident

As described in Subsection 3.9.5.2.3.2, lhe"

maximum pressure loads acting on the reactor
internal components v sult from steam line break
upstream of the main steam isolation valve and,
on some components, the loads are greatest with
operation at the minimum power associated with
the maximum core flow (Table 3.9-3, Case 2).
This has been substantiated by the analytical
comparison of liquid versus steam line breaks
and by the investigation of the effects of core
power and core flow,

It has also been pointed out tha, although
possible, it is not probable that the reactor
would be operating at the rather abnormal
condition of minimum power and maximum core
flow. More realistical'v, the reactor would be
at or near a full power condition and thus the
maximum pressure loads acting on the internal
components would be as listed under Case 1 in
Table 3.9-3.

39535 Stress and Fatigue Limits for Core
Support Structures

The design and construction of the core

support structures are in accordance with ASME
Code Section 11, Subsection NG,
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198536 Stress, Deformation, and Fatigue
Limits far Safety Class and Other Reactor
Intereals (Except Core Support Structures)

For salety class reactor internals, the stress
deform~.ion and fatigue criteria listed in Tables
194 through 3.9-7 are based on the criteria
established in applicable codes and standards for
similar equipment, by manufacturers standards, or
by empirical methods based on field experience
and testing. For the quantity SF (minimum
safety factor) appearing i lh(;ﬂ:nlnblcﬁ. the
following values are used:

Service Service SF
Level Condition  __min
A Normal 225

B Upset 228

& Emergency 1§

D Fanlied 1.125

Components inside the reactor pressure vessel
such as control rods which must move d. Jing
accident condition have been examined to
determine if adequate clearances exist during
emergency and faulled conditions. No mecharncal
clearance problems have been identified. The
forcing functions applicable to the reactor
internals are discussed in Subsection 392§

The design criteria, loading conditions, and
analyses that provide the basis for the design of
the safety class reactor internals other than the
core support structures meet the guidelines of
NG-3000 aad are constructed so as not to
adversely alfect che integrity of the core
support structures (NG-1122).

The design requirements for equipment
classified as non-safety (other) class internals
(e.g., steam dryers and shroud heads) are
specified with appropriate consideration of the
intended service of the equipment and expected
plunt and environmeatal conditions under which it
will operate. Where Code design requirements are
not applicable, accepted industry or engincering
practices are used.
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396 Inservice Testing of Pumps and Valves

Inservice testing of safety-related pumps and
valves will be performed in arcordance with the
requirements of Section X1, Subsection IWP and
IWN, ol the ASME Code. Table 3.9-8 lists the
Inservice testing parameter - and frequencies for
the safety-related pumps and valves. Valves
having & containment isolation function are also
orted in the listing. Code testing flexibility
in the ASME/ANSI O&M Part 6 for pumps and Part
10 for valves produced no nced for relief
requests. /. review of field experienc * for
typical BWR testing problems also showed the
Code encompassed common relief requests.
Inservice inspection is discussed in Subsection
§.2.4 and Section 6.6,

Details of the inservice testing program,
including test schedules and frequencies will be
reported in the inservice iuspection and testing
plan which will be provided by the applicant
referencing the ABWR design, The plan wilk

23037
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integrate the applicable test requirements for |

safety-related pumps and valves including those
listed in the technical specifications, Chapter
16, and the contairment isolation vaives,
Subsection 6.2.4  An example is the periodic
leak testing of the reactor coolant pressure
isolation valves in Table 3.9-9 will be
petformed in accordance with Chapter 16
Surveillance Requirement 3.6.1.5.10. This plan
will include baseline pre-service testing to
support the periodic in-service testing of the
components. Depending on the test restlis, the
plan will provide a commitment to ¢« semble
and inspect the safety related pumps and valves
wher limits of Subsection IWP or IWV are
exceeded,as described in the following
paragraphs. The primary elemeats of this plan,
including the requirements of Generic Letter
89-10 for motor operated valves, are deiineated
in the subsections to follow. (See Subsection
3.9.7.3 for COL license informacior
requirements).

1961 Inservice Testing of Safety-Related
Pumps

The ABWR safety-related pumps and piping
configurations accommodate inservice testing at
a flow rate at least as large as the maximum
design flow for the pump. In addition, the

1044

210 3%

2182

>

4 U

-



e e e L

ABWR
Standard Plant

sizing of each minimum recirculation flow path is
evaluated to assure that its use under all
an voed conditions will not result in
degr. saiion of the pump. The flow rate through
minimum recirculation floy paths can also be
periodically measured to verify that flow is in
accordance with the design specification

The safety-related pumps are provided with
instrumentation to verify that the net positive
suction head (NPSH) is greater than or 2qual to
the NPSH required during all modes of pump
operation. These pumps can be disassembled for
evaluation wuen the Code Section XI testing
results in a deviation which falls within the
“requited actio= range.” The Code provides
criteria limits for the test parameters
indentified in Talle 3.9-8. A program will be
developed by the applicant referencing the ABWR
design to establish the frequency and the extent
of disassembly and inspection based on suspected
degradation of all jafety related pumps,
incloding the basis for the frequency and the
extent of each disassembly, The program may be
revised throughout the plant life to minimize
disassembly based on past disassembly
exprrience. (Sec Subsection 3.9.7.3(1) for COL
license information requirements,)

1962 lnservice Testing of Safety-Related
Valves

196240 Check Valves

All ABWR safety-releted piping systems
incorporate provisions for testing to demonstrate
the operability of the check valves under desigu
conditions. In-service testing wiil incorpors 2
the use of advance non-intrusive techniques to
petiodical’y assess degradation and the
petformance naracteristics of the check valves,
The Code Section X1 tests will be performed, and
check valves tha, fail to exhibit the required
performance can be disassembled for evaluation.
The Code provides criteria limits for the test
parameters identified in Table 3.9-8. A program
will be developed by the applicant referencing
the ABWR design to establish the frequency and
the extent of disassembly and inspection based on
suspected degradation of all safety related
pumps, including the basis for the frequency and
the extent of each disassembly. The program may
be revised throughout the plaat life to minimize
disassembly based on past diss . .sembly
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experience. (See Subuection 3.9.7.3(1) tor COL
license information requirements. )

19622 Motor Operated Va'ves

The motor operated valve (MOV) equipment
specifications require the incorporation of the
results of either in-situ or prototype (esting
with full flow and pressure or full differential
pressure to verify the proper sizing and correct
switch settings of the valves. Guidelines to
justify protolype testing are contained in
Generic Letter 98.10, Supplement 1, Questions 22
and 24 through 28 The applicant referencing
the ABWR des'gn will provide a study to
determine the optimal frequency for valve
stroking during in-service testing such that
unnecossary testing and damage is not done to
the valve as a result of the testing. (See
Subsection 3.9.7.3 for COL license information
requirements).

The concerns and issues identified in'
Generic Letter 89410 for MOVs will be addressed -
prior to plant startup. The method ol assessing
the loads, the method of sizing the actuators,
and the setting of the torque and limit switchos
will be specifically addressed. (Sce Subsectivn
3.9.7.3 for COL license information
requirements).

The in-service testing of MOVs will rely or
diagnostic tecniques that are consistent with
the state of the art and which will permit an
assessment of the performance of the valve under
actual loading. Periodic testing will be
conducted under adequate differential pressure
and flow conditions that allow a justifiabie
demonstration of continuing MOV capability for
design basis conditions, including recovery from
inadvertent valve positioning. MOVs that fail
the acceptance criteria, and are "declared
inoperable,” for stroke tests and leakage rate
can be disassembled for evaluation. The Code
provides criteria limits for the test parameters
identified in Table 3.9-8. A program will be
developed by the apllicant relerencing the ABWR
design 1o establish the frequency and the extent
of disassembly and inspection based on suspected
degradation of all safety related "MOV's",
in uding the basis for the frequency and the
¢ ent of each disassembly. The program may be
revised throughout the plant life to minimize
disassembly based on past disassembly exper-

1444



ABWR
Standard Plant

ience. (See Subsection 3.9.7.3(1) for COL
license information requirements.)

39623 Isolation Valve Leak Teots

The leak-tight integrity will be verified
for each valve relied upon to provide a
leak-tight function. These valves include:

(1) pressure isolation valves - vaives that
providge isolation of pressure differential
from ~ae part of a sysiem from another or
betwera systems;

(2) temperature isolation valves - valves whose
leakage may cause unacceptable thermal
loading on supports or stratification in the
piping «nd thermal loading on supports or
whose lcakage may cause steam binding of
pumps; and

(3) containment isolation valves - valves that
perform a containment isolation function in
accordance with the Evaluation Against
“riterion 54, Subsection 3.1.2.5.5.2,
including valves that may be exempted from
Appendix J, Type C, testing but whose
leakage may cause loss of suppression pool
water inventory.

Leakage rate testing of valves will be in
accordarce with the Code Section XI. An example
is the fusible plug valves that provide o lower
drywell flood for severe accidents described in
subsection 9.5.12. The valves are safety-related
due to the function of retaining suppression pooi
water as shown 1 Fig. ¢ 9.5-3. These special
valves are noted here and not in Table 3.9.8.
The fusible plug valve is a nonreclosing pressure
relief device and the Code requires replacement
of cach at a maximum of § year intervals.

Amendment
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| 19.7 COL License Information

1071 Resctor lnteraals Vibration Avalysis,
Meacurement snd Inspection Program

The first COL applican: referencing the ABWR
design will provide, at the time of application,
the results of the vibration assessment program
for the ABWR prototype internals. These results
will include the following information specified
in Regulatory Guide 1.20.

R C.120 Subject

i | Vibration Aaalysis
Program

C22 Vibration Measurement
Program

C23 Inspection Program

C24 Documentation of
Results

NRC review and approval of the above
information on the first applicants docket will
complete the vibration assessment program
requirements for prototype reactor internals,

In addition to the intormation tebulated
above, the first appiicant referencing the ABVR
design will provide the information on the
schedules in accordance with the applicable
portions of position C.3 of Regulatory Guide 1.20
for non:prototype internals

Subsoquent COL applican. nced only provid=
the information on the schedules in accordance
with the applicab'* portions of position C.3 of
Regulatory Gu 1.20 for non-prototype
inte nals. (See Subsection 3.9.2.4 for interface
regairements).

3.6.7.2 ASME Class 2 or 3 or Quality Group
Components with 60 Yvar Design Life

COL applicants referencing the ABWR design
will identify ASME Class 2 or 3 or Quality Group
D components that are subjected to loadings which
could result in thermal or dynamic fatigue and
provide the analyses required by the ASME Code,
Subsection NB, These analyse: will include the
appropriate ¢  ‘ating vibration loads and for the
effects of mixing hot and cold fluids. (See
Subsection 3.9.3.1.
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1973 Pump and Valve Inservice Testing
Program

COL .pplicants referncing the ABWR design
will provide a plan for the detailed pump and
valve iuservice testing and inspection program,
This plan will

(1) Include baseline pre-service testing to
support the periodic in-ser~ize testing of
the components required by technical
specifications. Provisions ate included (o
disassemble and inspect the pump, check
valves, and MOVs within the Code and
safety-related classification as necessary,
depending on test results. (See Subsections
396,396, 39621 and 3962.2)

(2) Provide a study to determine the optimal
frequency for valve stroking during
inservice testing. (Sce Subsection
3.9.6.2.2)

(3) Address the concerns and issues identified .
in Generic Letter 89-10; specifically the
method of assessment of the loads, the
method of sizing the wctuators, and the
setting of the torque and limit switches.
(See Subscction 3.9.6.2.2)

3974 Audit of Design Specification and
Design Reports

COL asoplicants referencing the ABWR design
will mal available to the NRC stalf design
specification and design reports required by
ASME Code for vessels, pumps, valves and piping
systems for the purpose of audit, (Sece
Subsection 3.9.3.1)

1.9.8 References

I. BWR Fuel Ch.annel Mechanical Design and
Deflection, NEDE-21354-P, September 1976

2. BWR/6 Fuel Assembly Evaluation of Combined
Safe Shutdown Earthquake (SSE) and
Loss-of-Coolant Accident (LOCA) Loadings,
NEDE-2’: 3P, November 1976.

3. NEDE-24057-P (Class 111) and NEDE-24057

(Class 1) Assessment of Reactor Internals.
Vibration in BWR/4 and BWR/5 Plants,

31945
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November 1977, Also NEDO-24057-P, Amendment

1, December 1978, and NEDE-2-P 24057
Amendment 2, June 1979,

General Electric Company, Analvtical Model
Jer Loss-of-Coolant Anaiysis in Accordance
with i0CFR50, Appendix K, NEDE-20566P,
Proprietary Document, November 1975,

BWR Feedwater Nozzle and Control Rod Drive
Retum Line Nozzle Cracking NUREG-0619.

General Electric Environmental
Qualification Program, NEDE-24326-1-P,
Proprietary Document, January 1983,

Functional Capability Criteria for
Essential Mark 11 Piping, NEDO-2198S,
Sepiember 1978, prepared by Battelle
Columbus Laboratories for General Electric

Company.

Generic Criteria for High Frequenc Cutoff
of BWR Equipment, NEDO-25250, Prop.ietary
Document, Jannary 1980,

Amendment 16
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m“ﬁm

A

Testing
A

A

Standard Plant
T.Me 30"‘
PLANT EVENTS
A. Plunt Operating Events
1. Bolwp (1)
2. Hydrosatic Test (two test cycles for cach
ooltup eycle)
3. Startup (110°F /he Heawup Rate)(2)
4. Daily and Weekly Reduction to 50% Power (1)
5. Control Red Pattern Change (1)
6. Loss of Feedwater Heaters
7. Scram;
a.  Turbine Generator Trip Fer ar On,
and Other Scrams
b.  Loss of Feedwater Flow,
Loss of Audliary Power
¢.  Turbine Bypass, Single Safety or Relief
Valve Blowdown
R Reda:ion te 0% Power, Hot Standby, Shutdown
(100"F /hr Cooldown Rate) (2,
9. Refueling Shutdown with Head Spray and Unbole (1)
10. Scram:
a.  Reactor Overpressure with Delayed Scram
(Anticipated Transient Without Scram,
ATWS)
b.  Automatic Blowdown
11. Imoroper or Sudden Start of Recirculation

Pump with Cold Bottom Head or Hot Scandby -
Druin Shat Off - Pump Restart

Amendment

2IALI0AE

135
3%
18,000
oK)

120

188

12

378

1(3)

1(3)
1(3)
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lable 1.9.1
PLANT EVENTS

B. Dynamic Loading Events'®)

ASME Code  No, ol
Sermn . Cycles/
Limis 0 (1))

Eveuts
12, Operating Basis Earthquake (OBE) Event at B 10 Cycles (4)
¥ ated Power Operating Conditions
13, Sa‘e Shutdown Earthquake (8SE) (5) ai Rated D(9) 1(3) Cyele
Power Operating Conditions
14. Turbine Stop Valve Pull Closure (TSVC)(6) B 90 |
During Event 7a and Testing Cycles
15, Safety Relief Valve (SRV) Actuation (One, B 106 |
Two Adjacent, All or Automatic Depressuri- Events(7)
zation System ) During Event 7a and 7b L
16, Lass of Coolant ¢ ccident (LOCA)
Small Break LOCA (SBL) D(9) 1(3)
Intermediate Break LOCA (IBL) (9) 1(3)
Large Break LOCA (LBL) D(9) 1(3)
NOTES:
(1) Some events apply to reactor pressure vessel (RPV) only, The number of ¢ ents/cycles
applies to RPV as an example.
(2) Bulk average vessel coolant temperature change in any one hour period.
(3) The gnnual encounter probability of a single cvent is <10 for a Level C event and
<1t for a Level D event See Subsection 3.93.1.1.5.
(4) 50 peak OBE cycles for piping, 10 peak OUE cycles for other equipment and components.
(5)  One stress or load reversal cycle of maximum amplitude.
Amendment 3947
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Standard Plant 4B
Table 1.9-1
PLANT EVENTS
K. Dynamic Loading Events
(Continued)
NOTES:

(6) Applicable to main steam piping syscem only.

(7)  The number of reactor buildiag vibratory load cycles on the reactor vessel and internal components
is 29,400 cycles of vary.ag amplitude during the 396 events of safety/relief valve actuation,

(8)  Table 3.9-2 shows the evaluation basis combination of these dynamic loadings.

(9)  Appendix F or other approj riste requirements of the ASME Code are used to determine the service
Level D limits, as deseribed in Subsection 39.1.4,

(10) These ASME Caode Service Limits apply to ASME Code Class 1, 2 and 3 components, component supports

and Class CS structures. Different limits apply to Class MC and CC containment vessels and
components, as discussed in Section 3.8, !

Amendment 1948
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Plant Event

1. Normal Operation (NO)

2. Plant/System Operating
Transients (£27)

1. NO + OBE

4 SCT + OBE

5. Infrequent Operating
Trausient (10T), ATWS

6. SBL

7. SBLorIBL + S°E

8 LBL + SSE

9. NLF

NOTES:

Table 3.9.2

IALIOAL
REY B

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFETY-RELATED,

ASME CODE CLASS 1,2 AND 3 COMPONENTS, COMPON"NT
SUPPORTS, AND CLASS CS STRUCTURES

Service Loading
Combination(') (*)(*)
N
(a) N+ TSVC

(b) N + SRV(®)

N+ OBE

(a) N+ TSVC + OBE
(b) N + SRV(*) + OBE

N(1%) + SRV(®)

N + SRV (%) + SBL(1 1)

N + SBL (or IBL)( 1)
+ SSE + SRV(¥)

N+ LBL (') + SSE

N + SRV () + TSVC (12)

ASME
Service Level(?)

A

B(*)
B(%)
B(*)

B(*)
B(*)

C(*).(*).(*°)
C(*)(®)

D(®),(*)(7)

D(%).(®)(")
D(*)

(1) See Legend on the following pages for definitior of terms. See Table 3.9-1 for plant events

@
3

(4)
(5)

and cycles information.

The service loading combination also applies to Seismic Category | Instrumentation and
electrical equipment (See Section 3.10).

The service levels are as defined in appropriate subsection of ASME Section I11, Division 1.

For vessels and pumps, loads induced by the attached piping are included as identified in

their design specification.

For piping systems, water (steam) hammer loads are included as identified in their design

specification.

The o .t W of combination of the loads is in accordance with NUREG-0484, Revision 1.

For active Class 1, 2 or 3 valves, the design pressure is specified equal to or greater than

the prec ure for which the valve must operate (open or close).

Amendment §
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Table 3.9:2

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFETY -RELATED,

ASME CODE CLASS 1, 2 AND 3 COMPONENTS, COMPONENT
SUPPORTS, AND CLASS CS STRUCTURES (Continucd)

NOTES:

(6)

(7

(8)

(9)

(10)

(1)

(12)

All ASME Code Class 1, 2 and 3 Piping Systems whill oo essential for safe shutdown under the
postulated events are designed to meet v requirements of NEDO-21985 (Relerence 7) and NRC's
“Evaluation of Topical Report - Piping Functional Capability Criteria,” by MEB dated July 17, 1980,

For active Class 2 and 3 valves and pumps, the stresses are limited by criteria: em £1.28, and
(em or oL) + ob <188, where the notations are es defined in the ASME Code, Section 111,
subsections NC or ND, respectively.

The most limiting load combination case among SRV(1), SRV(2) and SRV (ALL). For main steam and
branch piping vvaluation, additional loads associated with relief line clearing and blowdown into
the suppression pool are included.

The most limiting load combination case among SRV(1), SRV(2) and SRV _ \DS). See Note (¥) for main
steam and branch piping.

The reac'»r coolant pressure boundary is evaluated using in the load combination the maximum
pressure - ccted to occur during ATWS,

The piping systems that are qualified to the leak-before-break criteria of Subsection 6.3 are
excluded from the pipe break events to be postulated for design again t LOCA dynamic effects, viz,
SBL, IBL and LBL.

This applies only to the main steam lines and components mounted on it. The low probability that
the TSVC and SRV loads can exiit at the sa. '+ time results in this combination being considered
under service level D.

LOAD DEFINITION LEGEND:

Normal (N) - Normal and/or abnormal lo:«ds asscciated with the system operating conditions,

including thermal loads, depending on acceptance criteria,

SOT System Operational Transient (see Subsection 3.9.1.1),

10T Infrequeat Operational Transient (see Subsection 3.9.3.1).

ATWS Anticipated Transient Without Scram.

TSVC - Trrbine stop valve closure induced loads in the main steam piping and components

integral (0 or mounted thereon.

RBY Loads - Dvnamic loads in structures, vstems and components because of reactor build’ng

vibration (RBV) induced by a dynamic event.
« RBYV loads induced by operational basis earthquake.

- Non LOCA Fault

Amendment 7 1050
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LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFETY-RELATED,

23AGIM0AE
REV. A

Table 3.9-2

ASME CODE CLASS 1, 2 AND 3 COMPONENTS, COMPONENT
SUPPORTS, AND CLASS CS STRUCTURES
(Continued)

LOA . UEFINITION LEGEND:

SSE

SRV(1),
SRV(2)

SRV (ALL) -

SRV (ADS) -

LOCA

LOCA,

LOCA>

LOCA5

LOCA4
LOCAg -

LOC/g

Amendment |

RBV loads induced by safe shutdown earthquake.

RBYV loads induced by safety/reliefl valve (SKV) discharge of one or
two adjacent valves, respectively.

RBYV loads induced by actuation of all safety;relief valves which activate within
milliseconds of each other (c.g., turbine trip operational (ransieni).

RBV loads induced by the actaation of safety/relief valves associated with automatic
depressurization system which actuate within milliy “onds of cach other during the
postulated small or intermediate break LOUA, or ».

The loss of coolant accident associated with the nostulated prpe failure of a high-
energy reactor coolant line. The load effects are defined by LOCA through
LOCA9. LOCA events are grouped in three categories, SBL, IBL or LBL, as defined
here.

Pool swell {PS) drag/fallback loads on essential pipiag and components located
between the main vent discharge outlet and the suppression pool water upper surface.

Pool swell (PS) impact loads acting on essential piping and compoaents located above
the suppression pool water upper surface.

(a) Oscillating pressure induced loads on submerged essential piping aod components
during main vent clearing (VLC), condensation oscillations (CO), or chugging (CHUG),
or

(b) Jet impingement (JI) load on essential piping and components as a result of a
postulated IBL or LBL event.

Piping and components are defined essential, if they are required for shutdown of the
reactor or to mitigate consequences of the postulated pipe failure without offsite
power (see¢ introduction to Subsection 3.6).

RBYV load from main vent clearing (VLC).

RBV loads from condensation oscillations (CO).

RBYV loads from chugging (CHUG).

3 9.51
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Table 1.9.2

LOAD C OMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFETY-RELATED,
ASME CODE CLASS 1, 2 AND 3 COMPONENTS, COMPONENT
SUPPORTS, AND CLASS C5 STRUCTURES

(Continued;
LOAD DEFINITION LEGEND:
LOCA, Annulus pressurization (AP) loads due to a postulated line break in the annulus

region between the RPV and shicldwall. Vessel depressurization loads on reactor
internals (see Subsection 3.9.2.5) and other loads due to reactor blowdown 1eaction
and jet impingement and pipe whip restraint reaction from the broken pipe are
included with the AP loads.

SBL - Loads induced by small break LOCA (see Subsections 3.93.1.1.3 and 393.1.1.4); the
loads are: LOCA3(n). LO(‘.A4 and L()(YAG, See Note (11).

IBL : Loads it ‘ced by intermediate brean LOCA (see Subsection 3.9.3.1.1.4); the loads are:
LOCAS(I) of L()(‘As(b,, l()(‘,A4, L()(‘A‘ and LOCAG See Note (11),

LBL . Loads induced by large break LOCA (see Subsection 3.9.3.1.1.4); the loads are:
l.()CA1 through LOCA?‘ See Note (11). :

Amendment 1952
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Table 39-3

PRESSURE DIFFERENTIALS ACROSS REACTOR VESSEL INTERNALS

Maximum Pressure
Differences Occurring
During a Steam
teactor Component' Line Break (psid)
Case 1(}) Case 2(%)
1. Core plate and guide tube 26, 235
2. Shroud support ring and lower shroud 151 R
(bencath the core plate)
3. Shroud head (at marked elevation) 11.3 21.7
4. Upper shroud (just below top guide) 13.1 221
5. Core averaged power fuel bundle (bulge 142 120
at bottom of bundle)
5. Core averaged power fuel bundle (collapse 11.8 115
at bottom of top guide)
6. Maximum power fuel bundle (bulge at bottom of bundle) 16.2 14.0
7. Top puide 6.2 G4
8 Steam Dryer 69 10.8
Shroud head to water level, 134 232
from points (a) to (b), irreversible
pressure drop
shroud head to water level, 1.5 22
from points (a) to (b), elevation
pressure drop
(1) Instantancous break initiated at 102% rated corc power,
102.4% rated steam flow, and 111 1% rated recirculation flow.
(2) Instantaneous break initisted at 54 5% rated core power, 49.8% rated
steam flow, and 114.8% rated recirculation flow.
(3) Item numbers in this column correspond to the location (node)
numbers identified in Figure 3.9-5.

Ameniment 1
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Table 3,94

DEFORMATION LIMIT
FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY

Either One of (Not Soth) General Limit

|

|

|

|

|

\

|

l

a. Berr <sible Deformation, DP. £ 09, |
Ana., : ‘ Deformation SFmin \
Causir; woss of Function, DL |
|

|

|

\

b Bermussible Delormation, DP s Al ote 1
Experiment Deformation SFmin s ;
Causing Loss of Function, DE -
|
Where: |
DFP = Permissible deformation under stated conditions of Service levels A, B, C or D (normal, :
upsel, emergency or fault)
DL = Analyzed deformation which could cause a system loss of functions('! y
DE = Experimentally determined Aeformation which could cause a system loss of funetion
SFmip = Minimum safety factor (see Subsection 39.53.6)

(1) Equation b will not be used unless supporting data are provided to the NRC by General Electric.

(2)  "Loss of Function® can only be defined quite generally until atteation is focused on the component
of interest. In cases of interest, where deformation limits can affect the function of equipment
and components, they will be specifically delincated. From a practical viewpoint, it is
convenient Lo interchange some deformation condition at which function is assured with the loss of
function condition if *he required safety margins .rom the functioning conditions can be
achieved. Therefore, it is ofien unnecessary to determine the actual loss of function condition
because this interchange procedure produces coaservative and safe designs. Examples where
deformation limits apply are: control rod drive alignment and clearances for proper insertion,
reactor internal pump wear, or excess leakage of any component.

Amendment &
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Table 1.9.5

PRIMARY STRESS LIMIT
FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY

Any One Of (No More Than One Required) General Limit
a Elastic evalue'ed primary stresses, PE 5 oadl
Permissible primary siresses, PN SFimin
b, Eoomissible load AP £ 3.
Largest lower bound limit load, CL SFain
(3 Elastic evaluated
‘ _ £ A28
Conventional ultimate strength SFmin
al temperature, US
d. Elastic-plastic evaluated
nominal primary stress, E7 < 08
Conventional ultimate strength SFmin
at temperature, US
. Parmissible load, LP < 09 (Note 1)
Plastic instability load, PL SFmin
L Eermissible Joad LP £ 00 (Note 1)
Ultimate load from fracture SFmin
analysis, UF
g Permissible load, LP £ 10 (Note 1)
Ultimate load or loss of function SFmin
load from test, LE
where
re = Primary stresses evaluated on an clastic basis. The effective membrane stresses are o

be averaged through (he load carrying section of 'n erest. The simplest average
bending, shear or torsion stress distribution which o Il support the external loading
will be added to the membrane stresses at the section of interest.

PN = Permissible primary stress levels under service level A or B (normal or upset)
conditions under ASME Boiler and Pressure Vessel Code, Section 111

LP = Permissible load under stated conditions of service level A, B, C or D (normal, upset,
einergency or faulted).

Amendment 3 16.58
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Table 3.9.5

PRIMARY STRESS LIMIT
FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY
(Continued)
where
CL

Lower bound limit load with yield point equal to 1.5 Sm where Sm i the tabulated vuloe
of allowable stress at temperature of the ASME 111 code or its equivalent. The “lower
bound limit load® is here defined as that produced from the analysis of an ideally
plastic (non-strain hardening) material where deformations incriase with no furthor
increase in applied load. The lower bound load is one in which the material everywhere
satisfies equilibrium and nowhere exceeds the defined material vield strength using
cither a shear theory or a strain energy of distortion theory to relate multiaxial yield
to the uniaxial case,

Us = Conventional ultimate strength at termperature or loading which would cause a svstem
malfunction, whichever is more limiting

EP = Elastic plastic evaluated nominal primary stress. Strain hardening of the material may
be used for the actual monotonic stress sirain curve at the temperature of loading or
any approximation 1o the actual stress curve which everywhere has a lower stress for the
same strain as the actual monotonic curve may be used. Either the shear or strain
energy of distortion flow rule may be used

PL = Plastic instability loads. The *Plastic Instability Load" is defined here as the load
at which any load bearing section begins 1o diminish its cross-sectional arca at a
faster rate than the strain hardening can accommodate the loss in area. This type
analysis requires a true stress-true strain curve or a close approximation based on
morotonic loading al the tempesature of loading

UF = Ultimate load from fracture analyses. For components which involve sharp
discontinuities (local theoretical stress concentration) the use of a "Fracture
Mechanics® analysis where applicable utilizing measurements of plane strain fracture
toughness nray be applied to compute fracture loads. Correction for finite plastic zones
and thickness effects as well as gross yielding may be necessary. The methods of lincar
elasiic stress analysis may be used in the fracture analysis where its use is clearly
conservative or supported by esperimental cvidence. Examples where “Fracture Mechanics’
may be applied are for fillet welds or end of futigue life crack propagation.

LE = Ultimate load or loss of function load as determined from experiment. lo using this
method, account shall be taken of the dimensional tolerances which may exist between the
actual part and the tested part or parts as well as differences which may exist in the
vitimate tensile strength of the actual part and the tested parts. The guide to be used
in each of these arcas is that the experimentally determined load shall be adjusted to
account for material property and dimension variations, each of which has no greater
probability than 0.1 of being exceeded in the actual part.

SFmin = Minimum safety factor (see Subsection 39531

(1) Do not use unless supporting data are provided to the NRC by General Electric.

210 46
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Table 1.9.6

BUCKLING STABILITY LIMIT
FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY

Any Onr Of (No Mors Than one Required) General Limit

a Eermissible load, LP £ 2ad
Service level A (normal) permissible load, PN SFmin

b. Eemissible load LP s 4o
Stability analysis load, SL SFmin

¢ Permisibleload LP TR (Note 1) | 2
Ultimate buckling collapse load from test, SET SFmin o

where
LP = Permissible load under stated conditions of service levels A, B, C or D (normal, upset,

emergency or faulted).

PN = Applicable service level A (normal) event permissive load

SL = Stability analy+is load. The ideal buckling analysis is often sensitive to otherwise
minor deviations from ideal geometry and boundary conditions. These effects shall be
accounted for in the analysis of the buckling stability loads. Examples of this are
ovality in externally pressurized shells or eccentricity on column members.

SET = Ultimate buckling collapse load as determined from experiment. In using this method,
account shall be taken of the dimensional 1olerances which may exist between the actual
part and the tested part. The guide 1o be used in each of these areas is that the
experimentally determined load shall be adjusied to account for material property and
dimension variyions, each of which has no greater probability than 0.1 of being
exceeded in the actual part.

SFmin = ™ mum safety factor (see Subsection 39.5146)

(1) Equation C will not be used unless supporting data are provided 1o the NRC by General Electric.

TUE )
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Table 1.9.7
FATIGUE LIMIT
FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY

Summation of fatigue damage usage following Minor hynotheses( ' ).

Limit for Service
Levels A&B (Normal
. lative in Fuii n onditi

Design fatigue cycle usage from analysis =10

using the method of the ASME Code

NOTE

(1) Miner, M.A,, Cumulative Damage in Fatigue, Journal of Applied Mechanics, Vol
12, ASME, Vol. 67, pp A159-A164, Scptember 1945,

Amendment |
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INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVE!
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Table 1.9-8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

SYSTEM

Instrument Air

High Pressure Nitrogen Gas Supply
Standby Gas Treatmeat
Atmospheric Control

Flammability Control

Heating, Ventila' ag and Air Conditioning

* See end of table for notes.

Amendment 14

PUMP
PAGE

VALVE
PAGE

39-58.25
3195825
3.9-58.26
39.58.27
39.58.29

3.9-58.%0

19582
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Amendment 14
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No.

B31-Co01
C41-.Conl

E11-Com
E11-Com
E22-C001
EZ1-000m

o0
P25-C00
P41-Co0l

Table 198 (Continued)
INSERVICE TESTING SAFETY.-RELATED PUMPS AND VALVES

System Pumps

Qty  Description
10 Reactor Recire Sys (RPS) Reactor Internal Pump
2 Standby Liguid Control Systetn pump
1 Residual Heat emoval System Pump
» Residual Heat R =moval System fill pump
2 High Pressure Core Flooder pump
1 Reidor Core lsolation Cooling pump
6 Reactor Building Cooling Water pump
4  HVAC Emergency Cooling Water Sys pump
6 Reactor Service Water System pump

23ALI0AL
Ree B
Safety Test Test SSAR
Cluss  Parum  Freq. Fig
(@) (h) in
1 E10 5444
2 P.Vy Imo 931
Q 2y1s
2 DP,G V3730 5410¢df
2 E10 54-10¢d,f
2 DPONVy 3o w3 7h
2 QNDP, 3mo 548,
Vd, Vv
3 EW0 921adg
3 E1) 9.2-3ab
3 E10

19583
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I'able 1,9.8 (Continued)
INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

B21 Nuclear Boiler System Valves

Safety Code Valve Tesi Yest SSAR

$

Class Cat Func, Para “req Fig
Oty  Description a) ( d) (e) (f

_ e
' 1 4 Feedwater line Motor '3"' rated Valy MO ’ A\ 1A | .PS e YIS v
, k X2 2 Upstieam (v ust) FW hine check valve { A\ S 29 1-3d

3 2 FW line outboard check valve-Air | { LA L.}

Operated (ALD)

0, @ o4 o FW “ne inboard check valve | 1A | A {
- FOON 2 FW ling inboard mz  tenance valw i B I ) 29 \d
, FOOH 2 RWCU (or CUW) System injection ling { \ 'R
A % check valve
FOO7 2 RWCU (or CUW) System inje: 'on line MOV LA L.P 3
o FOOR 4 Inh . Maia Steaan 1so. Viv. (MSIV ! A LA L.P \ 1-3
s & L
Wy , ‘ , ’
L K. ¥ e 4 Outboard Main Steam Iso. Viv (MSIV) ! A LA L p '
L ; .
FO10 IR Safety/Relief Valve (SRV) ‘ ( \ | \
e
A DS
e ! > - P ass /dramn Line int \ A LA L.t \
N FO12 1 o ! ypass/drain ine outt viv A LA L.t ! A
4 . - . 2
FOIs | RPV non-condensibie gas removal hing ) i
FO19 1 RPYV huad vent inboard shu.oft valve | A P L !
020 1 RPV head vent outbor *d shutolf valve | A } -y i
; 121 18 LV discharge line vacuum preaker 3 \ .y 2w )
- I b, SRVd ! l Mt
FO22 18 SRV discharge lin= vacuum breaker } { \ S Y | S 3
® FO24 4 Inboard MSIV air supply line vueck valve { A | 2vrs i
N ) . 1 . ; . . 50 < 1
< FO25 4  Outk -=d MSIV air supoly line check valve 3 { A 1 2 yrs -3¢
: 6H 8 SRV ADS pnuematic supply line check valve i { A L, S 2 yrs 1-31
FO31 2 inboard vaive on the outh. FW line ckuck B I.f El 5.1-3
i vii've test line
; FO33 4  Inboard shutoff valve on the outhoard 2 B I} i
MSIV test e
\ -
FO35 1 Inboard tes* line valve for MSL bvpas y B LI I }
B drain 1. 've
a4 FO39 2 HYoard \est line valve for the inboard FW 2 B P f
‘ i
¥ o wIC CRECK VElv
\ S Fag 2 { board test line valve for the FW line : ! P i %
. chack valve
. ‘
Fo) 2 Int.~ard drain line test valve tor th p B } i d
s ! [irst FW line check valve
g Fiw' 2 Qutboard drain line valve for the i f i 3
L ' FW line check valve
5 )
1
¥ |
“.
- .
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No. Qty

F508
F509
F510
F00

L= Sl S

F701 4

F02 4

F710 1
F11 1
Fn2 1
F713 4
F7ia 4
F715 4
F716 4
F717 4
FN18 4
F719 4

F720 4

Amerdment 1*

Table 3.9-8 (Coatinued)

B21 Nuclear Boiler System Valves (Continued)

Description

Inboard MSIV accumulator vent line valve

Qutboard MSIV accumulator vent line valve

SRV ADS accumulator ve~ . valve
Root valve - RPV refarer - - ater
level instrument line

Isolation vah e - RPV reference leg water
level instrument line

Root valve - KPV narrow range water
level instrument line

Isolation valve - RPV narrow range water
level instrument line

Root valve - RPV wide range warter
level instrur-ent line

Isolation valve - RPV wide range water
level instrument line

Rcot valve - Keactor well water level
instrument line

Root valve - RPV head vent line
instrument line

isolation valve - RPV head vent line
instrument line

Root valve - RPV head seal leakage
wstrument line

Tsolation valve to RPV head seal leakage
instrument line

Root valve - RPV above oump deck
instryment line

Isolation valve - RPV above pump deck
inst ament line

Root valve - RPV below pump deck
instrument line

Isolation vaive - RPV below pump decx
instrument line

Root v-'ve - RPV above core plate
in“trumont line

Isolation valve - RPV above core plate
instrument line

Root valve - RPV below cor  plate
instrumest line

Iso'ation valve - RPV below core plate
iastrument line

Class
(a)

P WL W

L]

L]

ra

r

o

L]

ra

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

I3A6100AE
~Rev. B
Safety Code Valve Test Test SSAR
Cat.  Func. Para Freq Tig
() (d) (e} n
B P El 5.1-3¢
B P El 5.1-%¢
B ¥ El 5.1-3b
B P El 13 f
C LA LS 2yrs  S1-3ef
B P El 5.1-3¢.f
C LA LS 2ys  51-3ef
B P El 5.1-3¢f
L LA LS 2w S513ef
8 4 El 5.1-3¢
B P El 5.1-3b
C LA LS 2ys 5130
B P El 5.1-3h
C A LS 2ws S13b
B P El 5.1-3g
& LA LS 2y 513
B P El 51-3g
C LA LS 2w 513
B P El 5.1-3g
C A LS 2ys 3§13
5 P El 5.1-3g
C LA LS 2ys 513
35-585
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Table 3.9-8 (Continued)

INSERVICE TESTING SAFETY-RELA CED PUMPS AND VALVES

B21 Nuclear Boiler System Valves (Continued)

No. Qty Description

F123
F724
F725

F126

FO10
FO11

FO13
F500
F502
F505

F719

Amendment 14

4

R

10

10

10
10

10
10
10
10

Root valve - MSL flow restrictor
instrument line

Isoaltion valve - MSL flow restrictor
instrument ling

Root valve - MSL flow restrictor
instrument line

Isolation vaive - MSI. flow restrictor
instrument ling

B11 Reactor Recirculation Internal Pump Valves

RIP pump moto~ nurge water line outboard
isoal « o valve

RIF pump motor purge watur line inboard
isolation valve

RIP pump motor purge watc s suppiy line valve
RIP inflatable pressurized water line

inboard valve

RIP seal equalizing line valve

RI? cooling water HX vent line inboard valve
RIP dra. lire inboary valve

RIP cooling water HX shell drain line
inboard valve

C12 Contrel Rod Drive System Valves

Root valve charging line header pressure
instrument line
Root valve charging line header pressure
instrument line

23A6100AE
Rev B
Safety Code Valve Test Tes. SSAR
Class Cat. Funce, Para Freq. Fig.
(a) £%3 (a) (e) N
2 B P E1l 5.1-3b
2 & A LS 2wyws 51-3b
2 B P El 5.1-3b
2 L LA LS 2ys 51.3b
2 A IA L 2yrs 5.4-4b
2 A LA L 2vis  54-4b
3 B P El S4-4a
3 B P El 54-4a
3 B P El 5.4-4a
3 8 P El 54-4a
3 B P El S4-da
3 B 4 El 5.4-4a
2 B i El «.6-8b
2 B P E1l 4.6-8b
39-58.6



BIAGI0AE
Rev. B
Table 3.9-8 (Continued)
INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES
C41-Standby Liquid Control System Valves
Safety Code Valve Tesi Test SSAR
Class Cat. Func. Para Frng  Fig
No. Qty Description @ (© W@ @ (i
FOO1 2 SLOS storage tank outlet line MOV 2 B A § 3mo 931
P 2 yrs
F002 *  SLCS pump suction line maintenance valve 2 B P El 931
FOO3 2 SLCS pump discharge line relief valve 2 - ¢ F PS Sys 931
FOO4 2 SLCS pump discharge ine check valve 3. ' A S Imo. 931
FOOS 2 SLCS pump discharge line maintenance valve 2 B P El 9.3-1
Fo6 2 SLCS pump discharge line MOV 2 A LA LP 2wyws 931
S Imo
FOO7 1 SLCS injection line outhoard check valve 2 AC LA LS 2ys 931
FXO8 1 SLCS injection linc inboard check valve 2 AC LA LS 2y 931
FO10 1 SLCS test tank return line inboard 2 B P El 931
shutoff valve
FO12 1 SLCS test tank outlet line shutoff valve 2 B P Ei 931
FO14 1 SLCS pump suct line demin water supply line 2 B El 9.3-1
FO18 1  SLCS storage tenk sample line inboard 2 B 4 El 931
shutoff valve
FO20 1 SLCS pump suction line demin watersupply 2 B P El 9.3-1
line bypass line
F025 1 SLCS injection line test/vent line inb viv 2 B P El 931
FO26 1 SLCS pump suction line relief valve 2 C P LP Syrs 931
FS00 1 SLCS pump suction line drain line 2 B P El 93-1
F501 2 SLCS pump discharge line d.ain line valve 2 B P El g
F700 2 SLCS test tank return line instr line valve 2 B P El 5
C51 Neutron Monitoring (ATIP) System Valves
Jod 3 Isolation valve assembly 2 ACDP LP 2ws 76-1c
JO11 3 Purge isolation valve 2 AC P LP 2yws 76-1c
J012 3 Manual gate vale 2 A P El 76-1c
D23 Containment Atmosphere Monitoring System Valves
01 2 CAMS drywell pressure instrument line 2 A A L Imo 76-7¢
outboard isolation valve
FOo4 2 CAMS drywell sample line outhoard contain- 2 A A LP 3mo 767%
ment isolation valve
FOOS 2 CAMS drywell return line  .cboard contain- 2 A LA LP 3mo 767
ment isolation valve
Amendment 14 316547
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Table 3.9-8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

No. Qty Description

FOo6

FoO7

FO10
Fo11
Fo12
FO13
Foi4
F100
F101
F102
F103
Fid
F115
F106
Fi07
Fi108
F1i2
F116
F117
F118

Fi121

Amendment .4

5
-

2

s [ S0 S = L]

L IR L ¥ ]

L[]

CAMS wetwell sample line outboard contain-
ment isolation valve

CAMS wetwell return line outboard contain-
ment isolation valve

CAMS rack drain | 1¢ outboard contain-
ment isolation valve

CAMS drywcll pressure instrument line
outboard isolation valve

CAMS drywell sample line outboard cou_ain-
ment isolation valve

CAMS drywell return line outboard contain-
ment isolation valve

CAMS wetwell sample line outboard contain-
me..t solation valve

CAMS wetwell return hae outboard contain-
ment isolation valve

CAMS rack drain line outboard contain-
ment iscaltion valve

CAMS rack drywell sample line maint. valve
CAMS rack wetwell sample line maint. valve
CAMS rack accident sample booster

pump inlet valve

CAMS rack accident sample vooster

pump outlet valve

CAMS rack accident sample booster

pump bypass line check valve

CAMS rack accident sample booster

pump line solenoid valve

CAMS rack booster pumps discharge line
pressure controd valve

CAMS rack sample pumps inlet press cont. viv
CAMS rack sampie pump bypass line sol. viv
CAMS rack samp'c return line to drywell
(DW)/wetwell (WW)

CAMS rack sample return line to drywell
(DW)/wetwell (WW)

CAMS rack savaple return line to drywell
(DW)/wetwell (WW)

CAMS rack st.am separator condensate line
to DW/WW drain line

CAMS rack steam separator condensate line

o DW/WWwW

D23 Containment Atmosphere Monitoring System Valves (Continued)

23AG6100AE
- Rev B
Safety Code Vaive Test Test SSAR
Class Cat. Func. Para Freq. Fig
(@ (@ W @ o
2 A LA LP 3mo 767
2 A LA LP 3mo 767
2 A LA LP 3mo 767
2 A P 8 Imo 767
2 A [ A Imo 7.6-7c
2 A f ety Ime 76-%¢
2 A iP 8 Imo 767
2 A S imo 767
2 A iLP S Jmo 767
3 B P Ez 7.6-7d
3 B P E2 76-Ta
3 B P E2 7.6-7d
3 B P E2 7.6-d
3 B A E2 7.6-7d
3 B A E2 76-7d
3 B A E2 76-7d
- B A 52 7 74
3 B P E2 76-7d
3 B P E2 7.6-7d
3 B P E2 7.6-7d
3 C A E2 76-7d
3 B P — 7.6-7d
3 B P E2 7.6-Td
39-58.8
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Table 1.9-8 (Continued)
INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES
D23 Containment Atmosphere Monitoring System Valves (Continued)

Safety Code Valve Test Test SSAR
Class Cat. Func. Para Freq. lig

No. Qty bescription @) (© (@ ©
F128 2  CAMS rack line forrs the CAMS Gas Cali- 3 C A E2 76 7d
bration Rack check valve
F190 2 CAMS rack normal sample pump inlet 3 B A E2 7.6~d
solenoid valve
F191 2 CAMS rack normal sample pump discharge 3 B A E2 7.6-7d
solenoid valve
F193 2 CAMS rack accident sample pump discharge 3 B A E2 7.6-7d
line solenoid valve
F195 2 CAMS rack normal sample booster pump 3 B A E2 7.6-7d
outlet line solenoid valve
F197 2 CAMS rack normal sample booster pump 3 B A EY 7.6-7d
outlet line solenoid valve
F201 2 CAMS rack drywell sample line admis. valve 3 B A E2 7.6-7d
F202 2 CAMS rack drywell sample line admis.valve 3 B A E2 76-7d
FS10 2 CAMS rack steam separator condensate line 3 B A E2 7.6-7d
exit AQ valve
F512 2 CAMS rack drain line needle valve 3 B 4 E2 7.6-7d
F513 2 CAMS rack drain line Air-Operated Valve 3 B A g2 7.6-7d
FS515 2 CAMS rack dehumidifier condensate line 3 B A E2 7.6-7d
Alr-Operated Valve
F520 2 CAMS rack drain line maintenance valve 3 B P E2 7.6-7d
E11 Residual Heat Removal System Valves
FOO1 3 Suppression poo! suction valve 2 A IA P 2yrs 5.4-10¢d.f
S 3 mo
F02 3 RHR pump discharge line check vaive - A ~ A S 3mo  S54-10cdf
\ -3 3 RHR pump disharge line maintainence valve 2 B P El 5.4-10cd.f
FOO4 3 Heat Exchanger flow control valve 2 B A P 2yrs 54-10cdf
S 3 mo
FOO5 1 RPV injection valve 2 B A P Zyrs  54-10¢
S S
FOO5 2 RPV injection valve 1 A LA LP 2ws 54-10cg
S [\
FOO6 1  RPV injection line check valve 2 B A P 2yrs  55-10¢
S CS
FOO6 2  RPV injection line check valve 1 A LA LP 2ws S54-10eg
S CS
FO0O7 2 RPV injection line inboard maint. valve 1 B ¢ El 54-10eg

S mendment 14 39-58.9
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2AGI0AE
Standard Plant Rew, B
Table 3.9-8 (Continued)
INSERVICE TESTING SAFETY-RELATED PUMPS AND VALYV
E11 Residual Heat Removal System Valves (Continued)
Safety Code Valve Jest Test SSAR
Class Cat. Func. Para Freq. Fig
No. Quan Description @ (@ (@ @ o
FOOR 3 Suporession pool return line MOV 2 B LA P 2yrs  5.4-10cdf
. 3mo
FOO9 3 Shutdown Cooling suct. line maint. viv 1 B P E3 5.4-10b
FO10 3 Shutdown Cooling suct. line inb. iso. viv 1 A LA LP 2ws  54-10b
S (&
FO11 3 Shutdown Cooling suct line outb iso. viv 1 A LA LLP 2yvis 5410b
S 0
FO12 3 Shutdown Cooling suction line adm, vlv 2 B A P 2yrs  54-10cdf
S 3mo
FU13 Heat exchanger bypass flow control viv o B A P Tyrs  5.4-10c,d.f
S Imo :
F014 2 Fuel Pool Cooling return line inb MOV 2 B P P Jyrs 54.10cg
FO15 2 Fuel Pool Cooling return line outb MOV 2 B g P 2yrs  SA4-10eg
F016 2 Gaie viv-l's » 7 om Fuel Pool Clg (FPC) 2 B P P 2yrs  54-10b
F017 2 Drywell (< line inboard valve 2 B LA LP 2ys S4-10eg
) RO
FO18 2 Drywell spray line outboard valve 2 B LA LP 2ywrs S54-10eg
S RO
FO19 2 Wetwell spray line MOV 2 B LA LP 2yrs 54-10eg
S RO
FO20 3 RHR pump min flow bypass line check viv 2 BC P P 2yrs  5.4-10cdf
F021 3 RHR pump min flow bypass line MOV 2 B LA P 2yrs  S410c¢,d.f
S 3 mo
F022 3  Discharge line fill pump sucuion line valve 2 B P P 2wis  54-10¢,d f
023 3 Fill pump discharge line check valve 2 BC = S Cs S.410¢,d.f
F024 3 Fill pump discharge line stop ~“eck valve 2 BC A S s S4-10¢,d,f
FO25 3 Fill pump minimur flow line globe valve 2 B P P 2yrs  S4-10cdf
F026 3 RHR pump svction to High Conductivity 2 B P El 54-10cd f
Waste (HCW)
F027 3 Bypass line around the check valve 2 B P El 5.4-10¢,d,f
MPL E11-FO02
FO28 3  Heat exchangor outlet line relief valve 2 BC A S4-1uc,d,f
FO29 3  Inboard reactor well drain line valve 2 B P El 5.4-10¢,d.f
FO30 3  Drain to radwaste valve 2 B P El 54-10¢,d.f
FO31 3 Outb reactor well drain iin2 valve (to SP) 2 B LR El 54-10¢,d.f
FO32 3 Siutoff valve - line from MUWC 2 B P El S4-10cfg
F033 3 Check valve in the line from MUWC 2 BC A El 54-10¢,fg
FO34 2 RPV injection line vent/test line outb viv 2 B P El 54-10eg
FO36 1 Press equal valve around chk viv E11-F006 2 A P El 54-10¢
F036 2  Press equal valve around chk vi; E11-FO06 1 A P El S54.¢g
Amen‘ment 14 3.9-58.10
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Standard Plant

No. Qty

F037
FO39
FOs0
Fo41

e e

FO51
FOs2
F102
F500

W e e L)

F502
F504
F506
F506
F508
FS11
FS513
F515
F517

F710
F711
Fr12

——
R R P R I VIR T

F713
F714
F716

i

Amendment 14

Table 3.9-8 (Coninued)

E11 Residual Heat Removal System Valves (Continued)

Description
Shutdown cooling suction line test line

Relief viv around the MOV MPL E11-FO11

Shutoff valve - line from MUWC
Check valve - line from Make-Up Wa.
Condenser (MUWC)

Shutdown Cooling Mode suction line
relief valve

HX outlet to the Sampling System (S5)
test inboard valve

HX outlet to the PASS - inboard valve

Drywell spray line veat & test line
inboard valve

Fill pamp discharge line relief valve
Drain line for the suppression pool

AC independent water addition input viv
Heat exchanger inlet drain line

inboard valve

HX outlet line drain line inboard viv
RPV injection line vent line inb viv

RPV injection line drain line inb viv

RPYV injection line draia line inb viv
Shutdown Cooling suct line vent line viv
Drywell spray line inboard drain line viv
Drywell spray line inboard drair: line viv
Wetwell spray line inboard druin hne viv
RHR pump min flow line drn line inb viv
RHR pump suction line pressure instr line
RHR pump suction line pressure instr line
RHR pump discharge line press. instr line
RHR pum disct - ge line press. instr line
RHR pump discharge line press. mstr line
RHR pump discharge line press. instr line
FT MPL E11-FTC08 instr line inb root viv

FT MPL E11-FT008 instr line outb root viv

FT MPL E11-FT008 instr line inb root viv

FT MPL E11-FT008 instr line outb root viv
Shutdown Cooling Mode suction line pressure

instrument line

Fill pump suction line instrument line valve

Discharge to radwaste flow instr line
Discharge to radwaste flow instr fine

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

23A6100AF
Rev B
Safety Code Valve Test Test SSAR
Class Cat. Func. Para Freq. Flg
@ (@ @ (n
1 A P El 5.4-10b
! AC A El 54-10b
2 B P El 5.4-10b
2 BC ¥ El 54-10b
2 BC A El 54-10c.d.f
2 B P El 5.4-10c,f g
2 B A P 2yrs  5.4-10¢
B s Imo
. B P El S54-10¢g
2 B A El 5.4-10c,d f
2 B P El 5.4-10d
2 L A S  3mo S4lg
2 B P E1l 5.4-10¢,d.f
2 B P El 54-10ed.f
2 B P El 54-10¢c,fg
2 B P El 5.4-10¢
1 B P El S4-10e.g
2 B P El 5.4-10b
2 B 4 El S4-10e.g
2 B P El S4-10e,g
2 B P El §4-10e,g
2 B P E! 54-10c,d,f
2 B P El 54-10¢,d,f
2 B P El 54-10cd,f
2 B P El 5.4-10¢c.d,f
2 B P El 54-10¢,d.f
2 B ? El 5.4-10¢,d.f
2 B P El 5.4-10¢,d.f
2 B P El 5.4-10¢,d.f
2 B P El 54-10cd,f
2 B P El 5.4-10c,d,f
2 R 4 El 5.4-10¢,d.f
2 B P El 54-10¢d.f
2 B F El 5.4-10¢,d.f
2 B P E1l 54-10d
2 B P El 5.4-10d
39-58.11
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Standard Plant

Teble 1.9-8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

k22 High Pressure Core Flooder System Valves

No. Qty Description

FOo1

Foo2
FOO3

Food

FO0S

FO10
FO11
F012
FO15
F017

FO19

F50C

F704
s

F706

Amendment 14

2

oo

[ ] "~ o

o

2

2

2

Condensate Storage Pool (CSP) suction
line MOV

CSP suction line check valve

HPCF System injection velve

HPCF System inboard check valve

*ump discharge line inboard maint valve
Suppression pool sution Lae MOV

Suppression pool suction line check valve
Test return line inboard valve

Test return lir> outboard valve
Pump minimum flow bypass line MOV

Bypass line shutoff valve around check
valve E22-F002

HPCI pump suction line dran line to HCW
Pump discharge line fill line check viv
Pump discharge line test cnd vent line
inboard valve

Pressure equalizing valve around check
valve E22-Fo04

Suppression pool suction line reliel valve
Pump discharge line high point veat
inboard valve

2ump suction line pressure instrument
liie root valve

Pump suction line pressure instrument
line root valve

Pump discharge Fue pressure instrumeat
line inboard vaive

Pump discharge line pressure instrumeat
line inboard valve

Pump discharge line pressure instrument
line outboard valve

Pump discharge line flow instrument line
inboard valve

23AG100AE
Rev. B
Safety Code Valve Test Test SSAR
Class Cat.  Func. Para Freq. Fig
@ (© (@ @
2 B A P 2yrs 63
S 3 mo
2 BC A S 3mo 637
1 A IA LP 2y 637a
S (&
1 AC LA LP 2wis 637
S 3 mo
1 B P El 6.3 /a
2 A IA P 2yts 63T
S Imo
2 BC A S dmo 63-7H
2 B A F 2yrs 63T
3 I mo
2 A 1A P 2yis 6,307
S Imo
2 A LA P 2yrs 6376
S Imo
2 B P El 63-Tb
2 B P El 63-7b
2 BC A S RO 63-7a
1 A P £l 6.3-7a
1 A P E1l 63-7a
2 BC A 63-7b
2 B P El 6.3-Ta
2 B P El 6.3-7b
2 B P El 6.3-To
2 B P El 6.3-7Tb
: B P E1l 63-7o
2 B P El 63-Tb
2 B P El 63-7a
39-58.12



No, Qty

F07

F700

F010
F01

F703

Foo1

Fiod

FO0S

L ]

L

Table 3,9-8 (Continued)
INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

E22 High Pressure Core Flooder System Valves (Continued)

Description

Pump discharge line flow instrument line
outboard valve

Putap discharge line flow instrument line
inboard valve

Pump discharge line flow instrument line
outboard valve

(a)

:

2

-
.

EJ1 Leak Detection and Isolation System Vaives

Drywell fission product monitoring line
maintenance valve

Drywell fissior product monitoring line
inboard isolation valve

Drywell fission product monitoring line
outboard isolation "alve

Drywell fission product monitoring line
outboard isolation valve

Drywell fission product monitoring line
inboard isolation valve

Drywell fission product monitoring line
maintenance valve

Drywell cooler condensate sampling line viv
Drywell cooler condensate sampling line viv

RCIC instrument line isolation valve
RCIC instrumeat line isolation valve
RCIC instrument line isolation valve
RCIC instrument line isolation valve

ES1 Reactor Core Isolation System Valves

Condensate Storage Pool (CSP) suction
we: MOV

Y0 saction line check valve
2 C1C pump discharge line check valve
RCIC System injection valve

RCIC System discharge liae testable
check valve

rJ to L] ro L]

L]

(VIR I S AN S R

Lo SV o ] L]

b2

IAG1OAE
Rev. B8
Safety Code Valve Test Test SSAR
Class Cat. Func. Pera Freq.  Fig
(¢) (d) (e) N
B p El 6.3-7a
B P El 6.3-7a
B P El 6.3-7a
B P S 3mo 528
A LA LP 3mo 3528
A LA LP JImo 528
A IA LP 3mo 528i
A LA S Jmo 528
B P S Imo 52-8i
A LP L Imo 5.2-8h
A LP I 3mo 5.2-8h
A LP S Imo S2-8f
A LP S Imo S5.2-8f
A iy S 3mo S.2-8f
A LP S 3mo 52-8f
B A PS Imo S54.8a
i A PSS 3mo 54-8a
C A PS 3mo 548a
A A L 2vrs  54-8a
PS 3 mo
C A L 1y~ S54-8a
PS Irne

3.9-58.13



ABWR
Standard Plant

No. Qty

010 1
Fon

FOI2 1
FO13 1
FO15 1
Fol6 1

FO17 1
FO18 1

F019
FO21
FO23

F024
FO25

PRRREE R S S e ey

F027 1
FO28 1
F» 1
FO30 1
FO31 1

F032 1

Amendment 14

Table 1.9-8 (Continued)

INSERVICE T STING SAFETY-RELATED PUMPS A™D VALVES

E51 Reavior Core Isclation C .oting System (Continued)

Description

Suppression Pool (CSP) suction line MOV

Suppression Poal (CSP) suction line check viv

RC'C Sus suppr pool test return line MOV
RCIC Eys suppr pool test return line MOV

RCIC Sys miniwaum flow bypass line check vy

RCIC Sys minimum flow bypass line MOV

RTIC turbine accessories cooling water
line MOV

RCIC turbine accessories cooling water
line PCV

Barometric condenser condenzate pump
discharge line valve

Barometric condenser condensate pump
discharge line check valve

RCIC pump suction line relief valve
Valve in the bypass line around check
valve ES1-FOO3

Pump discharge Lne test line “alve
Pump discharge line test line valve
Pump discharge line fill line shutoff valve
Pump discharge line fill line  heck valve
Pump discharge line fill line check valve
Pump discharge line test line valve
Pump discharge live test line <2t
Valve in pressure equali ~ .2

around EZ1-F005

Suppression Pool (8/P) suction line

test line valve

Minimum flow bypass line test line valve
Minimum flow bypass line test line valve
Turbine accessories cunling water line
relief vaive

Baromatric condenser condensate discharge
line AOV to HCW

Barometric condenser condensate discharge
line AOV to HCW

Discharge line fill line bypass lise
shutoff valve

23A6100AE
Rev. B
Safety Code Valve Test Test SSAR
Class Cat.  runc. Pera Freq. Fig.
@ (© d (&
2 A IA L 2yrs  S4-8a
PS 3mo
2 C A PS 3mo 548
2 B A PS 3mo 54-8a
2 B LA L 2yrs S54.8a
PS 3mo
2 C A PS 3mo 54-8a
2 ¢ LA L 2yrs  S54-8a
PS 3mu
2 B A PS5 3mo 548
2 B A El 5.4.8¢
2 P P El 5.4-8¢
2 4 P PS 3mo 548
2 C A LS 2ws f£4-8a
2 B P El 5.4-8a
2 B P El 54-8a
2 B P El 5.4-8a
2 8 P El 5.4-8a
2 e A PS 3mo 548
2 C A PS 3mo 548a
2 B P El 54-8a
2 B P El 5.4-8a
2 B P El 5.4-8a
2 B P El 5.4-8a
2 B P El 5.4-8a
2 B P El 5.4-8a
2 & A LS 2yrs 548
2 B P El 5.4-8¢
2 B P El 5.4-8¢
2 B F El 5.4-8a
39.58.14
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Standard Plant

23A6100AE

Table 3.9-8 (Continued)

ES1 Reactor Core Isolation Cooling System (Continued)

No. Qty Description

1

1

FO45 1

FO47

Fo4a

FOS1
FO52
FO23

FO55

F0359

F£00
F501
F502
F503

Amendment 20

bkt et el Gk

—

o

R -

Barometric condenser condensate pump
discharge line test line valve
Steam supply line isolation valve

Steam supply line isolation v+ ¢

Steam admission valve
Turbine exhaust line check valve

Turbine exhaust line MOV

Steam supply line drain pot drain line AOV
Steam supply line drain pot drain line AOV
Steam admission valve bypass Line maint-
tenance valve

Steam admiscion vaive bypass line MOY

Barometric condenser vacuum pump discharge

line check valve

Barometric coadenser vacuum pump discharge

line MOV
Steam svpply line warm-up line valve

Steam supply line test line valve
Steam supply line ‘est line valve
Turbine cxhaust line drain line valve
Turbine exhaust line drain line valv
Turbine exhaust line test line valve
Turkine exhaust line vacuem breaker
Turbine exhaust line vacuuum breaker
Steam supply line dra.n pot drain line
test line vaive

Steam supply line drain pot draie line
test drain line

Baromemtric condener vacuum pump dis-
charge line test line valve

Pump discharge line vent line valve
Pump discharge line vent line valve
Pump discharge line drain line valve
Punp discharge line drain line valve
Pump suctiun line pressure instru-
mentation istrument root valve

Safety Code Valve Test

Class Cat.
(®) (c)
2 B
1 A
1 A
2 B
p i

A
2 B
2 B
2 B
2 B
2 ¥
- A
1 A
2 B
2 B
2 B
A B
2 B
2 <
2 C
é B
2 B
2 B
2 B
2 B
2 B
2 B
2 B

tunc. Para
d (e
P El
LA L
PS
LA L
PS
A S
LA L
PS
LA L
PS
P
p
P
A PSS
A B
PS
A L
PS
jA L
P
4 El
P El
P El
P El
P Ll
A PS
A PS
P El
P El
P El
P El
P El
P El
P El
P El

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

Test

Freq.

n

2yrs
3 mo
2yrs
Imo
3 mo
2 vrs
imo
2 yrs
3Imo

3 mg
2 yrs
3 muo
2 yrs
3 mo
2 yrs
3mo

3mo
3Imo

Rev B

SSAR
Fig.

5.4-8¢
54-8b
5.4-8b

S4-8a
54-8a

54-8a

54-8b
S54-8b
5.4-8b

54-3b
5.4-8a

54-8a
5.4-8b

54-8b
5.4-8b
54-8¢
5.4-8¢
54-8a
5.4-8a

4-8a
54-8b

5.4-8b
54-8a
5.4-8a
5.4-Ra
5.4-8a

5.4-8a
5.4-Ra

39-58.15



ABWR

F710 1
P71
Fn2 1
F13 1
F714 1
F716 1
F717 1
F718 1

Fliy 1

Amendment 20

Table 3.9-8 (Continued)

INGERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

ES1 Reactor Core Isolation Cooling System (Continued)

Description

Pump suction line pressure instru-
mentation instrument root valve

Pump discbarge line pressure instru-
mentation instrument . oot valve

Pump dischar, .. . pressure instru-
mentation instrument root valve

Pump “ischarge line pressure instru-
wentation instrument root valve

Pump discharge line pressure instru-
mentation instrument root val-

Pump discharge hine flow instrument

root vaive

Pump discharge line flow instrument

root valve

Pump discharge line flow instrument

root valve

Pump discharge line flow instrument

root valve

Pump discharge line pressure instru-
ment roct valve

Pump discharge line pressure instro-
ment root vale

Turbine accessories cooling water line
instrumeut root valve

Turbiae accessories cool: ; water line
instrument root valve

Turbine accessories cooling water line
inscrament root valve

Steam supply line pressure in:trument
root valve

Steam supply line pressure instrument
root valve

Steam supply line drain pot instrument root
valve

Steam supply line drain po: instrument rout
valve

Steam supply line drair pot instrur 2nt root
vaive

Steam supply line drain pot instrument root
valve

“t'urbine exhaust pressure instrument root
valve

J3ALI0AE

Rev D

Safety Code Valve Test Test SSAR

Class Cat. Fune, Para Freq. Fig.

(@ f(© (d (& (D

2 B P El 5.4-8a

2 B P El 5.4-8a

2 B P El 5.4-8a

2 B P El S4-8a

2 B P El 54-8a

2 B P El 5.4-8a

2 B P El S4-8a

2 B P El 5484

2 B P El 54-%a

2 B P El S4-3a

2 B P El 34-8a

2 B P El 5.4-8¢

2 B P El 5.4-8¢

2 b P El 5.4-8¢

2 B P El 5.4-8b

i - F . B 5.4-8b

2 B P El 5.4-8b

2 B 4 El 5.4-8b

2 B P El 5.4-8h

2 B P El S4-8b

2 B P El 5.4-8¢
36-58.16



ABWR
Standard Plant

Table 1.9-8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

ES1 Reactor Core Is>/ation Cooling System Valves (Continued)

No. Quan Description

F723

F724

F725

DO14

D015

Foo1

FOO2

Foo3

FO17

Fuls

Fo19

050

FO58

FO70

FO7 4

FO™2

F500

Amendment 14

1

Turbine exhaust pressure ins rument root
valve

Turbine exhaust pressure betwa -~ *upture
disk instrument root valve

Turbine exhaust pressure between rupture
disk instrubment roat valve

Turbine cxhaust pressure rupt- = disk

Turbiae exhaust pressure rupture disk

G131 Reactor Water Cleanup System Valves

Line inside containment from KHR system
maintenance valve

CUW System suction line iaboard isolation
valve

CUW Systen suction line outhoard isolation
valve

CUW System RPV head soray line outboard
isolation valve

CUW System RPV head spray line in" ard
check valve

CUW Sys bottom head drair line
maintenance valve

Test line off the “uct line outboard

isolation valve (G31-F003

Test line off RPV head spray line outboard
isolation valve

RPV bottom head drain line cample line
test line valve

RPV bottom head drain line sample line
maintenance valve

RPV botiom head drain line sample line viv

RPV bottom head drain line sample lire vi

CUW Sys bottom head drain line drain viv

23A6100AE
Rev B
Salety Code Valve Test  Tesi SSAR
Class Cat. Func. Para Freq. Fig.
) (c) (d) (e) (n
: B P El 5.4-8¢
2 B P El 5.4-8¢
2 B P El Sd-h¢
2 D A Rple. 5Syrs 5.4-8¢
2 D A Rple. Syrs  54-8
1 B P El 54-12a
1 A x - 2 yrs 54-12a
£ 3Imo
1 A LA L 2 yrs 54-12a
PS 3Imo
1 A LA L 2yris 54-12a
PS 3Imo
1 C LA L 2yrs 54-12a
PS 3Imo
L B P El 54-12a
2 B P El S4-12a
2 B P El 54-12a
p B El S4-12a
X B El 54-12a
2 A LA L 2 yrs 54-12a
PS I mo
2 A A L 2 yrs 34-12~
PS Imo
2 B P El S54-12a

3958 17



ABWR

FO15 2
FO16 1
FO17 1
FO18 1

Foly 2

F506 1

Amencdment 14

DIASINOAE

Table 3.9-8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES
G311 Reactor Water Cleanup System Valves (Continued)

Description

CUW Sys bottom head drain line drain viv
CUW System suction line FE upstream
instrument oot valve

CUW System suction line FE downstream
mstrument root valve

77 System suction line FE upstream
instrument root valve

CUW System suction. line FE downstream
instrument root valve

G41 Fuel Pool Cooliug and Cleanv Valves

FPC system heat exchanger outlet line
mainienance valve

FPC system discharge line to spent fuel
pool check valve

FPC system discharge line to spent fuel
pool maintenance valve

FPC system discharge line to spent “ el
pool check valve

FPC system discharge line to spent fucl
po.l valve

FPC system discharge line to spent fuel
pool check valve

FPC system discharge liae to reactor well
maintenance valve

FPC' “ystem discharge line to reactor well
main.enance valve

FPC system supply line from SPCU check viv
FPC system RHR return line valve to FPC
FPC system RHR return line check valve
to FPC

FPC system discharge line to spent fuel
poo’ sample line

FF:_ system line valve from RHR-to-FPC
line to LCW

Safet; Code Valve [lest

Class Cat.
(a) (c)
2 B
2 B
2 B
5 B
2 B

w

C

T w 0 fo2)

o w@ (pR -Np

Func, Para
d) (e
P El
P Bl
LP  El
LA LS
LA LS

El
S
El
PS
El
PS
El
El
P,S
El
PS
El

El

Test

Freq.

(n

-

2 yrs

3mo

Imo

3mo

I mo

B:V &

SSAR
Fig.

54-12a

54-12a

54-12a

54-12a

54-12a

9.1

9.1-

tb

).1-1b

9.1
91+
9.1-
9.1-
9.1-
2.1-
gl
9.1-

9.1-

9.1-

b
la
la
1b
1b
1b
1L
1%
ib

1b

3.9-58.18
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Table 3.9-8 (Continued)
INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES
GS51 Suppression Pool Cleanup System Valves

Safety Code Valve [lest Test SSAK
Class Cat. Func. Para Freq. Fig

No. Qty Description @ (© (@ ‘&) (D

FOO1 1  SPCU suction Line inboard isolation valve 2 A A 4 2yrs 951
PS5  3mo

FOO2 1 SPCU suction line outboard isolation valve 2 A LA L 2yrs  9.5-1
PS 3mo

FoO6 1  SrCU return line isolation valve p A A L 2yrs 9.5-1
PS 3Imo

F07 1 SPCU return line isolation valve 2 A LA L 2yrs 951
PS 3mo

K17 Radwaste System Valves

FOO3 1 Drywe!l LCW sump pump disch. line 2 B LA P 2yrs 11.2-2¢¢
isolation valve

FOO4 | Drywell LCW sump pump disch. line 2 B LA P 2ws  11.2-2cc
isolation valve

F103 1 Dryweli HCW sump pump disch line 2 B LA P 2yrs 11.2-2cc
isolation valve

Fivd 1 Drywell HCW sump pump disch line 2 B LA P 2 yrs 11.2-2¢c
isolation val.e

P11 Makcup Water (Purified) System Valves
F141 1  Outboard isolation valve 2 A 1P L Jyis  92-5b

F142 1  invoard isolation valve 2 A ' SR * 2yrs  92-5b

P21 Reactor Building Cooling Water System Valves

F0O1 &  Pump discharge line check valve 3 € A E2 92-ladg
FOO2 6  Pump discharge line mantenance valve 3 B P El 92-ladg
FO03 6  Heat exchanger inlet line valve 3 B P El 92-1adg
F004 6  Heat exchanger outlet line MOV 3 B P El 92-ladg
FOUS 3 Cold water line to hot/cold water biender 3 B P El 9.2-1adg
FOU6 3  Hot/cold water blender valve - cold water 3 B A E2 92-1adg
FOO7 3 Hot/cold water blende. Hutiet line valve 3 B 3 El 9.2-la,d.g
FOO8 3  Hot/cold water blender cold water byps line 3 B P El 9.2-1a,d.g
FOO9 3 Het water line to hot/cold water biender 3 B P El 92-1adg
FO10 3  Hot/cold water bler Zer valve - hot water 3 B A E2 92-1adg
FO11 3 Hot/cold water blender hot water bypassline 3 B P El 9.2-1a,d,g

Amendment 14 39-58.19



ABWR

No.
Fo12
FOL3
FO14
FO15
FO16
F017
FO18
FO19
FO21
FOz4

FO25

FO28

F030
Fo31

FO32

Fo33
Fi4
FO35
F036

Amendmant 14

Table 3.9-8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

P21 Reactor Building Cooling Water Systom Valves (Continuved)

Quan Description

3

W W W WL s

L] LI SO =) o

(S SN N

Cooling water supply line to RHR System
maintenance valve
Cooling w1 return line from KRHR Sw MOV

Cooling water return line from RHR Hx
maintenac: valve

Pump suction line maintenance valve

Surge tank outlet line to RCW pump suction
Surge tank make-up waier line from SPCU
Surge tank make-up water line from SPCU
Surge tank make-up from MUWP

Surge tank make-up water line from MUWP
Chemical addition tank inlet line valve
Chemical addition tark outlet line valve
Cooling water supply line to HECW
refrigator maintenance valve

Cooling wtr supply line to HECW refrig PCV
Cooling water supply line to HECW
refrigator mawntenance valve

Cooling water line to HECW

refrigator bypass line

Cooling water return line from {ECW relrig
Cooling water supply hne to FPC HX
Cooling water return line from FPC HX
Cooling water supply line to FPC pump
room ai: condidoning

Cooling wir return line from FPC pump
room air conditioner

Cooling wir line to PCV Atmos Monit Sys clr
Return line from PCV Atmos Monit Sys clr
Cooling wtr supply line to SGTS rm air cond.
Cooling water return line fr SGTS room

air conditioner

Cooling water supply hnc to FCS room

air conditioner

Cooling water return line fr ¥CS room

air conditioner

Cooling water supply line to RHR
equipment room air conditioner

Cooling water return line from RHR
equipme at room air ¢ _.ationer

Cooling water supply line to RHR pump mitr

2IAGIOATE
Rev. B
Safety Code Valve Test Test SSAR
Class Cat. Func. Para Freq  Fig
@ (© @ @® o
3 B P El 9.2-1beh
3 B A 2yrs 9.2-1be,h
S I mo
3 B P El 92-1b,e.,h
3 B P El 92-1cdg
3 B P El 9.2-1be.h
3 B P F1 92-1beh
3 8 P F 2yrs  92-1beh
3 B P r 2yts  92-1beh
3 B P El 9.2-1b,eh «
3 B P El 92-1ladg -
3 B P El 92-1a,d,g
3 B P El 9.2-1be,h
3 B A E2 9.2-1b,eh
3 B P El 9.2-1be,h
3 B P El 9.2-1be,h
3 B P El 9.2-1be,h
3 B P El 9.2-1b.e,
3 B P El 9.2-1be
3 B | 4 El 9.2-1be
3 B P El 9.2-1be
3 B P El 9.2-1be
3 B 3 El 9.2-1b,2
3 B P El 9.2-1be
3 B P El 9.2-1be
3 B P El 9.2-1be
3 B P El 9.2-1be
3 B P El 9.2-1be,h
3 B P El 9.2-1b,e,h
3 B P El 6.2-1be,h
3.9-58.20



ABWR

Standard Plant

Fo42
Fu43

-0

FO45

Foae 1

Fs3 2
FOSS 6

FO56 3
FO57 2
FOS8 2

Foe1 3
FO71 6

FO78 2

FO7%6 2

80 2

Amuadment 14

DIAGI00AE
Rev. B
Table 3.9-8 (Continued)
INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES
P21 Reactor Building Cooling Water System Valves (Continued)
Safety Code Valve Test Test SSAR
Class Cat.  Func. Para Freq. Fig.
Description (a) (¢ d) (e (n
Cooling water return line fr RHR pump mir 3 B P El 9.2-1be.h
Clng wtr sply line to RHR pump mech seals 3 B P El 9.2-1be,h
Clng wir return line fr RHR pump mechseals 3 B P E1l 92-1b,e,h
Cooling water supply line to RCIC 3 B P El 92-1b
equipment room air conditioner
Cooling water supply line from RCIC 3 B P El 9.2-1b
equipment room air conditioner
Cooling water supply line to HPCF 3 B P El 9.2-1¢,h
equipment room air conditioner
Cooling water supply line from HPCF 3 B P El 9.2 1¢h
equipment room air conditioner
Cooling water supply line to HPCF 3 B P Ea 9.2-1¢h
pump motor bearing
Cooling water return linr from HPCF 3 B P El 9.2-1¢,h
pump motor bearing
Cooling water supply line to HPCF 3 B P El 9.2-1eh
pur p mechanical seals
Cooling water return from HPCF 3 B P El 9.2-1¢,h
pump mechanical seals
Surge tank outlet it - TECW System 3 B P El 9.2-1be
Cooling water retun. * « from Emer 3 B A P 2yrs  92-1beh
Diesel Generator b S 3mo
Cooling water return line from Emer 3 B P El 92-1be,h
Diesel Gene:ator
Cooling vater line to PCV Atmos Monitor 3 B P El 92:1be
System aw conditioner
Return line from PCV Atmos Monitor 3 B P El 9.2-1be
System air conditioner
Cooling water line Nmer Diesel Generators 3 B P El 3.2-1be,h
Cooling water supply line-to 3 B P El ¥.2-1be.h
non-essential coolers
Cooling water supply line-to 3 B A P 2yrs  92-1beh
non-essential coolers S Imo
Cooling water supply line to PV iso valve 2 A LA LFP 2ys 92°:f
S 3Imo
Cooling we “er supply line to PCV iso valve 2 C LA LP 2ys  92-1cq
5 3 mo
Cooling water return line fr PCV iso valve 2 A LA LP 2wyws 92 1¢f
S Imo
Cooling water retrun line fr PCV iso valve 2 A LA LP 2yrs  92-1cf
S 3 mo
5.9-58.21
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Standard Plant

No. Dty

F17§

F251
F252
F501
F502
F503
F601

WU

F602

tas

Fao3

L9

F604

(P

—
(=)

3
<
e U0 e W W W W OO 0 W WD

Amendment 14

VIABIOAL
—Rev. B

Table 1.9-8 (Continued)

INSERVICE TESTING SAFETY-EELATED PUMPS AND VALVES

P21 Reacior Building Cooling Water System Valves (Continued)

Description

Cooling water return line from non-
essential coolers

Cooling water return line fr contmt byps line

Cooling water supply w0 RHR System HX
pressure relief valve

Bypass line around RCW Sys otlt line MOV

Cooliug water supply line to PCV test line
Cooling water return line fr PCV test line
Heat exchanger shell side vent line

Heat exchanger shell side drain line
Surge tank drain line to 8D,

Cooling water supply line to RHR System
drain line (o SD

Cooling water supply line to RHR System
drain lin» to HCW

Cooling water return line from RHR HX
drain line to SD

Cooling vater return line from RHR HX
drain line to HCW

Pump discharge line press instr line

HX discharge line sample line valve
Cooling water supply line press instr lino
Cooling water supply line sample line valve

Cooling water supply line elbow tap instr line
Cooling water supply line elbow tap instr line
Cooling wtr sply line to RHR Sys FT ‘nstr line
Cooling wtr sply line to RHR Sys FT instr line
Cooling wtr .(n line fr RHR HX sample line

Pump suction line PX instr line
Pump suction line press instr line
Surge tank level instr root valve
Surge tank level instr line root valve
Surge tank level instr line root vaive
Cooling water line to DG instr line
Return water line from DG instr line
Cooling wir line to DG instr line
Return wtr line from DG instr line

(a)

3

W

W W W N e

B I e I R " " I "= R PR

Cat.

(c)

oo mEX nw o

T W

=

oo oOoOOToUOEw

Safety Code Valve Test
Class

Test

Func. Para  Freq.

(d)

A

TwYOTOUUY WY

-

~

TR TeYvwWUOUvYvYYvYYWOUNDODODD

(e)

S

El

El
El
E)

1
i+

El
El
El

El

El

El

El
El
El
El
El
el
El
El
Bl
El
El
El
El
El
El
El
El
El

n

Refuel

SSAR
Fig.

9.2-1b,e,h

92-1be,h
92-1be.h

92-1adg
9.2-1¢f
9.2-1¢,f
92-ladg
92-ladg
9.2-1be.h
92-1beh

9.2-1b.e,h
9.2-1b.e.h
92-1be,h

92-1adg
9.2-1adg
92-ladg
92-1adg
9.2-la,dg
9.2-1adg
92-1be,h
9.2-1be,h
92-1beh
92-1adg
9.2-1adg
9.2-1b,e.h
9.2-1b,eh
9.2-1beh
9.2-1beh
92-1b,c,h
92-1be,h
9.2-1be,h

39-58.22
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No. Qty
FO53 1

Fi41 1

F142 1

g
s
>

z
L
WU WARAOWWWWADRLW DWW WWWNDAATIN NN D

F31

Amendment 14

23A6100AH
. Rev B

Table 3.9-8 (Continued)

INSERVICE TESTING SAFETY-RELA : £D PUMPS AND VALVES

P24 MVAC Normal Cooling Water System Valves

Description
Outboa: d isolation valve

Inboard isolation check valve
Return inboard isolation valve

Return outboard isolation vz've

Safety Code Valve Test

Class Cat.  Func.
(a)

2

2

L

L

()

A

A
A

A

(d)
LA

LA
LA

LA

Para

(e

LP
S
L
R
S
LpP
S

P25 HVAC Emergency Cooling Water System: Vaives

Pump discharge line check valve

Pump discharge line maintenace valve
Refrig. outlet line maintenance valve

Line to MCR cooling coil TCV maint viv
Disch line to MCR Clnyg coil Temp Cont Viv
Line to MCR coouug ccii TCV maint viv
Disch line to MCR cooling maint valve
“ooling coil return line to HECW maint viv
Pump suction line maintenance valve

Disch line to MCR clng TCV byp line

Pump suet line/disch line PCV maint viv
Pump suction line/disch line PCV

Pump suction line/disch line PCV maint viv
Pump suct line /disch line PCV bypass line
Line to C/B Essertial Equip Rm maint viv
Lice to C/B Esseit Equip Rm temp Cont Viv
Line to C/B Essent Equip Rm maint valve
Line to C/B Essent Equip Rm Maint valve
C/B Essent Equip Rm return line maint vt/
Lire to C/B Essat Equip Rm TCV b | la viv
Line to vG cooling coil TCV maint viv
Disch line to D7 cooling Temp Cont viv
Line to DG coo....g coil TCV maint viv
Disch hine (o DG cooling coil maint viv
Disch line to DG cooling coil maint viv

Line to DG cooling coil TCV bypass line viv
Pump disch line to chemical addition tank
Chemical addition tank return line valve

s

i R Y A P "= IR PR SRR PR = P R PR P L 7 P e

@)

TOoToODDUOODODTONUoOODOTD DO m

>

e R B ELEFELELELEELEFEEEFELEELESY LT

S,E2
El
El
El
E2
El
El
El
El
El
El
E2
El
El
El
E2
El
El
El
El
El
E2
El
El
El
El
El
El

2 yrs
Imo
¢ ]
Amo

2 yrs

92-3abe -

9.2-1a,bec
92-1abe
9.2-3a.b,c
92 labe
92-3a,be
92-3a,bc
92-3a,bc
92-3ab,c
9.2-3a.bc
92-3abc
9.2-3ab,¢c
9.2-3abe
92-3ab
9.2-32,b
9.2-3a,b
9.2-3ab
9.2-3a,b
92-3a,b
9.2-3ab
92-3ab
92-3ab
9.2-3ab
§.2-3ab
92-3ab
9.2-3a,b
92-3ab
9.2-3ab

39-58.23
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Table 1.9-8 (Continued)

P25 HVAC Emergency Cooling Water System Valves (Continved)

No. Quan Description

2
2

o 0~ B = = O - P - - O

:
-0 - - R - - -

Fo11

=3

FO12

e

FO14
Faol

N w

F402

=)

F403
Fd04
F701

(= B PR - -

Amendment 14

Make-up Water Purified (MUWP) line to
pump suction

Pump disch line drain line valve

Pump drain line valve

Pump bearing cooling wir line needle viv
Refrig outlet line sample line valve
Surge tank dra'n line valve

Pump disch line pressure instr line

FE P25-FEOO3 dwnstrm instr line

FE P25-FEW3 upstrm instr line

Pump suction line Pl instr line valve
Pump suct/disch line dpt inst. 'ine viv

P41 Reactor Service Water System Valves

Pump discharge line check flow

Pump discharge line maintienance valve
Inlet line to RCW System heat exchanger
Inlet line to service water strainer

Outlet line from RCW heat exchanger
Service water strainer blowout line MOV
Supply line from Domestic Water (DW) Sys
RCW HX tube side (service wir side)
relief valve

Bypass line around RCW HX owi 't line
MOV P41-F005

Ferrous lou Injection line to RSW

pump discharge line

Discharge line to discharge canal MOV
RCW HX tube side drain line to

SWSD at HX inlet

RCW HX tube side drain line to

SWSD at HX outlet

RCW HX tube side drain line to SWSD
RCW HX tube side vent line to SWSD
Pump discharge line pressure instr line
Service waler supply line pressure instr line
Diff P across service water strziaer
upstream instrument line

INSERVICE TESTING SAFETY-RELATED PUMPS AN VALVES

23IA6100AE

Rey B
Safety Cuae Valve Test  Test SSAR
Class Uat.  Func. Para Freq. Fig.
(@) o) d) (e n
3 C A E2 92-3ab
3 B P El 22-3ab
3 B P Bl 92-3ab
3 B P El 9.2-3ab
3 B P El 9.2-3a,b
3 B P El 92-3ab
3 B P El 9.2-3a,b
3 B P El 9.2-3a,b
3 B r El 9.2-3ab
3 B P El 9.2-3ab
3 B P El 9.2%-3ab
3 C A 2
3 B P El
3 3 A £2
3 t A 2
3 B A E2
3 B A E2
3 3 A E2
3 C El
3 B 4 El
3 & A E2
- B P El
3 B P El
3 B P El
3 B P El
3 B P El
3 B P El
3 B o El
3 B P El

39.58.24
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I'able 3.9-8 (Continued)
INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES
P41 Keactor Service Water Systen. Valves (Contiaued)
Safety Code Valve Test Test SSAR

Class Cat Func. Para Fregq Fig
No. Quan Descripsdion (@) ) (d (e (N

INMT P across service water strainer
downstream instrument ling

Diff P across RCW HX upstream instr
Diff P across RCW HX down

PS1 Service Air System Valves

Outboard solation mé

inboard solation manual valve

P52 Instrument Air Svstem Yalves

Outboard soaition valve

Inboard 1soaltion check

P54 High Pressure Nitrogen Gas Supply System Valves (Continued)

2 Lottle supply line PCV main
yottle SUpply ing PCY\
N2 bottle supply |

Salety grade N2 s

Salety grade N2
Salety grade N2 supp
Bypass line around the
supply e PCV

N2 bottle
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Table 3.9-8 (Continued)
INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES
T22 Standby Gas Treatment System Valves
Safety Code Valve Test Test SSAR
Class Cat.  Func. Para Freq. Fig.
No.  Quau Description @ (© (4 (o (n
FOO1 2 Fuel handling floor inlet butterfly valve 3 B A P 2yrs  65-1
S 3mo
Fo2 2 Dryer iniet butterfly valve 3 B A P 2yrs  6.5-1
S 3 mo
FOO3 2 Dryer exhaust gravity damper 3 B A P 2yrs 651
S Imo
FOO4 2 Filter train exhaust butterfly valve 3 R A 2yrs 651
5 3mo
FOO6 1  Filter train R112 injection line valve 3 B P El 6.5-1
FOO7 1  Filter train DOP injection line valve 3 B p El 6.5-1
1o pre HEPA filter
FOO8 1  Filter train DOP sampling iine vaive 3 B P El 6.5-1
downstream of pre HEPA
Foo9 1 Fiiter train DOP sampling line valve 3 B P El 6.5-1
downstream of pre HEPA
FO10 1 Filtes train DOP injection line valve 3 B P El 6.5-1
downstream of charcoal absorbent
FO11 1 Fliter train DOP sampling line alve 3 B P 2! 6.5-1
downstream of charcoal absorbent
F012 1 Filter train DOP sampling line valve 3 B P E1l 6.5-1
downstream of after HEPA
FO14 1 STGS sample line vaive 3 B P El 6.5-1
FO1S 1 PRM discharge to stack valve 3 B 4 El 6.5-1
FS00 2  Dryer unit vent line valve 3 B P El 6.5-1
F501 2  Dryer uait drain line valve 3 B P El 6.5-1
FS04 2  Dryer unit vent line valve 3 B P El 6.5-1
F505 2  Exhaust fan vent line valve 3 B P El 6.5-1
F506 1  Filter train vent line valve 3 B P El 651
FSO7 1 Filter train vent line valve 3 3 P El 6.5-1
F508 1  Filter train vent line valve 3 B P El 6.5-1
F509 1  Filter train vent line valve 3 B P El 6.5-1
F510 1  Filter train vent line valve 2 B P El 6.5-1
F511 1 Exhaust stack drain line valve 3 B P El 6.5-1
F700 2  Dryer unit demister dp instrument linevalve 3 B P El 6.5-1
F701 2 Dryer unit demister dp instrument line valve 3 B P El 6.5-1
F705 1  Filter train prefilier dp instrument lins valve 3 B 5 El 6.5-1
F706 1  Filter train prefilterdp instrument linevalve 3 B P El 6.5-1
F707 1  Fiiter train pre HEPA dp instrument line valve 3 B P Ei 6.5-1
F708 1  Filter train preHEPA dp instrument line valve 3 B P El 6.5-1
F709 1  Fliter train charcoal absorber dp inst. Fne viv. 3 B P El 6.5-1
Amendment 14 3.9-58.26
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Table 3.9-8 (Continued)
INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES
T22 Standby Gas Treatment System Vaives (Continued)
Safety Code Valve Test Test  SSAR

Class Cat. Func, Para Freq. Fig
No. Quan Description ‘a) (o) d) (2 N

F710 1 Filter train charcoal absorber dp inst line viv 3 B P El 6.5-1
F711 1  Filter train after HEPA dp inst line valve 3 B P El 6.5-1
F712 1 Filter train after HEPA dp inst line valve 3 B P El 6.5-1
F713 2 Filter train exhaust flow instrument line valve 3 B P El 6.5-1
F714 2 Filter train exhaust flow instrument line valve 3 B P El 6.5-1

T31 Atmospheric Control System Valves

1 1 N2 supply line from Reactor Building HVAC 2 A LA LP 2rs 2-3%
S Imo

Yo 1 12 supply line to drywell inboard cont- 2 A LA LP 2yws 62:3%
ainment isoaltion valve S 3mo

FOO3 1 N2 supply line to wetwell inboard cont- 2 A LA LP 2yws 6239
ainment isoaltion valve S Imo

FO4 1  Containment atmosphere exhaust line from 2 A LA LP 2wis 6239
drywell isoaltion valve S Imo

FOO5 1  Drywell atmosphere exhaust line valve 2 A LA LP 2ys 623%
T31-FOO4 bypass line S 3 mo

FOO6 1 Coniainment atmosphere exhaust line form 2 A LA LP 2wrs 62-39a
wetwell isolation valve S Imo

FOO7 1 Wetwell overpressure line valve 2 A - LP 2yws 62-39

FOO8 1  Containment atmosphere exhaust line 2 A wdr LP 2y 2-39
to SGTS S Imo

FOO9 1  Containment atmosphere exhaust line to 2 A LA LP 2ys 62-3%
R/B HVAC S Imo

FO10 1  Drywell overpressure line valve 2 A LP 2wis 6239

FO25 1 N2 supply line from K-35 outboard cont- 2 A LA LP 2y 6239
ainment isolation valve S Imo

FO39 1 N2 supply line from K-5 outboard cont- 2 A LA LP 2wis  623%
ainment isolation valve S Imo

FO40 1 N2 supply line from K-5 to drywell inbo=rd 2 A A LP 2ys 62-3%
isoaltion vaive S Imo

FO41 1 N2 supply line from K-5 to wetwell inboard 2 A LA LP 2wrs  62-3a
soaliion valve S Imo

FO44 8  Drywell/wetwell vacoum breaker valve - C A S refuel  6.2-3%

FOS0 1 N2 supply line to drywell test line valve 2 B P El 6.2-39a

FO51 1 Containment atmosphere exhaust line test 2 B P El 6.2 3%

line valve
FOS4 1 Drywell personnel air lock hatch test B P El 62-39b
line valve
FOSS 1 N2 supply line from test line valve 2 B P El 6.2-39%

Am=ndment 14 39-58.27
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Table 3,98 (Continued)
INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

T31 A aospheic Control System Valves (Continued)

Safety Code Valve Test Tist SSAR
Class Cat, s une. Pars Freg.  Fig

No.  Quan Description ) (¢ ) (e N

FOS6 1 Wetwell personnel air lock hat- h test 2 B P 1 6.2-39%
line valve

F700 1« N2 supply line to di . vell FE upstream 2 B P El 6.2-3a
instrument line

Fro1 1 2 supply line to drywell FE downstream 2 B P El 6.2-39
instrureent line

F702 1 Nisupply line to wetwell FE upstream 2 B P El 6.2-39a
instrument line

F703 1 N2 supply line to wetwell FE downstream 2 B P El 6.2-3a
instrument line

F720 2 DW/WW vacui'm breaker valve N2 supply 2 B LA LS 2ws 6239
line isolation valve

F730 1  Drywell pressure instrument liae isolation 2 B IP LS 2yis  62:3%
valve

F731 1 Drywell pressure instrument line solenoid P B P El 6.2-39%
valve

F732 2 Drywell pressure instrument line iso val.e 2 B LP LS 2w 6239

F733 2 Drywell pressure instrument line solenid 2 B P El 6.2-3%
valve

F734 4 Drywell pressure instrument line for NSS 2 B LP LS 2ys 6239
isolatin “aive

F735 4 Drywe" pressure instrument line for NBS 2 B P El 6.2-39b
solenoid valve

F736 2  Wetwell pressure instrument line iso valve 2 B P LS 2ys  62-3%

F737 2 Wetwell pressure instrument line solenoid 2 B ¢ El 0.4~ 39
valve

¥728 Suppression pool water ievel reference 1 2 B LP LS 2ws 6239
instrument line isolation valve

F739 Suppression pool water leve! reference leg 2 B P El 6.2-39b
instrument line solenoid valve

F740 4  Suppression pool watcr level reference leg 2 B IP LS 2y 623
instrument line tolation valve

F741 4 Suppression pool water level reference leg 2 B P El 6.2-39b
rastrument line soleroid valve

F742 2 Suppression poui water level reference leg 2 B P LS 2yis  62-3%
instrument line isolation valve

F743 2 Suppression pool wate level reference leg 2 B P El 6.2-3%
instrument line solenoid valve

F744 2 Suppression pool water level 2 B LP LS 2yrs 6239

instrument line isoaltion valve
F745 2 Suppresson pool water level
instrument line solenoid valve

El 6.2-39b

o
=<
-

Amendment 14 39-58.28
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Table 1.9-8 (Continued)

No.  Quan Description

Fs0 2

Fs01

L

Fs02
F8a3

L

FS04

[*]

FR05

L]

Doo1 1
Doo2 1

2

Fo10 2
Fo12 2
F0i3 2
Fo12 2

Amendment 14

Dryweli water level instrument line
reference leg isolation valve

Drywell water level instrument line
reference leg solenoid valve

Drywell water level instrument line iso valve
Drywell water level instrumewnt hine solenoid
v.lve

DW/WW differential pressure instrument
line isolation valve

DW/WW diffrential pressure instrument
solenoid val

Wetwell overpressure rupture disk

Drywell overpressure rupture disk

T49 Flammability Control System Valves

Inlet line from drywell inboard

isolation valve

Inlet {ine from drywell outboard
isolation va've

Flow control valve for the FCS inlet line
fron drywell

Blower bypass line flow control valve

Blower discharge line to wetwell check
valve

Discharge line to wetwell outboard

isolation valve

Discharge line to wetwell inboard

isolation valve

Cooling water supply line from the RHR
System MOV

Cooling water supyly line maintenance valve

Cooling water supply line admission MOV
Inlet line from drywell drain line valve
Drzin line from blower suction line

Blower dratn line valve

Safety Code Valve Test
Class Cat.
ia)

-
.

L

L I ]

re

ta

o o

ta

s

o

ra

)

B

B

Func, Para
id) (€)
Lp LS
P El
LP LS
P El
Lp LS
P El
P Rple
P Rplc
LA e
A LP

S
A P

S
A P

S
A P

S
LA LP

S
LA LP

S
A P

b
P P

S
A P

5
A P

S
A P

S
P P

S

INSERVICE TESTING SAFETY-RELATED PUMPS AND VAIN S
T31 Atmospheric Contros System Valves (Continued)

Test

Freq.

th

2 yrs

2 yrs

2 yr8

S yrs
S yrs

2 yrs
Imo
2 yrs
Imo
2 yrs
Imo
2yrs
3Imo
2wrs
3mo
2 yrs
Imo
2 yrs
Imo
2 y13
3Imo
2 yrs
3 mo
2yrs
Imo
2 yrs
3 mo
2 vrs
3 mo
VTS
i mo

R T

SSAR
Fig.
6.2-3%b
6.2-39b

6.2-39b
6.2-39h

6.2-39b
6.2-39h

6.2-39
6.2-39a

10.58 29
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Tahle 1.9-8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

T49 Flammability Control System Valves (Continued)

No.  Quan Description

FU15
FO16
Fs01
FSO02
FS04
FS08
FSoe

FS07
F701

Fa?

Foo1
Fo02

FOOs
Fxxx

Froxx

Fox

Frxx

Faxx

Frox

1

L 2R S A SV R R —

L LS

e

ro

(] LIF B SV % ]

L I ]

L]

Amendment 14

Blower discharge line to wetwell pressure
relief valve

Blower discharge linc to wetwell pressure
relief line check valve

Inlet linc from drywell test line valve
Discharge line to wetwell test liae valve
Blower suction line test line valve

Blower discharge line test hine valve

Drain line 1o Low Conductivity Waste
(LCW) valve

Cooling water supply line test line valve

FE T49-FEOO2 upstream instrument line
root valve

FE T49-FE002 downstream instrument line
ool v

Blower seation line pressure instrument line
root valve

FE T49-FEOO4 upstream instrument line
root valve

FE T49-FE004 downstream instrument line
root valve

U41 Heating, Ventilating aad Air Conditioning System Valves

Reactor arca supply isolation valve
Reactor area exhaust isolation valve
FCS room supply isolation valve
FCS room exhaust isolation valve

FCS room connecting valve
CAMS emergency supply isolation damper

CAMS emergency exhaust isolation damper
Control room supply isoiation valve
Coatrol room exhaust isolation valve
Control room bypass line isolation valve

Emergency HVAC supply valves

DAB100AE
Hev B
Safety Code Valve Test Test SSAR
Class Cat.  Func. Para Freq.  Fig
@ @ & ®
2 A P 2 vrs 6.2-40
S I mo
2 A A P 2yrs 624
2 A P 4 2 yrs 624
2 A P P 2 yrs 6.2-4)
3 B P P 2yrs 6240
3 B P P 2yrs 6240
i B P p 2ys 6240
3 B P P 2 yry 6.2-40
3 B P P 2yrs 6240
3 B P P 2yrs  6.2-%0
3 B 1§ i 2 yrs v.2-40
3 B P P 2 yrs 6.2-4)
3 B P P 2 yrs 6.2-40
3 B A LPS 2w
3 B LA LPS 2ws
3 B A P 2 vrs
S 3 mo
) B LA P 2 yrs
S 3 mo
3 B P S 2 yrs
3 B LA P 2yrs
5 3 mo
3 B LA P 2 yrs
S 3mo
3 B LA P 2 yrs
S 3 mo
3 B LA P 2 y18
S I mo
3 B LA P 2yrs
S 3 mo
2 B A P 2 yrs
S Imo
395830
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Fable 398 (Continued)

INSERVICE TESTING SAFFIY-RELATED PUMPS AND VALVES
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Fable 3.9.9

REACTOR COOLANT SYSTEM PRESSLREE ISOLATION VALVES

STANDBY LIQUID CONTROL SYSTEM

HEAT REMOVAL SYsi

{ PRESSURE (




ABWR

Standard Plant




ABWR 2AIWAE

Figure 3.9-2 Reactor Iniernal Flow Paths and Minimum Floodable Volume

Amencment | 3960
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APPENDIX 3D
COMPUTER PROGRAMS USED IN
THE DESIGN OF COMPONENTS,
EQUIPMENT AND STRUCTURES




Amendment

Section

APPENDIX 3D
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Title

LIAG100AY
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D COMPUTER PROGRAMS USED IN THE DESIGN
OF COMPONENTS, EQUIPMENT, AND
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D1 INTRODUCTION

3D2 FINE MOTION CONTROL ROD DRIVE
D21 Fine Motion Zuntrol Rod Drive--FMCRD(1
iD22 Structure Analysis Progcams

iDa AN RN

D4 PIPING
D41 Piping Analysis Program--PISYS
D42 Component Analysis--ANSI 7
D43 Arca Reinforcement--NOZAR
44 Dynami¢ Forcing Functions
D441 Relief Valve Discharge Pipe Forces

Computer Program--RVFOR

D442 Turbine Stop Valve Closure--TSFOR
D4S Response Spectra Generation
RIDERE ERSIN Computer Program
3Das2 RINEX Computer Program
D46 Piping Dynamic Analysis Program--PDA
3iD47 Deleted
3D4S Thermal Transient Program--LION
D49 Deleted
D410 Engincering Analysis System--ANSYS
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D11
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D21

iD.2-1
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iD 4.1
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3D 4-1

D41

3D 41
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D41

D41

3D 41

D41

3D 41
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and Coefficients--BILDRO1
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D71 A System For Analvsis of Soil-Structure
Interaction--SASSIGIS
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0.1 INTRODUCTION

As discussed in Subsection 3 9.1.2, this
appendix describes the major computer programs
uscd iu the analysis of the safety-related
components, cquipment and structures. The
guality of the programs and the computed results
are controlled. The programs are verified for
their application by ap propriate methods, such as
hand calculations, or compurison with results
from similar programs, experimental tests, or
published literature including analytical results
or numerical results to the beachmark problems.

The updates 1o Appendix 3D will be provided to
indicate any additional programs used by GE and
especially by vendors of components and
equipment, or the later version of the described
programs, and the method of their venification.

Amendment |
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D2 FINE MOTIOM CONTROL ROD
DRIVY

i.2.1 Fine Motion Control Rod
Drive--FMCRDO1

‘5"
1D.2.2 Structural Analysis Programs
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AD.3 REACTOR PRESSURE VESSEL
AND INTERNALS

The following computer programs are used in
the analysis of the reactor pressure vessel, core
support structures, and other safety class
reactor internals: NASTRO4V, SAPAGO7, HEATER,
USAGEDL, ANSYS, CLAPS, ASSIST, SEISMO3AND
SASSIOL. These programs are described in
Subsection 4.1 4,

Amendment 1|

BALIDOAE
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RILE R Pipiug Analysis Program--PISYS 3D 41
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ID4d Area Reinforcement-NOZAR 3D 41
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D441 Relief Valve Discharge Pipe Foroes

Computer Program--RVFOR 3D 41
D442 Turbine Stop Valve Closure--TSFOR 3D 41
D4 Integ-al Attachment--LUGST D41
ID4S51 ERSIN Computer Program D41
iD4s2 P INEX Computer Program D41
D46 Piping Dynamic Analysis Program--PDA D41
o Piping Analysis Program-EZPYP D42
D4R Thermal Transient Program. LION 3D 42
RLR R [ ifferential Displacement Program--DISPL D42
D410 Engineering Analysis Sysatem:-ANSYS D42
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iD.4 PIPING

D41 Piping Analysis Program--PISYS

1D.4.3 Area Reinforcement--NOZAR

11.4.4 Dvnamic Forcing Functio

Relief Valve Discharge Pipe Fora

Program-—-KVFOR

Turbine Stop Valve U

10.4.5 Response Spectra Generation

ERSIN Computer Progran

2 Component Analyvsis--ANSI7
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response spectra with nonconstant model damping.
The nonconstant model damping analysis option can
calculate spectral acceleration at the discrete
cigenvalues of a Cynamic system using either the
strain energy weighted modal damping or the ASME
Code Class N-411-1 damping values,

D46 Pi Dynamic Analysi
ng:m-?l"?)'A i

The pipe whip dynamic analysis is performed
using the PDA computer program, as described in
Subsection 3.6.2.2.2. PDA is a computer program
used to determine the response of a pipe
subjected to the thrust force occurring after a
pipe break. It also is used to determine the

' pipe whip restraint design and capacity,

The program treats the situation in terms of
generic pipe break configuration, which involves
a straight, uniform pipe fixed at one end and
subjected to a time-cependent thrust force at the
other end. A typical restraint used to reduce
the resulting deformation is also included at a
location between the two ends. Nonlinear and
time-independent stress-strain relations are used
to mudel the pipe and the restraint. Using a
plastic hinge concept, bendiog of the pipe is
assumed to occur only at the fixed end and at the
location supported by the restraint.

Tf{>cts of pipe shear deflection are consi-
dered negligible. The pipe-binding moment-
deflection (or rotation) relation used for these
locations is obtained from a static nonlinecar
cantilever beam analysis. Using moment-angular
rotation relations, sonlinzar equations of motion
are formulated using energy considerations and
the equations are numerically integrated in small
time steps to yield the time-history of the pipe
motion.

3DA.7 Deleted

Amendment
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AD.48 Thermal Transient Program..
LION

The LION program is used to cowpute radial
and axial thermal gradients in piping. The
program calculates a time-history of VT,
VT,, Ta, and Tb (defined in the ASME Code,
Seltion 111, Suksection NB) for vaiform and
tapered pipe wall thickness

ID.49 Deleted

3D.4.10 Engineering Analysis System--ANSYS

The ANSYS computer program is a large scalo
general purpose program for the solution of
several classes of Engincering Analysis
problems. Analysis capabilities include static
snd dynamic; plastic, creep and swelling; small
and large dehiections; and other applications.

This program will acccmmodate a complete
model and an er’ “nced capacities in input,
output and grap... iaterface. Locations of
interest for stresses and displacements can be
obtained by this nonlincar analysis. It is
served as 2 verification work for the PDA
program.

Other program of the same capacitics with

periodical improvement is also applicable to
this analysis.

D42
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AD.S PUMPS AND MOTORS

Following are the computer programs used in
the dynamic analysis to assure the structural and
functional integrity of the pump and motor
assemblies, such as those used in the ABWR ECCS
systems.

AD.A.1 Structural Analysis
Program--SAP4G0O7

SAP4GOT7 is used to analyze the structural and
functional integrity of the pump/motor sysiems.
This program is also identified in Subsections
41.4.1.2 , 3D.3 and 3D.6. This is a general
structural analysis program for static and
dynamic analysis of lincar elastic complex
structures. The finite clement displacement
method is used to solve the displacement and
stresses of each clement of the structure. The
structure can be composed of unlimited number of
three-dimensional truss, beam, plate, shell,
solid, planc strain-plane stress and spring
clements that are axisvmmetric. The program can
treat thermal and various forms of mechanical
loading. The dynamic analysis includes mode
superposition, time-history, and response
spectrum analysis. Seismic loading and
time-dependent pressure can be treated. The
program is versatile and efficient in analyzing
large and complex structural sysiems. The output
contaias displacement of cach nodal point as well
as stresses at the surface of each clement.

3D.5.2 Effects of Flange Joint
Connections-- i

The flange joints connecting the pump bowl
casings are analyzed using the FTFLGO1 program.
This program uses the local forces and moments
datermined by SAP4GO7 to perform flat flange
calculations in accordance with the rules set
forth in the ASME Code, Sectien 111, Appendices
X1 and L.

Amendment |
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3D.6 HEAT EXCHANGERS

The following computer programs are used in
dynamic and static analysis to determine
structural and functional integrity of the heat
exchangers, such as those used in the ABWR RHR
sysiem.

AD.6.1 Structural Analysis
Program--SAP4G07

The structural integrity of the heat
exchanger is evaluated using SAP4GO7. This
program is described in Subsection 3D.5 1.

3D.6.2 Calculation of Shell Attachment
Parameters and Coefficients--BILDRO?

BILDRO1 is used to calculate the shell
attachment parameters and coefficients used in
the stress analysis of the support to shell
junction. The method per Welding Research
Council Bulletin 107 is implemented in BILDROI
to calculate local membrane stress due to the

support reaction loads on the heat exchanger
shell.

Smendment |
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D7 SOIL-STRUCTURE INTERACTION

AD.7.1 A System For Analysis of
Soil-Structure Interaction--SASSI01S

This program consists of a number of
interrelated computer program modules which can
be used to solve a wide range of dynamic
soil-structure interaction (581) problems i two
or three dimensions. This program is used to
obtain enveloped seismic design loads based on
the finite ¢lement method using substructuring
technique, as described in Section 3A .5 of
Appendix 3A of this document. A description of
this program is included in Subsection 4.14.1.9.

The computer program SASSI was developed by
the University of California, Berkeley, under the
technical direction of Prof, John Lysmer. The
Bechtel version of the program was obtained from
the University of California, Berkeley, under a
license agreement with the University. [ ..y
the course of installation, testiag. and valida-
tion of the Bechtel version of the program on the
CLC CRAY System, some modifications and enhance-
ments were made to the program to improve the
performance. These include correcting the motion
phases in Rayleigh wave calculation, replacing
the plate element, modifying the spring clement
t¢ include damping capability, and providing the
option for local end release condition in beam
clement. The CRAY version provided to GE. iden-
tified as GE ECP SASSI01S, contains the same mo-
difications and enhancements made 1o the Bechiel
CRAY version to date. The program was verified
against benchmark results reported by various
investigators in the technical literature.

AD.7.2 Continuum Linear Analysis
of Soil-Structure Interaction--
CLASSI/ASD

This computer program is used in analyzing
limited comparative cases to compiy with the dual
(finite-element ana half-space) soil-structure
analysis requirements, as described in Attachment
A to Appendix 3A of this document. The program
is a linecar analysis program using the
substructure approach based upon continuum
mechanics for half-space.

The program CLASSI is comprised of a series of
computer codes developed to calculate the three-
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dimensional soil-structure interaction response
of surface-founded structures using o frequency
dependent continvum impedance approach. The
basic vers on of the CLASSI family of computer
programs was developed by Professor 1 E. Luco ol
the University of Cabifornia at San Diego, and
Professor H.L. Wong of the University ol
Southern California. Additional development
effort was contributed by Dr RJ. Apsel of the
University of Califormia at San Dicgo

In the CLASS] methodology, the continuum me-
chanics approach is used to characterize the
site-foundation system and the incident seismic
waves in terms of complex, frequency-dependent
impedance matrices and driving lorce vectors
The superstructure is represented in lerms of
its fixed-force vectors. The superstructure is
represented in terms of s fixed-base mass ma
trix, mode shapes, and frequencies, and its mo-
dal damping coefficients. These structural dv-
namic properties can be calculated using any,

standard finite-clement formulation. Compatibie

lity »nd dynamic equilibrium requirements at the

sU "ucture-foundation interface are then
us termine the three-dimensional response
of 1. wplete supersiructure-foundation
system,

The program CLASSI/ASD is an improved version
of the CLASSI family of computer codes, which 1s
developed by ASD International, Inc. This
version is verified in accordance with the AND «
Quality Assurance Program and requirements of
10CFRS0, Appendix B. Results from the program
are verified by benchmark results “btained by
various investigators and published in the
technical literature.

3D.7.3 Free-Field Resporse Analysis--
SHAKE

This program is used to perform thy
free-field site response analysis required in
the seismic SSI analysis (see Subsection 3A 6)

SHAKE is a computer program developed at the
University of California, Berkeley, bv Schnable,
Lysmer and Sced. (See Reference § of Subsection
3A.10) The pragram uses the principle of one-
dimensional propagation of shear waves in the
vertical direction for a system of horizontal,
visco-elastic soil layers to compute soil
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responses in the free-ficld. The nonlincarities
in soil shear modulus and damping are accounted
for by the use of equivalent iincar soil pro-
perties vsing an iterative procedure to obtain
values for modulus and damping compatible with
the effective shear strains in each laver. The
final iterated, strain-compatible properties are
used as equivalent linear soil propcrties in
seismic SSI analysis.

Amendment | 30 7.2
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Postulate a throughwall flaw at the
location(s) specified in (3) above. The
size of the flaw should be large enough so
that the leakage is assured detection with
sufficient margin using the installed leak
detection capability when pipes are
subjected to normal operating loads. If
auxiliary leak detection systems are relied
on, they should be described. For the
estimation of leakage, the aormal operating
loads (ie., deadweight, thermal expansion,
and pressure) are to be combined based on
the algebraic sum of individual values.

Using fracture mechanics stability analysis
or limit load analysis based on (11) below,
and normal plus SSE loads, determine the
critical crack size for the postulated
throughwall crack. Determine crack size
margin by comparing the selected leakage
size crack to the critical crack size.
Demonstrate that there is a margin of 2
between the leakage and critical crack
sizes.  The same load combination method
selected in (5) below is used to determine
the critical crack size.

Determine margin in terms of applied loads
by & crack stability analysis. Demonstrate
that the leakiuge size cracks will not expe-
rience unstable crack growth of 1.4 times
the normal plus SSE loads are apphied. De-
monstrate that crack growth is stable and
the final crack is limited such that a
double-ended pipe break will not occur. The
dead-weight, thermal expansion, pressure,
SSE (inertial), and seismic anchor motion
(SAM) loads are combined based on the same
method used for the primary stress evalu-
ation by the ASME Code. The SSE (inertial)
and SAM loads are combined by square-root-
of-the-sum-of -the-squares (SRSS) method.

The piping material toughness (J-R curves)
and tensile (stress-strain curves) proper-
ties are determined at temperatures near the
upper range of normal plant operation.

The specimen used to generate J-R curves is
assured large enough to provide crack exten:
sions up to an amount consistent with J/T
condition determined by analysis for the
application. Because pr-.tical specimen
size limitations exist, the ability to
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obtain the desired amount of experimental
crack extension may be restricted. In this
case, extrapolation techniques is used as
described in NUREG- 1601, Volume 3, or in
NUREG/CR-4575 Other technigues can be
used if adequately jusuificd.

The stress-strgin curves are obtained aver
the range (rom the preoperational limit to
maximum load.

Preferably, the materials tects should be
conducted using archival materials for the
pipe being evaluated. 1If archival material

15 not available, plant specific or |

industry wide generic material data bases
ate assembled and used to define
required material tensile and toughness
properties. Test material includes base
and weld metals.

To provide an acceptably levei of rehi-
ability, generic data bases are reasonable

lower bounds for compatible sets of mater-

ial tensile and toughness properties
associated with materials at the plant. To
assure that the plant specific generic data
base 15 adequale, a determination is muade
to demonstrate that the generic daia base
represents the range of plant materials to
be evaluated This determination is baseo
on & comparison of the plant material
propertires identified in (2) above with
those of the materials used to develop the
generic data base. The number of material
heats and weld procedures tested are ade-
quate to cover the strength and toughness
range of the actual plant materials. Rea-
sonable lower bound tensile and toughness
properties from the plant specific generic
data base are to be used for the stability
analysis of individual materials, unless
otherwise justified.

Indusiry generic data bases are reviewed to
provide a reasonable lower bound for the
population of material tensile and tough-
ness properties associated with any indivic
dual specification (e.g., A106, Grade B),
material type (e g., austenitic steel) or
wyelding procedures.

The namber of material heats and weld
procedures tested should be adequate 10
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Table 3E.1-1
LEAK BEFORE BREAK CANDIDATE PIPING SYSTEM
System Laocation Description Diameser
(mm)
Main Steam PC RPV 1o RCCV 00
(4 lines)
Feedwater P( RPV to RCCY §50/3n)
(2 lines/6 risers)
RCIC Steam PC MS line to RCCV 150
HPCF PC RPV to first check valve 2%
RHR/LPFL PC RPV to first check valve 250
RHR /Suction rC RPV 1o first closed gate valve 180
CcUw PrC RHR suction to RCCYV 200
Main Steam Steam Tunnel RCCV (0 turbing building oo
(4 lines)
Feedwater Steam Tunnel ROCV to turbine bulding S50
(2 lines)
RHR Div. A Steam Tunnel FW line A 1o check valve 50
Sucti )
RCIC Steam SC RCCV to turbine shutoff valve 150
RCIC Supply SC FW line to first check valve 20
CUW Suction SC RCCV 10 heat exchanger discharge 200
CUW Discharge SC Heat exchanger discharge to 200/150
4 FW suction

Note:  All piping in ptiéury and secondary containment (including steam tunnel)

are carbon cteel piping, except the in-containment CUW piping which is

stainless steel,
Legend: PC: Primary Containment

SC: Secondary Uontainment

FW: Foedwater

MS: Mamn Steam

Amendment 14



Amendment

Section

320
322
3E221
ME22141
32212
3E2213
3222
3E2221
n... ..
E23
JE24

3E 21

3E2:2

3E23
3E2-4

SECTION 3E2
CONTENTS
Title

Fracture Toughoess Characterization
Carhon Sisel i A lated Weld
Fraciure Toughness Test Program
Charpy Tests

Stress-Strain Teots

J-R Curve Tests

Material (J/T) Curve Selection
Material (J/T) Curve for 550°F
Material (J/T) Curve for 420°F
Stainless Stecls and Associated Weids
B e

TABLES
Tite

Electrodes and Filler Metal Reguirciaents for

Carbon Steel Welds

Supplier Provided Chemical Composition and

Mechanical Properties Information

Standard Tension Test I\t Temperature

Summary of Carbon Stee) o-rt Curve Tests

1E.2-u

SE2-1
AE22
3E22

3E.2)

IE27

IE28
AE29

IE210

2IABIAL



: E25b

| 22

| W23
24

3E 2-4b
3E2-S
JE2-6a
3E2-6b
3E2-6¢
," 3E2-6d

B2

JE2-8

Amendment |

cH o a Iy i P R

MALIAL
. sl a'J!I a
SECTION3E.2
ILLUSTRATIONS
Title Page
Schematic Representation of Material )-Integral
R Curve 21
Schematic Representation of Material J-T Curve \E 2-1)
Carbon Steel Test Specimen Orientation Code M212
Toughness Anisotropy of ASTM 106 Pipe (6 in Sch 80) SE 213
Charpy Energies for Pipe Test Materia) as 8
Function of Orientation and Temperature 214
Charpy Energies for Plate Test Material as a
Function of Orientation und Temperature 218
Comparison of Base Metal, Weld and HAZ Charpy
Energies for SAI3 GR. 6 IE 216
Plot of 550" F True Stress- True Strain Curves
for SA333 GR. 6 Carbon Steel 217
Plot of 550" F True Stress-True Strain Curves
for SAS16 GR. 70 Carbon Stee! IE.2-18
Plot of 350°F True Stress True Strain Curves
{ur SA333 Gir, 6 Carbon Steel 219
Plot of 350° F True Stress-True Strain Curves
for SAS516 Gir, 70 Carbon Steel TE2- 20
Plot of 550" F Test J-R Curve for Pipe Weld A2
Plot of 550°F Jod Tmod Data Froi
Test J-R Curve 3E2-22
Carbon Steel J-T Curve for 420°F 3E2-2

3E 2-hi



ABWR
Standard Plant

AE2 MATERLAL FRACTURE TOUGH.
NESS CHARACTERIZATION

This subsection describes the fracture
tovghness properties and flow siress evaluation
for the ferritic and austenitic steel materials
used in ABWR plant piping, as reauired for
evalustion according to Section 3E 1.2

IE.2.1 Fracture Toughness
Characterization

| m—

When the elastic-plastic fracture mechanics
(EFFM! methodology of the J-T methodologs is used
to evaluate the leak-before-break conditions with
postulated through-wall flaws, the material
toughness property is characterized in the lform
of J-integral resistance curve (or J-R curve) (1,
2, 3). The J-R curve, schematica'ly shown in
Figure 3E.2-ia, represents the material's
resistance to crack extencien, “he onset of
crack extension is assumed (o occur at a critical
value of J. Where the plane strain conditions
are satisfied, initiation J is denoted by J
Plane ct:ain crack conditions, achieved in lhl
specimen by side grooving, generally provide a
lower bound behavior for material resistance to
stable crack growth,

Once the crack begins to extend, the increase
of J with crack growth is measured in terms of
slope or the nondimensions) tearing modulus, T,
expressed as:

v« E -4 (E2-1)
02 da

The flow stress, 0., is a function o1 the
yield and ultimate strength, and E is the elastic
modulus. Geaerally, 0, is assumed as the
average of the yield and ul‘nuutc strength. The
slupe ! of the material J-R curve is a function
of cuc‘ extension a. beuully. decreases
with crack extension thereby givin 'g a convex
upward appearance to the material J-R curve in
Figure 3E.2-1a.

To evaluate the stability of crack growth, il
it convenient to represent the material J-R curve
in the J-T space as shown in Figure 3E.2-1b. The
resulting curve is labeled as J-T material
Crack instability is predicted at the intersec-
tion point of the J/T material and J/T applied
curves.
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The crack growth invariably involves some
clastic unloading and distinctly nonproportional
plastic deformation acur the crack tip. J-
integral is based on the deformation theory of
plasticity |4, 5] which inadequately models both
of these aspects of plastic behavior, In order
to use Jantegral to characterize crack growth
(1.e to assure J-controlled crack growth), the
following sufficiency condition in terms of a
nondimensional parameter proposed by Hutchinson
and Paris |6}, is used:

. b (E2-2)
- } da” '

Where b is the remaining ligament, Relerence
7 suggests thatw>10 would satisfy the
J-controlled growth requirements. However, if
the requirements of this criteria are strictly
followed, the amount of crack growth allowed
wiold be very small in most test specimen
geometries. Use of such o material J-R curve in
1/T evaluation would result in grossly

underpredicting the instability loads for large -

diameter pipes where considerable stable crack
growth is expected to occur before reaching the
instability point. To overcome this difficulty,
Ernsl (8] propesed a modified J-integral,
which was shown to be effective even
\ﬂ?g limits on 1 were grossly violated. The
Ernst correction essentially factors-in the
effect of crack extension in the calculated
value of J. This correction can be determined
experimentally by measuring the usual
parameters: load, displacement and crack length

The definition ““mod is
faat * ¥ f
5"' (E23)
Where
J 15 based on deformation theory of
plasticity
G i the lincar clastic Grifiith
energy release cate or elastic J,
33
el
B pl is the nonlinecar part of the

load-poinat displacement, (or
simply the total miaus the ¢lastic

W21
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displacement)

4 .4 are the initial and current ¢rack
lengths respectively.

For the particular case of the compact tension
specimen geometry, the preceding Equation and the
corresponding rate take the form

mod ujof.v.l
4\ N

where J . is the nonlinear part of the
deformutiml theory J, b is the remainiog ligament
and s

J da

(E2-)

= (1407 b/W) (E2-9)

Conscquently the modified material tearing
modulus Tmod can be defined as:

Tmod o Tmu ‘052 1.
b
Sin.e in most of the test J-R curves the
w10 lmit was violated, all of the material J-T
data were recalculated in the J T
format., The J pr T a caleulaliBhe WitE
performed up to track ¢xfension of a=10% of
the original ligament in the test specimen. The
J-T curves were then extrapolated to larger J
values using (he method recommended in NUREG
1061, Vol. 3 [9].

(E.2-6)

The J - T approach is used in
this lppe.ﬂﬂx fof flustrative purposes. It
should be adopted if justified based on its
acceptability by the technical literature. A
J - approach is another more justifiabie
agproach.

AE.2.2 Carbon Steels and Associated
Welds

.

The carbon steels used in the ABWR reactor
coolant pressute bounda y piping are: SA 106 Gr
B, SA 333 Gr. 6 and SA 672, Gr. C70. The first
specification covers seamless pipe and the second
one pertains to both seamless and scam-welded
pipe. The last one pertains to seam-welded pipe
for which plate stock is specified as SA 516, Gr.
70. The corresponding material specifications
used for carbon steel flanges, fittings and
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forgings are cequivalent to the piping
specifications,

While the chemical composition requirements
for a pipe per SA 106 Gr. J and SA 233 Gr, 6 are
identical, the latter is subjected to two
additional requirements: (1) a normalizing heat
treatment which refines the grain structure and,
(2) a cherpy test at -S0F with a specified
minimum absorbed encrgy of 13 ft-lbs. The
clectrodes and filler metal requirements for
welding carbon steel to carbon or low alloy
steel are as specified in Table 3E.2:1

A comprehensive test program was undertaken
at GE to characterize the carbon steel base and
weld material tougheness properties. The next
section describes the scope and the results of
this program. The purpose of the test program
was two generate the necessary data for appli-
cation in Section 3E.6 and to illustrate a
general procedure of conducting the tests per
requirements of Item (10) in Section 3E.1.2!

The extent of ise test program for NRC's”

approval of an application will depend upon the
identified requirements.

JE2.2.0 Fracture Toughuess Test Program

The test program consisted of generating true
stress-true strain curves, J-Resistance curves
and the charpy V-notch tests. Two materials
were sclected - (1) SA333 Gr. 6, 16-inch
diameter, Schedule 8u pipe gad (2) SASL6, Gr.
70, 1-inch thick plate. Table 3E 2.2 shows the
chemical composition and mechanical property
test information provided by the material
supplier. The materials were purchased to the
same specifications as those to be used in the
ABWR applications,

To nroduce a vircumferential butt weld, the
pipe was cut tn two picces aloag a
circumferential plane and welded back using the
shiclded metal arc process. The weld prep was
of siegle V design with a baékin; ring. The
preheat temperature was 200°F,

The plate material was cut along the
longitudinal axis and welded back using the SAW
process, The weld prep was of a single V type
with one side ac vertical and the other side at
45", A backing plate was used during the
welding with a clearance of 1/4 inch at the

M2
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bottom of the V. The m(c(}un temperature was
maintained at less than S0 F

Both the plate and the pipe weids were X-rayed
according to Code [11) requirements and were
found to be satisfactory.

It is well-known that carbon steel base
materials show considerable anisotropy in
fracture toughness properties. The toughness
depends on the orientation and direction of
propagation of the crack in relation to the
principal direction of mechanical working or gain
flow. Thus, the selection of proper orien-
tation of charpy and J-R curve test specimen is
important. Figure 3E 2-2 shows the orientation
code for rolled plate and pipe specimen as given
in ASTM Standard E399 [12). Since a through-wall
circumferential crack configuration is of most
interest from the DEGB point of view, the L T
specimen in a plate and the L-C specimen in a
pipe provide the appropriate toughness properties
for that case. On the other hand, T-L and C-L
specimen are appropriate for the axial Nlaw case.

Charpy test data are reviewed first since they
provide a qualitutive measure of the fracture
toughness.

IE22.1 Charpy Tests

The absorbed energy or its complement. the
lateral expansion measured during @ Charpy V-
notch test provides a qualitative measure of the
material toughness. For example, in the case of
austenitic stainless steel flux weldments, the
observed lower Charpy energy relative 1o the base
metal was consistent with the similar trend
observed in the J-Resistan,e curves. The Charpy
tests in this prog-am were used as preliminary
indicators of relative toughness of welds, HAZs
and the base metal.

The carbon steel base materials exhibit
considerable anisotropy in the Charpy energy as
illustrated by Figure 3E.2-3 from Reference 13.
This anisotropy is associated with development of
grain flow due to mechanical working. The Charpy
orientation C in Figure 3E.2-3 (orientations LC
and LT in Figure 3E.2-2) is the appropriate one
for evaluating the fracture resistance to the
extension of a through-wall circumferential
flaw. The upper shell Charpy energy associated
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with asial flaw extension (orientation A in
Figure 3E . 2-3) is considerably lower than that
for the circumferential crack extension.

A similar trend in the base metal charpy
encrgies was also noted 1o this test program
Figures 3E 2.4a and b show the pipe and plate
material Charpy encrgies for the two orien-
tations as a function of temperature. The tests
were conducted at six temperatures ranging from
room temperature 1o S80"F. From the trend of
the Charpy energics as a function of temperature
in Figures 3E.2-4a and b it is clear that even
at room temperature the upper shell conditions
have been reached for both the materials.

No such anisotropy is expected in the weld
metal since it does not undergo any mechanical
working after its deposition. This conclusion
is also supported by the avatlable data in the
technical literature. The weld metal charpy
specimen in this test program were orented the
same way as the LC or LT orientations in Figure
JE2:2. The HAZ charpy specimens were also
oriented similarly.

Figure 3E 2.5 shows a comparison of the
charpy encrgies from the 333 Gr. 6 base metal,
the weld metal and the HAZ. In most cases two
specimens were used, Considerable scatter in
the weld and HAZ charpy energy values is seen
Nevertheless, the average energies fro the weld
metal and the HAZ seem to fall at or above the
average base metal values. This indicates that,
unitke the stainless steel flux weldments, the
fracture toughness of carbon steel weld and HAZ,
as measured by the charpy tests, is at least
equal to the carbon steel base metal,

The preceding results and the results of the
stress-strain tests discussed in the next
section or other similar data are used as a
basis 10 choose between the base and the weld
metal properties for use in the J-T methodology
evaluation,

JE22.1.2 Stress-Strain Tests
The stress-strain tests were performed at
O
three lemperatures, Room temperature, 350"F

and 550"F. Base and weld metal from both the
pipe and the plate were tested, The weld

k! 485 |
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specimens were in the as-welded condition. The
standard test data obtained from these tests are
summarizad in Table 3E 2.3

An examination of Table 3E.2-3 shows (hat the
measured yield strength of the weld meta!, as
expected, is considerably higher than thet of the
base metal, For example, the S50°F yiend
strength of the weld metal in Table 3E.2-3 ranges
from 53 to 59 ksi, whercas the base metal yield
strength is only 34 kei. The impact of this
observation in the selection of appropriate
material (J/T) curve is discussed 1n later
sections.

Figurgs 3E.2-6 a through d show the plots of
the $50°F and 350"F stress-strain curves for
both the pipe and the plate used in the test. As
expected, the weld metal stress-strain curve in
every case is higher than the corresponding base
metal curve. The Ramberg-Osgood format
characterization of these stress-strain curves is
given .o Section 3F 3.2 where appropriate values
of and is also pre aded.

IE22.13 1R Curve Tests

The test temperatures selected for the J-R
. curve tests were: room temperature, 350 F »nd
SS50"F. Both the weld and the base metal v-re
included. Due to the curvature, oaly the 1T plan
compact tension (CT) specimens were obtained from
the 16 inch diameter test pipe. Both 1T asd 2T
plan test specimens were prepared from the test
plate. All of the CT specimens were side-grooved
to produce plane strain conditions.

Table 3E.2-4 shows sewme details of the J-R
curve tests performed in chis test program. The
J-R curve in the LC orientation of the pipe base
metal and in the LT orientation of the plate base
metal represent the materiai’'s resistance to
crack extension in the «'rcumferential
direction. Thus, the test results of these
orieniations were used in the LBB evaluations
The orientation effects are not present in the
weld metal. As an example of the J-R curve

ained in the test program, Figure 3E 2.7 shows
the plot of J-R curve obtained from specimen
OWLC-A,

3E.2.2.2 Material (J/T) Curve Selection
The normal operating temperatures for most of
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the carbon steel piping in the reactor coolant
pressure boundary in the ABWR generally fall
into two categories: 528-550"F and 420°F.
The latter temperature corresponds to the
operating temperature of the feedwater piping
system. The selections of the appropriate
material (J/T) curves lor these two categories
are discussed next,

1E.2.2.2.1 Material J/T Curve for §80°F

A t%view shows that S tests were conducted
at S50°F. Two tests were on the weld metal,
fwo were on the base m~1al and one was on the
heat-affected zone. Figure 3E 2.8 shows the
plot of material J ok | values
ulculawg from the J- .N.i.-u c')“i‘mcd from
the 5SSO F tests. The value of flow stress,
, used in the tearing modulus ¢nleulatinn

Equation E.2-1) was 52.0 ksi based ot uata
shown in Table 3E.2-3, To convert the
deformation J and 2. values obtained from the
J-R into J , T %% Equations E. 2.4 and
E.2-6 wereWhed. Tfﬁ‘ly the data from the pipe -
weld (Specimen 1D OWLC-A) and the plate base
metal (Specimen 1D BMLI-12) are shown in Figure
3E.2-8. A few unrcliable data points were
obtained in the pipe base metal (Specimen 1D
ORLC:2) J-R curve test due to a malfunction in
the instrumentation. Therefore, the data from
this test were not included in the evul‘;u'ion.
The J-R curves from the other two S50°F tests
woere evaluated as described in the next
paragraph. For comparison purposes, Figure
3E.2-8 also shows the SA106 carbon steel J-T
data obtained from the J-R curve reported by
Gudas [14]. The curve also includes
extrapolation to higher J values based on the
method recommended in NUREG 1061, Vol 3{9).

The ) -T data for the plate weld
metal and the m’: HAZ were evaluated. A
comparison shows that these data fall slightly
below those for the plate base metal shown in
Figure 3E.2-8. On the other hand, as noted in
Subsection 3E.2.2.1.2, the yield strength of the
weld metal and the HAZ is considerably higher
than that of the base metal, The material
stress-strain and J-T curves are the two key
inputs in determining the instability load and
flaw values by the (J/T) methodology.
Calculations performed for representative
through-wall flaw sizes showed that the higher
yield strength of the weld metal more than com-
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TABLE 3E.2-1

ELECTRODES AND FILLER METAL REQUIREMENTS
FOR CARBON STEEL WELDS

Base Material

Carbon Steel 1o
Carbon Steel or

Low Alloy Steel

P-Nao.

Pl

P-1,P3

P‘4 or
p.S

Process

SMAW

GTAW
PAW

GMAW

SAW

Electrode or
Specification

SFA 5.1

SFA §.18

SFA 5.18
SFA 5.20

3FA 517

Fitler Metal
Classification

E7018

E708-2, E708:2

E78-2LET8- L ENS-6

E70T-1

FR2EM1ZK, FT2EL12
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TABLE 2.3

Eer———— . 1

STANDARD TENSION TEST DATA AT TEMPERATURE

SPEC.
NO,

Owl
Ow2
ITWL2
IBL1

IBL”
18L3

OB1
OB2
On3

MATERIAL  TEST

TEMP L]

PIPE WELD RT
PIPE WELD SSOF

PLATE WELD SSOF

FLATE BASE RT
PLATE BASE 3S0F
FIATE BASE SS50F

PIPE BASE  RT
PIPE RASE  350F
PIPE BASL  SS50F

02% VS
ksl

661
S0

530

Mo
179

M1

436
422
M6

LTS
(%)

K16
939

vl d

77
04 2
(R

HR.0
749
™2

Elong. RA
%

32 71,2
4 56.7
R ] S13
A% £1.3
M (N Y
29 V4
41 678
21 554
3 554

JAAGLIO0AL

2
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Figure 3E 2-2 CARBON STEEL TEST SPECIMEN ORIENTATION CODE

322
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Figure 3E.2-6a PLOT OF 560 F TRUE STRESS-TRUE STRAIN CURVES

FOR SA 333 GR. 6 CARBON STEEL
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Figure 3E.2-7 PLOT OF 650" F TEST J-R CURVE FOR PIPE WELD
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JE.3 FRACTURE MECHANICS METHODS

This subsection deals with the fracture
mechanics techniquas and methods for the
determination of critical tlaw lengths and
instability loads for materials used in ABWR,
These techniques and methods comply with Criteria
(5) through (11) described in Section 3E.1.2.

3E.A.1 Elastic-Plastic Fracture
Mechanics or (J/T) Methodology

Fuilere in ductile materials such as highly
tough ferritic meaterials i1s characterized by
considerable plastic deformation and significant
amount of stable crack growmth. The EPFM approach
outlined in this subtection considers these
aspects. Two key concepts in this approach are:
(1) J-integral [1, 2] which characterizes the
intensity of the p'astic stress-strain field
surrounding the cr .k tip and (2) the tearirg
ivstability theory [3, 4] which examires the
stability of ductile crack growth. A key
advantage of this approach is that the material
fracture toughness characteristic is explicitly
factored into the evaluation.

JEJLL Basic (J/T) Methodology

Figure 3E.3-1 schematically illustrates the
J/T methoagology for stability evaluation. The
matcrial (J/T) curve in Figure 3E.3-1 repre-
sents the material’s resistance to ductile crack
¢xtension. Any value of J falling on the mate-
rial R-curve is denoted as Jg 4 and is a func-
tion solely of the increase in crack lengthla.
Also defined in Figure 3E 3.1 is the 'applied’ J,
which for given stress-strain properties and
overall component geometry, is & function of the
applied load P and the current crack length, a.
Hutchinson and Paris [4] also define the
following two nondimensional parameters:

E . 3lsppli
Tapplied =ag? 5.”‘“

(3E3-1)
E - Yna
Tmat "0§? da

where E is Young' modulus and o § is an
appropriate flow stress.

Amendment
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Intersection point of the material and
applied (J/T) curves denotes the instability
point. This is mathematically stated as
follows:

Japplied (aP) = Iy () (3E3-2)
Tapplied < Tmat (stable) (3E.3-3)

T:pplicd > Tyt (unstable)

The load at instability is determined from
the J versus load plot also shown schematically
in Figure 3E.3-1. Thus, the three key curves in
the tearing stability cvaluatiza are: Jupoiied
versus Tapplieds Jmar versus Tygy and
Japplied versus load. The determination of
appropriate Jpa versus T gy or the material
{(J/T) curve has been already discussed in
subsectior 3E.2.1. The Jappiied ‘Tapplied
or the (J/T) applied curve can be easily
generated through perturbation in the crack
length once the Jypplieg versus load.
information is available for different crack
leagths. Therefore, only the methodology for
the generation of Jyppjjeq versus load
information is discussed in detail.

1E3.12 ) Estimstion Scheme Procedure

The Japplied Of J as a function of load was
calculated using the GE/EPRI estimation scheme
procedure [5, 6]. The J in this scheme is
obtained as sum of the elastic and fully plastic
contributions:

Jale+dy (3E.34)

The material true stress-strain curve in the
estimation scheme is assumed to be in the
Ramberg-Osgood format:

n (3E3-5)
£ = 3 +Q A
€ Co G,
where, 70 is the material yield stress,
€9 = o , <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>