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Subsections 39.2.5, 393, and 305.

Deformations under faulted conditions are
evaluated in critical areas and the necessary
design deformation limits, such as clearance
limits, are satisfied.

39.1.4.1 Control Rod Drive System Components
39.1.4.1.1 Fine Motion Control Rod Drive

The fine motion control rod drive (FMCRD)
major components that are part of the reactor
coolant pressure boundary are analyzed and
evaluated for the faulted conditions in
accordance with the ASME Code, Section 111,
Appendix F,

391412 Hydraulic Control Unit

The bydraulic control unit (HCU) is analyzed
and tested for withstanding the faulted condition
loads. Dynamic tests establish the "g" loads in
borizontal and vertical directions as the HCU
capability for the frequency range that is likely
to be experienced in the plant. These tests also
insure that the scram function of the HCU can be
performed under these loads. Dynamic analysis of
the HCU with the mounting beams is performed to
assure that the maximum faulted condition loads
remain below the HCU capability.

319.1.42 Reactor Pressure Vessel Assembly

The reactor pressure vessel assembly
includes: (1) the reactor pressure vessel
boundary out to and including the nozzles and
bousings for FMCRD, internal pump and in-core
instrumentation; (2) support skirt; and (3) the
shroud support, including legs, cylinder, and
plate. The design and analysis of these three
parts comply with subsections NB, NF, and NG,
respectively, of the ASME Code, Section 111, For
faulted conditions, the reactor vessel is
evaluated using clastic analysis. For the
support skirt and shroud support, an elastic
analysis is performed, and buckling is evaluated
for compressive load cases for certain locations
in the assembly.
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39143 Core Support Structures and Other
Safety Reactor Internal Components

The core support structures and other safety
class reactor internal components are evaluated
for faulted conditions. The basis for deter-
mining the faulted loads for seismic events and
other dynamic events is given in Section 3.7 and
Subsection 3.9.5, respectively. The allowable
Service Level D limits for evaluation of these
structures are provided in Subsection 3.9.5.

38.1.44 RPV Swebilizer end FMCRD - and
lo-Core Housing Restrzints (Supports)

The calculated maximum stresses meet the
allowable stress limits stated in Table 3.9-1
and 3.9-2 under favlted conditions for the RPV
stabilizer and supports for the fine motion
control rod drive bousing and In-Core housing
for faulted conditions. These supports restrain
the components during carthquake, pipe rupture
of other reactor building vibration events.

319.1.45 Main Steam Isolation Valve,
Safety/Relief Valve and Other ASME Class 1
Valves

Elastic analysis methods and standard design
rules, as defined in ASME Code Section I11, are
utilized in the analysis of the pressure boun-
dary, Seismic Category I, ASME Class 1 valves.
The Code-allowable stresses are applied to as-
sure integrity under applicable loading cond-
tions including faulted condition. Subsection
3.9.3.2.4 discusses the operability qualifica-
tion of the major active valves induding main
steam isolation valve and the main steam
safety/relief valve for seismic and other
dynamic conditions. Tke d\ombk stresses
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3.9.1.4.6 RIS and RHR Hest

Eﬂm RCIC Turbine, and RRS Motor

The ECCS (RHR, RCIC and HPCF) pumps, SLC
pumps, RHR heat exchangers, and RCIC turbine are
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~ analyzed for the faulted loading conditions. The
ECCS and SLC pumps are active ASME Class 2 compo-
pents. The allowabie stresses for active pumps
arc provided in a footnote to Tabie 3.9-2.

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

319.1.47 Fuel Storage and Refueling Equipment

Storage, refucling, and servicing equipment
which is important to safety is classified as es-
sential components per the requirements of
10CFR50 Appendix A. This equipment and other
cquipment which in case of a failure would de-
grade an essential component is defined in Sec-
tion 9.1 and is classified as Scismic Category
I. These compeneats are subjected to an elastic
dynamic finite-clement analysis to generate load-
ings. This analysis utilizes appropriate floor
response spectra and combines loads at frequen-
cies up to 33 Hz for scismic loads and up to 60
Hz for other dynamic loads in three directions.
Imposed siresses are generated and combined for
normal, upset, and faulted conditions. Stresses
are compared, depending on the specific safery
class of the equipment, to Industrial Codes,
ASME, ANSI or Industrial Standards, AISC,
aliowables.

39.1.48 Fuel Assembly (Including Channel)

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

39149 ASME Class 2 and 2 Vessels

Elastic analysis methods are used for evaluat-
ing faulted loading conditions for Class 2 and 3
vesseis. The equivaient allowable stresses using
elastic techniques are obtained from NC/ND-3300
and NC-3200 of the ASME Code Section Il These
allowables are above elastic limits.
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39.1.4.10 ASME Class 2 and 3 Pumps

Elastic analvzis methods are used for evaluat-
ing faulted loading conditions for Class 2 and 3
pumps. The equivalent allowable stresses for
nonactive pumps using clastic techniques are ob-
tamned from NC/ND-3400 of the ASME Code Seciion
IIl. These allowables are above elastic lim-
its. The allowables for active pumps are pro-
vided in 2 footnote to Table 3.9-2,

39.1.411 ASME Class 2 and 2 Valves nonadve
Elastic analysis methods and starjdard design
rules are used for evaluating fauifed loading
conditions for Class 2, and 3 valves. The
equivalent allowable stresses fordvalves using
clastic techmiques are obtained from NC/ND-3500
of ASME Code, Section III. These allowables are
above clastic limits. The allowsbles for
active velies are provid J
foctnote 7 ef TqL\o. 29-2.
39.1.412 ASME Class 1,2 and 2 Piping

Elastic analysis methods are used for evaluat-
ing fauited loading conditions for Class 1, 2,
and 3 piping. The equiv- ent allowabie stresses
using clastic techoiques 2  obtained from NB/
NC/ND-3600 (for Class 2 and 3 piping) of the
ASME Code Section IIl. The allowables for
functional cepability of the piping
B O e e e
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3.9.1.5 Inelastic Analysis

Inclastic analysis is only applied 1o ABWR
components to demonstrate the acceptability of
three types of postulated events. Each event is
an extremely 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 z reactor internal
recirculation (RIP) motor casing due to a

weld fatlure.

(3) Postulated blowout of a control rod drive
{CRD) bousing due to a weld failure.

383




to accomplisk its safety functions as required
by. IDSEC IgD nditior cnl.

For active Class Z and 3 pnnps specific
stress criteria to meet the functional
requirements are identified in a footnote 1o

393.12 Reactor Pressure Vessel Assembly

The reactor vessel assembly consists of the
reactor pressure vessel, vessel support skirt,
and shroud support.

The reactor pressure vessel, vessel support
skirt, and shroud support are constructed in
accordance with the ASME Boiler and Pressure
Vessel Code Section 111. The shroud support
consists of the shroud support plate and the
shroud support cylinder and its legs. The
reactor pressure vessel assembly components are
classified as an ASME Class 1. Complete stress
reports on these components are prepared in
accordance with ASME Code requirements.
NUREG-0619 (Reference 5) is also considered for
feedwater nozzie and other such RPV inlet nozzle
design.

The stress analysis is performed on the
reactor pressure vessel, vessel suppoi« skirt,
and shroud support for various plant operating
conditions (including faulted conditions) by
using the clastic methods except as noted in
Subsection 3.9.1.4.2. Loading conditions, design
stress limits, and methods of stress analysis for
the core support structures and other reactor
internais are discussed in Subsection 3.9.5.

38313 Main Steam (MS) System Piping

The piping systems exiending from the reactor
pressure vessel to and including the outboard
main steam isolation valve are constructed in ac-
cordance with the ASME Boiler and Pressure Vessel
Code Section IH, Class 1 criteria. Stresses are
calculated on an elastic basis and evaluated in
accordance with NB-3600 of the ASME Code Section
118
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The MS system piping extending from the out-
board main steam isolation valve to the turbine
stop valve is constructed in accordance with the
ASME Boiler and Pressure Vessel Code Section
HI, Class 2 Criteria,

Turbine stop valve (TSV) closure in the main
stcam (MS) piping system results in a transient
that produces momentary unbalanced forces acting
on the MS piping system. Upon closure of the
TSV, a pressure wave is created and it travels
at sonic veluciy toward the reactor vessel
through cach MS line. Flow of stecam into cach
MS lipe from the reactor vessel continues until
the steam compression wave reaches the reactor
vessel. Repeated reflection of the pressure
wave al the reactor vessel and the TSV produce
time varying pressures and velocilties,
throughout the MS lines.

The analysis of the MS piping TSV closure
transicnt consists of a stepwise time-history
solution of the steam flow equation to gemerate
a time-history of the steam properties at
numerous locations along the pipe. Reaction
loads on the pipe are determined at each elbow.
These loads are composed of pressure-times-area,
momentum change and fluid-friction terms.

The time-history direct integration method of
analysis is used to determine the response of
the MS piping system to TSV closure. The forces
arc applied at locations on the piping system
where steam flow changes direction thus causing
momentary reactions. The resulting loads on the
MS piping are combined with loads due to other
cffects as specified in Subsection 3.9.3.1.

393.14 Recirculation Motor Cooling (RMC)
Subsystem

The RMC system piping loop between the recir-
culation motor casing and the heat exchanger is
constructed in accordance with the ASME Boiler
and Pressure Vessel Code Section 111, Subsection
NB-3600. Stresses are calculated on an elastic
basis and evaiuated in accordance with NB-3600
of the ASME Code, Section II1.

39315 Recirculation Pump Motor Pressure
Boundary

The motor casing of the recirculation inter-
nal pump is a part of and welded into an RPV

18-20
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3.9.3.1.1.7 Environmental Effects on Fatigue Evaluation of
Carbon Steel Piping

Environmertal effects on the fatigue design of ASME Section III

Class 1 carbon steel piping will be evaluated in accordance with

GE document, 408HA414 (Reference 9). Additional fatigue

evaluations for environmental effects are not required for any of
the following conditions: (a) Water temperature is below

245°C, (b) Fittings, such as elbows and tees, that are

conse rvatively designed and analyzed using the ASME Section IIl
st..ss indicies and (c) For transient*: having total cycle times

©1 10 seconds or less and no tensile hold time, provided that the

oxygen content of the water does not exceed 0.3 Ppm.

Environmental effects are considered by incre¢»sing the local peak
stress through four factors used as multipliers to the stress
indicies. The four factors are: (1) the notch factor, (2) the mean
stress factor, (3) the envirconmental correction factor, and

(4) the butt weld strength reduction factor.

( Ttom Mo. 14.1.3.3.5, 7-2)
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conditions. The operability assurance program
ensures that these valves will operate during a
dynamic seismic and other RBV event.

393251 Procedures

Qualification tests accompanied by amalyses
are conducted for all active vaives. Procedures
for qualifying electrical and instrumeatation
components which are depended upon to cause the
valve to accomplish its intended function are
described in Subsection 3.9.3.2.5.1.3.

3932511 Tests

Prior to installation of the safety-related
valves, the following tests are performed: (1)
shell bydrostatic test to ASME Code Section III
requirements; (2) back seat and main «cat leakag:
tests; (3) disc hydrostatic test; (4) functivnal
tests to verify that the valve will open and
close within the specified time limits whe:
subject to the design differential pressure; and
(5) operability qualification of vaive actuators
for the environmental conditions over the
instailed life. Esnvironmental qualification
procedures for operation follow those specified
in Section 3.11. The results of all required
tests are properly documented and included as a
part of the operability acceptance documentation

package.
3932512 Dynamic

The functionality/of an active valve dyring
and after a seismig’and other RBY event
demonstrated b oyga combination
of analysis amc be qualification of
clectrical and instrumentation components
controlli: alve actuation is discussed in
Subsectics 5.9.3.2.5.1.3. The valves are
designed using cither stress analyses or the
pressure temperature rating rqu‘ilrep:rnts based

upon design conditions. Apﬁan’alysil of the

extende rpcture is performed for sbetse
w%!‘&ﬁ&mmw
“u&y—o-f:xh: extended structure. See

Subsection 3.9.2.2 for further details.
Loc"hﬂ’ e
The maximum stress limits allowed in these
anzlyses confirm structural iptegrity and are the
limits developed and accepted by the ASME for the

15 rcior to installation on the valve,/ These
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particular ASME Class of valve analyzed. |
The sivess hwits for operabils fy

ace pronded i foctrote 7 of
Table 3.9-2..

Dynamic load qualification is accomplished
in the following way:
‘\-.,r\co\\\g
(1) All the active valves arejdesigned to have

a fundamental frequency which is greater
than the high frequency asymptote (ZPA) of
the dynamic event. This is shown by
suitable test or analysis.

$

¢

(2) The actuator and yoke of the valye system
is statically loaded to an amoupt greater

than that due to a dynamic event. The
load is applied at the centeris= gravity
of the actuator alone in the direction of
the weakest axis of the yoke. The
simulated operational differential
pressure is simultanecously applied to the
valve during the static deflection tests.

The valve is then operated while in the
deflected positioa (i.c., 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.

3

Motor operators and other electrical
appuricnances necessary for operation are
qualified as operable during a dynamic
event by apprepriate qualification tests

mo opera ave individual
Seismic Category I supports attached tc
decr \ynamic loads between the

opel " valves themselves.

The piping, stress analysis, and pipe
support design maiotain the motor operator
accelerations beiow the gualification levels
with adequate margin of safery.

If the fundamental frequency of the valve,
by test or analysis, is less than that for the
ZPA, a dynamic analysis of the valveyperformed
to determine the equivalent accr’ . lion to be
applied during the static test. | .- analysis
provides the amplification of the input

e
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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 (Continued)

NOTES:
' ‘ IAS W)L b g ok 6
(6) Delered” 'y ]
sex gftachment To Table 3. )-2 *
6.;‘:" schue Closs L, Zond 3 ,,.im, ) {or 05 Sy) ¥
(7) For active Class 2 and 3 pumpshhc stresses are limited by criteria: Om =21.28Y and (om ;lp,n
or OL) + 0b <1.88 where the notations are as defined in the ASME Code, Section 11,
subsections, NC or ND, respectively. ™~ ( oy 1} Sy)

NEamd
(8) The most limiting load combination case among SRV(1), SRV(2) and SRV (ALL). For main stcam
and branch piping evaluation, additional loads associated with relief line clearing and

biowdown into the suppression pool are included.

(9) The most limiting load combination case among SRV(1), SRV(2) and SRV (ADS). See Note (8) for
main stcam and branch piping.

(10) The reactor coolant pressure boundary is evaluated using in the load combination the maximum
pressure expected to occur during ATWS.

- \(11) The piping systems that are qualified to the leak-before-break criteria of Subsection 3.6.3
are excluded from the pipe break events to be postulated for design against LOCA dynamic
effects, viz, SBL, IBL and LBL.

Normal (N) - Normal and/or abnormal loads associated with the system operating conditions,
including thermal loads, depeunding on acceptance criteria.

SOT System Operational Transient (sec Subsection 3.93.1).

10T Infrequent Operational Transient (see Subsection 3.9.3.1).

ATWS - Anticipated Transient Without Scram.

TSVC - Turbine stop vaive closure induced loads in the main steam piping and components

integral to or mounted thercor.

RBV Loads - Dynamic loads in structures, systems and components because of reactor building
vibration {RBV) induced by a dynamic event.

OBE BB\ loadsind i1 iplllliilllhlﬁ'i llﬂhqnlkl 2
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NOTES 6 & 12 FOR TABLE 3.9.2

(6) All ASME Code Class 1,2 and 3 Piping systems which are

essential for safe shutdown under the postulated events
are designed to meet the requirements of NUREG-1367
(Reference 7). Piping system dynamic moments can be
calculated using an elastic response spectrum or time

history analysis.

(12) For ASME Code 1,2 and 3 piping the following changes and
additions to ASME Code Section III Subsections NBE-3600,
NC-3600 and ND-3600 are necessary and shall be evaluated

to meet the following stress limits:
AJ t'tﬂ‘cl

v

(a) ASME Code Class 1 Piping:

/W\—v/
Seam* sz%%?h4¢ & 6.05m kp\fip (tz.ﬂ) \

B e
where: sﬂ”‘is the nominal value of seismic anchor motion stress

. is the combined moment range equal to the greater of
(1) the resultant range cf thermal and thermal
anchor movements plus one-half the range of the SSE
anchor motion, or (2) the resultant range of moment
due to the full range c¢f the SSE anchor motions

alone.
C;/Dpand 1 are defined in ASME Code Subsection NB-3600

M

SSE inertia and seismic anchor motion loads shall be included
in the calculation of ASME Code Subsection NB-3600 equations

(10) and (11).

(b} ASME Code Class 2 and 3 P?Efﬂii__,~.n-a—»«~f-«~-//
"Q‘ < 3.05,($2.05,)€q. (\ol)
T,

aJAeJ

Ssam* 4
where S, and M. are as defined in (a) above, and

i and Z are defined in ASME Code Subsections NC/ND-3600

SSr inertia and seimic anchor motion lcads shall not be
included in the calculation cf ASME Code Subsectiocns

NC/ND-3600 Equations (9) amd (10)and (11).
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