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‘ ABSTRACT

The primary containments for the Quad Cities Nuclear Power
Station Units 1 and 2 were designed, erected, pressure-tested,
and N-stamped in accordance with the ASME Boiler and Pressure
Vessel Code, Section III, 1965 Edition with addenda up to and
including Winter 1965 for the Conmonwealth Edison Company (CECo)
by the Chicago Bridge and Tron Company. Since then, new
requirements have been established. These reguirements affect
the design and operation of the primary containment system and
are defined in the Nuclear Regulatory Commission's (NRC) Safety
Evaluation Report, NUREG-0661. This report provides assessment
of containment design loads postulated to occur during a loss-
of-coolant accident or a safety relief valve discharge event.
In addition, it provides an assessment of the effects that the

postulated events have on containment systems operation.

This plant unigue analysis report (PUAR) documents the efforts

. undertaken to address and resolve each of the applicable
NUREG-0661 requirements. It demonstrates that the design of the
primary containment system is adequate and that original design
safety margins have been restored, in accordance with NUREG-0661
acceptance criteria. The Quad Cities 1 and 2 PUAR is composed
of the following seven volumes:

o Volume 1 - GENERAL CRITERIA AND LOADS METHODOLOGY
o Volume 2 - SUPPRESSION CHAMBER ANALYSIS

o Volume 3 - VENT SYSTEM ANALYSIS

o Volume 4 - INTERNAL STRUCTURES ANALYSIS

o Volume 5 - SAFETY RELIEF VALVE DISCHARGE LINE

PIPING ANALYSIS
o Volume 6 - TORUS ATTACHED PIPING AND SUPPRESSION

CHAMBER PENETRATION ANALYSES (QUAD
CITIES UNIT 1)

. COM-02-039-7

Revision 0 T-x
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o Volume 7 - TORUS ATTACHED PIPING AND SUPPRESSION
CHAMBER PENETRATION ANALYSES (QUAD
CITIES UNIT 2)

This volume documents the evaluation of the torus attached
piping and suppression chamber penetrations. Volume 1 through 4
and 6 and 7 have been prepared by NUTECH Engineers, Incorporated
(NUTECH) , acting as an agent to the Commonwealth Edison Company.
Volume 5 has been prepared by Sargent and Lundy (also acting as
an agent to Commonwealth Edison Company), who performed the
safety relief valve discharge lines (SRVDL) piping analysis.
Volume 5 describes the methods of analysis and procedures used
in the SRVDL piping analysis.
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7=1.0 INTRODUCTICN AND SUMMARY
In conjunction with Volume 1 of the plant unique
analysis report, this volume (Volume 7) documents the
efforts undertaken to address the requirements defined
in NUREG-0661 (Reference 1) which affect the Quad
Cities Unit 2 torus attached piping (TAP), including
large and small bore piping and supports, piping
equipment, and suppression chamber penetrations. The
terus attached piping Plant Unigue Analysis Report
(PUAR) is organized as follows:
o] INTRODUCTION AND SUMMARY
- Scope of Analysis
- Summary and Conclusions
(o) LARGE BORE PIPING
- Component Description
- Loads and Load Combinations
- Analysis Acceptance Criteria
- Methods of Analysis
- Analysis Results
(o) SMALL BORE PIPING
- Component Description
- Loads and Load Combinations
- Analysis Acceptance Criteria
- Methods of Analysis
- Analysis Results
COM-02~039-7
Revision 0 7=1.1
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PIPING SUPPORTS
Component Description
Loads and Load Combinations
Methods of Analysis and Acceptance C
Analysis Results
EQUIPMENT AND VALVES
Component Description
Loads and Load Combinations
Methods of Analysis and Acceptance Criteria
Analysis Results
SUPPRESSION CHAMBER PENETRATIONS
Component Description
Loads and Load Combinations
Analysis Acceptance Criteria
Methods of Analysis

Analysis Results

The introduction contains an overview discussion of the
scope of the TAP and suppression chamber penetration
evaluations as well as a summary of the results and
conclusions resulting from the evaluations presented in
later sections, Each of the analysis sections contains
a comprehensive discussion of the 1loads and 1load
combinations to be addressed, a description of the
piping components or penetrations affected by these

loads and load combinations, the methodology used to

COM-02-039-7
Revision 0
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evaluate the effects of the loads and load combina-
tions, and the evaluation results and acceptance limits
to which the results are compared to ensure¢ that the

design is adequate.
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7-1.1 Scope of Analysis ‘

The general criteria presented in Volume 1 are used as
the basis for the Quad Cities Unit 2 TAP and suppres-
sion chamber penetration evaluations described in this
report. The investigation includes an evaluation of
the large and small bore TAP, the related equipment
(pumps, valves, turbines), and piping penetrations for
the effects of loss-of-coolant accident (LOCA)-related
and safety relief valve (SRV) discharge-related loads
discussed in Volume 1 of this report, and defined by
the Nuclear Regulatory Commission's (NRC) Safety
Evaluation Report NUREG-0661 (Reference 1) and the
"Mark I Containment Program Load Definition Report"” ‘
(LDR) (Reference 2). Table 7-1.1-1 1lists the large

bore TAP systems and the associated penetrations.
Figure 7-1.1-1 shows the locations of the penetrations

on the torus.

The LOCA and SRV discharge loads used in this evalua-
tion are formulated using procedures and test results
which include the effects of the plant unique geometry
and operating parameters contained in the Plant Unique
Load Definition (PULD) report (Reference 3). Other
loads and methodology which have not been redefined by

NUREG-0661, such as the evaluation for seismic loads,

COM~02-039~7
Revision 0 7-1.4
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. are taken from the plant's Safety Analysis Report (SAR)

(Reference 4).

The evaluation includes performing a structural
analysis of the torus attached piping systems and
suppression chamrer penetrations for the effects of
LOCA-related zand SRV discharge-related loads to verify
that the design of the torus attached piping and
suppression chamber penetrations is adequate. Rigorous
analytical techniques are used in this evaluation,
utilizing detailed analytical models and refined
methods for computing the dynamic response of the torus
attached piping and penetrations, including considera-
‘ tion of the interaction effects of each piping system

and the suppression chamber.

The results of the TAP structural analysis for each
load are used to evaluate load combinations for the
piping, piping supports, equipment, and penetrations in
accordance with NUREG-0661 and the "Mark I Containment
Program Structural Acceptance Criteria Plant Unique
Analysis Applications Guide" (PUAAG) (Reference 5).
The analysis results are compared with the acceptance
limits specified by the PUAAG and the applicable
sections of the American Society of Mechanical
Engineers (ASME) Code for Class 2 piping and piping

COM=02-039-7
Revision 0 7-1.5
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supports, and for Class MC containment structures ‘

(Reference 6).
Evaluation of the piping for fatigue effects stipulated

in Volume 1 has been addressed generically for all Mark

1 plants by the Mark 1 Owners Group (Reference 7).

COM=-02-039-7

Revision 0 7=1.6
nutech



Table 7-1.1-1

IDENTIFICATION OF LARCE BORE TORUS ATTACHED

PIPING SYSTEMS AND ASSOCIATED PENETRATICNS

SYSTEM o g?iéciggiggzgr
TO PENETRATION
PRESSURE SUPPRESSION X-203A 2-1603-18"
ECCS SUCTION HEADER X-204A, B, C, D 2-1025-24"
VACUUM RELIEF X-205 2-1601-20"
RHR TEST LINE AND X-210A 2-1014A-14"
SPRAY HEADER DISCHARGE
FROM PUMPS 2A/2B X-211A 2-1017A-6"
RHR TEST LINE AND X-2108 2-1014B-14"
SPRAY HEADER DISCHARGE
FROM PUMPS 2C/2D X-2118 2-1017B-14"
CORE SPRAY 2A DISCHARGE |CONNECTING TO X-210B 2-1406-8"
CORE SPRAY 2B DISCHARGE |CONNECTING TO X-210B 2-1409-8"
RCIC TURBINE EXHAUST X-212 2-1313-8"
HPCI TURBINE EXHAUST X-220 2-2306-24"
HPCI POT DRAIN X-221 2-2309-2"
RCIC POT DRAIN X-222 2-1334-2"
CORE SPRAY 2A SUCTION C°g§§g§g§GH§2D§§CS 2-1401-18"
CORE SPRAY 2B SUCTION coggﬁggégcagggggcs 2-1402-18"
HECI PUMP SUCTION | “guceron REDeo - | 2-2302-16"
RCIC PUMP SUCTION co:ggggggcﬁggnggcs 2-1318-6"
RHR 2A/2B PUMP SUCTION cogggggggsﬂggbggcs 2-1015A-24"
RHR 2C/2D PUMP SUCTION °°§3§§§3§°H§gnggcs 2-1015B-24"

COM-02-039-7
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Figure 7-1.1-1
LARGE BORE TAP PENETRATION LOCATIONS
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Summary and Conclusions

An evaluation of the Quad Cities Unit 2 large and small
bore torus attached piping, piping supports, equipment
and valves, anu suppression chamber penetrations has
been performed as described in Sections 7-2.1 through

7-6010

The loads considered in the evaluation are described in
Sections 7-2.2, 7-3.2, 7-4.2, 7-5.2, and 7-6.2. They
include original loads as documented in the SAR plus
additional loadings which are postulated to occur
during a small break accident (SBA), an intermediate
break accident (IBA) or a design basis accident (DBA)
LOCA-related events, and during SRV discharge events as

defined in Volume 1.

Detailed structural models are developed and utilized
in calculating the response of the piping systems and
the suppression chamber penetration loads. A combina-
tion of static, dynamic, and equivalent static analyses
are performed and the results appropriately combined in
accordance with NUREG-0661 for evaluation. For selected
piping system components, the dynamic load responses
have been combined using the square root of the sum of

the squares (SRSS) technique. Results of the analyses

COM-02-039~-7
Revision 0 7-1.9
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are compared to the NUREG-0661 cri 3 ussed 1in

Volume 1., Resultant loadings on the ) ] equipment

ire compared to specified allowables,

The evaluation results show that the piping, piping
supports, equipment, and suppression chamber penetra-
tions meet the requirements of both NUREG-066]1 and the

manufacturers.,

COM=-02~039~7
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LARGE BORE PIPING

An evaluation of each of the NUREG-0661 requirements
which affect the design adequacy of the Quad Cities
Unit 2 large bore torus attached piping (TAP) is
presented in the following sections. The general
criteria used in this evaluation are contained in

Volume 1.

The component parts of the TAP systems which are
analyzed are described in Section 7-2.1. The loads and
load combinations fcor which the piping systems are
evaluated are described and presented in Section 7-2.,2.
The acceptance limits to which the analysis results are
compared are discussed and presented in Section 7-2.3.
The analysis methodolegy used to evaluate the effects
of the loads and load combinations on the piping
systems, including evaluation of fatigue effects, is
discussed in Section 7-2.4. The analysis results are

presented in Section 7-2.5.

COM-02-039-7
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Component Description

The large bore TAP for Quad Cities Unit 2 consists of
4" and larger nominal diameter piping, which penetrates
or is directly attached to the suppression chamber.
This section gives a general description of the large

bore TAP systems and theilr associated components.

Large bore TAP lines range in size from 4" to 24"
nominal diameter and have varying schedules. Most of
the piping consists of ASTM Al06, Grade B carbon steel
material. Table 7-1.1-1 lists the Quad Cities Unit 2
large bore TAP systems along with their associated
penetrations. Figure 7-1.1-1 shows the locations of

penetrations on the torus.

Large bore TAP may be grouped into two general catego-
ries: torus external piping and torus internal piping.
An example of a system with only torus external piping
is the pressure suppression system line. Typical
systems having both torus external and internal piping
are the high pressure coolant injection (HPCI) turbine
exhaust line, the reactor core isolation cooling (RCIC)
turbine exhaust line, and the residual heat removal
(RHR) test line. Figure 7-2.1-1 shows an isometric

view of a typical TAP system for Quad Cities Unit

@
nutech
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. In addition to the large bore systems described above,
selected small diameter piping systems are included in
this section since they have been analyzed using the
same methods applied to the large bore piping. These
systems are the torus internal portions of the

RCIC/HPCI po* drain lines.

The large bore piping suppression chamber penetrations
evaluated for Quad Cities Unit 1 are numbered and
located as shown in Figure 7-1.1-1. The principal
components of the penetrations are the nozzles, the
insert plates, and the "spider" reinforcements. The
nozzle extends from the outer circumferential pipe weld
. through the insert plate to the inner circumferential
pipe weld or flange. The insert plate and "spider"”
provide local reinforcement of the suppression chamber

shell near the penetration.

Bach penetration modification is designed to allow the
penetrations to sustain TAP reaction loads produced by
suppression chamber motions due to normal loads and
hydrodynamic loads, while keeping component stress
intensities below the specified allowable values.
Sufficient similarities exist in the penetrations'

diameters, geometries, locations on the suppression

COM-02-039-7
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chamber, reinforcements, and loadings to allow some

grouping for analysis. .
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7-2.1.1 Torus External Piping .

The torus external piping initiates at the ECCS suction
header or at the penetration no.zles which are
connected to the torus shell through insert plates, and
terminates at anchor supports or equipment within the
reactor auxiliary building. From the torus, the lines
typically extend up to the building slab at an
elevation of 595'-0"; however, some lines extend up to

slabs at elevations of 623'-0" and 647'-6".

The external piping is supported by hangers, rigid
restraints, guides, and snubbers attached to building
slabs or walls, or to main structural steel in the

building. Figures 7-2.1-2 and 7-2.1-3 1illustrate .
typical pipe supports outside the torus. Other
components on these lines are valves and standard pipe
fittings. valve types are gate valves, swing check

valves, and nozzle type relief valves.

Smaller lines branching off the large bcre TAP are
discussed in Section 7-3.0. Piping supports are
described in Section 7-4.0. Eguipment such is valves,
pumps, and turbines are described in Section 7-5.0.
The suppression chamber penetrations are described in

Section 7-6.0.
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‘ 7-2.1.2 Torus Internal Piping

Piping internal to the torus may be categorized into

three basic configurations:

a) Short penetration nozzles projecting inside the
torus. Typical examples of this type of con-
figuration are the wvacuum relief, pressure
suppression, and the emergency core cooling system
(ECCS) . The ECCS nozzles have a strainer
connected to their inner nozzle flange. Figure
7-2.1-4 shows a typical penetration and strainer,

which is reinforced for Mark I loads.

b) A short segment of piping inside the torus. In
some cases, these short segments are supported by
a plate strut assembly attached to the torus shell

or to the ring girders (Figure 7-2.1-5).

c) A long length of pipe running through more than a
single torus bay and supported at the ring girders

(Figure 7-2.1-6).

Supports for the torus internal piping are discussed in

Section 7-4.0
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Loads and load combinations which are applied to the .

large bore TAP described above are presented in the

following sections.
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7=2.2 Loads and Load Combinations
The loads for which the Quad Cities Unit 2 TAP is
designed are defined in NUREG-0661 on a generic basis
for all Mark I plants. The methodology used to develop
plant unique TAP loads for each load defined in NUREG-
0661 is discussed in Volume 1. The results of applying
the methodology to develop specific values for each of
the controlling loads which act on th: piping are
discussed and presented in Section 7-2.2.1.
Using the event combinations and event sequencing
defined in NUREG-0661 and discussed in Volume 1, the
governing load combinations which affect the torus
attached piping are formulated. The load combinations
are discussed and prerented in Section 7-2.2.2.
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. 7-2.2.1 Loads

The loads acting on the TAP are categorized as follows:

1. Dead Weight Loads

2. Seicmic Loads

3. Pressure and Temperature Loads

4. Operating Loads

5. Static Torus Displacement Loads

6. Safety Relief Valve Discharge Loads
Ts Vent Clearing Loads

8. Pool Swell Loads

9. Condensation Oscillation Loads

. 10. Chugging Loads

11. Torus Motion Loads

Loads in Categories 1 through 4 are considered in the
piping design as documented in the SAR (Reference 4).
The SAR loads considered in the piping evaluations are
those normal loads which are combined directly with
Mark I loadings (LOCA and SRV discharge) as well as SAR
loads considered for evaluation of system design and
test conditions. Loads in Category 5 are displacements
resulting from torus internal pressure or water dead
weight during both normal and accident conditions.

Loads in Category 6 result from SRV discharge events.
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Loads 1n Categories 7 through 10 result

from postulated

LOCA events, Loads 1n Category 11 consist of torus

inertial and displacement responses due

loads acting on the torus,

to hydrodynamic

Not all of the loads defined in NUREG-0661 and the SAR

need be examined, since some are enveloped by

have a negligible effect on the torus attached

Only those loads which cause the

others oOr

piping.

maximum piping

response and lead to controlling stresses are examined

and discussed. The loads are referr=d

loads in the following sections.

The magnitudes and characteristics of

to as governing

the governing

loads in each category, obtained using the methodology

discussed in Volume 1, are identified and

presented

the following paragraphs. The corresponding section

Volume 1 where the loads are discussed
Table 7-2.2-1. The loading information

this section 1s the same as that presented

with additional specific information

evaluation of the TAP systems.

Dead Weight (DW) Loads

These loads ‘ine the

tributed weight of the pipe

COM-02-039-7
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is provided

uniformly

insulation,
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1in Volume
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. the concentrated weight of piping supports,
hardware attached to piping, valves, and
flanges. Also included is the weight of the

contents of the torus attached piping.
2. Seismic Loads

a. OBE Inertia (OBE;) Loads: These loads are
defined as the horizontal and vertical accel-
erations acting on the TAP during an operat-
ing basis earthquake (OBE). The loading is
taken from the design basis for the piping as
documented in the safety analysis report.

‘ Horizontal building response spectra at two
different elevations which represent piping
attachment points are utilized for the N-S

and E-W direction OBEp inputs.

b. OBE Displacement (OBEp) Loads: These loads
are definea as the maximum horizontal and
vertical relative seismic displacements at
the piping attachment points during an
operating basis earthquake. The loading is
taken from the design basis for the piping,

as documented in the safety analysis
. COM-02-039-7
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SSE Inertia (SSEy) Loads: These loaa are
defined as the horizontal and vertical
accelerations acting on the pilpling d4during

safe shutdown earthquake (SSE). T'he loading
is taken from the design basis for the
piping, as documented in the safety analysis
report, Horizontal building the response
spectra curves he N-S and E-W, and
vertical directions SSE; 1nputs are twice the

corresponding OBE; 1nputs.

SSE Displacement (SSEp) Loads: These loads
are defined as the maximum horizonta. and
vertical relative seismic displacements at

the piring attachment points during a safety

shutdown earthquake. The SSEp displacements

are twice the corresponding OBEp displace-
ments. Table 7-2.2-2 provides the SSE
relative displacements in the N-S, E-W, and

vertical directions,

COM=-02~039-7
Revision 0




. 3. Pressure and Temperature Loads

a. Pressure (P,, P} Loads: These loads are
defined as the maximum operating internal
pressure (P,) and design condition pressure
(P), in the torus attached piping. Table
7-2.2-3 lists values of P, and P used in the

analysis.

b. Temperature (TE, TEl) Loads: These loads are
defined as the thermal expansion (TE) of the
piping associated with temperature changes
occurring during normal operating conditions,

‘ and the thermal expansion (TE;) of the piping
associated with temperature changes occurring
during accident conditions. Table 7-2.2-3
lists pipe temperatures for TE and TE, used

in the analysis.

Effects of thermal anchor movements at the
torus penetrations, torus supports, and
external anchors (e.g., pumps, turbines, and
drywell penetrations) are also included in
the analysis. The piping thermal anchor
movement loadings are categorized and

designated as follows:
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1. THAM -~ Piping thermal anchor movement
during normal operating condi-
tions (NOC), and

2. THAM;| - Piping thermal anchor movement

during accident conditions,
4. Operating (OL) Loads

These loads are defined as line operating thrust

loads due to discharge of piping contents inside

the torus. The loads are applicable to the HPCI

turbine exhaust, the RCIC turbine exhaust, and the

RHR test lines. ‘

5. Static Torus Displacement Loads

These loads are defined as the torus displacement
loads due to dead weight of the torus, weight of
water in the torus, and normal operating and

accident coudition pressures.

a. T - These are the torus displacements
due to normal operating pressure,
dead weight of the torus, and the

weight of water in the torus,

&
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TDI -

TDZ -

TD3 -

These are the torus displacements
due to torus internal pressure
during SBA conditions, dead weight
of the torus, and the weight of

water in the torus.

These are the torus displacements
due to torus internal pressure
during IBA conditions, dead weight
of the torus, and the weight of

water in the torus.

These are the torus displacements
due to torus internal pressure
during DBA conditions, dead weight
of the torus, and the weight of

water in the torus.

Safety Relief Valve Discharge (QAB) Loads

These loads are defined as the transient pressures

which act on the submerged portion of the TAP and

supports in the torus during a SRV discharge. The

SRV discharge loads consist of the following:

7"2.21
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water Jet Impingement Loads: During the
water clearing phase of a SRV discharge
event, the submerged TAP and supports are
subjected to transient drag pressure loads.
The procedure used to develop the transient
forces and spatial distribution of these

loads is discussed in Volume 1.

Air Bubble Drag Loads: puring the air
clearing phase of a SRV discharge event,
transient drag pressure loads are postulated
to act on the submerged TAP and supports.
The procedure used to develop the transient
forces and spatial distribution of these

loads is discussed in Volume 1.

Loads are developed for several possible
patterns of air bubbles for both single and
multiple T-quencher discharge cases. The
results are evaluated to determine the

controlling loads.

vent Clearing (VCL and VCLO) Loads

These loads are defined as the transient pressure

loads acting on the submerged portion of TAP and

7-2.22
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supports during the water and air clearing phase
of a DBA event. They are defined for two
conditions: those with a differential pressure
( AP) between the drywell and wetwell (vCL) and

without the differential pressure (VCLO).

a. LOCA Water Jet Impingement Loads: During the
water clearing phase of a DBA event, the
submerged portion of the TAP and supports are
subjected to transient impact and drag
pressure loads. The procedure used to
develop these transient drag forces is

discussed in Volume 1.

b. LOCA Air Bubble Drag Loads: During the air
clearing phase of a DBA event, the submerged
portions of the TAP and supports are sub-
jected to transient drag pressure loads. The
procedure used to develop these transient

drag forces is discussed in Volume 1.
8. Pool Swell (PS and PSO) Loads

These loads are defined as the transient pressure
loads which act on the torus internal piping and

supports. They are defined for two cases: those

COM~02-039-7
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with a differential pressure between the drywell .
and wetwell (PS) and those without the differen-

tial pressure (PSO).

a. Impact and Dray Loads: During the initial
portion of a DBA event, the TAP and supports
within the torus are subjected to transient
pressures. The procedure used to develop
these pressure transients is discussed in

Volume 1.

b. Froth Impingement Loads: During the LOCA
pool swell event, the TAP and supports within
the torus are subjected to transient pres-
sures, The procedure used to develop these '

pressure transients is discussed in Volume 1.

C. Pool Fallback Loads: During the later phase
of pool swell, the TAP and supports within
the torus are subjected to transient
pressures. The procedure used to develop
these pressure transients is discussed in

Volume 1.
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9. Condensation Oscillation (CO) Loads

During the CO phase of a DBA event, the submerged
portion of the TAP and supports within the torus
are subjected to harmonic velocity and accelera-
tion dray pressures. The procedure used to
develop the harmonic drag loads is discussed in
Volume 1. Included are acceleration drag loads

due to torus fluid-structure interaction (FSI).
10. Chugging Loads

a. Pre-Chug (PCHUG) Loads: These loads are
defined as single harmonic velocity and
acceleration drag loads, including accelera-
tion drag loads due to torus FSI effects,
acting on the submerged portion of the TAP
and supports during the pre-chug phase of a
SBA, 1IBA, or DBA event. The procedure used
to develop the pre-chug loads on these com=-

ponents is discussed in Volume 1.

b. Post-Chug (CHUG) Loads: These loads are
defined as harmonic velocity and acceleration
drag loads, including acceleration drag loads

due to torus FSI effects, acting on the
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submerged portion of TAP and supports during
the post-chug phase of a SBA, IBA, or DBA
event. The procedure used to develop the
post-chug loads on these components is

discussed in Volume 1.

Torus Motion Loads

These loads are defined as the inertia and dis-

placement effects at the TAP attachment points on

the suppression chamber due to loads acting on the

suppression chamber shell.

a.

SRV Torus Motion Loads:

1. QAB1 - These are the inertia effects
of torus motions due to SRV

T-quencher discharge loads.

26 QAB - These are the displacement
etfects of torus motions due
to SRV T-quencher discharge

loads.
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b. Pool Swell Torus Motion Loads:
1. PS; and PSSOy - These are the 1inertia
effects of torus

2. PSD and PSOD -

motions due to pool
swell loads for operat-
ing AP and zero AP ,
respectively

These are the displace-
ment effects of torus
motions due to pool
swell loads for operat-
ing AP and zero AP ,

respectively.

C, Condensation Oscillation Torus Motion Loads:

1. COI -

These are the inertia effects

of torus motions due to CO
loads.

2. COp - These are the displacement
effects of torus motions due
to CO loads.

7-2.27
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d. Pre-Chuyg Torus Motion Loads: ‘

1. PCHUG; - These are the inertia effects
of torus motions due tc pre-

chug loads.

2. PCHUGp - These are the displacement
effects of torus motions due

to pre-chug loads.
e. Post-Chug Torus Motion Loads:
l. CHUG; - These are the inertia effects

of torus motions due to post- ’
chug loads.

2, CHUG, =~ These are the displacement
effects of torus motions due

to post-chug loads.

COM=02-039-7
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Table 7-2.2-1

TORUS ATTACHED PIPING LOADING

IDENTIFICATION CROSS-REFERENCE

LOAD DESIGNATION
VOLUME 1
LOAD LOAD REFERENCE NUMBER
CATEGORY CASE NUMBER
DEAD WEIGHT 1 1-3.1
SEISMIC 2 1=3.1
PRESSURE AND
T 3 $e3.3; e X8
OPERATING 4 1-3.1
STATIC TORUS
b ey PR 5 bed.l: 1ol 1.1
SRV DISCHARGE 6 1<4.2.2, 1=4.2.4
VENT CLEARING 7 $=d.1.5, 1=6.1.6
POOL SWELL 8 Yob. 3. 4.3, 1e6.3.4.3, 3=8:1.4.8
CONDENSATION =
OSCILLATION 9 1-4.1.7.3
CHUGGING 10 1-4.1.8.3
TORUS MOTION 11 Yelid: k.2
COM=02-039=7
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LOCATION

ELEVATION

OBE DISPLACEMENT

(in phase)

RELATIVE TO BASE

N - S
(inches)

E - W
(inches)

REACTOR
BUILDING

552'-0"
571" 6"
595'-0"
623'=0"
647'=6"
666'~6"
690'-6"
711*-9"
736'-9"

FIXED
0.02
0.02
0.05
0.07
0.07
.07
.14
.41

FIXED

0.C

—

TURBINE
BUILDING

615'-6"
626'~-6"
639'-0"

02
.05
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Table 7-2.2-3

LARGE BORE PIPING SYSTEM DESIGN DATA

MAXIMUM OPERATING

omaL s e DESIGN CONDITIONS
SYSTEM TENPERATURE CONTENTS
©F) PRESSURE |TEMPERATURE| PRESSURE |TEMPERATURE
(psig) (Py) (OF) (psig) (P) (°F)
PRESSURE SUPPRESSTON 90 35 165 55 285 AIR
——- —
ECCS SUCTION HEADER 90 35 165 55 285 WATER
VACUUM RELIEF 90 35 165 55 "85 AIR
RHR TEST LINE AND
SPRAY HEADER DISCHARGE 90 180 280 415 400 WATER
FROM PUMP 2A/2B AND 2C/2D
RCIC TURBINE EXHAUST 280 35 280 150 360 -
HPCI TURBINE EXHAUST 240 50 295 150 300 e
HPCI POT DRAIN 145 60 145 60 285 WATER
RCIC POT DRAIN 160 35 160 150 200 WATER
RHR PUMP 2A/2B AND ]
e 90 35 165 55 285 WATER
CORE SPRAY 2A/2B
PUMP_SUCTION "~ R T 55 285 WATER
HPCI PUMP SUCTION 96 35 165 55 285 WATER
RCIC PUMP SUCTION 90 35 165 55 285 WATER




7-2.2.2 Load Combinations .

The loads for which the TAP systems are evaluated are
presented in Section 7-2,2.1. The NUREG-0661 criteria
for grouping the loads into load combinations are

discussed in Volume 1.

Table 7-2.2-4 shows that the load combinations speci-
fied in NUREG-0661 for each event can be expanded into
many moce load combinations than those shown. However,
nct all load combinations for each event need be
examined, since many have the same allowable stresses
and are enveloped by others which contain the same or
additional loads. Many of the load combinations listed
in Table 7-2.2-4 are actually pairs of load ‘
combinations with all of the same loads except for
seismic loads. The first load combination in the pair
contains OBE loads, while the second contains SSE

loads,

The governing load combinations for torus attached
piping are presented in Table 7-2.2-5. Table 7-2.2-6
presents the basis for establishing the governing

loading combinations,

COM-02-039~7 ‘
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‘ Stress allowables corresponding to the following
service Levels are used for evaluation of the torus

attached piping:

A - Design conditions,

B - NOC including SRV discharge,

C - NOC including SRV discharge, plus seismic loads or
SBA conditions including SRV discharge, and

D - SBA, IBA, and DBA conditions including SRV dis-

charge plus seismic loads.

Also included in the list of governing load combina-
tions are four combinations which do not result from
‘ the 27 event combinations listed in Table 7-2.2-4.
These are: Load Combination A-1, which relates to the
design pressure plus dead weight condition; Load
Combinations A-2 and B-1, which include the combination
of normal and seismic loads; and Load Combination T-1,
which relates to the hydrostatic test condition.
Evaluation of Load Combination T-1 is a requirement of
the ASME Code (Reference 6). Load Combinations A-1l,
A-2, and B-1 are consistent with the requirements as

specified in the SAR (Reference 4).

The normal SAR loads included in the loading combina-

tions are assumed to occur simultaneously with the

COM~02-039-7
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NUREG-(0661 loads for the LOCA event sequence defined 1in

the LDR (Reference 2).

The appropriate ASME Code equations for the torus

attached piping are also provided in the governing load

combination table.

Each of the listed governing load combinations for the
torus attached piping as provided in Table 7-2.2-5 has
been considered in the analysis methods described in

Section 7-2.4.
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Table 7-2.2-4

EVENT COMBINATIONS AND ALLOWABLE LIMITS

FOR TORUS ATTACHED PIPING
: sBa SBA + BQ t-. + SRY ¢+ BO I
sav . I8A ¢+ B0 BAs IBA + Sav +» 20| oea DBA ¢+ BQ » DBA + SERV + B0
EVENT COMBINATIONS .
) C0, » 8 JCo | o}
cn co, oM co,cn J(i)jcm | es co, culesion |rs co, o
TYPE OF EARTHQUAKE ols oisjols ojsjols elsjels elsjels
COMBINATION NUMBER sfalafals)islzlonlsfoafanfaafasfaafasfas]irfanfas]aofar]22]2afaafasfae]ar
NORMAL (2) L] x x N x i x x x x X x = x x x X x x x x x x x x X x
EARTHOUAKE 0 x| x sizlisls x| x)x]|x s lx|x]x fxlx|x
SRV DISCHARGE swy x x x x x x x x x x X N x x x
THERMAL Ta x x x x x x|l x B x * * x x x x x - > x x hl x x x x -
LADS PIPE PRESSURE " x x x x x l x x x x Al x x x xXix K x x o x As x x x x x
LOCA POOL SWELL Pps x x| x x x| x|
T R JEBE |« |- . x .
LOCA CHUCGING e, x| x x x| x x x| x x x| x
STRUCTURAL ELEMENT ROW
iejsjnjelninjeinlnlolnln|nln|nlnlolalnlalsleln|n]lnloln]ls
.'“'."m” 5 WITH IBA/DBA LA CRH) LAY R AN REES REHY RE RN RO RO O R e e e i i il i g om
SYSTEMS 11 L] L) 8 ® ® L] » L] L] ) B B - - - - - - - - - - - -
.- ]l @lolmmlwolwololo
12isjcjofojojojojolojojojojojojojolololololo]lojolo]loln]le
¥ITH IBA/DBA Siisitspsifsijesi s st e lesa s fesajesifisil esalesi e s s e o L e e Lesa L e esy
MNONESSENTIAL
PIPING = ——
SYSTENS (B} c cjo pjo o 0 o 1] 1 0 o - - - - - - - - - - - -
WITH SBA sl fesi fesa e es
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(1)

(2)
(3)

(4)

(5)

NOTES TO TABLE 7-2.2-4

REFERENCE 1 STATES “"WHERE A DRYWELL-TO-WETWELL PRESSURE DIFFERENTIAL IS NORMALLY
UTILIZED AS A LOAD MITIGATOR, AN ADDITIONAL EVALUATION SHALL BE PERFORMED WITHOUT
SRV LOADINGS BUT ASSUMING THE LOSS OF THE PRESSURE DIFFERENTIAL." SERVICE LEVEL
D LIMITS SHALL APPLY FOR ALL STRUCTURAL ELEMENTS OF THE PIPING SYSTEM FOR THIS
EVALUATION. THE ANALYSIS NEED ONLY BE ACCOMPLISHED TO THE EXTENT THAT INTEGRITY
OF THE FIRST PRESSURE BOUNDARY ISOLATION VALVE IS DEMONSTRATED."

REFERENCE 1 STATES “NORMAL LOADS (N) CONSIST OF DEAD LOADS (D).*

REFERENCE 1 STATES "AS AN ALTERNATIVE, THE 1.2 Sy LIMIT IN EQUATION 9 OF NC-3652.2
MAY BE REPLACED BY 1.8 Sy, PROVIDED THAT ALL OTHER LIMITS ARE SATISFIED. FATIGUE
REQUIREMENTS ARE APPLICABLE TO ALL COLUMNS, WITH THE EXCEPTION OF 16, 18, 19, 22,
24 AND 25."

REFERENCE 1 STATES "FOOTNOTE 3 APPLIES EXCEPT THAT INSTEAD OF USING 1.8 Sy IN
EQUATION 9 OF NC-3652.2, 2.4 Sy IS USED."

REFERENCE 1 S'TATES "EQUATION 10 OF NC WILL BE SATISFIED, EXCEPT THAT
FATIGUE REQUIREMENTS ARE NOT APPLICABLE TO COLUMNS 16, 18, 19, 22, 24 AND 25 SINCE
POOL SWELL LOADINGS OCCUR ONLY ONCE. 1IN ADDITION, IF OPERABILITY OF AN ACTIVE

COMPONENT IS REQUIRED TO ENSURE CONTAINMENT INTEGRITY, OPERABILITY OF THAT COMPONENT

MUST BE DEMONSTRATED."
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Table 7-2.2-5

COVEPRNING LOAD COMBINATIONS - TORUS ATTACHED PIPING

NUREG-0661 (2)
LOAD (1,5,6) it
COMBINATION LOAD C “BINATIONS s CODE
NUMBER EQUATION
A-1 P + DW + OL 8
A-2 TE + THAM + TD + OBED 10(3)
A-3 TE + THAM + TD + QABD . SSED 10‘3)
A-4 TEI + THAHI A TDl or TDZ or 103 + PCHUGD + QABD - SSED 10(3)
A-S TE, + THAM, + TD, or TD, or TP, + CHUG_ + QAB_ + SSE 10(3)
(7) 1 1 1 2 3 D D D (3
A-6 ‘!‘El + ’l'HAMl + T03 + PSOD 10
A-7 TE, + THAM, + TD, + PS_. + QAB_ + SSE 10(3)
(4) 1 1 3 D D D (3)
A-8B 'I‘E1 + THAMI N T03 - COD v OBED 10
B-1 PO + DW + OBEI + OL 9
n-2 P°+WOQAB+QABI+OL 9
c-1 Po + DW + QAB + QABI + SSEI + OL 9
c-2 Po + I'W + PCHUG + P(,‘I'IUGI + QAB + QABI + OL 9
c-3 Po + DW + CHUG + (‘HUGI + QAB + QABI + OL 9
D—l(a) Po + DW + PCHUG + P(‘HUGI + QAB + QABI + SSEI + OL 9
p-2(8) P, + DW + CHUG + CHUG, + OAB + QAB, + SSE_ + OL 9
D-3(7) Po + DW + PSO + l"SOI + VCLO + OL 9
D-l(a) Po + DW + PS + PSI + VCL + QAB + QABI - SSEI + OL 9
0—5(4) Po + DW + CO + CUI - OBEI + OL 9
1‘-1‘9) 1.25P + DW 8
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NOTES TO TABLE 7-2.2-5

SEE SECTION 7-2.2.1 FOR DEFINITION OF INDIVIDUAL LOADS.
EQUATIONS ARE DEFINED IN SUBSECTION NC-3650 OF THE ASME CODE (REFERENCE
AS AN ALTERNATE, MEET EQUATION 11 OF THE ASME CC"E (REFERENCE 6).

FOR THE DBA CONDITION, SRV DISCHARGE LOADS NEED NOT BE COMBINED WITH CO
AND CHUGGING LOADS.

SEE SECTION 7-2.2.3 FOR COMBINATION OF DYNAMIC LOADS.
ONLY GOVERNING LOAD COMBINATIONS FROM TABLE 7-2.2-4 ARE CONSIDERED HERE.
ONLY PIPING OUT TO THE FIRST ISOLATION VALVE NEEDS TO BE EVALUATED.

THE LARGER OF LOCA AND SSE COMBINED BY THE SRSS METHOD OR LOCA AND OBE
COMBINED BY THE ABSOLUTE SUM METHOD IS USED.

HYDROSTATIC TEST CONDITION. DW FOR ALL LINES SHALL BE WITH LINES FULL
OF WATER AT 70°F.




Table 7-2.2-6

BASIS FOR GOVERNING LOAD COMBINATIONS -
TORUS ATTACHED PIPING

NT
EVENT GOVERNING S
COMB INAT ION
COMBINATION LOAD DISCUSSION s s
NUMBER (1) | COMBINATIONS (2)
BASIS
N ol SECONDARY STRESS sOUNDED ok
' 8Y EVENT COMBINATION NUMBER 3.
? vt SECONDARY STRESS BOUNDED BY ok
EVENT COMBINATION NUMBER 1. (
3 c-1, A3 N/A N/A
TBA BOUNDED BY EVENT COMBINA~-
.5 N/A TION NUMBER 15 AND SBA BOUNDED (3b)
: = BY EVENT COMBINATION NUMBER 11,
BOUNDED BY EVENT COMBINATION
6,8,12 N/A RS AL (3b)
BOUNDED BY EVENT COMBINATION
7,9,13 N/A el (3b)
IBA BOUNDED BY EVENT COMBINA-
10 N/A TION NUMBER 15 AND SBA BOUNDED (3b)
11,
S Ce2, C-3 FOR SBA ONLY. IBA BOUNDED BY (33)
A-4, A=5 EVENT COMBINATION NUMBER 15.
D=1, D=2
1s A4, A-3 b i
Y SECONDARY STRESS BOUNDED BY
i D=1, 83 EVENT COMBINATION NUMBER 15 (3a)
BOUNDED BY EVENT COMBINATION
16,18,22 N/A g (3b)
BOUNDED BY EVENT COMBINATION
19 N/A NUMBZR 28. (3b)
BOUNDED BY EVENT COMBINATION
17,20,23 N/A e ok (3b)
SOUNDED BY EVENT COMBINATION
21 N/A AT (3b)
SECONDARY STRESS BOUNDED BY
H 0-3, D-4 EVENT COMBINATION NUMBER 25. (3a)
D=3, A-6 -
28 et N/A
FOR CO ONLY, DBA CHUGGING
BOUNDED BY EVENT COMBINATION
26 D=5, A-8 NUMBER l4. SECONDARY STRESS (IB)
BOUNDED BY EVENT COMBINATION
NUMBER 27.
DBA CHUGGING BOUNDED BY
EVENT COMBINATION NUMBER 15.
7 A=4, A3 EVALUATE FOR SECONDARY (3b)
STRESS ONLY.
COM=-02-039-7
Revision 0 7-2.39
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NOTES TO TABLE 7-2.2-6

EVENT COMBINATION NUMBERS REFER TO THE NUMBERS USED IN TABLE 7-2.2-4.
GOVERNING LOAD COMBINATIONS ARE LISTED IN TABLE 7-2.2-5.

EVENT COCMBINATION GOVERNING BASIS:
a. THE GOVERNING EVENT COMBINATION CONTAINS SSE LOADS WHICH BOUND OBE LOADS.

b. THE GOVERNING EVENT COMBINATION CONTAINS MORE LOADS WHILE THE ALLOWABLE
LIMITS ARE THE SAME.



7-20203

Combination of Dynamic Loads

The methods used in the analyses for combining dynamic
loads are based on NUREG-04384, "Methodology for
Combining Dynamic Responses" (Reference 8). As
described in NUREG-0484, when the time-phase relation-
ship between the responses caused by two or more
sources of dynamic loading is undefined or random, the
peak responses from the individual loads are combined
by absolute sum (except for combined SSE and LOCA
loads) . The peak responses which result from SSE and

LOCA loads are combined using the SRSS technique.

As an alternate, when the absolute sum method of
combining dynamic loads produces excessively
conservative results, the dynamic loads are combined

using the SRSS method, as permitted by Reference 9.

COM-02-039-7

Revision 0 7=-2.41
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Acceptance Criteria

The acceptance criteria defined in NUREG-0661 wupon
which the Quad Cities Unit 2 TAP analysis is based are
discussed in Volume 1. In general, the acceptance
criteria follow the rules contained in the ASME Code,
Section III, Division 1 wup to and incluaing the
1977 Summer Addenda for Class 2 piping (Reference 6).
The corresponding service level limits and allowable
stresses are also consistent with the requirements of
the ASME Code and NUREG-0661. The torus attached
piping is analyzed in accordance with the requirements
for Class 2 piping sy.tems contained in Subsection NC
of the Code. Table 7-2.3-1 lists the applicable ASME
Code equations and stress limits for each of the

governing piping load combinations.

COM=02-039~7
Revision 0 7-2.42
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Table 7-2.3-1

APPLICABLE ASME CODE EQUATIONS AND
ALLOWABLE STRESSES FOR TORUS ATTACHED PIPING

ALLOWABLE ST TS
ASME CODE| SERVICE STRESS VALUE GOVERNING LOAD

EQUATION LEVEL - ksi COMBINATION
NUMBER (3) NEN L ((4)) NUMBER(1)

STRESS
TYPE

PRIMARY A 15.0/18.

PRIMARY B 18.0/22.

PRIMARY . 27:0/33. . THROUGH

PRIMARY 36.0/44. THROUCH

SECONDARY . 23.3/21. THROUGH

PRIMARY
AND 37.5/46. (2)

SECONDARY

(1) GOVERNING LOAD COMBINATION NUMBERS ARE LISTED IN
TABLE 7-2.2-5.

SEE ASME CODE, SECTION III, SUBSECTION NC, PAPAGRAPH
NC-3652.3 (REFERENCE 6) FOR COMBINATION OF LOADS.

INCREASED ALLOWABLES AS DEFINED IN NUREG-0661 (REFERENCE 1)
HAVE BEEN UTILIZED FOR PIPING SYSTEMS WHICH HAVE BEEN
CLASSIFIED AS NON-ESSENTIAL.

CARBON STEEL/STAINLESS STEEL.

COM-02~039~7
Revision 0




Methods of Analysis

This section describes

evaluate the large

torus both

of the governing loads

As described

torus internal

using the analytical

Table 7=-2.4~-1

technigues used 1in

each lcading.

The methodology used

of the TAP systems 18

The methodology used

governing load

analysis results for

limits 1s discussed 1n

7-2.4.4. The approach

1
4

is presented in Section

A standard, commercila

computer code, PISTAR,

system analyses. The

well known SAP computer

COM=-02-039-7
Revision 0

bore

internally and

in Section 7-2.1,
piping systems have
methods
summarizes

analyzing

to

combinations

comparison

the methods of analysis used to

piping systems attached to the

externally, for the effects

as described in Section 7-2.2.

selected small diameter

also been evaluated

descriped in this section.

the specific analytical

1

the piping systems for

develop the structural models

presented in Section 7-2.4.1.

to obtain results for the

and to evaluate the

with the acceptance

Sections 7-2.4.2, 7-2.4.3, and

4

used to address fatigue effects

7-2.4.5.

lly available piping analysis

is used 1n performing the plping

computer code 1s based on the

program, and has been verified




using ASME benchmark problems. The PISTAR program
performs static, modal extraction, response spectrum,
and dynamic time-history analyses of piping systems.

It also performs the ASME Code, Section III piping

evaluation.

COM=-02-039-7

Revision 0 7=2.45
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Table 7-2.4-1

SUMMARY OF ANALYSIS METHODS FOR
LARGE BORE TOPUS ATTACHED PIPING

LOAD CASE

4 T b
NUMBER ANALYSIS METHOD

4 STATIC

2a RESPONSE SPECTRUM
2b STATIC

2¢c PESPONSE SPECTRUM
24 STATIC

la
3a
3b
3b
3ib
ib
4

O 0 nun u u
I I I s
¥ » » ¥ ¥ O
"M 3 5 N N
MO M MM
0O O 0 0 0

Sa STATIC
5b STATIC
Sc STATIC
sd STATIC
EQUIVALENT STATIC
EQUIVALENT STATI
EQUIVALENT STATIC
pynanuzc )
pynamzrc 3!
pynamrc 3’
COUPLED DYNAMIC/MRSM ‘2
starrc'Y
COUPLED DYNAMIC/MRSM
staric 'Y

co. COUPLED DYNAMIC/MRSM '*
" (4)

e |
(<)

STATIC
PCHUG L 1¢ COUPLED DYNAMIC/MRSM'

I oy
PCRUG,, starrc'd)

CHUG, ‘ COUPLED DYNAMIC/MRSM'Z2

CHUG, staric'd)

COM-02-039-7
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NOTES TO TABLF 7-2.4-1

THE EFFECTS OF INTERNAL PRESSURE ARE EVALUATED UTILIZING THE TECHNIQUES
DESCRIBED IN SUBPARAGRAPH NC-3650 OF THE ASME CODE, SECTION III (REFERENCE 6).

THE COUPLED DYNAMIC ANALYSIS METHOD FOR TORUS MOTION LOADS AS DESCRIBED IN
SECTION 7-2.4-4 HAS BEEN UTILIZED FOR ALL PIPING SYSTEMS LISTED IN TABLE 7-1.1-1
EXCEPT LINES X-223A, X-223B, X-224A, X-224B, X-225, AND X-226. FOR THESE

LINES, THE MULTIPLE RESPONSE SPECTRUM METHOD (MRSM) 1S USED.

A DETAILED DESCRIPTION OF THE ANALYSIS METHODS USED FOR THIS LOADING IS
PRESENTED IN SECTION

DISPLACEMENT LOADS ARE APPLIED SEPARATELY WHEN INFERTIA LOADS ARE ANALYZED BY
MRSM. FOR THE COUPLED DYNAMIC METHOD, BOTH THE INERTIA AND DISPLACEMENT LOADS
ARE INCLUDED IN THE ANALYSIS.



Piping Analytical Modeling

The structural models used in the analysis of the large
bore TAP fall into the following ¢two categories:
piping models which represent systems with only torus
external piping, and piping models which include both
torus internal and torus external pilpilng. Figure
7-2.4-1 shows a representative GCtOrus internal and

extcrnal piping model.

The piping systems are modeled as multi-degree of
freedom (DOF), finite element systems consistlng

straight and curved beam elements using a lumped mass

formulation. sufficient detail is used to accurately

represent the dynamic behavior of the piping systems
for the applied loads. Flexibility and stress
intensification factors based on the ASME Code, Section
[II, Class 2 piping requirements are also included in

the model formulations.

Torus external piping supports included in the models
consist of snubbers, struts, spring hangers, and theilr
backup structures. Where required, an element 1s
included to model the offset connection between the

supporting member and the centerline of the pipe.

COM=02-039-7

Revision
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‘ Snubbers are modeled as active in seismic and other
dynamic load cases, while struts and spring hangers are
active in all load cases. Spring hangers are modeled
with appropriate preloads. The effects of the mass of
supports and connecting hardware attached to the piping
are included in the piping models when the effective
support mass attached to the piping exceeds 5% of the

mass of both adjacent pipe spans.

stiffness values at a piping support location are
established considering the combined effects of the
standard component hardware (e.g., snubber or strut)

and its backup supporting structure.

For piping models that have torus internal piping, the
entire piping system including the internal supports
connected to the torus, is included in the model. The
hydrodynamic mass acting on submerged portions of the
piping is also included in the model, using the methods

described in Volume 1.

Boundary conditions for the piping models at the torus
consist of the torus penetration and attachment points
for the torus internal piping supports. The local
stiffness of the torus is included at these locations
in the form of six DOF linear springs. These local

COM~02-039~7
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stiffnesses are not included when performing the
coupled torus motion analyses f the piping systems

since they are inherently included in this methodology.

Model boundary conditions at the torus external
termination points consist of anchors at support or
equipment (pump, turbine) locations, Large stiffness
values are specified in the models at these locations,
In some cases, piping models used to evaluate the
effects of NUREG-0661 loads are truncated at locations
where stress levels due to those loadings have
attenuated to less than 10% of the appropriate ASME
Code allowables, At these truncation points, the mass
and stiffness of the excluded portions of the piping

system are simulated.

The mass and flexibility properties of in-line valves

and their operators are included in the piping

structural models, 'he valve and operator mass is

lumped at their respective center of gravity.

Branch lines are included in the piping models unless
they meet uncoupling criteria based on the relative
moments of inertia of the branch line and main line.

'hese criteria ensure that omission of the branch line
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