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ABSTRACT

The primary contaimment for the Hope Creek Generating Station
was designed, erected, pressure-tested, and N-stamped in accord-
ance with the ASME Boiler and Pressure Vessel Code, Section III,
1974 Edition with addenda up to and including Winter 1974.
These activities were performed for the Public Service Electric
and Gas Company (PSE&G) by the Pittsburgh-Des Moines Steel
Company . Since then, new requirements which affect the design
and operation of the primary containment system have been

established. These requirement: are defined in the Nuclear
Regulatory Commission's (NRC) Safety Evaluation Report,
NUREG-0661. The NUREG-0661 requirements define revised

containment design loads postulated to occur during a loss-of-
coolant accident or a safety-relief valve discharge event which
are to be evaluated. In addition, NUREG-0661 requires that an
assessment of the effects that these postulated events have on
the operation of the containment system be performed.

This plant un.que analysis report (PUAR) documents the efforts
undertaken to address and resolve each of the applicable
NUREG-066]1 requirements for Hope Creek. It demonstrates, 1n
accordance with NUREG-0661 acceptance criteria, that the design
of the primary containment system is adequate and that original
design safety margins have been restored. The Hope Creek PUAR
is composed of the following six 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 PIPING

ANALYSIS
o Volume 6 - TORUS ATTACHED PIPING AND SUPPRESSION
CHAMBER PENETRATION ANALYSES
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Major portions of all volumes of this report have been prepared
by NUTECH Engineers, Incorporated (NUTECH), acting as a
consultant responsible to the Public Service Electric and Gas
Company. Selected sections of Volumes 5 and 6 have been
prepared by the Bechtel Power Corporation (acting as an agent
responsible to the Public Service Electric and Gas Company).
This volume, Volume 6, documents the evaluation cf the torus
attached piping and suppression chamber penetrations.

NOTE: Identification of the volume number precedes each page,
section; subsection, table, and figure number.
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INTRODUCTION

In conjunction with Volume 1 of the Plant Unique
Analysis Report (PUAR), this volume documents the
efforts undertaken to address the requirements defined
in NUREG-0661 (Reference 1) which affect the Hope Creek
torus attached piping (TAP), including large and small
bore piping, supports, piping equipment, and
suppression chamber penetrations. The torus attached

piping PUAR is organized as follows:

o} INTRODUCTION
- Scope of Analysis
o LARGE BORE PIPING
- Component Description
- Loads and Load Combinations
- Analysis Acceptance Criteria
- Me thods of Analysis
- Analysis Results and Conclusions
o SMALL BORE PIPING
- Component Description
- Loads and Load Combinations
- Analysis Acceptance Criteria
- Methods of Analysis

- Analysis Resultz ana Conclusions

BPC-01~300~6
Revision 0 6-1.1
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o] PIPING SUPPORTS

- Component Description
- Loads and Load Combinations
- Methods of Analysis and Acceptance Criteria

- Analysis Results and Conclusions

o EQUIPMENT AND VALVES
- Component Description
- Loads and Load Combinations
- Methods of Analysis and Acceptance Criteria
- Analysis Results and Conclusions
o SUPPRESSION CHAMBER PENETRATIONS
- Component Description
- Loads and Load Combinations
- Analysis Acceptance Criteria

- Methods of Analysis

- Analysis Results and Conclusions

The introduction contains an overview discussion of the
scope of the torus attached piping systems and suppres-
sion chamber penetration evaluations. Each of the
analysis sections contains a discussion of the loads
and load combinations to be addressed, and a
description of the piping components oOr penetrations
aftected by these loads and load combinations. The
sections also contain a discussion of the methodology

used to evaluate the effects of the loads and load

BPC-01-300U=6
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combinations, the evaluation results, the acceptance
limits to which the results are compared, and the

conclusions derived from the evaluations performed.

BPC~01-300~-6 7
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6-1.1 Scope of Analysis ‘

The general criteria presented in Volume 1 are used as
the basis for the Hope Creek torus attached piping and
suppression chamber penetration evaluations described
in this report. The evaluations include the large and
small bore torus attached piping; piping supports;
piping components such as flanges, strainers, and
expansion joints; related equipment nozzles such as
pumps, valves, and turbines; and TAP suppression
chamber penetrations. These components are evaluated
for the effects of LOCA-related and SRV discharge-
related loads discussed in Volume 1, and defined by the
NRC's Safety Evaluation Report NUREG-0661 (Reference 1)
and by the Mark I Containment Program Load Definition ‘

Report (LDR) (Reference 2).

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 unigue 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,
are taken from the plant's Final Safety Analysis Report

(FSAR) (Reference 4).

BpPC~-01-300-6
Revision 0 6-1.4




The evaluation includes performing a structural

analysis of the torus attached piping systems and
suppression chamber penetrations for the effects of
LOCA-related and SRV discharge-related loads to confirm
that the design cf the torus attached piping and
suppression chamber penetrations is adequate. Rigorous
analytical techniques are applied in this evaluation,
utilizing detailed analytical models and refined
methods for computing the dynamic response of the torus
attached pipinyg systems, including consideration of the
interaction effects of individual piping systems 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 suppression
chamber 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 acreptance limits specified by the
PUAAG and the applicable sections of the American
Society of Mechanical Engineers (ASME) Code for Class 2
piping and piping supports, and for Class MC components

for the torus penetrations (Reference 6).
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Evaluation of the piping for fatigue effects stipulated ‘
in Reference 1 has been addressed generically for all
Mark I plants by the Mark I Owners Group (Reference
7). Use of the generic fatigue evaluation approach has

been permitted by the NRC as described in Reference 8.

BPC=01-300=-6
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6-2.0

LARGE BORE PIPING

An evaluation of each of the NUREG-0661 requirements
which affect the design adeguacy of the Hope Creek
large bore torus attached piping (TAP) is presented in
the following sections. The general criteria used 1in

this evaluation are contained in Volume 1.

The component parts of the TAP systems which are
analyzed are described in Section 6-2,1. The loads and
load combinations for which the piping systems are
evaluated are described and presented in Section 6-2.2,
The acceptance limits to which tho analysis results are
compared are discussed and presented in Section 6-2,3.
The analysis methodology used to evaluate the effects
of the loads and load combinations on the piping
systems, including evaluation of fatigue effects, 1is
discussed in Section 6-2.4. The analysis results and

conclusions are presented in Section 6-2.5.
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6=2.1 Component Description .

The large bore TAP for Hope Creek consists of piping
systems with 4" and larger nominal diameters, which
penetrate or are directly attached to the suppression
chamber. This section gives a general description of
the large bore TAP systems and their associated

components.,

Large bore TAP lines range in size from 4" to 24"
nominal diameter and have varying piping schedules.
Although most of the piping consists of ASTM A-106,
_Grade B carbon steel material, some pipe segments are
ASME SA312 GR. TP304L austenitic stainless steel.
Table 6-2.1~1 1lists the Hope Creek large bore TAP

systems, their associated suppression chamber ’
penetrations, and their essentiality classification.

Figure 6-2.1-1 shows the locations of the penetrations

on the suppression chamber.

The _arge bore TAP systems are grouped into two general
categories: torus external piping and torus internal
piping. An example of a system with only torus
external piping is the high pressure coolant injection
(HPCI) pump suction line shown in Figure 6-2.1-2. A
typical system having both internal and external piping
is the HPCI turbine 2xhaust 1line shown 1in Figure

6-2,1-3.
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Table 6-2.1-1

‘ IDENTIFICATION OF LARGE BORE TORUS ATTACHED

PIPING SYSTEMS AND ASSOCIATED PENETRATIONS

PENETRATION
NUMBER

SYSTEM DESCRIPTION

ESSENTIAL (E)/
NON-ESSENTIAL (NE)
SYSTEM CLASSIFICATION

P201

P202
P203
P204
P207
P208
P209
P211A
P211B
P211C
P211D
‘ P212A
P212B
P213A
P213B
P214A
P21l4B
P216A
P216B
P21l6C
P216D
P217A
P217B
P219
P220
P222
P223

RHR

Core
Core
Core
Core
Core

Core

Torus Vacuum Relief & Purge Outlet

Torus Vacuum Relief & Purge Inlet

Turbine Exhaust
Pump Suction

Minimum Return

& RCIC Vacuum Breaker
Turbine Exhaust
Pump Suction & Discharge
Minimum Return

Pump Suction "D"
Pump Suction "B"
Pump Suction "A"
Pump Suction "C"

Torus Water Clearing
Torus Water Clearing

Relief to Torus

Relief to Torus

to Torus Spray Header
to Torus Spray Header
Spray Pump Suction "B"
Spray Pump Suction "D"
Spray Pump Suction "C"
Spray Pump Suction "A"
Spray Test to Torus
Spray Test to Torus

Torus Water Cleanup Return

Torus Water Cleanup Supply

NE
NE

m

NE

M mm mMm

]

NE
NE

1T mMmMmm

o)
—

NE
NE
NE

P
~—

NE
NE

NOTE:
. 1. Systems include both essential and non-essential segments.
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Figure 6-2.1-1

LARGE BORE TAP PENETRATION LOCATIONS ON
SUPPRESSION CHAMBER - PLAN VIEW
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TAP SYSTEM ISOMETRIC AND SUPPORT LOCATIONS -
HPCI PUMP SUCTION LINE (P202)
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Figure 6-2.1-3

TAP SYSTEM ISOMETRIC AND SUPPORT LOCATIONS -
HPCI TURBINE EXHAUST LINE (P201)




. 6-2.1.1 - Torus External Piping

The torus external piping included in the plant unique
analysis (PUA) starts at the suppression chamber
penetration nozzles, and terminates for evaluation
purposes at anchor supports or equipment within the
reactor building. The external piping typically
extends from the suppression chamber up to the reactor
building floor slab at elevation 77'-0", Some lines
extend up to the reactor building floor slab at

elevation 102'=-0",

The external piping is supported by hangers, rigid

restraints, guides, and snubbers attached to reactor
‘ building slabs or walls, or to main structural steel in
the reactor building. Figures o©=-2.l1-4 and 6-2.1-5

illustrate typical pipe support configurations outside
tne suppression chamber. Other components on these
lines include valves and standard pipe fittings. The
valve types used are gate valves, globe valves, swing

check valves, butterfly valves, and relief valves,

Smaller lines branching off the large bore TAP systems
are discussed in Section 6-3.0. Piping supports are
described in Section 6-4,0. Eqguipment such as valves,

pumps, and turbines are described in Section 6-5,0.

‘ BPC-01-300-6
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6~2.1.2 Torus Internal Piping

Piping located inside the suppression chamber =+1y be

categorized into three basic ccnfigurations:

(a) Short, unsupported segments of piping which
project inside the suppression chamber. Examples
of these types of configurations are the discharge
lines which penetrate the upper half of the
suppression chamber and the suction lines which
penetrate the lower half. Discharge lines are
typically open-ended whereas suction lines have a
strainer connected to their inner nozzle flange.
An example of this type of internal piping
configuration is the HPCI Pump Suction Line (P202)

shown in Figure 6-2.1.2.

(b) Short segments of piping inside the suppression
chamber which are supported LUy rigid struts
attached to the torus shell, the mid-bay girders
or to the mitered joint riny girders as shown 1in
Figure 6-2.1-6. The H4PCI turbine exhaust line
(P201) shown in Figure 6-2,1-3 is an example of

this type of piping configuration.

BPC~-01=-300-6
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(¢) Long lengths of piping running through more than a I

single torus bay which are supported at intervals
by rigid struts connected to the torus shell or
ring girders. This type of large bore piping
configuration is unigue to the RHR to torus spray

header lines (P214A and 214B).

Supports for the torus internal piping are discussed in
Section 6-4,0, Strainers for the toru3 internal piping

are discussud in Section 6-5,0,

Loads and load combinations which are applied to the
large bore TAP systems described above are presented in

the fcllowing sections,

BPC~-01=-300~-6
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Figure 6-2.1-4

TYPICAL TAP SYSTEM SUPPORT OUTSIDE SUPPRESSION CHAMBER
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TYPICAL TAP SYSTEM SUPPORT OQOUTSIDE SUPPRESSION CHAMBER
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TYPICAL TAP SYSTEM SUPPORT INSIDE SUPPRESSION CHAMBER
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6-2.2 [oads and Load Combinations

The loads for which the Hope Creek torus attached
piping is designed are defined in NUREG-0661 on a
generic basis for all Mark I plants. The methodology
used to deveiop piaint uniguse TAD loads for each load
defined in NUREG=-0661 is ciscussed in Section 1-4.0.
In addition, the loading event sequences described in
sections 1-3.2 and 1-4.3 include consideration of plant
unigque operation of the torus attached piping
systems., The results of applying the above me thodology
to develop specific values for each of the controlling
loads which act on the piping are discussed and

presented in Section 6-2,2.1.

Using the event combinations and event sequencing
describec in Sections 1-3.2 and 1-4.3, the governing
load combinations which affect the torus attached
piping are formulated. The 1load combinations are

discussed and presented in Section 6-2.2.2.
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‘ 6=2.2.1 Loads

The loads acting on the torus attached piping are

categorized as follows:

1. Dead Weight

2, Seismic

3. Pressure and Temperature

4. cperating

" Static Torus Displacement

6. Safety Relief Valve Discharge
7. Vent Clearing

8. Pool Swell

9. Condensation Oscillation

. 10. Chugginy

11. Torus Moticn

loads in Cateyories 1 through 4 are analyzed in the
piping design per the FSAR (Reference 4). The range of
pressures and temperatures (Category 3) considered in
the analyses include those relating to the time period
within the Mark I Program event duration. Loads 1in
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. Loads in Categories

‘ BPC-01-300-6
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7 through 10 result from postulatsd LOCA events. Loads

in Category 11 consist of torus inertial and displace-
ment responses due to hvdrodynamic loads a-ting on the

torus.

Not all of the loads defined in NUREG-0661 and the FSAR
need be examined, since some are enveloped by others or
have a negligible effect on the torus attached piping.
Only those loads which maximize the piping response and
lead to controlling stresses are examined and dis-
cussed. These loads are referred to as governing loads

in the following sections.

Descriptions of the governing loads in each category

are provided in the following paragraphs. The

corresponding section of Volume 1, where the method-
ology used to develop the loads are discussed, 1is
provided in Table 6-2.2-1. Loading magnitudes for
loads in Categories 6 through 10 are similar to values
provided in Volumes 2 and 3. Representative torus
motion loads (Category 11) are presented in Section

6-2.4.5.
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Dead weight (DW) Loads

These loads are defined as the uniformly dis-
tributed weight of the piping and insulation, and
the concentrated weight of piping supports,
hardware attached to piping, valves, and
flanges. Also included is the weight of ¢t}

contents of the torus attached piping.

Seismic Loads

a. OBE Inertia (OBE;) Loads: These loads are
defined as the horizontal and vertical accel-
erations acting on the TAP systems during an
operating basis earthquake (OBE). The loading
is taken from the design basis for the piping
as documented in the FSAR. Building response
spectra at elevations which represent piping
attachment points are utilized to develop
enveloping response spectra curves for the
N-S, E-W, and vertical direction OBE; inputs,

respectively.
b. OBE Displacement (OBEp) Loads: These loads

are defined as the maximum horizontal and

vertical relative seismic displacements at

6-2.17
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the piping attachment points during an OBE.
The loading is taken from the design basis

for the piping, as documented in the FSAR.

SSE Inertia (SSE;) Loads: These loads are
defined as the horizontal and vertical
accelerations acting on the piping during a
safe shutdown earthgquake (SSE). The loading
is taken trom the design basis for the
piping, as documented in the FSAR. Building
response spectra at different elevations
which represent the piping attachment points
are utilized to develop enveloping response
spectra curves for the N-S, E-W, and vertical

direction SSE; inputs, respectively.

SSE Displacement (SSEp) Loads: These loads
are defined as the maximum horizontal and
vertical relative seismic displacements at
the piping attachment points during a SSE.
The loading is taken from the design basis

for the piping, as documented in the FSAR.

6-2.18



. 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.

b. Temperature (TE, TE,) 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 maximum operating conditions.

Different pressure and temperature values are
typically applied to specific segments of a
piping system for each of the system operat-
ing conditions which are evaluated, The
pressures and temperatures used in the

analyses are in accordance with the FEAR,

Ef fects of thermal anchor novements at the
torus penetrations and at torus support

locations are also included in the analysis.

' BPC~-01-300-6
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The piping thermal anchor movement loadings

are categorized and designated as follows:

l. THAM - Piping thermal anchor movement
during normal operating condi-

tions (NOC), and

2. THAM; - Piping thermal anchor movement

during accident conditions.

Operating (OL) Loads

These loads are defined as line operating thrust
loads due to discharge of piping systems into the
torus, The loads are applicable to the HPCI
turbine exhaust line (P201), the RCIC turbine
exhaust line (P207), the RHR test lines (P212A and
2128), and the core spray test lines (P217A and

2178).

Static Torus Displacement Loads

These loads are defined as the torus displacement
loads due to the weight of water in the torus and

due to normal operating or accident condition

pressures.

6-2.20
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’1)2 -

TD3 _

These are tne torus displacements

due to normal operating pressure
and the weight of water in the

torus.

These are the torus displacements
due to torus internal pressure
during SBA conditions plus the

weight of water in the torus.

These are the torus displacements
due to torus internal pressure
during IBA conditions plus the

weight of water in the torus.

These are the torus displacements
due ¢to torus internal pressure
during DBA <conditions plus the

weight of water in the torus.

Safety Relief Valve Discharge (QAB) Loads

The safety relief valve (SRV) discharge 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 methodoloyy

6~2.21
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for developing the loads is discussed in Volume 1,
The SRV discharge loads consist of the following

components:

a. wWwater 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 Section 1-4,2.4,.

b. Air Bubble Drag Loads: During the air
clearing phase of a SRV discharge event,
trans 2nt 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 Section 1-4.2.4.
Vent Clearinyg (VCLU) Loads

These loads ar? defined as the transient pressure
loads acting on the submerged portion of the TAP
and supports during the water and air clearing

phase of a DBA event.

6-2.22 .
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a. LOCA v.ter Jet Impingement Loads: During the
water clearing phase of a DBA event, the
submeryged portion of the TAP and supports are
subjected to transient drayg pressure loads.
The procedure used to develop these transient

drag forces is discussed in Section 1-4.1.5,

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

drag forces is discussed in Section 1-4.1.6.
Pool Swell (PSO) Loads

These loads are defined as the transient pressure
loads which act on the portion of the TAP and

supports above the minimum torus water level.

a. Impact and Drag Loads: During the initial
stages of a DBA event, the TAP and supports
within the torus are subjected to transient
impact and drag pressures. The procedure
used to develop these pressure transients is

discussed in Section 1-4.1.4.2.
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b. Froth Impingement Loads: During the LOCA
pool swell event, the TAP and supports within
the torus airspace are subjected to transient
pressures, The procedure used to develop
these pressure transients 1is discussed 1in

Section 1-4,.1.4.3.

Ce Pool Fallback [oads: During the later phase
of pool swell, the TAP and supports within
the torus are sub jected to transient
pressures. The procedure used to develop
these pressure transients is discussed in

Section 1-4.1.4.4.

Condensation Oscillation (CO) Lo ids

During the condensation oscillation phase of a DBA
event, the submerged portion of the TAP and
supports within the torus are subjected to
harmonic velocitv and acceleration drag pressures,
The procedure used to develop the harmonic drag
loads is discussed in Section 1-4.1.7.3. Included
are acceleration drag loads due to torus fluid-

structure interaction (FSI).
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‘ 10. Chugginy Loads

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

components is discussed in Section 1-4.1.8.3.

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. They act on the

submerged portion of the TAP and supports

during the post-chug phase of a SBA, an IBA,

or a DBA event. The procedure used to

develop the post-chug loads on these

components is discussed in Section 1-4.1.8.3.
11. Torus Motion lLoads

These loads are defined as the inertia and dis-

placement effects at the TAP attachment points on

. BPC-01-300-6
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the suppression chamber due to lcads acting on the
suppression chamber shell. The loads are Jerived .
frcm the analysis of the suppression chamber

discussed in Volume 2.
a. SRV Torus Motion Loads:

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

T-quencher discharyge loads.

Le QABp - These are the displacement
effects of torus motions due

to SRV T-=quencher discharge
loads. ‘

B Pool Swell Torus Motion Loads:
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