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‘ ABSTRACT

The primary contaimment for the Hope Creek Generating Station
was designed, erected, pressure-tested, and N-stamped 1in
accordance 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 reguirements which affect
the desiyn and operation of the primary containment system have
peen established. These requirements are defined in the Nuclear
Regulatory Commission's (NRC) Safety Evaluation Report,
NUREG~0U661., The NUREG-0661 requirements define revised contain-
ment design loads postulated to occur during a loss-cf-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 unique analysis report (PUAR) documents the efforts
undertaken to address and resolve each of the applicable
NUREG-0661 requirements for Hope Creek. It demonstrates, in
accordance with KUREG-0661 acceptance criteria, that the design
of the primary contaimment system is adequate and that ocriginal
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 PIiPING
ANALYSIS

o Volume 6 - TORUS ATTACHED PIPING AND SUPPRESSION

CHAMBER PENETRATION ANALYSES

‘ ’

|PC-01-300-3
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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
Corpany. 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 3, documents the evaluation of the vent

gystem,

NOTE: Identification of the volume number precedes each page,
section, subsection, table, and figure number.
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3-1.0 INTRODUC TION

In conjunction with Volume 1 of the Plant Unique
Analysis Report (PUCAR), this volume documents the
efforts undertaken to address the requirements defined
in NUREG-0661 which affect the Hope Creek vent system.

The vent system PUAR is organized as follows:

o INTRODUCTION
- Scope of Analysis
o VENT SYSTEM ANALYSIS
- Component Description
- Loads and Load Combinations
- Analysis Acceptance Criteria
‘ - Me .hod of Analysis
- Analysis Results and Conclusions

The INTRODUCTION section contains an overview discus-
sion of the scope of the vent system evaluation. The
VENT SYSTEM ANALYSIS section contains a ccmprehensive
discussion of the vent system loads and load combina-
tions, and a description of the component parts of the
vent system affected by these loads. The section also
contains a discussion of the methodology used to

evaluate the effects of these loads, the assoclated

I BPC~-01-300-3
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evaluation results, and the acceptance limits to which

the results are compared. A summary of the conclusions .

derived from the vent system evaluation |1is

aL3S9v

included.

BPC--01-300-3 ‘
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Scope of Analysis

The general criteria presented in Volume 1 are used as
the basis for the dope Creek vent system evaluation.
The vent system is evaluated for the effects of LOCA
related lcads and SRV discharge related loads discussed
in Volume 1 and defined by the NRC Safety Evaluation
Report NUREG=-0661 (Reference 1) and the Mark I
Containment Program Load Definition Report (LDR)

(Reference 2).

The LOCA and SRV discharge loads wused 1in this
evaluation are developed wusing the plant uniqgue
geometry, operating parameters, and test results
contained in the Mark I Containment Program Plant
Inique Load Definition (PULD) (Reference 3). The
effects of increased suppression poocl temperatures
which occur during 3RV discharge events are also
evaluated. Ther2 temperatures are taken from the
plant's suppression pool temperature response
analysis. Other loads and methodology, such as the
evaluation for seismic loads, are taken from the
plant's original design basis evaluation documented 1in

the Final Safety Analysis Repcrt (FSAR) (Reference 4).

BPC=-01=300-3
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The evaluation includes a structural analysis of the
vent system for the effects of LOCA and SRV discharge
related loads to confirm that the design of the vent
syscem is adequate. Rigorous analytical techniques are
used in this evaluation, including use of detailed
analytical models for computing the dynamic response of
the vent system. Effects such as local penetration and
intersection flexibilities are considered in the vent

system analysis.

The results of the structural evaluation for each load
are used to evaluate load combinations and fatigue
effects for the vent system in accordance with the
Mark I Containment Program Structural Acceptance
Criteria Plant Unique Analysis Application 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

(Reference 6).
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3=2.0

VENT SYSTEM ANALYSIS

An evaluation of each of the NUREG-0661 requirements
which affect the design adequacy of the Hope Creek vent
s/stem is presented in the sections which follow. The
criteria used in this evaluation are contained in

Volume 1 of this report.

The component parts of the vent system which are
examined are described in Section 3-2.1. The loads and
load combinations for which the wvent system 1is
evaluated are described and presented in Section 3-2.2.
The analysis methodology used to evaluate the effects
of these loads and load combinations on the vent system
is discussed in Section 3-2.4. The acceptance limits
to which the analysis results are compared are dis-
cussed and presented in Section 3-2.3. The analysis
results and the corresponding vent system design

margins are presented in Section 3-2.%,
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3=2.1 Component Description

The Hope Creek vent system 1is constructed from
cylindrical shell segments inined together to form a
manifold-like structure which connects the drywell to
the suppression chamber. The configuration of the vent
system is illustrated in Figures 3-2.1-1 and 3=2,.1-2.
The major components of the vent system include the
vent lines, vent header, and downcomers. The proximity
of the vent sys-em to other components of the contain-

ment is shown in Figures 3=-2.1-3 through 3-2.1-6,

The eight vent lines connect the drywell to the vent
header in alternate mitered cylinders of the suppres-=
sion chamber. The vent lines are nominally 9/16" thick .
and have an inside diameter of 6'-2". The upper ends
of the vent lines are 2" thick and include a conical
transition segment at the penetration to the drywell,
as shown in Figure 3-2.1-7. The drywell shell at each
vent line-drywell penetration is reinforced by a 3"
thick insert plate. The vent line is connected to the
drywell by full penetration welds. The vent lines are
shielded from jet impingement loads at each vent
line-drywell penetration location oy jet deflectors
which span the openings of tne vent lines. The

portions of the vent lines within the suppression
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‘ chamber, as shown in Figure 3-2,2-3, are 1-1/2" thick,
except for the lower 7'=3" of the vent lines which are
2" thick. The end of each vent line is capped with a

3" thick flat plate.

The vent header is an assembly of mitered cylindrical
shell segments joined together to form a ring header,
as shown in Figure 3-2,1-1, The vent header |is
nominally 9/16" thick and has an inside diameter of
4'-3", The vent header is continuous between adjacent
vent lines. The vent header is connected to each vent
line by a 3/8" partial penetration weld with a 1/2"
cover fillet weld outside the vent line and a 1/2"

. fillet weld inside the vent line.

A total of eighty downcomers penetrate the vent header
in pairs, as shown in Figures 3-2,1-1, 3-2.1-3, and
3-2.1-6. Two downcomer pairs are located in each vent
line bay and three pairs are located in each non-vent
line bay. Each downcomer consists of an inciined
segment which penetrates the vent header and a vertical
segment which terminates below the surface of the
suppression pool, as shown ir Figure 3-2,1-9, Each
downcomer is nominally 3/8" thick and has an outside

diameter of 2'-0"., The downcomers are attached to the
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vent header by 1/2" fillet welds inside and outside the ‘

vent header.

The intersections of the downcomers and the vent header
are reinforced with a system of stiffener plates and
bracing members, as shown in Figures 3-2.1-6, 3-2.1-9,
and 3-2.1-10. In the plane of the downcomers, the
intersections are stiffened by a 1-5/8" thick crotch
plate located between downcomers in a pair. The
connection of the top side of each downcomer to the
vent header is reinforced by 1-5/8" thick outer
stiffener plates. Cowncomer ring plates which are
1-5/8" thick connect the associated crotch plate and
the outer stiffener plates. This system of stiffener .
plates is designed to reduce local intersection
stresses caused by loads acting on the submerged

portion of the downcomers.

In the direction ncrmal to the plane of the downcomer
pair, the intersections are braced by 4" diameter Sche-
dule 120 pipes. One pipe member 1is located on each
side of the vent header. The upper ends of these pipe
members are connected to a 1-5/8" thick built-up tee-
section and 7/8" thick pad plates attached to the vent
header. The lower ends of the pipe members are

connected to the downcomer ring plates, The ring
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plates are stiffened locally with a 3/4" thick gusset
plate and pad plate assembly. In addition, the
adjacent downcomer pairs in the non-vent line bay are
joined by 2-1/2" diameter rods, one on either side of
the vent header. The ends of these rods are connected
to the downcomer rings. The bracing system provides an
additional load pa;h for the transfer of loads acting
on the submerged portion of the downcomers and results
in reduced intersection local stresses. The system of
downcomer-vent header intersection stiffener plates and
bracing members provides a highly redundant mechanism
for the transfer of loads which act on the downcomers,
thus reducing the magnitude of loads which pass

directly through the intersection.

A bellows assembly is provicded at the penetration of
the vent line to the suppression chamber as shown 1n
Figure 3-2.1-7. The bellows allow differential
movement of the vent system and suppression chamber to
occur without developing significant interaction loads.
The bellows assemblies consist of a tandem bellows unit
with a nominal outside diameter of 6'-8", A 1/2" thick
annular plate connects the upper end of the bellows
assembly to the vent line. The lower end of the
bellows assembly is connected to the suppression

chamber by a 2-1/2" thick nozzle. BEach of the two
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bellows units in the assembly contains a section with
five convolutions which are alternately connected to ‘
1/2" thick cylindrical sleeves. The total length of the
bellows assembly is 4'-2 1/2". The annular plates are

attached to the vent lines by 1/2" fillet welds.

The SRV piping is routed from the drywell down the vent
lines and penetrate the vent linec inside the suppres-
sion chamber, as shown in Figures 3-2.1-3 and 3-2,.1-8.
The vent lines and SRV piping nnzzles are reinforced at
each vent line-SRV piping penetration location by a
2-1/2" thick insert plate and four 2" thick gusset
plates. The vent line-SRV piping penetration assembly
provides an effective means of transferring loads which ‘

act on the SRV piping to the vent line.

The drywell/wetwell vacuum breakers (not shown) are
twenty-four inches in size and extend from mounting
flanges attached to the vacuum breaker support nozzles.
The 2'-0" diameter, 0.438" thick support nozzles
penetrate the vent line end plate, as shown in Figure

3-2.1-3.

The vent system 1is supported within the suppression
chamber by two column members at each mitered joint

location, cne c¢olumn member at each midcylinder
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. location, and by an overhead truss system, as shown in
Figures 3-2.1-3 through 3-2,1-6. The support column
and overhead truss members are constructed from 10"
diameter Schedule 120 pipe with  built-up clevis
assemblies attached to each end, as shown in Figure
3-2.1-14. The upper ends of the mitered joint support
columns are attached to 1-1/2“ thick vent header
support rings, shown in Figure 3-2.1-12. The support
rings are attached to the vent header with 5/16" fillet
welds. The lower ends of the mitered joint support
columns are attached to 2" thick ring beam pin plates.
Each vent line is supported by a single support column
member and two overhead truss members. The supp rt
. column is connected to a 2" thick pin plate on the vent
line and a 1-3/4" thick pin plate on the midcylinder
ring beam. The overhead truss members in the vent line
bay are connected to a 2-1/4" thick pin plate on the
vent line and to 1-3/4" thick pin plates at top dead
center on the mitered joi.nt ring beams. Details of the
support column and overhead truss member connections on

the vent line are shown in Figure 3-2,1-13.

The midcylinder non-vent bay location is reinforced by
two 1-1/2" thick vent header ring plates each located
1'=-10" from midcylinder. Two 1-1/2" thick longitudinal

plates span between the two ring plates. Two 1-3/4"
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thick pin plates are attached to the lower longitudinal
plate, and a 2-1/4" thick pin plate is attached to the
face of each vert header ring plate at top dead center.
The details of the connections at midcylinder non-vent
bay are shown in Figure 3-2,1-11. The midcylinder non-
vent bay support column is attached to the two 1-3/4"
thick pin plates at its upper end and to a 1-3/4" thick
pin plate on the midcylinder ring beam. The two
overhead truss members in the non-vent bay are each
attached to the 2-1/4" thick pin plates at the vent
header ring plate and to a 1-3/4" thick pin plate at

top dead center on the mitered joint ring beams.

The support columns and overhead truss members provide
an effective means of transferring vertical loads
acting on the vent system to the suppression chamber.
The overhead truss members also effectively trans‘er
horizontal vent system loads to the suppression
chamber. The vent lines provide additional support for
the vent system, although primary vertical suppe 't is
provided by the vent system support c¢olumns and
overhead truss members. The support offered by the
vent line bellows is negligible, since the relative
stiffness of the bellows with respect to other vent

system components is small.
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The vent system also provides support for a portion of
the SRV piping inside the vent line and suppression
chamber, as shown in Figure 3-2,1-3. Loads which act
on the SRV piping are transferred to the vent system by
the penetration assembly on the vent line, and by 4"
diameter Schedule 80 support members attached to pad
plates on the vent header near the mitered joint.
Conversely, loads acting on the vent system cause
motions to be transferred to the SRV piping at these

same penetration and support locations.
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3-2.2
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[opads and Load Combinations

The loads for which the Hope Creek vent system is
evaluated are defined in NUREG-0661 on a generic basis
for all Mark I plants. The methodology used to develop
pilant unique vent system loads for each load defined in
NUREG-0661 is discussed in Section 1-4.0. The results
of applying the methodology to develop specific values
for each of the governing loads which act on the vent

system are discussed and presented in Section 3-2.2.1.

Using the event combinations and event sequencing
defined in NUREG-0661 and discussed in Sections 1=-3.2
and 1-4.3, the controlling load combinations which
affect the vent system are formulated. The controlling
vent system load combinations are discussed and pre-

sented in Section 3-2.2,2.




e S e

3-2.2.1 Loads

The loads acting on the vent system are categorized as
follows:

1. Dead Wweight Loads

2., Seismic Loads

3. Pressure anc Temperature Loads

4. Vent System Discharge Loads

5. Pcol Swell Loads

6. Condensation Oscillation Loads

7. Chugging Loads

8, Safety Relief Valve Discharge Loads
9. Piping Reaction Loads

10, Contaimment Interaction Loads

loads in categories 1 through 3 are defined in the
original containment design as documented in the
plant's FSAR. Revised <category 3 pressure and
temperature loads result from postulated LOCA and SRV
discharye events, Loads in categories 4 through 7
result from postulated LOCA events; loads in category 8
result from SRV discharyge events; loads in category 9
are reactions which result from loads acting on SRV
piping systems; lcads in category 10 are motions which
result from loads acting on other containment-related

structures,
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Not all of ¢th» loads defined in NUREG=-0661 are
evaluated in detail since some are enveloped ' others
or have a negligible effect on the vent system. Only
those loads which maximize the vent system response and
lead to controlling stiesses are fully evaluated and
discussed. These loads are referred to as governing

loads 1n subsequent discussions.

Table 3-2,2-1 shows the specific vent system components
which are affected by each of the loadings defined in
NUREG-0661. The table also lists the section in
Volume 1 in which the methodology for developing values
for each loading is discussed. The magnitudes and
characteristics of each governinyg vent system load in
each load cateyory are identifiad and presented in the

paragraphs which fcllow.

l. Dead weight Loads
a, Dead Wweight of Steel: The weight of steel
used to construct the vent system and its
supports is considered. The dead weight of
steel is determined based on nominal
component dimensions and a density of steel

of 490 1b/ft3.
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2.

3.
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Seismic Loads

a.

OBE Loaas: The vent system 1s subjected to
horizontal and vertical accelerations during
an Operating Basis Earthquake (OBE). This
loading is taken from the original des! :n
basis for tne contaimment documented in the

plant's FSAR.

SSE Loads: The vent system is subjected to
horizontal and vertical accelerations during
a Safe Shutdown Earthyguake (SSE). This load-
ing is taken from the original design basis
for the contaimnment documented in the plant's

FSAR,

Pressure and Temperature Loads

a.

Normal Operating Internal Pressure Loads:
The vent system 1is subjected to 1internal
pressure loads during Normal Operating
conditions. This loading is taken from the
original design basis for the containment
dccumented in the plant's FSAR., The range of
normal operating internal pressures specified

is 0.0 to 2,0 psi.



D, LOCA Internal Pressure Loads: The vent
system is subjected to internal pressure .
loads during a Small Break Accident (SBA),
Intermediate Break Accident (IBA), and Design
Basis Accident (DBA) event, The procedure
used to develop LOCA internal pressures for
the containment is discussed in Section
l1-4,1.1, The resulting vent system internal
pressure magnitudes at key times during the
SBA, IBA, and DBA events are presented in

Table 3-2.2-2.

The vent system internal pressures for each
event are conservatively assumed to be equal
to the corresponding drywell internal .
pressures, neglecting reductions due to
losses, The net internal pressures acting on
the components of the vent system inside the
suppression chamber are taken as the
difference in pressures between the vent

system and suppression chamber,

The pressures specified are assumed fto act
uniformly over the vent line, vent header,
and downcomer shell surfaces. The external

or secondary containment pressure for the
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vent system components outside the suppres-
‘ sion chamber for all events (s assumed to be
0.0 psig. The effects of internal pressure
on the vent system for the DBA event are
included in the pressurization and thrust

loads discussed in load case 4da.

C. Normal Operating Temperature Loads: The vent
system is subjected to the thermal expansion
loads associated with normal operating
conditions. This loading is taken from the
oriyinal design basis for the containment
documented in the plant's FSAR. The range of
normal operating temperatures for the vent

' system with a concurrent SRV discharge event
is 50 to 150°F,., The temperature of the SRV
piping with a concurrent SRV discharge event
is conservatively taken as 380°F for the
submerged portion of tne piping and 407°F for
the portion in the suppression chamber

airspace.

Additional normal operating temperatures for
the vent system inside the suppression
chamber are taken from the suppression pool

temperaturc response analysis contained in

. the plant's FSAR.
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LOCA Temperature Loads: The vent system is
subjected to thermal expansion loads associ-
ated with the SBA, IBA, and DBA events. The
procedure used to develop LOCA containment
temperatures is discussed in Section l=-4.1.1.
The resulting vent system terperature magni=-
tudes at key times during *the SBA, IBA, and

DBA events are presented in Table 3-2.2-2.

Additional vent system temperatures are taken
from the suppression pool temperature
response analysis contained in the plant's
FSAR. These temperatures are enveloped by
the maximum LOCA temperatures and are not

considered further.

The temperatures of the major components Of
the vent system, such as the vent line, vent
header, and downcomers, are conservatively
assumed to be equal to the corresponding dry-
well temperatures for the IBA and DBA events.
For the SBA event, the temperature of the
major components of the vent system is
assumed to be equal to the maximum saturation

temperature of the drywell, which is 266°F .
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' The temperatures of the external components
of the vent system such as the support
columns, downcomer bracing, and assocliated
ring plates and stiffeners are assumed to be
equal £3 the corragponding suppression

chamber temperatures for each event,

The temperatures specified are assumed to be
representative of the major component and
external component metal temperatures
throughout the vent system., The temperature
of the SRV piping for those SBA, IBA, and DBA
events which include SRV discharye loads is
. taken as 380°F for the submeryed portion of
the piping and 407°F for the portion in the
suppression chamber airspace. The ambient
temperature of the vent system for all events

is assumed to be 70°F.

4. Vent System Discharge Loads
a. Pressurization and Thrust Loads: The vent
system is subjected to pseudo=-static
pressurization and thrust loads during a DBA
event., The procedure used to develop vent

system pressurization and thrust forces,
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applied to the unreacted areas of the major
components of the vent system, 1is discussed '
in Section 1-4.1.2. The resulting maximum
forces for each of the major compcinent
unreacted areas at key times during the DBA
event are shown in Table 3-2,2-3. The
pressurization loads acting on the vent line-
drywell penetrations are obtained by
multiplying the corresponding drywell
internal pressures for the DBA event by the

penetration unreacted area.

The vent system discharge loads shown in
Table 3-2.2-3 correspond to a zero drywell/
wetwell pressure differential. The vent .
system discharge loads specified for the DBA
event include the effects of DBA internal
pressure loads as discussed in load case 3a.
The vent system discharge loads which occur

during the SBA or IBA events are negligible.

5. Pool Swell Loads
a. Vent System Impact and Drag Loads: During
the initial phase of a DBA event, transient
impact and drag pressures are postulated to

act on maior components of the vent system
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above the suppression pool. The major
‘ components affected include the vent line
inside the suppression chamber below the
maximum bulk pool height, the vent header,
and the inclined portion of the downcomers
below the downcomer rings. The upper portion
of the downcomers is shielded from pool swell

impact loads by the downcomer rings.

The procedure used to develop the transient
forces and the spatial distribution of pool
swell impact loads on these components is
discussed in Section 1=-4.1.4. The resulting
maximum pool swell impact and drag pressures
. on the vent line and downcomers are sum=-
marized in Table 3-2,2-4. The resulting
magnitudes and distribution of pool swell
impact loads on the vent header are
summarized in Figure 3-2,2-1. Typical vent
header loading transients at selected
locations on the vent header are provided in
Table 3-2.2-5. The maximum pcol swell ‘Lpact
pressures at bottom dead center of the vent
header are shown in Figure 3-2,2z-2, Typical
vent line and downcomer pool swell pressure

transients are shown in Figure 3-2,2-3, The

. BPC-01-300<3
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results shown are based on plant unigue QSTF
test data contained in the PULD (Reference 3) .
and include the effects of the main vent
orifice tests., Pool swell loads do not occur

during the SBA and IBA events.

b. Impact and Drag Loads on Other Structure :
During the 1initial phase of a DBA event,
transient 1impact and drag pressures are
postulated to act on the components of the
vent system other than the major components,
The components affected include the downcomer
bracing members and ring plates, the vacuum
breakers and vacuum breaker supports, the
vent header support columns, and the SRV .

piping and supports.

The procedure used to develop the transient
forces and the spatial distribution of pool
swell 1impact loads on these components 1is
discussed in Section 1-4,1.4. The resulting
maximum pool swell impact and drag pressures
on the downcomer bracing members and ring
plates, and the vacuum breakers and vacuum
breaker supports are summarized 1in Table

3=2,.2-4. Typical pool swell pressure
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location show that froth impingement loads on

the vent line are negligible.

The procedure used to develop the transient
forces and spatial distribution of froth
impingement and fallback loads on these com=-
ponents is discussed in Section 1-4.1.4. The
resulting maximum froth impingement pressures
on the downcomer bracing members, and the
vacuum breakers and vacuum breaker supports
are summarized in Table 3-2,2-4. Froth
fallback pressures are negligible. Typical
froth impingeament and fallback pressure
transients are shown in Figure 3-2,2-3, The
froth impingement loads acting on the SRV
piping and supports are presented in Volume 5
of this report. Pool swell locads do not

occur during the SBA and IBA events.

Pool Fallback Loads: During the later
portion of the pool swell event, transient
drag pressures are postulated to act on
selected components of the vent system
located between the maximum bulk pool height
and the downcomer exit, The components

affected include the downcomer bracing
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members and ring plates, the support columns,
‘ and the SRV piping and supports. The
procedure used to develop transient drag
pressures and spatial distribution of pool
fallback loads on these components is

discussed in Section 1-4.1.4.

The resulting maximum pool fallback loads on
the downcomer bracing members and ring plates
are summarized in Table 3-2,2-4, A typical
pool fallback pressure transient is shown in
Figure 3-2,2-3, The pool fallback loads on
the SRV piping and supports are presented in
Volume S5 of this report. The results shown
‘ include the effects of maximum pool displace-
ments measured in plant unique OQSTF tests,
Pool swell loads do not occur during the SBA

and IBA events.

e. LOCA Air Clearing Submerged Structure Loads:
Transient drag pressures are postulated to
act on the submerged components of the vent
system during the air clearing phase of a DBA
event, The components affected include the
downcomers, the support columns, the

submerged portion of the SRV piping, the
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harmonic pressures and spatial distribution
. of IBA condensation oscillation downcomer
loads is discussed in Section 1-4.1.7. The
loading «consists of a uniform internal
pressure component acting on all downcomers
and a differential internal pressure com-
ponent acting on one downcomer in a downcomer
pair. The resulting pressure amplitudes and
associated frequency range for each of the
three harmonics 1in the IBA condensation
oscillation downcomer loading are shown in
Table 3-2,2-7, The corresponding distribu-
tion of differential downcomer internal
press. 2 loadings are shown in Figure
‘ 3-2.2-4.
The IBA condensation oscillation downcomer
load harmonic in the range of the dominant
downcomer frequency for the uniform and the
differential pressure components is applied
at the dominant downcomer freguency. The
remaining %wo downcomer load harmonics are
applied at frequencies which are multiples of
the Jdominant frequency. The results of the

three harmonics for the uniform and differ-
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ential IBA condensation oscillation downcomer

load cc iponents are combined.

b. DBA Condensation Oscillation Downcomer Loads:
Harmonic internal pressure loads are posiu-
lated to act on the downcomers during the
condensation oscillation phase of a DBA
event. The procedure used to develcocp the
harmonic pressures and spatial distribution
of DBA condensation oscillation downcomer
loads is the same as that discussed for IBA
condensation oscillation downcomer 1loads in
load case 6a. The resulting pressure

amplitudes and associated frequency range for

each of the three harmonics in the DBA
condensation oscillation downcomer loading
are shown in Table 3-2.2-8, The correspond-
ing distribution of differential downcomer
internal pressure loadings are shown in

Figure 3-2,2-4,

C. IBA Condensation Oscillation Vent System
Pressure Loads: Harmonic internal pressure
loads are postulated to act on the vent
system during the condensation oscillation

phase of =»n IBA event. The components
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affected include the vent 1line, the vent
header, and the downcomers. The procedure
used to develop the harmonic pressures and
spatial dis}tibution of IBA condencation
oscillation vent system pressures is dis=-
cussed in Section 1-4.1.7. The resulting
pressure amplitudes and associated frequency
range for the vent line and vent header are
shown 1in Table 3-2,2-9, The loading is
applied at the frequency within a specified
range which maximizes the vent system

response.

The effects of IBA condensation oscillation
vent system pressures on taie downcomers are
included in the IBA condensation oscillation
downcomer loads discussed in load case 6a.
An additional static internal pressure of
1.5 psi is applied uniformly to the vent
line, vent header, and downcomers to account
for the effects of nominal downcomer sub-
mergence., The IBA condensation oscillation
vent system pressures act in addition to the
IBA containment internal pressures discussed

in load case 3b.
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DBA Condensation Oscillation Vent System
Pressure Loads: Harmonic internal pressure
loads are postulated to act on the vent
system during the condensation oscillation
phase of a DBA event, The components
affected include the vent line, the vent
header, and the downcomers, The procedure
used to develop the harmonic pressures and
spatial distribution of DBA condensation
oscillation vent system pressures is the same
as that discussed for IBA condensation
oscillation vent system pressures in load
case 6cC. The resulting pressure amplitudes
and associated frequency range for the vent
line and vent header are shown in Table
3=-2.2-9. The DBA condensation oscillation
vent system pressures act in addition to the
DBA vent system pressurization and thrust

loads discussed in load case 4a.

IBA Condensation Oscillation Submerged Struc-
ture Loads: Harmonic pressure loads are
postulated to act on the submerged components
of the vent system during the condensation
oscillation phase of an 1IBA event. In

accordance with NUREG-0661, the submeryed

3=2.42 nUtQQh



structure loads specified for pre-chug are
. used in lieu of IBA condensation oscillation
submerged structure loads. Pre-chug sub-
merged structure loads are discussed in load

case 7c.

£s DBA Condensation Oscillation Submerged Struc-
ture Loads: Harmonic drag pressures are
postulated to act on the submerged components

of the vent system during the condensation
oscillation phase of a DBA event, The
components affected include the support
columns, the submerged portions of the SRV
piping, the T-quenchers and the T-quencher
‘ supports, The procedure used to develop the
harmonic forces and spatial distribution of

DBA condensation oscillation drag loads on
these components 1is discussed 1in Section

l-4.1.7.

Loads are developed for the case with the
average source strength at all downcomers and
the case with twice the average source
strength at the nearest downcnomer, The
results of these two cases are evaluated to

determine the controlling loads.
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The resulting maximum drag pressure acting on
the support columns for the controlling DBA
condensation oscillation drag load case are
shown in Table 3-2,.,2-6. The effects of DBA
condensation oscillation submerged structure
loads on the downcomers are included in the

loads discussed in load case 6b.

The results shown in Table 3-2.2-6 include
the effects of velocity drag, acceleration
drag, torus shell FSI acceleration drag, and
interference effects. A typical DBA con-
densation oscillation pool acceleration
profile from which FSI accelerations are
derived is shown 1in Figure 3-2,2-5, The
results of each harmonic in the loading are
combined using the methodology discussed in

Section 1-4.1.7.

Chugging Loads

a.

Chugging Downcomer Lateral Loads: Lateral
loads are postulated to act on the downcomers
during the chugging phase of the SBA, 1IBA,
and DBA events, The procedure used to
develop chugging downcomer lateral loalis is

discussed in Section 1-4.1.8. The maximum
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lateral load acting on any one downcomer in
any direction is obtained using the maximum
downcomer lateral load and chugging pulse
duration measured at FSTF, the frequency of
the tied downcomers for FSTF, and the plant
unique downcomer frequency calculated for
Hope Creek. This information is summarized
in Table 3-2,2-10, The resulting ratic of
Hope Creek to FSTF Dynamic Load Factors
(DLF's) is used in subsequent calculations to
determine the magnitude of multiple downcomer
loads and to determine the lcad magnitude
used for evaluating fatigue. The methodology
used to determine the plant unique downcomer

frequency is discussed in Section 3-2.4.1.

The magnitude of chugging lateral loads
acting on multiple downcomers simultaneously
is determined using the methodology described
in Section 1-4,1.8. The methodology involves
using 104 as the probability of exceeding a
given downcomer load magnitude once per LOCA.
The chugging load magnitudes, shown in Table
3-2.2-11, are determined using the above non-
exceedance probability and the ratio of the

DLF's taken for the maximum downcomer load
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calculation. The distributions of chugging
downcomer lateral loads which are considered
include those cases which maximize local
effects in the vent system and those cases
which maximize overall effects in the vent

system,

The maximum downcomer lateral load magnitude
used for evaluating fatigue is obtained using
the maximum downcomer lateral load measured
at FSTF with a 95% NEP, and the ratio of
DLF's taken from maximum dJowncomer load
calculations. The stress reversal histograms
provided for FSTF are converted to plant
unique stress reversal histograms using the
postulated plant unique chugging duration as

shown in Table 3-2,2-12.

Chugging Vent System Pressures: Transient
and harmonic internal pressures are
postulated to act on the vent system during
the chugging phase of the SBA, IBA, and DBA
events., The components affected include the
vent line, the vent header, and the down-
comers. The procedure used to develop

chugging vent system pressures is discussed
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in Section 1-4.1.8,. The load consists of a
gross vent system pressure oscillation
component, an acoustic vent system prassure
oscillation component, and an acoustic
downcomer pressure oscillation component,
The resulting pressure magnitudes and
characteristics of the chugging vent system
pressure loading are shown in Table 3-2,2-13,
The three lcad components are evaluated

individually and are not combined.

The overall effects of chugging vent system
pressures on the downcomers are included in
the loads discussed in load case 7a. The
downcomer pressures shown in Table 3-2.2-13
are used to evaluate downcomer hoop stresses,
The chugging vent system pressures act in
addition to the SBA and IBA containment
internal pressures discussed in load case 3b
and the DBA pressurization and thrust loads

discussed in load case d4a.

Ce Pre-Chug Submerged Structure Loads: During
the chugging phase of SBA, IBA, and DBA
events, harmonic drag pressures associated

with the pre-chug portion of a chug cycle are
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postulated to act on the submerged components
of the vent system. The components affected
include the support columns, the submerged
portion of the SRV piping, the T-quenchers,
and the T-quencher supports. The procedure
used to develop the harmonic forces and
spatial distribution of pre-chug drag loads
on these components 1s discussed in

Section 1-4.1.8.

Loads are developed for the case with the
average source strength at all downcomers and
the <case with twice the average source
strength at the nearest downcomer. The
results of these two cases are evaluated to
determine the controlling loads. The result-
ing maximum drag pressures acting on the
support columns for the controlling pre=chug
drag load case ace shown in Table 3-2,2-6,.
The effects of pre-chug submerged structure
loads on the downcomers are included in the

loads discussed in load case 7a.

The results shown include the effects of
velocity drag, acceleration drag, torus shell

FSI acceleration drag, and interference
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effects. As can be seen by examining Table
. 3-2,.2-6, the submerged structure drag
pressures due to pre-chug are bounded by
post=chug. Therefore post-chug submerged
structure loads (Case 7d) are used in the
analysis in lieu of pre-chug submerged

structure loads.

d. Post-Chug Submerged Structure Loads: During
the chugging phase of SBA, 1IBA, and DBA
events, harmonic drag pressures associated
with the post-chug portion of a chug cycle
are postulated to act on the submerged
components of the vent s§,steu, The com-

. ponents affected include the support columns,
the submerged portion of the SRV piping, the
T-quenchers, and the T-quencher supports.
The procedure used to develop the harmonic
forces and spatial distribution of post-chug
drag loads on these components is discussed

in Section 1-4.1.8.

Loads are developed for the cases with the
average source strength at the nearest two
downccmers acting both in-phase and

out-of-phas2. The results of these cases are
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evaluated to determine t'. controlling loads.
The resulting maximum drag pressures acting
on the vent system support columns for the
controlling post-chug drag load case are
shown in Table 3-2,2-6. The controlling
post~-chug drag loads on the submerged portion
of the SRV piping, the T-quenchers, and the
T=-quencher supports are presented in Volume 3
of this report. The effects of post-chug
submerged structure loads acting on the
downcomers are included in the chugging
downcomer lateral loads discussed in load

case 7a.

The results shown include the effects of
velocity drag, acceleration drag, torus shell
FS1 acceleration drag, and interference
effects., A typical post-chug pool accelera-
tion profile from which the FSI accelerations
are derived is shown in Figure 3-2,2-6. The
results of each harmonic are combined using

the methodology described in Section 1-4,1.8,

Safety Relief Valve Discharge Loads

SRV Discharge Air Clearing Submerged Struc-

ture Loads: Transient drag pressures are
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postulated to act on the submerged components
of the vent system Huring the air clearing
phase of an SRV discharge event, The
components affected include the downcomers,
support columns, the submerged portion of the
SRV piping, the T-quenchers, and the
T-quencher supports. The procedure used to
develop the transient forces and spatial dis~-
tribution of the SRV discharge air clearing
drag loads on these components is discussed

in Section 1-4,2.4.

Loads are developed for the case with three
or four quenchers in consecutive bays acting
in-phase and the case with three quenchers in
adjacent bays acting out-of-phase. These
results are evaluated to determine the con=-
trolling loads. The maximum drag pressures
acting on the downcomers and cthe support
columns for the controlling SRV discharge

drag load case are shown in Table 3-2,2-6.

These results include the effects of velocity

drag, acceleration drag, and interference

effects.
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a. Piping Reaction Loads
a. SRV Piping Reaction Loads: Reaction loads
are induced on the vent system due to loads
acting on the drywell and wetwell SRV piping
systems. These reaction loads occur at the
vent line-SRV piping penetrations and SRV
piping support on the vent header. The SRV
piping reaction loads consist of those caused
by motions of the vent system and loads
acting on the drywell and wetwell portions of
the SRV piping systems. Loads acting on the
SRV piping systems include pressurization and
thrust loads, elevated structure loads, sub-
merged structure loads, and other operating

or design basis loads.

The effects of the SRV piping reaction loads
on the vent system are included in the vent
system analysis. The reaction loads from the
drywell portion of the SRV piping are taken

from Volume S.

10, Containment Interaction Loads
a. Containment Structure Motions: Loads acting
on the drywell, suppression chamber and vent

system cause interaction effects between

BPC-01-300-3
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these structures, The interaction effects
result in vent system motions at the
attachment points of the vent system to the
drywell and the suppression chamber. The
effects of these motions on the vent system

are considered in the vent system analysis.

The values of the loads presented in the preceding
paragraphs envelop those which could occur during the
LOCA and SRV discharge eventé postulated. An
evaluation for the effects of the above loads results
in conservative estimates of the vent system responses

and leads to bounding values of vent system stresses.
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Table 3-2.2-2

VENT SYSTEM INTERNAL PRESSURES AND TEMPERATURES

FOR LOCA EVENTS 1/
P 819 (2) Temperature °F% (3
Time (sec) TeSsUrs (psig) = b
KB =T
Descrintion Designation Qutside Torus Inside Torus Comnonents Externals
t t
R | e Pmin Poax | Pmin P oax Tain Taax Tain Tnax
S8 A LOCA
Instant of Break
to Onset of ’l' Tl 0. | 300. 0.7% 12.0 0.0 2.0 266, 266. 9s. i01.
Chugging
Onset of Chugging
to Inxt:;;xon of Py T, 300. | 600. 12.0 21.3 1.4 2.0 266. 266. | 101. 103.
Initiation of ADS
to RV P]' T] £00. 1200. 213 24.12 1.4 1.5 266, 266. 103. 138.
Depressurization I

IBA LOCA

{nstant of Break
to Onset of e Ty 0. S. 0.7% 3.5 0.0 1.5 210. 220. 9s. 9s.

CO and Chugging

Onset of CO and
Chugging to Pos 2y $. 300. 3.8 22.1 1.4 1.5 220. 262. 38, 112.
Initiation of ADS 2 - 2

Initiation of ADS

Depressurization

to RPV Py, Ty 300, | S00. 22.1 337 1.4 2.0 262. 279. 112. 167.

Instant ot Break

to Termination . T 0 1.3 0.75% 9.0 0.0 31.4 138 27

of Pool Swell it 1 » - -
Termination of

Pool Swell to Pz, ?z 1.5 5.0 9.0 47 .4 1.4 2.6 270 292 82 87

Onset of CO

Onset of CO to
Onset of Chuggiag Py, Ty 5.0 } 35.0] 29.0 46.0 4.4 2.6 273, 292. 87. 118.

Onset of Chugging

Depressurization

to RPV Py 1, 35.0 | 65.9 29.0 9.0 4.4 4.4

-4
-
L=

-
w

i18.

"
[
-
[
w

()

LOCA pressure and temperature transients are contained in Hope Creek PULD
(Reference 3).

Pressures for wvent system components outside the torus are equal to absolute
drywell pressure. Pressures for vent system components inside the torus are
equal to the difference in drywell and suppression chamber absolute pressures.
Initial pressures are assumed to be 0.0 psig.

Temperatures for the vent system components including the vent line, vent header,
and downcomers are equal to the drywell temperatures. Temperatures for the vent
system externals including the support: and downcomer bracing system are equal

to the suppression chamber temperatures. TInitial temperatures are assumed to

be 70°F,

DBA vent system internal pressure locads are included in the vent system
pressurization and thrust loads shown in Table 3-2.2-3.
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Table 3-2.2-3

VENT SYSTEM PRESSURIZATION AND THRUST LOADS FOR
CBA EVENT
"4
I
F
2‘//
FS\ ( ,’/A\ \ ’FS

5

Key Diacgram

Time During | Maximum Compeonent Force Magnitude (kips)
DBA Event -
(mec) 3 <) F, F, F, Fe
i s 67.45 |139.89 | 19.70 | 19.1¢| 3.93
0.0 to 1.5
Condensation
Oscillaticn 81.98 | 129.61 17.74 17.44 3.52
S.0 to 35.0
.
Chuggliny 50.1 19.95 87 0.51
35.0 to 65.0 50.16 | 19.95 . 2.62 5
Notes:

l. Loads shown include the effects of the DBA internal
pressures in Table 3-2.2-2.

2. Values shown are equal
unreacted area and DBA
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MAXIMUM POOL SWELL ELEVATED STRUCTURE LOADS

Table 3-2.2-4

(1)

Maxi P ( ')(3;
éz) ximum Pressure (psi
Component :umberto Pool Pool Pool Froth
agRants Impact Drag Fallback | Impingement
(Pmax) (Pd) (pcfb) (Pf)
Vent T.ine 2 13.21 2.649 - 1.388
Downcomer E - 8.0 - -
Vacuum Breaker P 4 _ _ 794
and Support 0
Vent Bay | Ring 1 563.1 10.095 1.264 -
ODcwncomer | Plate
Bracing | 470 3 14.21 2.44 .306 2.539
Pipe
2%"0
Rod 2 42.67 7.312 .682 -
Non-Vent =
Bay atang 1 563.1 10.095 1.264 -
Downcomer —
Bracing | 470 3 14.21 2.44 .306 2.539
Pipe
Notes:
1. See Table 3-2.2-5 and Figures 3-2.2-l1 and 3-2.2-2 for vent
header pool swell impact and drag loads.
2. Number of segments correspond to nodalization of structures
for loads calculations.
3. See Figure 2-2.2-3 for typical pressure transient definitions.
4. Pressures are applied to vertical projected areas in a
direction normal to structure.
5. Loads on vent line and vacuum breaker are symmetric with

BPC-01-30C~-3
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respect to the vertical centerline of the vent line.
Loads on downcomers and downcomer bracing are symmetric
with respect to the vertical centerline of the vent header.
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Table 3-2.2-5

TYPITAL VENT HEADER POOL SWELL LOADING TRANSIENTS .

Mitered

Joint
(‘ 4

e DOWNCOMEr
V4 ; Openings

Oi * 2
-— —— s B =
- 3 é A 2
7
ar
- 9)
- -
3
A | Tize
Developed View of NVB Vent Header Tspizal Loading Transien:
‘
>
Location S, P e, PZ :4 p4 =

L Q.366 2.194 174.3 3.363 a3

3 4.301 5.064 87.7 8.876 29.1 27.65 1.86 95.9
4 8.9%50 10.981 30.0 13.971 28.8 34.0s 357 103.6
s 4.020 8.135 60.3 14.120 13.4 38.78 1.03 100.4
8 5.432 9.390 38.5 15.021 4.9 3s5.74 1.04 101.7

T_JO ces @

Pressure (p) in psi.

2. Time (t) in msec.

o o
® o
. )
+ )
n O
b
- B
3 .
oo
|
+
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Table 3-2.2-6

. MAXIMUM VENT SYSTEM SUBMERGED STRUCTURE LOADS

N s 2 e SR L Y s S it
(1) Maximum Pressure (psi)
Loading w0
Downcomer(Z) Support Column
LOCh Ady 1.63 1.68
Clearing :
DBA Condensation (4)
Oscillation N/A 12.13
(3)
Pre-Chug N/A 1.47
(5)
Post-Chug N/A 44 .61
. SRV 20:13 37.24
Notes:

1. Loads shown include DLF's.

2. Downcomers are subdivided into two segments for
loads calculations.

3. Support columns are subdivided into 13 segments
for loads calculations.

4. Condensation oscillation loads on downcomers are
provided in Tables 3-2.2-7 and 3-2.2-8.

5. Chugging loads on downcomers are provided in
Table 3-2.2-11.
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IBA CONDENSATION OSCILLATION

DOWNCOMER LOADS

Uniform Pressure Differential Pressure

Downcomer Load Amplitudes“)

Frequency -
Intezﬁal(gz Uniform (Fy) Differential (FdYZ) I

Pressure (psi)| Force (lb) Force (1lb)

12.0 - 20.0

0.80 175.82 0.20 43.95
18.0 - 30.0 5.20 43.95 0.20 43.95
ISR o S A AT A LB S S T
Notes:
¢ ffects of uniform and differential pressures summed

to obtain total load.

r

See Figure 3-2.2- 4 for downcomer differential pressurec
load distributions.
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Table 3-2.2-8

DBA CCNDENSATION OSCILLATION DOWNCOMER LOADS

"'

» u —a
|
Uniform Pressure Differential Pressure
Downcomer Load Amplitudes '+’
Frequency i
Interval (Hz) Uniform (F,,) Differential (Fdfz)
Sressure (psi] Force (1lb)|Pressure(psi) |[Force (lb)
4.0 - 8.0 3.60 791.16 2.85 626.34
8.0 - 16.0 1.30 285.70 2.60 $71:39
12.0 - 24.0 0.60 131.86 1.20 263.72
Notes:
1. Effects of uniform and differential pressures summed
to obtain total load.
2. See Figure 3-2.2-4 for downcomer differential pressure
load distribution.
BPC-01-300-3 nutggh
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Table 3-2.2-9

IBA AND DBA CONDENSATION

OSCILLATION

VENT SYSTEM INTERNAL PRESSURES

Component Load
Load ]
haracteristics Vent Line % Vent Header
! |
IBA DBA - IBA DBA
S St
Single Single f Single sSingle
Type Harmonic Harmonici Harmonic | Harmonic
sagnitude + 2.5 + 2.5 1 + 2.8 + 2.5
(psi) - - | - -
Distribution Uniform | Uniform Uniform Uniform
Frequency '
Range (Hz) 6 - 10 4 - 8 { 6 = 10 4 - 8
Notes:

1.

Downcomer CO internal pressure loads are included

in loads shown in Tables 3-2.2-7 and 3-2.2-8.

2. Loads shown act in addition to vent system internal
pressures in Table 3-2.2-2.

2, Additional static internal pressure of 1.5 psi
applied to the entire vent system to account for
nominal submergence of downcomers.
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Number

Table 3-2.2-11

DOWNCOMER CHUGGING LATERAL LOADS

Downcomers
Loaded

Description/Distribution

Case Number of

Magnitude
(kips)

10

Downcomers centered on
one VL, perpendicular to
VH, opposing directions,
maximize VL bending

10

Downcomers centered on
one VL, perpendicular to
VH, same directions,
maximize VL axial load

10

All downcomers between
two VL's, perpendicular
to VH, same direction,
maximize VH bending

.99

- —

MC NVB downcomers,

perpendicular to VH,
| opposing directions,
\ maximize DC bending

13.

49

| MC NVB downcomers,

| perpendicular to VH,
same directions,
maximize DC swinging

13.

49

MC NVB downcomers,
parallel to VH, opposing
directions, maximize DC
bracing loads

13.

49

MC NVB downcomers,
parallel to VH, same
directions, maximize DC
bracing loads

.49

MC NVB downcomers,
parallel to VH, maximize
effects on single DC

14.

62

-

BPC-01-300-3
Revision 0

MC NVB downcomer,
perpendicular to VH
maximize effects on

(%)
|
N

.64

single DC

14

.62
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LOAD PREVERSAL HISTOGRAM

-~ -
S

DOWNCOMEP LATERAL LOAD FATISUE EV?

TITAMT AN
- S

- -

Zlevation View

XEY OIAGRAM

B  aamataade e

Percent of Angular Sector Load Reversals aycles!®

A . - | 3 | | RS |
Load Range i - . | 4 | 5 | 5 l | 3

§ -- 10 4706 2573 2839 ‘ 1076 i 1168 2673 ) 2563 | 4628
10 = 18 2636 1206 1100 | 1104 | 1096 1082 | 1163 | 2848
1s - 20 1399 2 5§53 l 572 : 09 08 ; §79 | 127
20 - 2% 576 119 | 482 1 377 | 170 | 198 | 163 | 63
38 - 30 180 250 282 28 | 192 285 | 197 334
10 - 35 209 187 119 { 121 97 114 | 152 208
15 - 40 187 52 | T 36 §2 50 | 20 150
40 = 45 113 g ! 18 | 19 48 4| 3 36
48 - 30 33 13| 12 | 26 13 'R 13 57
$0 - 13 65 i | | 11 3 ’ 16 40
§5 - 50 51 26 ' & S 3 11 13 23 28
50 - 33 44 9 | : | 4 0 3 3 25
§5 - 70 12 15 : | : 3 2 | 3 i
70 - 7% 12 3 T 3 o 3 ? 19
7§ « 40 2 4 2 ) 2 3 ' i
30 - 3% ? s | 2 s | ) ) 3 12
as - 20 + 11 I s | 7 | ) 0 | s 13
30 - 35 s | b} 1 0 ‘ 2 2 | 3 2
98 - 10 2 5 | 9 0 g | 2 | 5 ?

Notes:
1. Values shown are for chugging duration of 900 sec.

2. The maximum single downcomer load nagnitude range used

3.93¢ x 4.8 = 18.5 kips (see Table 3-2.2-14).
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Figure 3-2.2-1

POOL SWELL IMPACT LOADS

FOR VENT HEADER

AT SELECTED
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(psi)

Pressure

g VB ¢ NVB

| (S

Z |Pmax
0.0 0.5 1.0 i
Z/L Section

Developed View

Key Diagram

/
K N
100 N\
\\
\
.7!
L+
0 <
5 6 i .8 9 3.0

Figure 3-2.2-2

MAXIMUM POOL S...LL IMPACT PRESSURES
ON VENT HEADER AT BOTTOM DEAD CENTER
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? ? cocenee s
DAX = - max ‘1
-
2 3 l
2 a {
a a
3 3 F, --....,L--
v ? ] -—— - - 1 '
- 3 i - ) -
[ -— [ 4 T’
h )
! " | s
) % L] ¢
i “max i max
Tine Tine
Pocl Swell Impact - Pool Swell Impact ~

Czlindrical Structures Flat Structures

b .
-F
Prax "
v
- ¥
3 -
2 3
A a
- 2
- 9
- -
-
5 R ——
S >
g “max 34 ' 4
Tine (msec) Sown
Sai itumi
Pool Swell . pact - Bool Fallback
Oowncomers
Pool Swell Impact and Pool Fallback
P |
i Legend |
I’ 3 = Arrival time ‘
. Up | - !
s ‘ T = Imract duration !
? 100.0 | |
| - - Srax = Time of maximum pool height |
F] | P P, = ' |
3 i D - s s Tis t en £ pool fallbac
; o X s ond me a d of pool fallback |
a f| A
» A o { - o - |-
= [ : 5 S | P nax = Peak Lmpact sressure
! & - %
! P, = Drag pressure
d |
. P = Froth pressure I
Tine (msec) : - ?"b = [roch fallback pressure f
Region I Transient Region II Transient ‘ ?p!b = Pool fallback pressure
31, |

Froth Impingement and fallback

Figure 3-2.2-3

TYPICAL POOL SWELL PRESSURE TRANSIENTS
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Case 1 Case 2

Case 2 Case 4

Notes:

l. See Table 3-2.2-7 £or IBA pressure amplitudes and
frequencies.

2. See Table 3-2.2-8 for DBA pressure amplitudes and
frequencies.

3. Four additicnal cases with pressures in downcomers
opposite those shown are also specified.

Figure 3-2.2-4

IBA AND DBA CONDENSATION OSCILLATION DOWNCOMER DIFFERENTIAL

PRESSURE LOAD DISTRIBUTION
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e € Drvwell w—

Normalizeé Pcol Acceleraticns
Profile Pool Acceleratiocn (in/sec®)

A 20.0

3 50.0

G 100.0

» 150.0

- 200.0

- - Ve v

3 400,0

G 600.0

- 800.0
Pool accelerations cue to harmonic
application of torus shell pressures
shown in Figure 2-2.2- 3 and the
amplitudes shown in Table 2-2.2-5
(see PUAR Volume 2).

.

Figure 3-2.2-6

POCL ACCELERATION PROFILE FOR POST-CHUG TORUS SHELL
LOADS AT QUARTER-BAY LOCATION
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3=-2.2.2

Load Combinatinns

The load categories and associated load cases for which
the vent system is evaluated are presented in Section
3=2,2.1. The general NUREG-0661 criteria for grouping
the respective loads and lcad categories into event
combinations are discussed in Section 1-3.,2 and

presented in Table 3-2.2-14.

The 27 general event combinations shown in Table
3-2,2-14 are expanded to form a total of 69 specific
vent system load combinations for the Normal Operating,
SBA, IBA, and DBA events. The specific load com-
binations reflect a greate. level of detail than is
contained in the general event combinations, including
distinction between SBA and IBA, distinction between
pre-chug and post=-chug, and consideration of multiple
cases of particular loadings. The total number of vent
system load combinations consists of 3 for the Normal
Operating event, 18 for the SBA event, 24 for the IBA
event, and 24 for the DBA event. Several different
service level limits and <corresponding sets of

1llowable stresses are associated with these load

combinations.

BPC-01-300-3
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Not all of the possible vent system load combinations
are evaluated since many are enveloped by others and do
not lead to controlling vent system stresses. The
enveloping load combinations are determined by examin-
ing the possible vent system load combinations and
comparing the respective load cases and allowable
stresses. The results of this examination are shown in
Table 3-2.2-15, where each enveloping load combination

is assigned a number for ease of identification.

The enveloping load combinations are reduced further by
examining relative lcad magnitudes and individual load
characteristics to determine which load compinations
lead to controlling vent system stresses. The load
combinations which have been found to produce control-
ling vent system stresses are separated into two
groups. The SBA II, DBA II, and DBA III combinations
are used to evaluate stresses in all vent system
components except those associated with the vent line-
SRV piping penetrations. The SBA II and DBA III
combinations are used to evaluate stresses in the vent
line-SRV piping penetrations. An explanation of the
logic used to conclude that these are the controlling
vent system load combinations is presented in the
paragraphs which follow. Table 3-2.2-16 summarizes the

controlling load combinations and identifies which load

BPC=-01-300=-3 .
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with those caused by other loads 1n the load

combinations. The Service Level C primary stress

allowables for the load combinations containing SSE
loads are 33 to 75% higher than the Service Level B
allowables for the corresponding load combination
containing OBE loads. It is apparent, therefore, that
the controlling load combinations for evaluation of
vent system components are those containing UBE loads

and Service Level B allowables.

By applying the above reasoning to the total number of
vent system load combinations, a reduced number of
enveloping load combinations for each event is
obtained, The resulting vent system load combinations

for the Normal Operating, SBA, IBA, and DBA events are

shown in Table 3-2.2-15, along with the associated
service level assignments. For ease of identificaticn,
each lcad combination in each event is assigned a
number. The reduced number of enveloping load
combinations shown in Table 3-2.2-15 consists of 1 for
the Normal Operating event, 4 for the SBA event, 5 for
the the IBA event, and 6 for the DBA event. The load
case designations for the loads which make up the
combinations are the same as those presented 1in

Section 3-2.2.1.

BPC=-01-300~-3
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It is evident from an examination of Table 3-2,2-15
. that further reductions in the number of vent system
load combinations requiring evaluation are possible.
Any of the SBA or IBA combinations envelop the NOC I
combination, since they contain the same loadings as
the NOC I combination and, 1in addition, contain
condensation oscillation or chugging loads. The
effects of the number of load cycles specified for the
NOC I combination are considered in the vent system

fatigue evaluation.

The SBA II combination is the same as the IBA III
combination except for negligible differences in }
internal pressure loads. Thus IBA III can be
‘ eliminated from consideration. The SBA II combination
envelops the SBA I and IBA II combinations, since the
submerged structure loads due to post-chuy are more
severe than those due to pre-chug. Similarly, the SBA
IT combination envelops the IBA I combination, since
the downcomer lateoral loads due to chugying are more
severe than the downcomer loads due to IBA condensation
oscillation. It also follows, from the reasoning
presented earlier for OBE and SSE seismic loads, that
the SBA II combination envelops the SBA III, SBA IV,
IBA IV, and IBA V combinations. Similarly, the SBA II

combination envelops the DBA V and DBA VI combinations,

BPC-01-300-3
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except that these combinations contain vent system
discharge 1loads which are somewhct larger than the
pressure loads for the SBA II combirnation. This effect
is accounted for by substituting the vent system
discharge loads which occur during the chugging phase
of a DBA event for the SBA II pressure loads when the

SBA II load combination is evaluated.

The DBA II combination envelops the DBA IV combination,
since the SRV discharge loads which occur late in the
DBA event have a negligible effect on the vent
system. The DBA II <combination also has more

restrictive allowables than the DBA IV combination.

The DBA III combination envelops the DBA I combination
since the DBA TIII c¢ombination contains SSE seismic
loads in addition to SRV loads, while the DBA 1
combination contains OBE seismic loads. However the
DBA I combination has more restrictive allowables than
the DBA III combination. Therefore the DBA III
combination is evaluated using the allowable stresses
associated with the DBA I combination for all com-
ponents except the vent 1line-SRV piping penetration,
The SBA II combination envelops the DBA I combination
at the vent 1line-SRV piping penetration, since the

DBA I combination does not include SRV discharge loads




which are a large contributor to loads on the
penetration. The DBA III combination is evaluated
using Service Level C allowables at the vent line-=SRV

piping penetration.

The controlling vent system load combinations evaluated
in the remaining report sections can now be summarized.
The SBA II, DBA II, and DBA III combinations are
evaluated for all vent system components except those
associated with the vent line-SRV piping penetration.
The DBA II combination does not need to be examined
when evaluating the vent line-SRV piping penetration,
since it does not contain SRV discharge loads which are
a large contributor to loads on the penetration. Thus,
the SBA II and DBA III combinations are evaluated for
the vent line-SRV piping penetration. As previously
noted, the vent system discharge loads which occur
during the chugging phase of the DBA event are
conservatively substituted for the SBA pressure loads

when evaluating the SBA II load combination.

To ensure that fatigue is not a concern for the vent
system over the life of the plant, the combined effects
of fatigue due to Normal Operating plus SBA events are
evaluated. The relative sequencing and timing of each

loading in the SBA, IBA, and DBA events used 1in this

BPC-01-300-3
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evaluation are shown in Figures 3-2.2-7, 3-2.2-8 and
3-2.2-9. Since SBA combinations envelop IBA combina-
tions, the fatigue effects for Normal Operating plus
IBA events are enveloped by Normal Operating plus SBA
events. The fatigue effects for Normal Operating plus
DBA events are also enveloped by the Normal Operating
plus SBA events, since the combined effects of SRV
discharge lcads and other loads for the SBA events are
more severe than those for DBA. Additional information
used in the vent system fatigue evaluation |is

summarized at the bottom of Table 3-2.2-15,

The load combinations and event sequencing described in
the preceding paragraphs envelop those which could
actually occur during a LOCA or SRV discharge event.
An evaluation of these load combinations results in a
conservative estimate of the vent system response and
leads to bounding values of vent system stresses and

fatigue effects.

BPC~-01-300-3
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Table 3-2.2~14

MARK I CONTAINMENT EVENT COMBINATIONS

B = |
sovi = | eal e ;f::::‘;!’:‘:g::g O8A | OBA + 20 OBA+sRV| DsAesPveEg
| | i | 3
(r—— . .
tarthquaie Tvpe 2|8 lols|als! als 3[51 iglslols! mnr
L3ADS L2 3fajsle)vic|a]o]aafz]s 128l 6] 27 1] a0l 20] 222 [23 [ae]as 2627
— x [ x e fxlelejxln] o] xxfxfxlxin]x]x[xlx x| x| «[xlx]aix
farthquake | x ix{x|x]x] x| x| x x|x|x!x| x| x| x!x
SRV Discharwe xf{xix| | | x| x!xlei{x]|x | x| x|x!x|x]|x
LOCA Thermal ! Cx P b e e el f e Ll xl el x]x x]xﬁizlzix X |
X CA Rssctions | bx I el el x| x[x]x]x xlx|x|xlx elx] x| x ixlx ’U'L
WOCA Quasi-Stacic }x y = el x| x| x{x|xjx|x|xpx]xfel{x|x! x| x|x|x!x|x
Pressure {  § l
LOCA Pool Swall ; B x| x | x x|x| |
LOCA Comdensaticn | |x x| x 2 x| x x x|x X x| x
Cseillation
“OCA Chugging i X X|x X X|x X xllx X X|x
Note:

1. See Section 1.3.2 for additional event combination information.
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Table 3-2.2-15
(Concluded)

Notes:

1. See Table 3-2.2-2 for SBA, IBA, and DBA internal pressure
values.

2. The range of normal operating irternal pressures is 0.0 to
2.0 psi as specified by the FSAR.

3. See Table 3-2.2-2 for SBA. IBA, and DBA temperature values.

4. The range of normal operating temperatures is 50.0 to 150.0°F
as specified by the FSAR.

5. The SRV discharge loads which occur during this phase of the
DBA event have a negligible effect on the vent system.

6. Evaluation of primary-plus-secondary stress range or fatigue
not required.

7. The allowable stress value for local primary membrane stress
at penetrations increased by 1.3.

8. The number of seismic load cycles used for fatigue is 1000.

9., The values shown are conservative estimates of the number
of actuations expected for a BWR 4 plant with a reactor

vessel diameter of 251 inches equipped with low-low set
logic.

BPC-01-300-3
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Table 3-2.2-16

ENVELOPING LOGIC FOR CONTROLLING

VENT SYSTEM LOAD COMBINATIONS

Condition/Event SBA IBA DBA
Table 3-2.2-24 Enveloping
iyt ¢ g o 14| 14| 15|15 |14 14 |24 |15 |15 |28 |20 |25 (27 | 27| 27
4-6/4-6]3,78,7.] 4-6| 4-63,7,13,7,{3.7, 19,| 2, 21,] 21,
Co:;?“t:;:'z;::_{g:ﬂd o] 8 19, [ 918 o |83 |9 16]|17]22] 23] 23] 23,
— . . 10- [ 10- | 13 | 13| 10= ] 20« 20-| 13 |13 24 |26 | 26| 26
12 | 12 12|12 12
Volume 3 Load
Coubinstion Desigassics t jtx lrzxlav] r|ex|zagjev | v| 1|1z frzzjav | v |vr
b sea 11V X x| x| x| x| x| x| x x| x
» Vent
33| system | oma 11 X
3% | Components
il and {l
3| supports DBA II X
§§ sea 11} X 21 %) 21 5} 2L %] % X| x
4% | vent Line-
£ & | SRV Piping
335 |Penetration 2
g DBA 1I X X X
&)

Notes:

1. DBA pressurization and thrust loads are substituted for SBA II

internal pressure lcads when evaluating the SBA II load

combination.

2. The allowables associated with the DBA I combination are used
when evaluating the DBA III load combination.

3. The number of load cycles associated with the NOC I combination
line SRV

are used with SEA II stresses when evaluating
piping penetration fatigue effects.
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3-2.3 Analysis Acceptance Criteria

The acceptance criteria defined in NUREG-06€1 on which
the Hope Creek vent system analysis is based are
discussed in Section 1-3.2. 1In general, the acceptance
criteria follows the rules contained in the ASME Code,
Section ITI, Divigsien 1 including the Summer 1977
Addenda for Class MC components and component supports
(Reference 6). The corresponding service limit assign=-
ments, jurisdictional boundaries, allowable stresses,
and fatigue requirements are consistent with those
contained in the applicable subsections of the ASME
Code and the Mark I Containment Program Plant Unique
Analysis Application Guide (PUAAG) (Reference 5). The
acceptance criteria used in the analysis of the vent ‘

system are summarized in the paragraphs which follow,

The items examined in the analysis of the vent system
include the vent lines, vent header, downcomers, the
support columns and associated support elements, the
overhead truss members, the drywell shell near the vent
line penetrations, the downcomer-vent header intersec-
tion stiffener plates and bracing system, the wvacuum
breaker supports, the vent line-SRV piping penetration
assembly, and the vent line bellows assembly. The

specific component parts associated with each of these

BPC-01-~300-3 ‘
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items are identified in Figures 3-2.1-1 through

The vent lines, vent header, downcomers, the support
column ring plates away from the pin locations, the
drywell shell, the downcomer-vent header intersection
stiffener plates, the vacuum breaker support, anrd the
vent line-=SRV piping penetration assembly are evaluated
in accordance with the regquirements for Class MC
components contained in Subsection NE of the ASME
Code. Fillet welds and partial penetration welds
joining these component parts or attaching other
structures to these parts are also exam.ned in
accordance with the requirements for Class MC welds

’ contained in Subsection NE of the ASME Code.

The support columns, the overhead truss members, the
downcomer bracing members, and the associated connect-
ing elements and welds are evaluated in accordance with
the requirements for Class MC component supports

contained in Subsection NF of the ASME Code.

As shown in Table 3-2.2-15, the SBA II, and DBA II
combinations have Service Level B limits, The DBA III
combination has Service Level C limits, but is

evaluated against the allowables specified for DBA I as

‘ BPC-01-300-3
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discussed in Section 3-2,2.2. Since these load com-
binations have somewhat different maximum temperatures,
the allowable stresses are conservatively determined at

the highest temperature of the three load combinations.

The allowable stresses for all the major components of
the vent system, such as the vent line, vent header arnd
downcomers, are determined at the maximum DBA tempera-
ture of 292°F. The allowable stresses for the vent
line=-SRV piping nozzle and adjoining component parts
are determined at 407°F. The allowable stresses for
the remaining vent system component parts are
detarmined at the maximum IBA suppression chamber
temperature of 167°F. The allowable stresses for the
load combinations with Service Level B limits are shown

in Table 3-2.3-1.

The allowable displacements and associated number of
cycles for the vent line bellows are shown in Table
3-2,.3-2. These values are taken from the FSAR, as
permitted by NUREG-0661 in cases where the analysis
technique used in the evaluation is the same as that

contained in the plant's FSAR.

BPC-01-300-3
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The acceptance criteria described 1in *he precedii !

paragraphs result 1in conservative estimates of the

existing margygins of safety and ensure that

vent system design margins are maintained.

BPC-01-300~-3
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Table 3-2.3-1

ALLOWABLE STRESSES FOR VENT SYSTEM
COMPONENTS AND COMPONENT SUPPORTS

(1) (2) "I'

Material Allowable
Material | Properties S;r;:s Stress
(ksi) b (ksi)
COMPONENTS
Local Primary 28.95
< s = 19.30 Membrane
Drywell SA-516 mc : —
hell p 70 Primary + (5)
. e s .= 22.55 | Secondary Stress 67.64
ml Range
Primary Men 19.30
Smcg 19.30 rimary Membrane ]
Vent SA-516 Loaa;bgggzary 28.95
Line Gr. 70 S .= 22.55 e
ml Primary + (5)
Secondary Stress 67.64
t Range
Primary Membrane 19.30
S = 19.30 :
vent SA-516 mc Local Primary 28.95
Header Gr. 70 Membrane
Sq1= 22-55 Primary + (3)
Secondary Stress 67 .64
Range
Primary Membrane 19.30
SA-516 S _.=19.30 .
L comer | Gr. 70 - Local Primary 28.95
. Membrane
Sa1= 22:55 [T Primary + (5)
) Secondary Stress 67 .64
Range
Prirmary Membrane 22.00
Support s_.= 22.00 Local Primary
Column SA-537 - Membrane 33.00
Rlng Cls & S = 26.70 Primarv + (5)
Plates = Secondary Stress 80.10
f* Range
] Y i i < l -'-
o {8) s = 16.50 Primary Membrane 6.50
SRV Piping SA-333 mc
Penetration Gr. 6 Local Primary 24.75
Nozzle 2 S 1= 19.92 Membrane
- Primary + (5) Sk
Secondary Stress 52.76
Range
e o

BPC-01-300-3 l1llt§;5;[]
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Table 3-2.2-1
(Concluded)

l 1 (2)
[ Allowabl
Material Sczsde SRR
Item Material | Properties b Stress
E : Type (ks1)
(XS1) -
| e 4 aa -y
COMPONENT SUPPORTS
m e e
Bending 18.61
(6) Tensile 16.92
Columns SA-333 S, = 28.20 p
Gr. 1 i Combined 1.00
(7)
Compressive 14.33
Interaction 1.00
e nmmede
WELDS
Downcomer ; .
to Primary 15.01
Vant SA-516 = 19.30
. Gr. 70 o v
Header Secondary 45.03
(8)
SRV Piping Primary 11.58
Penetration i -
Nnzzle é? 3}8 “me 19.30
it L Secondary 34.74
Flate 4 34.7
e
hotes:
1. Material properties taken at maximum event temperatures.
2 Allowables shown correspond to Service Level B stress limits. The DBA III combination
is evaluated with DBA I allowables, except as noted.
3. rhermal bending stresses are excluded when evaluating primary-plus-secondary stress
ranges.
4. The allowable sctresses for local primary membrane stresses at penetrations are
increased by 1.. when evaluating the DBA III load combination.
S. Evaluation of primary-plus-secondary stress intensity range and fatigue are not
required for the DBA III locad combination.
6. Stresses due to thermal loads may be excluded when evaluating component supports.

Allowable compressive stress based on maximum column length.

8. For the DBA III combination, the SRV piping penetration nozzle and nozzle to insert
plate /eld are evaluated with the following Service Level C aliowables:
Nozzle - Primary Membrane = 29.88 ksi, Local Primary Membrane = 44.82 ksi, Weld -

Primary = 19.48 ksi.

nutech
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Table 3-2,3-2

ALLOWABLE DISPLACEMENTS AND CYCLES
FOR VENT LINE BELLOWS

Allowable Value
Type Normal Accident
8P§§3€¥ggs Conditions
onditi
Compression 0.75 in. , 1.25 in.
Axial '
Extension 0.7% in. 0.75 in.
w/Axial .
Compression 0.50 in. 0.79 ih.
Lateral v kutal
4
Extansion 0.75 in 1.29 Ih
Number of Cycles
of Maximum 230 10
Displacements
BPC~01-300-3
Revision 0 3-2.94
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Method of Analysis

The gycverning loads for which the Hope Creek vent
system is evaluated are presented in Section 3-2,2.1.
The methodology used to evaluate the vent system for
the overall effects of all lcads, except those which
exhibit asymmetric characteristics, 1is discussed 1in
Section 3-2.4.,1. The effects of asymmetric loads on the
vent system are evaluated using the methodology dis-
cussed in Section 3-2.4.2, The methodology used to
examine the local effects at the penetrations and
intersections of the vent system major components is
discussed in Section 2-2.4.3. The methodology used to
evaluate the local effects of pool swell impact loads

on the vent header is discussed in Section 3-2.4.4.

The methodoloyy wused to formulate results for the
controlling load combinations, examine fatigue effects,
and evaluate the analysis results for comparison with
the applicable acceptance limits 1is discussed 1n

Section 3-2.4.5.

BPC-01-300~3
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3-2.4.1 Analysis for Major Loads

The repetitive nature of the vent system geometry is
such that the vent system can be divided into 16 iden=-
tical segments which extend from midbay of the vent
line bay to midbay of the non-vert line bay, as shown
in Figure 3-2,1=-6. The governing loads which act on
the vent system, except for seismic loads and a few
chugging load cases, exhibit symmetric and/or anti-
symmetric characteristics with respect to a 1/16th
segment of the vent system., The analysis of the vent
system for the majority of che governing loads 1is

therefore performea for a typical 1/16th segment.

A beam and finite element model of a 1/l16th segment of .
the vent system and suppress.on chamber, as shown 1in
Figure 3-2.4-1, is used to obtain the response of the
vent system to all loads except local response of the
vent header to pool swell impact loads and the response
of the vent system to those loads which result in
asymmetric effects. The model includes the vent line,
vent header, downcomers, the support columns, the
overhead truss mempers, and the suppression chamber
shell and ring beams. The model also includes the
downcomer bracing system and the vacuum breaker and

vacuum breaker support. The portion of the SRV piping,

BPC=-01-300-3 ‘
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T-quenchers, and their associated supports 1in the
. suppression chamber are also included to account for

the interaction effects of these structures.

The local stiffness effects at the penetrations and
intersections of the major vent system components,
shown in Figures 3-2,1-3 and 3-2,1-7 through 3-2.1-9,
are included using stiffness matrix elements of these
penetrations and intersections. A matrix element for
the vent line-drywell penetration, which connects the
upper end of the vent line to the conical transition
seyment, is developed using the finite difference model
of the penetration shown in Figure 3-2.4-3. The finite
element model of the vent line-=SRV piping penetration,
‘ shown in Figure 3-2.4-4, is used to develop a matrix
element which connects the beams on the centerline of
the vent line to the SRV piping penetration nozzle. A
beam element which connects the vent header to the
beams on the centerline of the vent line is developed
using the finite element model of the vent line-vent

header intersection shown in Figure 3-2.4-5,

The finite elcment model of the downcomer-vent header
intersection, shown in Figure 3-2.4-6, 1is used to
devalop matri elements which connect the beams on the

centerline of the vent header to the upper ends of the

BPC-01-300~3
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downcomers at the downcomer ring locations. Additional

information on the analytical models used to evaluate

the penetrations and intersections of major vent system

components is contained in Section 3-2.4.3,

The finite element model of the SRV piping ramshead is
used to develop matrix elements which connect the SRV
discharge 1line to the T-guenchers. Additional
information on the ramshead analytical model 1is

contained in Volume 5 of this report.

The local stiffness effects at the attachments of the
downcomer bracing, vacuum breaker supports, vent system
support columns, overhead truss members, ana SRV piping

pad plates located on the vent header are also

included. Beams which account for the local stiffness
of the support rings and pad plates are used to connect
the associated component parts to beams which model the

vent line, vent header, and downcomers.

The 1/16th segment model contains 539 nodes, 441 beam
elements, 264 plate »ending and stretchinyg elements,
and 6 matrix elements. The node spacing used in the
analytical model is refined to ensure adeguate dis-
tribution of mass and determination of structural

frequencies and mode shapes, and to facilitate accurate

BPC-01-300-3 '
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paragraphs. The mathematical boundary conditions
consist of either symmetry, anti-symmetry, or a ‘
combination of both at the midcylinder planes,
depending on the characteristics of the load being

evaluated.

when computing the response of the suppression chamber
and vent system to dynamic loadings, the fluid-
structure interaction effects of the suppression
chamber shell and contained fluid (water) are con-
sidered. A finite element model of the fluid 1s used
to develop a coupled mass matrix which is added to the
submerged nodes of the suppression chamber analytical
model to represent the fluid. The approach used 1is
similar to the one documented in Section 2-2.4.1 of .
PUAR Volume 2. Additional mass is lumped along the
length of the submeryed portions of the downcomers,
support columns, SRV piping, and T-quenchers and
supports to account for the effective mass of water
which acts with these components during dynamic load-
ings. For al! but the pool swell and condensation
oscillation dynamic loadings, the mass of water inside
the submerged portion of the downcomers is included.
The downcomers are assumed to contain air and/or steam
during pool swell and condensation oscillation, the

mass of which is neglected. The mass of water inside

BPC~01-3C0~-3
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technique, including modes to 100 hertz with 2%
damping, is utilized in both the transient and harmonic .

analyses,

The remaining vent system locad cases specified in
Section 3-2,2.1 involve either static loads or dynamic
loads, which are evaluated using an equiva'ent static
approach. For the latter, conservative dynemic
amplification factors are developed and applied to the
maximum spatial distributions of the individual dynamic

loadings.

The effects of asymmetric loads are evaluated by
applying these loads to the 180° beam model.
Additional information related to the vent system .
analysis for asymmetric loads is provided in

Section 3-2.4.2.

The 1/16th segment model is also used to generate loads
for the evaluation of stresses in the major vent system
component penetrations and intersections, Beam end
loads, distributed loads, and reaction loads are
developed and applied to the analytical models of the

vent system penetrations and intersections shown in

BPC-01-300-3
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the three earthquake directions are combined

using SRSS.

SSE Loads: The procedure used to evaluate
the wvertical, N-S  horizontal, and E-W
horizontal SSE seismic accelerations is the
same as that discussea for OBE seismic loads

in load case 2a.

Containment Pressure and Temperature Loads

a.

A static analysis is performed for a 2.0 psi
internal pressure applied as concentrated
forces to the unreacted areas of the vent

system,

LOCA Internal Pressure Loads: A static anal-
ysis is performed for the SBA and IBA net
internal pressures applied as concentrated
forces to the unreacted areas of the major
components of the vent system, These pres-
sures are shown 1in Table 3-2,2-2, The
effects of DBA internal pressure loads are
included in the pressurization and thrust

loads discussed in load case 4a.
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r Concentrated forces are also applied at the
. vent line-drywell penetration location using
the SBA and DBA drywell internal pressures,

These forces account for the pressures acting

on the vent line=~drywell penetration

unreacted area and for the movement of the

drywell due to internal pressure.

Ce A static analysis 1is performed for the
maximum rnormal operating temperature listed
in Table 3-2.2-2, This temperature |is
uniformly applied to the portion of the vent
system inside the suppression chamber.
Corresponding temperatures of 70°F for the

. drywell and vent system components outside
the suppression chamber, 150°F for the
suppression chamber, 380°F for the submerged
portion of the wetwelil SRV piping, and 407°F
for the SRV piping in the suppression chamber

airspace are also applied in this analysis.

d. LOCA Temperature Loads: A static aralysis is
performed for the SBA, IBA, and DBA tempera-
tures, which are uniformly applied to the
ma jor components and external components of
the vent system. These temperatures are

’ shown in Table 3-2,2-2, A 380°F temperature

BPC-01-300-3
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Vent

Pool

is uniformly applied to the submerged portion
of the wetwell SRV piping, and a 407°F
temperature is uniformly applied to the

wetwell SRV piping in the torus airspace.

Concentrated forces are applied at the vent
line-drywell penetration to account for the
thermal expansion of the drywell during the

SBA and DBA events.

System Discharge Loads

The DBA pressurization and thrust loads are
shown in Table 3-2.2-3, These loads are
enveloped by the ma:imum DBA pressure loads
shown in Table 3-2,2-2. Therefore the
maiimum DBA pressure loads are used in lieu
of DBA pressurization and thrust loads in the

analysis.

Swell Loads

Vent System Impact and Drag Loads: A dynamic
analysis is performed for the vent line, vent
header, and downcomer pool swell impact loads
shown in Tables 3-2,.,2-4 and 3-2.2-5. The
local effects of pool swell impact loads on
the vent header are assessed using the 1/32
segment finite element model, as discussed in

Section 3-2.4.4.
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Impact and Drag Loads on Other Structures: A
dynamic analysis is performed for pool swell
impact loads on the downcomer bracing members
and ring plates. These loads are shown in
Table 3-2.2-4., The pool swell impact loads
acting on the SRV piping and supports are

also applied.

Froth Impingement and Fallback Loads: B
dynamic analysis is performed for froth
impingement loads on che downcomer bracing
members, overhead truss members, and the
vacuum breaker and vacuum breaker support.
These loads are shown in Table 3-2,2-4.
froth fallback loads are negligible. The
froth impingement loads acting on the SRV

piping and supports are also applied.

Pool Fallback Loads: A dynamic analysis is
pecrformed for pool £fallback 1loads on the
downcomer bracing members and ring plates,
These loads are shown in Table 3-2.2-4. The
pool fallback lcads acting on the SRV piping

and supports are also applied.
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e. LOCA Air Clearing Submerged Structure

Loads: An equivalent static analysis |is
performed for LOCA air clearing submerged
structure loads on the downcomers., These
loads are shown in Table 3-2,2-6. LOCA air
clearing submerged structure loads on the
support columns are negligible. The values
of the loads include dynamic amplification
factors which are computed wusing first
principles and the dominant frequency of the
downcomers. The dominant frequency of the
downcomers without water inside is obtainec
from the structural frequency analysis. The
resulting dominant frequency is reported in

Table 3-2.4-3,

6. Condensation Oscillation Loads
a. IBA Condensation Oscillation Downcomer Loads:
A dynamic analysis is performed for the IBA
condensation oscillation downcomer loads
shown in Table 3-2.2-7 using the most severe
cases of those shown in Figure 3-2.2-4, The
dominant frequency of the downcomers without
water inside is reported in Table 3-2.4-3,
It is apparent that the dominant downcomer
frequency occurs in the frequency range of

the second condensation oscillation downcomer

BPC-01-300-3 ggh
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locad nharmonic. The first and third condensa-
tion oscillation dewncomer load harmonics are
therefore applied at freguencies equal to 0.5
and 1.5 times the value of the dominant

downcomer frequency.

DBA Condensation Oscillation Downcomer Loads:
The procedure used to evaluate the DBA
condensation oscillation downcomer loads
shown in Table 3-2.2-8 is the same as that
discussed for IBA condensation oscillation

downcomer loads in load case 6a.

IBA Condensation Oscillation Vent System
Pressures: An equivalent static analysis is
performed for IBA condensation oscillation
vent system pressures on the vent line and
vent header. These loads are shown in
Table 3-2,.2-9. The dominant vent line and
vent header frequencies used in the analysis
are summarized in Table 3-2.4-3, An
additional static analysis is performed for a
1.5 psi internal pressure applied as concen-
trated forces to the unreacted areas of the

vent system,
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7.
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oscillation submerged structure loads are
bounded by post-chug submerged structure
loads (Case 7d). Therefoce post-chug sub-
merged structure loads are used in lieu of
DBA condensation oscillation loads in the

analysis.

Chugging Loads

a.

Chugging Downcomer Lateral [Loads: The
dominant downcomer frequency for use in
calculating the maximum chugging load
magnitude is obtained from the structural
frequency analysis results for downcomers
with water inside. The resulting dominant
frequency is shown in Table 3-2.4-3, The
resulting chugging load magnitudes are shown
in Table 3-2.2-10, A static analysis using
the 1/16th beam model 1is performed for
chugging dewncomer lateral locad cases ¢
through 9. These load cases are shown 1in
Table 3-2.2-11. An additional static
analysis using the 180° beam model is
performed for 1load cases 1 through 3, as

discussed in Section 3-2.4.2.
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amplif.cation factors which are computed
‘ using the methodology described for DBA CO
submerged structure lcads in load case 6f.
The post-chug submerged structure loads
acting on the submerged portion of the SRV
piping, T=-quenchers and supports are also

applied.

8. Safety Relief Valve Discharge Loads

a. SRV Discharge Air Clearing Submerged Struc-

ture Loads: An equivalent static analysis is

performed for SRV discharge drag loads on the

downcomers and support columns. These loads

are shown 1in Table 3-2,2-6. The loads

. include a dynamic load factor as discussed in
Section 1-4.2.4. The SRV discharge submerged

structure loads acting on the submerged

portion of the SRV piping, T=-guenchers and

supports are also applied,

9. Piping Reaction Loads
a. SRV Piping Reaction Loads: As previously
discussed, the wetwell SRV piping,
T-quenchers, and T-quencher supports are

included in the 1/16th segment model of the
vent system. Loads in categories 1 through 8

BPC-01-300-3
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w"ich act on the vent system, wetwell SRV
piping, T-quenchers and supports are applied
to these structures and the interaction

effects are evaluated.

Additional equivalent static loads caused by
SRV discharge line clearing pressurization
and by thrust loads acting on the wetwell SkV
piping and T-quenchers are also applied. The
conditions which cause the maximum reaction
loads on the vent line-SRY piping penetration

are evaluated.

Containment Interaction Loads

a.

Containment Structure Motions: The motions
of the drywell due to internal pressure and
thermal expansion are applied to the 1/16th
segment model. The motions caused by loads
in other load categories acting on the
drywell have been evaluated and found to have

a negligible effect on the vent system.

The containment interaction effects of the
suppression chamber on the vent system are
accounted for by the finite element represen-

tation of the suppression chamber 1in the
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Table 3-2.4-1

VENT SYSTEM FREQUENCY ANALYSIS RESULTS WITH

WATER INSIDE DOWNCOMERS

Mode | Preguency Modal Weight (lb)
Number | (Hz) (1) (1) 2 (1) -]
1| 13.9 49342.31 4067.67 42876.50
2 14.7 63485.52 1608.54 108403.11
3 15.0 24.97 18.91 12.21
4 16.5 158719.14 7345.39 167888.71
g 9 16.9 223.80 7.59 476.47
6 | 17.0 295.77 6.82 7159.09
7 -1 18.7 26.81 73.82 1216.08
B b =182 538.00 0.02 2285.36
9 i 19.2 11.82 93.03 0.10
10 | 19.3 1759.47 160.61 4223.32
11 | 19.7 39.37 4.13 0.62
H 12 | 20.2 2655.43 187.09 11596.20
13 20.4 206.60 0.39 37 .81
14 20.6 236.25 3305.05 .98
15 21.4 5.53 102.84 $50.26
16 22.2 154.68 476.35 11923.97
17 22.6 1146.36 1120.12 7131.61
r 18 22.7 46.15 61.09 163.23
19 22.8 0.43 173.58 6588.69
20 23.3 198.40 1199.04 185.19
21 23.4 40.91 257.59 7.82
22 24.0 1091.32 3.73 2746.79
23 24.5 23.47 .99 2277.46
24 24.6 2.19 44.63 12.68
25 24.7 1.02 224.83 4.68
26 24.7 58.68 .02 1563.75
27 24.8 1123.09 18.11 25475.07
28 25.6 189.52 | 70.26 10.87
29 25.9 324.91 474.73 5.98
L3o 25.9 6.64 84.61 | 2383.86 |
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Table 3-2.4-1
(Concluded)

Mode Frequency Modal Weight (1lb)

Number (Hz) x (1) v (1) g (1)

*
31 26.6 7087.28 19.12 10642.49
32 27.5 44.00 2691.27 11.44
33 27.6 3593.52 212.64 38807.91
34 27.7 319.95 51.37 |  370.94
35 27.9 1926.33 287.19 | 9390.75
36 27.9 1932.74 239.62 | 2079.55
37 28.2 296.83 6.44 | 59.07
38 28.5 5.59 | 153.73 | 13767.48
39 28.8 2626.03 25.59 49994.24
40 29.1 535.44 572.78 22072.50
41 29.7 671.61 1968.71 | 7883.5
42 30.3 1328.90 4.92 | 2376.30
43 30.4 4465.43 51.55 % 8441.00
44 30.6 1349.06 | 29.66 | 23183.00
45 31.1 462.91 | 13.11 |  725.51
46 31.5 15.75 ; 75.37 | 45.98
47 31.6 5653.37 | 43.99 | 211.99
48 32.6 12249.00 { 136,32 | 730.29
49 33.5 160.96 | 402.44 831.79
51 33.7 75.31 | 49.72 1214.92
51 34.0 298.47 68.80 1141.85
52 34.4 0.7 5.11 24.39
53 34.8 32.17 81.60 19.66
54 35.6 154.35 14.75 | 278.39
55 35.8 24/.75 231.40 | 18.19

Note:

l. See Figure 3-2.4-1 for coordinate system directions.
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Table 3-2.4-2

VENT SYSTEM FREQUENCY ANALYSIS
RESULTS WITHOUT WATER INSIDE DOWNCOMER

s A T S T T SN 55 A, o B S, L

Hode R Modal Weight (1b)
Number (Hz) x\l) I Y(l) z(l)
1 14.5 105620.43 4696.21 157063.24
2 15.0 18.92 18.53 7.40
3 16.1 31856.67 408.78 28438.84
4 16.6 132558.92 7650.07 131854.86
5 16.9 480. 135 0.93 799.22
5 17.0 80.€0 0.22 8479.32
7 18.7 21.90 62.08 1229.42
8 18.7 531.57 0.27 2262.19
9 19.2 24.09 40.05 7.16
10 19.3 2367.10 214.78 4717.52
11 19.7 29.65 5.74 1.46
12 20.2 2850.30 180.95 11856.41
13 20.4 270.74 4.38 296.95
14 20.6 267.52 3044.55 12.5
15 21.4 26.05 | 147.43 531.61
16 22.3 137.96 111.08 21830.82
17 33.7 0.27 0.57 42.26
1 22.8 41.41 40.27 | 4792.77
19 22.9 252.45 9.83 |  143.98
20 23.4 23.69 141.40 | 32.14
21 24.5 13.40 0.01 | 2262.47
22 24.5 37.27 0.67 | 56.87
23 24.6 1.39 3.35 | 151.08
24 24.7 68.79 | 3.89 | 1788.51
25 24.8 1135.55 | 69.54 | 26115.92
26 25.6 397.44 | 277.96 | 59.86
7 25.9 0.99 i 24.23 ] 2314.42
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Table 3-2.4-2
(Continued)

Mode Frequency Modal Weight (lb)

Number (Hz) x(l) I Y(l) Z(l)
[— r— |
55 36.3 4657.98 130.38 130.31
56 36.6 3.51 0.09 862.99
57 7.3 8.84 17.04 72.04
58 37.7 18.96 300.71 1.19
59 38.8 6934.50 651.28 39.13
60 39.1 24.40 342.94 43.18
61 39.5 410.13 13.06 232.30
62 39.6 379.18 1928.59 2.93
63 39.9 2953.26 609.59 77.66
64 40.9 161.11 224.17 4.92
5 41.5 979.91 1.92 95,34
66 41.7 7112.19 86.79 370.73

67 42.3 1.03 22.29 3.13 ‘
68 42.4 247.19 2625.21 8.7
69 43.2 54.39 37.43 511.73
70 43.6 2.56 0.13 448,55
71 43.8 77.07 92.30 17708.89
72 44.1 1805.77 51.67 105.81
73 44.9 2654.88 167.55 683.04
74 45.2 149.38 12.68 172.16
75 45.3 821.75 2.72 12.17
7 45.8 13.99 462.33 530.19
77 46.1 54.50 187.50 581.28
78 46.1 26.99 45.55 436.15
79 46.2 33.94 165.64 331.53
20 46.2 265.97 222.07 331.7
31 46.5 387.82 2466.27 | 1991.08
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Table 3-2.4-2

‘ (Continued)

O
nda | Foninenty Modal Weight (1b)
Number (Hz) x (1) y (1) g (1)
L—_.—_——_—J———-—r
82 47.1 207.55 141.49 1157.66
83 48.2 0.06 29.02 37.66
84 49.0 7.00 11.88 5.59
85 49.5 49.77 5.63 31.60
86 50.2 13.74 798.07 0.44
87 50.6 93.05 99.11 37.43
88 51.5 663.79 180.5% 5.86
89 52.0 933.91 21.16 77.07
90 52.6 102.95 81.19 283.46
91 53.0 149.14 72.68 62.25
92 54.1 28.20 635.88 16.76
‘ 93 54.1 46.49 855.43 1.05
94 54,2 2.12 11.25 13.18
95 54.2 0.00 0.00 639.57
96 54.2 0.00 0.00 639.57
97 54.3 17.20 1.24 8.07
98 54.5 2.97 114.11 39.17
99 55.1 38.91 480.01 |  125.40
100 55.0 317 383.32 | 2.15
101 57.4 163.92 328.41 | 28.50
102 57.6 58€ .49 95.05 44.43
163 60.1 2.33 20.05 | 129.83
104 60.4 45.34 122.75 | 1778.10
105 61.6 0.03 0.11 35.40
106 62.1 0.70 | 2.84 6.20
107 §2.5 33.80 | 14.04 163.04
108 63.3 63.98 322,23 .08
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Table 3-2.4-2
(Continued)

Moda Frequency Modal Weight (1lb)

109 63.9 I 100.41 147.14
110 64.4 44.20 17.89 694.94
11} 64.7 1.24 3.40 314.51
118 65.0 87.88 290.09 1462.63
113 5.2 10.94 13.44 250.90
114 65.7 225.93 200.10 120.91
118 66.2 29.2°¢ 307.51 8.43
116 66.7 42.81 14.15 254.53
L7 §7.2 2+13 1292.01 9.65
118 67.8 0.01 1404.02 57.79
119 68.2 0.57 956.14 125.02
120 71.6 68.37 43.25 1850.05
321 72.6 86.57 240.37 397.08
122 72.9 0.20 1340.95
123 73.6 Tads 31232 0.62
124 Th. 71 1757 107.29 380.90
125 76.0 49,96 218.07 149. 35
126 76.4 63.40 e e R 8246.23
127 77 .4 3.99 57.095 _ 15.35
128 78.8 18.30 50.10 ! 30.00
129 79.5 63.12 15.44 233.49
130 79.8 14.15 2.86 7.96
131 80.8 19.28 60.54 3. 32
132 80.9 49.55 27«17 10,31
133 81.3 L8577 106.00 133.48
134 82.5 401.07 9.79 1 G 5
135 82.4 151.82 7.10 6193. 34
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Table 3=-2.4-2
(Concluded)

Mode Frequency Modal Weight (1lb)

Number (Hz) X(1) Y(l) z(l)
136 84.4 40.53 226.88 369.81
137 85.4 0.03 96 .64 1440.60
138 87.1 19.97 39.22 1484.18
139 88.4 69.50 8.04 2724.94
140 89.7 3i:21 24.77 1025.43
141 90.1 2.06 0.17 351.24
142 90.5 0.03 84.91 15.26
143 92.1 7.14 85.09 390. 39
144 92.5 0.01 29.73 23.15
145 94.2 1.7¢C 100.69 78.34
146 935.9 3.94 8.06 0.01
147 97.5 4.03 3.16 0.35
148 98.6 34.48 195.46 21.53
149 98.9 4.40 78.20 47.56
150 99.2 13.16 225.76 100.62

Note:
l. See Figure 3-2.4.1 for coordinate system directions.
‘ BPC-01-300-3
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Table 3-2.4-3

STRUCTURAL FREQUENCIES FOR
HARMONIC LOADS ANALYSIS

Vent System Type of ?3Si3:2§y
Component Load ?éz)
- 1
Downcomer
(with water) Lateral 13.92
Downcomer
(without water) Lateral 16.06
(1)
Vent Line Internal
Pressure 13.92
Internal (1)
Vent Header Pressura 13.92
Midcylinder NVB Submerged
Support Column Drag 39.63
Mitered Joint Submerged 23.85
Support Column Drag .
Midcylinder VB Submerged 38.22
Support Column Drag

Note:

1. Dominant frequency for vent system pressure load is
taken as the lowest structural frequency obtained
from the 1/16th segment model frequency analysis.
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3-2.4.2 Analysis for Asymmetric Loads

The analysis of the vent system for asymmetric loads is
performed for a typical 180° segment of the vent system
cut along the plane of a principal azimuth. A beam
model of a 180°¢ seguent of the vent system, shown in
Figure 3-2.4-2, is used to obtain the response of the
vent system tOo asymmetric loads. The model includes
the vent 1line, vent header, downcomers, support

columns, and overhead truss members.

Many of the modeling techniques used in the 180° beam
model, such as those used for local mass and stiffness
determination, are the same as those utilized in the
1/16th segment model of the vent system discussed in ‘
Section 3-2.4.1. The local stiffness effects at the
vent line-drywell penetrations are included using
stiffness matrix elements for these penetrations. The
local stiffness effects of the vent line-vent header
intersections and vent neader-downcomer intersections
are included using beams which account for these local
stiffnesses. The local stiffness effects at the
attachments of the support columns and overhead truss
members to the vent system are included using beams
which account for the local stiffnesses at the

attachment locations.
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discussed 1in Sections 3-2.4.1 and 3-2.4.2. Local
stiffnesses are developed which represent the stiffness ‘
of the entire penetration or intersection in terms of a
few local degrees of freedom on the penetration or
intersection. This is accomplished either by applying
unit forces or displacements to the selected local
degrees of freedom, or by performing a matrix condensa-
tion to reduce the total stiffness of the penetration
or intersection to those of the selected local degrees
of freedom. The results are used to formulate stiff-
ness matrix elements or beam elements which are added
to the l/16th beam model and the 180° beam model at the

corresponding penetration or intersection locations.

The analytical models are also used to evaluate ’
stresses in the penetrations and intersactions. The
applied loads, which are extracted from the 1/16th
model and 180° bpeam model results, consist of loads
acting on the penetration and intersection model
boundaries and of loads acting on the intecior of pene-
tration and intersection models. The loads acting on
the penetration and intersection model boundaries are
the beam end loads taken from the 1/16th segment model
and 180° beam model analyses at locations coincident
with the penetratior or intersection model boundary

locations. The distributed loads include the pressures

BPC-01-300-3 ‘
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pinned in all di

surface.

and are

(&7
Pt
-
1%

segment mid«

centerline

ncdes cause only axial and shear loads to be
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Vent Line-Drywell Penetration Axisymmetric Finite
Difference Model: The vent line-drywell penetra-
tion model shown in Figure 3-2.4-3 includes a
segment oOf the drywell shell, the jet deflector
and gusset plates, the insert plate, the conical
transition piece, and the vent line. The
analytical model contains 9 segments with 126 mesh
points. The reaction loads applied to the model
include those comput;d at the upper end of the
vent line. The distributed loads applied to the

model include internal pressure loads.

Vent Line-SRV Piping Penetration Finite Element
Model: The vent line-SRV piping penetration model
shown in Figure 3-2.4-4 includes a segment of the
vent 1line, the penetration insert plate, the
penetration nozzle, and the associated nozzle
stiffener plates. The model contains 822 nodes,
86 beam elements, and 925 plate bending and
stretching elements. Each end of *%he vent line
shell segment is effectively restrained against
translation and rotation. Both symmetric and
antisymmetric boundary conditions on the vertical
plane through the vent line centerline are used in

the analysis. The boundary loads applied to the

3-2.134 HUtQQh



Intersection inite Element

vent .Line-vent header . sect

2lement mode 1l shown

a segment of the

the vent header, and

The model contains

e

o
Boundary locads are
header

reake

r=vent neader

icomer

.w{\\de L




rings, the outer stiffener plates, tli

ring plates, and the upper and lower
The analytice el contains

beam elements, an 1400 plate

stretching elements. Restraints are provided at

each end of the vent header shell segment.

Boundary loa« applied at the ends f the
downcomer segments, and at the vent system support
column, the overhead truss, and the downcomer
bracing attachment locations.
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Small displacement linear - elastic behavior is assumed

throughout.

The boundary conditions used in the 1/32 segment model
are both physical and mathematical in nature. The
physical boundary conditions include a beam model
representation of the vent line bay, which includes the
vent header, vent line, and supports, atcached to the
1/32 model at the vent header mitered joint. This beam
representation of the vent bay accounts for both mass
and stiffness effects. The flexibility of the drywell
is included at the vent line penetration location. The
mathematical boundary conditions consist of symmetry
houndaries imposed at the centerlines of the vent bay
and non=-vent bay. The support columns and overhead .
truss members are assumed to Dbe fixed at the

suppression chamber.

Additional mass is lumped alonyg the 1length of the
submerged portions of the downcomers and support
columns to account for the effective mass of water

which acts with these structures during dynamic

loadings.

A frequency analysis 1is performed using the 1/32

segment model and the first 100 structural modes, up to
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3=-2.5 Analysis Results and Conclusions

The geometry, loads and load combinations, acceptance
criteria, and analysis methods used in the evaluation
of the Hope Creek vent system are presented and
discussed in the preceding sections. The results and
conclusions derived from the evaluation of the vent
system are presented in the paragraphs and sections

which follow.

The maximum primary membrane stresses for the major
components of the vent system are shown in Table
3-2.5-1 for each of the governing loads. The
corresponding loads for the vent system support columns
are shown in Table 3-2,5-2, The transient response of ‘
selected vent system support columns for pool swell

loads are shown in Figures 3-2,5-1 and 3-2.5-2.

The maximum stresses and associated design margins for
the major vent system components, component o-Upports,
and welds for the SBA II, DBA II, and DBA III load
combinations are shown in Table 3-2.5-3. The maximum
stresses and associated design margins for the
components and welds of the vent line=SRV piping pene-
tration for the SBA II and DBA III load combinations

are shown in Table 3-2,5-4. The maximum differential

BPC=-01-300~3 ‘
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displacements and design margins for the vent line
bellows for the SBA II, DBA II, and DBA III load
combinations are §hown in Table 3-2.5-5. The fatigue
usage factors for the controlling vent system component
and weld for the Normal Operating plus SBA events are
shown in Table 3-2,5-6. The maximum vacuum Dbreaker
accelerations due to dynamic loads on the vent system

and suppression chamber shell are summarized in Table

3=2.5=7.

The vent system evaluation results presented in the

preceding paragraphs are discussed in Section 3-2.5.1.
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Table 3-2.5-1

MAJOR VENT SYSTEM COMPONENT MAXIMUM MEMBRANE STRESSES

FOR GOVERNING LOADS

Section 3-2.2.1 Load
Designation

Primary Membrane Stress (ksi)

(1)

Load Load Case
A Yy Number

Dead Weight

Vent
Line

Vent
Header

.94

Downcomer

Seismic

.40

.61

Pressure and

.79

Temperature

Vent System
Discharge

Pool Swell

Condensation
Oscillation

Chugging

SRV Discharge

Notes:

1. vValues shown are maximums irrespective of time and location for individual load types
and may not be added to obtain load combination results.

2. Post-chug loads substituted for condensation oscillation loads.

3. DBA internal pressure loads are substituted for vent system discharge loads.
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Table 3-2.5-2

MAXIMUM COLUMN LOADS FOR GOVERNING VENT SYSTEM LOADINGS

Section 3-2.2.1 Load Designation
Load(l Ma§}m2? i:pport
Load Type Case Direction cad (kips)
Number
Dead Weight la Compression 6.84
Tension/
OBE 2a . 4.60
Seismic Co$§§§i§;?n
sss & Compression 11.80
Internal Pressure 3b Tension 33.97
Temperature 3d Compression 83.06
Vent System (2) . ]
Discharge da Tension 33.97
Tension 107.40
Pool Swell 5a-5d
Compression 31.10
Tension 27.%4
IBA | sa+6c
Condensation Compression 27 .94
Oscillation
Tension 27 .94
DBA | 6b+6d =
| Compression 27.94
Tension 64.45
Chugging 7a+7b
Compression 64.45
Tension 60.54
SRV Discharge 8a
Compression 60.54
Notes:

l. The effects of containment interaction are included.

2. DBA internal pressure loads are substituted for vent system
discharge loads.
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The results shown in Table 3-2.5-5 indicate that the

vent line bellows differential displacements are all
well within allowable limits., The maximum displacement

occurs for the DBA I1I load combination.

The loads which cause the highest number of displace-
ment cycles at the vent line bellows are seismic loads,
SRV loads, and LOCA related loads such as pool swell,
condensation oscillation, and chugging. The bellows
displacements for these loads are small compared to the
maximum allowable displacement and their effect on
fatigue is negligible. Thermal loads and internal
pressure loads are the largest contributors to bellows

displacements, The specified number of thermal load

and internal pressure load cycles is 150. Since the
bellows have a rated capacity of 230 cycles at maximum
displacement €or Normal Operating conditions, their

adequacy for fatigue is assured.

The vent system fatigue usage factors shown in Table
3-2.5-6 are computed for the controlling Normal
Operating plus SBA events., The governing vent system
component for fatigue is the vent header at the
downcomer-vent header intersection. The governing vent
system weld for fatigue is the downcomer to vent header

weld. The magnitudes and cycles of downcomer lateral
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loads are the primary contributors to fatigue at this

location.

Fatigue effects at other loccations in the veni system
are less severe than at those described zbove, due

primarily to lower stresses and a lesser number of

stress cycles.
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