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‘ ABSTRACT

The primary containments for the Dresden Nuclear Power Station
Units 2 and 3 were designed, erected, pressure-tested, and
N-stamped in accordance with the ASME Boiler and Pressure Vessel
Code, Section III, 1965 Edition with addenda up to and including
Winter 1965 for the Commonwealth Edison Company (CECo) by the
Chicago Bridge and Iron Company. Since then, new fequirements
have been established. These requirements affect the design and
operation of the primary containment system and are defined in
the Nuclear Regulatory Commission's (NRC) Safety Evaluation
‘Report, NUREG-0661. This report provides an assessment of
containment design loads postulated to occur during a loss-of-
coolant accident or a safety relief valve discharge event, In
addition, it provides an assessment of the effects that these

postulated events have on containment systems operation.

This plant unique analysis report (PUAR) documents the efforts
‘ undertaken to address and resolve each of the applicable
NUREG-0661 requirements. It demonstrates that the design of the
primafy containment system is adequate and that original design
safety margins have .been restored in accordance with NUREG-0661
acceptance criteria. The Dresden Units 2 and 3 PUAR is composed

of the following seven volumes:

o Volume 1 - GENERAL CRITERIA AND LOADS METHODOLOGY

o] vVolume 2 - SUPPRESSION CHAMBER ANALYSIS

o] Volume 3 - VENT SYSTEM ANALYSIS

o} Volume 4 - INTERNAL STRUCTURES ANALYSIS

(o] Volume 5 - SAFETY RELIEF VALVE DISCHARGE LINE
PIPING ANALYSIS

o) Volume 6 - TORUS ATTACHED PIPING AND SUPPRESSION
CHAMBER PENETRATION ANALYSES (DRESDEN
UNIT 2)
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' o Volume 7 - TORUS ATTACHED PIPING AND SUPPRESSION
CHAMBER PENETRATION ANALYSES (DRESDEN
UNIT 3)

This volume documents the evaluation of the suppression
chamber. Volumes 1 through 4 and 6 and 7 have been prepared by
NUTECH Engineers, Incorporated (NUTECH), acting as an agent to
the Commonwealth Edison Company. Volume 5 has been prepared by
Sargent and Lundy (also acting as an agent to Commonwealth
Edison), who performed the safety relief valve discharge 1line
(SRVDL) piping analysis. Volume 5 describes the methods of
analysis and procedures used in the SRVDL piping analysis,
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‘II' 2-1.0 INTRODUCTION

In conjunction with Vvolume 1 of the PUAR, this volume
documents the efforts undertaken to address the NUREG-
0661 requirements which affect the Dresden Units 2 and
3 suppression chambers. Since the components and
loads for the two units are identical, only one
analysis was performed. The suppression chamber PUAR

is organized as follows:

o INTRODUCTION
- Scope of Analysis
- Summary and Conclusions

‘ o SUPPRESSION CHAMBER ANALYSIS

Component Description

- Loads and Load Combinations
- Acceptance Criteria

- Methods of Analysis

- Analysis Results

The INTRODUCTION section contains an overview of the
scope of the suppression chamber evaluation, as well as
a summary of the conclusions derived from the compre-
hensive evaluation of the suppression chamber. The

SUPPRESSION CHAMBER ANALYSIS section contains a

COM-02-041-2
) Revision 0 2-1.1
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comprehensive discussion of the suppression chamber

loads and load combinations and a description of the
suppression chamber components affected by these
loads. The section also contains a discussion of the
methodology used to evaluate the effects of these
loads, the evaluation results, and the acceptance

limits to which the results are compared.

COM-02-041-2
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. 2-1.1 Scope of Analysis

The criteria presented in Volume 1 are used as the
basis for the Dresden Units 2 and 3 suppression chamber
evaluation. The suppression chamber is evaluated for
the effects of loss-of-coolant accident (LOCA)-related
and safety relief wvalve (SRV) discharge-related loads
defined by the Nuclear Regulatory Commission (NRC)
Safety Evaluation Report NUREG-0661 (Reference 1) and
by the "Mark I Containment Program Load Definition
Report" (LDR) (Reference 2), as well as for loads
considered in the original design of the suppression

chamber,

The LOCA and SRV discharge loads used in this evalua-
tion are formulated using the methodology discussed in
Volume 1 of this report. The loads are developed using
thé plant unique 0perating parameters and test results
contained 1in the. "Mark I Containment Program Plant
Unique Load Definition" (PULD) report (Reference 3).
The effects of increased suppression pool temperatures
which occur during SRV discharge events are also
evaluated. These temperatures ére taken from the
"Dresden 2 and 3 Nuclear Generating Plants Suppression

Pool Temperature Response" (Reference 4). The normal

‘ COM-02-041-2
. Revision 0 2-1.3
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operating condition (NOC) pressure loads are taken from .
the plant unique "Containment Data" specifications
(References 5 and 6) and the seismic loads are taken

from the plants' design specification (Reference 7).

The evaluation includes a structural analysis of the
suppression chamber for the effects of LOCA-related angd
SRV discharge-related loads to confirm that the design
of the modified suppression chamber 1is adequate.
Rigorous analytical techniques are used in this
evaluation, including the use of detailed analytical
models for computing the dynamic response of the
suppression chamber. Effects such as fluid-structure

interaction (FSI) are also considered in the analysis. '

The results of the structural evaluation of the
suppression chamber for each load are used to evaluate
load combinations and fatigue effects in accordance
with the "Mark I Containment Program Structural
Acceptance Criteria Plant Unique Analysis Applications
Guide™ (PﬁAAG) (Reference 8). 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

9)u

COM-02-041-2 . ‘
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. 2-1.2 Summary and Conclusions

The evaluation documented in this volume is based on
the modified Dresden Units 2 and 3 suppression chambers
described iﬁ Section 1-2.1. The overall load-carrying
capacity of the suppression chamber and its supports is

substantially greater than the original design.

The 1loads considered in the original design of the
suppression chamber and its supports include dead
weight, earthquake, and pressure and temperature loads
associated with NOC and a postulated LOCA event... The
additional 1loadings which affect the design of the
. suppression chamber and supports are defined
generically in NUREG-0661. These loads are postulated
to occur during small break accident (SBA)., inter-
mediate break accident (IBA), or design basis accident
(DBA) LOCA events and during SRV discharge events,
Each of these events results in hydrodynamic pressure
loadings on the suppression chamber shell, hydrodynamic
drag loadings on the submerged suppression chamber com-
ponents, and interaction loadings caused by 1loads
acting on structures attached to  the suppression

chamber.

‘ COM=02-041-2
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The methodology used to develop plant unique loadings

for the suppression chamber evaluation is discussed in
Section 1-4.0. Applying this methodoiogy results in
conservative values for each of the significant
NUREG-0661 loadings which envelop those postulated to

occur during an actual LOCA or SRV discharge event.

The LOCA-related and SRV discharge—related loads are
grouped into event combinations wusing thé'NUREG-0661
criteria discussed in Section 1-3.2, The event
sequencing and event combinations specified and
evaluated envelop the actual events expected to occur

throughout the life of the plant.

The loads contained 1in the postulated event com-
binations which are major contfibutors to the total
response of the suppression chamber include LOCA
internal pressure loads, DBA pool swell torus shell
loads, .DBA condensation oscillation (CO) torus shell
loads, and SRV discharge torus shell 1loads. Although
considered in the evaluation, other 1loadings such as
temperature loads, seismic loads, chugging torus shell
loads, submerged structure 1loads, and containment
structure reaction loads have a lessér effect on the

total response of the suppression chamber.

COM—~02~041-2 .
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The suppression chamber evaluation 1is based on the
NUREG-0661 acceptance criteria discussed in Section
1-3.2. These acceptance limits are based on Section
IIT of the ASME Code. Use of these criteria assures
that the original suppression chamber design margins

have been restored.

The controlling event combinations for the suppression
chamber include loadings found to be major contributors
to the response of the suppression chamber. The
results for these controlling event combinations show
that all of the suppression chamber stresses and

‘ support reactions are within Code limits.

As a result, the suppression chambers described in
Section 1-2.1 have been shown to fulfill the margins of
safety inherent in the original design documented 1in
the plant's safety analysis report (SAR) (Reference
10). Tﬁe NUREG-0661 requirements are therefore

considered to be met.

COM-02-041-2
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‘ 2-2.0 SUPPRESSION CHAMBER ANALYSIS

Evaluations of each NUREG-0661 requirement which
affects the design adequacy of the Dresden Units 2 and
3 suppression chambers are presented in the following
sections. The criteria used in this evaluation are

presented in Volume 1 of this report.

The suppression chamber components evaluated are
described 1in Section 2-2.1. The loads and 1load
combinations for which the suppression chamber 1is
evaluated are presented in Section 2-2,2, The
acceptance limits to which the analysis results are
compared are described in Section 2-2.3. The method-
. ology used to evaluate the effects of these loads and
load combinations on the suppression chamber is
discussed in Section 2-2.4, The analysis results and
the corresponding suppression chamber design margins

are presented in Section 2-2.5.

COM-02-041-2

‘ Revision 0 . 2=-2.1

nhutec

ENGINEERS




Component Description

The Dresden Units 2 and 3 suppression chambers are con-

structed from 16 mitered cylindrical shell segments

joined together in the shape of a torus. Figure
2-2.1-1 illustrates the configuration of each suppres-
sion chamber. Figures 2-2.,1-1 through 2-2.,1-7 show the
proximity of the suppression chamber to other

components of the containment.

The suppression chamber is connected to the drywell by
eight vent 1lines (VL) which,»in turn, are connected to
a common vent header (VH) within the suppression
chamber, Attached to the vent header are downcomers
(DC) which terminate below the surface of the suppres-~
sion p001, The vent system is supported vertically at
each miter joint (MJ) by two support columns whigh
transfer reaction loads to the suppression chamber
(Figure 2-2.1-4). A bellows assembly is provided at
the penetration of the vent line to the suppression
chamber to allow differential movement of the suppres-

sion chamber and vent system to occur (Figure 2=-2,1-3).

Figure 2-2.1-1 shows that the major radius of the
suppression chamber is 54'6", measured at ‘'midbay of

each mitered cylinder. The inside diameter (ID) of the

COM~-02-041-2
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mitered cylinders which make up the suppression chamber
is 30'0". The suppression chamber shell thickness is
typically 0.585" above the horizontal centerline and
0.653" below the horizontal centerline, except at
penetrations, where it 1is 1locally thicker (Figure

2"’2.1_3) .

The suppression chamber shell is reinforced at each
miter joint location by a T-shaped ring girder (Figures
2-2.1-4, 2-2.1-7 and 2-2.1-9). A typical ring girder
is located in a plane 4" from the miter joint and on
the non-vent line bay (NVB) side of each miter joint.
As such, the interéection of a ring girder web and the
suppression chamber shell is an ellipse. The inner

flange of a ring girder is rolled to a constant inside

.radius (IR) of 12'10-3/4". Thus, the ring girder web

depth varies from 24" to 27-1/2" and has a constant
thickness of 1". The ring girder flange is attached to
the ring girder web with 5/16"'fillet welds. The ring
girder web is attached to the suppression chamber shell
with 3/8" fillet welds (Figures 2-2.1-8, 2-2.1-9, and

2-2.1-10).

The ring girders are laterally reinforced at the base
of the vent header support columns by 1" thick plate

assemblies (Figures 2-2.1-4, 2-2.1-7, and 2-2.1-9).
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There are five such assemblies in the bays with SRV

discharge 1lines in both units, In the non-SRV dis-
charge line bays, there are no such assemblies in Unit
2, and two assemblies in Unit 3. In addition to these
lateral stiffeners, the ring-girder-web-plate-to-torus-
shell fillet weld was increased from 3/8" to 5/8" over
a 12'0" long arc near the outside torus support column

(Figure 2-2.1-7).

The suppression chamber is supported vertically at each
miter joint by inside and outside columns and by a
saddle support (Figures 2-2.1—4, 2-2.1=-7 and 2-2.1-8).
The connection web plate 1is parallel to the mitered

joint. During construction,” the support columns were

~jacked radially outward before being bolted to the
basemat, thus imposing a 3/i6" preset in the inside
column and 11/16" in the outside column. The saddle
supports are located parallel to the associated miter
joint and in the plane of the ring girder web. At each
miter joint, the ring girder, the columns, the column
conneétions, and the saddle support £form an integral
'support system, which takes vertical loads acting on
the suppression chamber shell and tranfers them to the
reactor building basemat. The support system provides
full vertical support for the suppression chamber, at

the same time allowing radial movement and thermal

expansion to occur. . .
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‘ The modified vertical support system shown in Figure
2-2,1-4 provides a load transfer mechanism which acts
to reduce local suppression chamber shell stresses and
to more evenly distribute reaction 1loads to the
basemat. It also acfs to raise the suppression chamber
natural frequencies beyond the critical frequencies of
most hydrodynamic 1loads, thereby  reducing dynamic

amplification effects.

The inside and outside column supports are pipe

members. The inside column is an 8" diameter pipe

reinforced by two, 160° segments of 10" diameter pipe.

The outside column is a 10-3/4" outside diameter (OD)

. | pipe with a 2~1/4" wall thickness. The column base
| plate assemblies consist of base plates, a pin, and

anchor bolts (Figures 2-2.1-8 and 2-2.1-12).

The connection of the column supports to the suppres-
sion chamber shell is a column stub assembly consisting
of a 1-1/2" _thick column web plate, 1" thick stiffener
plates, and either a 1-1/2" thick wing plate at the
outside column or a 1-1/4" thick flange plate at the

inside column (Figure 2-2.1-7).,

The column éonnection web plates and saddle support web

plates are connected with fillet welds and partial

’ _ penetration welds.
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Each saddle support consists of a 1-1/4" thick web

plate, a 1-1/4" thick lower flange plate and saddle
base plate assemblies (Figures 2~-2.1-7 and.2—2.=1-8)°
The saddle base plate assemblies consist of a 2-7/8"
thick base plate, a 1/2%" thick lubrite plate, and a 1"
thick bearing plate. This assembly allows for radial
growth due to thermal loads. The saddle is reinforced
with 3/4" thick stiffener plates to ensure that

buckling does not occur during peak loading conditions.

The anchorage of the suppression chamber saddle to the
basemat consists of eight, 1-3/4" diameter, epoxy-
grouted anchor bolts provided at each saddle base plate

location. Four, 1-1/2", epoxy-grouted anchor bolts and

two embedded in the original basemat pour are provided
at each outside column base plate location, and two,
epoxy-grouted anchor bolts and two embedded in the
_original basemat pour are provided at each inside
column location. The saddle anchor bolts are anchored
through a 3-13/16" long slotted hole in the base plate
to allow for thermal growth. A total of 26 anchor
bolts at each miter joint provides the principal
mechanism for transfer of uplift 1loads on the

suppression chamber to the basemat.
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‘ A sway rod assembly at the outside columns provides
lateral support for the suppression chamber (Figure
2-2,1-11). This seismic sway rod consists of 3-1/2"
diameter sway rods and 3-3/4" diameter turnbuckles to
provide restraint for movement along the torus center-
line resultihg from lateral 1loads acting on the
suppression chamber. The sway rods are joined to the
1-1/2" thick wing plate at the top of the column by 4"
diameter pins. The lower ends of the sway rods are
joined to a 2" thick seismic tie plate at the column

base (Figure 2-2.1-12).

The suppression pool temperature monitoring system
. (SPTMS) -used in Dresden Units 2 and 3 is described in
Section 1-5.2. Each unit has 16 temperature monitoring
devices, each’of which»is threaded into a thermowell.
The thermowells are inserted through 0.75" diameter
holes in the suppression chamber and are welded to it

(Figures 2-2,1-3 and 2-2.1-5).

The T-quencher wused in Dresden Units 2 and 3 1is
described 1in Section 1-4.,2, Each unit has five
T-quenchers located near midbay in the wvent bays, with
the associated quencher arms oriented down the

centerline of the vent bay (Figure 2-2,1-13).
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The quencher arms are supported by a horizontal pipe

beam which spans the miter joint ring girders (Figure
2-2.1-14). Volume 5 of the PUAR provides a description

of the SRVDL and the T-quencher support systems.,

The suppression chamber provides support for many other
containment-related structures, such as the vent system
and the catwalk. Loads acting on the suppression
chamber cause motions at the points where these struc-
tures attach to the suppression chamber. Loads acting
on these structures also cause reaction loads on the
suppression chamber. These containment interaction
effects are evaluated in the analysis 6f the suppres-

sion chamber.

The overall load-carrying capacities of the suppression
chamber components described in the preceding para-
graphs provide additional design margins for those
components of the original suppression chamber design,

described in the plant's safety analysis report.
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’ 2-2.2 Loads and Load Combinations

The loads for which the Dresden suppression chambers
are evaluated are defined in NUREG-0661 on a generic
basis for all Mark I plants. The methodology used to
develop plant unique suppression chamber 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 suppression chamber are discussed and

presented in Section 2-2.2.1.

The controlling load combinations which affect the
. suppression chamber are formulated using the event
combinations and event sequencing defined in NUREG-0661
and discussed in Sections 1-3.2 and 1-4.3. The
controlling suppression chamber load combinations are

discussed and presented in Section 2-2.2.2.
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2"'2.2.1

Loads

The 1loads acting on the suppression chamber are
categorized as follows:

1. Dead Weight Loads

2. Seismic Loads
3. Pressure and Temperature Loads
4. Column Preset Loads

5. Pool Swell Loads

6. Condensation Oscillation Loads

7. Chugging Loads

8. Safety Relief Valve Discharge Loads

9, Containment Interaction Loads

Loads in Categories 1 through 3 were considered in the
original containment design. Loads in Categories 1 and
3 are documented in the plants' containment data speci-
fications (References 5 and 6) and loads in Category 2
are documented 1in the plants' design specification
(Reference 7). Additional Category 3 pfessure and
temperature loads result from postulated LOCA and SRV
discharge events. Loads in Category 4 are documented
in Chicago Bridge and Iron Company (CB&I) Drawing
Number 204, (References 11 and 12). Loads in
Categories 5 through 7 result from postulated LOCA

events; loads in Category 8 result from SRV discharge
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'~ events; loads in Category 9 are reactions which result
from loads acting on other structures attached to the

suppression chamber.

Not all of the loads defined in NUREG-0661 are eval-
uated in detail, because some are enveloped by others
or have a negligible effect bn the suppression
chamber. Only those loads which maximize the suppres-
sion chamber response and lead to controlling stresses
are fully evaluated. These loads are referred to as

governing loads in subsequent discussions.

Table 2-2.2-1 shows the specific suppression chamber

‘ components affected by each of the loadings defined in
NUREG-0661. The table also lists the section in Volume

-1 which discusses the methodology for developing values

for each 1loading. The magnitudes and characteristics

of each governing suppression chamber load in each load
category are identified and presented in the following

paragraphs.
1. Dead Weight Loads

a. Dead Weight of Steel: The weight of steel

used to construct and modify the suppression

. COM-02-041-2
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chamber and its supports is considered. The

nominal component dimensions and a density of
steel of 490 lb/ft3 are used 1in this

calculation.

b. Dead Weight of Water: The weight of water
contained in the suppression chamber is con=
sidered. A volume of water of 115,655 ft3,
corresponding to a water level of 1-1/2"
below the 'suppression chamber horizontal
centerline and a water density of 62.4
1b/ft3, are used in this calculation. This
suppression chamber water volume 1is the

maximum expected during normal operating

conditions (NOC).

20 Seismic Loads

a. OBE Loads: The suppression chamber is
subjected to horizontal and vertical accel-
erations during an operating basis earthquake
(OBE) . This 1loading 1is taken from the
original design basis earthquake (DBE) ‘for'
the containment documented in the plants’

design specification. The OBE loads have a
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‘ maximum horizontal acceleration of 0.25g and

a maximum vertical acceleration of 0.07g.

b. SSE Loads: The suppression chamber is sub-
jected to horizontal and vertical accelera-
tions during a safe shutdown earthquake
(SSE). This loading 1is taken from the
original DBE for the containment documented
in the plant's safety analysis report. The
SSE loads have a max imum horizontal
acceleration of 0.50g and a maximum vertical

acceleration of 0.1l4g.
‘ 3. Pressure and Temperature Toads

a. Normal Operating Internal Pressure Loads:
The suppression chamber shell is subjected to
internal pressure loads during normal operat-
ing conditions. This loading is taken from
the original design specifications for the
containment documented in the plants' con-
tainment data specifications (References 5
and 6). The range of normal operating inter-

nal pressures specified is -0.2 to 0.2 psig.
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b. LOCA Internal Pressure Loads: The suppres-
sion chamber shell is subjected to internal
pressure during a SBA, IBA, or DBA event.
The procedure used to develop LOCA internal
pressures for the primary containment is
discussed in Section 1-4.1.1. Figures
2-2,2-=-1 through 2-2.2-3 present the resulting
suppression chamber internal pressure
transients and pressure magnitﬁdes at key

times during the SBA, IBA, and DBA events.

The pressures specified for each event are
assumed to act uniformly over the suppression ‘
FG chamber shell surface, except during the
early portion of a DBA event. The effects of
internal pressure on the suppression chamber
for the initial portion of a DBA event are
included in the pool swell torus shell loads,
discussed in Load Cases 5a and 5b. | The
corresponding suppression chamber external or
secondary containment pressure for all events

is assumed to be 0.0 psig.
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. Cc. Normal Operating Temperature Loads: The
suppression chamber 1is subjected to the
thermal expansion load associated with normal
operating conditions. This loading is taken
from the original design specification for
the containment documented in the plants’

containment data specifications.

Additional suppression chamber normal operat-
ing temperatures are taken from the suppres-
sion pool temperature response analysis
(Reference 4). Table 2-2.2-2 summarizes the

maximum bulk pool temperatures.

The range of normal operating temperatures in
the suppression chamber during a concurrent
SRV discharge event is 70° to 165°F

(References 4, 5, and 6).

d. LOCA Temperature Loads: The suppression
chamber 1is subjected to thermal expansion
loads associated with the SBA, IBA, and DBA
events. The procedure used to develop LOCA
containment temperatures is discussed in

Section 1-4.1.1. Figures 2-2.2-4 through
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2-2.2-6 present the resulting suppression
chamber temperature transients and tempera-
ture magnitudes at key times during the SBA,

IBA, and DBA events.

Additional suppression chamber SBA event

temperatures are taken from the suppression

pool temperature response analysis. Table

2-2.2~-2 summarizes the resulting maximum bulk
pool temperatures. The greater of the
temperatures specified in Figure 2-2,.2-4 and
Table 2-2.2-2 ié used in evaluating the

effects of SBA event temperatures.

The temperatures specified for each event are
assumed to be representative of pool tempera-
tures, airspace temperatures, and torus shell
metal temperatures throughout the suppression
chamber. The ambient -temperaturé for all
events 1is assumed to be equal to the minimum
temperature during normal operating

conditions.

As the temperature of the torus shell begins

to increase, the temperature difference

2=-2.30
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between the torus shell and the suppression
chamber vertical supports will result in
differential thermal exXpansion effects.
Temperatures in the suppression chamber
vertical supports are obtained from a one-
dimensional steady-state heat transfer
analysis performed using the thermal
characteristics of the suppression chamber.
Coefficients are then calculated and
temperature profiles are derived (Figure

2-2.2-7).

Column Preset Loads

a. The inside column of the suppression chamber
is preset 3/16" radially outward and the
outside column 1is preset 11/16" radially
outward. The columns are preset at their
bases to allow for radial growth due to
thermal expansion, pressure, and seismic
loads.

Pool Swell Loads

The Dresden Units 2 and 3 employ a system to

maintain a 1 psi pressure differential between the

2
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drywell and wetwell (References 5 and 6). The

purpose of this system is to reduce the downcomer

.waterleg and thereby mitigate the pressure exerted

on the torus shell during a LOCA event.

As required by NUREG-0661, Load Combination Number
16 (defined in Table 2-2.2-3) must be evaluated
twice, once assuming the pressure differential is
intact, and once assuming the pressure differ-
ential is lost, A higher stress allowable is

permitted for the latter case.

a. Operating Differential Pressure Pool Swell
Torus Shell Loads: During the initial phase
of a DBA event, transient pressures are
postulated to act on the suppression chamber
shell above and below the suppression pool
surface. The procedure used to develop local
torus shell pressures due to pool swell is
discussed in Section 1-4.1.3. Figures
2=-2.2-8 and 2=2.2-9 show the resulting
pressure-time histories at selected locations
on the torus shell. Table 2-2.2-4 shows a
sampling of operating AP pool swell torus
shell pressures at various locations and at

key times during the event.
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These results are based on plant unique
quarter-scale test facility (QSTF) test data
contained in the PULD (Reference 3) and
include the effects of the generic spatial
distribution factors and of the conservatism
factors on the peak wupward and downward
loads. Pool swell torus shell loads consist
of a quasi-static internal pressure component
and a dynamic pressure component, and include
the effects of the DBA internal pressure
discussed in Load Case 3b. Pool swell loads
occurring during “SBA and IBA events are

bounded by the DBA case.

Zero Differential Pressure Pool Swell Torus
Shell Loads: The zero AP pool swell 1load
phenomena are the same as those previously
described fqr the operating AP conditions.
Figures 2-2.2-10 and 2-2.2-11 show the
resulting pressure-time histories at selected
locations on the torus shell, Table 2-2.2-5
shows a sampling of zero AP pool swell torus
shell pressures at various locations and at
key times during the event. These results
were calculated on the same basis as the

operating AP results.
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LOCA wWater Jet Loads on Submerged Structures:
Transient drag pressures are postulated to
act on structures that are within four
downcomer diameters below the downcomer exit
elevation. The structure involved is the ring
girder, The procedure used to develop the
transient forces of the LOCA water jet loads
on the ring girder is discussed in Section

1“’4 o]. 950

In comparison with other submerged structure
loads on the ring girder, these loads have a
negligible effect on the final stress levels,
and will not be considered in this

evaluation.

LOCA Bubble=Induced 'Loads on Submerged
Structures: Transient drag pressures are
péstulated to act on the ring girders and
other structures during the air c¢learing
phase of a DBA event. The procedure used to
develop the transient forces and spatial
distribution of LOCA bubble-~induced drag
loads on these components 1is discussed in

Section 1-4.1.6.
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In comparison with other submerged structure
loads ‘on the ring girder, these loads have a
negligible effect on the final stress levels,
and will not be considered in this

evaluation,

6. Condensation Oscillation Loads

COM—-02-041-2
‘ Revision 0

DBA CO Torus Shell Loads: Harmonic pressures
are postulated to act on the submerged
portion of the suppression chamber shell
during the CO phase of a DBA event. The pro—
cedure used to develop DBA CO torus shell
pressures is discuséed in Section 1-4.1.7.
Figure 2-2.2-12 shows the resulting normal-
ized spatial distribution of pressures on a
typical suppression chamber shell cross-
section. Table 2-2.2-6 shows the amplitudes
for each of the 50 harmonics and four DBA CO

load case alternates,
The results of each harmonic in the DBA CO

loading are combined using the methodology

discussed in Section 1-4.1.7.
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IBA CO Torus Shell Loads: Harmonic pressures
are postulated to act on the submerged
portion of the suppression chamber shell
during an IBA event, In accordance with
NUREG-0661, the torus shell loads specified
for pre-chug are used in lieu of IBA CO torus
shell loads, Pre~chug_torus shell loads are

discussed in Load Case 7a.

Condensation oscillation loads on the torus
shell and submerged structures do not occur

during a SBA event.

DBA CO Submerged Structure Loads: Harmonic
drag pressures are postulated to act on the
ring girders during the CO phase of a DBA
event. The procedure used to develop the
harmonic forces and spatial distribution of
DBA CO drag loads on these components is

discussed in Section 1-=4.1.7.

Loads are developed for the case with the
average source strength at all downcomers and
for the case with the maximum source strength

at the nearest downcomer, The results of
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these two caseé are evaluated to determine
the controlling 1loads. Table 2-2.2-7 shows
the resulting magnitudes and distribution of
drag pressures acting on the ring girders for

the controlling DBA CO load case.

These results include the effects of velocity
drag, acceleration drag, torus shell FSI
acceleration drag, interference effects, wall
effects, and acceleration drag volumes.
Figure 2-2.2-13 shows a typical pool acceler-
ation profile from which the FSI accelera-
tions are derived. The results of each
harmonic in the DBA CO loading are combined
using the methodology discussed in Section

1—401070

IBA CO Submerged Structure Loads: Harmonic
pressures are postulated to act‘Aon the
submerged suppression chamber components
during the CO phase of an IBA event. In
accordance with NUREG-0661, the submerged
structure loads specified for pre-chug are
used in lieu of IBA ‘CO loads on submerged
structures, Pre~chug loads on submerged

structures are discussed in Load Case 7c.
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Condensation oscillation loads do not occur ‘

during a SBA event.
7o Chugging Loads

i a. Pre-Chug Torus Shell Loads: During the chug-
i ging phase of a SBA, an IBA, or a DBA event,
| harmonic pressures associated with the
pre-chug portion of a chugging cycle are

‘ postulated to act on the submerged portion of
the suppression chamber shell. The procedure

‘used to develop pre-chug torus shell loads is

discussed in Section 1-4.1.8.

The loading consists of a single harmonic
with a specified frequency range and can act
either symmetrically or asymmetrically with
respect to the vertical centerline of the
containment. Figure 2-2.2-=14 shows the
circumferential pressure distribution on a
typical suppression chamber cross-section for
both symmetric and asymmetric pre-chug loads.
Figure 2-2.2=-15 shows the longitudinal
pressure distribution for the asymmetric pre-

chug 1load. The symmetric pre-chug 1load

COM-02-041-2
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. results in vertical loads on the suppression
chamber; the asymmetric pre-chug load results

in lateral loads on the suppression chamber,

b, Post-Chug Torus Shell Loads: During the
chugging phase of a SBA, an IBA, or a DBA
event, harmonic pressures associated with the
postchug portion of a chugging cycle are
postulated to act on the submerged portion of
the suppression chamber shell. The procedure
used to develop post-chug torus shell loads
is defined in Section 1-4.1.8. Figure
2-2,2-12 shows the resulting normalized
spatial distribution of pressure on a typical

‘ ‘ suppression chamber cross-section. Table
2-2,2-8 shows the pressure -amplitudes for
each of the 50 harmonics in the post-chug
loading. The results of each harmonic in the
post-chug loading are combined using the

methodology discussed in Section 1-4.1.8.

C. Pre-Chug Submerged Structure Loads: During
the chugging phase of a SBA, an IBA, or a DBA
event, harmonic drag pressures associated

with the pre—-chug portion of a chugging cycle
COM-02-041-2
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are postulated to act on the ring girders and
other submerged structures. The procedure
used to develop the harmonic forces and
spatial distribution of pre—-chug drag loads
on the ring girders is discussed in Section

l‘=4ale80

Loads are developed for the case with the
average source strength at all downcomers and
for the case with the maximum source strength
at the nearest downcomer. The results of
these two cases are evaluated to determine

the controlling loads.

These results include the effects of velocity
drag, acceleration drag, torus shell FSI
acceleration drag, interference effects, wall
effects, and acceleration drag volumes.
Figure 2-2.2-13 shows a typical pool accel-
eration profile from which the FSI accelera-

tions are derived.

In comparison with other submerged structure
loads on the ring girder, these loads have a

negligible effect on the final stress levels,
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’ and will not be considered in this evalua-

tion.

d. Post=Chug Submerged Structure Loads: During
the chugging phase of a SBA, an IBA, or a DBA
event, harmonic drag pressures associated
with the post-chug portion of a chugging
cycle are postulated to act on the ring
girders. The procedure used to develop the
harmonic forces and spatial distribution of
post-chug drag loads on the ring girders and
other submerged structures is discussed in

Section 1-4.1.8.

Loads are developed for the case with the
maximum source strength at the nearest two
downcomers acting both in phase and out of
phase. The results of these cases are
evaluated to determine the controlling
loads. Table 2-2.2-9 shows the fesulting
magnitudes and distribution of post-chug drag
pressures acting on the ring girder for the

controlling post-chug drag load case.
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These results include the effects of velocity
drag, acceleration drag, torus shell FSI
acceleration drag, interference effects, wall

effects, and acceleration drag volumes.,

. Figure 2-2,2-13 shows a typical pool accel-

eration profile from which the FSI accelera-

tions are derived, The results of each

harmonic in the post-chug 1loading are

combined using the methodology discussed 1in

Section 1-4.1.8.

Safety Relief Valve Discharge Loads

a=b. SRV Discharge Torus Shell Loads: Transient

pressures are postulated to act on the sub-
merged portion of the suppression chamber
shell during the air clearing phase of a SRV
discharge event. The procedure used to
develop SRV discharge torus shell 1loads 1is
discussed in Section 1-4.2.3. The maximum
torus shell pressures and characteristics of
the SRV discharge pressure transients are
developed using an attenuated bubble model.

Pressure transients which include the addi-
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. tional 1load mitigation effects of the 12"

diameter T-guenchers are developed.

The SRV actuation cases considered are dis-
cussed in Section 1-4.2.1. Figure 2-2.,1-13
shows the location of each T-quencher and the

corresponding SRV set point pressure.

The case resulting in maximum torus shell
pressures 1is Case Al.2, a SBA/IBA first
actuation case with elevated drywell pressure
and temperature. This load is conservatively
used for the Multiple Valve Case 8b, with
‘ actuation occurring in all five SRVDL bays

simultaneously. Actuation of the automatic

depressurization system (ADS) also creates

this Multiple Valve Case 8b.

The Single Valve Case 8a was conservatively
derived from the multiple valve case results.
Multiple valve results were factored by the
ratio of the maximum shell pressure for the
single valve 1load profile to that of the

multiple valve load profile., When the ratio

of 0.669 is applied to the multiple valve

‘ COM-02-041-2
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load profile, the resulting 1load is a
conservative approximation of the single
valve load profile at all locations on the
suppression chamber shell. In this manner,
the single valve results are conservatively

obtained.

Figures 2=-2,2-16 and 2-2.2-17 show the
resulting SRV discharge torus shell loads for
the Single Valve Case 8a and Multiple Valve
Case 8b, respectively. The results shown
include the effects of applying the LDR
(Reference 2) pressure attenuation algorithm
to obtain the spatial distribution of torus
shell pressures, the absolute summation of
multiple valve effects with application of
the bubble pressure cut-off criteria, use of
first actuation pressures with subsequent
actuation frequencies, and application of the
+25% and +£40% margins to the first and
subsequent actuation frequencies, respec-
tively. This methodology is in accordance
with the conservative criteria contained in

NUREG-0661.
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‘ The distribution of SRV discharge torus shell

pressures is asymmetric with respect to the
vertical centerline of the containment. The
pressure distribution which results in the
maximum total vertical and horizontal loads
on the suppression chamber occurs for the
Multiple Valve Case 8b (Figure 2-2.2-17).
Figufe 2-2.2-18 shows the longitudinal pres-

sure distribution for Multiple Valve Case 8b.

C. SRV Discharge Water Jet Loads on Subinerged

Structures: Transient drag pressures are

postulated to act on structures which fully

. or partially intercept the water jets being
discharged from the T-quencher. The

structure involved is the ring girder. The

procedure used to develop the transient

forces of the SRV discharge water jet loads

on the ring girder is discussed in Section

1-4.2.4.

These results include the effects of velocity

drag, interference effects, and wall effects.
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In comparison with other submerged structure

loads on the ring girder, these loads have a
negligible effect on the final stress levels,
and will not be considered in this

evaluation.

d. SRV Discharge Bubble-Induced Dfag Loads on
Submerged Structures: Transient drag pres-
sures are postulated to act on the ring
girders during the air clearing phase of a
SRV discharge event, The procedure used to
develop the transient forces and spatial
distribution of the SRV discharge bubble-

induced drag loads on these structures 1is

discussed in Section 1-4.2.4.

Loads on the ring girder and other submerged
structures are developed for the following
load cases: four bubbles £from a T-quencher
are considered to act first in phase and then
out of phase with the four bubbles from a
T-quencher in the next T-quencher bay (two
bays away). The results are evaluated to
determine the controlling 1loads. Table

2-2.2-10 shows the resulting magnitudes and
COM=02-041-2
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. distribution of drag pressures acting on a
ring girder for the controlling SRV discharge
bubble-induced drag load case. The results
include the effects of velocity drag, accel-
eration drag, interference effects, wall
effects, acceleration drag volumes, and the
additional load mitigation effects of the 127

diameter T-quencher,
9, Containment Interaction Loads

a. Containment Structure Reaction Loads: Loads
acting on the suppression chamber, vent

. system, SRVDL support, T-quencher support,
ECCS header support, and catwalk cause
interaction effects between these structures.
These interaction effects result in reaction
loads on the suppression chamber shell saddle
support and ring girder at the points where
these structures attach to the suppression
chamber. The effects of these reaction loads

on the suppression chamber are considered in

the suppression chamber analysis.
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The values of the 1loads presented in the preceding
paragraphs envelop those which could occur during the
LOCA or SRV discharge events postulated. An evaluation
for the effects of these loads results in conservative
estimates of the suppression chamber responses and

leads to Dbounding values of suppression chamber

stresses.
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Table '2-2.2-1

SUPPRESSION CHAMBER COMPONENT LOADING IDENTIFICATION

VOLUME 2 LOAD DESIGNATION

0 UOTSTASY

PUAR

COMPONENT PART LOADED

Z-T$0-20-WOD

67 "¢-¢C

- s SEcTioN | ToRUs | RING gg;':sg_ REMARKS
CATEGORY LOAD TYPE NonBeR | REFERENCE| SHELL |GEIRDER -ONNEC
AS-MODIFIED
DEAD WEIGHT | PEAD WEIGHT STEEL 12 1-3 X X X GEOMETRY
LOADS
DEAD WEIGHT WATER 1b 1-3.1 X . 115,655 ﬂ.l WATER
N 0.25 HORIZONTAL,
SEISHIC OBE SEISMIC LOADS 2a  [|1-3.1 X x X 0,37 toaeon
LOADS 0.50 HORIZONTAL,
SSE SEISMIC LOADS 2 h-3.1 % X X 0.14 VERTICAL
NORMAL OPERATING INTERNAL _ 0.2 70 0.
PRESSURE 3a 1-3.1 X 0.2 PSI
PRESSURE AND | LOCA INTERNAL PRESSURE b 1-4.1.1 X SBA, IBA, &
S EMPERATURE DBA PRESSURES
LOADS NORMAL OPERATING _ °
TEMPERATURE LOADS 3c p-3.1 X X x 70 T0 165°F
_ SBA, IBA, & DBA
LOCA TEMPERATURE LOADS 3a [1-4.1.1 x x x TEPERRTORES ‘
. _ 3/16" INSIDE,11/16"
PRESET LOADS |- COLUMN PRESET Ma  |1-1.3.1 OUTSIDE COLUMN
OPERATING DELTA P POOL sa  li-4.1.3 X INCLUDES DBA
SWELL TORUS SHELL LOADS -1. INTERNAL PRESSURES
ZERO DELTA P POOL SWELL 5o l-4.1.3 x INCLUDES DBA
POOL SWELL | TORUS SHELL LOADS -1 INTERNAL PRESSURES
LOADS LOCA WATER JET sc l1-4.1.5 ) X PRIMARILY LOCAL
SUBMERGED STRUCTURE LOADS -1. EFFECTS
LOCA BUBBLE-INDUCED LOADS P X PRIMARILY LOCAL
ON SUBMERGED STRUCTURES -1. EFFECTS
FOUR LOADING
DBA CO TORUS SHELL LOADS 6a h-s.1.7.1] x ALTERNATES
CONDENSATION | IBA CO TORUS SHELL LOADS 6b [1-4.1.7.1] x ENVELOPED BY LORD
OSCILLATION CASE 62
LOADS DBA CO SUBMERGED STRUCTURE LOADS 6c  [1-4.1.7.3 X PRIMARELY LOCAL
EFFECTS
IBA CO SUBMERGED STRUCTURE LOADS 6d |1-4.1.7.3 X CNVELOPED BY LOAD
SYMMETRIC &
PRE-CHUG TORUS SHELL LOADS 7a h-4.1.8.1) «x ASYMMETRIC LOADINGS
CHUGGING | POST-CHUG TORUS SHELL LOADS b {1-4.1.8.1] x SYMMETRIC LOADING
LOADS
PRE-CHUG SUBMERGED STRUCTURE LOADS | 7c [1-4.1.8.3 X R IMARILY LOCAL
POST-CHUG SUBMERGED STRUCTURE LOADS| 7d |1-4.1.8.3 x :2,5:2:;“.'0“[‘
SINGLE & MULTIPLE
SRV DISCHARGE TORUS SHELL LOADS 8a-8b |1-4.2.3 X VALVE CASES
SRV DISCHARGE WATER JET PRIMARILY LOCAL
DIS(SZII:XRGE SUBMERGED STRUCTURE LOADS Bc  |1-4.2.4 X EFFECTS
LOADS SRV DISCHARGE BUBBLE-INDUCED e |1-4.2.4 X PRIMARILY LOCAL
DRAG LOADS ON SUBMERGED STRUCTURES -4 EFFECTS
fg:::;g:ﬁ:: CONTAINMENT STRUCTURE REACTION VOLUMES X X SUPPORTED STRUC-
Toncs LOADS 9%a 3-5 TURES REACTIONS

(j39nu
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SUPPRESSION POQL TEMPERATURE RESPONSE ANALYSIS
RESULTS - MAXIMUM TEMPERATURES

CONDITION casg (1) 0§U§§§$S MAXIMUM BULK POOL
NUM acTuaTED | TEMPERATURE ( F)
1A 0 | 131
18 | 0o 129
NORMAL ,
OPERATING A 1 113
2B 1 122
2C 2 115
' 3A 5 154
‘ SBA
- , EVENT
~ 3B 5 147

1. SEE SECTION 1-5.1 FOR DESCRIPTION OF SRV DIS-
CHARGE EVENTS CONSIDERED.
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Table 2-2,2-3

MARK I CONTAINMENT EVENT COMBINATIONS

SBA SBA + EQ ISBA+SRV)SBA + SRV + EQ .
SRY -| 1pA IBA + EQ  |IBA+sRv|IBA + SRV + EqQ] DBA DBA + EQ DBA ¢ SRV + EQ
EVENT COMBINATIONS srvl ¢ - - . 5
EG . . PS | CO, co,cH co, co, Ci
e co, ch pas co, cuFB1C0 | es ocn | es S04 ps .
TYPE OF ERRTHQUAKE ols o]sfols ols|ols o]sflols ofJs|o]s
COMBINATION NUMBER rl2falalste|l2]ea]olre]nnfrzfiafrafasfrerr]|rsfroi20f21]f22]23]24]25]26]27
NORMAL N x| x[x x x| x| x| x| x| xxx[x]x]x|x x[xlxTx]x]x)x]x
EARTHQUAKE EQ x| x x[x]x]x x| x| x]x X 1 x]x]x
SRV DISCHARGE srv | x [ x| x x x| x]xyx]x x{xlx{x]x]x
LOCA TIERMAL Ta x| x| x x| x| x| xx]xxfxx]xlPx]x{xfxlx]x]x]x|x
LOCA REACTIONS Ry x [ xx{x]xxx]x]xx]x x{x{xyxlx]x]xlx]x]x]x]x|x
LOADS LOCA QUASI-STATIC
passsﬁw P x| xyxlx]x]x] x)x)x]x{x]xyx]xyx]x]x{xlxf{x]x]x]x]|x
LOCA POOL SWELL Pps X x| x X x| x
LOCA CONDENSA'ION
OSCILLATION Pco X A1 X x x|x X X1x X X|x
LOCA CHUGGING Pcn X x| x X X | x X x| x X x| x

1. SEE SECTION 1-3.2 FOR ADDITIONAL EVENT COMBINATION INFORMATION.

2. FOR OPERATING AND ZERO DIFFERENTIAL PRESSURE CASES.

COMBINATIONS ARE FOR OPERATING CONDITIONS ONLY.

ALL OTHER POOL SWELL




Table 2-2.2-4

TORUS SHELL PRESSURES DUE TO OPERATING DIFFERENTIAL PRESSURE ’
POOL SWELL AT KEY TIMES AND SELECTED LOCATIONS

€ VL

~\
- H 270

e 2 /L

0.0 0.5 1.0
TORUS SHELL DPRESSURE (psi)
LONGITUDINAL | CIRCUMFERENTIAL | QpERATING DIFFERENTIAL PRESSURE
LOCATION LOCATION
- (2/L) (0 ceg) PEAK DOWNLOAD PEAK UPLOAD
(&=0.238 sec) (t=0.474 sec)
0.000 180 8.4 6.0
0.000 165, 195 8.4 6.2
0.000 150, 210 7.6 6.2
0.000 135, 225 6.2 6.8
0.000 0-120, 240-0 4.5(1) 7.9
0.361 130 9.2 5.4
0.361 165, 195 9,1 5.6
0.361 150, 210° 8.3 5.6
0.361 135, 225 6.8 6.1
0.361 0-120, 240-0 4.9¢L) 7.1
0.552 180 9.5 5.4
0.552 1635, 195 9.4 5.6
0.552 150, 210 8.5 5.6
0.552 135, 225 7.0 6.1
0.552 0-120, 240=0 5.0(1) 7.1
0.895 180 9.9 5.3
0.895 165, 195 9.9 5.4
0.895 150, 216 8.9 5.5
0.895 135, 225 7.3 5.9
0.895 0-120, 240<0 5.3(1) 6.9
1.000 180 10.4 5.1
1.000 165, 195 10.3 5.3
1.000 150, 210 9.3 5.3
1.000 135, 225 7.6 5.8
1.000 0-120, 240-0 5.5(1) 6.7

(1) MAXIMUM IS AT 0.185 SECONDS.
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. Table 2-2.2-5

TORUS SHELL PRESSURES DUE TO ZERO DIFFERENTIAL PRESSURE
POOL SWELL AT KEY TIMES AND SELECTED LOCATIONS

€ VL

~
"// tj 270

b 2 /1,

>

0.0 0.5 1.0

KEY DIAGRAM

TORUS SHELL PRESSURE (psi) : o
LONGITUDINAL | CIRCUMFERENTIAL ZERO DIFFERENTIAL PRESSURE -
LOCATTION LOCATION
(z2/L) (0 deq) PEAK DOWNLOAD PEAK UPLOAD
(£=0.275 sec) (£=0.576 sec)
0.000 180 14.0 7.2
0.000 165, 195 14.0 7.4 »
0.000 150, 210 12.6
0.000 135, 225 10.4
0.000 0-120, 240-0 7.4 9.4
0.361 180 15.3 6.5
0.361 165, 195 15.2 6.7
0.361 150, 210 13.8 6.7
0.361 135, 225 11.3 7.3
0.361 0-120, 240-0 8.1 8.4
0.552 180 15.8 6.5
0.552 165, 195 15.7 6.7
0.552 150, 210 14.2
0.552 135, 225 11.7
0.552 0-120, 240-0 8.4 8.5
0.895 180 16.5 6.3
0.895 165, 195 16.4
0.895 150, 210 14.8 6.4
0.895 135, 225 12.2
0.895 0-120, 240-0 8.7 8.2
1.000 180 17.2 6.1
1.000 165, 195 17.1 6.3
1.000 150, 210 15.5 6.4
1.000 135, 225 12.7 6.9
1.000 0-120, 240-0 9.1 8.0
‘ COM-02-041-2 |
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Table 2-2.2-6

DBA CONDENSATION OSCILLATION

TORUS SHELL PRESSURE AMPLITUDES

PREQUENCY MAXIMUM PRESSURE AMPLITUDE (psi){®)
INTERVALS | AL TERNATE | ALTERNATE | ALTERNATE | ALTERNATE
(Hz) 1 D) 3 4
0-1 0.29 0.29 0.29 0.25
1-2 0.25 0.25 £ 0.25 0.28
2-3 0.32 0.32 0.32 0.33
3-4 0.48 0.48 0.48 0.56
4-5 1.86 1.20 0.24 2.71
5-6 1.05 2.73 0.48 1.17
67 0.49 0.42 0.99 0.97
7-8 0.59 0.38 0.30 0.47
8=9 0.59 0.38 0.30 0.34
9-10 0.59 0.38 0.30 0.47
10-11 0.34 0.79 0.18 0.49
11-12 0.15 0.45 0.12 0.38
12-13 0.17 - 0.12 0.11 0.20
13-14 0.12 0.08 0.08 0.10
14-15 0.06 0.07 0.03 0.11
15-16 0.10 0.10 0.02 0.08
16-17 0.04 0.04 0.04 0.04
17-18 0.04 0.04 0.04 0.05
18-19 0.04 0.04 0.04 0.03
19-20 0.27 0.27 0.27 0.34
20-21 0.20 0.20 0.20 0.23
21-22 0.20 0.30 0.30 0.49
22-23 0.34 0.34 0.34 0.37
© 23-24 0.33 0.33 0.33 0.32
24-25 0.16 0.16 0.16 0.22
COM=02-041-2
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‘ ) Table 2-2.2-6

DBA CONDENSATION OSCILLATION
TORUS SHELL PRESSURE AMPLITUDES

(Concluded)
FREQUENCY " MAXIMUM PRESSURE AMPLITUDE (psi)‘(l)
INTERVALS | A1 TERNATE | ALTERNATE | ALTERNATE | ALTERNATE

(Hz) 1 2 3 4
25-26 0.25 0.25 0.25 0.50
26-27 0.58 0.58 0.58 0.51
27-28 0.13 0.13 .0.13 0.39
28-29 0.19 0.19 0.19 0.26
29-30 0.14 0.14 0.14 0.09
30-31 0.08 0.08 0.08 0.08
31-32 0.03 0.03 0.03 0.07
32-33 0.03 0.03 0.03 0.05
33-34 0.03 0.03 0.03 0.04
‘ 34-35 0.05 0.05 0.05 0.04
35-36 0.08 0.08 0.08 0.07
36-37 0.10 0.10 0.10 0.11
37-38 0.07 0.07 0.07 0.06
38-39 0.06 0.06 0.06 0.05
39-40 0.09 0.09 0.09 0.02
40-41 0.33 0.33 0.33 0.08
41-42 0.33 0.33 0.33 0.19
42-43 0.33 0.33 0.33 0.19
43-44 0.33 0.33 0.33 0.13
44-45 0.33 0.33 0.33 0.18
45-46 0.33 0.33 0.33 0.30
46-47 0.33 0.33 0.33 0.18
47-48 0.33 0.33 0.33 0.19
48-49 0.33 0.33 0.33 0.16
49-50 0.33 0.33 0.33 0.21

(1) SEE FIGURE 2-2.2-12 FOR SPATIAL DISTRIBUTION

OF PRESSURES.
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Table 2-2.2-7 ' ‘

RING GIRDER DBA CONDENSATION OSCILLATION
SUBMERGED STRUCTURE LOAD DISTRIBUTIONS(l)

<«

TO ¢ CONTAINMENT

KEY DIAGRAM

SEGMENT |_WEB PRESSURE (psi) ?) |rLanGE pRESSURE (psi) Y

NUMBER Aﬂi;ﬁfn FSI TOTAL Aﬂi;ﬁfo FSI TOTAL
1 0.16 0.24 0.40 0.39 6.03 6.42
2 0.44 0.34 0.78 0.73 4.78 5.51
3 0.68 0.78 1.46 0.21 3.14 3,35
4 0.83 0.68 1.51 0.56 2.84 3.40
5 1.25 0.51 1.76 1.11 1.97 3.08
6 1.06 0.68 1.74 1.59 3.34 4.93
7 2.28 0.31 2.59 | 1.65 4.85 6.50
8 2.98 0.46 3.44 0.77 7.00 | 7.77
9 2.89 1.01 3.90 0.61 4.31 8.21
10 2.61 2.05 4.66 1.10 8.24 9.34
11 1.52 1.59 3.11 1.72 6.27 7.99-
12 1.96 1.42 3.38 1.79 8.43 | 10.22
13 1.72 1.44 3.16 1.47 7.14 8.61
14 1.18 2.48 3.66 1.48 4.36 5.84
15 0.86 2.42 3.28 0.70 4.33 5.03
16 0.42 0.79 1.21 0.46 1.17 1.63

(1) LOADS SHOWN INCLUDE DLF'S.
(2) OUT-OF-PLANE LOADS.
(3) IN-PLANE LOADS.
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. COM-02-041-2

Revision 0

Table 2-2.2-8

POST-CHUG TORUS SHELL PRESSURE AMPLITUDES

FREQUENCY maxznon

INTERVAL PRESSURE

(Hz) AMPLITUDE
(psi)
0 -1 0.04
1-2 0.04
2 - 3 0.05
3 -4 0.05
4 - 5 0.06
5 -6 0.05
6 - 7 0.10
7 -8 0.10
8 -9 0.10
9 - 10 0.10
10 - 11 0.06
11 - 12 0.05
12 - 13 0.03
13 - 14 0.03
14 - 15 0.02
15 - 16 0.02
16 - 17 0.01
17 - 18 0.01
18 - 19 0.01
19 = 20 0.04
20 - 21 0.03
21 -~ 22 0.05
22 - 23 0.05
23 - 24 0.05
24 - 25 0.04

2=-2.57
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Table 2-2.2-8 ‘
POST~-CHUG TORUS SHELIL PRESSURE AMPLITUDES

(Concluded)
FREQUENCY maxTyuM
INTERVAL PRESSURE
(Hz) AMPLITUDE
(psi)
25 - 26 0.04
26 - 27 0.28
27 - 28 0.18
28 - 29 0.12
29 - 30 . 0.09
30 - 31 0.03
31 - 32 0.02
32 - 33 0.02
33 - 34 0.02
- 34 - 35. 0.02
o - 35 - 36 0.03 .
36 - 37 0.05 .
. — 37 - 38 0.03
38 - 39 0.04
39 = 40 0.04
40 = 41 0.15
41 - 42 0.15
42 - 43 0.15
43 « 44 0.15
44 - 45 0.15
45 - 46 0.15
46 - 47 0.15
47 - 48 0.15
48 - 49 0.15
49 - 50 0.15

(1) SEE FIGURE 2-2.2-12 FOR SPATIAL DISTRIBUTION
OF PRESSURES.
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‘ . Table 2-2,2-9

RING GIRDER POST-CHUG SUBMERGED STRUCTURE
LOAD DISTRIBUTIONS L)

€

TO ¢ CONTAINMENT

KEY DIAGRAM

. sscﬁsu'r WEB PRESSURE (psi) 2 |FLaNGE PRESSURE (psi) ¢3)
NUMBER |APPLIED} psr | rorarn [RPPLIED) psr '| roraL
1 0.68 0.10 0.78 0.16 0.88 1.04
2 0.68 0.05 | 0.73 0.66 | 1.63 2.29
3 1.03 0.11 | 1.14 1.06 | 0.68 1.74
4 3.39 0.22 | 3.61 1.12 | 0.40 | 1.52
5 4.45 0.15 | 4.60 1.24 | 0.31 | 1.s5
6 1.14 0.09 1.23 2.70 | 0.75 3.45
7 2.28 0.06 | 2.34 4.90 | 1.47 6.37
8 ' 8.06 0.16 8.22 1,05 | 1.10 2.15
3 7.32 0.26 | 7.s8 0.86 | 1.15 2.01
10 2.32 0.31 | 2.63 2.39 | 1.09 3.48
11 1.44 0.24 | 1.68 8.13 | 1.22 9.35
12 7.38 0.38 | 7.72 2.61 | 1.22 | 3.83
13 5.61 0.28 | 5.89 2.60 | 1.47 | 4.07
14 1.40 0.46 | 1.86 5.56 | 0.89 6.45
15 0.86 0.41 | 1.27 0.64 | 0.59 1.23
16 1.24 0.19 | 1.43 0.10 | 0.34 0.44

(1) LOADS SHOWN INCLUDE DLF'S.
(2) OUT-OF-PLANE LOADS.
(3) IN-PLANE LOADS.
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Table 2-2.2-10

RING GIRDER SRV SUBMERGED STRUCTURE
LOAD DISTRIBUTIONS

KEY DIAGRAM

SRV AIR BUBBLE (1)

e aon | wes(2) Irrance (3)

PRESSURE | PRESSURE
(psi) (psi)
1 0.52 0.68
2 1.71 1.65
3 2.70 1.25
"4 3.30 0.65
5 4.35 | 1.83
6 6.21 4.92
7 19.07 12.48
8 15.32 8.82
9 15.32 8.82
10 19.07 12.48
11 6.21 4.92

12 4.35 1.83
13 3.30 0.65
14 2.70 1.25
15 1.71 1.65
16 0.52 0.68

(1) ©LOADS SHOWN INCLUDE DLF'S.
(2) OUT-OF-PLANE LOADS.
(3) IN-PLANE LOADS.
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Pmin = 0.5 psig
Pmax = 27.3 psig
= 30 -
o
n
2
E 201
o]
wn
3
Ay 10-
. O T 4 !
1.0 10 100 1,000 10,000
TIME (sec)
TIME (sec) PRESSURE (psigqg)
EVENT PRESSURE
DESCRIPTION DESIGNATION £ . £ P . P
min max min max
INSTANT OF BREAK
TO ONSET OF Py 0.0 300.0 0.5 11.0
CHUGGING
ONSET OF CHUGGING
TO INITIATION OF P, 300.0 600.0 11.0 21.5
ADS
INITIATION OF ADS
TO RPV P 600.0 |1200.0 21.5 27.3
DEPRESSURIZATION

Figure 2-2.2-1

SUPPRESSION CHAMBER INTERNAL PRESSURES FOR SBA EVENT
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i

min

max

0.0 psig

34.5 psig

40

w
o
1

PRESSURE (psiq)
(3]
o
]

[
(o]
I

0 T T T
1.0 10 100 1,000 10,000_
TIME (set)
TIME (sec) PRESSURE (psigqg)
EVENT PRESSURE
DESCRIPTION DESIGNATION t . t P . P
min max min max
INSTANT OF BREAK
TO ONSET OF CO P, 0.0 5.0 0.0 3.0
AND CHUGGING
ONSET OF CO AND
CHUGGING TO P2 5.0 900.0 3.0 25.9
INITIATION OF ADS
INITIATION OF ADS
TO RPV P3 200.0 1100.0 25.9 34.5
DEPRESSURIZATION

Figure 2=2,2-2

SUPPRESSION CHAMBER INTERNAL PRESSURES FOR IBA EVENT
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‘ Pmin 0.0 psig

max 26.6 psig

o)
I

40

PRESSURE (psigq)

5 30 40 .
TIME (sec)
‘ TIME (sec) PRESSURE "(psig)
e EVENT- PRESSURE
DESCRIPTION DESIGNATION N & P P
min max min max
INSTANT OF BREAK
TO TERMINATION OF Py 0.0 1.5 0.0 10.0

POOL. SWELL

TERMINATION OF
POOL SWELL TO P, 1.5 5.0 10.0 19.0
ONSET OF CO

ONSET OF CO TO P

ONSET OF CHUGGING 3 5-0 35.0 19.0 26.6
ONSET OF CHUGGING
TO RPV Py 35.0 65.0 26.6 26.6

DEPRESSURIZATION

Figure 2-2.2-3

SUPPRESSION CHAMEBER INTERNAL PRESSURES FOR DBA EVENT
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TEMPERATURE (°F)

= 92°F

T .
min
_ (o]
T ., = 139°F
400
300 -
200
0 T T
1.0 10 100 1,000 10,000
TIME (sec)
TIME (sec) TEMPERATURE (°F)
EVENT TEMPERATURE
DESCRIPTION DESIGNATION £ . £ T . T
min max min max
INSTANT OF BREAK
TO ONSET OF Ty 0.0 | 300.0 92.0 100.0
CHUGGING
ONSET OF CHUGGING .
TO INITIATION OF 2 300.0 | 600.0 | 100.0 103.0
ADS
INITIATION OF ADS -
TO RPV 3 600.0 {1200.0 103.0 139.0
DEPRESSURIZATION

Figure 2-2.2-4

SUPPRESSION CHAMBER TEMPERATURES FOR SBA EVENT
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— o0
Toig = 95°F
= 165°F
max
300
=
Ov
200
8
e ]
g
[<a] )
& 1004
=l
[
0 1 T 1
1.0 10 100 1000 10,000
TIME (sec)
TIME (sec) TEMPERATURE (°F)
EVENT TEMPERATURE
DESCRIPTION DESIGNATION £ & T . -
min max - oman max
INSTANT OF BREAK -
TO ONSET OF CO 1 0.0 5.0 95.0 95.0
AND CHUGGING
ONSET OF CO AND
CHUGGING TO T, 5.0 900.0 95.0 130.0
INITIATION OF ADS
INITIATION OF ADS -
TO RPV 3 900.0 | 1100.0.| 130.0 165.0
DEPRESSURIZATION ‘

Figure 2-2.2-5

SUPPRESSION CHAMEER TEMPERATURES FOR IBA EVENT
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T . 85°F ‘
min

= 120°F
max
™
(@]
i 150-
o]
z
ea]
[a¥)
z M—'
=
&=
0 T T
0 10 20 30
TIME (sec) ‘
TIME (sec) TEMPERATURE (°F)
EVENT TEMPERATURE
DESCRIPTION DESIGNATION £ . & - T
min max min max
INSTANT OF BREAK
TO TERMINATION OF T, 0.0 1.5 85.0 87.0
POOL SWELL
TERMINATION OF T
POOL SWELL TO 2 1.5 5.0 87.0 91.0
ONSET OF CO
ONSET OF CO TO T
ONSET OF CHUGGING 3 5.0 35.0 91.0 120.0
ONSET OF CHUGGING
TO RPV Ty 35.0 65.0 120.0 120.0
DEPRESSURIZATION

Figure 2-2.2-6

SUPPRESSION CHAMBER TEMPERATURES FOR DBA EVENT
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1. SUPPRESSION POOL TEMPERATURES FOR SBA, IBA, AND DBa
EVENTS SHOWN IN FIGURES 2-2.2-4 THROUGH 2-2.2-6.

Figure 2-2,2-7

SUPPRESSION CHAMBER SUPPORT DIFFERENTIAL TEMPERATURES

. COM-02-041-2
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o
]

max 10.3 psi

o)
[]

min =-5.0 psi

20

~ PEAK DOWNLOAD

10+

PRESSURE {psi)

- PEAK UPLOAD

TIME (sec)

1. PRESSURES SHOWN DO NOT INCLUDE DBA INTERNAL PRESSURE.

Figure 2-2.2-8

POOL SWELL TORUS SHELL PRESSURE TRANSIENT
AT SUPPRESSION CHAMBER MITER JOINT —
BOTTOM DEAD CENTER (OPERATING DIFFERENTIAL PRESSURE)
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Pmax = 27.5 psi
Pmin = 0.0 psi
30
SUBMERGENCE: 4.0 ft
DEFLECTOR: 20-in PIPE
—_ AP: 1.0 psid
-~
8, 20+
=
~
o]
47}
wn
3
& 10~
0 1 1 [} I T
0 0.2 0.4 0.6 0.8 1.0
TIME (sec)

Figure 2-2.,2-=9

POOL SWELL TORUS SHELL PRESSURE TRANSIENT
FOR SUPPRESSION CHAMBER AIRSPACE
(OPERATING DIFFERENTIAL PRESSURE)
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17.2 psi
-6.2 psi

Pmax

min

20 1 - PEAK DOWNLOAD

10 T

— PEAK UPLOAD

PPESSURE (psi)

TIME (sec)

1. PRESSURES SHOWN DO NOT INCLUDE DBA INTERNAL PRESSURE.

Figure 2-2.2-10

POOL SWELL TORUS SHELL PRESSURE TRANSIENT
AT SUPPRESSION CHAMBER MITER JOINT —
BOTTOM DEAD CENTER (ZERO DIFFERENTIAL PRESSURE)
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Phax = 34,2 psi
min - 0.0 psi
40
SUBMERGENCE: 4.0 ft
DEFLECTOR: 20-in PIPE
AP: 0.0 psid
30 -
-
0
2
% 20
& .
0
19
e
@
2}
10 —
0 T 1
0 0.2 2 1.4
TIME (sec)
Figure 2-2.2-11
POOL SWELL TORUS SHELL PRESSURE TRANSIENT
FOR SUPPRESSION CHAMBER AIRSPACE
(ZERO DIFFERENTIAL PRESSURE)
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1. PRESSURE AMPLITUDES FOR DBA CONDENSATION
OSCILLATION LOADS SHOWN IN TABLE 2-2.2-=7.

| 2. PRESSURE AMPLITUDES FOR POST-CHUG LOADS SHOWN IN
TABLE 2-2.2-9.

Figure 2-2.2-12

NORMALIZED TORUS SHELL PRESSURE DISTRIBUTION
FOR DBA CONDENSATION OSCILLATION AND POST-CHUG LOADINGS

COM=02-041-2 ‘
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TO ¢ DRYWELL
ey

. _ NORMALIZED POOL ACCELERATIONS
PROFILE | POOL ACCELERATION (ft/secz)

A 195.0

B 155.0

C 115.0

D 75.0

E 35,0

F 15.0

1. ©POOL ACCELERATIONS DUE TO HARMONIC
APPLICATION OF TORUS SHELL PRESSURES
SHOWN IN FIGURE 2-2.2-12 AT A
SUPPRESSION CHAMBER FREQUENCY OF
16.53 HERTZ.

Figure 2=2.2-13

POOL ACCELERATION PROFILE FOR DOMINANT SUPPRESSION
o CHAMBER FREQUENCY AT MIDCYLINDER LOCATION
I COM-02-041-2
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CIRCUMFERENTIAL TORUS SHELL PRESSURE DISTRIBUTION

1 P
max
SYM g :{
LOADING CHARACTERISTICS

SYMMETRIC DISTRIBUTION

Pmax = % 2.0 psi AT ALL BOTTOM DEAD CENTER

LOCATIONS

ASYMMETRIC DISTRIBUTION:

Pmax = % 2.0 psi IN ONE BAY WITH LONGITUDINAL

ATTENUATION (Figure 2-2.2-15)

FREQUENCY:

SINGLE HARMONIC IN 6.9 TO 9.5 Hz RANGE RESULT-
ING IN MAXIMUM RESPONSE

TOTAL INTEGRATED LOAD:
SYM DIST: Fvert = 146.85 kips PER MITERED
CYLINDER
= 458.94 kips TOTAL
HORIZONTAL

ASYM DIST: Fhorz

Figure 2-2.2-14

FOR SYMMETRIC AND ASYMMETRIC PRE-CHUG LOADINGS
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S0
Fhorz =<— 180° + 0° sym
3.0 = '
2.0 4
= \
N o
& N 270
~ ~N
-z KEY DIAGRAM
~ B 1.0 - ~
=) ~d
n ~
.- m ~ Y
o, —"-‘E"::_E—___r
' h 0.0 -
=1.0

180.0 157.0 135.0 112.5 90.0 67.5 45.0 22.5 0.0

AZIMUTH (degq)

1. SEE FIGURE 2-2.2-14 FOR CIRCUMFERENTIAL TORUS SHELL PRESSURE
DISTRIBUTION.

Figure 2-2.2-15

LONGITUDINAL TORUS SHELL PRESSURE
DISTRIBUTION FOR ASYMMETRIC PRE-CHUG LOADINGS
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0
E v
Y

=20 -

T
0 0.5

TIME (sec)

SHELL PRESSURE FORCING FUNCTION

- F F_.
max, -min LOADING CHARACTERISTICS

i SINGLE VALVE

PRESSURE (psi): LONGEST SRVDL

BUBBLE:
-22.58

- P 19.43 p_.
max min

SHELL:

Pmax 11.84 Pmin = =12.66

-y —t—- = TOTAL APPLIED LOAD (kips):

P_, VERTICAL PER MITERED CYLINDER:
P min

max - !
- DOWNWARD: F__. 792.8

UPWARD: F 847.74

min
| LOAD FREQUENCY (Hz) :
SYM

RANGE:

MITER JOINT SPATIAL DISTRIBUTION 9.94 £ £, £ 16.56

Figure 2-2.2-16

SRV DISCHARGE TORUS SHELL LOADS FOR
SINGLE VALVE ACTUATION
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20

PRESSURE (psi)

=20 4

0 0.5
TIME (sec)

SHELL PRESSURE FORCING FUNCTION

LOADING CHARACTERISTICS

F F_.
max, min

MULTIPLE VALVE

PRESSURE (psi) : LONGEST SRVDL

BUBBLE:

Pmax = 19.43 Pmin = =-22.58
SHELL: ONE VALVE

P = 11.84 P = =12.66

max nin
SHELL: ALL VALVES

Pmax = 17.70 Prin ™ -18.93

TOTAL APPLIED LOAD (kips):

VERTICAL PER MITERED CYLINDER:

DOWNWARD : Fmax = 1185.2

UPWARD: Fmin = 1267.59

LATERAL: F___ = 669.3
SYM max
LOAD FREQUENCY (Hz):

MITER JOINT SPATIAL DISTRIBUTION RANGE:

5.31% fL 2 20.90

Figure 2-2,.,2-17

SRV DISCHARGE TORUS SHELL LOADS FOR
MULTIPLE VALVE ACTUATION
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KEY DIAGRAM

PRESSURE (psi)

i L]
45 90 135 180
AZIMUTH (deqg)

Figure 2-2.2-18

LONGITUDINAL TORUS SHELL PRESSURE
DISTRIBUTION FOR SRV DISCHARGE

COM-02-041-2 ,
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' 2-2.2.2 Load Combinations

The load categories and associated load cases for which
the suppression chamber is evaluated are presented in
Section 2-2.2.1. Table 2-2.2-3 presents the NUREG-0661
criteria for grouping the respective loads and load

categories into event combinations.

The 27 general event combinations shown in Table
2-2.2-3 are expanded to form a total of 94 specific
suppression chamber load combinations for the Norhal
Operating, SBA, IBA, and DBA events. The specific load
combinations reflect a greater level of detail than the
‘ general event combinations, including distinctions
between: SBA and IBA, pre-chug and post-chug; SRV
actuation cases; zero and operating differential
pressure pool swell <cases; and consideration of
multiple cases of particular loadings. The total number
of suppression chamber load combinations consists of 6
for the Normal Operating event, 27 for the SBA event,
36 for the 1IBA event, and 25 for the DBA event.
Several different service 1level limits and correspond-
ing sets of allowable stresses are associated with

these load combinations.

‘ COM-02-041-2
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Not all of the possible suppression chamber load com-

binations are evaluated, since many are enveloped by
others and do not lead to controlling suppression
chamber stresses. The enveloping load combinations are
determined by examining the possible suppression
chamber load combinations and comparing the respective
load cases and allowable stresses. Table 2=2,2-11
shows the results of this examination. For ease of
identification, each enveloping load combination is

assigned a number.

The enveloping load combinations are reduced further by
examining relative load magnitudes and individual load

characteristics to determine which load combinations

lead to controlling suppression chamber stresses. The
load combinations which have been found to produce
controlling suppression chamber stresses are separated
into three groups: the SBA 1III, IBAllll, DBA I, DBA
III, and DBA IV combinations are used to evaluate the
suppression chamber vertical support system (these
combinations result in the maximum vertical loads on
the suppression chamber); the IBA III, IBA IV, DBA III,
and DBA IV combinations are used to evaluate stresses
in the suppression chamber shell and ring girders
(these combinations result in maximum pressures on the

suppression chamber shell); and the IBA III combination

COM~-02-041-2
Revision 0 2=2.80
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. is used to evaluate the effects of latefal loads on the
suppression chamber near the seismic restraints. The
selection of these controlling suppression chamber load
combinations is explained in the following paragraphs.
Table 2-2,2-12 summarizes the controlling load
combinations and identifies which load combinations are

enveloped by each controlling combination.

Many general event combinations have the same allowable
stresses and are enveloped by others which contain the
same or additional load cases (Table 2-2.2-3). There
is no distinction between 1load combinations with
Service Level A or B conditions for the suppression
. chamber since the allowable stress values for Service

Level A and B are the same.

Except for seismic loads, many pairs of load combina- S
tions contain identical load cases. One of the 1load
combinations in the pair contains OBE loads and has
Service lLevel A or B allowables; the other contains SSE
loads and has Service Level C allowables. Examination
of the load magnitudes presented in Section 2-2.2.1
shows that both the OBE and SSE vertical accelerations
are small compared to gravity. As a result, suppres-
sion chamber stresses and vertical support reactions
due to vertical seismic loads are small compared to

‘ COM-02-041-2

Revision 0 . 2-2.81

nutec

ENGINEERS

e




those caused by other 1loads in the load combination.

The horizontal seismic loads for OBE and SSE also
result in small suppression chamber stresses compared
with those caused by other loads in the load combina-
tions, The Service Level C primary stress allowables
for the load combinations containing SSE loads are more
than 75% higher than the Service Level B allowables for
the corresponding 1load combination containing OBE
loads. This ' margin is due to the higher limits allowed

at 1.0S, than at 1.25 . (Reference 9). The controlling

y
load combinations for evaluating suppression chamber
stresses and vertical support reactions in these cases,

therefore, are those containing OBE loads and Service

Level B allowables.

N

By applying the above reasoning to the total number of
suppression chamber load combinations, the number of
enveloping load combinations for each event is reduced.
Table 2-2.2-11 shows the resulting suppression chamber
load combinations for the Normal Operating, SBA, IBA,
and DBA events, along with the associated service level
assignments, For ease of identification, each load
combination in each event is assigned a number. The
reduced number of en&eloping load combinations shown in
Table 2-2.2-11 éonsists of two for the NOC event, five

for the SBA event, five for the IBA event, and seven

Revision 0 2-2.82
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‘ for the DBA event. The load case designations for the
loads which compose the combinations are the same as

those presented in Section 2-2.2.1.

An examination of Table 2-2.,2-11 shows that further
reductions are possible in the number of suppression
chamber load combinations requiring evaluation. Any of
the SBA or IBA combinations envelop the NOC I and II
combinations since they contain the same loadings as
the NOC I and II combinations and, in addition, CO or
chugging loads. The effects of the NOC I and 1II
combinations are considered in the suppression chamber

fatigue evaluation.

The remaining suppression chamber load combinations can
be separated into those which result in: maximum
vertical feaction loads, maximum shell pressures,; and
maximum horizontal reaction loads. The 1locoading
combinations which result in maximum vertical reaction

loads are discussed first.

Maximum Vertical Reactions

Although there are differences in the SBA III, SBA IV,
and IBA IV pressure and temperature loadings, these
loadings do not affect net vertical 1loads 1in the

. COM-02-041-2
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suppression chamber. The 1IBA IV combination was

selected to represent these loads since the SBA III,
SBA IV and IBA IV load combinations are identical with
respect to vertical reactions. According to the
reaéoning presented earlier for OBE and SSE loads, and
because the multiple value SRV vertical loads bound the
single value vertical loads, it follows that the IBA IV
combination envelops the DBA VII combination and the
DBA III combination envelops the DBA V combination for

the effects of vertical reaction loads.

Since pre-chug loads are specified in lieu of IBA CO
loads, the IBA I combination is the same as the SBA I

combination. Thus the SBA I combination <can be

eliminated from further consideration for combinations
- affecting vertical reaction loads. The IBA I, IBA II,
and IBA III combinations are identical with respect to
vertical reactions. The IBA III combination was
selected to represent these loads. The differences
among some loads in the SBA I, IBA I, IBA II, and IBA
III combinations do not affect net vertical loads on

the suppression chamber. The IBA III combination also

envelops the SBA II combination.
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‘ Since the effect of OBE loads on the net vertical
reaction is small in comparison to the effect of zero
versus operating AP, the DBA I combination envelops the
DBA II combination for the effects of vertical reaction
loads. From the reasoning presented earlier for OBE
and SSE loads, it follows that the IBA III combination
envelops the SBA V and IBA V combinations £for the
effects of vertical loads. Similarly, it can be shown
that the IBA III combination envelops the DBA VI

combination.

Maximum Shell Pressure

‘ The IBA and SBA load combinations which result in the
maximum total pressures on the suppression chamber
shell include the SBA II, SBA IV, SBA V', IBA II, IBA
III, IBA IV, and IBA V combinations. These combina-
tions contain the maximum internal pressures which
occur during the SBA and IBA events, and during SRV
Discharge Multiple Valve Case 8b. The combined effect
of these loadings results in the maximum pressure loads

on the suppression chamber shell.

The IBA III combination envelops the SBA II combina-
tion, for the effects of maximum pressure loads since
the internal pressures for IBA III are larger than
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those of SBA II. Since pre-chug loads are specified in

lieu of IBA CO loads, the IBA III combination is the
same as the IBA II combination. Thus the IBA 1II
combination can be eliminated from further considera-
tion for combinations which result in maximum pressure
loads. It also follows, from the reasoning presented
earlier for OBE and SSE loads, that the 1IBA IIi
combination envelops the SBA V and the IBA V combina-
tions. The IBA IV combination envelops the SBA IV for
consideration of maximum pressure loads since the
internal pressures for IBA IV are larger than those for

SBA IV.

The DBA II combination envelops the DBA I combination

for pressure loads since the shell stresses are
comparable for zero and operating AP loads (Load Cases
4a and 4b), while the allowables for the DBA II load
combination are more restrictive than for the DBA I

combination.

The DBA IV combination envelops the DBA II combination
for the effects of vertical reaction loads and pressure
loads since it contains the same loadings as the DBA II
combination and, in addition, it contains SRV discharge
loads. The DBA II combination has Service Level B
limits, with allowances for increased allowable
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stresses which, when applied, result in allowable
stresses which are about the same as the Service Level

C allowable stresses for the DBA IV combination.

The DBA III combination envelops the DBA V combination
for the effects of vertical reaction loads and pressure
loads since SRV discharge loads which occur late in the
DBA event have a negligible effect on the suppression
chamber. The DBA III combination also has more

restrictive allowables than the DBA V combination.

I'he IBA III combination envelops the DBA VI combination
for the effects of maximum pressure loads according to
the reasoning mentioned above regarding the DBA SRV
loads, and because the internal pressures for IBA III
are larger than those for DBA VI, The IBA IV
combination envelops the DBA VII combination for the

same reasonse.

Maximum Horizontal Reactions

The 1load combinations which result in maximum hori-
zontal reaction loads on the suppression chamber are
the SBA II, SBA V, IBA III, and IBA V combinations.
All of these combinations contain asymmetric pre-chug

loads, SRV Discharge Multiple Valve Case 8b, and either
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OBE or SSE 1loads. The combined effect of these loads ‘
results in the maximum possible 1lateral 1load on the
suppression chamber. The IBA III and SBA II
combinations are the same except for differences in
internal pressure and temperature loads which do not
affect lateral loads on the suppression chamber. The

same applies to the IBA V and SBA V combinations.

The reasoning presented earlier for OBE and SSE loads
shows that the IBA III combination envelops the IBA V

combination.

Summary

The controlling suppression chamber load combinations ‘
evaluated 1in the remaining sections <can now be
summarized. The IBA III, IBA IV, DBA I, DBA III, and
DBA IV combinations are evaluated when the effects of
vertical reaction loads on the suppression chamber
vertical support system are considered. The IBA III,
IBA IV, DBA III, and DBA IV combinations are evaluated
when the effects of pressure loads on the suppression
chamber shell and ring girders are considered. The IBA
IITI combination 1is evaluated when the effects of

lateral loads on the suppression chamber near the

seismic restraints are considered. The DBA I
COM=-02-041~-2
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‘ combination is evaluated as required by the NUREG-0661

acceptance criteria.

To ensure that fatigue in the suppression chamber is
not a concern over the 1life of the plant, the combined
effects of fatigue due to Normal Operating plus SBA and
Normal Operating plus IBA events are evaluated.
Figures 2-2.2-19, 2-2.2-20, and 2-2.2=21 show the
relative sequencing and timing of each loading in the
SBA, .IBA, and DBA events used in this evaluation. The
fatigue effects for Normal Operating plus DBA events
are enveloped by the Normal Operating plus SBA or IBA
events since combined effects of SRV discharge 1loads
. i and other 1loads for the SBA and IBA events are more
severe than those for DBA events, A summafy at the
bottom of Table 2-2.2-11 provides additional
information used in the suppression chamber fatigue

evaluation.

The load combinations and event sequencing described in
the preceding paragraphs envelop those postulated to
occur during an actual LOCA or SRV discharge event. An
evaluation of the above load combinations results in a
conservative estimate of the suppression chamber
responses and leads to bounding values of suppression
chamber stresses and fatigue effects.
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0
73 Table 2-2.2-11
< =
- )
’(2 8 CONTROLLING SUPPRESSION CHAMBER LOAD COMBINATIONS
(O3 | -
s @]
S
}-—l
© ) CONDITION/ woc SBA 1BA DBA
EVENT
%]
;fg”;o‘f VOLUME 2
LOAD LOAD COMBINATION| 1 11 .4 1x 111 v v X 11 v 11 v VI Vi1
DESIGNATION NUMBER
TABLE 2-2.2-13
LOAD COMBINATION 2 2 14 14 14 14 15 14 14 15 18 27 27 27
NUMBER
DEAD WEIGHT - |ia,1b 1a,1b
0BE 2a —-——— 2e 2a 28
BEISMIC — o
$5E 2 2n — e - 2h
1 0
pressure t1? pl) | pl22 | By Py ?y 2, 7y ®, Py P, ) Py v, LA
rempErATURE | p0f T %3 T, ™ T T, T 73 Ty T3 Ta | T
'T’ POOL SHELL 5'53"'
N CONDENSATION OSCILLATION 6b,6d | &b, 6d 6a,6¢C
o
g PRE-CHUG ta,%c | Te,7c 18,7c I8,7c a,7c
CHUGGING
POST-CHUG . 7,74 [ b,74 7,74
Ba,8c 8a, (5) Ba, (5}
SINGLE aa | a, a,
SRV 84 8c,8d 8¢, 8d
DISCHARGE WULTIPLE nbé gc, Bbé c,
CONTAINMENT INTERACTION 9a - 9a
SERVICE LEVEL B B B B B B c B B c plé® c c c
NUMBER OF
gvEnT occurences {7 150 | 150 3 A
HUMBER OF (9)
SRV ACTUATIONS '8} 300 50 50 25 25 0 1 1 1




(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

NOTES TO TABLE 2-2.2-11

SEE FIGURES 2-2.2-1 THROUGH 2-2.2-3 FOR SBA, IBA, AND
DBA INTERNAL PRESSURE VALUES.,

THE RANGE OF NORMAL OPERATING INTERNAL PRESSURES IS
-0.2 TO 0.2 PSI AS SPECIFIED BY THE ORIGINAL CONTAIN-
MENT DATA.

SEE FIGURES 2-2.2-4 THROUGH 2-2.2-6 FOR SBA, IBA, AND
DBA TEMPERATURE VALUES. SEE TABLE 2-2.,2-2 FOR
ADDITIONAL SBA EVENT TEMPERATURES.

THE RANGE OF NORMAL OPERATING TEMPERATURES IS 700F TO
1659F AS SPECIFIED BY THE CONTAINMENT DATA SPECIFICATIONS.
SEE TABLE 2-2.2-2 FOR ADDITIONAL NORMAL OPERATING TEMP-
ERATURES.

THE SRV DISCHARGE LOADS WHICH OCCUR DURING THIS PHASE
OF THE DBA EVENT HAVE A NEGLIGIBLE EFFECT ON THE
SUPPRESSION CHAMBER.

EVALUATION OF SECONDARY STRESS RANGE OR FATIGUE NOT
REQUIRED. WHEN EVALUATING TORUS SHELL STRESSES, THE
VALUE OF Spc MAY BE INCREASED BY THE DYNAMIC LOAD FACTOR

DERIVED FROM THE ANALYTICAL MODEL.

THE NUMBER OF SEISMIC LOAD CYCLES USED FOR FATIGUE IS
600.

THE VALUES SHOWN ARE CONSERVATIVE ESTIMATES OF THE
NUMBER OF ACTUATIONS EXPECTED FOR A BWR 3 PLANT WITH
A REACTOR VESSEL DIAMETER OF 251",

THE VALUE SHOWN IS THE TOTAL OF THE SINGLE AND MULTIPLE
VALVE ACTUATIONS. SINCE THE MULTIPLE VALVE CASE GOVERNS,
THE TOTAL NUMBER OF ACTUATIONS IS CONSERVATIVELY APPLIED
TO THAT CASE.
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e
e

W Q Table 2-2,2-12
o O :
15
'—l.
E 8 ENVELOPING LOGIC FOR CONTROLLING SUPPRESSION
84 CHAMBER LOAD COMBINATIONS
=Y .
o
1
N
CONDITION/EVENT NoC SBA IBA : DBA
TABLE 2-2.2-12 LOAD "
COMBINATION NUMBER 2 2 14 | 14 14 [ 14§35 | 214 | 24§ 24| 24 |25 |26 |28 | 20} 25 ) 27| 27 | 27
TABLE 2-2.2-12 LOAD N I RS S A S ) 5 B B 3.1, 16 | 49 (20| 20| 21, ] 21,
r 3 [} 13 .
COMBINATIONS ENVELOPED 10-12110-12110-12h10-1212**3 Lio-12h0-12h10-12h10-12] 2* (] (2 22,2423, 26|23, 26{23, 26
Ui OAD
COMBIJﬁ#&éﬁ:é;;}é;ATION I II X II I11 v v 1 Iz IIX v \4 I 11 111 v v vI Vil
IBA ITI| X X X X X X X X X
IBA IV | X X X X X
VERTICAL
SUPPORT | DPBA I X
l}) LOADS
(V] DBA 11X X
o
e CONTROLLING DBA IV . X
N LORD
COMBINATIONS '
EVALUATED A 111 x X x | ) X X X X
TORULS IBA IV X X X . .
SHELL
PRESSURES| oo 1r0 . %
DBA 1V X b4
LATERAL
Loaps JIBA IIX} x X X X ) X

(1) FOR ZERO DIFFERENTIAL PRESSURE.
(2) FOR OPERATING DIFFERENTIAL PRESSURE.

nu




(la, lb) DEAD WEIGHT LOADS

(2a, 2b) SEISMIC LOADS

(3b, 3d4d) CONTAINMENT PRESSURE AND TEMPERATURE LOADS

(7a-7d) CHUGGING LOADS

(8b-8d) SRV DISCHARGE LOADS
(MULT VALVE CASE Al.2/C3.2)

SECTION 2-2.2.1 LOAD DESIGNATION

(8b=-8d) SRV DISCHARGE LOADS
(ADS VALVE CASE A2.2)

S ———

(9a) CONTAINMENT INTERACTION LOADS

e Bhmbabate

(@]
w
O = — =
o
o))
o
o

1200

TIME AFTER LOCA (sec)

Figure 2-2.2-19

SUPPRESSION CHAMBER SBA EVENT SEQUENCE
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(la,

lb) DEAD WEIGHT LOADS

(2a,

2b) SEISMIC LOADS

(3b,

3d) CONTAINMENT PRESSURE AND TEMPERATURE LOADS

(6b-6d) CONDENSATION

—_—_—— e — ]

(MULT

(8b-8d) SRV "DISCHARGE LOADS

VALVE CASE Al.2/C3.2)

SECTION 2-2.2.1 LOAD DESIGNATION

I

1

l .

l (8b-8d) SRV DISCHARGE LOADS
! (ADS VALVE CASE A2.2)
l

1

(9a) CONTAINMENT INTERACTION LOADS
T i
1 |
1 I
| t
| —
1 !
0 5 %900 1100
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Figure 2-2.2-=20

SUPPRESSION CHAMBER IBA EVENT SEQUENCE
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(la, 1b) DEAD WEIGHT LOADS

(2a, 2b) SEISMIC LOADS

SEE NOTE 1 (3b) CONTAINMENT PRESSURE LOADS

o ey o e - .- oo - -

(3d) CONTAINMENT TEMPERATURE LOADS

(5a-5d) POOL
SWELL LOADS

(6a, 6¢c) CO LOADS

SECTION 2-2.2.1 LOAD DESIGNATION

)
1
‘ , : (7a=74d)
B I CHUGGING LOADS
!
1 1
— o — - - - o - - U S
(8a,8c,8d) SRV
DISCHARGE (SIN-
GLE VALVE CASE SEE NOTE 2
A.l.1/al1.3)
= -—-1 ———————————— _T —————————————

] 1. i L

(9a) CONTAINMENT INTERACTION LOADS

PR S

0.1 1.5 5.0 35.0 65.0

TIME AFTER LOCA (sec)

(L) THE EFFECTS OF INTERNAL PRESSURE LOADS ARE INCLUDED
IN POOL SWELL TORUS SHELL LOADS. :

(2) THE SRV DISCHARGE LOADS WHICH OCCUR DURING THIS PHASE
OF THE DBA EVENT ARE NEGLIGIBLE.:

Figure 2-2.2-21

SUPPRESSION CHAMBER DBA EVENT SEQUENCE
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2-2.3 Acceptance Criteria

The NUREG-0661 acceptance criteria on which the Dresden
Units 2 and 3 suppression chamber analyses are based
are discussed in Section 1-3.2. In general, the accep-
tance criteria follow the rules contained in the ASME
Code, Section III, Division 1, including the Summer
1977 Addenda for Class MC components and component
supports (Reference 9). The corresponding service
limit assignments, jurisdictional boundaries, allowable
stresses, and fatigue requirements are consistent with
those contained in the applicable subsections of the
ASME Code and the PUAAG. The acceptance criteria used

in the analysis of the suppression chamber are

summarized in the following paragraphs.

The items examined in the analysis of the suppression
chamber include the suppression chamber shell, the ring
girder, and the suppression chamber horizontal and
.vertical support systems. Figures 2-2.1-1 through
2-2,.1-14 identify the specific components associated

with each of these items.

The suppression chamber shell and ring girder are eval-
uated in accordance with the requirements for Class MC
components contained in Subsection NE of the ASME
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. Code. Fillet welds and partial penetration welds in
which one or both of the joined parts includes the

‘ suppression chamber shell and the ring girder are also
evaluated in accordance with the requirements for Class

MC component attachment welds contained in Subsection

NE of the ASME Code.

The suppression chamber columns, column connections,
saddle supports, and associated components and welds
are evaluated in accordance with the requirements for
Class MC component supports contained in Subsection NF

of the ASME Code.

‘ Table 2-2.2-11 shows that the SBA III, IBA III, IBA IV,
and DBA III combinations all have Service Level B
limits, while the DBA IV combination has Service Level
C limits and the DBA I combination has Service Level D
limits. Since these load combinations have somewhat
different maximum temperatures, the allowable stresses
for the three 1load combination groups with Service
Level B, C, and D limits are conservatively determined
at the highest temperature in each 1load combination

group, unless otherwise indicated.

| . COM-02-041-2.
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The allowable stresses for each suppression chamber

component and vertical support system component are
determined at the maximum SBA temperature of 165°F.
The allowable stresses for the vertical support system
base plate assemblies are determined at 100°F. Table
2-2.3-1 shows the resulting allowable stresses for the
load combinations with Service Level B, C, and D

limits.

The saddle and column base plate anchor bolts and
associated epoxy grout, shown in Figure 2-2.1-8, are
those specified in the torus support modification
drawings (References 13 and 14). The minimum allowable

uplift load per bolt, based on an average embedment of

3'-1/4", is 113 kips. This is equivalent to 3.12 kips

per inch of embedment.

Bearing stresses in the grout and reactor building
basemat in the vicinity of the column and saddle base
plates are evaluated in accordance with the require-
ments of the American Concrete Institute (ACI) Code

(Reference 15).

The allowable load capacities for the suppression
chamber vertical support system are determined by

considering the capacities of the individual components
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‘ and selecting the critical load. Allowable capacities
for the column, saddle, base plates, anchor bolts, and
epoxy grout are evaluated. To determine the saddle
capacities, a hydrostatic load is applied to the 1/32
segment analytical model and the resulting stresses
compared until the first component in the assembly
reaches its allowable stress. Table 2-2.3-2 summarizes

. the resulting allowable load capacities for the

suppression chamber vertical supports.

The allowable loads on the suppression chamber seismic
sway bars are taken from the stress reports (References

16 and 17). The allowable seismic tension load for
‘ each sway bar is 346 Kkips.

The acceptance criteria described in the preceding
paragraphs result in conservative estimates of the
existing margins of safety and assure that the original

suppression chamber design margins are restored.

‘ CoOM-02-041-2
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Table 2-2.3-1

ALLOWABLE STRESSES FOR SUPPRESSION CHAMBER
COMPONENTS AND SUPPORTS

(1) . ALLOWABLE STRESS (ksi)
MATERIAL STRESS
ITEM MATERIAL PROﬁERTIES TYPE service 2 | service 3 | service (4
(ksi) LEVEL B LEVEL C LEVEL D
Spc = 19.30 [PRIMARY MEMBRANE[  19.30 35.86 41.65
LOCAL PRIMARY
SHELL SA-516 sm1 = 23.17 MEMBRANE 28.95 53.79 62.48
GRADE 70 : :
s, = 35.86 pRIMARY + (5
s - 70.00 SECONDARY 69.51 N/A N/A
u . STRESS RANGE
COMPONENTS
S,c = 19.30 [PRIMARY MEMBRANE[  19.30 35.86 41.65
- LOCAL PRIMARY
RING sA-s1g | Smi = 2317 B RANE 28.95 53.79 62.48
< GIRDER GRADE 70
s, = 35.86 pRIMARY +(5)
S 70.00 SECONDARY 69.51 N/A N/A
u : STRESS RANGE
(6) MEMBRANE 21.52 28,69 43.04
COLUMN SA-516 S = 35.86 :
- : CONNECTION | GRADE 70 Y EXTREME FIBER 26.90 35.87 53. 80
— .} .coMPONENT
. .] supporTs
o N SA-516 MEMBRANE 21.52 28.69 43.04
- = sappre (8 GRADE 70 s, = 35.86
| EXTREME FIBER 26.90 35.87 53.80
: RING Spe = 19-30 PRIMARY 15.02 27.89 32.40
ity Giiaglgo Sm = 230 PRIMARY +
TO SHELL - :
s, = 35.86 SECONDARY 54.07 N/A N/A
S__ = 19.30
COLUMN SA-51 mc PRIMARY 15.02 27.89 32.40
WELDS CONNECTTON | SA=2 30 Sp1 = 23.17 TTTVTE
TO SHELL = 54.07
s, = 35.86 SECONDARY N/A N/A
Sme = 19.30 PRIMARY 20.47 38.03
SADDLE Sa-s516 | s L = 23.17 ) ' : 44.17
70| m PRIMARY +
| TO SHELL | GRADE _
| Sy 35.86 SECONDARY 61.42 N/A N/A

(1) MATERIAL PROPERTIES ARE TAKEN AT THE MAXIMUM EVENT TEMPERATURE.

(2) SERVICE LEVEL B ALLOWABLES ARE USED WHEN EVALUATING SBA III, IBA I, IBA III,
IBA IV, AND DBA II LOAD COMBINATION RESULTS.

(3) SERVICE LEVEL C ALLOWABLES ARE USED WHEN EVALUATING IBA V AND DBA IV LOAD
COMBINATION RESULTS.

(4) SERVICE LEVEL D ALLOWABLES ARE USED WHEN EVALUATING DBA I LOAD COMBINATION
RESULTS.

(5) THERMAL BENDING STRESSES MAY BE EXCLUDED WHEN COMPARING PRIMARY-PLUS-SECONDARY
STRESS RANGE VALUES TO ALLOWABLES.

(6) STRESSES DUE TO THERMAL LOADS MAY BE EXCLUDED WHEN EVALUATING COMPONENT SUPPORTS.
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Table 2-2.3-2

SUPPRESSION CHAMBER VERTICAL SUPPORT

SYSTEM ALLOWABLE LOADS

LOAD CAPACITY (kips)
SUPPORT
. COMPONENT
UPWARD powNwaARD! L
(1)
COLUMN
OUTSIDE 352 (1) 1300
INSIDE 879(2) gql
SADDLE
OUTSIDE g79 (%) 901
~ TOTAL PER
MITERED CYLINDER 2301 4104

(1) CAPACITIES SHOWN ARE BASED ON SERVICE
LEVEL B ALLOWABLES. FOR SERVICE LEVEL C
ALLOWABLES, INCREASE VALUES SHOWN BY 1/3.
‘FOR SERVICE LEVEL D ALLOWABLES, MULTIPLY
VALUES SHOWN BY A FACTOR OF 2.

(2) CAPACITIES ARE APPLICABLE FOR ALL

SERVICE LEVELS.
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Method of Analysis

The governing loads for which the Dresden Units 2 and 3
suppression chambers are evaluated are presented 1in
Section 2-2.2.1. The methodology used to evaluate the
suppression chamber for the effects of all loads
(except those which result in lateral loads on the
suppression chamber) is discussed in Section 2-2.4.1.
The methodology used to evaluate the suppression
chamber for the effects of lateral loads is discussed

in Section 2-2.4.2.

The methodology wused to formulate results for the
controlling load combinations, consider fatigue
effects, and evaluate the analysis results for
comparison with the applicable acceptance limits is

discussed in Section 2-2.4.3.
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‘ 2-2.4.1 Analysis for Major Loads

The repetitive nature of the suppression chamber
geometry 1is such that the suppression chamber can be
divided into 16 identical segments, whiéh extend from
midbay of the vent line bay to midbay of the non-vent
line bay (Figure 2-2.1-1). The suppression chamber can
be further divided into 32 identical segments extending
from the miter joint to midbay, provided the offset
ring girder and vertical supports are assumed to lie in
the plane of the miter joint. The effects of the ring
girder and vertical supports offset have been evaluated
and found to have a negligible effect on the suppres-
‘ sion chamber response. The analysis of the suppression
chamber, therefore, is performed for a typical 1/32

segment,

A finite element model of a 1/32 segment of the
suppression chamber is used to obtain the suppression
chamber response to all loads except those on submerged
structures (Figure 2-2.4-1). This analytical model
includes the suppression chamber shell, the ring girder
modeled with beam elements, the column connections and
associated column members, the saddle support and
associated base plates, and miscellaneous stiffener
plates.

‘ COM-02-041-2
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This analytical model is composed of 955 nodes, 298

elastic beam elements, and 1,147 plate bending and
stretching elements. The suppression chamber shell has
a circumferential node spacing of 8° at midbay, with
additional mesh refinement near discontinuities to
facilitate examination of local stresses. Additional
refinement is also included in modeling of the column
connections and .saddle support at locations where
higher 1local stresses occur. The stiffness and mass
properties used in the model are based on the nominal
dimensions and densities of the materials used to
construct the suppression chamber (Figures 2-2.1-1
through 2-2.1-12). Small displacement linear-elastic

behavior is assumed throughout.

The boundary conditions used in this analytical model
are both physical and mathematical in nature. The
physical boundary conditions consist of wvertical
restraints at each of the column and saddle base plate
locations. The mathematical boundary conditions
consist of symmetry, anti-symmetry, or a combination of
both (depending on the characteristics of the load
being evaluated) at the miter joint and midcylinder

planes.
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. A second finite element model is developed to obtain
détailed ring girder responses to supbression chamber
shell hydrodynamic loads and ring girder-torus shell
interaction responses to loads on submerged structures.
This model consists of a detailed plate model of the

‘ring girder and ring girder stiffeners, a partial 1/32
segment torus shell model on each side of the miter
jéint, the column connections and associated column
members, the saddle support with associated flanges,
and the stiffener plates. The column, column
connection, and saddle support are positioned 4" from
the miter joint in this analytical model to accurately
represent the as-built torus support system. Figures

‘ 2-2.4-2 and 2-2.4-3 show the ring girder analytical

model.

The model reflects the modified ring girders,
reinforced to withstand Mark I loads. These
modifications are lateral reinforcement stiffeners to
prevent ring girder bending due to out~-of-plane
loads. Upon installation of the final Mark I related
modifications, both Dresden units will have five ring
girder stiffeners in the SRV bays (Figure 2-2.1-4);
however, they differ in the number of ring girder
stiffeners in the non-SRV bays. Unit 2 has zero, and
Unit 3 has two (Figure 2-2.4-4). Two analytical models

' . COM-02-041-2
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were generated to address the submerged structure

loads, one each for the SRV and non-SRV bays. These
are the five-stiffener model and the zero-stiffener
model., The zero stiffener ring girder configuration
was conservatively chosen for analysis of the non-SRV

bay loads.

The zero stiffener model is composed of 1,467 nodes,
307 elastic beam elements, and 2,068 plate bending and
stretching elements. The five-stiffener model has an
additional 30 nodes,. 4 elastic beam elements, and 37
plate bending and stretching elements, The five
stiffener shell mesh refinement of this model is the

same as that of the previously described torus shell

model. A spoke system 1is constructed at the shell
boundaries on each side of the miter joint and—a rigid
beam extended to midbay, where symmetry boundary
conditions are imposed. The vertical restraints for
this analytical model are the same as those previously

discussed for the suppression chamber model.

For each of the hydrodynamic torus shell loads, a dis-
placement set is statically applied to the ring girder-
torus shell intersection on the ring girder model,
along with appropriate dynamic amplification factors.
This displacement set is selected from the response
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‘ time~history at the time of maximum strain energy.
These loads thus applied determine the state of stress
in the ring girder due to hydrodynamic torus shell

loads.

For each of the submerged structure 1loads, a set of
forces is applied to the ring girder below the pool
surface in the out-of-plane direction. A dynamic load
factor (DLF) is developed for each load, depending upon
the natural frequency of the ring girder and that of
the load itself. With the application of this factor,
the state of stress is determined in the ring girder,
the ring girder stiffener plates, and the local torus

. shell due to the submerged structure loads.

When computing the response of the suppression chamber
to dynamic ldadings, the ~fluid-structure interaction
effects of the suppression chamber shell and contained
fluid (water) are considered. This is accomplished
through use of a finite element model of the fluid
(Figure 2-2.4-5). The analytical fluid model is used
to develop a coupled mass matrix, which is added to the
submerged nodes of the suppression chamber analytical
model to represent the fluid. A water volume
corresponding to a water 1level 3-1/2" below the
suppression chamber horizontal centerline 1is used 1in

. COM-02-041-2
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this calculation, This is the average water volume

expected during normal operating conditions.

A frequency analysis is performed using the suppression
chamber analytical model from which all structural.
‘'modes in the range of 0 to 50 hertz are extracted.
Table 2-2.4-1 shows the resulting frequencies and
vertical mass participation factors. The dominant
suppression chamber £frequency occurs'at 18.87 hertz,
which is above the dominant frequencies of most major

hydrodynamic loadings.

Using the analytical model of the suppression chamber,

a dynamic analysis is performed for each of the hydro-

dynamic torus shell 1load cases specified in Section
2=2.,2,1. The analysis consists of either a transient
or a harmonic analysis, depending on the character-
istics of the torus shell load being considered. The
modal superposition technique with 2% of «critical
damping, as recommended by Regulatory Guide 1.61
(Reference 18), 1is wutilized in both transient and

harmonic analyses.

The remaining suppression chamber load cases specified
in Section 2-2.2.1 involve either static or dynamic
loads which are evaluated using an equivalent static
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approach. For the latter, conservative dynamic
amplification factors are developed and applied to the
maximum spatial distributions of the individual dynamic

loadings.

The specific treatment of each 1load in the load
categories identified in Section 2-2.2.1 is discussed

in the following paragraphs.
1. Dead Weight Loads

a. Dead Weight of Steel: A static analysis is
performed for a unit vertical acceleration
applied to the weight of suppression chamber

steel.

- b. Dead Weight of Water: A static analysis is
performed for hydrostatic pressures applied
to the submerged portion of the suppression

chamber shell.
2. Seismic Loads

a. OBE Loads: A static analysis is performed

for a 0.07g vertical acceleration applied to

the combined weight of suppression chamber

. COM-02-041-2
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steel and water, The effects of horizontal

OBE accelerations are evaluated in Section

2=2.4.2,

b. SSE Loads: A static analysis is performed
for a 0.l4g vertical acceleration applied to
the combined weight of suppression chamber
steel and water. The effects of horizontal

SSE accelerations are evaluated in Section

2-254e2.
3. Containment Pressure and Temperature
= ) a. Normal Operating Internal Pressure: A static

analysis is performed for a 0.2 psi internal
~ pressure uniformly applied to the suppression

chamber shell.

b. LOCA Internal Pressure Loads: A static
analysis is performed for the SBA, IBA, and
DBA internal pressures (Figures 2-2.2-1
through 2-2.2-3). These pressures are
uniformly applied to the suppression chamber

shell at selected times during each event.
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Normal Operating Temperature Loads: A static
analysis is performed for a 165°F temperature
uniformly applied to the suppression chamber
shell, ring girder, saddle, and columns. An
additional static analysis is performed for
the maximum normal operating temperature
listed in Table 2-2.2-2. Discrete tempera-
tures for the suppression chamber vertical

supports are obtained from Figure 2-2.2-7.

LOCA Temperature Loads: A static analysis is
performed for the SBA, IBA, and DBA tempera-
tures uniformly applied to the suppression
chamber shell, ring girder, saddle, and
columns. The SBA, IBA, and DBA event
temperatures (Figures 2-2.2-4 through
2-2.2-6) are applied at selected times during
each event. The greater of the temperatures
specified in Figure 2f2.2-4 and Table 2-2.2-2
is used in the analysis for SBA temperatures.
Discrete temperatures for the suppression
chamber vertical supports are obtained from

Figure 2-2.2-7.
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Column Preset Loads

A static analysis is performed on the suppression

chamber with a preset of 3/16" at the inside

column and a preset ofl 11/16" at the outside

column.

Pool Swell Loads

a=b, Pool Swell Torus Shell Loads: A dynamic

analysis is performed for both the vent and
non-vent line bays for both the operating and
zero AP pool swell load conditions (Figures
2=2,2-8 through 2-2.2-11 and Tables 2-2.2-4
and 2-2.2-5). The loads are applied to a
1/32 torus model with symmetric boundary
conditions at the miter joint and to one with
asymmetric boundary conditions at the miter
joint. These results are then combined to
represent the effect of differential loads

across the miter.

LOCA Water Jet Loads on Submerged Structures:
In comparison with other submerged structure
loads on the ring girder, these loads have a

negligible effect on the final stress levels,

2-2.112

nutech

ENGINEERS



and will not be considered in this

evaluation.

d. LOCA Bubble-Induced Loads on Submerged Struc-
tures: In comparison with other submerged
structure loads on the ring girder, these
loads have a negligible effect on the final
stress levels, and will not be considered in

this evaluation.
6. Condensation Oscillation Loads

a. DBA CO Torus Shell Loads: A dynamic analysis |
is performed for the four CO load alternates
(Table 2-2,2-6). Figure 2-2.4-6 provides a
typical response obtained from the suppres-
sion chamber harmonic analysis for the
normalized spatial distribution of pressures
(Figure 2-2.2-12). During harmonic summation,
the amplitudes for each CO 1load frequency
interval are conservatively applied to the
maximum response amplitudes obtained from the
suppression chamber harmonic analysis results

in the same frequency interval.
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b. IBA CO Torus Shell Loads: Pre-chug loads

described in Load Case 7a are specified in

lieu of IBA CO loads.

C. DBA CO Submerged Structure Loads: An
equivalent static analysis is performed for
the ring girder DBA CO 1loads on submerged
structures (Table 2-2,.2-7). The values of the
loads shown are derived using the methodology
discussed 1in Section 1-4.1.7.3 and include

dynamic amplication factors.

d. IBA CO Submerged Structure Loads: Pre=chdg

loads described in Load Case 7c¢ are specified

in lieu of IBA CO loads.

7. Chugging Loads

a. - Pre-=Chug Torus Shell Loads: A dynamic anal-
ysis is performed for the symmetric pre-chug
loads (Figure 2-2.2-14). The harmonic
analysis results show that the maximum
suppression chamber response in the 6.9 to
9.5 hertz range occurs at the structural

frequency of 9.5 hertz (Table 2-2.4-1). The
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‘ effects of lateral loads caused by asymmetric'

pre-chug are examined in Section 2-2.4.2,.

b, Post-Chug Torus Shell Loads: A dynamic
analysis 1is performed for post—-chug torus
shell loads (Table 2-2.2-8). Figure 2-2.4-6
provides a typical response obtained from the
suppression chamber harmonic analysis for the
normalized spatial distribution of pressurés
(Figure 2-2,2-12). Dﬁring harmonic summa-
tion, the amplitudes for‘each post—-chug 1load
frequency interval are conservatively applied
to. the maximum response amplitudes obtained

‘ from the suppression chamber harmonic analy-

sis results in the same frequency interval.

C. Pre-Chug Submerged Structure Loads: In
comparison with other submerged structure
loads on the ring girder, these loads have a
negligible effect on the final stress 1evels;
and will not be considered ~ in  this

evaluation.

d. Post-Chug Submerged Structure Loads: An

equivalent static analysis is performed for
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the ring girder loads on submerged structures
(Table 2-2.2-9). The values of the 1loads
shown are derived wusing the methodology
discussed 1in Section 1=4.1.8.3 and include

dynamic amplification factors.

Safety Relief Valve Discharge Loads

a-b.

SRV Discharge Torus Shell Loads: A dynamic
analysis is performed for SRV Discharge Torus
Shell Load Cases 8a and 8b (Figures 2-2,2-16
and 2-2.2-17). Several frequencies within
the range of the SRV  discharge load
frequencies are evaluated to determine the
max imum suppression chamber response, The
effects of lateral loads on the suppression
chamber caused by SRV Discharge Load Case 8b

are evaluated in Section 2-2.4.2.

The suppression chamber analytical model used
in the analysis 1is calibrated wusing the
methodology discussed in Section 1-4.2.3.
The methodology involves use of modal
correction factors which are applied to the

response associated with each suppression
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‘ chamber frequency. Figure 2-2.4-7 shows the
resulting correction factors used in evaluat-
ing the effects of SRV‘discharge'torus shell

loads.

Ce. SRV Discharge Water Jet Loads on Submerged
Structures: In comparison with other
submerged structure loads on the ring girder,
these loads have a negligible effect on the

.final stress levels, and will not De

considered in this evaluation.

d. SRV Discharge Bubble~Induced Drag Loads on

‘ Submerged Structures: An equivalent static
analysis is performed for the ring girder SRV

discharge drag loads {(Table 2-2.2-10). The

values of the loads shown are derived using

the methodology discussed in Section 1-4.2.4

and include dynamic amplification factors.
9. Containment Interaction Loads
a. Containment Structures Reaction Loads: An

equivalent static analysis is performed for

the vent system support column, SRVDL
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support, T—-quencher support, ECCS header

support, spray header, and catwalk support
reaction loads taken from the evaluations of
these components described in Volumes 3

through 5 of this report.

The methodology described in the preceding paragraphs
results in a conservative evaluation of the suppression
chamber response and associated stresses for the
governing loads. Use of the analysis results obtained
by applying this methodology leads to a conservative

evaluation of the suppression chamber design margins.
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Table 2-2.4-1

SUPPRESSION CHAMBER FREQUENCY ANALYSIS RESULTS

COM-02-041-2
Revision 0

VERTICAL MASS

soMmEm | () | TARLICIEATION
1 9.45 304.5
2 9.74 7.1
3 11.55 686.3
4 11.56 181.7
5 12.58 448.5
6 13.36 1700.2
7 14.09 961.8
8 14.96 21725.4
9 15.81 992.6
10 16.53 25783.6
11 17.83 3507.6
13 19.64 52145.1
14 20.11 9522.8
15 21.44 9342.4
16 21.78 3528.2
17 22.54 10186.4
18 24,22 196.9
19 24.92 27.9
20 25.58 79.1
21 25.68 4684.7
22 26.22 973.3
23 26.94 3209.2
24 28.27 281.2
25 28.70 1.5
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Table 2-2.4-1 | ‘

SUPPRESSION CHAMBER FREQUENCY ANALYSIS RESULTS

(Continued)

MODE FREQUENCY VERTICAL MASS
NUMBER (HZ) PARTICIPATION
FACTOR (1lb)
26 28.92 846.8
27 29.33 2776.2
28 29.85 845.8
23 ~ 30.82 4514.0
30 31.21 279.2
31 31.81 762.2
32 31.99 1771.6
33 32.58 5.0
34 33.82 29.9
33 33.90 1.0
36 34,52 154.7
37 34.78 105.5
38 35.14 164.3
39 36.10 118.4
40 36.53 6.0
41 36.92 163.6
42 37.38 115.7
43 37.91 137.5
44 38.45 28.9
45 38.57 184.8
46 39.17 27.4
47 39.50 15.2
48 40.16 60.7
49 40.76 3.6
50 41.24 95.2
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‘ _ Table 2-2.4-1

SUPPRESSION CHAMBER FREQUENCY ANALYSIS RESULTS

(Concluded)
MoDE FREQUENCY | parricrraTion
NUMBER (Hz)
] FACTOR (1b)
51 41.60 182.7
52 41.93 66.0
53 42.26 2.2
54 42.60 1.2
55 43.03 2.8
56 44,22 0.1
57 44.51 . 0.4
58 44.86 2.0
59 45,34 65.4
‘ 60 45.74 5.8
. 61 46.30 4 0.0
62 46.73 0.0
63 ©47.78 1.7
64 48.56 23.4
65 48.65 8.4
66 48.68 0.3
67 48.88 9.7
68 49,12 0.3
69 49.44 4.1
70 49.70 20.0
71 - 50.39 1.5
72 50.83 10.3
@ *
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Figure 2-2.4-1

SUPPRESSION CHAMBER 1/32 SEGMENT FINITE ELEMENT MODEL -
' ISOMETRIC VIEW
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Figure 2-2.4-2

RING GIRDER MODEL - VIEW FROM THE MITER JOINT
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Figure 2-2.4-3

RING GIRDER MODEL -~ ISOMETRIC VIEW
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270°

DRESDEN 2

(10 ring girders with 5 stiffeners;
6 ring girders without stiffeners)

-]

180

DRESDEN 3

(10 ring girders with 5 stiffeners;
6 ring girders with 2 stiffeners)

Figure 2-2.4-4

FINAL RING GIRDER STIFFENER CONFIGURATION
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FLUID MODEL CORE

Figure 2-2.4-5

SUPPRESSION CHAMBER FLUID MODEL

ISOMETRIC VIEW
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SUPPRESSION CHAMBER, fcr = 18.87 Hz
600 :
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1. SEE FIGURE 2-2.2-10" FOR SPATIAL DISTRIBUTION OF
LOADING. f

Figure 2-2.4-6

SUPPRESSION CHAMBER HARMONIC ANALYSIS RESULTS
FOR NORMALIZED HYDROSTATIC LOAD
. COM-02-041-2
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MODAL CORRECTION FACTORS

000 l
0.0 0.2

T T
0.4 0.6

0.8 1.0

1.2 1.4

l.6 1.8

LOAD FREQUENCY/TORUS FREQUENCY

CORRECTION
: FACTOR
MODE | FREQUENCY ppees
NUMBER (Hz) N
(£2=13.25)
1 9.45 0.64
2 9.74 . 0.60
3 11.55 0.42
4. 11.56 0.41
5 12.58 0.32
6 13.36 0.32
7 14.09 0.37
8 14.96 0.52
9 15.81 0.57
10 16.53 0.64
11 17.83 0.81
12 18.87 0.90
13 19.64 0.95
14 20.11 0.98
15 21.44 1.00
16-72 | 221.78 1.00

LEGEND
TORUS
CURVE FREQUENCY

(Hz)

A 8

B 11

c 14

D 17=-23

E 26=32

Figure 2-2.4-7

MODAL CORRECTION FACTORS USED FOR ANALYSIS OF
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SRV DISCHARGE TORUS SHELL LOADS
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2=2.4.2

Analysis for Lateral Loads

In addition to vertical loads, a few of the governing
loads acting on the suppression chamber result in net
lateral loads, as discussed in Section 2-2.2.l1l. These
lateral loads are transferred to the reactor building
basemat by the seismic sway rods and outside column

base plate described in Section 2-2.1.

The general methodology used to evaluate the effects of
lateral loads consists of establishing an upper bound
value of the lateral load for each applicable load
case. The results for each load case are then grouped
in accordance with the controlling load combinations
described in Section 2-2.2.2, and the maximum total
lateral load acting on the suppression chamber is

determined,

The direction of each lateral 1load acting on the
suppression chamber is taken as the azimuth (Figure
2=2.1=1) causing the maximum tensile stress in the
seismic sway rods. Depending on the load, the direc-
tion of the azimuth is aligned either with a miter
joint or with the midbay of a 1/16th sector of the
suppression chamber. A 360° beam model of the torus,

supports, and seismic sway rods was used in this deter-
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mination of the distribution of the lateral loads.

Once the seismic restraint 1loads are known, these
values are compared with the | allowable seismic
restraint loads contained in Section 2-2.3.
' |

Tensile loads in the seismic sway rods result in con-
centrated forces acting on the suppression chamber.
These forces act in the direction of the sway rods at
the point of attachment to the outside column wing
plates. The effect of these forces on the suppression
chamber shell are evaluated using the analytical model
described in Section 2-2.,4.1 as the ring girder
model. Figure 2-2.4-8 shows the application and dis-

tribution of the lateral 1loads. The resulting shell

stresses are then combined with the other loads con-
tained in the controlling load combination being evalu-
ated, and the shell stresses in the vicinity of the

seismic restraints are determined.

The magnitudes and characteristics of the governing
loads which result in lateral loads on the suppression
chamber are presented and discussed in Section 2=2.2.1.
~The specific treatment of each load which results in
lateral loads on the suppression chamber is discussed

in the following paragraphs.
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Seismic Loads

OBE Loads: The total lateral load due to OBE
loads 1is equal to the maximum horizontal
acceleration of 0.25g applied to the weight
of suppression chamber steel and the
effective weight of suppression chamber water

in the horizontal direction.

The effective weight of suppression chamber

water in the horizontal direction used 1in

this evaluation 1is derived from generic

small-scale tests performed on Mark I
suppression chambers, These test results
have been confirmed analytically using a
model of the suppression cﬁamber fluid
(water) similar to the one shown in Figure

2-2.4-5.

As recommended in the "Mark I Torus Seismic
Slosh Evaluation" (Reference 19), the effec-
tive weight of suppression chamber water is
taken as 20% of the total weight of water
contained in the suppression chamber. This
value represents the amount of water acting

with the suppression chamber as added mass
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during horizontal dynamic events. The

effective weight of water exhibits itself in
tension loads on the seismic sway bars. The
remaining 80% Aof suppression chamber water
acts in sloshing modes at frequencies near
Zero. Only a portion of the total sloshing
mass acting at considerably lower seismic
accelerations results in reaction 1loads on
the seismic restraints. The total sloshing
mass is conservatively applied at the maximum
OBE acceleration in the range of the sloshing

frequencies.

b. SSE Loads: The total lateral load due to SSE

loads is equal to the maximum horizontal
acceleration of 0.50g applied to the weight
i - of suppression chamber steel and the
‘ effective weight of suppression chamber water
in the horizontal direction. The methodology
used to evaluate horizontal SSE 1loads is

discussed in Load Case 2a.
7. Chugging Loads

a. Pre—-Chug Torus Shell Loads: The spatial dis-

tribution of asymmetric pre-chug pressures is

COM~02-041-2 .
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integrated, and the total lateral load is
determined (Figures 2-2,2-14 and 2-2.2-15).
A dynamic amplification factor is computed
using first principles and characteristics of
the chugging cycle transient (Figure
2~-2.4-9). The maximum dynamic amplification
factor poésible, regardless of structural

frequency, is conservatively used.

Safety Relief Valve Discharge Loads

SRV Discharge Torus Shell Loads: The spatial
distribution of pressures for SRV Discharge
Load Case 8b 1is integrated and the total
lateral ldad is determined (Figures 2-2.2-17
and 2-2.2-18). It was determined that, due
to the positioning of these T-quenchers, a
larger lateral locad is created by the
multiple actuation .of four safety relief
valves than by all five. The maximum load
due to the actuation of four valves was
used. A dynamic amplification factor is
computed using the methodology discussed in
Section 2-2.4.1 for SRV discharge torus shell
loads analysis. The maximum dynamic amplifi-

cation factor possible, regardless of
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structural frequency, is conservatively used ‘

(Figure 2-2.4-10).

Use of the methodology described in the preceding
paragraphs results in a conservative evaluation of
suppression chamber shell stresses. These stresses are
due to the governing loads which result in 1aterai

loads on the suppression chamber.
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180°

V<

=270°

+

900 -

PARTIAL ELEVATION VIEW

' - . (1)
FOR Vtot = 2,018 kip
Fl = 123.12 kip TENSION Fy = 0.00 kip TENSION
F, = 0.00 kip TENSION F, = 114.42 kip TENSION

(1) THIS TOTAL LOAD REPRESENTS THE SUM OF OBE PRE-CHUG
AND SRV LATERAL LOADS.

Figure 2-2.4-8

METHODOLOGY FOR SUPPRESSION CHAMBER
LATERAL LOAD APPLICATION
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AMPLITUDE

PRE-CHUG
. PORTION

POST-CHUG
PORTION

ONE CHUG CYCLE
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Figure 2-2.4-9

TYPICAL CHUGGING LOAD TRANSIENT USED FOR

ASYMMETRIC PRE-CHUG DYNAMIC AMPLIFICATION

FACTOR DETERMINATION
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DLF = 2.42

max
LOAD MODAL
TORUS FREQUENCY| FORCED DLF
FREQUENCY FRﬁggggcy RATIO VIBRATIONCO§§§53§04 %
(£,) (Hz) (£,) (Hz) (£,/€,) |DLF RANGE (MCF) MCF
7.800 0.975 4.324 0.358 1.549
8. -
18.200 2.27s 0.973 1.000 0.973
7.800 0.709 2.396 0.614 1.472
11.0
18.200 1.655 1.947 0.957 1.864
7.800 0.557 1.911 0.925 1.767
14.0
18.200 1.300 3.292 0.736 2.423
7.800 0.459 1.528 1.000 1.528
17.0
18.200 1.071 4.523 0.473 2.140
7.800 0.339 1.285 1.000 1.285
23.0
18.200 0.791 2.633 0.734 1.932
7.800 0.300 1.282 1.000 1.282
26.0
18.200 0.700 2.375 1.000 2.375
7.800 0.244 1.424 1.000 1.424
32.0
18.200 0.569 1.941 1.000 | 1,941
5.0
g 4.0 7
=
[a]
2z
g3
E -0
m
H
> 2.0 4
[a]
5]
Q
@
o
e 1.0 4
0-0 T L T T
0.5 1.0 1.5 2.0 2.5

LOAD FREQUENCY/TORUS FREQUENCY (fl/ft)

1. SEE FIGURE 2-2.2-17 FOR FORCED VIBRATION LOADING
TRANSIENT AND FREQUENCY RANGE.

2. SEE FIGURE 2-2,4-7 FOR MODAL CORRECTION FACTORS.

Figure 2-2.4-10

DYNAMIC LOAD FACTOR DETERMINATION FOR SUPPRESSION
CHAMBER UNBALANCED LATERAL LOAD DUE TO SRV DISCHARGE
MULTIPLE VALVE ACTUATION
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2-2.4.3 Methods for Evaluating Analysis Results

The methodology discussed 1in Sections 2-2.,4.1 and
2-2.4.2 1is used to determine element forces and
component stresses in the suppression chamber
components. The methodology used to evaluate the
analysis results, determine the controlling stresses in
the suppression chamber components and component
supports, and examine fatigue effects is diséussed in

the following paragraphs.

Membrane and extreme fiber stress intensities are
computed when the analysis results for the suppression

chamber Class MC components are evaluated. The values

of the membrane stress intensities away from discontin-
uities are compared with the primary membrane stress
allowables contained in Table 2-2.3-1. The values of
membrane stress intensities near discontinuities are
compared with local primary membrane stress allowables
contained in Table 2-2,3-1., Primary stresses in sup-
pression chamber Class MC component welds are computed
using the max;mum. primary stress or resultant force
acting on the associated weld throat. The results are
compared to the primary weld stress allowables

contained in Table 2-2.3-1.
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In each of the cohtrollihg load combinations there are

many dynamic 1loads resulting in stresses which cycle

with time, and which are partially or fully

reversible. The maximum stress intensity range for all
suppression chamber Class MC components is calculated
using the maximum values of the extreme fiber stress
differences which occur near discontinuities, These
values are compared with primary plus secondary stress
range'allowables contained in Table 2-2.3-1. A similar
procedure is used to compute the stress range for the
suppression chamber Class MC component welds. The
results are compared to the primary plus secondary weld

stress allowables contained in Table 2-2,.,3-1.

When analysis results for the suppression chamber
saddle supports are evaluated, membrane and extreme
fiber principal stresses are computed and compared with
the Class MC component support allowable stresses
contained in Table 2-2.3-1. The reaction loads acting
on the suppression chamber vertical support system
column and saddle base plate assemblies are compared to
the allowable support loads shown in Table 2-2.3-2.
Stresses in suppression chamber Class MC component
support welds are computed using the maximum resultant

force acting on the associated weld throat. The
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results are compared to the weld stress limits .

discussed in Section 2-2.3,

The controlling sgppression chamber 1load combinations
evaluated are defined in Section 2-2.2.2. During load
combination formulation, the maximum stress components
in a particular suppression chamber component are
combined for the individual loads contained in each
combination. The stress components for dynamic
loadings are combined to obtain the maximum stress

intensity.

For evaluating fatigue effects 1in the suppression

chamber Class MC components and associated welds,

extreme fiber alternating stress intensity histograms
are determined for each load in each event or com-
bination of events., Stress intensity histograms are
developed for the suppression chamber components and
welds with the highest stress intensity ranges.
Fatigue strength reduction factors of 2.0 for major
component stresses and 4.0 for component weld stresses
are conservatively used. ‘ For each combination of
events, a load combination stress intensity histogram
is formulated, and the corresponding Ffatigue usage

factors are determined using the curve shown in Figure
COM-02~041-~2 :
Revision 0 2-2.140
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‘ ' '2—294.—41'1. The usage factors for each event are then

summed to obtain the total fatigue usage.

Use of the methodology described above results in a
conservative evaluation of the suppression chamber

design margins.

COM-02-041-2 7 .
Revision 0 2-2.141

nut

ENGINEERS




E = 27,900 ksi

1000
-
n
X
—
wn
s3]
4
£
2 100 1
O
=
=t
e
g
4
s3]
=
<
- 10

1o

COM-02-041-2
Revision 0

i I 1 I

102 10° . 10" 10°

NUMBER OF CYCLES

Figure 2-2.4-11

ALLOWABLE NUMBER OF STRESS CYCLES FOR
SUPPRESSION CHAMBER FATIGUE EVALUATION
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‘ 2-2.5 Analysis Results

The geometry, loads. and load combinations, acceptance
criteria, and analysis methods used in the evaluation
of the Dresden Units 2 and 3 suppressibn chambers are
presented aﬁd discuésea in the preceding sections. The
results and conclusions derived from the evaluation of -
the suppression chamber are presented in the following -

paragraphs.

Table 2-2.5-1 shows-ﬁéhe maximum suppression chamber

shell stresses for each of the governing loads. Table {

2=2.5-2 shows the correspohding reaction loads for the ‘
‘ suppression chamber vertical support system., Figures

2-2.5-1 through 2-2,5-4 .show the transient -responses of

j

the suppression chambef'for selected torus shell loads,
B expressed in terms of ‘total vertical load per mitered

cylinder.

Table 2-2.5-5 shows the maximum suppression chamber
shell stresses adjacent to the seismic restraints for
each of the governing loads resulting in lateral 1oadsl
on the suppression chamber, Tablé 2-2.5-6 shows the
corresponding reactioqlloads on the suppression chamber

seismic restraints.
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Table 2-2,5-3 shows the maximum stresses and associated

design -margins for . the- major:- suppression chamber

components and welds for the IBA III, IBA Iv, DBA III,

and DBA IV load combinations. Table 2-2.5-4 shows the

maximum reaction loads .and. associated design margins

for the suppression?chémber vertical support system for

the IBA III, IBA IV, DBA I, DBA III, and DBA IV  load

combinations. Table 2-2.5-7 shows the maximum

, i

- suppression chamber.. seismic restraint reactions and

associated shell _éﬁrésses adjacent to the seismic

:reétféiﬁts_fdfufhé;iﬁg—lii'combination,

TableﬁﬁaiiSGB_sho&éw%he fatigue usage factors for the

[

“"controlling - suppression- chamber component and weld.

These usage factors. are obtained by evaluating the

Normal - Operating. :plus SBA events and the Normal
Oberaffndelus IBAie\}entso

Coe i

'”§é§ﬁ16ﬂ"mZFZ;E;If:ﬂéééribes“ the ' suppression chamber

- 1 \

evaluation - results ¥ presented in  the preceding

paragraphs.
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Table 2-2.5=1

' MAXIMUM SUPPRESSTON CHAMBER SHELL
'STRESSES FOR' GOVERNING LOADS

RS

- SECTION 2-2.2.1 N PR (1) ..
LOAD DESIONATION SHELL STRESS TYPE ' (ksi)
LOCAL v
LOAD LOAD CASE | PRIMARY PRIMARY ggégﬁgiR;

TYPE NUMBER  |“ MEMBRANE MEMBRANE | STRESS RANGE
DEAD WEIGHT la + 1b | ™ 2.74 5.62 ° 6.56
. 2a . 0.29 1.64 . 6.15

SEISMIC : S
2b 0.58 3.29 12.30
| PRESSURE | 3b 10.77 10.59 19.29
TEMPERATURE 3a S 0079 5,91 |7 10.15
(2 5b (VB) 110,79 |° 1l.40°" 22.41
POOL SWELL
5b (NVB) 10.84 12.98 22.51
CONDENSATION 6a 6.50. _|¢ :10,88 - | 23.44
OSCILLATION 6c 0.44 1.05 3.13
7a 1.63 ©3.86 | 10.00
CHUGGING v |7 117 "1.78°° | 4.08
' 74 &U0,61 s 1,595 - 4.68
8a .. 8,92 | [ .10.28 | = 39.24
SRV . 13. 15.37 58.67
DISCHARGE 8b 34

. 8d 1.48 4.25 12.00

(1) VALUES SHOWN ARE MAXIMUMS IRRESPECTIVE OF TIME
-, .AND LOCATIONS AND MAY NOT BE ADDED TO OBTAIN
LOAD COMBINATION RESULTS. ‘

(2) ZERO DIFFERENTIAL PRESSURE.
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Table 2-2,5-2

MAXIMUM VERTICAL SUPPORT REACTIONS FOR

e GOVERNING SUPPRESSION CHAMBER LOADINGS
‘ ' i L
------ SECTION 2-2.2.1 LOAD DESIGNATION-- -|----- - -VERTICAL REACTION LOAD (kips)
LOAD i [ conumn - SADDLE
LOAD TYPE CASE | DIRECTION : L porar L
NUMBER .| INSIDE |OUTSIDE| INSIDE |OUTSIDE
DEAD WEIGHT + UPWARD |, |.251782 | 300.92 (2) (2) 552.74
b :
. DOWNWARD: | © is.ss 7.46 10.70 | 13.79 38.64
OBE -2a A = — =
. N UPWARD 6.69 7.46 | - 10.70 | 13.79| 38.64
SEISMIC —
DOWNWARD | 13.38 | 14.92 | 21.40 | 27.58| 77.28
= SSE; 2 I e ~
- I o UPWARD (. 13,38 14.92 | 21.40 27.58 77.28
B INTERNAL PRESSURE | 3b™ " UR{=)/ 4 97 39 |'-17.94 ( <16.28 | +12.63 | ~0.20
N : DOWN (+) * ° ° ° *
AN TP -1/ |- oar
: THERMAL. | : 34" DOWN (4) ' |. +30-40 | +29.99 | -32.18 | -28.22 | ' -0.01
- © e e o .. | DOWNWARD | 238.60.| 323.40.| 160.84 | 204.30 | 927.14
: PooL sweLL'®) 5b —
: : e tsren] s | 'UPWARD ' |1373.20 | 469.20 | 525.52 | 645.92 | 2013.84-
© "l cONDENSATION  -|...... | DOWNWARD | 170.49 | 166.66 | 325.87 | 332.27| 995.29-
< -1  osciLraTioN . | 62 ? ; -
ERERPE A : _UPWARD @ |-196.82 | 201.317 413.97 | 476.27 | 1288.37
":E [EESECIS B2 . [P Y . . -
| - S , DOWNWARD | 33.76 | 37.60°|. 55.12 | 85.35| 211.83
—" T ’PRE'.;’CHUG" “7antt T “i"‘"‘_“'i"“""' - — “"' - e - -
‘ - I : | UPWARD 33.68 | 37.56 | 55.19 | 85.52| 211.95
| % |:cuveeIng T —t=
i Y IR B g ; DOWNWARD | ©29.94 7. 31.69 | 59.66 | 68.24 | 189.53
| ;¢ % |POST=CHUG| 7b 7 it ‘
i ) : o i UPWARD | ~33.96 | 35.45| 66.90| 75.40| 211.72
; A |.smwere |. ... | DOWNWARD | 81.22| 94.74 | 297.80 | 333.78 } 807.54
- :£:1
VALVE :
sry T i - | ‘vewarp 94.86 | 109.23 | 292.41 | 375.27| 871.77
DISCHARGE | T ARD | 121.41 | 141.62 | 445.14 | 498.92 | 1207.09
. - |worrrerz | DOWNWARD | 121. . . . .
e v L8 T T .
UBWARD™ [ 1410797 163.27 | 437.08 | 560.94 | 1303.08
(1) REACTIONS ARE ADDED “EN TIME FOR DYNAMIC LOADS. ;
o+ (2)_ SADDLE DOES NOT REACT TO DEAD WEIGHT IOADS. . _ .. _. ...
(3) 2ERO DIFFERENTIAL PRESSURE.
COM-02-041-2 : . .
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' :
j ; :
it ] z g " § ‘.
0 g TR R e — -
°Q IR it 1 i Table 252.5= .3 A z S
<=2 i : } [ { vyt ! i i . t ; § ' i i
-l 3 ] i ! !
n o N : ! MAXIMUM SUPPRESSION CHAMBER STRESSES FOR“ : !
Tl ) I : i . : . .
8 <'3 oo ; . ". CONTROLLING LOAD COMBINATIONS o
| > )
| o -
| | ! v 1
() : L
’ LOAD COMBINATION STRESSES. (ksi) : S
. - 1 e T
T Stess |, A . Ay . DBA III . a B BBA IV i
& [ . s R — . > - - T {
PR 5 H M - . . . N X A
T : ; i ; caccurareo | cavcuraten| catcuates {earcuraten) earcuraten | cancuraten | cavcuratio {earcurazen| !,
. v E ) R ; A STRESS , | ALLOWABLE STRESS A_LLOHABLE STRESS ALLOWABLE S:TRESS ALLOWABLE )
T . - - i . 1 o : H i : i - - - — ; _ . . i : b b
s A1 PRIMARY | 17 .. : N IR R ! P 1
A1 I - MEMBRANE' © 16.96 0.68 17.28 0.69 15.93, | o.82 | 22.18) 40,62
S O N ' = ' — , s .
¢ il RIMARY i . BT -
B E SHE}.L‘” 'f’c,:‘z';‘:mf“ A e | 0 20.22 |1 070 15.09 0.52 27,04} | 050 .
S I AP Y . — - : - : — - an 7 ) A

. : , | PRIMARY + SECONDARY i ) : : : : 1], g

e i1 g STRESF RANGE, . ,163.05 i 0.91 .6“.;22_ 1. 0.92 : _30.;18 ) 0:_!3 © (N/A s N/A {':.

o corpom-:u'rs - et - z ; —t . ' - - . ! :

) e PRIMARY ; Leiaa . (2)4 99 | i -
a H M ¥ . . 3 H d
?’;7 PR | .! MEMBRANE - 3] ;JB,_B_‘ -4 0,98 ¢ 19-99 T']....0-99 H 2‘-6..2.! : 0.69 -

H Yoo B PRV v H 1 N ~1: T P 1] ol
(S I TE { HING w LDCAL PRIMARY . ! K o =l (2) : § .021 t | I
. 3cmnF oIl et ;33.2'4 )0 o0 B 200 oler (| 26.02) | loae || ¥
N ; BRI S I iE B B Ve

. { ¢ en.ww 03 st:ccumnv. | TR M- V11 H . § il
3 3 i z P B smi:ss mmg;i: o i 1 0.68 1L 57.41 0.83 N/A P N/A o
- \ ‘ : —l : : : - o
= 0 ] T+ nedeorane ‘ " 9.24 i
St coLmy” P M g . » - 0,82 - 8.72 0.41 19.2c; 0.67 ;
. § CONNECTION : R : ¢ . :
EXTREME FIBER N i
componkir ' ; % ; Fie 20.09 6.75 i 0.77 8.72 0.32 | 20.07 0.58 .
* SUPPOKTS q . MEMBRANE 18.29 *| ©.85 0.85 10.16 0.47 | 2.4’ 0.96
St SADOLE : + T r -
. 3 ? 4 1] i .
By -+ & - |- -EXTREME-FEEER - 18.29 - | - 0.68" -} 0.68 10.16 0.38" ;| 27.47 0.717 § .
s ¥ i . n H
= cofez o prmary: | 1920 4.8 forg, | 21622 auss ] 24040 c0.87 i
= o § |RING GIRDER : P ¥ : 2 ) [&]] . : il PU.
ot TO SHELL [T ” 4 g = B v T - L =
~ ; seconoart A 4s5.943° | d.es 2079 |, s0.30!P| 093 | wm N/A
o C I ) . : T : ' A
o o “coLtm _ | PRIMARY: 20.25» | 0.91 = , 0.97 11.92 0.79 | 40.59} :0.97
: : WELDS | cONNECTION : -t = - ” - :
- o TO SHELL ; SECONDRRY, 27.88. ! | 6.52 ., ; 0.54 14.21 .26 ‘| wa i} wnm
o ! B 0 L N v i .
H SADDLE ; PRIMARY 19.05: | d.93 ; - 0.90 11.81 0.58 30.65 0.81
: T0 SHELL - = 0 : ) o ; :
e : SECONDARY . 15.05 d.31 ;w.:s; © 0.30 11,81 0.19 /A ' N/A

(1) A STRESS INTENSIFICATION FACTOR OF 1.10 HAS BEEN USED TO ACCOUNT FOR PITTING IN THE TORUS SHELL.
(2) THESE RESULTS ARE GOVERNED BY THE ZERO RING GIRDER STIFFENER MODEL.
(3) THIS LOCAL PRIMARY MEMBRANE STRESS HAS AN ALLOWABLE BASED ON 1.5 Smc.




78 Table 2-2.5-4
ﬁ !IE - e R e
. : ;
n o MAXIMUM VERTICAL SUPPORT REACTI: DNS FOR CONTROLLING Dy o
B N S
L i - H
g (!_) SUPPRESSION CHAMBER LOAD COMBINATIONS s ;
> Po- b o i R j ‘
oH- R S . a :
N LOAD COMBINATLON REACTIONS (kips) | <~ | &' = ! §
o ‘ i TR IR )
SCPPORT. DIRECTION s 't ea vl o : oea 1 L ) L e e
COMPONENT (2 O ' p . - T4 N i
CALCULATED | CALCULATED ) CALCULATED | CALCULATED ( 2_' CQLCULATBD CALCULATED ,( 2) CALCULATED | CALCULATED 2) CALCULATED | CALCULATED 2
LOAD ALLOWABLE Loap ALLOWABLE - LOAD I\LU)H’ABLE H LOAD ALLOWABLE LOAD? ALLOWABLE’
- s : i : ‘ X H [
te) f% R X T T - - = 0
: DOWNWARD {3) - N/A | . (3) N/A v 9a.zz\: '0.51 (3) | N/A ) 133.17 10.70{
INSIDE : Nt R } : i : i
N ] B B ; | N N T
UPWARD 382.1% 0.38 382,47 0.38 594,62 ;0.30 | 403.54 0.40 534.06 0.40
COLUMN e - — ; H= —
DOWNWARD (3} N/A 3 N/A - 1115.38 | ;0.33 ! {3y | N/ il 144,19 ;o,.;uf_ N
OUTSICE T — — T P (0
UPWARD 497.46 0.38 495.35 0.38 ™740.63 | :0.28 ! 497,84 | " 0.18 , 628.78 [o"zs-
X Lt ; . ! P N H
i P T | H o T X :
- DOWNWARD | 634.27 0.72 639.26 0.73 £ 1486.56¢ 0.55 | ah2.57 4 0,29 11731.d9 NI
o INSIDE - : z ; - o — 4
L : UPWARD 698.48 0.77 708.16 0.79 a-u oy M. 10.47 ; 1 s11:31 4 00560 ¢ 952,11 0.7%) i !
N L SADDLE - - . . o r"" Q1Y 1)
. / DOWNWARD 751.35 0.85 732.53 0.83 558 60 0.6¢ 4;70.78 | 0.,5? i 841.58 10.95]:1
. i ! [ . ] ) -
—~ OUTSIDE - - : : —r— T :
S UPWARD 770.46 0.86 754,64 0.84 ,,927.15 {0-51 SEn.so ! " 0.66 1034.§7 086! >1 ;
© S : T Loy gu !
DOWNWARD | 1280.12 0.56 1255.58 0.55 .1258.82 ). josss [ | n‘oo,sa ‘ 1'9.35 1850.33 0.80 "} f"i
TOTAL“) * * - : - 10 T . =T [0 . o n; A
UPWARD 2348.59 0.57 2340.62 0.57 3104.33 0.38 2197.59 | p.51 |17 3149.92 pis7 !
- . .y [
| I
(1) SEE TABLE 2-2.2-13 FOR LOAD COMBINATION DESIGNATION. * ' i =~ 7 =f == -f-- b o i ; B
(2) SEE TABLE 2-~2.3-2 FOR ALLOWABLE SUPPORT LOADS, , . P e o : T

(3) THERE IS NO UPLIFT ON THIS MEMBER.
(4) TOTALS REFLECT FULL MITER JOINT LOAD,
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Table 2-2.5- 5

st —e——"G

MAXIMUM SUPPRESSION CHAMBER SHELL

STRESS

SES - DUErTO LATERAL LOADS

T

SECTION 2-2.2-17;7%:;
LOAD DESIGNATION . "' .

r

SHELL STRESS TYPE (kSl)(l)

LOAD
TYPE

LOAD “CASE

"MEMBRANE

|Locar pRIMARY
NUMBER| * |” B

-PRIMARY AND
‘SECONDARY..

“STRESS RANGE

osz | i2a i :] o aes 5.25
SEISMIC . ;' T_ g = . L .

SSE

30290

PRE-CHUG

SRV DISCHARGE

!

: ek 0 255

STRESSES SHOWN AREVIN SUPPRESSION CﬂAMBER SHELL
ADJACENT TO OUTSIDE COLUMN ATTACHMENT LOCATION

(1)

e e

§
} -
- . ‘ )
- K z bl
- . R b
4 P
. = o I
— -— k ¢ vt
) H
. : P -l . Iy ;
= g ! R t
; ) - : : P
- & = . - i H
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. i ‘ ] )
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A [ ! : i -
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N X . t : -
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Table 2 2 5 6

_,.

MAXIMUM“SEISMIC”RESTRKINT’REACTIONS

- - LERT:
S e ““DUE“TO“BKTERKL LOADS“"““'“’“”‘“““" "
P = . Tz A - '7 - '_‘__ ':_. .__L‘_: .

1 HORIZONTAL

P i
o

LOAD DESIGNATION

A

REACTION LOAD - (klps)

H

EOAD"””“

- ﬁOAD”cA§E"”“
TYPE :

NUMBER

SWAY® PGD«
(EACTION

*WHORIZONTAL'

DYNAMIC
LOAD
FACTOR

TOTAL

LOAD

1:"' | 62.56

R i
‘OBE . | .

2a7t

890.00 N/A

SEISMIE-
, SSE,

1. “I780.00

N/A

PRE CHUG

13.77

SRV DISCHARGE

2.42 |

. PR R SR
i }
3 ; ; ,
! : -t e i -
i | ! 1
[}
! .
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Table 2-2.5-7

A.F ,C- oliogs?

) MAXIMUM SUPPRESSION CHAMBER SHELL

STRESSES AND SE&SMEG‘RESTRAiNT“REACTIONS FOR CONTROLLING

M A

(1)

(2)

(3)

LOAD COMBINﬁTION“WITH“LATERAL LOADS

s B s o L L At ot e 4 S e TAKTCAN SNALE o aSRGREN YIS L STE

CrbiRs IATWOLIATH LOAD COMBLNAEION(”’ di
STRESSES/REACTIONS =

T SmRessy, | (keiikipsy T 4T

¥ RES F-ie ‘REAC?IDNJ,‘; RS \ =
TYBE,; =5, k| ;28a IIr .%

] [CATCULATED [ CALCULATED |

~

ek k ISR VALUPf ALLOWABLE i

Ll.)

 SHELL

‘ LOCAL PRIMARY, { L .
(| - ﬂEMBB—P@;%A P et | jeces |

* PRIMARY UAND? - | £7 e SR |
- |—SECONDARY ~—|——-161+34 -~ 0 gg——]" -
{-STRESS RANGE i o Popermrofs e

[ Do
i

P —— eI

B TR T BTN

SWAY
ROD

MAXIMUM
REACTION 123.12 0.36
LOAD

STRESSES SHOWN ARE IN THE SUPPRESSION CHAMBER SHELL,
ADJACENT TO THE OUTSIDE COLUMN ATTACHMENT LOCATION.

SEE TABLE 2-2.2-13 FOR THE LOAD COMBINATION
DESIGNATION.

SEE SECTION 2-2.3 FOR THE ALLOWABLE SEISMIC
RESTRAINT LOADS.

COM-02-041-2

Revision 0 2-2.151

>

nutech

ENGINEERS




-z

_. rm_ .

MAXIMUM FATIGUE USAGE FACTORS FOR SUPPRESSION CHAMBER

Table 2-2. 5 8

- COMPONENTS AND”WELDS“

gvene (1) - _LoaD cgss cycx.as‘l’ _ EVENT USAGE FACTOR'")
S NEL lOéw
SEQUENCE "~ |STsmIc PRESSURE E PERATURE ;S sRY LRPRE TORUS
\ R N Sadinid TEMPERATY DISCHARGE (csx?‘g SHELL WELD
e NOC ....... e g ] -,_w. _(,2) «.....4.,..1....(.2‘)...“....,.. IV S .
W/SINGLE SRV : c 150000 X399 ,
, Noc. 3094‘ 5 N/A 0.34 0.08
By -5}”}
‘w/muLTIPLE SRV | O UL SRR NN [P B W
1o o eno. sec] 600t 1. 1. 50(4) 1130, (6) 0.14 0.37
SBA dLE =
600.TO 1200.SEC| *© O 0 -0 2 15 600. e 0.02 0%35
IBA . HE . =
0. To 900. sec| 600¢P ] 1. 1 254 S0, {7 0:03 0333
IBa - '5': 3 L =
900.TO 1l00. sEc| 0 + 0 0 2B 200. (6) 0.01 0212
o o . NOC + SBA 0.50 0.80
MAXIMUM CUMULATIVE USAGE FACTORS
_ NOC + IBA 0.38 0.53

mT

“”‘““EVENT”SEQUENCING"INFORMATIONT"””f'"""'“

(27 -

MAXIMUM EVENT USAGE.

(3)

SAME SUPPRESSION CHAMBER BAY.

(4)

(5)
(6)
&)

THE IBA EVENT

(8)

MAXIMUM CUMULATIVE USAGE.

(9)

COM~02~041-2
Revision 0
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ALL ACTUATIONS CONSERVATIVELY ASSUMED TO BE MULTIPLE VALVE.

SEE™ TABLE 2= 2 2—11 AND’ FIGURES 2= 2 2-19- AND 2 2 2 20 FOR LOAD CYCLES AND

‘ENTIRE NUMBER ‘OF LOAB*CYCLES CONSERVATEVELY ASSUMED TO OCCUR DURING TIME OF
TOTAL NUMBER OF SRV. AOTUATIONS SHOWN ARE CONSERVATIVELY ASSUMED TO OCCUR IN
VALUE SHOWN IS CONSERVAIIVELY ASSUMED “TO--BE- EQUAL TO THE NUMBER OF MULTIPLE
VALVE ACTUATIONS WHI"' JRS ’
NUMBER OF ADS ACTUATIONS ASSUMED TO OCCUR DURING THE EVENT.

EACH CHUG-CYCLE HAS.A DURATION OF 1.4 SEC.
co LOADS WHICH ARE THE SAME AS PRE- -CHUG LOADS, OCCUR DURING THIS PHASE OF

USAGE FACTORS ARE COMPUTED FOR THE COMPONENT AND WELD WHICH RESULT IN THE
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Figure 2-2.5-1

SUPPRESSION CHAMBER RESPONSE DUE TO POOL SWELL LOADS -
TOTAL VERTICAL LOAD PER MITERED CYLINDER
(ZERO DIFFERENTIAL PRESSURE)
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15 SBE. TABLE DD s 2 AND%FIGURES T2:20.2=8 AND 2-2.2-9
" . /EOR+LOADING:; [ ENEQRMATEON...
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., 2-2.5.1 Discussion of Analysis Results

The results shown in Table 2-2.5-1 indicate that the

_\_;;lar_g,e.st suppr,e'SS.,ién",.;c-hambe_fr‘;a‘,&s-h-_e',,l,‘;l‘. stresses occur for

- IBA 1nternal 'pressﬁre? oads, pool swell torus shell

i dei nm_»ddnmu Y diden, ¢ Seas s e S © R s

o B A . 2.t S HES LR

loads, DBA CO torus shell loads, and SRV dlscharge

torus shell 1loads. The ‘submerged structure ljoa_dings,

in general, ‘cause 'on-ly local in ‘the

suppression chamber :shell adjacent to

torus shell loads, ‘'DBA CO loads, and" ngV dlscharge
' torus shell 1loads. Th"e_'s"addle supports, 1h general,
S, tra.nsf.e.n.;.K.af-l-'-lae.n'égfe"riﬂéporfi;ionix-e@wthe#»-léad«»%@';t-ile basemat
than do the SUpport columns.
P TR
-*The results shown Table 2 2 5“3 1ndlcate that the

largest stresses ‘in the suppr9551on chamber shell are
due to the IBA III and IBA IV -load@ combinations. The
largest stresses in the ring g'f'ird‘er and ‘associated
welds are due to- the IBA III and IBA IV for the SRV
bays, and DBA III for the non-SRV bays. The largest

3 o

stresses for the component -supports and associated

K4

f"‘*f welds and DBA IV

COM-02-041-2
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combinations. The. DBA K IV load combination.: for these .

~r . COmPORENtS . 1s . overly,  copggrvative.due.ito- the use of

a0 . IR

., 280 (differential .presspre. pood, swell. ;loads- rather than

n, ORpEAting.differential.poel, swell loads... The. stresses

FEREITER T

. lsycn ADn khe  suppressdon. . sGhamber . components, component
(20 : w475 . SUPROEES, .and welds.ares.allzwithin.allowable limitsy ..
58

reactions . occur - for -the..DBA .I . and DBA IV combina- -
tions. For, the . reason:stated. in reference to component -
stresses, the .DBA.-IV.combination is overly conserva- -

tive.  In . general, . the - downward. vertical. support

reactions are less :than the w~upward vertical support
reactions. The vertical 'support system reactions -for

all :load .combinations. are .less: than allowable limits.

The .. results - shown.. in Tables 2-2.5-5 and 2-2.5-6-
indicate -that..the. .largest | seismic restraint reactions.
and. associated -suppression .chamber shell stréssesx occur -
for .seismic loads -and. SRV: discharge loads. Table
2-2.5=7 shows,; that the seismic .rest-ra-int reactions and
suppression chamber . shell - stresses. adjacent to. "the
seismic restraints for.the IBA III load-coﬁbination are

less than allowable: limits.
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¢ Thé ' results VshoWn in- Table i 2-2.5-8 ifidfcate that the’

wE e L Firgestit ccdnt riBUtsY  to 3's’t1ip"p:‘ resisidh - ‘chiamber fati gue

Iy

bds, wh

TR

xe 40T effects ar&® SRV dischErge i

- occur’ during

e * normaloperdeing ‘¢onditi¥nsl” The lardgest total fatigue
RN Usagle ‘ocour's ¥ £Or “ the® NOrmal “Operatingpius SBA events
with usage factors for the' suppression chamber shell"

© ¢ and associatediwelds’ less ‘than -allowaBIe limits.:@ The

"8l .- iugage factérsi‘for ’th&’Normal ‘Operating plus IBA ‘events’

cwoemt e ool are alsd less thak ‘dllewable limitsit v
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. .2=2.5,.2  Closure. .. .:-  grg i beanmmol v noEw]
N 2R LA L P . . A by i
ey e b g RFIN Lo
, F T, Sy o E eEN BE T LT [ RS S S S TPl ;: LY -
| a8 ! S L P SrE 2 ;

¢ . The suppressiop, chambey laoads-:described:srand presented

o . sa il Section, 2=2.2-1..are sgonservative. estimates of the

soiene  nkOAdS. pRStEdated; topogcuriadyringiran actuals LOCA or SRV

ggisggagggwgﬁgﬂ&? nAPPlying - kthe methodology'“discussed in

ANER

.419ads . on the: ;suppression: chamber results: in bounding

cem oL CHER

values of stresses and reactions im ~suppression chamber

components and component supports.

i

: g e . o yss .
. P P AR o ) RS R L DT O T oA O SR B
e RS Y D BReY SUVE BRI 2 GGG PR

By 3R
PR So e

«The yload; combinatieans ~andw-event’ sequencing defined in

o e e neDeOEioN (2= 202102 envelop:.thezactual events?postulated to

1 c39ecur: during .a LOCA :Ox i8RV discharde<evént, Combining

b gpe sl

w.hjwﬂgthgzggpgressiommphamben~respdm@a? with the governing

¢ LEIRN TR SO LS

sn:loadsggrand | evaluating., Eatigue -effects--“using this

o oo LgyaMethodolegy. .results sinsnwonservative~values of the

maximum suppression chamber stresses, support

reactions, and fatigue usage factors for each event or

sequence of events postulated to occur throughout the

life of the plant.

The acceptance limits defined in Section 2-2.3 are at
least as restrictive, and in many cases more restric-

tive, than those used in the original containment
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. design documented in the plant's SAR.” “"“(y:ompaf‘in-gm’.the
resulting maximum stresses and support reactions to

teems . rthese aceeptanees limits 2 réstilts #in a''" conservative

. evaluation - vof =sthe ”deéighvgmarafhé “présent in the
N R WA s‘;lfppressj:nm;:ﬂéh‘éiﬁbé‘r'Dafnd-DTSufﬁ)'pfrf‘eé-‘s&«ibr’i’-’ii! chdhiber supports.
v wewt el iThes resultsn digcusded@and prEsented #in¥ the preceding
wre e o erseckionst < shows:ithat-~valkl™ of "thé‘“‘&sﬁ?ﬁﬁﬁé‘s’"‘é‘ion chamber

priou s Stresses andy Tsupport STréaétions MaréTvWwithin  these

Dahpege Y e pracceptance Hmditsys = D03 v coma Lt
TOSAOACL Bhg Broen Gyd

As a result, the components of the suppression chamber
v . -+ deseribed. in:'wSectdion #:242¢1, vWhich* ‘are’“specifically
~x.; 7 desdgned. fov.ithesrloads rand load-‘combinatfons used in

this,evaluation; exhibit‘the margins ‘ofigafety inherent

o

“containment

'. L ir oA An  the: originals- design of < thés griRary’

e .1 vdocumented  Emylithe® plant's  «SAR. The”“#atent of the

a ;. NUREG-0661: reguirements 2is«thereforé ‘eongidered to be

RS RARR RN mete; o - i T2 T2 INCE NSt BTSN
B EGI X L ¢ FOAGT U OlEpf ag s LNE GFIO A
Gt w0 ; somr Ehrefedwey od w
L o s R el
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