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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
Summer 1965 for the Commonwealth Edison Company (CECo) by the
Chicago Bridge and Iron Company. Since then new requirements
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. 1In
addition, it provides an assessment of the effects that the

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
primary containment system is adequate and that original design
safety margins have been restored, in accordance with NUREG-0661
aéceptance criteria. The Dresden Units 2 and 3 PUAR is composed
of the following seven volumes:

o) Volume 1 - GENERAL CRITERIA AND LOADS METHODOLOGY

o Volume 2 - SUPPRESSION CHAMBER ANALYSIS

o Volume 3 - VENT SYSTEM ANALYSIS

o Volume 4 — INTERNAL STRUCTURES ANALYSIS

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

o) Volume 6 - TORUS ATTACHED PIPING AND SUPPRESSION
CHAMBER PENETRATION ANALYSES (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 torus attached
piping and suppression chamber penetrations. Volume 1 through 4
and 6 and 7 have been prepared by NUTECH Engineers, Incorporated
(NUTECH), acting as an agent to the Commonwealth Edison Company.
Vvolume 5 has been prepared by Sargent and Lundy (also acting as
an agent to Commonwealth Edison Company), who performed the
safety relief valve discharge line (SRVDL):  piping analysis.
Volume 5 describes the methods of analysis and procedures used

in the SRVDL piping analysis.

COM-02-041-7
Revision O 7-x

nutech

ENGINEERS




\ .

ABSTRACT
LIST OF ACRONYMS
LIST OF TABLES

LIST OF FIGURES

TABLE OF CONTENTS

7-1.0 INTRODUCTION AND SUMMARY
7-1.1 Scope of Analysis
7-1.2 Summary and Conclusions
7-2.0 LARGE BORE PIPING
7-2.1 Component Description
7-2.1.1 Torus External Piping
7-2.1.2 Torus Internal Piping
7-2.2 Loads and Load Combinations
7-2.2,1 Loads
7-2.2.2 Load.Combinations
7-2.2.3 Combination of Dynamic Loads
7-2.3 Acceptance Criteria
7-2.4 Methods of Analysis

COM-02-041-7
Revision 0

7-2.4.1 Piping Analytical Modeling

7-2.4.2 Methods of Analysis for SAR
and Static Torus Displacement
Loads

7-2.4.3 Methods of Analysis for
Hydrodynamic Loads

_Page
7-ix
T-xiv
7-xvi

7-xviii

7-2.53

7-2.57

nutech

ENGINEERS



7-2.5
7-3.0 SMALL
7-3.1

7_3.2

7-3.3

7-3.4

‘ 7-3.5

7-4.0 PIPING

7-5.0 EQUIPM
7-5.1

7-5.2

. COM-02-041-7 -
Revision 0

TABLE OF CONTENTS
(Continued)

7-2.4.4 Methods of Analysis for Torus
Motions

7-2.4.5 Fatigue Evaluation
Analysis Results

BORE PIPING
Component Description
Loads and Load Combinations
7-3.2.1 Loads
7-3.2.2 Load Combinations
Acceptance Criteria
Methods of Analysis
7-3.4.1 Analysis for Major Loads
Analysis Results
SUPPORTS
Component Description
Loads and Load Combinations

Methods of Analysis and Acceptance
Criteria

Analysis Results
ENT AND VALVES
Component Description

Loads and Load Combinations

7-xii

Page

7-2.65
7-2.79
7-2 .80

7-3.1

nutech

ENGINEERS



TABLE OF CONTENTS

(Concluded)
Page
7-5.3 Methods of Analysis and Acceptance
Criteria 7-5.4
7-5.3.1 Equipment 7-5.4
7-5.3.2 Valves 7-5.5

7-5.3.3 Acceptance Criteria for Vvalves 7-5.6

7-5.4 Analysis Results 7-5.7

7-5.4.1 Valves 7=5.7

7-6.0 SUPPRESSION CHAMBER PENETRATIONS 7-6.1
7-6.1 Component Description | 7-6.2

7-6.2 Loads and Load Combinations 7-6.9

7-6.2.1 Loads 7-6.10

7-6.2.2 Load Combinations 7-6.12

7-6.3 Acceptance Criteria 7-6.14

7-6.4 Methods of Analysis 7-6.15

7-6.5 Analysis Results 7-6.20

7-7.0 LIST OF REFERENCES 7-7.1

COM-02-041-7
Revision O 7-xiii

nutech

ENGINEERS




LIST OF ACRONYMS

ABS Absolute Sum

ACI American Concrete Institute
AISC American Institute of Steel Construction
ASME American Society of Mechanical Engineers
CECo Commonwealth Edison Company

Co Condensation Oscillation

DBA Design Basis Accident

DBE Design Basis Earthquake

DLF Dynamic Load Factor

DOF Degree of Freedom

DW Dead Weight

ECCS Emergency Core Cooling System
FSI Fluid-Structure Interaction
HPCI High Pressure Coolant Injection
IBA Intermediate Break Accident

LBP Large Bore Piping

LDR Load Definition Report

LOoCA Loss—-of-Coolant Accident

LPCI Low Pressure Coolant Injection
NEP Non-Exceedance Probability

NOC Normal Operating Conditions

NRC Nuclear Regulatory Commission
OﬁE Operating Basis Earthquake

OL Operating Loads

COM-02-041-7
Revision 0 7-xiv

nhutec



LIST OF ACRONYMS
(Concluded)

PS Pool Swell
PUAAG Plant Unique Analysis Applications Ghide
PUA Plant Unique Analysis
PUAR Plant Unique Analysis Report
PULD Plant Unique Load Definition
SAR Safety Analysis Report : |
SBA Small Break Accident
SBP Small Bore Piping
SRSS Square Root of the Sum of the Squares
SRV Safety Relief Valve
SSE Safe Shutdown Earthquake
. ' TAP Torus Attached Piping
VCL Vent Clearing Loads

COM-02-041-7
Revision 0 T=Xv

nutech

ENGINEERS




LIST OF TABLES

Table Title Page
7=-1.1-1 Identification of Large Bore Torus Attached

Piping Systems and Associated Penetrations 7=1.7
7-2.2-1 Torus Attached Piping Loading Identifi-

cation Cross—Reference 7-2.30
7-2.2=-2 Large Bore Piping System Design Data 7-2,.31
7-2.2-3 Event Combinations and Allowable Limits

for Torus Attached Piping 7-2.35
7-2.2-4 Governing Load Combinations -~ Torus

Attached Piping 7-2,37
7-2.2-5 Basis for Governing Load Combinations -

Torus Attached Piping 7-2,.39
7-2.3-1 Applicable ASME Code Equations and Allow-

able Stresses for Torus Attached Piping 7-2.43
7-2.4-1 Summary of Analjsis Methods for Large Bore

Torus Attached Piping 7-2,46
7-2,.5-1 Analysis Results for Torus Attached

Piping Stress 7-2.81
7-3.1-1 Small Bore Piping - System Design Data 7-3.4
7-3.5-1 Governing Small Bore Piping Stresses

for Controlling Load Combinations 7-3.21
7-4.2-1 Load Combinations - Torus Attached Piping

Supports : 7-4.5
7-4.3~-1 Pipe Support Allowables 7-4.8
7-6.1-1 Penetration Geometry and Reinforcement

Schedule 7-6.4
7-6.2-1 Penetration Load Combinations and

Service Levels ‘ 7-6.13

. COM-02-041-7

Revision 0 7-xvi



Table

7-6.5-1

7-6.5-2

7=6.5-3

7-6.5-4

7-6.5-5

COM-02-041-7
Revision 0

LIST OF TABLES
(Concluded)

Title

Penetration Evaluation Stress
for Penetration X-303

Penetration Evaluation Stress
for Penetration X-304

Penetration Evaluation Stress
for Penetrations X-310, X-311

Penetration Evaluation Stress
for Penetration X-317

Penetration Evaluation Stress
for Penetration X-318

7-xvii

Summary

Summary

Summary

Summary

Summary

Page

7-6.21
7-6.22
7-6.23
7-6.24

7-6.25

nutech



Figure
7=-1.1-1

7-2.1-1

7’2-1_2

7_2 .1_3

7-2.1-4
7-2.1-5

7-2.1-6

7-2.4-1

7-2.4-2

7-3.1-1
7-3.1=2
7-3.1-3
7-6.1-1

7-6.1-2

7-6.1-3

7-6.1-4

7-6.4-1

COM-02-041-7
Revision 0

LIST OF FIGURES

Title Page

Large Bore TAP Penetration Locations in
Torus - Plan View 7-1.8

TAP System Isometric and Support Locations = .

HPCI Turbine Exhaust Line (X-317) 7-2.5
Typical TAP System Support Outside Torus

Attached to Main Steel 7-2.7
Typical TAP System Support Qutside Torus

Attached to Concrete Wall or Slab 7-2,8
Typical Suction Strainer Penetration 7=-2.11
Typical TAP System Support Inside Torus 7-2.,12
Typical TAP System Support Inside Torus

Attached to Ring Girder 7-2.13
TAP System Analytical Model (Line X-317) 7-2.52
TAP System Coupled/Transfer Function

Analysis Procedure 7-2,78
Typical Cantilevered Vent or Drain 7-3.5
Typical Flex Loop Installation 7-3.6
Typical Small Bore Piping Line 7-3.7
Typical Unreinforced Penetration 7-6.5

External View of Typical Penetration
Reinforcement 7-6.6

Reinforcement Details for Typical Radial

Penetrations 7=6.7

Reinforcement Details for Typical
Non-Radial Penetrations 7-6.8

Suppression Chamber Reinforced Penetration -
Typical Finite Element Model 7-6.19

7-xviii

nutech

ENGINEERS




' 7-1.0 INTRODUCTION AND SUMMARY

In conjunction with Volume 1 of the plant unique
analysis report, this volume (Volume 7) documents the
efforts undertaken to address the requirements defined
in NUREG-0661 (Reference 1) which affect the Dresden
Unit 3 torus attached piping (TAP), including large and
small bore piping and supports, piping equipment, and
suppression chamber penetrations. The torus attached
piping Plant Unique Analysis Report (PUAR) is organized
as follows:
(o] INTRODUCTION AND S.UMMARY.

- Scope of Analysis

- Summary and Conclusions

‘ o LARGE BORE PIPING

- Component Description

- Loads and Load Combinations

- Analysis Acceptance Criteria

- Methods of Analysis

- Analysis Results
o SMALL BORE PIPING

- Component Description

- Loads and Load Combinations

- Analysis Acceptance/Criteria

- Methods of Analysis

- Analysis Results

‘ COM-02-041-7

Revision 0 7-1.1
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©  PIPING SUPPORTS
\
\
|

Component Description

Loads and Load Combinations

Methods of Analysis and Acceptance Criteria
- Analysis Results

o EQUIPMENT AND VALVES
- Component Description

- Loads and Load Combinations

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

- Analysis Results

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

loads and load combinations, the methodology used to

COoM-02-041-7
Revision 0 7-1.2
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evaluate the effects of the loads and load combina-

tions, and the evaluation results and acceptance limits
to which the results are compared to ensure that the

design is adequate.

COM-02-041-7
Revision 0 7-1.3
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Scope of Analysis

The general criteria presented in Volume 1 are used as
the basis for the Dresden Unit 3 TAP and suppression
chamber penetration evaluations described in this
report. The investigation includes an evaluation of
the large and small bore TAP, the related equipment
(pumps, valves, turbines), and piping penetrations for
the effects of loss-of-coolant accident (LOCA)-related
and safety relief valve (SRV) discharge-related loads
discussed in Volume 1 of this report, and defined by
the Nuclear Regulatory Commission's (NRC) Safety
Evaluation Report NUREG-0661 (Reference 1) and the
"Mark I Containment Program Load Definition Report"
(LDR) (Reference 2). Table 7-1.1-1 1lists the 1large
bore TAP systems and the associated penetrations.
Figure 7-1.1-1 shows the locations of the penetrations

on the torus.

The LOCA and SRV discharge loads used in this evalua-
tion are formulated using procedures and test results
which include the effects of the plant unique geometry
and operating parameters contained in the Plant Unique
Load Definition (PULD) report (Reference 3). Other

loads and'methodology which have not been redefined by

COM-02-041-7
Revision O 7-1.4
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‘ NUREG-0661, such as the evaluation for seismic 1loads,
are taken from the plant's Safety Analysis Report (SAR)

(Reference 4).

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

and the suppression chamber.

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

COM-02-041-7
Revision 0 7=1.5
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Engineers (ASME) Code for Class 2 piping and piping

supports, and for Class MC containment structures

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

in Volume 1 has been addressed generically for all Mark

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

COM=-02-041-7

Revision O 7-1.6
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Table 7-1.1-1

IDENTIFICATION OF LARGE BORE TORUS ATTACHED PIPING SYSTEMS

AND ASSOCIATED PENETRATIONS

SYSTEM

PENETRATION
NUMBER

DESIGNATION OF
LINE ATTACHED
TO PENETRATION

ECCS SUCTION HEADER

X-303A7,B,C,D

3-1501-24"

- VACUUM RELIEF X-304 3-1601-20"-LX
LPCI TEST LINE AND X-310A .3-1517-14"-LX
SPRAY HEADER DISCHARGE :
FROM PUMPS 3A/3B X-311la 3-1516=6"=1LX
LPCI TEST LINE AND X-310B 3=1522-14"-1X
SPRAY HEADER DISCHARGE
FROM PUMPS 3C/3D X-311B 3-1521-6"~-LX
HPCI TURBINE EXHAUST X-317 3-2306-16"-1LX
PRESSURE SUPPRESSION X-318 3-1603-18"-LX

CORE SPRAY 3A DISCHARGE

CONNECTING TO LPCI
TEST LINE WITH
PENETRATION X-310A

3-1406-8"-1X

CORE SPRAY 3B DISCHARGE

CONNECTING TO LPCI
TEST LINE WITH
PENETRATION X-310B

3-1409-8"-LX

LPCI PUMP 3A/3B SUCTION

CONNECTING TO ECCS
SUCTION HEADER

3=-1502-24"-1X%

LPCI PUMP 3C/3D SUCTION

3-1507-24"-1X

CORE SPRAY 3A SUCTICN

3-1401-16"-1X

CORE SPRAY 3B SUCTION

3-1402-16"-1LX

HPCI PUMP SUCTION

3-2302-16"-1X

‘ COM-02-041-7

Revision 0 7-1.7
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-90°

270°~

xnsqsa,

Figure 7-1.1-1

LARGE BORE TAP PENETRATION LOCATIONS IN TORUS -
PLAN VIEW
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Summary and Conclusions

An evaluation of the Dresden Unit 3 1large and small
bore torus attached piping, piping supports, equipment
and valves, and suppression chamber penetrations has
been performed for the systems as described in Sections

7-2,1 through 7-6.1.

The loads considered in the evaluation are described in
Sections 7-2.2, 7-3.2, 7-4.2, 7-5.2, and 7-6.2. They
include original loads as documented in the SAR plus
additional 1loadings which are postulated to _occur
during small basis accident (SBA), intermediate basis
accident (IBA) or design basis accident (DBA) LOCA-
related events, and during SRV discharge events as

defined in Volume 1.

Detailed analytical models are developed and utilized
in calculating the response of the piping systems and
the suppression chamber penetration loads. A combina-
tion of static, dynamic, and equivalent static analyses
are performed and the results appropriately combined in
accordance with NUREG-0661. For piping system
components, the dynamic load responses have been
combined using either the absoclute sum {(ABS) of the

square root of the sum of the squares (SRSS). Results

COM-02-041-7
Revision 0 7-1.9
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of the analyses are compared to the NUREG-0661 criteria

as discussed in Volume 1.

The evaluation results show that the piping, piping
supports, equipment, and suppression chamber penetra-
tion loads and stresses meet the requirements of

NUREG-0661.

COM-02-041-7
Revision 0 7-1.10




. 7-2.0 LARGE BORE PIPING

An evaluation of each of the NUREG-0661 requirements
which affect the design adequacy of the Dresden Unit 3
large bore torus attached piping (TAP) is presented in
the following sections. .The general criteria used in

this evaluation are contained in Volume 1.

The components of the TAP systems which are analyzed
are described in Section 7-2.1. The loads and load
combinations for v;lhich the piping systems are evaluated
are described and presented in Section 7-2.2. The
acceptance limits to which the analysis results are
‘ compared are discussed and presented in Section 7-2.3.
The analysis methodology used to evaluate the effects
of the 1loads and load combinations on the piping
systems, including evaluation of fatigue effects, 1is
discussed in Section 7-2.4. The analysis results are

presented in Section 7-2.5.
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7-2.1 Component Description

The large bore TAP for Dresden Unit 3 consists of 4"
and larger nominal diameter piping, which penetrates or
is directly attached to the suppression chamber. This
section gives a‘general description of the large bore

TAP systems and their associated components.

Large bore TAP 1lines range in size from 4" to 24"
nominal diameter and have varying schedules. Most of
the piping consists of ASTM Al06, Grade B carbon steel
material. Some pipe segments are ASTM A358M TP304
stainless steel. Table 7-1.1l-1] lists the Dresden Unit .

3 large bore TAP systems along with their associated

penetrations. Figure 7-1.1-1 shows the locations of

penetrations on the torus.

Large bore TAP may be grouped into two general catego-
ries: torus external piping and torus internal piping.
An example of a system with only torus external low
pressure coolant injection (LPCI) piping 1is the
pressure suppression system line. Typical systems
having both torus external and internal piping are the
high pressure coolant injéction (HPCI) turbine exhaust

-line and the LPCI test line. Figure 7-2.1-1 shows an

COM-02-041-7
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isometric view of a typical TAP system for Dresden

Unit 3.

In addition to the large bore systems described above,
one small diameter piping system (the HPCI pot drain
line) is included in this section since it has been
analyzed using the same methods applied to the large

bore piping analyses.

The large bore piping suppression chamber penetrations
evaluated for Dresden Unit 2 are numbered and locaﬁed
as shown in Figure 7-1.1-1. The principal components
of the pénetrations are the nozzles, the insert plates,
and the "spider" reinforcements. The nozzle extends
from the outer circumferential pipe weld through the
insert plate to the inner circumferential pipe weld or
flange. The insert-plate and "spider"  provide 1local
reinforcement of the suppression chamber shell near the

penetration.

Each penetration modification is designed to allow the
penetrations to sustain TAP reaction loads produced by
suppression chamber motions due to normal 1loads and
hydrodynamic loads, while keeping component stress
intensities Dbelow the specified allowable values.

Ssufficient similarities exist in the penetrations

COM~02-041-7
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diameters, geometries, locations on the suppression

chamber, reinforcements, and loadings to allow some ‘

grouping for analysis.
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Figure 7-2.1-1

TAP SYSTEM ISOMETRIC AND SUPPORT LOCATIONS

HPCI TURBINE EXHAUST LINE (X-317)
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7-2.1.1

Torus External Piping

The torus external piping initiates at the penetration
nozzles which are connected to the torus shell through
insert plates, and terminates at anchor supports or
equipment within the reactor auxiliary building. From
the torus, the 1lines typically extend up to the
building slab at an elevation of 517'-6". However,
some lines extend up to slabs at elevations of 545'-6"

and 588'-0".

The external piping 1is supported by hangers, rigid
restraints, guides, and snubbers attached to building
slabs or walls, or to main structural steel in the
building. Figures 7-2.1-2 and 7-2.1-3 1illustrate
typical pipe supports outside the torus. Other
components on these lines are valves and standard pipe
fittings. vValve types are gate valves, swing check

valves, and nozzle type relief valves.

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

Section 7-6.0.
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Figure 7-=-2.1-3

TYPICAL TAP SYSTEM SUPPORT OUTSIDE TORUS
ATTACHED TO CONCRETE WALL OR SLAB
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7-2.1.2 Torus Internal Piping

Piping internal to the torus may be categorized into

three basic configurations:

a)

b)

c)

Short penetration nozzles projecting inside the
torus. Typical example of this type of configura-
tion is the suction header which penetrates the
jower half of the torus. The suction header has a
strainer connected to 1its inner nozzle flange.
Figure 7-2.1-4 shows a typical suction header

penetration and strainer.

A short segment of piping 1inside the torus,
supported by rigid struts attached to the torus

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

A long length of pipe running through more than a
single torus bay and supported at intervals by
rigid struts connected to the torus shell or ring

girders (Figure 7-2.1-6).

Supports for the torus internal piping are discussed in

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

large bore TAP described above are presented in the

following sections.
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TYPICAL TAP SYSTEM SUPPORT INSIDE TORUS
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Figure 7-2.1-6

TYPICAL TAP SYSTEM SUPPORT
INSIDE TORUS ATTACHED TO RING GIRDER
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Loads and Load Combinations

The loads for which the Dresden Unit 3 TAP is designed
are defined in NUREG-0661 on a generic basis for all
Mark I plants. The methodology used to develop plant
unique TAP loads for each load defined in NUREG-0661 is
discussed in Volume 1. The results of applying the
methodology to develop specific values for each of the
controlling loads which act on the piping are discussed

and presented in Section 7-2.2.1.

Using the event combinations and event sequencing
defined in NUREG-0661 and discussed in Volume 1, the
governing load combinations which affect the torus
attached piping are formulated. The load combinations

are discussed and presented in Section 7-2.2.2.
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Revision 0 7-2.14

nutech

ENGINEERS



‘ 7-2.2.1 Loads

The loads acting on the TAP are categorized as follows:

1. Dead Weight Loads

2. Seismic Loads

3. Pressure and Temperature Loads

4, Operating Loads

5. Static Torus Displacement Loads

6. Safety Relief Valve Discharge Loads
7. Vent Clearing T.oads

8. Pool Swell Loads

9. Condensation Oscillation Loads

. 10. Chugging Loads

11. Torus Motion Loads

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

weight of water during both normal and accident

’ COM-02-041-7
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conditions. Loads 1in Category 6 result from SRV
discharge events. Loads in Categories 7 through 10 are
hydrodynamic effects of postulated LOCA events. Loads
in Category 11 consist of torus inertial and displace-
ment responses due to hydrodynamic loads acting on the

torus.

Not all of the loads defined in NUREG-0661 and the SAR
need be examined,°since some are enveloped by others or
have a negligible effect on the torus attached piping.
Only those 1loads which cause the maximum piping
response and lead to controlling stresses are exahined

and discussed. The loads are referred to as governing

loads in the following sections.

The magnitudes and characteristics of the governing

‘loads in each category, obtained using the methodology

discussed in Volume 1, are identified and presented in
the following paragraphs. The corresponding section of
Volume 1 where the loads are discussed is provided in
Table 7-2.2~-1. The loading information presented in
this section is the same as that presented in Volume 1,
with additional specific information relevant to the

evaluation of the TAP systems,
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Dead Weight (DW) Loads

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

contents of the torus attached piping.
Seismic Loads

a. OBE Inertia (OBEj) Loads: These loads are
defined as the horizontal and vertical accel-
erations acting on the TAP during an operat-
ing basis earthquake (OBE). The 1loading 1is
taken from the.design basis for the piping as
documented in the safetyl analysis report.
Horizontal and  vertical acceleration
coefficients at two different elevations
which represent piping, attachment points are
utilized for the N-S and E-W direction OBEg

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

are defined as the maximum horizontal

relative seismic displacements at the piping

7-2.17
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attachment points during an operating basis
earthquake. The loading is taken from the
design basis for the piping, as documented in

the safety analysis report.

SSE Inertia (SSEI) Loads: The horizontal and
vertical SSE; loads specified in the SAR are

twice the corresponding OBE; loads.

SSE Displacement (SSED) Loads: The
horizontal relative seismic displacements at
the piping attachment points during a SSE are

twice the corresponding OBE[ loads.

3. Pressure and Temperature Loads

COM—~02-041-7
Revision 0

pressure (P,, P) Loads: These loads are
defined as the maximum operating internal

pressure (P.) and design condition pressure

o)
(P), in the torus attached piping. Table
7-2.2-2 lists values of P, and P used in the

analysis.

Temperature (TE, TE;) Loads: These loads are

defined as the thermal expansion (TE) of the

piping associated with temperature changes

7-2.18
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the torus.

occurring during normal operating conditions,

and the thermal expansion (TE;) of the piping

associated with temperature changes occurring

during accident conditions. Table 7-2.2-2

lists pipe temperatures for TE and TEj used

in the analysis.

Effects of thermal
torus penetrations
locations are also
the piping thermal

are categorized and

1. THAM - Piping
during
tions

2. THAM; - Piping
during

Operating (OL) Loads

turbine exhaust, and the

7-2.19

anchor movements at the

and at torus support
included in the analysis.
anchor movement_]oadings

designated as follows:

thermal anchor movement

normal operating condi-

(NOC), and

thermal anchor movement

accident conditions.

These loads are defined as line operating thrust

loads due to discharge of piping contents inside

The loads are applicable to the HPCI

LPCI test lines.
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5 Static Torus Displacement Loads

a. ™D - These are the torus displacements
due to normal operating pressure,
weight of the torus itself, and the

weight of water in the torus.

b. ™D, - These are the torus displacements
due to torus internal pressure
during SBA conditions, weight of
the torus itself, and to the weight

of water in the torus.

C. TD, - These are the torus displacements

due to torus internal pressure
during IBA conditions, weight of
the torus itself, and to the weight

of water in the torus.

d. TD3 - These are the torus displacements
due to torus internal pressure
during DBA conditions, weight of
the torus itself, and to the weight

of water in the torus.
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6. Safety Relief Valve Discharge (QAB) Loads

These loads are defined as the transient pressures
which act on the submerged portion of the TAP and
supports in the torus during a SRV discharge., The

SRV discharge loads consist of the following:

a. Water Jet Impingement Loads: During the
water clearing phase o©of a SRV discharge
event, the submerged TAP and supports are
suhjected ro transient drag pressure loads.
The procedure used to develop the transient
forces and spatial distribution of these

loads is discussed in VvVolume 1.

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

loads is discussed in Volume 1.

Loads are developed for several possible
patterns of air bubbles for both single and

multiple T-quencher discharge cases. The

COM—-02-041-7
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results are evaluated to determine the

controlling loads.

Vent'Clearing Loads

These loads are defined as the transient pressure

loads acting on the submefged portion of TAP and

supports during the water and air clearing phase

of a DBA event,

Ao

vent Clearing (VCL) Loads with AP = 1.0 psi

LOCA Water Jet Impingement Loads: During
the water clearing phasevof a DBA event,
the submerged portion of the TAP and
supports are subjected to transient

impact and drag pressure loads. The

procedure used to develop these transient

drag forces is discussed in Volume 1.

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

discussed in Volume 1.
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b. Vent Clearing (VCLO) Loads with AP = 0.0 psi

l. Loca Water Jet Impingement Loads: These
loads are the same as Load Cases 7.a.l,

except the AP is equal to 0.0 psi.

2. LOCA Air Bubble Drag Loads: These loads
are the same as Load Case 7.a.2, except

the AP is equal to 0.0 psi.
Pool Swell Loads

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

supports internal to the torus.
a. Pool Swell (PS) Loads with AP = 1.0 psi.

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

transients is discussed in Volume 1.

7-2.23
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Froth Impingement Loads: During the LOCA
pool swell event, the TAP and supports
within the torus are subjected -to
transient pressures. The procedure used
to develop these pressure transients 1is

discussed in Volume 1.

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

discussed in Volume 1.

Pool Swell (PSO) Loads with AP = 0.0 psi

Impact and Drag Loads: These loads are
the same as Load Case 8.a.l, except

the AP is equal to 0.0 psi.

Froth Impingement Loads: These loads are
the same as Load Case 8.a.2, except

the AP is equal to 0.0 psi.

Pool Fallback Loads: These loads are the
same as Load Case 8.a.3, except the AP is

equal to 0.0 psi.
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‘ 9. Condensation Oscillation (CO) Loads

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

interaction (FSI).
10. Chugging Loade

a. Pre—-Chug (PCHUG) Loads: These loads are

.' defined - as single harmonic drag loads,
including acceleration drag 1loads due to

torus FSI effects, acting on the submerged

portion of the TAP and supports during the

pre-chug portion of a SBA, an IBA, or a DBA

event's chugging cycle. The procedure used

to develop the pre-chug loads on these com-

ponents is discussed in Volume 1.

b. Post-Chug (CHUG) Loads: These loads are
defined as harmonic drag loads, including
acceleration drag loads due to torus FSI
-effects, acting on the submerged portion of

CoOM-02-041-7
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TAP and supports during the post-chug phase
of a SBA, an IBA, or a DBA event's chugging
cycle. The procedure used to develop the
post-chug loads on these components 1is

discussed in Volume 1.

Torus Motion Loads

These loads are defined as the inertia and dis-

placement effects at the TAP attachment points on

the suppression chamber due to loads acting on the

suppression chamber shell.

SRV Torus Motion Loads:

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

T-quencher discharge loads.

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

to SRV T-quencher discharge

loads.
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b. Pool Sweil Torus Motion Loads:
1. Pool Swell (PS) Loads with AP = 1.0 psi

a. PSt - These are the inertia
effects of torus motions

due to pool swell loads.

b. PSp - These are the displace-
ment effects of torus
motions due to pool

swell loads.
2. Pool Swell (PSO) Loads with AP = 0.0 psi

a. PSO; - These loads are the same
as Load Case 1ll.b.l.a,
except the AP is equal

to 0.0 psi.

b. PSOp - These loads are the same
as Load Case 1l.b.l.b,
except the AP is equal

to 0.0 psi.
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Condensation Oscillation Torus Motion Loads:

1.

Pre-Chug Torus

18

20

COp

Cop

PCHUGI -

PCHUGp, -

These are the inertia effects
of torus motions due to CO

loads.

These are the displacement
effects of torus motions due

to CO loads.

Motion Loads:

These are the inertia effects
of torus motions due to pre-

chug loads.

These are the displacement
effects of torus motions due

to pre-chug loads.

Post—-Chug Torus Motion Loads:

10

CHUG{

These are the inertia effects
of torus motions due to post-

chug loads.
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‘ 2. CHUGp - These are the displacement

effects of torus motions due

to post—éhug loads.
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Table 7-2.2-1

TORUS ATTACHED PIPING LOADING IDENTIFICATION
' CROSS-REFERENCE

LOAD DESIGNATION REFERENCE 1
CATEGORY CASE NUMBER SECTION NUMBER
DEAD WEIGHT 1 | 1-3.1
SEISMIC 2a,2b,2c,2d 1-3.1
PRESSURE AND -
EMPERATURE 3a,3b 1-3.1, 1-4.1.1
NORMAL
OPERATING 4 1-3.1
STATIC TORUS
DISPLACEMENT | 5a:5b,5¢,5d 1-3.1, 1-4.1.1
SRV DISCHARGE 6a,6b 1-4.2.2, 1-4.2.4
VENT CLEARING | 7a,7b,7c,74 1-4.1.5, 1-4.1.6
PoOL swerL | °2/8208¢:8dsl 141,402, 1-4.1.4.3, 1-4.1.4.4
CONDENSATION
OSCILLATION 9 - 1-4-1.7.3
CHUGGING 10a,10b 1-4.1.8.3
lla,1llb,1llc, _ _
TORUS MOTION 14, 1te 1-4.1, 1-4.2
COM-02-041-7 l
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Table 7-2.2-2

LARGE BORE PIPING SYSTEM DESIGN DATA

L=T¥0=-20-WOD

MAXIMUM OPERATING

NORMAL CONDIT L OHE DESIGN CONDITIONS
SYSTEM ngggﬁ:éggg PRESSURE |TEMPERATURE | PRESSURE |TEMPERATURE | CONTENTS
(°F)  [(psig) (P )]  (°F) (psig) (P) (°F)
ECCS SUCTION HEADER 90 35 165 65 285 WATER
VACUUM RELIEF 90 35 165 65 285 AIR

LPCT TEST LINES AND
SPRAY HEADER DI1SCHARGE 90 180 © 150 350 350 WATER
FROM PUMPS 3A/3B AND 3C/3D :

TE " C¢-L

HPCI POT DRAIN CONDENSATE 145 60 145 65 285 WATER
HPCI TURBINE EXHAUST 245 50 295 . 150 360 SATURATED
STEAM
PRESSURE SUPPRESSION 90 35 165 65 285 AIR
CORE SPRAY 3A AND 3B
ARG 90 290 165 3150 350 WATER
LPCI PUMP 3A/3B AND 0
SCraD S 90 45 165 65 285 WATER
CORE SPRAY 3A AND 3B
el 90 45 165 65 285 WATER
HPCI PUMP SUCTION 90 45 165 65 285 WATER

(59 1nu

SHIINIONT




7-2.2.2 Load Combinations

The loads for which the TAP systems are evaluated are
presented in Section 7-2.2.1. The NUREG-0661 criteria
for dgrouping the 1loads into 1load combinations are

discussed in Volume 1.

Table 7-2.2-3 shows that the load combinations speci-
fied in NUREG-0661 for each event can be expanded into
many more load combinations than those shown. However,
not all 1load combinations for each event need be
examined, since many have the same allowable stresses
and are enveloped by others which contain the same or

additional loads. Many of the load combinations listed

in Table 7-2.2-3 are actually pairs of load combina-
tions with all of the same loads except for seismic
loads. The first load combination in the pair contains

OBE loads, while the second contains SSE loads.

The dgoverning load combinations £for torus attached
piping are presented in Table 7-2.2-4. Table 7-2.2-5
presents the basis for establishing the governing

loading combinations.
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Stress allowables <corresponding to the following
Service Levels are used for evaluation of the torus

attached piping:

A - Design conditions,
B - NOC including SRV discharge,
C - NOC including SRV discharge, plus seismic loads or

SBA conditions including SRV discharge, and

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

charge plus seismic loads.

Also included in the 1list of governing ioad combina-
tions are four combinations which do not result from
the 27 event combinations 1listed in Table 7-2.2-3.
These are: Load Combination A-1, which relates to the
design pressure plus dead weight condition; Load
Combinations A-2 and B-1, which include the combination
of normal and seismic loads; and Load Combination T-1,
which relates to the hydrostatic test condition.
Evaluation of Load Combination T-1 is a requirement of
the ASME Code (Reference 6). Load Combinations A-1,
A-2, and B-1 are consistent with the requirements as

specified in the SAR (Reference 4).
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The normal SAR 1loads included in the loading com-
binations are assured to occur simultaneously with the
NUREG-0661 loads for the LOCA event sequence defined in

the LDR (Reference 2).

The appropriate ASME Code equations for the torus
attached piping are also provided in the governing load

combination table.

Each of the listed governing load combinations for the
torus attached piping as provided in Table 7-2.2-4 has
been considered in the analysis methods described in

Section 7-2.4.
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Table 7-2.2-3

EVENT COMBINATIONS AND ALLOWABLE LIMITS

FOR TORUS ATTACHED PIPING

Sg¢~-L

SBA 8BA + EQ [sPas+SRv[seA ¢ s8RV + EqQ
SRV IBA IBA + EQ IBA+SRV|IBA { SRV + EQ| DBA DBA + EQ DBA$+SRV|DBA ¢+ SRV + EQ
EVENT COMBIMATIONS SRV +
EQ co, co, P8 JCO, co,
cn co, ci cH co,ch §(1)jcu]rs co, cu}lpsjicnirs co, cit
TYPE OF EARTHQUAKE 0]s ojajo|s o]s{ofs ofjsj]otls 0]s]ols
COMDINATION NUMBER 112]13] 4 51617 8l9ojlofirji12]i1aj14)15]16jd7]18]J19]20]21)22]23]24]25]26]27
HORMAL (2) N XIxxix|Ix|x x]x{xfx{xyxix]x]xIxix|xjxix]xlxjx]|xjx)jx|x
EARTIQUAKE EQ - X ] x x| x]x|x X x|x]x Xx|x]x|x Xpx|fx}|x
SRV DISCIIARGE SRV X xlx I RS RERERER X {x)x)jx]x]|x
THERMAL Ta X{ X X XX XIXIXFRXIX[IX[XIXIX]x|xpx R fxfxje{x{x|x{x]x{x
LOADS PIPE PRESSURE Py Xl xjxlxxpxyixyixjxx{x}jx|{x]|xjepx|x}x|xx{xpx|{xpgx{x|x]x
LOCA POOL SHELL Pps ) X X | x X x| x
LOCA CONDEHSATION
OSCILLATION Pco X XlX X X1x X X X X
LOCA CIHUGGING P X X)X X x| x X x| x X x| x
STRUCTURAL ELEMENT ROW
WITH IBA/DBA lo|lnaiplBa|Blb|lbpiB|B|le|b]s]s|b|B]|]a]Bs]|s|s]b]jp]e|e|BlB]lB]|SB
ESSENTIAL Mlajj el jmb:olaj o]ttt ]
PIPING
SYSTENS 11 ai{s|le]bibl|le)s]le|itltel-I-t-1-1-1-1-1-1-1-1-1}-~-
WITH SBA
Nl n] 1o
12fsjcjo{ojofbpjo]lojolo]lojp|o]|p]|pfjop|p|D|DfDID|D]D]D]D]D]D
WITH 1BA/DUA (551} (53} (51 (5) ()] (5) [ (50} (5) ) (53] (53] 15)] (53} ¢5))(5) ] (5] (53] (5} ] (5)] 15)] (5] (5H] (5} (50 (5)](5)
NONESSENTIAL :
PIPING
SYSTEMS .13 cljcjojo]lojlolo]o]lpjolo}ol-t-t-t-1-1-1-1-V-1-1-1-
WITIE SDA (S)S1[(s) (S (S) | (S)] (5)](S) ]| (5) }1S) | (5) | (5)




0 uoTSTA®dY
L=T%0-20-WOD

9¢ t-¢L

39 1nu

SHaIINIONS

(1)

(2)
(3)

(4)

(5)

(6)

NOTES TO TABLE 7-2,.2-3

REFERENCE 2 STATES "WHERE A DRYWELL-TO-WETWELL PRESSURE DIFFERENTIAL IS NORMALLY
UTILIZED AS A LOAD MITIGATOR, AN ADDITIONAL EVALUATION SHALL BE PERFORMED WITHOUT

'SRV LOADINGS BUT ASSUMING THE LOSS OF THE PRESSURE DIFFERENTIAL." SERVICE LEVEL

D LIMITS SHALL APPLY FOR ALL STRUCTURAL ELEMENTS OF THE PIPING SYSTEM FOR THIS
EVALUATION. THE ANALYSIS NEED ONLY BE ACCOMPLISHED TO THE EXTENT THAT INTEGRITY
OF THE FIRST PRESSURE BOUNDARY ISOLATION VALVE IS DEMONSTRATED.

REFERENCE 2 STATES "NORMAL LOADS (N) CONSIST OF DEAD LOADS (D)."

REFERENCE 2 STATES "AS AN ALTERNATIVE, THE 1.2 Sy LIMIT IN EQUATION 9 OF NC-3652.2
MAY BE REPLACED BY 1.8 Sy, PROVIDED THAT ALL OTHER LIMITS ARE SATISFIED. FATIGUE

REQUIREMENTS ARE APPLICABLE TO ALL COLUMNS, WITH THE EXCEPTION OF 16, 18, 19, 22,

24 AND 25."

REFERENCE 2 STATES "FOOTNOTE 3 APPLIES EXCEPT THAT INSTEAD OF USING 1.8 Sy IN
EQUATION 9 OF NC-3652.2, 2.4 Sy IS USED."

REFERENCE 2 STATES "EQUATION 10 OF NC OR ND-3659 WILL BE SATISFIED, EXCEPT THAT
FATIGUE REQUIREMENTS ARE NOT APPLICABLE TO COLUMNS 16, 18, 19, 22, 24 AND 25 SINCE
POOL SWELL LOADINGS OCCUR ONLY ONCE. IN ADDITION, IF OPERABILITY OF AN ACTIVE

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

MUST BE DEMONSTRATED."

REFERENCE 2 STATES "IF THE NORMAL PLANT OPERATING CONDITION DOES NOT EMPLOY A
DRYWELL-TO-WETWELL PRESSURE DIFFERENTIAL, THE LISTED SERVICE LEVEL ASSIGNMENTS
WILL BE APPLICABLE." SINCE FERMI 2 DOES NOT UTILIZE A DRYWELL-TO-WETWELL
DIFFERENTIAL PRESSURE, THE LISTED SERVICE LIMITS ARE APPLIED.




‘ Table 7-2.2-4

GOVERNING LOAD COMBINATIONS - TORUS ATTACHED PIPING

Nunig;gesl s 6 asme (2)
COMBINATION LOAD COMBINATIONS '™'>’ EQ§23§0N
NUMBER
A-1 P + DW + OL 8
a-2 TE + THAM + TD + OBEp 10(3)
A-3 TE + THAM + TD + QABp + SSEp 10(3)
A-4 TE; + THAM] + TD1 or TD2 + PCHUGp + QABp + SSEp 10(3)
A-5 TE; + THAM] + TDj] or TD + CHUGp + QABp + SSEp 10(3)
A~6 TE] + fHAMl + TD3 + PSOp + QABp + SSEp 10(3)
-7 TE] + THAM; + TD3 + COp + OBEp 10(3)
A-8 TE; + THAM; + TD3 + PCHUGp + QABp + SSEp 10(3)
A-9 TE; + THAM; + TDj + CHUGp + QABp + SSEp 10(3)
B-1 Py + DW + OBE; + OL 9
& B-2 Py + DW + QAB + QABy + OL 9
‘ C-1 P, + DW + QAB + QABy + SSEp + OL 9
c-2 Py, + DW + PCHUG + PCHUGy + QAB + QABr + OL 9
c-3 Py + DW + CHUG + CHUGr + QAB + QABy + OL 9
p-1(7) Py + DW + PCHUG + PCHUGy + QAB + QAB; + SSEr + OL 9
p-2 (") P, + DW + CHUG + CHUGr + QAB + QABr + SSET + OL 9
D=3 P, + DW + PSO + PSO; + VCLO ' 9
p-4(7) Po + DW + PS + PSp + VCL + QAB + QAB, + SSE, + OL 9
p-5 (7 P, + DW + CO + CO, + OBE; + OL ' 9
-1 (8 1.250 + DW g
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(1)
(2)

(3)

(4)

(5)
(6)

(7)

(8)

COM-02-041-7 ‘

NOTES TO TABLE 7-2.2-4 ‘

SEE SECTION 7-2.2.1 FOR DEFINITION OF INDIVIDUAL LOADS.

EQUATIONS ARE DEFINED IN SUBSECTION NC-3650 OF THE ASME CODE
(REFERENCE 7) .

AS AN ALTERNATE, MEET EQUATION 11 OF THE ASME CODE
(REFERENCE 7).

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

SEE SECTION 7-2.2.3 FOR COMBINATION OF DYNAMIC LOADS.

ONLY GOVENING LOAD COMBINATIONS FROM TABLE 7-=2.2-4 ARE
CONSIDERED HERE.

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

HYDROSTATIC TEST CONDITIOg.= DW FOR ALL LINES SHALL BE WITH
LINES FULL OF WATER AT 70 °F.
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Table 7-2.2-5

BASIS FOR GOVERNING LOAD COMBINATIONS

TORUS ATTACHED PIPING

EVENT
EVENT GOVERNING COMBINATION
COMBINATION LOAD DISCUSSION GOVERNING
NUMBER(1) | COMBINATIONS (2) BASTS
1 8-2 SECONDARY STRESS HOUNDED (3b)
’ BY EVENT COMBINATION NUMBER 3.
2 c-1 SECONDARY STRESS BOUNDED BY (3a)
EVENT COMBINATION NUMBER 3.
3 c-1, a=3 N/A N/A
IBA BOUNDED BY EVENT COMBINA-
4,5 N/A TION NUMBER 15 AND SBA BOUNDED (3b)
BY EVENT COMBINATION NUMBER 11,
BOUNDED BY EVENT COMBINATION
6,8,12 N/A NUMBER 14. (3b)
BOUNDED BY EVENT COMBINATION
7.9,13 N/R NUMBER 15. (3b)
IBA BOUNDED BY EVENT CCOMBINA-~
10 N/A TION NUMBER 15 AND SBA BOUNDED (3b)
BY EVENT COMBINATION NUMBER 1l.
11 c-2, C-3 FOR SBA ONLY. IBA BOUNDED BY (3b)
A-4, A-~S EVENT COMBINATION NUMBER l5.
p-1, D=2 N/A
15 A=4, A=5 / N/A
SECONDARY STRESS BOUNDED BY
14 p-1, D-2 EVENT COMBINATION NUMBER 15 (3a)
BOUNDED BY EVENT COMBINATION
16,18,22 N/A NUMBER 24. (3b)
BOUNDED BY EVENT COMBINATION
19 N/A NUMBER 25. (3b)
BOUNDED BY EVENT COMBINATION
17,20,23 N/A NUMBER 26. (3b)
) BOUNDED BY EVENT COMBINATION
21 N/A NUMBER 27. (3b)
24 D-4 SECONDARY STRESS BOUNDED BY (3a)
= EVENT COMBINATION NUMBER 25.
25 D-4, A-6 N/A N/A
FOR CO ONLY, DBA CHUGGING
BOUNDED BY EVENT COMBINATION
26 D-5, A-7 NUMBER 1l4. SECONDARY STRESS (3b)
BOUNDED BY EVENT COMBINATION
NUMBER 27.
DBA CHUGGING BOUNDED BY
_ _ EVENT COMBINATION NUMBER 1S.
27 A-8, A-9 EVALUATE FOR SECONDARY (3b)
STRESS ONLY.
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NOTES TO TABLE 7-2.2-5

(1) EVENT COMBINATION NUMBERS REFER TO THE NUMBERS USED IN
TABLE 7-=-2.2-3.

(2) GOVERNING LOAD COMBINATIONS ARE LISTED IN TABLE 7-2.2-4.
(3) EVENT COMBINATION GOVERNING BASIS:

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

b. THE GOVERNING EVENT COMBINATION CONTAINS MORE LOADS
WHILE THE ALLOWABLE LIMITS ARE THE SAME.
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7_23203

Combination of Dynamic Loads

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

LOCA loads are combined using the SRSS technique.

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

using the SRSS method, as permitted by Reference 9.
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7—203

Acceptance Criteria

The acceptance criteria defined in NUREG-0661 on which
the Dresden Unit 3 TAP analysis is based are discussed
in Volume 1. In general, the acceptance criteria
follow the rules contained in the ASME Code,
Section III, Division 1 up to and 1including the
1977 Summer Addenda for Class 2 piping (Reference 6).
The corresponding Service Level limits and allowable
stresses are also consistent with the requirements of
the ASME Code and NUREG-0661. The torus attached
piping is analyzed in accordance with the requirements
for Class 2 piping systems contained in Subsection NC
of .the Code. Table 7-2.3-1 lists the applicable ASME
Code equations and stress 1limits for each of the

governing piping load combinations.

COM—~02-041-7
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Table 7-2.3-1

APPLICABLE ASME CODE EQUATIONS AND ALLOWABLE STRESSES

FOR TORUS ATTACHED PIPING

ASME CODE ALLOWABLE | GOVERNING LOAD
ngEss EQUATION sgggéga ﬁgﬁiﬁf VALUE (ksi} COMBINATION
YPE NUMBER (1,2) NUMBER (3)

PRIMARY 8 A 1.0 S, 15.0 A-1, T-1
PRIMARY 9 B 1.2 Sy, 18.0 B-1l, B=2
PRIMARY 9 B 1.8 s, 27.0 C-1 THROUGH C-3
PRIMARY 9 B 2.4 s, 36.0 D-1 THROUGH D-5
SECONDARY 10 B 1.0 s, 22.5 A-2 THROUGH A-9
PRIMARY
AND 11 B Sh+Sa 37.5 (4)

SECONDARY

(1)

INCREASED ALLOWABLES AS DEFINED IN NUREG-0661

(REFERENCE 1) HAVE BEEN UTILIZED FOR PIPING SYSTEMS
WHICH HAVE BEEN CLASSIFIED AS NON-ESSENTIAL.

(2)

ALLOWABLE STRESS VALUES ARE FOR ASTM Al06,

GRADE B MATERIAL

SINCE THIS MATERIAL IS USED FOR MOST OF THE TAP SYSTEMS.

(3)

7=2.2-4.

(4)

SEE ASME CODE,
NC-3652.3

COM-02-041-7

Revision 0

SECTION III,

7-2.43

GOVERNING LOAD COMBINATION NUMBERS ARE LISTED IN TABLE

SUBSECTION NC, PARAGRAPH
(REFERENCE 6) FOR COMBINATION OF LOADS.
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Methods of Analysis

This section describes the methods of analysis used to
evaluate the large bore piping and supporting systems
attached to the torus both internally and externally,
for the effects of the governing loads as described in
Section 7-2.2. As described in Section 7-2.1, one
small diameter torus internal piping system has also
been evaluated using the analytical methods described
in this section. Table 7-2.4-1 summarizes the specific
analytical techniques wused in ana}yzing the piping

systems for each loading.

The methodology used to develop the analytical models
of the TAP systems 1is presented in Section 7-2.4.1.
The methodology used to obtain results for the
governing load combinations and to evaluate the
analysis results for comparison with the acceptance
limits is discussed in Sections 7-2.4.2, 7-2.4.3, and
7-2.4.4. The approach used to address fatigue effects

is presented in Section 7-2.4.5.

A standard, commercially available piping analysis
computer code, PISTAR, is used in performing the piping
system analyses. The computer code is based on the

well known SAP computer code, and has been verified
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. using ASME benchmark problems. The PISTAR progfam
performs static, modal extraction, response spectrum,
and dynamic time-history analyses of piping systems.

It also performs the ASME Code, Section III piping

evaluation,
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Table 7-2.4-1

SUMMARY OF ANALYSIS METHODS FOR
LARGE BORE TORUS ATTACHED PIPING

LOAD O Ao ® | ANALYSIS METHOD
DW T STATIC
OBE_ 2a STATIC
OBEp 2b STATIC
SSEp 2¢ STATIC
SSEp 2d STATIC
Pq 3a (1)
P 3a (1)
TE 3b STATIC
TE; 3b STATIC
THAM 3b STATIC
THAM; 3b STATIC
oL 4 STATIC
TD 5a STATIC
™ ' 5b STATIC
D, 5¢ STATIC
TD, 5d STATIC
QAB 6a,b EQUIVALENT STATIC
VCL 7a,b EQUIVALENT STATIC
PS 8a,b EQUIVALENT STATIC
co 9 mARMONIC (2)
PCHUG 10a HARMONIC (2!
CHUG 10b marMonzC (2
QABT,QAB, lla coupLED DyNamic(3)
PS1,PSp,PSO;,PSOp 11b coupLED DynaMIc (3!
oz, COp llc courrED Dynamic (3’
PCHUG, , PCHUG, 114 couPLED DYNamIc(3)
CHUG_ , CHUG, 1le coupLED Dynamrc >’
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NOTES TO TABLE 7-2.4-1

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

(2) A DETAILED DESCRIPTION OF THE ANALYSIS METHODS USED FOR THIS
LOADING IS PRESENTED IN SECTION 7-2.4.3.

(3) A DETAILED DESCRIPTION OF THE ANALYSIS METHODS USED FOR THIS
LOADING IS PRESENTED IN SECTION 7-2.2.4.
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7-2.4.1 Piping Analytical Modeling

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

external piping analytical model.

The piping systems are modeled as multi-degree of
freedom (DOF), finite element systems consisting of
straight and curved beam elements using a lumped mass

formulation. A sufficient amount of detailil is used to

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

the model formulations.

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

supporting member and the centerline of the pipe.
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Snubbers are modeled as active in seismic and other
dynamic load cases, while struts are active in all locad
cases. Spring hangers, with appropriate preloads for
the dead weight case, are modeled as active in all load
cases., The effects of the mass of supports and
connecting hardware attached to the piping are included
in the piping models when the effective support mass
attached to the piping exceeds 5% of the mass of both

adjacent pipe spans.

Stiffness values at a piping support location are
established considering the combined effects of the

snubber or strut and its backup supporting structure.

For piping models that include torus internal pipiﬁg,
the entire piping system including the internal
supports connected to the torus, 1is included in the
model. The hydrodynamic mass acting on submerged
portions of the piping is also included in the model,

using the methods described in Vvolume 1.

Boundary conditions for the piping models at the torus

consist of the torus penetration and attachment points

for the torus internal piping supports. The 1local

stiffness of the torus is included at these locations

in the form of six DOF 1linear springs. These 1local
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stiffnesses are not included when performing the

coupled torus motion analyses of the piping systems

since they are inherently included in this methodology.

Model boundary <conditions at the torus external
termination points consist of anchors at support or
equipment (pump, turbine) locations. Large stiffness
values .are specified in the models at these
locations. In some cases, piping models have been
truncated at locations where stress levels due to Mark
I load combinations for all service levels are less
than 10% of the appropriate ASME Code allowébles. For
these models, truncation points have been modeled at

supports by simulating the mass and stiffness of the

piping system beyond the support location.

The mass and flexibility properties of in-line valves
are. included in the piping analytical models. The
valve operator mass is lumped at the valve operator
center of gravity while the mass of the valve body is

uniformly distributed over the length of the valve.

Branch lines are included in the piping models unless
they meet uncoupling criteria based on the relative

moments of inertia of branch lines and main lines.

COM=02-041-7 l

Revision 0 7-2.50
hutech

ENGINEERS




‘ These criteria ensure that omission of the branch line
will not influence the behavior of the main line. The
evaluation of the omitted branch 1lines has been

considered in Section 7-3.0.
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Figure 7-2.4-1

TAP SYSTEM ANALYTICAL MODEL (LINE X-317)
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‘ 7-2.4.2 Methods of Analysis for SAR and Static Torus

Displacement Loads

The following 1loads, which are described in Section
7-2.2, represent the SAR loads for which all TAP
systems are analyzed. In addition, analyses are
performed for static torus displacement 1loads due to

normal and accident conditions,

1. Dead Weight Loads

2, Seismic T.oads

3. Pressure and Temperature Loads
4, Operating Loads

‘ 5. Static Torus Displacement Loads

The methods used to analyze the piping systems for the

above loads are described as follows:
1. Dead Weight (DW) Loads

A static analysis is performed for the uniformly
distributed and concentrated weight loads,
including insulation and pipe contents, applied to

the TAP systems.
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Seismic Loads

OBE Inertia (OBE;) Loads: A static analysis
is performed independently for each of the
two sets (E-W plus vertical and N-S plus

vertical) of acceleration values using the

static acceleration coefficient uniform
method.
OBE Displacement (OBEp) Loads: A static

analysis is performed independently for the
N-S and E-W directions, since vertical
displacements were negligible. The relative
anchor displacements at the torus penetration
and reactor auxiliary building slabs are

conservatively considered to be out of phase.

SSE Inertia (SSEI) Loads: Horizontal and
vertical SSE; analysis is not performed, by

doubling the results of the OBE; analysis.
SSE Displacement (SSED) Loads: The SSEj

static analysis is performed, by doubling the

results of the.OBED analysis.
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3.
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Pressure and Temperature Loads

Pressure Loads: The effects of maximum

operating pressure (P and design pressure

o)
(P) are evaluated utilizing the techniques
described in Subsection NC-3650 of the ASME
Code, Section 1III (Reference 6). Table

7-2.2-2 lists the values of P, and P used in

the analysis.

Temperature Loads: A static thermal expan-
sion analysis 1is performed for the piping
temperature cases TE and TEy, as described in
Table 7-2.2-2. A static analysis 1is per-
formed for anchor movement, és described in
Section 7-2.2, at the torus supports and

penetrations.

Operating (OL) Loads

Line operating loads are applied statically, using

piping end segment thrust loads to the TAP

systems, as described in Section 7-2.2.1.
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Static Torus Displacement Loads

The static displacements of the torus at the
appropriaﬁe TAP penetration location due to torus
movement induced by normal (TD) and accident (TDq.
TDy, TD3) condition torus pressures, weight, and
the weight of water in the torus are applied to
each piping system as an applied displacement load

case.

nutech
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7-2.4.3 Methods of Analysis for Hydrodynamic Loads

Portions of TAP systems internal to the torus are
subjected to hydrodynamic - impact and drag loads as a
result of SRV discharge and LOCA events, as discussed
in Section 7-2.2.1. The methods used to analyze the

piping for these loads are described as follows:
6. Safety Relief Valve Discharge (QAB) Loads

a. Water Jet Impingement Loads: Water jet pres-
sure loadings are evaluated by multiplying
the pressures by the lappropriate submerged
piping projected areas to convert them into
nodal  piping forces. An equivalent static
analysis is then performed by multiplying the
forces by a value of 2.0, which 1is the
maximum DLF for the rectangular pulse Jjet
pressure loading. The final analysis results
are multiplied by a scale factor of 1.5.
Tﬁis value is used to account for the effects
of both multifrequency excitation and

multimode response.
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b. Air Bubble Drag Loads: An equivalent static

analysis of the piping systems is performed
to evaluate the acceleration drag and
standard drag forces imparted to the
submerged portions of piping. The applied
equivalent static loads represent the peak
dynamic loads from the loading transient
multiplied by the peak DLF of the structure
within the 1load frequency range (1 to 50
hertz). The final analysis results are
multiplied by a scale factor of 1.5, as
described in Load Case 6a. This value is

used to account for the effects of both

multifrequency excitation and multimode

response.
7. Vent Clearing Loads
a. Vent Clearing (VCL) Loads with AP = 1.0 psi

1. LOCA Water Jet Impingement Loads: An
equivalent static analysis method is
used to apply the LOCA jet 1loads to
submerged portions of the piping models.
For a given jet loading time-history,

the peak DLF of the structure within the

- COM-02-041-7 .
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load frequency range (1 to 50 hertz) is
determined. The equivalent static load
applied to each segment of piping 1is
equal to the product of the peak jet
load section force and the appropriate
dynamic load factor. The final analysis
results are multiplied by a scale factor

of 1.5, as described in Load Case 6a.

2. LOCA Air Bubble Drag Loads: An
equivalent static analysis is performed
to evaluate the acceleration drag and
standard drag forces imparted to the
submerged portions of the piping. For a
given loading time-history, the peak DLF
of the structure within the load
frequency range (1 to 50 hertz) 1is
determined. A scale factor of 1.5 is
applied to the analysis results, as

described in Load Case 6a.
b. Vent Clearing (VCLO) Loads with AP = 0.0 psi

1. LOCA Water Jet Impingement Loads: These
loads are the same as Load Case 7.a.l,

except the AP is equal to 0.0 psi.
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2, LOCA Air Bubble Drag Loads: These loads
are the same as Load Case 7.a.2, except

the AP is equal to 0.0 psi.

Pool Swell Loads

The method of equivalent static loads is used in
analyzing the piping system for the effects of
pool swell loads. Since pool swell loads are
time-limited pulses with regular shapes, their
DLF's are constants and are well defined. The
applied equivalent static piping section forces
are equal to the peak section forces multiplied by
their corresponding dynamic load factors. These
section forces are converted into nodal forces for

application to the piping models.

a. Pool Swell (PS) Loads with AP = 1.0 psi

1. Impact and Drag Loads: Horizontal torus
internal piping above the elevation of
the downcomers 'is subjected to pool
swell impact and drag loads. The impact
and drag pressure transients are

distributed uniformly over the affected

7-2.60
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piping surface. The load is applied in

the upward direction most critical to
the piping within the specified 1load
directional range. The impact plus drag
loading transient consists of a sharp
triangular impulse followed by a
rectangular drag loading. The combined
DLF value for this transient is 1.7. In
some cases where the impact load
component does not exist, a DLF ofv2.0
is utilized to account for the drag load

component.

Froth Impingement Loads: The pool swell
froth loading time-~history is a
rectangular pulse which has a maximum
DLF value of 2.0. Froth impingement
loads are applied to piping located
within the: suppression chamber, as

defined in Volume 1.

Pool Fallback Loads: Following the pool
swell transient, the pool water falls
back to its original level, creating
drag loads on piping inside the torus.

The fallback 1loading is a triangular
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pulse and is applied statically to the

piping using a DLF value of 1.25.
b. Pool Swell (PSO) Loads with AP = 0.0 psi

1. Impact and Drag Loads: These loads are
the same as Load Case 8;a.1, except

the AP is equal to 0.0 psi.

2. Pool Fallback Loads: These loads are
the same as Load Case 8.a.3, except

the AP is equal to 0.0 psi.

The final pool swell loading analysis results for
each of the above loads are multiplied by a scale

factor of 1.5, as described in Load Case 6a.

Condensation Oscillation Loads

As discussed in Section 2,2.1, the CO drag force
is composed of both velocity and acceleration drag
components. The drag forces are determined based
on the summation of 50 harmonic loading functions.
A detailed description of the harmonic loading
functions as well as the procedures used 1in

applying the loads are discussed in Volume 1.
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Once the amplitudes of the drag forces for a given

piping system have been determined, they are
converted to the PISTAR coordinate system and

applied as PISTAR nodal forces.

Given the harmoﬁic nodal force time-histories for
acceleration and standard drag as well as the
results of a PISTAR mode-frequency analysis for
each piping system, a steady-state response
calculation 1is «carried out using the modal
superposition method. The FSI effect .is also
considered in the analysis. The FSI effect 1is
superimposed on results from the PISTAR mode

frequency analysis.
Chugging Loads

a. Pre-Chug (PCHUG) Loads: As described in
Section 7-2.2.1, the pre-chug load definition
is a single harmonic velocity and accelera-
tion drag loading. The defined 1loading
amplitude is £2 psi, and the loading
frequency is in the 6.9 to 9.5 hertz range.
The specifid frequency chosen for performing

the piping analysis is the frequency that is
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most critical for the particular piping
system being evaluated. Details of the
loading definition are described in Volume 1.
The pre-chug loading is applied to the piping
models as a nodal force, and a dynamic
response analysis 1is carried out to obtain
maximum system response. Torus FSI effects

are also included in the analysis.

Post~Chug (CHUG) Loads: The post-chug load-
ing definition is similar to that for CO in
that it is defined as a 50 harmonic forcing
function. The piping analysis procedures for
post=chug loads are therefore the same as for

the CO loads described above.
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Torus Motion Loads

Torus motion 1loads, as discussed .in Section
7-2.2.1, are considered for the analysis of all
torus attached piping systems. This section
describes the methods of analysis for the

following torus motion load cases:

a. SRV Torus Motion (QABp, QABp)

b. Pool Swell Torus Motion (PS;, PSp, PSOg,
PSOp)

Co. Condensation Oscillation Torus Motion (COg,
COp)

d. Pre—-Chug Torus Motion (PCHUG{, PCHUGp)

e. Post-Chug Torus Motion (CHUGq, CHUGD)

The coupling analysis method is utilized to obtain
piping response for the five torus motion load
cases. The methods of analysis for each torus
motion event are described in the fdllowing

paragraphs.
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Coupling Analysis

The conventional method for performing dynamic
analyses of a torus and attached piping systems is
to perform independent uncoupled dynamic analyses
of the torus and of the attached piping. A
detailed model of the torus is first developed. A
dynamic analysis of the uncoupled torus |is
performed, and the response time-history at the
attachment point of the piping is obtained. This
response time-history or the corresponding
response spectra 1is then used to calculate the
piping response of an uncoupled dynamic model of
the piping system. This conventional method of
analysis is termed an uncoupled analysis because
the dynamic models of the torus and the piping are

never directly coupled or combined.

Conventional uncoupled analyses tend to over-
estimate the response of the attached piping. The
response at the piping attachment point obtained
from the uncoupled torus analysis will include the
contribution of all uncoupled torus modes excited
by the input f_ime—history° The spectra from this
time-history will show amplified spectral peaks at

each of the significant uncoupled torus modes. If
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. the uncoupled piping model has natural modes near
these spectral peaks, then the wuncoupled torus
response will engender an amplified response of
the piping system. However, when the uncoupled
torus and piping natural modes are hearly the
same, the piping system will actually inhibit the
response of the torus at that frequency, and the
torus response will be less than that obtained
from an uncoupled torus analysis. This effect is
particularly significant for the SRV and pre-chug
torus motion analyses, since the LDR requires
"tuning" the loading frequencies to the critical

piping response frequencies.

This overestimation of piping response may be
corrected by performing a coupled analysis, in
which a single dynamic model‘including both the
torus and piping 1is used. In this way, the
coupling effects between the torus and piping are
automatically included. However, a coupled
analysis of this type is not practical for the
majority of the torus attached piping systems.
For these systems, a computer program has been
developed which is used to incorporate the
coupling effects into the results of the uncoupled
torus and piping analyses. This program has been
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formulated in the time domain. For loads such as
pool swell, where the torus load definition is
defined in the time domain, the coupling program
may be applied directly. For LOCA-related loads
such as CO and chugging, which are defined in the
frequency doméin, the coupling program 1is not
directly applicable, since it is formulated in the
time domain. The coupling program 1is also
impractical for performing analyses for SRV loads
due to the wide range of forcing frequencies
involved and to the number of separate load cases
that must be considered in addressing the LDR

"tuning” requirement.

Transfer Function Approach

In order to facilitate application of the coupling
methods for the CO, chugging, and SRV loads, a
transfer function approach, based on a white noisé
time~history analysis, is utilized in conjunction
with the coupling program. This method provides
for determination of the critical coupled response
frequencies of the piping systems, which are 1in
turn used in selecting the appropriate frequencies

of the applied loadings.
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‘ The transfer functions feléte piping system
response to torus shell forcing functions, and are
calculated in the time domain by applying to the
analytical model of the torus a white noise time-
history with a spatial distribution equivalent to
that specified for the particular hydrodynamic
load under consideration. The resulting uncoupled
torus shell motions are then used in conjunction
with piping and torus modal characteristics to
obtain the coupled piping responses in the time
domain. These time domain piping responses,
together with the white noise time-history that is
employed for the torus forcing function, are then

. transformed into the frequency domain using
standard fast-fourier transform methods. The
transfer function of the piping system is then
obtained by dividing the coupled white noise
response by the white noise input in the frequency
domain. The critical piping response frequencies
are then obtained by examining the relative

magnitudes of the transfer function peaks.

Knowing the critical piping response frequencies,
appropriate frequencies from the range of CO,
chugging, and SRV load frequencies can be selected

to determine the forcing functions to be applied
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to the torus. The forcing function time-histories
are then transformed into the frequency domain and
multiplied by the transfer function to obtain
piping system responses in the frequency domain
which, in turn, are transformed back into the time
domain to conclude the process. For CO and post-
chug 1loads, it 1is also necessary to sum the
responses from each of the 50 harmonics that must

be considered.

The flow chart provided in Figure 7-2.,4-2 shows
the basic steps involved 1in performing the

coupled/transfer function TAP analysis.

The specific coupling analysis procedure used for
each category of torus motions loads is described

as follows:
ao SRV Torus Motion

1l. Using the mathematical model of the
torus attached piping systems described
in Section 7-2.4.1, the‘uncoupled piping
dynamic characteristics (mode shapes and
frequencies) are determined using the

PISTAR piping analysis program. All
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‘ modes up to 60 hertz have Dbeen

considered in the analysis.

2. Similarly, wusing the finite- element
model of a 1/32 segment of the suppres-
sion_chamber as described in Volume 2,
the torus dynamic characteristics (mode
shapes and frequencies) are determinéd°
The STARDYNE computer program is used

for this analysis.

3. The time-~history response of the

suppression chamber ét the torus-pipe

. intersection due to a band limited white
| noise time-history 1is determined. The
STARDYNE computer program 1is used for

this analysis.

4, Using information derived in Steps 1
through 3 above, the coupled response of
the piping system for each mode due to
the white noise input |is determined

using the coupling computer program.

5. Using the modal superposition technique,
the modal responses of the piping system
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obtained from Step 4 are used in
calculating the response of the piping
system due to the white noise input.
The static response of the piping at
high frequencies is accounted for by use

of a pseudomode computer program.

Transformation of the white noise

response time-history from Step 5 and

the input white noise time-history to
the frequency domain is then performed

using the fast-fourier transform method.

The transfer function for each component
of the piping system is calculated by
dividing the white noise response by the
white noise input in the -frequency

domain,
Critical piping frequehcies within the
prescribed SRV load frequency range are

selected at the transfer function peaks.

The torus safety relief valve bubble

loading is generated by "tuning" the SRV
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’ bubble pressure frequency to the piping

critical frequencies obtained in Step 8

above,

10. The "tuned"” torus shell load time-
histories are transformed into the
frequency domain using the fast-fourier

transform method.

11. Piping response in the frequency domain
for each piping component is computed by
multiplying the transfer function
(determined in Step 7) times the torus

" shell 1load in the frequency domain
obtained in Step 10. In this step the
response is scaled down based on results
from the SRV alternate analysis method,
which calibrates the results of the
coupled fluid-torus analysis to in-plant

SRV test data.

12, Final piping time-history responses are
derived from piping response in the
frequency domain (Step 11) by using the

inverse fast-fourier transform method.
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13. The peak of the time-history response is
selected for the piping stress

evaluation.
Swell Torus Motion

Uncoupled torus and TAP system mode shapes
and frequencies, as described above, are

again utilized.

The actual time-history response of the
suppression chamber is determined at the
torus-pipe intersection due to the pool swell

pressure time-history load.

The coupled response of the piping system for
each mode due to the pool swell load input is
determined using the coupling computer

program.

The modal response of the piping system is
obtained and is used in calculating the final
response time-~history using the modal super-

position technique.
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5. The peak of the time-history response 1is

selected for the piping stress evaluation.

Ce Condensation Oscillation and Chugging Torus
Motions
1. Transfer functions relating piping responses

to CO, pre-chug, and post-chug torus internal
pressures are obtained in a manner similar to
Steps 1 through 7, described above for SRV

torus motion.

‘ 2. Calculations are then performed to obtain
| piping responses 1in the frequency domain
utiliziﬁg the fast-fourier technique and
applying amplitudes of pressure versus
frequency for the CO and post-chug 1load

cases. The pressure amplitudes and
frequencies utilized for CO and post-chug

loads are defined in Volume 1. The pre-chug

load is defined as a single harmonic with an
amplitude of *2 psi in the frequency range of

6.9 to 9.5 hertz. The selection of the

critical piping frequency in this range 1is
)
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based on the transfer function peak which

occurs most frequently.

3. For CO and post-chug, the frequency domain
harmonic response 1is conservatively deter-
mined for each of the 50 defined harmonic
forcing frequencies as the product of the
pressure amplitude and the peak of the

transfer function in each frequency band.

4, The final time domain response for the CO
load case is taken as 1.15 times the direct
sum of 50 harmonic responses which are

randomly phased by introduction of a set of

50 random phase angles, Cumulative
distribution functions of analytical and test
data form the basis for this random phas-
ing. A 50% non-exceedance probability (NEP)
with 90% confidence is achieved as a result

of this method.

5. For the post-chug case, the final time domain
response is obtained as the absolute sum of
the 50 harmonic responses. The phase angles

are set to zero in this case.
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The peak magnitudé of the time domain
response for CO, pre-chug, and post-chug load
cases 1is selected for the piping stress

evaluation.
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‘ 7-2.4.5 Fatigue Evaluation

Section 4.3.3.2 of NUREG-0661 requires that a fatigue
evaluation of SRV piping and TAP be performed for all

loading conditions except pool swell.

The Mark I Owners Group prepared and submitted a
generic fatigue evaluation report (Reference 7) to the
NRC in late 1982. The report addressed fatigue on a
generic basis using actual piping analysis results from
essentially all Mark ‘I plants. The resulting
cumulative usage factors are below 0.5, demonstrating
that further plant unique fatigue evaluations are not
." warranted. Therefore, the Dresden Unit 3 TAP is

qualified based on this generic evaluation.
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7-2.5 Analysis Results

The analytical results for the 1large Dbore TAP

evaluation are summarized in this section.

The maximum piping stresses resulting from governing
load combinations for highly stressed locations on each
large bore TAP line and for small diameter torus
internal lines, are presented in Table 7-=2.5=1. The
maximum stresses for each service level are 1listed
along with the associated Code equations and allowable

stress values.

Fatigue evaluations for the TAP 1lines have been

performed generically as described in Section
7=2.4.5, The Dresden Unit 3 TAP is qualified for

fatigue effects based on this generic evaluation.

In summary, the results show that the design of the
large bore TAP systems are adequate ﬁor the loads, load
combinations, and acceptance criteria limits specified
in NUREG-0661 (Reference 1) and the PUAAG (Reference

5).
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Table 7-2.5-1

ANALYSIS RESULTS FOR TORUS ATTACHED PIPING STRESS

SERVICE LEVEL A B C D SECONDARY
ASME CODE EQUATION 8 9 9 9 10
ALLOWABLE STRESS (kei) | 15°°° 18.00 27.00 36.00 | 22.50/37.502
S
17.50 1 | 21,00 | 31,501 | 42.00Y) | 26.251) y43.75 (1) (2
SYSTEM DESCRIPTION MAXIMUM STRESS (ksi)
ECCS SUCTION HEADER 10.62 18.93 22.¢9 29.01 31,73 3)
VACUUM RELIEF 5.35 10.20 18.70 21.40 30.81(2)
LPCI TEST LINE AND
SPRAY HEADER DISCHARGE 4.90 12.91 19.33 25.32 | . 33.09(2)

FROM PUMPS 3A/3B

LPCI TEST LINE AND
SPRAY HEADER DISCHARGE 5.72 17.37 23.€3 30.36 33.53(2)
FROM PUMP 3C/3D

HPCI POT DRAIN CONDENSATE 0.44 6.44 19.79 21.46 0.0
NPCI TURBINE EXHAUST 7.86 10.72 14.40 27.85 30.18(2)
PRESSURE SUPPRESSION 2.40 5.72 9.60 10.70 10.10

CORE SPRAY 3A DISCHARGE 5.62 12.67 22,95 35.73 31.01(2)
CORE SPRAY 3B DISCHARGE 4.06 11.36 17.05 34,82 13.24

LPCI PUMP 3A/3B SUCTION 2.86 7.53 10.15 10.22 26.38(2)

LPCI PUMP 3C/3D SUCTION 2.22 10.53 15.12 15.15 32.04(2)
CORE SPRAY 3A SUCTION 9.65 | 17.96 22.10 23.37 14.18
CORE SPRAY 3B SUCTION 6.80 14.31 18.07 18.38 12.12
HPCI PUMP SUCTION 5.00 11.48 14.71 14.77 19.25

(1) FOR ECCS SUCTION HEADER.
(2) EQUATION 11 IS USED IN PLACE OF EQUATION 10.



‘ 7-3.0 SMALL BORE PIPING

An evaluation of each of the NUREG-0661 (Reference 1)
requirements which affect the design adequacy of the
Dresden Unit 3 small bore piping (SBP) is presented in
the following sections. The general criteria used in

this evaluation are contained in Volume 1 of this PUAR.,

The components of the SBP which are examined are
described in Section 7-3.1. The 1loads and 1load
combinations for which the SBP are evaluated are
described and presented in Section 7-3.2. The
acceptance 1limits to which the analysis results are
’ : compared are discussed and presented in Section 7-3.3.
The analysis methodologies used to evaluate the effects
of the 1loads and load combinations on the SBP are
discussed in Section 7-3.4. The analysis results and
the corresponding design margins are presented in

Section 7-3.5.
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7=3.1 Component Description ‘

The SBP 1lines for the Dresden Unit 3 plant unique

analysis (PUA) fall into the following five categories.

1. Small bore piping 1lines which meet the 10%
exclusion criteria

2, Cantilevered lines

3. Small bore piping with flex loops

4., . Other torus extended small bore systems

5, Torus internal small bore lines

Of the 123 small bore lines, 84 initiate from large

bore piping lines that meet the 10% exclusion criteria;

therefore, they are not evaluated. There are 13 1lines
cantilevered from the torus or large bore TAP that are
evaluated. Table 7-3.1-1 provides typical SBP.systems
design data. Figure 7-3,1-=1 shows two typical

cantilever lines.

Several small bore lines are attached directly to the
torus or large bore torus attached piping (TAP).
Evaluation of these systems included a flex 1loop
installed to reduce the effects of torus motion on the
piping systems. Downstream of the flex loop is an

anchor separating the remaining SBP from the effects of
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anchor separating the remaining SBP from the effects of
Mark I loads. Figure 7-3.1-2 shows a typical flex loop

installation.

Several small bore lines range in size from 1" to 2"
Schedule 80, to 2-1/2" to 4" Schedule 40 pipe supported
by rigid struts, rods, guides, and spring supports.
These lines are either attached to the torus or other
large bore lines connected to the torus, and serve a
multitude of functions such as nitrogen purges, RHR
pump bypasses, and HPCI minimum flow returns. Figure

7-3.1-3 provides an example of these lines.

Only one small bore 1line internal to the torus is
analyzed by methods used in the large bore piping

analyses described in Section 7-2.4.

COM-02-041-7 7-3.3
Revision 0O

nutech

ENGINEERS



TABLE 7-3.1-=1

SMALL BORE PIPING - SYSTEM DESIGN DATA

SYSTEM DESIGN DESIGN NORMAL NORMAL
TYPE PRESSURE | TEMPERATURE | PRESSURE | TEMPERATURE
(psi) (°F) (psi) (°F)
CANTILEVERS 350 360 290 245
PIPING 170 285 155 90
FLEX LOOPS 350 350 290 165
COM=-02-041~7
7-3.4
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Figure 7-3.1-1
TYPICAL CANTILEVERED VENT OR DRAIN
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TYPICAL FLEX LOOP INSTALLATION
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TYPICAL SMALL BORE PIPING LINE
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7-3.2 Loads and Load Combinations
The loads for which the Dresden Unit 3 SBP is designed
are defined in NUREG-0661 on a generic basis for all
Mark I plants, The methodology used to develop plant
unique loads for each load defined in NUREG-0661 1is
discussed in Volume 1. The results .of applying the
methodology to develop specific values for each of the
controlling loads which act on the SBP are discussed
and presented in Section 7-3.2.1.
Using the event combinations and event sequencing
defined in NUREG-0661 and discussed in Volume 1, the
governing load combinations which affect the SBP are
formulated. The load combinations are discussed and
presented in Section 7-3.2.2.°
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. 7—3-;2.]. LoadS

The loads acting on the SBP are categorized as follows:

1. Dead Weight Loads

2, Seismic Loads

3. Pressure and Temperature Loads

4, Safety Relief Vvalve Discharge’Loads
5. Pool Swell Loads

6. Condensation Oscillation Loads

7. Chugging Loads

Loads . in Categories 1 and 3 are defined in Section
. _ 7-2.2.1. Table 7-3.1-1 provides further definition of
Category 3 loads for tybical SBP systems, .Category 2
loads are defined in Section 7-3.4.1. Loads in
Categories 4 are defined 1in Category 11 in Section

7_29 2a 1e

Small bore piping attached to the torus experiences
LOCA-induced and SRV discharge-induced? loadings
directly from the torus response to these loads. Small
bore piping attached to large bore TAP lines exper-
iences these loads indirectly, from the response of the

large bore piping to the input response of the torus,
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Not all of the 1loads defined in NUREG-0661 need be

evaluated, since some are enveloped by others or have a
negligible effect on the piping. Only those 1loads
which maximize the piping response and lead to
controlling stresses are examined and discussed. These
loads are referred to as governing loads in subsequent

discussions.

COM-02-041-7
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. 7-3.2.2 Load Combinations

The loads for which the SBP are evaluated are presented
in Section 7-3.2.1. The NUREG-0661 criteria for group-
ing these loads into load combinations are discussed in

Volume 1.

Load combinations specified for the SBP are the same as
those specified for the 1large bore TAP in Table
7-2.,2-4. Several of the load combinations presented in
this table do not result in controlling stresses in the
SBP, and are not evaluated. Load combinations which
contain hydrotest 1loadings are not evaluated since

these loadings have a negligible effect on the small

. bore piping.

The governing 1load combinations for the SBP as
described above have been considered in the analytical

methods described in Section 7-3.4.
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7-3.3 Acceptance Criteria
The acceptance criteria defined in NUREG-0661 on which
the Dresden Unit 3 SBP analysis is based are discussed
in Volume 1. The acceptance criteria follow the rules
contained in the ASME Code, Section III, Division 1,
1977 Summer Addenda for Class 2 piping (Reference 6).
The corresponding service level limits and allowable
stresses are also consistent with the requirements of
the PUAAG and the ASME Code (Reference 5 and 6,
respectively).
The SBP systems are evaluated in accordance with the
requirements for piping systems contained in Subsection
NC of the ASME Code.
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7-3.4 Methods of Analysis

The governing load combinations for which the Drésden
Unit 3 SBP are presented in Section 7-3.2.2, The
methodology used to evaluate the SBP for the effects of

these loads is discussed in Section 7-3.4.1.
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7-3.4.1 Analysis for Major Loads .

The SBP systems are evaluated for the effects of the
loads discussed in Section 7-3.2.1 using several
different methods, depending on the type of system
configuration. A description of methods used for each

type of configuration follows.,

A Cantilevered Drains and Vents: Section 7-3.1 pro-=
vides a description of these systems, which are
shown in Figure 7-3.1-1. A beam model of the
system is used to calculate the natural frequency
using standard beam formulations of the system., A

dynamic load factor is calculated based upon the

calculated system natural frequency and the
predominant loading frequency. An equivalent
static analysis is performed using loads and load
combinations defined in Sections 7-3.2.1 and

7-302920

b. SBP Lines with Flex Loops: Flex loops, shown in
Figure 7-3.1-2, are designed for locations of
large input displacements. The 1loops have
resonant frequencies outside the critical
frequency range of the input motion. An anchor
isolates the remainder of the piping system from

COM-02-041-7 7-3.14 .

. Revision 0

nutech

ENGINEERS




,

the Mark I loads. Since the flex loop orientation
‘ is critical in determining stresses within the
loop, a method for analyzing stress in the loop
for a given location is necessary. To do this,
the coefficient method was developed. Stresses
are determined in the loop when a reference 1load
is applied to each direction of the six DOF's at
the penetration, or loaded point. For the static
case, the reference 1load is defined as a unit
displacement or unit rotation, depending on the
nature of the loading. For the dynamic loading,
the reference load is defined by the motion whose
response spectrum envelops other response spectra
obtained at other locations on the suppression

‘ chamber in terms of frequency content.

C. Instrument Lines and Other ©Piping Systems:
Section 7-3.1 provides a description of the
systems shown in Figures 7-3.1-2 and 7-3.1-3. A
beam model is generated and a frequency analysis
is performed in which all modes of vibration in
the range of 0 to 60 hertz are extracted.
Selected 1lines wunderwent in situ testing to
determine the dynamic characteristics of the SBP
systems. The hammer impact method is used for

excitation during the dynamic test.,. Modal
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The

parameters, i.e., resonant frequencies and modal
damping, are extracted using the multi-degree of
freedom curve fit algorithm. A dynamic 1load
factor is calculated based on the resulting first
natural frequency. An equivalent static analysis

is performed using a finite element model.

specific treatment of each 1load in each load

category identified in Section 7-3.2.1 is discussed in

the following paragraphs.

COM-02-041-7
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Dead Weight (DW) Loads

A static analysis is performed for a unit vertical
acceleration applied to the weight of steel and
the weight of water contained inside the small

bore piping.
Seismic Loads

ao OBE Inertia (OBEI) Loads: A static analysis
~is performed for a 1.0g maximum horizontal
and 0,.185g maximum vertical acceleration
applied to the combined weight of steel and

water in the analytical model.
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b. OBE Displacement (OBED) Loads: A static
analysis is performed for the horizontal and
vertical OBE displacements as defined in the

safety analysis report.

C. SSE Inertia (SSE;) Loads: A static analysis
is performed for a 2.0g maximum horizontal
and 0.370g maximum vertical acceleration
applied to the combined weight of steel and

water in the analytical model.

d. SSE Displacement (SSEp) Loads: A static
analysis is performed for the horizontal and
vertical SSE displacments as defined in the

safety analysis report.
3. Pressure and Temperature Loads

a, Pressure (P P) Loads: The effects of these

[eX4
loads on the SBP are evaluated by using the

ASME Code piping equations.

b. Temperature (TE, TEl) Loads: A static anal-
ysis is performed for the TE and TEl tempera-
ture cases, with the load applied uniformly

to the small bore piping. The temperatures
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applied to the SBP are equal to the maximum .

pipe temperature.

An additional static analysis is performed
for the effects of thermal anchor movements
at the attachment of the SBP to the sup-
pression chamber for normal operating and

accident conditions.
4, Safety Relief Valve Discharge (QAB) Loads

A multiple response spectra analysis is performed

for the loads defined in Section 7-2.2.1.

5. Pool Swell (PSO) Loads ‘

A multiple response spectra analysis is performed

24

for the pool swell 1loads defined in Section

7“202910

6. Condensation Oscillation Loads

A multiple response spectra analysis is performed

for the loads defined in Section 7-2.2.1.
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7. Chugging Loads

a. Pre-Chug (PCHUG) Loads: Post-chug 1loads
bound pre-chug loads. Accordingly, the
analysis results for post-chug are used in
load combinations which include pre-chug

loads.

b. Post-Chug (CHUG) Loads: An equivalent static
analysis is performed for the loads defined

in Section 7-2.2.1.

The methodology described in the preceding paragraphs
results in conservative values for the SBP stresses for
the controlling loads defined in NUREG-0661.
Therefore, use of the analysis results obtained by
applying this methodology leads to conservative

estimates of design margins for the small bore piping.
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7-3.5 Analysis Results
The component descriptions, 1loads, and 1load combina-
tions, acceptance criteria, and analysis methods used
in the evaluation of the Dresden Unit 3 SBP are
presented and discussed in the preceding sections. The
results from the evaluation of the SBP are presented in
the following paragraphs.
Table 7-3.5~-1 shows maximum stresses for a typical SBP
evaluation resulting from ASME Code piping equations
for the controlling load combinations.
In summary, the results show that the SBP is adequate
for the 1loads, 1load combinations, and acceptance
criteria specified in NUREG-0661 (Reference 1) and the
PUAAG (Reference 5).
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Table 7-3.5-1

GOVERNING SMALL BORE PIPING STRESSES FOR

CONTROLLING LOAD COMBINATIONS(l)
LEVEL A { LEVEL B | LEVEL C | LEVEL D
SYSTEM ALLOWABLE STRESS (psi)
TYPE
MAXIMUM STRESS (psi)
CANTILEVERS
PIPING
FLEX LOOPS
(1) DATA TO BE SUPPLIED LATER.
COM-02-041-7
Revision 0 7-3.21




7-4.0 PIPING SUPPORTS
An evaluation of the NUREG-0661 (Reference 1)
requirementé related to the design adequacy of the
Dresden Unit 3 piping supports 1is presented in the
following sections. The general criteria used in this
evaluation are contained in Volume 1 of this PUAR.
The piping supports are described in Section 7-4.1,
The 1loads and load combinations for which the piping
supports are evalpated are described in Section
7-4.2. The acceptance 1limits to which the analysis
results and the analysis methodologies to evaluate the
effects of the 1loads and load combinations on the
piping supports are discussed in Section 7-4.3. The
.analysis results are presented in Section 7-4.4.
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Component Description

External TAP lines are supported by U-=bolts, rod and
spring hangers, rigid struts, guides, anchors, and
snubbers attached to building walls or slabs using
structural steel frames and baseplates or directly to
the main structural steel in the building. Figures
7-2.1-2 and 7-2.1-3 show typical TAP supports outside
the suppression chémber. Torus internal piping is
generally supported by rigid structural steel supports
attached directly to the torus shell or ring girders,

as shown in Figures 7-2.1-5 and 7-2.1-6.

An example of a TAP support outside the suppression
chamber consists of a pipe clamp attached to a rigid
strut, which is welded to a steel base plate anchored
té the building structure with anchor bolts. These
components are designed and qualified by the
manufacturers for specific load magnitudes. For fhe
addition of piping supports and the modification to
existing piping supports, the standard component pipe
support hardware from the following manufacturers
include: rigid struts, clamps, and springs - Elcen
Metal Products Co. and NPS Industries, Inc.; mechanicai
snubbers and clamps - Bergen-Paterson Pipe Support

Corp.; and anchor bolts = ITT Phillips Drill Division,
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Hilti, Inc. and Drillco Services Limited. Typically,
‘ pipe clamps are fabricated from‘ASTM A36 steel plate
which are connected with ASTM A307 carbon steel bolts.
Rigid struts are wusually constructed of ASTM Al06,
Grade B pipe of various diameters and schedules. Base
plates are cut from ASTM A36 carbon steel of various
thicknesses, Anchor bolts are wedge-type or undercut
type and of various diameters and 1lengths. Integral
attachments (lugs, frunnions, and pads) welded to the
pipe pressure boundary are used where necessary to
provide shear resistance between the pipe clamp and

piping or to anchor the piping system.

Torus attached piping supports connected to the torus
‘ . : shell or ring girders inside the suppression chamber
are generally made from ASTM A516, Grade 70 carbon

steel plate and ASTM A516 pipe.
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Loads and lLoad Combinations

The loads for which the Dresden Unit 3 torus attached
piping (TAP) supports are designed are defined in
NUREG-0661 on a generic basis for all Mark I plants,
The methodology used to develop plant unique TAP loads
for each load defined in NUREG-0661 is discussed in

Volume 1.

The 1loads acting on the piping supports outside the
suppression chamber are transmitted via the response of
the piping to loads defined in Sections ’7=2°2.1 and
7-3:2.1. Piping supports inside the suppression
chamber experience these same loads, with the addition
of hydrodynamic impact and dfag loads as defined in

Section 7-2.2.1 for large bore torus attached piping.

Using the event combinations and event sequencing
defined in NUREG—OGGi and discussed in Volume 1, the
governing load combinations which affect the piping
supports are formulated, Table 7-4.2-1 presents the
governiné load combinations. Fof external piping
supports, loads resulting from dynamic events have been
combined using the SRSS method in accordance with

Reference 9.
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Table 7-4.2-1

LOAD COMBINATIONS - TORUS ATTACHED PIPING SUPPORTS

LOAD
COMBINATION LoAD conprrrons ‘1e3+6}
NUMBER
s-1 DW + OL + OBE;
§-2 DW + OL + QAB + QAB
e 1
s-3 DW
5~4 DW + OL + QAB + QAB, + SSE,
s-5 DW + OL + QAB + QRB + PCHUG + PCHUG,
5-6 DW + OL + QAB + QAB, + CHUG + CHUG,
s-7¢2) | pw + oL + QAB ¢ ORB, + SSE; ¢ PCHUG + PCHUG,
s-82) [ DW + OL + QAB + QAB, + SSE; + CHUG + CHUG,
5-9 DW + OL + OBE, + CO ¢ COy
s-1012) low + OL + QAB + QAB, + SSE, + PS + PS_ ¢ VCL
s-11 DH + OL + PSO + PSO, + VCLO
s-12 DW + OL 4 OBE, + TE + THAM + TD + OBEj
s-13 DW + OL + QAB + QAB, + TE 4 THAM + TD + QAB
s-14{2) |pw + oL + qam + QRB, ¢+ PCHUG + PCHUG, + TE, + THAM, + TD,(4) + onp; + PCHUGY,
s-15'2) |pw + oL + Qam + QAB, + CHUG + CHUG, + TE, + THAM, + TD “ QAB_ + CHUG,
s-16!2) |pw + oL+ QaB + QAB, + SSE; + PCHUG ¢ PCHUG, + TE, + THAM, + T0;(4) + QaB + SSE + PCHUG)
s-1702) low + oL + gaB ¢ QAB, + SSE; + CHUG + CHUG, + TE, ¢ THAM, + TD,(4) + QAB, + SSE + CHUG,
s-18 DW + OL + OBE; + CO + CO, ¢ TE, + THAM, + 103(4) + OBE; + COp
s-192) lpw + oL + QaB + QRB + SSE; + PS + PS; + VCL + TE, + THAM, + TDy{4) + QRB + SSE_ + pS
§-20 DH + OL + PSO + PSO, + VCLO TE, + THAM, + T03(4) + PSO) -
§-21 DH + OL + QAB + QAB, + SSE  + TE + THAM & TD + QAB, + SSEp

(1)
(2)
(3)
4)

(5)

(6)

SEE SECTION 7-2.2.1 FOR DEFINITION OF INDIVIDUAL LOADS.

USE THE LARGER OF LOCA AND SSE COMBINED BY THE SRSS METHOD OR LOCA AND OBE COMBINED ABSOLUTELY.
THE MOST SEVERE COMBINATION OF STATIC LOADS MUST BE CONSIDERED.

USE THE TDl, TDZ,.OR 'l‘D3 CASE; WHICHEVER IS MOST SEVERE.

APPLICABLE TO NON-WATER LINES ONLY (HYDROTEST LOAD).

DYNAMIC LOAD COMBINED BY SRSS (REFERENCE 9) FOR SELECTED SUPPORTS.




Methods of Analysis ‘and Acceptance Criteria

Pipe supports are evaluated using standard linear
elastic structural analysis methods. Hand calculations
or standard structural analysis computer programs are
used. The resultant component forces and/or stresses

are compared to their respective allowable values.,

Standard component allowables for Levels B, C, and D
service 1limits are supplied by the manufacturer.
Allowables for structural membérs, base plates, and
welds are defined in Subsection NE or NF of the ASME
Code, Section III, Division I, up to and including the
1977 Summer Addenda and in NUREG-0661. The application

of these allowables is as described in Table 7-4.3-1.

Anchor bolt allowables are based on manufacturer's test
data in accordance with IEB-79-02 requirements and the
American Concrete Institute (AéI) Standard ACI-349-80
(References 10 and 11, respectively). Base plate
flexibility and shear-tension interaction are

considered in the anchor bolt‘evaluation.

Integral attachments are evaluated by adding the local
stresses in the pipe from each load combination to the

corresponding pipe stress load combination listed in
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Table 7-2.2-4. Allowable stresses are given in Table
7-2.3-1. Local stresses are generally calculated using
methods described in Welding Research Council Bulletin
WRC-107 and in ASME Code Case N-318 (References 12 and

13, respectively).
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Table 7-4.3-1

PIPE SUPPORT ALLOWABLES

LOAD(3) SERVICE LIMITS SERVICE LIMITS
COMBINATION | STRUCTURAL COMPONENTS STANDARD COMPONENTS

s-1
§=2 B B
s-3
S-4
S-5 c o
S-6
s-7
S-8
5-9 D D
S~10
s-11
s-12
S-13
S-14
s-15
S-16
S-17
S-18
s-19
$-20
s-21

3 x 812 D

(1) LIMITS APPLY TO THE RANGE OF STRESS. COMPRESSIVE STRESS
NOT TO EXCEED 2/3 OF THE CRITICAL BUCKLING STRESS.

(2) PEAK VALUE OF THE RANGE OF STRESS APPLIES TO ANCHOR BOLTS.
(3) SEE TABLE 7-4.2-1 FOR DEFINITION OF THESE LOAD COMBINATIONS.
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‘- 7-4.4 Analysis Results

New pipe supports and modifications to existing pipe
supports were designed and analyzed to satisfy the
acceptance criteria of Section 7-4.3. As a result, the
design of the TAP supports for Dresden Unit 3 is
adequate for the loads, load combinations, and
acceptance criteria 1limits specified in NUREG-0661

(Reference 1) and the PUAAG (Reference 5),
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‘ 7-5.0 EQUIPMENT AND VALVES

An evaluation of each of the NUREG-0661 (Reference 1)
requirements which affect the design adequacy of the
Dresden Unit 3 equipment and valves is presented in the
following sections. The general criteria used in this

evaluation are contained in Volume 1 of this PUAR.

The components of the equipment and valves which are
examined are described in Section 7—5.l=' The loads and
load combinations for which the equipment and valves
are evaluated are described and presented in Section
7-5.2. The analysis methodologies used to evaluate the
‘ effects of the loads and 1load ' combinations on the
equipment and valves and the acceptance limits to which
the analysis results are compared are discussed 1in
Section 7-5.3. The analysis results are presented in

Section 7=5.4.
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Component Description

The torus attached piping (TAP) systems 1include
equipment and valves. Three torus external TAP systems
required analysis up to connections to pumps and a
turbine. -All valves included in the piping analytical
models as described in Section 7-2.4.1 are considered
in this evaluation. Strainers attached to torus
internal piping systems are also included in the
equipment evaluation. The principal valve
manufacturers are Crane (gate, globe, and check valves)
and Pratt (butterfly valves). Valve operétor types
include Bettis air operators and Limitorque motor

Operators.
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‘ 7-5.2 Loads and Load Combinations

The loads acting on the valves, valve operators, and
equipment nozzles are caused by the response of the
torus attached piping system to the loads defined in
Sections 7-2.2.1 and 7-3.2.1. These components of the
TAP systems are evaluated for those loading conditions
resulting from hydrodynamic responses of the torus due
to LOCA and SRV discharge events, as generically

defined in NUREG-0661.

Equipment nozzle connections are modeled as anchors, as.
described in Section 7-2.4.1. Stresses on eguipment
nozzles and the weakest section of the yoke are
' computed using the governing load combinations listed

in Table 7-2.2-4.
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7-5.3 Methods of Analysis and Acceptance Criteria

- 7-5.3,1 Equipment

Since all equipment nozzle piping stresses for these
load combinations meet the 10% rule of Section 6.2.b of
the PUAAG (Reference 5), no further evaluation of

equipment nozzles is performed.
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‘ 7-5.3.2 Valves

Check valves and manual valves are modeled 1in the
piping analysis as piping elements, with increased
stiffnesses and masses to represent the properties of
the valve body. Lumped mass models are included in the
piping analysis to represent valves with actuators,
with the valve operator mass lumped at the center of
gravity. For these valves, the stiffness and mass of
the valve body and stem are considered, along with the
eccentricity of the valve operator. Stresses are
computed at the weakest sections of the yoke for each

dynamic load combination given in Table 7-2.2-4.
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7-5.3.3 Acceptance Criteria for Valves

a. Operability requirement:

The stresses in the valve body and the actuator

components will not exceed the yield stress at

temperature.

b. Functionality requirement:

In accordance with Section 4.3.4 of NUREG-0661, no
additional functionality requirements must be
satisfied if the operability criteria of Service

Level A and B limits are met.

The results of the analysis of valves in TAP systems

are presented in Section 7-5.4.1.
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. 7-5.4 Analysis Results

7-5.4.1 Valves

All active valves in TAP systems are evaluated for yoke
stresses according to the loads and load combinations
listed in Table 7-2.2-4. For Dresden Unit 3, all the
active valves' yoke stresses are below Service Level A
and B limits; thus, all the active valves meet the

operability and functionality requirements.
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‘ 7-6.0 SUPPRESSION CHAMBER PENETRATIONS

An evaluation of the NUREG-0661 requirements which
affect the design adequacy of the Dresden Unit 3 torus
attached piping TAP penetrations is presented in the
following sections. The general criteria used in this

evaluation are contained in Volume 1 of this report.

The components which are analyzed are described 1in
Section 7-6.1.  The loads and load combinations for
which the penetrations are evaluated are described and
presented in Section 7-6.2. The acceptance limits to
which the analysis results are compared are discussed
. and presented in Section 7-6.3. The analysis method-
ology used to evaluate the effeéts of the loads and
load combinations on the penetrations, including
consideration of fatigue effects, is discussed in
Section 7—6;4. The analysis results are presented in

Section 7-6.5.
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. :.component Description .

The . large bore piping suppression chamber penetrations

evaluated in this section are-numbered and located as

-shown . in Figure 7-1.1-1. The principal components of

the penetrations are the nozzles and the insert plates,
as shown in Figure 7-6.1-1. The nozzle extends from

the outer circumferential pipe weld through the insert

‘plate to the 1inner circumferential pipe weld or
.- -flange. The insert plate provides local reinforcement
-of  the suppression chamber shell near the penetration.

: .Additional reinforcing is provided for many penetra-

tions, as shown in Table 7-6.1-1 and Figures 7-6.1-2

through 7-6.1-4.

Radial penetrations are aligned radially with the
suppression chamber segment and are symmetrical about
their centefline, as shown in Figure 7-6.1-3. Slightly
non-radial penetrations are aligned parallel to the
horizontal or vertical centerline of the suppression

chamber segment and are slightly offset. Non-radial

penetrations are aligned parallel to the suppression

chamber vertical centerline, producing an oblique
orientation with respect to the torus shell, as shown

in Figure 7-6.1-4.
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. Typical penetration réihféfc;e,meht':‘-i modificdations’ - are
shown in Figures 7-6.1-2' through 7-6.1-4. The
modificétibné-ihélﬁde‘pipe'sectibn whiéh aferinstallea
as sleeves to reinforce the penetration nozzles.
Sﬁpport”armsAextend radially from the:pipe“sleeves'to

pad plates attached to the suppression chamber shell.

Each penetration modification is designed to allow the
penetrations to sustain TAP reaétion loads produced by
suppression chamber motions due to normal loads and
hydrodynamic loads while kéeping- component stress
intensities below the allowable values specified 1in

Reference 6.
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Table 7-6.1-1

PENETRATION GECMETRY AND REINFORCEMENT SCHEDULE

EXTERNAL
PENETRATION ngiﬁgggiog'?* REINFORCEMENT REFERENCE FIGURE
NOMBER (INCHES) SUPPORT ARMS
X=301A-F 30 NO 7-6.1-1
X-302A-F 24 NO 7-6.1-1
AR 20 YES 7-6.1-3
X-304 20 NO - 7-6.1-1
X-310A, B 14 YES 7-6.1-4
X-311A, B 6.625 YES 7=-6.1-4
X-312 2.375 NO 7=-6.1-=1 .
I 16 vES 7-6.1-3
X-318 18 NO 7-6.1-1
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7T=6.2 Loads and Load Combinations

The loads for which the Dresden Unit 3 suppression

chamber penetrations are evaluated are defined in

- -. ,/l“‘ . : ’:""‘ "T

NUREG—0661 on."a’"genieric basis for all Mark I plants°

The methodology used to develop plant unlqheaﬂtofis

Ry a
(—J

attached p1plng reactlon loads for eachepenetratlon is

u

discussed~ 1n Sectlon 7 2 O. B The resultsfofwabp&yfng

N

the“‘controlllng reactlon loads whlch act on the

penetratlons are dlscussed in Sect1on 7-6.2.1.

‘Using the.'event combinatjions and event sequencing
defined in NUREG-0661 and discussed in Volume 1, the

" governing load combinations which affect the penetra-

tions are formulated.  The load combinations are.

discussed and presented in Section 7-6.2.2.
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The "~ ‘Ioads - “ac¢ting “““6A>%‘the’ I suppression chamber

penetrations are categorized as follows:

. rpr e T R .t ' PR R .
M s PTE I < T '..k: Lo T 1 oy F-arE SN [ > o
et = VTt r

g =238 I3 47 'Bead ‘e ight Ebadenitr il gt

R L IS -

7. géfamic ‘Loads

noLSsser L2300 pregguré and- Temperature Loads” (7
A w4l ?TOperating Loads - - - 2
Ayoa F $

tuP5,"7lgtatid’ Torus Displacement Loads
oS CRER DT ééfeﬁy“ﬁelief’Vélve7Diéchargé Loads™
S de BEDET fent Cledring Loads:
ei bmieuloalig fﬂPOSl?@well'Loads

9, Condensation Oscillation Loads

10. Chugging Loads

ot a en

€3 @57, ‘Tords-Motion Loads™

s oan L M ey PN
! HR t [

=I5 G7.eNfpaads in the above categories include those acting on
-“tofus "attached piping discusséd in Section 7-2.2.1 and

those acting on the torus shell discussed in Volume 2.

Loads acting directly on torus attached piping systems

result in reaction locads on the penetrations. Loads

acting directly on the torus shell result in suppres-

sion cﬁamber motions. The suppression chamber motions

excite the attached piping systems and produce reaction

loads on the penetrations. In addition, loads acting
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directly on the torus shell produce initial, stresses in

the shell and insert plate, which are included in the

1 ~.evaluation as..discussed .in Section 7-6.4.. -
e Y T AR S L O G

The reaction 1loads used in the suppression chamber
penetration evaluation,for each.load category are taken
from the TAP system evéluat;onjppesgnteqiin_Sections
7-2.4 and. 7-2.5. :TheA»cqmpongp;sujgf' these reactioﬁ
loads at the penetratioqs'consisgﬁpggghe max imum forces
and moments acting on, - the. penetration »nozzle boﬁh
inside anq outside phejhsupprggsign‘ chgmber. The
reaction loads include the coupling effects of the TAP
system and the sUppression Jchqmber :as discussed in

Section 7-2.4. e e e

v ERF B
' - PR 4 IR

‘Maximum torus operatingdpempeqatuggﬁand pressure values
are used in the analysis of the penetrations. These
- values are taken from .Reference .3 and, envelop the

maximum operating pressures and .temperatures.

! Rr 1
T 4 > ~ 3 >
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7 -6. 2 2 Load Comblnatlons T '\":'\':’.:_"' ‘

The..loads..for..which the suppression chamber penetra—

MBI ' AN UAD U . a3 oA T

"5t10ns are é&aLanqg”are\presented in Secthn 7= 6 2 1.

sl
] , -]
:
2

ThewgeneralmNuREGMQ56

crlterla for grouplng the loads

UM S0 A PN AL S e, BRI RERZENG T D i e ~ N

1,5

R e e g
€

-?. '|_ \

[..

- ’\:1-7\‘—\

i

f ;
ﬁﬂb 1oad comblnatlons are dlscussed in Volume 1.
al

I Jdoad comblnatlons\ for_~each event =need to: be

examlned, ' Since many are ‘envelopéd bY others which
P‘o.sw.&-— TR AT T . Weg e .,-.,,‘_._., .,-'\ A ) ) ;7 |
_ contaln ‘the’ same‘or addltlonarfloads.»~qable 7=6.2-1
; = sﬁéwgi-'thé Zg0venningﬁiiload ,;combinatipn$ _,used { in
' I
bmwumﬁmﬁumm%,evaluathg“;he suppress1on chamber penetratlonS-
P i - -~ v . .z N PR, ) T o o =FJ’
. e ) :
: 2 ! P
; L !
L e v < i s s ennm e e T
- s o N * -
. Lo : !
; : R A A T CE
: ; T t
S e T Tt S VR, - - |
5 - e s ,
. — T
| : o+ e .
. . §E i
} o
; n N
oo Sy T - = .
CEUPS I T . .
- i i i L é‘ - N
T - . o LML R ¥
S 5 A - :
TiToe uTuney ;
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Table 7-6. 2 l

Y

GOVERNING PENETRATION LOAD COMBINATIONS AND SERVICE LEVELS‘

~ ~ o
B> R

Ay

E IR R IO Y s oS

4 LOAD : - _
COMBINATION 7 LOAD COMBINKTIONS(I) e siclis SERVICE
NUMBER | .| ..o .i. ..
|DW + TEl + THAMl ¥ TD(3) ¥ 0L|+
| | » (1 QaB] + | cauc| ¥ QREE| + 168E| ¢4
| N CHUG-14E' [+ |‘ciucy |' ) o22({*QaAB} + | CHUG|+ |- B
i paasg || osE[@)+ | cuuegly, . |
| : WHICHEVER IS HIGHER
| | |ow + TE; + THAM;-+ TD{3)=:¥ oL} -~} -
\ " cnue-iam | 1 QaB|t+ | QaB|i+ 0BE (44 | crUG)|, B
4+ |.cHUGT|. o
i lpw + TE; + THAMl + t(3) + 0L|
| CHUG-27M + | QAB| + |SSE|(5) + |QABg | + C
NN |cauG | +_ .| crHUGT] ,
R (. |Dw + TE]_ + THAMy + TD(3) + oL|
: | P5-15M + | QAB| + |SSE|(3) +-|QaBy| + |PS| e
‘ + | psq|
ps—1am(2) |Dw + TE; + THAM; + TD(3) '+ oL| .
| + |OBE|(4) + | PS| + |PST]|
DW + TE; + THAM; + TD(3) + oL
CO-27M | 1 1 | o
+ | SSE|(3) + |co| + |cog]

(1) SEE SECTION 6-2.2.1 FOR DEFINITION OF SYMBOLS USED IN
LOAD COMBINATION.,

(2) PRIMARY PLUS SECONDARY STRESS INTENSITY RANGE AND FATIGUE

EVALUATION ARE NOT REQUIRED,
(3) TD IS THE MAXIMUM OF TD

17 TD2 AND TD3

(4) OBE IS DEFINED AS OBEI + OBED.
(5) SSE IS DEFINED AS SSEI + SSED.

o
(K‘ COM-02-041-7

Revision 0
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7-6.3

., \;‘.;?

Analysis Acceptance Critéri:

\ L I o N - N1 WV, et boom s sy Lm0 ) L ‘
S IV phidadceptance critériat defindd”ifl' NUREG-0661 are the

3
8 )
1750
e Ty
3

PRIALES

i T
ot T .
LN S S
ey O f R
L.rz Leert
B IS
e L& -
Ny .~.('¢. b

.
Pow ity
e
ol

R
ce e Nl

r

s 4 B

G e -

Y Ry = T R LI =133 P S Ll e B s T3 T ol SES SURE YL SO B
basis” for e “Dresden " ‘Unit’ 3’ suppression chamber

A - AR - P s Vi T SO SRS S VSN 78 S F g R .
penetrations analysis,  Thesé& criterif-aré' discussed in

Volume 1. In general, the acceptance criteria follow

4

“ieRe riiles "éofitained” in~the®AsME Gbde, Référence 6. The

L

: dotresponding’ service”  leveél  1limit§ “fand allowable

~e, : e—i U B PR Y . : iy R ;".'. H [ A S * T .
stfessSes ‘aré* also ' consistent with' the "'requirements of

. .
LI

“ ¢HE ‘ASME'Code and NUREGE0E61. 7T v -

o & -
iV PR B

The suppression chamber penetrations and reinforcing

10 i e PPt A ! e o b ] i) R o
Y modiflications’ are evdluated in* accordance with the

[ T = . v o YR L aaes P Lot e i . .
it pbquitements “for Ciass MC -components” contained in the

© ASME® Colle. ' The'' jurisdictidhal’ “ boundaries for the

. N R Pooe oz s - ey T PR = .
”penetratron’MC components'  are’-deéfined ‘at the inner and

[T O R L gt . Ny R T :
© 7 olter ‘piping/nozzle “circumferential’  welds nearest to

“fhe "suppresSion chamber. 7"

PasTIrasg W VInEtren v 3 : - g o
madeil e U - AR P1- TR L X
2 RS
I A S LK S e Je SN s ot 2l w -
E\jfi dnannd =0 RSN 3 ISR S 2 &1 ! LA g
o R R A e e L, i ) L
ER gL o £y Nl ’
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Methods of Analysis.

» The ;methodology. .used: to .evaluate the penetrations for

‘the .loading condition described inﬁsegtipn 6-6.2.1 is
o4 [ b ERURAN ¥ e (2 S PR B SN

disgussed . in the following paragraphs,
: L I S PR SR i PP H B SRl AR AN IS S

P " .

DY . RN T eTisE Lfd g LRYITLT ) an TN oitEr S

1A¥£ub§ﬁFh? large bore. suppression chamber, penetrations
listed,;in. Table .7-6,1-1 have  bgen .evaluated using

. finite  element model except for Penetrations 301 and

302, which were evaluated using the,methods described

W ALE

in Reference 12.

Ve o ~ . fo -

R A N

Baség ..on -similarigieg‘{in geomegr%qikppqﬁ}gurations of
selegtgd genetration%§Q§§cussedfinH§§§§;Qn;7—6.1, four
analytical models are used to :ggpresgégf a total of
eleven, pengtrations. ., The mechanical and .thermal loads
for eacQ{Jg;oypnlof peqe;yatigpsfﬁ?re4¢§pveloped and
applied to the associated aggly;?gelgﬂmodel. The
allowable stresses for the representative penetrations
are determined at the maximum temperature, as discussed

in Section 7-6.2,

The finite element models of the penetrations consist
of the external and internal nozzles, the insert plate,
a portion of the suppression chamber shell, and for the

reinforced penetrations, the support arms, the pad

ENGINEERS




plates, apd.the

nozzle sleeves.  Thin plate finite
aoie hhgaelementsnare,usedltomeQel,eachwcomponent explicitly.
RIS N S et ioRg T

_.r:.Flgure 7+6.4<1 §how$:§w§xpgga}:genet:atlgn analytical

5, T0Q del -

e eterries ol S e
3 DT OE S V. W LD EY i
[ i,,,.. R INY : Vo e ety ne ot PN "
Pl 2EiE 283 2L e [ - SR BRI

s The entlre 1ehgth of each nozzl is modeled between ‘the

wiwy e opinner..and,. outer. . p1p;ng/qozzle _c;rcymﬁeyentlal welds

e . qDearest. to the suppre551on chamber shell
RS B .~ Loantjse J NL HE
LRI P N A RS T BEVEN ZoLE oyt - 2 RN

sy ﬁh%wRQPEiOQﬂQf the suppre551on chamber shell included

l\:

in the models 1is chosen to m1n1mlze the impact of

TR

boundary effects on the region of stress evaluation.

¢ =~+ s . ..Translational. restraints are imposed at the boundary
E ) L T RS TAYT L TR T N T2 - oo

sy mg;_bgznqde%%ghhthe?suppresqlon chamber shell section of the

\ ’.@O@ﬁ%%gﬁoa @herevigad plates  are attached to the
1 :ﬁ%q,ﬁggedppresglcph)chamb%r,: she}l‘aelemeht ”thicknesses are
. Tws o, n- notaken o as thedieffegtive thlqkneie of the suppression
i 1 . pChamber shell and the, pad plate.
SDRs LGl AadsiErasay (AR I A R SRR AN R SRV
by sy 5 . qhghﬂﬁglmgmTabeolgtesyﬁlgewgf\each_fcrce and moment

‘component for each, reactlon load -case is conservatlvely

applied to the analytical models in a manner which

TR aALF Y e maxlmizeslgeqetpatiqn stresses. . Local thermal effects

L ‘.l

rte v we@ts each}penetrat1on are also evaluated

COM-02-041-7 . .7c6.16
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Ty

“““““ Theimgtress%%ﬁ?iﬁﬁltﬁ%ﬁysﬁpp%essféﬁ chiambér shell and
ﬁ'.lnsert plate due to p1p1ng reattlons ‘%te- added to the
; stresses 1n the suppression cRambér gheTl “due to loads
acting directly on the suppression’jéﬁé‘xﬁber° These
stresses are taken from the suppression chamber
R analysis” ‘results 8i&fussed™ volumé® #%° The stress
et A'hiﬁtEHsities'géfigtﬁéﬁiaﬁﬁémfei:ibad%“ﬁareﬂ“mebined "using
dlrect sdﬁﬁetlon 1n “E&cordanéd with Retetrence 9. The
maximum stress intensities for each penetration
'éémﬁaﬁéﬁﬁ‘ are” daidulafed ‘dnd {ddmpared to stress
i allowables.r : % EOR Cowmovn wAd g
e FERET " , —_— i o
The small bore piping ‘penetrations”’ ‘areé “évaluated in a
T

" manner similar to 'thé ‘above  déscribed procedure. For
tﬂese peﬁetratfohs; ﬁdweverfqé compdtefféode based on
cloSed;fe?m"fsoiat{bns‘“f5F5ﬂbzzTeL%§pe'?attachments to

i éyliﬁﬁriégilﬁéessels is” used.” “Thé ‘‘mechanical and

thermal loads “from” the piping &nalysis~4re applied to
the nozzles. The maximum stress intensities for each
'penetretﬁén:éomﬁopeht are’ then "catcuilated and compared
““to thé allowablé strdsses, & - Lo

SE . P RO I e B -

=fsti§he"ﬁeffeétsylf6r ‘the 'penefraftion "“with the highest

stréss levels and maximum’'léading‘icyclés -dre evaluated.
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The number of stress cycles and load cycles for each

loading case 1is established usindi the suppression
f, ;
chamber analysis results presented 'in Reference 10.

The alternating stress intensitpﬁfofﬁeach loading is

/- .-.,

then calculated. Fatigue strength rpdyctlon factors of

{
2.0 for major component stresses'andf4%0 for component

weld stresses are consevvatlvely u‘edeg The governing

b
e

3

cumulative fatigue/fUSagej féctof ] determlned by

Ll

Revision O v Lo o
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Figure 7-6.4-1
SUPPRESSIQN C@AMBER»REINFORCED PENETRATION-

TYPICAL FINITE ELEMENT MODEL




7-6.5 Analysis ResuIE%;;

COM-02-041-7 ‘;25;6;20 e /
Revision 0O }

comblnatlons, aécéptance

qkmandmanaly51s methods used in_the evaluation

R

o AT W o L KR M e D SRR R - AU PRI a1

.}usappnessmon chamber penetratlons

i{'-
gectlons.

:r

“.‘- .
i A I

found to be within the specified allowable limits.

The cumulative fatique usage factors for the
controlling components and welds are within the

acceptable fatigue usage factor of 1.0.
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Table 7-6.5%E

e M L e B

"PENETRATION EVALUATION STRESS SUMMARY

CHUG-14E

) CHUG—14M

SL R

L STRESS IVTENSITY

MAXIMUM |~ LE
(ksi).

B IMAXTMUMA

(ksi)

éﬁﬁMIT
,(ksi)

o CQNTAINMENTA
" ~ |, ,COMPONENT
;7 i 5 5 7x:y‘-éi:i"é
[rorus
INSERT PLATE
3 B N S Ty
e : ' L Tk _::_j;“ )
PAD_
i W!STIFFENER'
('Noier

“6‘3-50 e T

f 38, 40 '

17 65 7o

52. 70

xrw.'

60 70

I I ”l 7"‘50 JOWE £ 0N

28.95

| 28.95

(1)

L

COM-02-041~7
Revision 0
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R THESE .THO LOAD .CASES .BOUND ALL OTHERS EVALUATED
. el f 0 .- POR THESE BENETRATI@Ns: (SEE #EABLE , 76 2-r1)
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\ crasamme v e

ORI, 0T " B 1557 et

L g T@RUS

INSERT' 7,281 I5.3

1438 5 28495 rnd
‘ﬁmzﬁ

el At %.—.»_-n -+

8.54) 28 95

2 T AT ey | T T

9°72' 22.65

x-3lo nezmwmu& ~ FgIET™]

SRS KPR YRE I VORE tE o

X-3ll NOZZLE

‘ WAGON WHEEL

AND GUSSET PLATE[ . x| .

2.62° | 28.95

e s

(lj- THESE “TWO " 1OKD CASES“B@UND‘ALL OTHERS EVALUATED
FOR THESE PENETRATIONS (SEE TABLE 7= 6 2~ l)
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' STRESS INTENSITY i

:

A CesT).

HLIMIT” /]

MAxIMUMi~

”%JENSE?T%PLﬁTEi
PhPAD | mea

{ STIFFENER"

19,5778

B

2840
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A Gfedmo |

14189 i s3v80
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.5-5
- BENETRALION

' MAXIMUM
| (ksi) |

fone m> oo Eoe roe

15.2o'gfaﬂ»

W

22| ENSERT - PLATE

J 1454277425380

L weani A i

g|pAp. ek sy doowme | WA |/

sefsmierenes; |

i
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