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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. In 

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 

acceptance criteria. The Dresden Units 2 and 3 PUAR is composed 

of the following seven volumes: 

o Volume 1 - GENERAL CRITERIA AND LOADS METHODOLOGY 

0 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 

COM-02-041-7 
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0 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. 

Volume 5 has been prepared by Sargent and Lundy (also acting as 

an agent to Commonweal th 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 • 
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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 SUMMARY 

Scope of Analysis 

Summary and Conclusions 

0 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 
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0 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 overiiew 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 loads and load 

combinations to be addressed, a description of the 

piping components or penetrations affected by these 

loads and load combinations, the methodology used to 

COM-02-041-7 
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evaluate the effects of the loads and load combina-

tions, and the evaluation results and acceptance limits 

to which the results are compared to ensure that the 

design is adequate • 
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---------------

7-1.1 Scope of Analysis 

The general criteria presented in Volume 1 are used as 

the basis for the Dresden Unit 3 TAP and suppression 

chamber penetration evaluations described in this 

reporte 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 lists the large 

bore TAP systems and the associated penetrations. 

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

on the torus. 

The LOCA and SRV discharge loads used in this evalua-

tion are formulated using procedures and test results 

which include the' effects of the plant unique geometry 

and operating parameters contained in the Plant Unique 

Load Definition (PULD) report {Reference 3). Other 

loads and methodology which have not been redefined by 

COM-02-041-7 
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NUREG-0661, such as the evaluation for seismic loads, 

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 

COM-02-041-7 
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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) • 
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Table 7-1.1-1 

IDENTIFICATION OF LARGE BORE TORUS ATTACHED PIPING SYSTEMS 

AND ASSOCIATED PENETRATIONS 

SYSTEM 

ECCS SUCTION HEADER 

VACUUM RELIEF 

LPCI TEST LINE AND 
SPRAY HEADER DISCHARGE 

FROM PUMPS 3A/3B 

LPCI TEST LINE AND 
SPRAY HEADER DISCHARGE 

FROM PUMPS 3C/3D 

HPCI TURBINE EXHAUST 

PRESSURE SUPPRESSION 

CORE SPRAY 3A DISCHARGE 

CORE SPRAY 3B DISCHARGE 

LPCI PUMP 3A/3B SUCTION 

LPCI PUMP 3C/3D SUCT+ON 

CORE SPRAY 3A SUCTION 

CORE SPRAY 3B SUCTION 

HPCI PUMP SUCTION 

COM-02-041-7 
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PENETRATION DESIGNATION OF 
LINE ATTACHED NUMBER TO PENETRATION 

X-303A,B,C,D 3-1501-24" 

X-304 3-1601-20"-LX 

X-310A .3-1517-14"-LX 

X-311A 3-1516-6"-LX 

X-310B 3-1522-14"-LX 

X-311B 3-1521-6"-LX 

X-317 3-2306-].6"-LX 

X-318 3-1603-18"-LX 

CONNECTING TO LPCI 
TEST LINE WITH 3-1406-8"-LX 

PENETRATION X-310A 

CONNECTING TO LPCI 
TEST LINE WITH 3-1409-8"-LX 

PENETRATION X-310B 

CONNECTING TO ECCS 3-1502-24"-LX 
SUCTION HEADER 

" 3-1507-24"-LX 

" 3-1401-16"-LX 

" 3-1402-16"-LX 

" 3-2302-16"-LX 
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Figure 7-1.1-1 

LARGE BORE TAP PENETRATION LOCATIONS IN TORUS -

PLAN VIEW 
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7-1.2 summary and Conclusions 

An evaluation of the Dresden Unit 3 large 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 loadings which are postulated to "_"_occur 

during small bas is ace ident (SBA) , intermediate bas is 

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 absolute sum (ABS) of the 

square root of the sum of the squares (SRSS). Results 
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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. 
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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 which the piping systems are evaluated 

are described and presented in Section 7-2.2. The 

acceptance limits to which the analysis results are 

compared are discussed and presented in Section 7-2.3. 

The analysis methodology used to evaluate the effects 

of the loads and load combinations on the piping 

systems, including evaluation of fatigue effects, is 

discussed in Section 7-2. 4. The analysis results are 

presented in Section 7-2.5 • 
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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 lines range in size from 4" to 24 11 

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 7-1.1-1 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 is the 

pressure suppression system line. Typical systems 

having both torus external and internal piping are the 

high pressure coolant injection (HPCI) turbine exhaust 

·.line and the LPCI test line. 

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 located 

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

of the penetrations are the nozzles, the insert plates, 

and the "spider" reinforcements. The nozzle extends 

from the outer circumferential pipe weld through the 

insert plate to the inner circumferential pipe weld or 

flange. The insert plate and "spider" . provide local 

reinforcement of the suppression chamber shell near the 

penetration. 

Each penetration modification is designed to allow the 

penetrations to sustain TAP reaction loads produced by 

suppression chamber motions due to normal loads and 

hydrodynamic loads, while keeping component stress 

intensities below the specified allowable values. 

Sufficient similarities exist in the penetrations 
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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 lines typically extend up to the 

building slab at an elevation of 517' -6". However, 

some lines extend up to slabs at elevations of 545 1 -6 11 

and 588 1 -0 11
• 

The external piping is supported by hangers, rigid 

restraints, guides, and snubbers attached to building 

slabs or walls, or to main structural steel in the • building. Figures 7-2.1-2 and 7-2.1-3 illustrate 

typical pipe supports outside the torus. Other 

components on these lines are valves and standard pipe 

fittings. Valve types are gate valves, swing check 

valves, and nozzle type relief valves. 

Smaller lines branching off the large 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 Sect ion 7-5. O. 

The suppression chamber penetrations are described in 

section 7-6.0. 
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~TAP LINE 
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INTERMEDIATE 
STEEL FRAMING 

STRUT 

Figure 7-2. 1-2 

TYPICAL TAP SYSTEM SUPPORT OUTSIDE TORUS 

ATTACHED TO MAIN STEEL 
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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) Short penetration nozzles projecting inside the 

torus. Typical example of this type of configura-

tion is the suction header which penetrates the 

lower half of the torus. The suction header has a 

strainer connected to its inner nozzle flange. 

Figure 7-~.1-4 shows a typical suction header 

penetration and strainer • 

b) A short segment of piping inside the torus, 

supported by rigid struts attached to the torus 

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

c) A long length of pipe running through more than a 

single torus bay and supported at 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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TORUS SHELL 

Figure 7-2.1-4 

TYPICAL SUCTION STRAINER PENETRATION 
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REINFORCEMENT 
BEAM ASSEMBLY 

PLATE STRUTS 
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PIPE ATTACHMENT 
BRACKET ASSEMBLY 

TORUS SHELL 

Figure 7~2.1-5 

TYPICAL TAP SYSTEM SUPPORT INSIDE TORUS 
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8 7/16" 
(REF) 

'f. TORUS· 
I RING GIRDER 

REINFORCEMENT 
PLATE 

SPRAY 
HEADER <t----
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12'-6" 
(REF) 

Figure 7-2 .1-6 

U-STRAP 

TYPICAL TAP SYSTEM SUPPORT 

INSIDE TORUS ATTACHED TO RING GIRDER 
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7-2.2 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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7-2.2.l 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.n;:i rl s 

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 
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conditions. Loads in 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 loads which cause the maximum piping 

response and lead to controlling stresses are examined 

and discussed. The loads are ref erred 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 l where the loads are dis cussed 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. 

COM-02-041-7 
Revision 0 7-2.16 

• 

• 

• 
nutech 

ENGINEERS 



• 

• 

• 

1. 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. 

2. Seismic Loads 

COM-02-041-7 
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a. 

b. 

OBE Inertia ( OBE 1 ) Loads: These loads are 

defined as the horizontal and vertical accel-

erations acting on the TAP during an operat-

ing bas is earthquake ( OBE). The loading is 

taken from the design basis for the piping as 

documented in the safety analysis report. 

Horizontal and vertical acceleration 

coefficients at two different elevations 

which repr~sent piping? attachment points are 

utilized for the N-S and E-W direction OBE 1 

inputs. 

OBE Displacement (OBED) Loads: These loads 

are defined as the maximum horizontal 

relative seismic displacements at the piping 
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3. 

COM-02-041-7 
Revision 0 

attachment points during an operating bas is 

earthquake. The loading is taken from the 

design basis for the piping, as documented in 

the safety analysis report. 

c. SSE Inertia (SSE 1 ) Loads: The horizontal and 

vertical SSE1 loads specified in the SAR are 

twice the corresponding OBE 1 loads. 

d. SSE Displacement Loads: The 

horizontal relative seismic displacements at 

the piping attachment points during a SSE are 

twice the corresponding OBED loads. 

Pressure and Temperature Loads 

a. Pressure (P0 , P) Loads: These loads are 

defined as the maximum operating internal 

pressure ( P 
0

) and design condition pressure 

(P), in the torus attached piping. Table 

7-2.2-2 lists values of P0 and P used in the 

analysis. 

b. Temperature (TE, TE 1 ) Loads: These loads are 

defined as the thermal expansion (TE) of the 

piping associated with temperature changes 

• 

• 
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occurring during normal operating conditions, 

and the thermal expansion (TE 1 ) of the piping 

associated with temperature changes occurring 

during accident conditions. Table 7-2.2-2 

lists pipe temperatures for TE and TE1 used 

in the analysis. 

Effects of thermal anchor movements at the 

torus penetrations and at torus support 

locations are also included in the analysis. 

The pi]:.llny thermal anchor movement l or:HHngs 

are categorized and designated as follows: 

1. THAM Piping thermal anchor movement 

during normal operating condi-

tions (NOC) , and 

2. THl\.Ml - Piping thermal anchor movement 

during accident conditions. 

4. Operating (OL) Loads 

COM-02-041-7 
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These loads are defined as line operating thrust 

loads due to discharge of piping contents inside 

the torus. The loads are applicable to the HPCI 

turbine exhaust, and the LPCI test lines . 
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5. 
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Static Torus Displacement Loads • 
a. TD These are the torus displacements 

due to normal operating pressure, 

weight of the torus itself, and the 

weight of water in the torus. 

b. 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. 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. These are the torus displacements 

due to torus internal pressure 

during OBA conditions, weight of 

the torus itself, and to the weight 

of water in the torus. 

• 
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6. 
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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 of a SRV discharge 

event, the submerged TAP and supports are 

suh.jP.r.tArl to transient drag pressure loads. 

The procedure used to develop the transient 

forces and spatial distribution of these 

loads is discussed in Volume 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 
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results evaluated determine the are to 

controlling loads. • 
7. Vent Clearing Loads 
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These loads are defined as the transient pressure 

loads acting on the submerged portion of TAP and 

supports during the water and air clearing phase 

of a DBA event. 

a. Vent Clearing ( VCL) Loads with /1P = 1. 0 psi 

1. LOCA Water Jet Impingement Loads: During 

the water clearing phase of a DBA event, 

the submerged portion of the TAP and • 
supports are subjected to transient 

impact and drag pressure loads. The 

procedure used to develop these transient 

drag forces is discussed in Volume 1. 

2. LOCA Air Bubble Drag Loads: During the 

air clearing phase of a DBA event, the 

submerged 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. • 
nutech 
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b. Vent Clearing (VCLO) Loads with ~P = 0.0 psi 

1. Loca Water Jet Impingement Loads: These 

loads are the same as Load Cases 7. a. 1, 

except the ~P 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 ~ is equal to 0. 0 psi. 

8. Pool Swell Loads 
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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 ~P = 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 • 
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b. 

2. 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 is 

discussed in Volume 1. 

3. 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 bf' = 0.0 psi • 
1. Impact and Drag Loads: These loads are 

the same as Load Case 8.a.l, except 

the f).P is equal to 0. 0 psi. 

2. Froth Impingement Loads: These loads are 

the same as Load Case 8.a.2, except 

the bf' is equal to 0. 0 psi. 

3. Pool Fallback Loads: These loads are the 

same as Load Case 8.a.3, except the f).P is 

equal to 0.0 psi. • 
7-2.24 nutech 

ENGINEERS 



• 

• 

• 

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 loads due to torus fluid-structure 

interaction (FSI). 

10. Chugging Loads 
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a • 

b. 

Pre-Chug (PCHUG) Loads: These loads are 

defined as single harmonic drag loads, 

including acceleration drag loads 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. 

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 
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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 is 

discussed in Volume 1. 

11. Torus Motion Loads 
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These loads are defined as the inertia and dis-

placement effects at the TAP attachment points on 

the suppression chamber due to loads acting on the 

suppression chamber shell. 

a. SRV Torus Motion Loads: • 
1. These are the inertia effects 

of torus motions due to SRV 

T-quencher discharge loads. 

2. QABn These are the displacement 

effects of torus motions due 

to SRV T-quencher discharge 

loads. 
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b. Pool Swell Torus Motion Loads: 

1. Pool Swell (PS) Loads with ~P = 1.0 psi 

a. These are the inertia 

effects of torus motions 

due to pool swell loads. 

b. These are the displace-

ment effects of torus 

motions due to pool 

swell loads • 

2. Pool Swell (PSO) Loads with ~P = 0.0 psi 

a. PS Or These loads are the same 

as Load Case 11.b.l.a, 

except the ~P is equal 

to 0. 0 psi. 

b. These loads are the same 

as Load Case 11.b.l.b, 

except the 6P is equal 

to 0.0 psi. 
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c. Condensation Oscillation Torus Motion Loads: • 
1. These are the inertia effects 

of torus motions due to CO 

loads. 

2. These are the displacement 

effects of torus motions due 

to CO loads. 

d. Pre-Chug Torus Motion Loads: 

1. PCHUG 1 - These are the inertia effects 

of torus motions due to pre- • chug loads. 

2. PCHUGo - These are the displacement 

effects of torus motions due 

to pre-chug loads. 

e. Post-Chug Torus Motion Loads: 

1. These are the inertia effects 

of torus motions due to post-

chug loads. 
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2. CHU GD These are the displacement 

effects of torus motions due 

to post-chug loa9s • 
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Table 7-2.2-1 

TORUS ATTACHED PIPING LOADING IDENTIFICATION 

CROSS-REFERENCE 

LOAD DESIGNATION REFERENCE l 

CATEGORY CASE NUMBER SECTION NUMBER 

DEAD WEIGHT 1 1-3.1 

SEISMIC 2a,2b,2c,2d 1-3.1 

PRESSURE AND 
3a,3b 1-3.1, 1~4.1.1 TEMPERATURE 

NORMAL 
4 1-3.l OPERATING 

STATIC TORUS 
Sa,Sb,Sc,Sd 1-3.1, 1-4 0 1.1 · DISPLACEMENT 

SRV DISCHARGE 6a,6b 1~4.2.2, 1-4.2.4 

VENT CLEARING 7a,7b,7c,7d 1-4.1.5, 1 00 4.1. 6 

• 

• 
POOL SWELL 

8a,8b,8c,8d, 
1-4 0 1. 4 0 2, 1-4. L 4. 3, 1-4.1.4.4 8e,8f 

CONDENSATION 
OSCILLATION 

CHUGGING 

TORUS MOTION 
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9 

lOa,lOb 

lla,llb,llc, 
lld,lle 

1-4-1. 7. 3 

1-4.1.8.3 

1-4.l, 1-4.2 
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Table 7-2.2-2 

LARGE BORE PIPING SYSTEM DESIGN DATA 

MAXIMUM OPERATING DESIGN CONDITIONS 
NORMAL CONDITIONS 

SYSTEM 
OPERATING 

TEMPERATURE PRESSURE TEMPERATURE PRESSURE TEMPERATURE 
(OF) (psig) (P 

0
) (OF) (psig) (P) (OF) 

ECCS SUCTION HEADER 90 35 165 65 285 

VACUUM RELIEF 90 35 165 65 285 

I.PCJ TEST LINES AND 
SPRAY llEADER DISCHARGE 90 180 150 350 350 

FROM PUMPS 3A/3B AND 3C/3D 

HPCI POT DRAIN CONDENSATE 145 60 145 65 285 

HPCI TURBINE EXHAUST 245 50 295 150 360 

PRESSURE SUPPRESSION 90 35 165 65 285 

CORE SPRAY 3A AND 3B 
90 290 165 350 350 DISCHARGE 

LPCI PUMP 3A/3B AND 90 45 165 65 285 3C/3D SUCTION 

CORE SPRAY 3A AND 3B 
90 45 165 65 285 SUCTION 

HP.CI PUMP SUCTION 90 45 165 65 285 

• 

CONTENTS 

WATER 

AIR 

WATER 

WATER 

SATURATED 
STEAM 

AIR 

WATER 

WATER 

WATER 

WATER 



7-2.2.2 Load Combinations 

The loads for which the TAP systems are evaluated are 

presented in Section 7-2.2.1. The NUREG-0661 criteria 

for grouping the loads into load combinations are 

discussed in Volume 1. 

Table 7-2. 2-3 shows that the load combinations speci-

f ied in NUREG-0661 for each event can be expanded into 

many more load combinations than those shown. However, 

not all load combinations for each event need be 

examined, since many have the same allowable stresses 

and are enveloped by others which contain the same or 

additional loads. Many of the load combinations listed 

in Table 7-2. 2-3 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 governing 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 list of governing load combina-

tions are four combinations which do not result from 

the 27 event combinations listed in Table 7-2.2-3. 

These are: Load Combination A-1 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 loads 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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EVENT COllBIHATIOllS 

TYPE OF EARTHQUAKE 
COHDIHATION NUllDER 

llORHAL 121 
EARTHQUAKE 

SRV DISCHARGE 
TllERHl\L 

LOADS PIPE PRESSURE 

LOCA POOL SHELL 

LOCA COllDEllSATION 
OSCILLATION 

LOCA CHUGGING 

STRUCTURAL ELEHEllT 

ESSENTIAL WITH IPl\/DPA 
PIPUIG 

SYS'fEHS WITH SBA 

HlTll IBA/DUA 
NUllESSEN'flAL 

PIPillG 
SYS'l'EHS 

WITH SPA 

• 
Table 7-2.2-3 

EVENT COMBINATIONS AND ALLOWABLE LIMITS 

FOR TORUS ATTACHED PIPING 

SBA SBA + EO ~BMSR\ SBA f SRV + EO 
&RV IBA IBA + EO lBA+SR\ IBA f snv • EO DBA 

SRV • EO co, co, PS co, 
CH co, CH CH CO,CH Ill CH 

0 8 0 9 0 9 0 9 0 s 
1 2 l • 5 6 1 8 9 10 11 12 ll u 15 16 11 

II x x x x x x x x x x x x x x x x x 
EO x x x x x x x x x x 
SRV x x x x x x x x x 
TA x x x x x x x x x x x x x x x x x 
PA x x x x x x x x x x x x x x x x x 
Pp9 x 

Pco x x x x x x x 

Pen x x x x x x x 
ROH 

10 B B B B B B B B B B B B B B B B B 
Ill Ill 141 141 10 10 10 141 141 10 10 ,41 co 141 141 10 

11 B B B B B B B B B B B B - -
Ill Ill l•I 10 141 141 q1 Ill 1•1 1•1 141 141 

12 B c D D D D D D D D D D D D D D D 
151 151 151 151 151 151 151 151 151 !51 151 ]51 151 151 (51 (51 

ll c c D D D D D D D D D D - -
151 (51 151 151 151 ISi (51 151 151 151 (51 151 

• 

DBA + EQ DBAUR\ DBI\ + SRV + EO 

co, 
PS co, CH PS CH PS co, CH 

0 9 0 & 0 s 0 s 
lB 19 20 21 22 21 24 25 26 27 

x x x x x x x x x x 
x x x x x x x x 

x x x x ·x x 
x x x x x x x x x x 
x x x x x x x x x x 
x x x x x 

x x x 

x x x x x 

B B B B B B B B B B 
1•1 ••• 141 141 141 co 141 141 141 141 

~ 

- - - - - - - - - -
D D D D D D D D D D 

151 (51 151 151 151 151 151 151 151 151 

- - - - - - - - - -



·! ! . 

' 

~ n NOTES TO TABLE 7-2. 2-3 
CD 0 
<: :s: 
I-'· I 
(ll 0 
1-'·N 
0 I (1) REFERENCE 2 STATES "WHERE A DRYWELL-TO-WETWELL PRESSURE DIFFERENTIAL IS NORMALLY 
~ ~ UTILIZED AS A LOAD MITIGATOR, AN ADDITIONAL EVALUATION SHALL BE PERFORMED WITHOUT 
o ~ 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. 

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

(3) REFERENCE 2 STATES 11 AS AN ALTERNATIVE, THE 1. 2 SH LIMIT IN EQUATION 9 OF NC-3652. 2 
MAY BE REPLACED BY 1.8 SH, 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." 

(4) REFERENCE 2 STATES "FOOTNOTE 3 APPLIES EXCEPT THAT INSTEAD OF USING 1. 8 SH IN 
EQUATION 9 OF NC-3652.2, 2.4 SH IS USED." 

~ 
I 
N 

w 
O"I 

(5) 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." . 

(6) 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. 

• • 
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Table 7-2.2-4 

GOVERNING LOAD COMBINATIONS - TORUS ATTACHED PIPING 

NUREG-0661 
LOAD 

COMBINATION 
NUMBER 

A-1 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7< 4 > 

A-8 

A-9 

B-1 

B-2 

.C-1 

C-2 

C-3 

D-1( 7 ) 

D..,2 C7 l 

D-3 

D-4( 7 ) 

D-5( 7 ) 

T-1 (a) 

COM-02-:-041-7 
Revision O 

LOAD COMBINATIONS(l, 5 , 6 l 

P + DW + OL 

TE + THAM + TD + OBEo 

TE + THAM + TD + QABo + SSEo 

TE1 + THAM1 + TD1 or TD2 + PCHUGo + QABo + SSEo 

TE1 + THAM1 + TD1 or TD2 + CHUGo + QABo + SSEo 

TE1 + THAM1 + TD3 + PSOD + QABo + SSEo 

TE1 + 't'~N-~1 + TD3 + COD + OBEo 

TE1 + THAM1 + TD3 + PCHUGD + QABD + SSEo 

TE1 + THAM1 + TD3 + CHUGo + QABo + SSEo 

P0 + DW + OBEI + OL 

P0 + DW + QAB + QABI + OL 

Po + DW + QAB + QABr + SSEI + OL 

Po + DW + PCHUG + PCHUGI + QAB + QABI + OL 

Po + DW + CHUG + CHUGI + QAB + QABI + OL 

Po + DW + PCHUG + PCHUGI + QAB + QABI + SSEr + OL 

Po + DW + CHUG + CHUGr + QAB + QABI + SSEI + OL 

P
0 

+ DW + PSO + PSOI + VCLO 

' Po + DW + PS + PSr + VCL + QAB + QABI + SSEI + OL 

P
0 

+ DW + CO + COI + OBEI + OL 

l. 25P + DW 

7-2.37 

ASME ( 2 ) 
CODE 

EQUATION 

a 
10 ( 3) 

10 ( 3) 

10 ( 3) 

lo(3) 

10 (3) 

10 ( 3) 

10 <3 > 

10 ( 3) 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

8 
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(1) 

(2) 

(3) 

(4) 

( 5) 

(6) 

( 7) 

(8) 

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 CONDITION. 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 

EVENT 
COMBINATION 

NUMBER(ll 

l 

2 

3 

4,5 

6,8,12 

7 I 91 lJ 

lO 

ll 

l5 

l4 

16,lB,22 

19 

17,20,23 

2l 

24 

25 

26 

27 

COM-02-041-7 
Revision 0 

TORUS ATTACHED PIPING 

GOVERNING 
LOAD DISCUSSION 

COMBINATIONS (2) 

B-2, SECONDARY STRESS ~OUNDED 
BY EVENT COMBINATION NUMBER 3. 

c-1 SECONDARY STRESS BOUNDED BY 
EVENT COMBINATION NUMBER 3. 

C-1, A~3 N/A 

IBA BOUNDED BY EVENT COMB INA-
N/A TION NUMBER 15 AND SBA BOUNDED 

BY EVENT COMBINATION NUMBER 11. 

N/A BOUNDED BY EVENT COMBINATION 
NUMBER 14. 

N/A BOUNDED BY EVENT COMBINATION 
NUMBER l5. 

IBA BOUNDED BY EVENT COMBINA-
N/A TION NUMBER l5 AND SBA BOUNDED 

BY EVENT COMBINATION NUMBER 11. 

c-2, C-3 FOR SBA ONLY. IBA BOUNDED BY 
A-4, A-5 EVENT COMBINATION NUMBER 15. 

D-1, D-2 N/A 
A-4, A-5 

D-l, D-2 SECONDARY STRESS BOUNDED BY 
EVENT COMBINA~ION NUMBER 15 

N/A BOUNDED BY EVENT COMBINATION 
NUMBER 24. 

N/A BOUNDED BY EVENT COMBINATION 
NUMBER 25. 

N/A BOUNDED BY EVENT COMBINATION 
NUMBER 26. 

N/A BOUNDED BY EVENT COMBINATION 
NUMBER 27. 

D-4 
SECONDARY STRESS BOUNDED BY 
EVENT COMBINATION NUMBER 25. 

D-4, A-6 N/A 

FOR CO ONLY, DBA CHUGGING 
BOUNDED BY EVENT COMBINATION 

D-5, A-7 NUMBER 14. SECONDARY STRESS 
BOUNDED BY EVENT COMBINATION 
NUMBER 27. 

OBA CHUGGING BOUNDED BY 

/\-8, /\-9 EVENT COMBINATION NUMBER 15. 
EVALUATE FOR SECONDARY 
STRESS ONLY . 

7-2.39 

EVENT 
COMBINATION 

GOVERNING 
BASIS 

(Jb) 

(Jal 

N/A 

(Jb) 

(Jb) 

(Jb) 

(Jb) 

(Jb) 

N/A 

(3a) 

(Jb) 

(Jb) 

(Jb) 

(Jb) 

(3a) 

N/A 

(3b) 

(3b) 
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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 QBE LOADS. 

b. THE GOVERNING EVENT COMBINATION CONTAINS MORE LOADS 
WHILE THE ALLOWABLE LIMITS ARE THE SAME. 
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7-2.2.3 Combination of Dynamic Loads 

The methods used in the analyses for combining dynamic 

loads are based 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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7-2.3 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 including 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 limits 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 

STRESS ASME CODE SERVICE STRESS ALLOWABLE GOVERNING LOAD 
EQUATION VALUE (ksi: COMBINATION TYPE NUMBER LEVEL LIMIT (l, 2) NUMBER (3) 

PRIMARY 8 A LO sh 15.0 A-1, T-1 

PRIMARY 9 B l.2 sh 18.0 B-l, B-2 

PRIMARY 9 B 1.8 sh 27.0 c-1 THROUGH C-3 

PRIMARY 9 B 2.4 sh 36.0 D-l THROUGH D-5 

SECONDARY 10 B LO Sa 22.5 A-2 THROUGH A-9 

PRIMARY 
AND 11 B Sh+Sa 37.5 

SECONDARY 

(1) INCREASED ALLOWABLES AS DEFINED IN NUREG-0661 
(REFERENCE 1) HAVE BEEN UTILIZED FOR PIPING SYSTEMS 

WHICH HAVE BEEN CLASSIFIED AS NON-ESSENTIAL. 

( 4) 

(2) ALLOWABLE STRESS VALUES ARE FOR ASTM Al06, GRADE B MATERIAL 
SINCE THIS MATERIAL IS USED FOR MOST OF THE TAP SYSTEMS. 

(3) GOVERNING LOAD COMBINATION NUMBERS ARE LI'STED IN TABLE 
7-2.2-4. 

(4) SEE ASME CODE, SECTION III, SUBSECTION NC, PARAGRAPH 
NC-3652.3 (REFERENCE 6) FOR COMBINATION OF LOADS . 
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7-2.4 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 used in analyzing the piping 

systems for each loading. 

The methodology used to develop the analytical models 

of the TAP systems is 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 accep2ance 

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 

• COM-02-041-7 
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• 

using ASME benchmark problems. The PISTAR program 

performs static, modal extract ion, 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 

DW 

OBEI 

OBED 

SSEI 

SSED 

Po 
p 

TE 

TE1 

THAM 

THAM1 

OL 

TD 

TD1 

TD2 

TD3 
QAB 

VCL 

PS 

co 
PCHUG 

CHUG 

QABr,QABD 

PSI,PSD,PSOI,PSOD 

COI,COD 

PCHUGI 1 PCHUGD 

COM-02-041-7 
Revision o 

CHUGI 1 CHUGD 

LOAD CASE ANALYSIS METHOD 
NUMBER 

l STATIC 

2a STATIC 

2b STATIC 

2c STATIC 

2d STATIC 

3~ (1) 

3a ( 1) 

3b STATIC 

3b STATIC 

3b STATIC 

3b STATIC 

4 STATIC 

Sa STATIC 

·Sb STATIC 

Sc STATIC 

Sd STATIC 

6a,b EQUIVALENT STATIC 

7a,b EQUIVALENT STATIC 

8a,b EQUIVALENT STATIC 

9 HARMONIC ( 2 ) 

lOa HARMONIC( 2 ) 

lob HARMONIC ( 2 ) 

lla COUPLED DYNAMIC ( 3 ) 

llb COUPLED DYNAMIC( 3 ) 

llc COUPLED DYNAMIC( 3 ) 

lld COUPLED DYNAMIC( 3 ) 

lle COUPLED DYNAMIC ( 3 ) 
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NOTES TO TABLE 7-2.4-1 

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

(2) A DETAILED 
LOADING IS 

(3) A DETAILED 
LOADING IS 

COM-02-041- 7 
Revision o 

(REFERENCE 6) . 

DESCRIPTION OF THE ANALYSIS METHODS USED FOR 
PRESENTED IN SECTION 7-2.4.3. 

DESCRIPTION OF THE ANALYSIS METHODS USED FOR 
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 detail is used to 

accurately represent the dynamic behavior of the piping 

systems for the applied loads. Flexibility and stress 

intensification factors based on the ASME Code, Section 

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 load 

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 piping, 

the entire piping system including the internal 

supports connected to the torus, is included in the 

model. The hydrodynamic mass acting on submerged 

portions of the piping is also included in the model, 

using the methods described in Volume 1. 

Boundary conditions for the piping models at the torus 

consist of the torus penetration and attachment points 

for the torus internal piping supports. The local 

stiffness of the torus is included at these locations 

in the form of six DOF 1 inear springs. 
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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 allowables. 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 • 
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These criteria ensure that omission of the branch line 

will not influence the behavior of the main line. The 

evaluation of the omitted branch 

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 loads, 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 loads due to 

normal and accident conditions. 

l. Dead Weight Loads 

2. Seismic Loads 

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 

COM-02-041-7 
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distributed and concentrated weight loads, 

including insulation and pipe contents, applied to 

the TAP systems • 
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Seismic Loads • 
a. OBE Inertia (OBEI) 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. 

b. OBE Displacement (OBED) 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. 

c. SSE Inertia (SSEI) Loads: Horizontal and 

vertical SSEI analysis is not performed, by 

doubling the results of the OBEI analysis. 

d. SSE Displacement (SSED) Loads: The SSED 

static analysis is performed, by doubling the 

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

a. 

b. 

Pressure Loads: The effects of maximum 

operating pressure ( P
0

) and design pressure 

( P) are evaluated utilizing the techniques 

described in Subsection NC-3650 of the ASME 

Code, Section III (Reference 6). Table 

7-2.2-2 lists the values of P0 and P used in 

the analysis. 

Temperature Loads: A static thermal expan-

sion analysis is performed for the piping 

temperature cases TE and TE 1 , as described in 

Table 7-2.2-2. A static analysis is per-

formed for anchor movement, as described in 

Section 7-2.2, at the torus supports and 

penetrations. 

4. Operating (OL) Loads 
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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 

appropriate TAP penetration location due to torus 

movement induced by normal (TD) and accident (TD1 , 

TD2 , 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. 
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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 

COM-02-041-7 
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a. Water Jet Impingement Loads: Water jet pres-

sure loadings are evaluated by multiplying 

the pressures by the appropriate 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 is the 

maximum DLF for the rectangular pulse jet 

pressure loading. The final analysis results 

are multiplied by a scale factor of 1.5. 

This value is used to account for the effects 

of both multifrequency excitation and 

multimode response • 
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b. Air Bl:lbble 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 load 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 multimode and 

response. • 
7. Vent Clearing Loads 
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a. vent Clearing (VCL) Loads with ~P = 1.0 psi 

1. LOCA Water Jet Impingement Loads: An 

equivalent static analysis method is 

used to apply the LOCA jet loads to 

submerged portions of the piping models. 

For a given jet loading time-history, 

the peak DLF of the structure within the 

• 7-2.58 
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load frequency range (1 to 50 hertz) is 

determined. The equivalent static load 

applied to each segment of piping is 

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) is 

determined. A scale factor of l. 5 is 

applied to the analysis results, as 

described in Load Case 6a. 

b. Vent Clearing (VCLO) Loads with 6P = 0.0 psi 

1. LOCA Water Jet Impingement Loads: These 

loads are the same as Load Case 7. a .1, 

except the ~P 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 tiP is equal to 0.0 psi. 

8. Pool Swell Loads 
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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 .~ = 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 
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piping surface. The load is applied in 

the upward direction most critical to 

the piping within the specified load 

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 lo7. In 

some cases where the impact load 

component does not exist, a DLF of 2. 0 

is utilized to account for the drag load 

component • 

2. 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. 

3. 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 loading 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 l:!,P = 0.0 psi 

1. Impact and Drag Loads: These loads are 

the same as Load Case 8.a.l, except 

the !5.P is equal to 0. 0 psi. 

2. Pool Fallback Loads: These loads are 

the same as Load Case 8.a.3, except 

the t.P is equal to 0. 0 psi. 

The final pool swell loa~ing analysis results for 

each of the above loads are multiplied by a scale • factor of 1.5, as described in Load Case 6a. 

9. Condensation Oscillation Loads 
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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 in 

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 harmonic nodal force time-histories for 

acceleration and standard drag as well as the 

results of a PI STAR mode-frequency analysis for 

each piping system, a steady-state response 

calculation is carried out using the modal 

superposition method. The FSI effect _is also 

considered in the analysis. The FSI effect is 

superimposed on results from the PISTAR mode 

frequency analysis. 

10. Chugging Loads 
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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 loading 

amplitude is ±2 psi, and the loading 

frequency is in the 6. 9 to 9. 5 hertz range. 

The specific frequency chosen for performing 

the piping analysis is the frequency that is 
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b. 

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 is 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 def ini ti on 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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7-2.4.4 Methods of Analysis for Torus Motions 

11. Torus Motion Loads 
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Torus motion loads, as discussed in Section 

7-2. 2. 1, are considered for the analysis of al 1 

torus attached piping systems. This section 

describes the methods of analysis for the 

following torus motion load cases: 

a. SRV Torus Motion (QAB 1 , QABD) 

b. Pool Swell Torus Motion (PS1 , PSD' PSO]:, 

PSOD) 

c. Condensation Oscillation Torus Motion (Co1 , 

COD) 

d. Pre-Chug Torus Motion (PCHUG1 , PCHUGD) 
' 

e. Post-Chug Torus Motion (CHUG1 , 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 following 

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 is 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 time-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 uncoupled torus 

response will engender an amplified response of 

the piping system. However, when the uncoupled 

torus and piping natural modes are nearly 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 

11 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 is 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 domain, the coupling program is not 

directly applicable, since it is formulated in the 

time domain. The coupling program is 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 noise 

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 in 

turn used in selecting the appropriate frequencies 

of the applied loadings. 
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The transfer functions relate 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 

whichf in turn, are transformed back into the time 

domain to conclude the process. For CO and post-

chug loads, it is 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 in performing the 

coupled/transfer function TAP analysis. 

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

as follows: 

a. SRV Torus Motion 

1. 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 

7-2.70 • 
nutech 

ENGINEERS 



• 

• 

• COM-02-041-7 
Revision 0 

modes up to 60 hertz have been 

considered in the analysis. 

2. Similarly, using 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 determined. 

The STARDYNE computer program is used 

for this analysis. 

3. The time-history response of the 

suppression chamber at the torus-pipe 

intersection due to a band limited white 

noise time-history is determined. The 

STARDYNE computer program is 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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7. 

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. 

8. Critical piping frequencies within the 

prescribed SRV load frequency range are 

selected at the transfer function peaks. 

9. 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 load 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. 

b. Pool Swell Torus Motion 
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1. Uncoupled torus and TAP system mode shapes 

and frequencies, as described above, are 

again utilized. 

2. 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. • 
3. The coupled response of the piping system for 

each mode due to the pool swell load input is 

determined using the coupling computer 

program. 

4. 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 is 

selected for the piping stress evaluation. 

Condensation Oscillation and Chugging Torus 

Motions 

1. Transfer functions relating piping responses 

2. 

to CO, pre-chug, and post-chug torus internal 

pressures are obtained in a manner similar to 

Steps 1 th~ough 7, described above for SRV 

torus motion • 

Calculations are then performed to obtain 

piping responses in the frequency domain 

utilizing the fast-fourier technique and 

applying amplitudes of pressure versus 

frequency for the CO and post-chug load 

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 is 
\ 
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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 is 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 phase Cumulative random angles. • 
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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6. The peak magnitude of the time domain 

response for co, pre-chug, and post-chug load 

cases is selected for the piping stress 

evaluation • 
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TAP SYSTEM COUPLED/TRANSFER FUNCTION ANALYSIS PROCEDURE 
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7-204.5 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 

qualified based on this generic evaluation • 
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7-2.5 Analysis Results • 
The analytical results for the large bore 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 listed 

along with the associated Code equations and allowable 

stress values. 

Fatigue evaluations for the TAP lines 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 for the loads, load 

combinations, and acceptance criteria limits specified 

in NUREG-0661 (Reference 1) and the PUAAG (Reference 

5) e 
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Tabie 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 

15.00 18.00 27.00 36.00 22~50/37.50< 2 > 
ALLOWABLE STRESS (ksi) 

17.50<1 > 21.00< 1 > 31.50< 1 > 42.00< 1 > 26. 25 (l) /43. 75 (l) <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.::3 25.32 33.09( 2 ) 

FROM PUMPS 3A/3B 

LPCI TEST LINE AND 
SPRAY HEADER DISCHARGE 5. 72 17.37 23.83 30.36 33_53(2) 

FROM PUMP 3C/3D 

llPCI POT DRAIN CONDENSATE 0.44 6.44 19.79 21. 46 o.o 
llPCI TURBINE EXHAUST 7.86 10. 72 14.40 27.85 30.19(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 38 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. 30< 2 > 

Ll1CI 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 38 SUCTION 6.80 14. 31 18.07 18.38 12.12 

llPCI 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. 
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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 loads and load 

combinations for which the SBP are evaluated are 

described and presented in Section 7-3.2. The 

acceptance limits 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 loads 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.l Component Description 

The SBP lines for the Dresden Unit 3 plant unique 

analysis (PUA) fall into the following five categories. 

1. Small bore piping lines 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 lines 

cantilevered from the torus or large bore TAP that are 

evaluated. Table 7-3.1-1 provides typical SBP systems 

design data. 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 loop 

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 11 to 2" 

Schedule 80, to 2-1/2" to 4" Schedule 40 pipe supported 

by rig id 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 line internal to the torus is 

analyzed by methods used in the large bore piping 

analyses described in Section 7-2.4 • 
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TABLE 7-3 .1~1 • SMALL BORE PIPING - SYSTEM DESIGN DATA 

SYSTEM 
TYPE 

CANTILEVERS 

PIPING 

FLEX LOOPS 
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DESIGN 
PRESSURE 

(psi) 

350 

170 

350 

L _____________ _ 

DESIGN 
TEMPERATURE 

(OF) 

360 

285 

350 

7-3.4 

NORMAL NORMAL 
PRESSURE TEMPERATURE 

(psi) (OF) 

290 245 

155 90 

290 165 
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Figure 7-3.1-1 

TYPICAL CANTILEVERED VENT OR DRAIN 

7-3.5 

nutech 
ENGINEERS 



COM-02-041-7 
Revision 0 

Figure 7=3.1~2 

TYPICAL FLEX LOOP INSTALLATION 
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Figure 7 -3 .1- 3 

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 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 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.l 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 Valve 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 typical SBP systems. Category 2 

loads are defined in Section 7-3.4.1. Loads in 

Categories 4 are defined in Category 11 in Section 

7-2. 2.1. 

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 the~e 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 loads defined in NUREG-0661 need be • evaluated, since some are enveloped by others or have a 

negligible effect on the piping. Only those loads 

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. 
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7-3o2o2 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 large bore TAP in Table 

7-2.2-4. Several of the load qombinations presented in 

this table do not result in controlling stresses in the 

SBP, and are not evaluated. Load combinatiou~ which 

contain hydrotest loadings are not evaluated since 

these loadings have a negligible effect on the small 

bore piping. 

The governing load combinations for the SBP as 

described above have been considered in the analytical 

methods described in Section 7-3.4 • 
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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 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 cont~ined in Subsection 

NC of the ASME Code. 
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7-3.4 Methods of Analysis 

The governing load combinations for which the Dresden 

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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7-3.4ol Analysis for Major Loads 

The SBP systems are evaluated for the effects of the 

loads discussed in Section 7-3.2.l using several 

different methods, depending on the type of system 

configuration. A description of methods used for each 

type of configuration followse 

a. Cantilevered Drains and Vents: Section 7-3.l pro~ 

COM-02-041-7 
. Revision 0 

vides a description of these systems, which are 

shown in Figure 7-3c1-1. A beam mode 1 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.l and 

7-3.2.2. 

SBP Lines with Flex Loops: Flex loops, shown in 

Figure 7-3.1-2, are designed for locations of 

large input displacements. The loops have 

resonant frequencies outside the critical 

frequency range of the input motion. An anchor 

isolates the remainder of the piping system from 
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c. 
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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 load 

is applied to each direction of the six DOF' s at 

the penetration, or loaded point. For the static 

case, the reference load 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. 

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 lines underwent 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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parameters, i.e., resonant frequencies and modal 

damping, are extracted using the multi-degree of 

freedom curve fit algorithm. A dynamic load 

factor is calculated based on the resulting first 

natural frequency. An equivalent static analysis 

is performed using a finite element model. 

The specific treatment of each load in each load 

category identified in Section 7-3.2.1 is discussed in 

the following paragraphs. 

1. 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. 

2. Seismic Loads 

COM-02-041-7 
Revision 0 

a. OBE Inertia (OBEr) Loads: A static analysis 

is performed for a l.Og 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 (SSEr) 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 (SSE0 ) 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 

COM-02-041-7 
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ao Pressure (P0 , P) Loads: The effects of these 

loads on the SBP are evaluated by using the 

ASME Code piping equations. 

b. Temperature (TE, TE!) Loads: A static anal-

ysis is performed for the TE and TE! 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. 

s. Pool Swell (PSO) Loads 

A multiple response spectra analysis is performed 

for the pool swell loads defined in Section 

7=2.2.L 

6e Condensation Oscillation Loads 

COM-02-041-7 
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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 loads 

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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Analysis Results 

The component descriptions, loads, and load 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 paragraphso 

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 loads, load 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 

SYSTEM ALLOWABLE STRESS (psi) 

TYPE 

MAXIMUM STRESS (psi) 

CANTILEVERS 

PIPING 

FLEX LOOPS 

(1) DATA TO BE SUPPLIED LATER • 
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7-4.0 PIPING SUPPORTS 

An evaluation of the NUREG-0661 (Reference 1) 

requirements related to the design adequacy of the 

Dresden Unit 3 piping supports is 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 loads and load combinations for which the piping 

supports are evaluated are described in Section 

7-4 .2. The acceptance limits to which the analysis 

results and the analysis methodologies to evaluate the 

effects of the loads 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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7-4.1 Component Description 

External TAP lines are supported by U-bol ts, 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 chamber. Torus internal piping is 

generally supported by rigid structural steel supports 

attached directly to the torus shell or ring girders, 

as shown in Figures 7-2el-5 and 7-2ol~6. 

An example of a TAP support outside the suppression 

chamber consists of a pipe cl~mp attached to a rigid 

strut, which is welded to a steel base plate anchored 

to the building structure with anchor bolts. These 

components are designed and qualified by the 

manufacturers for specific load magnitudes. For the 

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 - Eleen 

Metal Products Coe and NPS Industries, Inc.; mechanical 

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 . usually 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 lengths. Integral 

attachments (lugs, trunnions, 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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7-4.2 Loads and Load 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 loads acting on the piping supports outside the 

suppression chamber are t~ansmitted 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 drag loads as defined in 

Section 7-2.2.l for large bore torus attached piping. 

Using the event combinations and event sequencing 

defined in NUREG-0661 and discussed in Volume 1, the 

governing load combinations which affect the piping 

supports are formulated. Table 7-4. 2-1 presents the 

governing load combinations. For 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 CONDITIONS(l.l, 6 ) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

NUMBER 

S-1 DW + OL + OBE1 
S-2 DW + OL + QAB + OAB1 
s-l DW(S) 

S-4 DW + OL + QAB + OAB1 + SSE! 

S-5 DW + OL + OAB + QAB1 + ll'CHUG + IPCHUGI 

S-6 DW + OL + QAB + QAB1 + CHUG + CHUG I 
s-1(21 DW + OL + OAB + QAB! + SSE][ + PCHUG + PCHUG1 
s-e« 2> DW + OL + OAB + QAB1 + SSE1 + CHUG + CHUG1 
S-9 DW + OL + ODE! + co + col 
s-10(2) DW + OL + OAB + QAB1 + SSE1 + PS + PS1 + VCL 

s-11 DW + OL + PSO + PSO! + VCLO 

S-12 DW + OL + OBE1 + TE + THAM + TD + OBED 
s-H DW + OL + OAB + OABJI + '!'E + THAM + TD + QAB0 
s-14(2) DW + OL + OAB + ,PAB1 + PCHUG + PCHUG1 + TE]. + THAHl + TD3 (4) + QAB0 + PCHUG0 
s-1sUl DW + OL + OAB + OAB1 + CHUG + CHUG! + TE1 + THAM1 

+ TD (4) + OAB0 + CHUG0 
s-16( 2) 

3 
DW + OL·+ OAB + OAB1 

+ SSE1 + PCHUG + PCHUG1 + TEl + THAHl + TD
3 

(4) + QAB0 + SSED + PCHUG0 
s-1112) ow + OL + OAB + QAB1 + SSEI + CHUG + CHUG! + TE! + THAMl + TD3(4) + OAB0 + SSED + CHUG0 
s-1e DW + OL + OBEI + co + col + TE1 + THAMl + TD3(4) + OBED + C00 
S-19( 2) DW + OL + OAB + QAB1 + SSE1 + PS + PS1 + VCL + TEl + THAMl + TD

3 
(4) + QABD + _SSED + PS0 

S-20 ow + OL + PSO + PS01 + VCLO TEl + THAM! + TD3 (4) + PS00 
s-21 ow + OL + OAB + OABT + SSE 1 + TE + THAM + TD + OABo + SSEn 

SEE SECTION 7-2.2.l FOR DEFINITION OF INDIVIDUAL LOADS. 

USE THE LARGER OF LOCA AND SSE COMBINED BY THE SRSS METHOD OR LOCA AND ODE COMBINED ABSOLUTELY. 

THE MOST SEVERE COMBINATION OF STATIC LOADS MUST BE CONSIDERED. 

USE THE TD1 , TD2 , .OR TD] CASEJ WHICHEVER IS MOST SEVERE. 

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

DYNAMIC LOAD COMBINED BY SRSS (REFERENCE 91 FOR SELECTED SUPPORTS. 

• 



7-4.3 Methods of Analysis and Acceptance Criteria 

Pipe supports are evaluated using standard linear 

elastic structural analysis methodso 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 limits are supplied by the manufacturer. 

Allowables for structural members, 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 7-403-1. 

Anchor bolt allowables are based on manufacturer's test 

data in accordance with IEB-79-02 requirements and the 

American Concrete Institute (AC!) 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 

s~2 B B 

S-3 

S-4 

s-s c c 
S-6 

s-7 

s-8 

S-9 D D 

S-10 

s-11 

S-12 
s-13 

S-14 

s-1s 

s-16 
3 x B(l, 2 ) D 

s-17 

S-18 

s-19 

s~20 

S-21 

(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 . 

COM-02-041-7 
Revision O 7-4.8 

• 

• 

• 
nutech 

ENGINEERS 



• 

• 

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 limits specified in NUREG-0661 

(Reference l} 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 7-5.1. 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 load combinations on the 

equipment and valves and the acceptance limits to which 

the analysis results are compared are discussed in 

Section 7-5.3. The analysis results are presented in 

Section 7-5.4 • 
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7-5.1 Component Description • 
The torus attached piping (TAP) systems include 

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 operator 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, ~~ 

described in Section 7-2. 4 .1. Stresses on equipment 

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 in 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 in 

Sect ion 7-6 .1. The loads and load combinations for 

which the penetrations are evaluated are described and 

presented in Sect ion 7-6. 2. The acceptance 1 imi ts to 

which the analysis results are compared are discussed 

and presented in Section 7-6. 3. The analysis method-

ology used to evaluate the effects 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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,?.~,6. l.". ? : : ~omponent Description 

~r - The large bore piping suppression chamber penetrations 

. .1.' evaluated in this section are numbered and located as 

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

t~e 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 inner 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 centerline, 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 re(nforcement~: mod:i.fic'ations; 'ar~ 

shown in Figures 7-6.1-2 through 7-6~1-4. The 

modification~ in~l~de pipe section which are installed 

as sleeves to· 1rein~~ic~ the penei~~ti6ri nozzles. 

Support ·arms extend radially from the pipe .,sleeves to 

pad plates attached to the suppression chambe~ shell. 

Each penetration modification is designed to allow the 

penetrations to sustain TAP reaction loads produced by 

suppression chamber motions due to normal loads and 

hydrodynamic loads while keeping component stress 

intensities below the allowable values specified in 

Reference 60 
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Table 7~6.1-1 • PENETRATION GEOMETRY AND REINFORCEMENT SCHEDULE 

PENETRATION 
NUMBER 

X-301A-F 

:&:-3 0 2A-F .. 
X-303A;. B~ 

C, D 

X-304 

X-310A, B 
X-311A, B 

X-312 

:::·.,X.-: ~ 17 , ·· 

X-318 

. .... -::: ... ·: -·· 

COM-02-041-7 
Revision O 

PENETRATION , 
DIAMETER 
(INCHES) 

30 

24 

20 

20 

14 

60625 

2.375 
16 

18 

EXTERNAL 
REINFORCEMENT 

SUPPORT ARMS 

7 -6. 4 

NO 

NO 

YES 

NO 

YES 

YES 

NO 

YES 

NO 

REFERENCE FIGURE 

7-6.1-1 

7-6.1-1 

7-6 .1-3 

7-6.1-1 

7-6.1=4 

7=6.1=4 

7-6 0 1-1 .. 

7-6.1-3 
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~: '.l :.:.:. -~---. ·~1. ·~ ,, .:.t :'· .:· ~- J. : .. .. .. 
····· ·--~ ·-· ·-···- ............. ~ -~· ·-~ . .., ........ --·· ,. ..... . 

CIRCUMFERENTIAL 
WELD (TYP) 

SUPPRESSION 
CHAMBER SHELL -

__ ~ PIPE>"':c::-- · '« _: - -

1-

i 

(:. : ;' .:-, ;-: -·:::i-~ ~::·~; ~ 
.'i: -_--:: '.t_)t'. 

i 
. ·" '.-- ---- . --:-------- ·---··- -{ 

PENETRATI.ON'~ 
NOZZLE._ , - ,, 

·. "'"·'"' 

~-· . -~ ..... ~;.: 

INSERT-' Pt.ATE 
. ~- ~ " -, ~ ...• i 

~~~~r==~~~ 
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SUPPRESSION 
.• , CHAMBER, .. ') 
, SHELL . ·' 

INSERT PLATE 

'.1 :· \ -:- ..... 
~'- ... .I . 

A,B 

\ 
l 1/4• THICK 
PAD PLATE (TYP) 

Figure 7:-6 .1-2 

A,B 

l" THICK EXTERNAL 
PJ;PE SLEEVE (TYP) 

l 1/4~ THICK 
SUPPORT ARM (TYP) • 

EXTER..T\IAL VIEW ·OF TYPICAL PENETRATION REINFORCEMENT 
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SECTION A-A. 
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REINFORCEMENT DETAILS FOR,. 
- . ~ ·, ~t. : 

TYPICAL'. RADIAL. PENETRAT:t ON~r-· .. -· 
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SECTION B-B 

Figure 7-6.1-4 

'·'·-

REINFORCEMENT DETAILS FOR 

TYPICAL NON-RADIAL PENETRATIONS 
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7-6.2 

, .. 

Loads and Load Combinations 

The loads for which the Dresden Unit 3 suppression 

chamber penetrations are evaluated are defined in 
;·""" ." :.S~ ... , ~ '_i_· ;i_ (~ .:Z Jr:· ~--;. 
I 

NUREG-0661' .o·n :··a ');fe[ieric basis for all Mark I plants. 

The methodology used to develop plant/ uniq'(i~·~~~t6x\..1-is . ·,_ ,-_:. ~- . .~ r-· , "":l ~ • .... } 

attached pipipg_. ,r;-'3~btto.n .~_oads for e~_c:t:i)~ert·etr~tion is 
.:.~-- •• '.· ~y -· • ··;. ~· -.· ~-- .. -. ,~ •• • •• .......... \. \~ 

discusse,d , ·1n; Section :7-2. 0 .r ·-The r.~sul 1;,~7 -~:~:~~~pp-1:p-iig 
•' /.,~· :, ; ~ ~ . . .. ..... ~.r····-·'""' ,·-· .·'.~~. ~:-:::--:~-.... _..,,-·· 

the...- controlling reaction . · ro'.§,ds" -~ ''Wh".'ich act on the 
.--' •' ... ·""' ·~·::.,;_ .... · .7:'. 

'"'penetra,tibns are discu;ssed · i;· Section 7-6. 2 .1. 

~··' 

\Using th~~~~vent combinat~ons 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 • 

.,-, . ;- ·,;.· 

. ,, ~~ · .. 
. ·. ,.,. ......... ~ . ., ....... . 

: •.• •J ···,. r· ... -..... ~ . 
•''-' ''Y•~·~-·'''• •··~· ,., .. ,._., .,..,,._..,,,. "•'"'"""•---·• •'" ~·••• 
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.·r·. 

chamber 

penetrations are categorized as follows: 

a s~ ~) .J, • I '!'" r \i~1 ''"operat:trig· Loads- - ·. : . . ( 

.;::;, .. "";" ~· ( • ,...,_ "• --, ; ~, • I '. r l , • c e ·' ; 

' · " ~ .. , 5. ·'"Static" Toru's Displacement Loads' 

9 :<~ · ::;:.:.Jir'6·i::.; s,ifety-_:Relief ·'Valve: Discharge Loads·· 

,. 

Pool .;'swell ·Loads 

9. Condensation Oscillation Loads 

10. Chugging Loads 

. . ' . _'7 .=-· ·~ ·1 ~ . !- • 

-- ,_ r ·Lo.ads in the· above categories' include those acting on 

. <torus ·attached piping discussed . 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 loads on the penetrations. Loads 

acting directly on the torus shell result in suppres-

sion chamber motions. The suppression chamber motions 

excite the attached piping systems and produce reaction 

loads on the penetrations. In addition, loads acting 

.l.' ·'7-6.10 
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• 

':.1 :;, 

.. , '.• 

directly on the torus shell produce initi:al! stress~s in 
·~ ... " :- ..., 

the shell and insert plate, which are included in the 

The reaction loads used in the suppression chamber 

penetration evaluation.fop each~load ~ategory are taken 
• ~ , • ..... ~ " - . ~ ' '· • • : • .J 

from the TAP system evaluat~on pJ::'es.~nted .:· in Sections 
.· . . .. ' . / ,, ~~ 

7-2.4 and. 7-2.5. _The cqmpori.~ri.ts ._ p,f these reaction 

loads at the penetrations consist.,o~ .. the mci.ximum forces 
-· . . . ... •' .... '· ::.. •' .. -

and moments acting ~:m, ·the pe9-etfa.~ion ;.nozzle both 

insi~e and outside tl:ie . ,. suppre,.ss.ior) chq,mber. 
... : t - .. "·'' '!- ·-

The 

reaction loads includ~. the ,C04P,l:ing. ~ffec_t_s of the TAP 

system and the suppre.ss ion. _; cha:mber , as piscussed in 

Section 7-2.4. 

. .. 
.I . -

'Maximum torus operating .temper:atur.e._and prE,!ssure values 
I • _ t ' (',,._,' • , 

are used in the analysis of the penetrations. These 

values are taken from .Reference .3 and. envelop the 

maximum OJ;!ei;-_qt_i~g pressures and -temperati..p:-es. 

'. : • • .... • .,:. ••• ' •! 

: . ·-~ ,· 

: •' ·"· -~ .. ..... : ~I. 

1. ' _.. .. :-:- . J : 

. . . ~\ . . . { ( ., .. ' ., 

'. ·:: ·- :j·_ ..:i._ ; , •• 
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7-6.2.2 Load Combinations. 

r=-~----:i:.h;e, .. ,-.Lo.a.ds_..f.o.x.: •• , .. wh..l.c:;.D_~_the suppression chamber pe net r a-j ~--,·-- ... .._ ........... ~ ........ ~ .... T,,_...,,,, ........ ~ . ._.........__ ........ --.-.. ,. 

f 
3,~~~,:~:;-,~ ·:· tijons are 1ev~+~~~15~4:r~S:~;:JP5~s~nted in / ~;-~_.t.fJ:i:l· .. ::?-:~~-· 2 .• 1. 

r·------:-~--1!-tfo .... <Je-n.e.ra.L,~DREG::Jl.6.6.l_ 9.£1t~;ria for group.frig· the lqads 
~ . ; ->:~'..: o .. ••.. ;;:r; ., '.'I<,::.::·::'.:." - :..-::·~·-::---:::;-;:~r··---,-·-~·--"-~-~~-··-·-·< 

f i1~b ; ~~fl? ~cf~P~?ar\~~,n~_; t1~e; ~isiu~s.e~ in Volume 1. !Not 

~ a~~ .ioad cornb~pa~Jqns~ for .:each even~. need to1 be 

I ex.;.: amined
1
, :: ' sTn'ce . are --enve~oped ~t-~~rs wlii.ich 

! -~~n.~ by 

r···- -----.. -·-·· ...... _. c$;,:ta;(n.: .:-the"-saiiie ~ ·of .. ~ad it ion:ai·'·--. lb.~d~i. · · -·T·a91e. 7-.. 6 :. 2-1 i ! ~ "4 '" ' • -~- •• ' 

f sh'.0'W's':~ ·th~~ :::gov~rni:ng. · load . cornb;inatipps .. used in 
:' I ' • ' .,; ~ : ( .:.. • l.. .., 

i .i ' . ·, .. .. ' , 
1~---·- -·-------~- e-v.a.l~u~~ting-. ~if'e JWPP.:r:::~s-~ i_~:m .. ~~.~!!10.e:t p_:ne~i:;~~~ ~-o~~. ·~ .. ~j 
! . ' ~ ~. ~j (.. -~~· . - ! '· . . : .. '_ . '7 l 

•• .1 T ,<'.{, .:~ 

/ .. 

.~ ~ .: - ···r -

. :F. 

. . '..,; 
'•' ........ ~· 

- ~-· ... -·-- .: -· 

~ ' :- " . .. . ......... 
i :-: .... : ...... ,... ' 

.~ ,__! ~. 

" ~ . . - -· ....... ::~.:·~. ·.~ .:.· !:' . 

.... ,_.-
..... ... 

\. 
.... :: .. (': . 
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- ···' 

': .... 

,:;_',-__ 
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Table 7-6.2-1 

GOVERNING PENETRATION LOAD COMBINATIONS AND SERVICE LEVELS -

' \ -~-. ' .'~( . 
\' ..... ; 

•°':" LOAD-•- :T:;. .i.; 17
.· .-+,.LOAD i ;·COMSIN'A'i'lONS' (i+,) SERVICE •· . ' i • 

}. } COMBINATION ·· .. .; .::;. ::- f·\.·_ 

.>NUMBER . · 
LEVEL 

- . .:{. - . . ~ . - ~ .. , _, 
J ' • r;: , . ~ ' ~- . • ·.J ·- '. ' 

I/ IDW + TE1 + THAM1 + TD (3) + OLI+ 
•• ¥ - • _; ~;-! ::_ ~- .I .•• ~.·} .:: ~ 

{ CHUG"1 · +··(•'Q.}J(J:l + foBEl(A:~ 

......... 

... 

( I QABI + :1 ;, 

CHUG-14E:i ·,:,. 

I ~ciIUGI l >· of '2( 1 ':QAB'l"·+ I CHUG!+; B + .. 

.i ;-" :'. ··, 
( : }rOABI· 1.+ I QBE 1<,t>_ + I. _,SH\:lG r.1 :L.1,. ~: ·-· .. 

WHICHEVER IS HIGHER 
.. --

low T
1

E1 + +" THAM1- +'TD'( 3 )::."+i ov1··- : ...... '. 

CHUG-l4M"' ·, -· ·. + ·1 QAB I!>+ I QAB,I4rr+ 1 OBE I( ~):+ .. I CHUG,! ::-~ B 
. · -. .·-+ L cauqrl , 

"fr. " ··{ ' . .-'l r;. ,. .. .. 

low + TE1 + THAM1 + TD(3) + OLI 
CHUG~27M + I QABI + 1ssEICS) + IOABI I + c 

lcHUG I + ___ I CHUGrl I 

low .+ TE1 + THAM1 + TD(3) + OLI 
PS-lSM + I QABI + ISSEl(S) +·I QABII + I PSI c· 

+ I PSII 

PS--18M(Z) 
IDW + TE1 + THAM1 + TD(3) + OLI 

B 
+ IOBEl(4) + I PSI + I PSr I 

low + TE1 + THAM1 + TD(3) + OLI 
C0-27M c 

+ I ssE 1cs > + I COi + I coII 

(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, SINCE CHUG-14E GOVERNS. 

(3) TD IS THE MAXIMUM OF TD1 , TD2 , AND TD3 •. 

(4) QBE IS DEFINED AS OBEI + OBED. 

(5) SSE IS DEFINED AS SSEI + SSED. 
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7-6.3 

•°":•I chamber 

Volume 1. In general, the acceptance criteria follow 

allowable 

,·q: .·:H 3 "-:' ~tfe~ses; ar~ ~- afscFbon~fstent' ·wif.H" the·' :tequirements of 
( ., ..... 1£ 

The suppression chamber penetrations and reinforcing 

c:·I'( : j. ·•1 · mod:(flca'tfon's['. are. eva'fuat'ed : 'irl-· a&cotd'ance with the 

As ME: 8 •. ·· coae • 
', . ~ ~ . -
~··, l • ;-,.,\..,· . 

::. . fi J q .:t ·~. e ::~: : .. 
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TH'e· ' jurisdl.ctidhal; ,,. boundaries for the 
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7-6.4 

;,, .. 

f I 

Methods of Anali~~~ :;,: . .: ·<• .;· . ; . ..1:.: b 1._, ,.'. .,...: ",.,., 
·~ A~.'-"':'""~•~"7" :~"! ,,-~- '. '· •"<-; ':"' ' • •. -.. ,,. ,•'<:" _.-,., - .,..., _ ........ ....,.~·· - • :.»- •-' • • 

._ ., The i;It\~th()1do,lp{~Y~, }:1_sep; ")tr?, :erval.u.cr:t.§l. t;.Ji.e:.:i,,pe.p.e;trations for 

. t;~~ -~~p.~gin_g S'3'1-Rf t~.pq,r;i)e~rtt?e.d j:~ 1 Seft_,~10~ 6-6 .2 .1 is 

d~s<;u§i:H'(ci .· iq.;tJ;w. tqllowigg_ ~c;t,:rag.r1apqs.~ ...... , ... .',;. /, ,. '.. :-- ~· ~ ... );. ''·' J.~, "!° ... ,, .•.· -~ .j_"' ~ ":..': f .:"·t .. · 

.•, .t. ,, .,.. 

::;, 

• 
• -··-"' 1 ... 

• 

~;;.· .... t'i 

, .. 

.l\~~ . . o~ ,~~J:i~ :J_prge .. R?rr _. syJ?.pi;:-~~~~,8n <.~h~~b~}!; Jpenetrations 

l.~,ste<;l 1, i51~· Tat?).~ ... 7-~ "'.,~-:1,, ·;hav,~ .. ' q~~~2 ~,,Y~.~uated using 

.~tni te.~ e~.ert}ent_ .mode.I ~~c~ptf fq~ ::,. P7r}~t:5ct~+ons 301 and 

302, which were, ~va,lu~ted :µsi~~L.:.~~rh:-~~~h,o.ps described 

in Reference 12. 

I :. • ~· / I ':: ..; I ·, ~ ... :, '\ c .~ :.. :.:... ' '.),. t -~' 

geof!tet..r~q .... ppn.£tgurations of 
. ·.• •. ·- . . .,, .), 

analytical q1p?~ll? are use.d 
:}.,,. to . ~m.:>res~q~i a total of 

eleven,,__peq~4tra_t~o'1s1 •. The mechanic.al .and .thermal loads 
'• •• ..-L • - • ~ I l , • • 1 1 ). ,.J r• .' • i ' i 1 .~ ' ~ 

pen,et,ratiof1,S ... are ,,,~nveloped 
... • ~ • ·~ A ~ : i. ' "<' ' . 

and 

applied to the associated analytical model. 
: .. ~' '.· -:: P· • ., , .' I : .:.: ,_,"!. ;_. ' 

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 
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1...·11. ; .. 

, .·~·': -.;"~l~~en ~~b ,a_f7_ c.U:s~_?., :tt«1..qm?.,~e~7 _,.~a~,_~., r}!<;>m~;on;~r;,1=; ex pl ic i tly • 

.. ~> ~:: t:F i;Q:~Ffa''. 7:7,l5i~;4T, ~, NB?.W~ s.:f(;,::J~¥:P ic~-r_1l ,1~ery~7 ~ r,~,t .. ~::~~n ana lyt i ca 1 

., ,,, IIl.Q®-1 • .. , ,. .. ·~ . ' , f 
·~ -' •· ~· • i.::. •• ..i·" 1. • • : • '· •• ;:; ".::1 ~ ... J ;;~ : ; ::_i. f'.;.fl. .. '. f1_.(.. ·~1 

:.. ~1'. ~ ... ,:.;. :". _l. (,.; . •• (• 

f!~:~· 11 

-:>;/1· Th,e~ eqt;~ft,vlEHyJtlt qf,_;~~rR n,,f~;zf.A:'\-:is rµ?d71~? between the 
. . . .. . .. . -.. 
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is to minimize chosen in the models 

boundary effects on the region of stress evaluation. 
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~ttached to 
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thickness of the suppress ion 
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~,chamb~.r. shell and .the. 1 pad plate. 
... • ••• · ...... ' J. . ; .. :· :. '. ·:. ' . . ~; . ~ 

force and moment 
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component for eaC'.l:!:~:i;:'.,~,~c.~AoI?,_11.;9.~~ :~C}s~- __ is .. c,onservati vely 

applied to the analytical models in a manner which 

maximi.z.es pe,netration stresses._ Local th,ermal effects 
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shell and 

i'ns'~~-t.: i;fr~te?'r~due1 ;"t:6·:!p{p1rid0'''"rea"cttons'·::~fi-·e, ''added to the 

1,~t~~~i~.~~'~0 i'n 't:'h'e/ qsJ~pf:-e$~i6n. ~fibmbet sli'e:lJ: ·::due to loads 

acting directly on the suppression· .!chamber. These 

stresses are taken from the suppression chamber 

The stress 
'!.·1:·. ,.:.;.~;· ~'-. ·~!···J :",.:i. '{.l""\o·:\j r-;\t,;i'j ..,:.... ••. ~ .. ,. . .•. ;. ' 

intensit'ies ·or'"the· dyhamicf·'1bads''"·are-'·~combined using 

direi::'t:·"s~~~tio~ ·.irl ''Jfocdrd./3.nc~'. with·~ ~e£~·r~nce 9. The 

maximum stress intensities for each penetration 

stress 
·: ... - ·•.• - ·:·' 1 ,· . r-.:· 

·allowables.' 
;.:;,:.• 

e e I J: .':', ~ ....._ .... · .. ·. i "e "!'
0
'\ i• ·~ ·.: 1.,. 0: f' C '""·' ( 

The small bbre p1p1ng penetrat1dns are ·evaluated in a 

manner similar to ,.the .;a·bove described pr.ocedure. For 

these pettetraticris'' however;" a comptiter;•: tode based on 
• '•·,·I: ;. j: r: "< 1' ,• .· "" . , "', :·,-.· ,- ,; I t" ·. i- •'';: 

closed-fo'rrri' · solutions' ·tot'' nozzle·-'type }attachments to 

cylin"drica.'i · vessels -i~' . usect~ - "·i'he ;inechanical and 

thermal load§ '-from"' the' piping' arialys'is';, are applied to 

the nozzles • The maximum stress intensities for each 
. ·. ,'• ..... . .. . . . i. ' ' 

penetr'at'ion compbne'nt ate. then ''•da.;:tcJ.fat<e'd' and compared 

· . .; .. -~1 . .' ~ 

,. ·: ·: ,-;) ."'. ~: i I · : ·. ': ' ·1 ;..,.. •. · • • ._7 ' ,-·. 'I ' -·. • · ("1 [ • • ' · - ~- l 

stress revels arid 'max:rmum '' 16adfng'•cy'c'l'es . .:fre evaluated • 
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7-6.5 Analysis RE!sult~'~ ... 

' ...... ..... . •' > •>J ·····~ ... ,.· •• ' ~~ ....... .,;.,... • •• :;:,,,....;_ .... ·, •• 

-_ ::~f~ . ~~~,~~ ·~·~: -:~\:~·:~!.~~4-·~~?:-+·~--~::..;..-:····t'.'~·~·- ~:.. ~--.... • 
", ..... ~-·--g,t"j t. .. @J.:.La,,,_., S!!1cl ... ...?E<i1i~ . ...:~.tn.£.4,§....,.\l.?,.e q"'_):.!]:....!,h~ _;: .. ~.Va 1 u at ion 
>~ .. ·~····-·:--...,~ "',. ~;·; .·'.'.~.·;,:·.~:i:~;~~-.... ~·-:-.:'"r.~.;~;;r:.~7'.~ ~-.,--.,..~d ..... ....,. .... - ,,,_ ........ .. "';,·t ...... ""·v:.·:.· -~. ·. ~··• "" =--~,_:~ 

< ... _ -----.. ·-e.f-··'e·fle--B-i:e-s·aefl" UR'.-it:-.,,,_..J. ... ,sup-po"J;'>GSS,~on chamber pet}etra t ions 

L~.-:.~-:~:l~::~I:~,~~~Lf~"~ . .=_,-~_:: ~::._.:3;.:_2·;£¢:::~~--:_u. , .. , .... ·"·'.. . . n 
. ~ · ·- -a·r-e .. pre;$~n.t-ed ~.,_a,-~~~'., .. ,d1s0ussed -•-iri ! · t:he.' :·pr~\~iol:is ;.isect ions. 

·r::~~~~~~~!~:~~:~~~:~~if ~:~:::~:~~~~;;~tions are 
~~ ! . ~ \. -~ 

I ~-; ... ·: •·1 · .. ;.r . ·_,.. ~."'.1:=_.:-:.:.'.·--~."-. ·. ·-'··-- ... ,rn-~· .. ,· ·.r :1 Ei ' ;· j·' : ! .. ,;" . ~ . :'.j . ,:: :.:" "':; q . . . -- : : :;. ·: '.'.' . : .~;~:;, ~: :'.': ,; :. L 
'! .. These tabl.es:': sho.w ,the: maximum ·calculated stresses and 
:_.; ····t'~ ;·.:;.._; .. ,., '":'" ~.;~ ":! .. -~~~·--· ,) !~ .·.',·-~··- ~-~J·=· 4-'; . 

,·\.,..,;'I ... ~" -~ '· ·.~.. . ·}~·' 
;i j:.b.e ,;asi:;pc.iated cj.~stgri margin~ f6r the major p~netration 

~ · ~~·t: :-. "~ ··~·:'!- :·:·, .- ,:,., ;~ .. :-~· :-.. ::.·:~;. , -- :: ~ ... ·~~: .. ~: · ~ 1 c.::-.. ~~~(~ .. -.::: · · · : 
· ~ . ,,gomppne1,1ts fo'.r . the gover11ing __ load co~bi~af:.i~ris. 
L, .. ~::;_I ... ~~:.,: ... _J..,, ,.,.,,,~.:.·. ~'~~~·~.: -,.c .. ~ .. · .. : . ~- ~J.~ __ :'. ... ~,-~.~.~ .... J --·~~- _, ____ ...,,; . .i..a.. 't .. 
:.::Ijr:: .. ::.,·~.. ·:.:::.·~....... .:.······-·· · ... · ... ;·.;... . ;,.. .·. . . , .. ~~~:·: .. ._ -~ , ~ :> . ,;,·.· ... ~::·-~ : (· 
· · '~n~ ~~~!,.n'fof:!e;e'.a>;sfi~ ~~~e.t:~~~i;o~s: ~~-~T~a:i;~·o ev·a1uated and 

found to be within the specified allowable limits. • 
The cumulative fatigue usage factors for .the 

controlling components and welds are within the 

acceptable fatigue usage factor of 1.0. 
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