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1. INTRODUCTION

1.1 Puroong. The purpose of this Engineering Report is to show
compliance with Article NC-3600 of the ASME Doller and Pressure
vessel Code Section III (hereinafter referred to as ASME III) of
the Safety Relief Valve discharge line (SRVDL) pipings in the
wetwell of the Advanced Dolling Water Reactor Power Plant.

1.2 Documentation

1.2.1 This document: (a) provides a summary of the most severe
stress intensities throughout the piping system for the design and
operating conditions defined in the Design criteria and Analysis
Method Documtat (Reference 1); (b) shows that all pipe and fittings
in the piping system satisfy the pressure design requirements of
Article NC-3600 of ASME III for the conditions specified in the
Design Specification; (c) summarizes the interface loads acting on
the component supports, the diaphragm floor, and the quencher
basemat anchor. The detailed supporting computer output and
calculations are contained in internal GE Design Record Files
(DRF).

1.3 Scone. This Design Report covers only the SRVDL piping and
the welds used for attaching this piping to the diaphragm floor
head fitting, pipe suspension and the X-quencher.

1.3.1 There are 18 SRVDL's in the wetwell. Line G has the longest
line and has the lowest natural frequency. The stresses due to ODEI
and SSEI should be the highest among the lines. Therefore, Line G
was selected for analysis.

2. SUMMARY

2.1 Model. The mathematical model of the piping system used in
the analysis includes the anchor at the diaphragm floor, the
wetwell piping, quencher body, quencher arms and quenchor pedestal.
The model is shown in Figure 1.

2.2 Analysis. GE's proprietary computer program, PISYS, was used
to calculate the response of the piping system for all of the
static and dynamic loads defined in Reference (1). The output from
the PISYS computer program was evaluated by another GE proprietary
computer program, ANSI 7, to solve the stress intensity equations of
ASME III Subarticle NC-3650 and to calculate the combined loads on
all the supports interfacing with the piping.

, . . . . - .. - . . - - .- - - . - - - . -- -
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2.3 Results !

2.3.1 ASME III code Comnliance. All of the analyzed piping
componments satisfy the requirements of Article NC-3600 of ASME
III. A summary of the results obtained by solution of the
Subarticle NC-3650 equations for all significant joints in the
piping system is contained in Appendix D. |

The maximum primary stress ratio is 0.707 at the first elbow below
the diaphragm floor (node 6) which is caused by occasional load due
to the combination of pressure, weight, RV1 and OBEI. The maximum
primary plus secondary stress ratio (EQ.11) is 0.362 which occurs
at same elbow (node 4). Since line G is the longest line, the
. thermal expansion is expected to be the smallest. Since all the SRV |
wetwell piping in the wetwell are flexible, the maximum stress
ratio for other shorter lines are below 0.5.

2.3.2 Desian Reauirements Appendix B contains a tabulation of all
the support loads due to each input load as well as the combined
load for Line G. The displacements due to each load are also
tabulated. If a frame type support is'uned for the pipe, the
thermal displacement at the support shows the rubbing distance
between the pipe and the supports. The friction effects to the

,

support loads are not included. The enveloped loads for all the
lines studied, including.the effect of friction, to be used for the i
design of upset condition, are as follows. For Level C and Level D '

the-load increases are less than 20% and are are not controlling.
Support Upset condi' ion design loads

GH1A 30 kips
~GHIV 30 kips
GH1P 9 kips

,

GH3R 20 kips
GH3T 20 kips

The ~ calculated loads - for the diaphragm floor penetration and
basemat' anchor are shown in Appendix C-4.
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3. REQUIREMENTS AND BASIS

The input requirements used in the analysis are defined in
Reference (1), drawings and other documents referenced in this
Design Report. These input documents are addressed in the
paragraphs below.

3.1 Confiauration

3.1.1 The configuration of the piping and suspension is defined by
the SRV wetwell piping and suspension drawir.ga (Reference 2).

3.1.2 The properties of the materials used are shown in Tables 1
and 2, and the properties of the piping are shown in Table 3.

3.1.4 An isometric joint diagram and a list of the joint
coordinates of the complete piping mathematical model are shown in
Append.ix E.

3.2 Loads. Reference I contains a complete listing and
description of all static and dynamic loads acting on the piping
system. A complete listing of those loads is also contained in
Table 5.

3.2.1 Static Loads and Pressure-Temnerature. The pressure,
thermal, and dead weight loads acting on the piping system are
defined in the Reference (1). The definition of thermal expansion
cases is presented in Table 4.

3.2.2 Dynamic Loads. Vibratory building loads acting on the
piping system are caused by the. response of the reactor building
structure and reactor pressure vessel to dynamic loads. The
analysis of the reactor building and pressure vessel is performed
by others and the results of this analysis provide amplified
response spectra and maximum displacements at or near all points to
which the p3pe or pipe supports are attached to the structure. The
input response spectra for applicable attachment points are
specified in Reference 6.1.

3.3 Lgad combinations. Many of the static and dynamic loads
acting on the piping system act concurrently. The load
combinations used for pipe, quencher and the pipe suspensions for
each combination are defined in Reference 6.1 and presented in
Appendix A.

L
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4. METHODS

4.1 Modeling. The piping system is mathematically modeled to
realistically reflect the static and dynamic reactions of the
piping. The piping and equipment are represented in the model as a
series of mass points (nodes) and interconnecting weightless
springs. Mass points are spaced so that the elements between them
will be of no greau r length than a simple supported beam with
uniformly distributed mass having a natural frequency equal to the
cut-off frequency of the analysis.

4.1.4 Sprina Hanaers. There are no spring hangers used in the
wetvell piping system.

4.1.5 Anchors and Struts. All the piping supports, such as struts
and anchors are modeled as boundary elements with equivalent
translation stiffness and rotational stiffness. In general, it is
required that the strut translational stiffness should be more than
500,000 lb/in. The analysis result changes will be small for
stiffnesses greater than that value. The rotational stiffness at
the quencher basemat should be equal or greater than 8.7E9
in-lb/ radian.

4.1.6 Ouencher and Submerced Pining. The water weight inside the
pipe and the hydrodynamic weight for the water outside the pipe
have been included in the analysis.

4.2 Analysis Methods. The dynamic analysis was performed using
two methods. The inertia effects of each of the governing dynamic
loads are evaluated using enveloped response spectrum method. The
high frequency effect is included in the analysis in accordance
with SRP 3.7.2. The loads and analysis methods that are the same as
the drywell pipings are listed in Table 5-1. The analysis of
wetwell loads are shown in Table 5-2.
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4.2.1 Some other important dynamic criteria used in the analysis
are tabulated below:

ITEM CRITERIA

Damping: Seismic JBE/SSE Reg. Guide 1.61
Dynamic Loads Reg. Guide 1.61

Cutoff Frequencies Acceleration Seismic - 33 Hz
Response Spectra (ARS)

Other dynamic loads-60Hz

Combination of 3 Direction Components Square Root of the Sum
of the Squares (SRSS)

Combination of Primary and Secondary SRSS
Loads and Stresses

Response Spectrum Peak Broadening Plus or minus 10 %

Modal Combination Double Sum Method which
accounts for effects of
any closely spaced modes
per Reg. Guide 1.92

4.3 Wetwell Loads : A brief description of additional wetwell
loads and analysis methods for each load are are shown in Table
5-2. The damping ratio used in all the dynamic time history
analyses is 0.5%.

4.4 Computer Procrans. The computer programs used in the piping
stress analysis are described below.

4.4.1 PISYS. PISYS performs static and dynamic analysis of piping
systems. The analysis modules of PISYS were derived directly from
the SAP 4G program.

4.4.2 ANSI 7 The ANSI 7 program calculates stresses and cumulative
usage factors for Class 1, 2 and 3 piping components in accordance
with Article NB/NC/ND-3600 of ASME III. This program also
calculates combined loads on piping equipment in accordance with
the equipment load combinations given in the piping Design criteria
cnd Analysis Methods Document and compares them with the allowable
loads where applicable.
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5. RESULTS

5.1 D_eJign for Pressure (ND-3640)

5.1.1 Straiaht Pine and Pioe Ben @. Membrane protection for these
items is provided by meeting the minimum wall requirements of
Paragraphs NC-3641 and NC-3642 of ASME III. The comparison of
minimum wall calculations with the values specified on the piping
drawing (Reference 2) are contained in Table 3.

5.1.2 Elbows. The elbows used in the wetwell pipings are 3D bonds
which are manufactured in accordance with ANSI B16.9 Standard. The
minimum wall requiremento for the elbows are the same as for
straight pipe; therefore, the ninimum wall thickness tabulated in
Table 3 for straight pipe applies to elbows.

5.2 Structural _Analysin. The forces, moments and deflections of
the pipe at each joint in the piping system identified on the
stress analysis diagram for the thermal, dead weight and dynamic
loading are calculated. The summary of calculated stresses and
stress ratios for applicable load combinations by service level is
presented in Appendix B.

5.3 Picina ConDonent Analysis

5.3.1 ASME Code Evaluation. The piping components were analyzed
in accordance with the requirements of ASME III, Sucarticle NC-3650
by the computer program ANSI 7. The analysis showe.1 that all of the
requirements of Subarticle NC-3650 of ASME III have been met.

5.3.2 S u nm a ry of Analvtica.1 Evaluation. A summary of 3he
analytical evaluation of the piping components is given in Appiao x
B. The summary consists of stresses, and ratios to allowable for
each service level.

5.4 Pinina System Eauipment Loads. Appendices A throuah C. The
loads acting on equipment and supports interf acing with the pipir.g
are presented in Appendices A through C of this report. Appendix A
provides the load combinations, Appendix B contains a summary of
results, and Appendix C provides,the detailed interface loads for
the pipe supports .

5.4.1 Suspension and Structural Attachments. Appendix B gives the
loading combinations and calculated loads for the piping
suspension. This includes struts, diaphragm floor penetration and
quencher basemat anchor. The location of, and coordinates for, the
suspension are given in Appendix E.

5.5 Thermal Displacements. ADDendix D. Appendix D presents the
thermal displacements for the normal operating condition for all
significant nodes in the piping system.

{
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6,0. REFEREtiCES

3. GE Document tio . IIEDC-XXX, "ADWR Main Steam, Feedwater and
SRVDL Piping Systems Design Criteria and Analysis Methods".

2. GE Drawing flo. 103E1481, "SRV Wetwell Piping" Rev. 0 (for. ,
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TABLE 1 PGOPERTIES OF MATERIALS

Modulus8 8Material Temp. h y Elast.
Material Type (F) (psi) (psi) (psi)

a

ASME SA-376 1 480 (4) 18060 20192 25.8E6 (2)
TP-316-3S
vetwell piping

130 (3) 18770 30000 28.6E6 (1)
ASME SA-376 2 18C (4) 14606 16068 25.8E6 (2)
TP-316L
quenchor 130 (3) 16296 25000 28.6E6 (1)

(1) Ec =.Modulua of Elasticity at 70 degree F
(2) Eh = Modulus of Elasticity at 480 degree F
(3) Piping at room temperature
(4) Piping at design temperature

TABLE 2 HATERIAL ALLOWABLES

Mat. Level Danign occas Level C Level D Eq. 11
Lesser 1.5 Sh 1.8 Sh 2.25 Sh 3.0 Sh 1.25(Sh4Sc)

Type of the 1.5 Sy 1.8 Sy 2.0 Sy i

- 1 Allow psi 27090 30288 36345 '40384 53100
2 Allow psi 21969 24102 28922 32136 38627

.

)
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TABLE 3 PIPING DIMENSIONAL PROPERTIES '

r

Nom. Pipe Size (in) 10 10 12 12 12 24

Nom. Pipe OD (in) 10.75 10.75 12.750 12.75 12.75 1.812
"

Nom. Pipe ID (in) 9.564 9.75 11.624 11.624 11.376 20.376 i

Min Wall t,g (2) 0.519 0.438 0.493 0.493 0.601 1.586

Nom. Wall tnom (in) 0.593 0.500 0.562 0.562 0.687 1.812 i

Material Type (1) 1 1 1 1 2 2

Weight (Ib/ f t) (3) 62.85 53.49 71.93 169.75 182.5 765.98

Location Dene Dry area Dry area Water Q-Arms Q-body
-

Notes: (1) Referc to Table 1
(2) Minimum Wall Requirements Calculated per ASME III,

Section NB-3640
-(3) Weight equals pipe weight plus water weight plus

hydro-dyn weight

TABLE 4 DEFINITION OF THERMAL EXPANSION CASE 1

Temperature (degrees F)
-

,

; SRV Piping in air spece 450

SRV piping under water 330

Quencher Pedestal support column 200 :

Case 1:ic SRV discharge conditions.
SRV piping is at room temperature during normal operation

. . .. . . . . -- -- . , . - - - L, , . - _ . .
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TABLE 5 NOMENCLATURE OF LOADS OTHER THAN WETWELL LOADS

<

Load Type Case Ident Dir*** Description

PO Operating Pressure
PD Design Pressure, 540 psi
PP Peak Pressure

Thermal 1 TE1 SRV discharge condition
Weight 1 WT1 Dead Weight
Seismic 1 OBEI X operating Basis Earthquake -

Inertia Effact
Seismic 2 " Y Operating Basis Earthquake -

Inertia Effect
Seismic 3 " Z Operating Basis Earthquako -

Inertia Effect
OBE D 1 OBED* X Operating Basis Earthquake - Anchor

Displacement
OBE D 2 OBED* Z Operating Basis Earthquake - Anchor

Displacement
'

SSEI 1 SSEI X Safe Shutdown Earthquake - Inertia
Effect

SSEI 2 SSEI Y Safe Shutdown Earthquake Inertia-

Effect
SSEI 3 SSEI Z Safe Shutdown Earthquake Inertia-

Effect
'SSED 1 SSED* X Safe Shutdown Earthquake Anchor-

Displacement'
ESED 2 SSED* Z Safe Shutdown Earthquake - Anchor

Displacement
A.P.I. 1 API ** HOR Annulds Pressurization Inertia >

Effect - Enveloped load in X.
A.P.I. 4 API ** HOR Annulus Pressurization Inertia

Effect - Enveloped load in Z
A.P.D. APD Annulus Pressurization Anchor

Displacement. Negligible in wetwell
piping.

.

f
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TABLE 5-1 NOMENCLATURE OF LOADS (Continued)

Load Type case Ident Dir*** Description

CHUG. I 1,3 CHUGI HOR Chugging Load - Inertia Effect
CHUG. I 2 CHUGI Y Chugging Load - Inertia Effect
COND. I 2 CONDI Y Condensation Oscillation - Inertia

Effect
RV2 SVII 1,3 X,Z Single Safety Relief Valve -

Inertia Effect
RV2 SVII 2 Y Single Safety Relief Valve -

Inertia Effect
RV2 1 1,3 RV2 I X,2- All Safety Relief Valves Basemat

Acceleration - Inertia Effect
RV2 I 2 RV2 I Y All Safety Relief Valves Basemat

Acceleration - Inertia Effect

OBED cases 1 and 2 were combined using the SRSS method.*

SSED cases 1 and 2 were combined using the SRSS method.
* * For API, the' enveloped of load due to the Recirculation,

- Feedwater, or Main steam Breaks is used.
*** The X-direction is esst/ west, the Z-direction is north / south, and

Y is vertical.

.
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TABLE 5-2 WETWELL PIP 2IG LOADS*

ADJQ : Air c1 caring load from active quencher acting on adjecent
inactive quencher. Total 3 cases.
Analysis method : Time history direct integration.

AIRDB : Air bubble load from main vent opening.
Analysis method : Time history direct integration.

AIRC : Air clearing laod from active quencher acting on that same
quencher's arms.
Analysis method : Static analysis.

CHUGW : Chugging wetwell acoustic triangular pulse type pressure load.
Analysis method : Time history direct integration analysis.

CHUGR : Chugging acoustic pressure ringoat type loading,
Analysis method : Time history direct integration analysis.

CONDH : Condensation oscillation pressure load case 1.
Analysis method : Time history direct integration method

CONDL : Condensation oscillation wetwell pressure load case 2.
Analysis method : Time history direct integration method

PSWLY : Pool swell load.
Analysis method : Time history direct integration analysis.

RV1 : Relief valve lift acoustic load and water clearing load.
Analysis method : Time history direct integration analysis.

WJET : Water jet load from active quencher acting on adjacent
inactive quencher.
The load is negligible and is not included in the analysis.

WJETMV : Water jet from main vont opening.
The load is negligible and is not included in the analysis.

.

:
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TABLE 6 NOMENCLATURE FOR APPENDICES

ALLOW Allowable force (lb) or moment (in-lb)=

ANC Anchor identification in structural analysis !
=

COMB Service level equation number as shown on load !=

combination table
FA, FB, FC* Local force in A, B, C directions (lb)=

,

F/M Force (1b) and moment (in-lb) !
=

FX, FY, FZ Global force in X, Y, Z directions (lb) )
=

LOAD Calculated load (lb) )
=

MA, MB, MC* Local moment in A, B, C directions (in-lb) ;
=

MX, MY , MZ Global moment in X, Y, 7 directions (in-lb)=

RATIO calculated load or stress divided by allowable=

load or stress
STR Strut=

ANC Anchor=

*There are two types of elements that the PISYS computer progran usen
to form the pipe model. One is the straight or tangent element and
the other is a planar bend element. Each element has local
coordinate axes that orient the element in the global coordinate
system and identify force and moment components at a joint.with
respect to element axes. Moreover, joint displacement and rotation
require a knowledge of the local axes. The convencion for the
orientation of these local axes is as follows:
(1) Tangent elemente parallel to the global Y-axis (vertical axis)

have their local B-axis diverted to and in the same direction as
the global Z~ axis.

(2) Tangent elements not parallel to the global Y-axis have their
local B-axis contained in a vertical (global) plane such that
local B-axis projects positively on the positive global Y-axis.

(3) For bend elements, the local B-axis is directed positively
toward and intersects the center of curvature of the bend (i.e.,
radius vector).

(4) The local A-axis is tangent to the arc of the bend or straight
element and is directed positively from the FROM joint to the TO
joint.

!
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69PENDIX A

THE LOADING COMBINATION USED FOR THE ANALYSIS ** PIPE ***

DESGN1 1 PD + WT1
OCCAS 1 PO + WT1 + SQRT((RV1 )**2 + ( OBEI )**2)
OCCAS 2 PO + WT1 + SQRT((RV21 )**2 + ( ADJQ )**2 + ( OBEI )**2 )
OCCAS 3 PO + WT1 + SQRT((AIRC )**2 + ( OBEI )**2)
THERM 1 TE1
TH+WT 1 PO + WT1 + TE1
LEVL C 1 PO + WT1 + SQRT((RV1 )**2 + ( CHUGI )**2 + ( CHUGW

+ CHUGR)**2)
LEVL C 2 PO + WT1 + SQRT((RV21 )**2 + ( ADJQ )**2 + ( CHUGI )**2 '

+ ( CHUGW + C110GR )**2 )
LEVL C 3 PO + WT1 + SQRT((AIRC )**2 + ( CHUGI )**2

+ ( CHUGW + Cl!UGR)**2)
LEVL D 1 PO + WT1 + SQRT((SSEI )**2 + ( RV1 )**24 ( CHUGI )**2

+ ( CliUGW + CHUGR )**2 )
LEVL D 2 PO + WT1 + SQRT((SSEI )**2 + ( RV2I )**2 + ( ADJQ )**2

+ ( CHUGI )**2 + ( CHUGW + CHUGR )**2 )LEVL D 3 PO + WT1 + SQRT((SSEI )**2 + ( AIRC )**2 + ( CHUGI )**2
( CHUGW + CHUGR )**2 )+

LEVL D 4 PO + WT1 + SQRT((SSEI )**2 + ( RV1 )**2 + ( CONDI )**2
+ ( CONDL + CONDH )**2 )

LEVL D 5 PO + WT1 + SQRT((SSEI )**2 + ( RV21 )**2 + ( ADJQ )**2
+ ( CONDI )**2 + ( CONDL + CONDH )**2 )LEVL D 6 PO + WT1 + SQRT((SSLI )**2 + ( AIRC )**2 + ( CONDI )**2
+ ( CONDL + CONDH )**2 )

LEVL D 7 PO + WT1 + SQRT((SSEI )**2 + ( PSWLY )**2 + ( AIRBB )**2 ),

LEVL D 8 PO + WT1 + SQRT((SSEI )**2 + ( API ) * *2)

<

, _ m _.
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G K 7 - US A

S T f' /;g4 L ARE AS FOLLOWLOADING COMBIMATION FOR g

LEVL A 1. wit * TES

TESLEWL 8 I ws * SORTetOBEf p**2 * t 08ED t**2 * t RVs ***2 D
*

LEwt 8 2 wil * SORTetCBEl f**2 + 4 OBED t**2 * t RV28 6**2 * t RV2D ***2TEI *

* t ADJO 3**2 i

LEVL 8 3 wit * TEI * SORTitO8E8 ***2 * t 08ED D=*2 * t AIRC p**2 8

LEWL C 1 wit * TEI * SORTatRwt f**2 * 4 CMUGs 1*=2 * 4 CHUGW * CMUGR
9**2 e

LEVL C 2 wil * TES * SQRTitRV28 #**2 * 4 kV2D 9**2 * 8 ADJO f**2 * 6 CMUGI le*2
* t CHUGW * CHUGR Da*2 8

LEVL C 3 WTl + TES SQRTtfAIRC )**2 * t CHUGI 3**2* * t CMUGW CHUGR*

t**2 9

LEVL C 4 wil + TES SORT 8tAIRC 8**2 * t CONDI ***2 * t CONDL* COwCM*

***2 :

LEVL C 5 wTt * TES SORTitPSwtY l**2 * f AIRE 8 9**2 3*

LEVL 0 I wil * TES + SORTitSSES 8**2 * t SSED 1**2 * * RVs t**2 * t CMUGt s**2,

* * CHUGW * CHUGR 9**2 9

LEVL D 2 wil * TEI SORiteSSEI t**2 * t SSED t**2 * * Rv29 8.*2 * f Rv2D t**2*

* 8 ADJO 3**2 * 6 CMUGt le=2 3

LEVL 0 3 WTI * TES SORTitSSEt 3**2 * t SSED t**2 + t AIRC l**2* * t CMUGt p**2
* * CHUGW CHUGR )**2 9*

LEVL D 4 wil * TES SQRTttSSEI p**2 * t SSED 9**2 * * AIRC 8**2* * t COMDB ***2
* G COMOL CONDH 8**2 i*

LEWL D 5 wit TES SQRTetSSES 8**2 * 4 SSED 6**2* * * PSwLY 5**2* * t A8R88 8**2
:

LEvt D 6 WT4 * TEI SORTitSSEI D**2 * t SSED t**2 * 8 API Ba*2 I
*

t

i
j

.. - - ._
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APPENDIX B-1-1 SUMMARY OF STRESSES FOR NODES IN INPUT SEQUENCE

SIZE COMP SUSTAIN EQ 8 * OCCA EQ 9 PRI+SEC EQ11* LEVEL C EQ 9* LEVEL D EQ 9**

NO O.D. TYPE STRESS RATIO * STRESS RATIO * STRESS RATIO * STRESS RATIO * STRESS RATIO

001. 10.750 TRANSI 2839. O.10 13223. 0.44 5928. O.13 6639. 0.18 22869. 0.57 !
203. 10.750 ST PIP' 2764. 0.10 7199. 0.24 11564. 0.25 5325. 0.15 10750. 0.27
004. 10.750 ELBOW 1326. 0.05 9433. 0.31 16679. 0.36 4271. 0.12 17267. 0.43 ,

006. 10.750 ELBOW 3639. 0.13 21417. 0.71 9545. O.21 13331. 0.37 36490. 0.90 !

106. 10.750 ST PIP 5236. 0.19 17635. 0.58 5473. 0.12 12494. 0.34 27626. 0.68
008. 10.750 ELBOW 2223. 0.08 12424. 0.41 1024i. O.22 9134. O.25 20877. 0.52 |
010. 10.750 ELBOW 2928. O.11 12538. 0.41 12294. 0.27 12043. 0.33 17798. 0.14
110. 10 750 ST PIP 3671. 0.14 8250. 0.27 10071. 0.22 8360. 0.23 10248. 0.25 !

012. 12.750 REDUCE 3380. 0.12 6904. 0.23 7973. 0.17 6020. 0.17 9685. 0.24 i
013. 12.750 ELBOW 1601. 0.06 8504. 0.28 8427. 0.18 6534. 0.18 14120. 0.35 |
015. 12.750 ELBOW 2271. 0.08 11137. 0.37 7268. 0.16 93/O. 0.26 16871. O.42 i
017. 12.750 ELBOW 1160. 0.04 12840. O.42 4670. 0.10 10375. 0.29 21225. 0.53
019. 12.750 ELBOW 1558. 0.06 11189. O.37 6427. 0.14 7025. 0.19 19719. 0.49

I020. 12.750 ST PIP 3236. O.12 8886. 0.29 5551. 0.12 7905. 0.22 13389. 0.33
O22. 12.750 ELBOW 2122. 0.08 14612. 0.48 6808. 0.15 14141. 0.39 24712. 0.61 [024. 12.750 ELBOW 2346. 0.09 16335. 0.54 6827. O.15 16265. 0.45 26890. 0.67 p
027. 12.750 ELBOW 1877. 0.07 10999. O.36 4808. 0.10 12817. 0.35 18650. 0.46
029. 12.750 ELBOW 1838. 0.07 12462. 0.41 4810. 0.10 13426. 0.37 20812. 0.52
030. 12.750 REDUCE 3159. 0.14 12007. 0.50 438/. 0.11 11417. O.39 18478. 0.57 |
030. 12.540 REDUCE 3113. O.14 12262. 0.51 4376. O.11 11651. 0.40 18967. 0.59
032. 12.540 BR NOZ 5066. 0.23 16656. 0.69 5031. 0.13 16838. 0.58 16852. 0.52 |
032. 12.540 TRANSI 2572. O.12 10488. 0.44 2588. 0.07 10631. 0.37 10643. 0.33 |
033. 12.540 3293. 0.15 11842. 0.49 3308. 0.09 12026. 0.42 12039. O.37 i
036. 12.540 BR NOZ 5066. 0.23 16653. 0.69 50 1. 0.13 16788. 0.58 16803. 0.52
036. 12.540 TRANSI 2572. O.12 10485. 0.44 2588. 0.07 10592. 0.37 10604. O.33

I037. 12.540 3293. O.15 11843. 0.49 3308. 0.09 11975. 0.41 11988. 0.37
040. 12.540 BR NOZ 5066. 0.23 11218. 0.47 5031. 0.13 11542. 0.40 11593. 0.36

,

040. 12.540 TRANSI 2572. 0.12 6209. 0.26 2588. 0.07 6464. 0.22 6504. 0.20 |
041. 12.540 3293. 0.15 7549. 0.31 3308. 0.09 7810. 0.27 7853. 0.24 i
044. 12.540 BR NOZ 5066. 0.23 11218. 0.47 5031. 0.13 12037. 0.42 12080. 0.38 i
044. 12.540 TRANSI 2572. O.12 6209. O.26 2588. 0.07 6854. 0.24 6887. 0.21 '

045.- 12.540 3293. O.15 7548. O.31 3308. 0.09 8494. 0.29 8526. 0.27 L

048. 24.000 TRANSI 1889. 0.09 6596. 0.27 2125. 0.05 7480. 0.26 8728. 0.27 !
049. 24.000 TRAs4SI 1526. 0.07 7178. 0.30 1765. 0.05 9563. 0.33 10939. 0.34 h

,

!

._



. _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ - _ _ _ - - _ _ _ _

i.

|
. .-

l

- !

!

' APPENDIX B-1-2 SUMMARY OF PIPING STRESSES FROM HIGH TO LOW |.

SUSTAINED EQ 8 * OCCASIONAL EQ 9 * PRI+SEC EQ 11 * LEVL C EQ 9* LEVL D EQ 9* '

NO STRESS RATIO * NO STRESS RATIO NO STRESS RATIO * NO STRESS RATIO * NO STRESS RATIO * i
4

i 044. 5066. 0.231 006. 21417. 0.707 004. 16679. O.362 032. 16838. 0.582 006. 36490. 0.904
032. 50C5. 0.231 032. 16656. O.691 010. 12294. 0.267 036. 16788. 0.580 106. 27626. 0.684
040. 5066. 0.231 036. 16653. 0.691 203. 11564. 0.251 024. 16265. 0.447 024. 26890. 0.666 '

036. 5066. 0.231 106. 17635. 0.582 008. 10245. 0.223 044. 12037. 0.416 022. 24712. 0.612
106. 5236. 0.193 024. 1633S. 0.539 110. 10071. 0.219 033. 12026. 0.416 030. 18967. 0.590 -

;041. 3293. 0.150 030, 12262. 0.509 006. 9545. O.207 037. 11975. 0.414 030. 18478. 0.575 !

033. 3293. 0.150 030. 12007. 0.498 013. 8427. 0.183 030. 11651. 0.403 001. 22869. G.566
037. 3293. 0.150 037. 11843. 0.491 012. 7973. O.173 040. 11542. 0.399 017. 21225. 0.526 !045. 3293. 0.150 -033. 11842. 0.491 015. 7268. 0.158 030. 11417 O.395 032. 16852. 0.524 {

! 030. 3159. 0.144 022. 14612. 0.482 024. 6827. 0.148- 022. 14141. O.389 036. 16803. 0.523
030. 3113. O.142 044. 11J18. 0.465 022. 6808. O.148 029. 13426. 0.3G9 008. 20877. 0.517 t
110. 3671. 0.136 040. 11218. 0.465 019. 6427. O.140 032. 10631. O.368 029. 20812. 0.515 l

006. 3639. 0.134 001. 13223. 0.437 032. 5031. 0.130 006. 13331. O.367 019. 19719. O.488 r012. 3380. 0.125 032. 10488. 0.435 044. 5031. 0.130 036. 10592. 0.366 027. 18650. 0.462 1
-

020. 3236. 0.119 036. 10485. 0.435 040. 5031. 0.130 027. 12817. O.353 010. 17798. 0.441
'

'
044. 2572. 0.117 017. 12840. 0.424 036. 5031. O.130 106. 12494. O.344 004. 17267. O.428
032. 2572. 0.117 010. 12538. 0.414 edl. 5928. 0.129 010. 12043. 9.331 015. 16871. O.418
040. 2572. O.117 029. 12462. 0.411 020. 5551. 0.121 049. 9563. J.331 044. 12080. O.376
036. 2572. 0.117 '008. 12424. 0.410 106. 5473. 0.119 045. 8494. O.294 033. 12039. 0.375
010. 2928. 0.108 019. 11189. 0.369 030. 4384. O.113 017. 10375. O.285 037. 11988. O.373
001. 2839. 0.105 015. 11137. 0.368 030. 4376. 0.113 041. 7810. O.270 040. 11593. 0.361
203. 2764. 0.102 027. 10999. O.363 029. 4810. O.104 048. 7480. O.259 013. 14120. 0.350 '

024. 2346. 0.087 041. 7549. 0.313 027. 4808. 0.104 015. 9370. O.258 049. 10939. 0.340,

048. 1889. 0.086 045. 7548. 0.312 017. 4670. 0.101 008. 9134. 0.251 020. 13389. 0.332
,

015. 2271. 0.084 004. 9433. 0.311 041. 3308. 0.086 044. 6854. 0.237 032. 10643. 0.331, >

008. 2223. 0.082 049. 7178. 0.298 033. 3308. 0.086 110. 8360. O.230 036. 10604. 0.330.

,
j 022. 2122. 0.078 020. . 8886. O.293 037. 3308. 0.086 040. 6464. 0.223 048. 8728. 0.272 *

049. 1526. 0.069 013. 8504. 0.281 045. 3308. 0.086 020. 7905. O.218 203. 10750. 0.266
027. 1877. 0.069 048. 6598. 0.274 044. 2588. 0.067 019. 7025. O.193 045. 8526. 0.265

; 029. 1838. 0.068 110. 8250. 0.272 032. 2588. 0.067 001. 6639. O.183 110. 10248. 0.254 '

2 013. 1601. 0.059 044. 6209 0.258 040. 2538. 0.067 013. 6534. O.180 041. 7853. 0.244
| 019. 1558. 0.058 040. 6209. 0.258 036. 2588. 0.067 012. 6020. O.166 012. 9685. 0.240 l

004. 1326. 0.049 203. 7199. O.238 048. 2125. 0.055 203. 5325. 0.147 044. 6887. 0.214 ,017. 1160. 0.043 012. 6904. 0.228 049. 1765. 0.046 004. 4271. O.118 040. 6504. 0.202 I
:

i

.
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APPEhDix 8 2 1 00AD$ DN DIAPHRAGM FLOOR kOCl=101. GLOBAt C00RDIAh1El*

FX FV F2 Mx MY NZ

TII. CATE.1 3985 7865. 2108. 32526. 6715, 79106.

W11 CAS* 1 15. 136. 162. 3942. 5715. 12667

06El . L.$E .1 1217 2D46. 2017. 13T227. S6727. 71743.

. OBEl CASE 2 1477. 2227. 2771 -164820. 127014 94701.

103. 2101. 180. 14D95. 13261, 23289DeCl - CA*: a
Rv1 - CA$t 1 1664 11801. 600, 65349, 33905. 96043.

Ev21 CAtt 1 159. 668. 237. 9578. 4388. 12613.
tv21 CA$I 2 230. 940. 196. 8165. 4553. 19433.

Rv21 Cast 3 1D4 2596. 185. 16537 17131. 27372.
CMUG1 CASE 1 123. 117. 249 2774 2402. 2257.
CHUCI CASE 2 138, 317. 218, 2919, 2700. 4692.
CMUGI . CASE 3 8. 33, 15. 424 263. 485

Cow 0M CASE 1 12. 76, 14. 1531 1167. 818.
Coh0L CASE 1 63. 211, 129. 7700. 5249, 4312.
CHUOW CASE 1 0. 1. O. 1. 7. 1.

CHUCR CASE 1 19. 333. 13. 2128. 1175. 2272.
API CA$E 1 138. 198. 277. 4025. 3295. 3547.
API CASE 4 139. 340, 232. 4136, 3352. 6433.
ADJo CASE 1 23, 350, 20. 2209. 1972. 2652.
ADJO CASE 2 74 578. 49, 8636. 5835, 8034.
-DJo CASE 3 95. 944, 58. 7142. 3901, 9243,

15El CA$E 1 2635. 4092. 4035, 274455, 193454, 143485

$$El Cast 2 2954 4454 5543. 369640. 258U28. 189402.
$$El CASE 3 Z35. 4201, 360. 28189. 26523. 46577.

55ED CASE 1 2. 391. 53. 723. 230 -4 99.

$$ED CASE 2 4 66. 24 1181 2194 1234

C0hD1 CASE 3 144, 2046. 235. .16635. 154 b6.. 22457.
P5WLY CASE 1 110. 1003. 111 1749, 1046. 3741.
OBCD CASE 1 12. 183 44 -1128. 4 03. 1073.

00E0 CASE 2 13. 163.~ 3. 1322. 1749 1497

AIR 88 CA3E 1 42. 162. 35. 4212, 3677. 3283.
A!RC CASE 1 7, 63. 1. 368. 20, 1023.

|
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APPEhDin B 2 1 LOADS CW DI APhR AM FLOOR katt:101. GLc84L CCK*DlhAf t$

(COM8th(D ti$ults).

F1 FY F2 NX pr MZ

LEVL A 1 3999 8001. 2271. 36468. 12429, 91773.
LEVL B 1 6538, 20366. 5756, 276180. 177745. 246322.
LIVL B 2 5941. 12694. 5722, 268196. 175363. 218310.
Livt B 3 5916. 11692. 5703. 267101. 174231, 212860.
LEVL C 1 5674 19612. i956, 101977 46568. 187985.
Livt C 2 4359, 10939. 2761. 59432. 31975. 128962.
L!VL C 3 4166. M81. 2602. 41057. 16241. 97565.
LEVL C 4 4445. 1069?. 2809. 90325. 52419. 138023.

LEVL C 5 4117. 9017. 2388. 41028. 16253. 96750.
Livt D 1 8182. 21925. 9170. 502351. 337814 352328. -

LEVL D 2 7849. 15939, 9154 498294 336610, 336753.
Ltyt D 3 7837. 1$391. 9144, 497745, 336043. 333933.
Ltvt D 4 7858. 15853. 9157 500856. 335 82. 338292.
LEvt D 5 7834. 15445. 9137, 497745. 336043. 333965.
Ltvt 0 6 7838. 15386. 9146. 497759. 336055, 334026.

.
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APPEhDlx B 2 2 LOADS ON QuthCHER BA$EMAT N0DE6049. G(QGAL CQQRD|NATE$

fx ff F2 Mx my- M2

TE1 CASE 1 317. 1652. 478. 94966. 63174 48067
Wil - CASE I 131. 9460. 884 110181. 2134 12791.
06El CASE 1 6578. io66. 7093. 920918. 111 P90. 860847.
OBEl CASE 2 5735. 1398. 7251 962177. 144045. 773851.
esti CASE 3 1392. 3302. 1805. 190347. 23943. 1 775 79.

=RV1 CASE 1 13030. 37962. 30797 2991577. 88439, 1503039.
Ovil CASE 1 3860. 1932. 4489 468773. 25553, 390180.
tvil CASE 2 2808, 1250. 3650, 368412, 16738, 313885.
AV21 Cast 3 1397. 1719. 1562. 168787. 2a391. 195 779.

CHUGI CASE 1 1553. 469 896. 83341, 22791. 103361.
CHUG 1 CASE 2 651. 730. 2215 130682. 13665. 68430.
CNUGI CASE 3 101. 112. 221. 15575. 987 8632.
CohDN CA$E 1 24$1. 1344 3412. 2$6870, 2586, 19457$.
CONOL CASE 1 12907, 6920. 18116. 1283952. 50293. 936978.
CWUGW CASE 1 15303. 7987. 2304 131536. 7249. 724913.
CRUGa CASE 1 519. 5451. 1537. 246359. 2741. 61283.
API Cast 1- 1999. 651, 1301 138474. 26101. 150794

API CASE 4 894 589 1884 150563. 15881 101522.
ADJC ' .ASE 1 4202. 8282. 8765. 672889 7648, 335605.
ADJQ CASE 2 5694 8707. 9695. 780600. 15795. 575722.
AD.'1 CASE 3 6759, 8791. 10266. 896659, 24486. 579599.
$$El CASE 1 13156. 3732. 14186. 1841836, 223980. 1721694
$tEl CASE.2 11469 2796. 14501, 1924354. 288090. 1547703.
$5El' CASE 3 2784 66D4 3610. 340693, 47886; 355158.

$$ED CASE 1 248, 126. 2. 4517. 22450. -90252.
$$10 CASE 2 *19 23. 289. 103513. 4780. 5433.
CONDI CASE 3 2283. 2489. 3559, 296987. 26398. 247133.
P1WLY CASE 1 289 7026. 542. 256653, 358. 48886.
OBED CASE 1 218. 78, 10. -5676. 20648, 77119.
OBED CASE 2- 21. 42, 2 64 90513, 5018. 5841.
AltB8 CASE 1 7316. 1673. 9828. 979385. 13831. 730793.
AltC CASE 1 31614 16805. 4969 615782. 1527261. 2431319

- , - , . .. . . _ . . - - , -,. .
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APPikDix B+2 2 LDADS Dh DUthCHER BASEMA1 WD0t:049. GLOBAL 000RDihATES

(COMBihtD RESULTS)

Fx FY F2 xx My m2

ttyL A 1 448, 11112. 1362. 205146. 65307. 60858. i

LEvt 8 1 16193. 492ES. 33837, 34S6589. 270580. 1967831
Ltvt 8 2 12636, 21205. 17094 1930013. 256760. 1475937
Ltyt 8 3 33275, 283V6. 12803, 1687550. 1603762. 2760623.
LEvt c 1 21014. 51391. 32490, 3224690. 155196. 1761643.
LEVL C 2 1S437, 27440. 14083. 1369651, 121393. 1182719.
LEvL C 3 35841. 32t.46. 8085. 944960, 1592833, 2619150.

Livt C 4 43702. 35787 45644, 3979119. 1595B40, 3567168.
LEvL C 5 7769 18334 11234. 1217601 79143. 793254.

Livt D 1 27566. 52195. 3 b6V3. 42509S4 445585, 2956820. --

LEvt D 2 25668, 29340, 25579 3138955. 438307. 2659415.
LEvt D 3 40009 34114 23038, 2997718. 1636713, 3530553.
Livt D 4 47174 37078. 502t4. 4541312. 1639636, 4278456.
LtyL D 5 19580. 21954, 24199. 3081990. 434325, 2516540.

Livt 0 6 '8259, 19245. 22095. 2905703. 435329. 2411809.

APPENDIX 8 2+3 SuwMARY LDAD Dh AhthDR5 GLOSAL CapRDiaNTES

(COMB!hED RESULIS)

N3CE/name LEVEL A LEVEL D Livtt C LEVEL D

101. A01 Fx 3999. 6538, 5674 8182.
FY 8001. 20366. 19812. 21925.
e2 2271 5756, 2956, 9170.
Mx 36468. 276100, 101977. 502351.
MY 12429. 177745. 52419, 33S482.

M2 91773. 24t322. 187985. 352328.

049. A02 Fx 448. 33275. 43702. 47174.
Fy 11112. 492 Bt. . 51391 52195.
F2 1362. 33837. 45644. 50204.
Mx 135146. 3466!B9. 3979119, 4541312.
MY 65307, 1603762. 1595S40, 1639636.

M2 60858. 2760673. 3567168. 4278456.
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APPEbolX t 311 SJ% MARY OF LDAD AhD WIPE DISFLACEAEhlS Al SUPPORTS

SIR PIPE N00E*303. CM1A

FORCE OlSP. X OlSP. Y O!SP. Z
TE1 CASE 1 4352. 0.106 0.233 0.108 .

WT1 CASE 1 592. 0.011 0.000 0.004
OBEl CASE 1 1190. 0.065 0.001 0.126
08EI CASE 2 1562. 0.087 0.001 0.169
06El CASE 3 1311. 0.020 0.001 0.012
Rv1 CASE 1 7717. 0.086 0.002 0.065
RV21 CASE 1 1119. 0.012 0.000 0.010
RV21 CASE 2 1480. 0.019 0.000 0.008
RV21 CASE 3 1626. 0.025 0.001 0.015
CHUGI CASE 1 156. 0.003 0.000 0.004
CMUGI CASE 2 358. 0.005 0,000 0.0 04

.CMUGI CASE 3 44. 0.000 0.000 0.000
C0hDM CASE 1 59 0.001 0.000 0.002
CONDL CASE 1 1 06. 0.004 0.000 0.008
CMUGW CASE 1 0. 0.000 0.000 0.000
CHUGR CASE 1 2 04 0.002 0.000 0.002
API CASE 1 289. 0.004 0.000 0.005
API CASE 4 482. 0.006 0.000 0.005
ADJC CASE 1 231. 0.003 0.000 0.002
ADJQ~ CASE 2 5 84 . 0.008 0.000 0.009
ADJo CASE 3 664 0.009 0.000 0.007
SSE1 CASE 1 2380. 0.130 0.001 0.252
SSE1 CASE 2 3125. 0.174 0.001 0.338
$$El CASE 3 2622. 0.040 0.001 0.024
SSED - CASE 1 10. 0.360 -0.000 0.001
SSED CASE 2- -37. 0.001 0.000 0.359
CONDI CASE 3 1416. 0.021 0.001 0.016
PSWLY CASE 1_ 277. 0.003 0.000 0.001
OBED CASE 1 19. 0.261 0.000- 0.001
OBED CASE 2 51. 0.001 0.000 0.259
AIRBS CASE 1 195. 0.003 0.000 0.004
AIRC CASE 1 77. L.001 0,000 -0.000

y
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Sit PIPE h00Es303. CHIA #004876

SERVICE COMB No. SUM

LEVL A 1 4944

LEVL 8 1 13015.

LEVL B 2 6467

LEVL 8 3 7307

LEVL C 1 12674.
LEVL C 2 7597.
LEVL C 3 5404,

LEVL C 4 8394

LEvL C 5 5251.
LEVL 0 1 14003,

LEVL 0 2 10361

LEVL D 3 9689.

LEVL D 4 10793.

LEVL D 5 0677.
Levi 0 6 9700.
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APFthDiX S 3*28 SUMMARY OF 10AD AND PIPE DISPLACEMEWi$ AT SUFPORi$

Sit PIPE N00E=107. GM1v

FORCE DISP. X DISP. Y DISP. 2
TE1 CASE 1 6214. -0.485 0.122 0.080
W11 CASE 1 3390. *0.014 0.006 -0.007
06El CASE 1 2947. 0.020 0.005 0.010
DGE! CASE 2 2716. 0.025 0.005 0.012
OSEI CASE 3 3947. 0.027 0.007 0.013
tv1 CASE 1 11930, 0.143 0.021 0.067
RV21 CASE 1 715. 0.020 0.001 0.009
av21 CASE i 1094, 0.02? 0.002 0.013
tv21 CASE 3 5042. 0.035 0.009 0.016
CNUGI CASE 1 145. 0.003 0.000 0.002
CHUCI CASE 2 625. 0.006 0.001 0.003
CNUGI CASE 3 59. 0.001 0.000 0.000
CokDu CASE 1 124. 0.001 0.000 0.001
CONDL CASE 1 315. 0.002 0.001 0.001
CHUCW CASE 1 1 0.000 0.000 0.000
CMUGR CASE 1 574. 0.004 0.001 0.002
API CASE 1 257. 0.005 0.000 0.002
API CASE 4 521 0.009 0.001 0.004
ADJQ CASE 1 524 0.005 0.001 0.002
ADJQ CASE 2 734. 0.010 0.001 0.005
ADJQ CASE 3 1432. 0.016 0.003 0.008
SSEI CASE 1 5895. 0.040 0.011 0.020
SSEI CASE 2 5432. 0.049 0.010 0.025
$$El CASE 3 7893. 0.054 0.014 0.026
$$!D CASE 1 -517. 0. 360 0.001 0.000
SSED CASE 2 89. 0.001 0.000 0.360
C0hDI CASE 3 3928. 0.029 0.007 0.014
PSWLY CASE 1 8 79. 0.005 0.002 0.002
OBED CASE 1 262. 0.261 0.000 0.000
06ED CASE 2 205. 0.001 -0.000 0.260
AIRB8 CASE 1 204, 0.003 0.000 0.002
AIAC CASE 1 18. 0.001 0.000 0.001

.
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STR PIFE WODE=107. CHIV

SERVICE CONS ho. SUM

LEVL A 1 9604

LEVL 5 1 22795.

LEvt B 2 17410.

LEvt B 3 15239

LEvt C ' 1 21565.

LEvt C 2 15074.

LEVL C 3 10468.

LEYL C 4 14071.

LEVL C- 5 10507.

LEVL 0 1 26033.

LEvt D 2 22124

LEvt D 3 20099

LEvt D 4 21720.

LEvt 0 5 20902.

LEVL 0 6 208$1

|
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APPtF0!x 8 3 3: SUMMARY 08 LOAD AWO PIPE DISPLACEMEN1S AT SUPPOR1s

SIR PlF! N00E.107. GNIP 0.

FORCE DISP, X DISP. Y O!SP. Z
TE1 CASE 1 82. 0.485 0.122 0.080
WT1 CASE 1 222. 0.014 0.006 0.007
06Et- CASE 1 4201. 0.020 0.005 0.010
06El CASE 2 5653. 0.025 0.005 0.012
067 ! CASE 3 378. 0.027 0.007 0.013
RV1 CAST 1 1308. 0.143 0.021 0.D67

RV21 CASE 1 393. 0.020 0.001 0.009
-Rv2t CASE 2 314 0.027 0.00 2 0.013

RV21 CASC 3 417. 0.035 0.009 0.016
CMUGl CASF 1 356. 0.003 0.000 0.002
CHUG 1 CASE 2 296. 0.006 0.001 0.003
CHUCI CASE 3 19. C.001 0.000 0.000
CONON CASE 1 54. 0.001 0.000 0.001

CONDL CA5E 1 217. 0.002 0.001 0.001
CHUCW CASE 1 0. 0.000 0.000 0.000
CMUCR CASE 1 46. 0.004 0.001 0.002
API CASE 1 400, 0.005 0.000 0.002

- API CASE 4 333. 0.009 0.001 0.004
A0Jo CASE 1 58. 0.005 0.001 0.002
ADJO CASE 2 202. 0.010 0.001 0.005
A0JO CASE 3 179. 0.016 0.003 0.008
SSE1 CASE 1 B402. 0.040 0.011 0.020
S$tt CASE 2 11304. 0.049 0.010 0.025
SSE1- CASE 3 75 6. 0.054 0.014 0.026
SSE0 CASE 1 44 0.360 0.001 0.000
SSED CASE 2 -9. 0.001 0.000 ' O.360

CONCI CASE 3 463. 0.029 0.007 0.014
PSVLY CASE 1 151. 0,005 0.002 0.002
06ED CASE 1 40. 0.261 0.000 0.000
OBED CASE 2 48. 0.001 0.000 0.260
A!RB8 ' CASE 1 160. 0.003 0.000 0.002
AIRC CASE 1 -19 -0.001 0.000 -0.001

-
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i STR P!PE k00Es107. GN1P
'

i
.

- SERVICE COM8 60. sw

e
i LEVL A 1 304

.LEVL 8 1 7494 3

- L f VL B 2 7390. i
LEVL B 3 7357

'

LEvL C 1 1777 (
LEVL C 2 1131..
LEVL C 3 770. I

LEVL C 4 1971.

LEvt C 5 524 ,

LEVL 0 1 14486.

LEVL 0 2 14434

LEVL D 3 14417 !

LEVL D 4 14508. j
.LEVL 0 $ 14411. 1

-!
.LEVL D 6 14419
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APPENDlx B 3 4: SUMMARY OF LDAD AND PIPE DISPLACEMENTS At SUProe?S
SIR P!PE N30E=120, cM3R

FORCE O!SP. X 0]$P. Y Djip. 2

TE1 CASE 1 -313. -0. 04 8 1.2 63 0.087
WT1 CASE 1 -811. 0.001 0.020 0.002
06El CASE 1 1957. 0.002 0.029 0.005
08El CASE 2 2059 0.003 0.027 0.006
06El CASE 3 703. 0.001 0.018 0.002
RV1 CASE 1 6069.- 0.006 0.111 0.017

.RV21 CASE 1 1030. 0.001 0.022 0.003
RV21 CASE 2 926.- 0.001 0.016 0.003
RV2! CASE 3 923. 0.001 0.022 0.003
CMUGI CASE 1 398. 0.001 0.004 0.001
CMUGI CASE 2 890. 0.001- 0.005 0.002
CHUCI CASE 3 121. 0.000 0.001 0.000
CONDH CASE 1 155. 0.000 0.005 0.000
CON 0; CASE 1 456. 0.001 0.021 0,001

CMUGW CASE 1 4 86. 0.001 0.003 0.001
CHUCR CASE 1 484 0.001 0.012 0.001
API CASE 1 576. 0.001 0.006 0.001
API CASE 4 741. 0.001 0.005 0.002 '

ADJQ CASE 1 432. 0.001 0.021 0.001
ADJQ CASE 2 887. 0.001 0.029 0.003
ADJC CASE 3 1926. 0.002 0.036 0.005
SSEi CASE 1 3913. 0.005 0.057 0.011
SSEI CACE 2 4119. 0.006 0.053 > 011.

SSEI CASE 3 1407 u.002 0.036 0.004
SSED CASE 1 -122. 0.240 0.019 0.000
SSED CASE 2 2 79. 0.000' 0.090 0.239
CDNDI CASE 3 2608. 0.003 0.021 0.007
PSWLY CASE 1 3412. 0.005 0.D45 0.009
OBED CASE 1 98. 0.200 0.016 0.000
D6ED CASE 2 2 70. 0.600 0. 0 75 0.199
AIRBS - CASE 1 908. 0.001 0.013 0.002
AIRC CASE 1 113. 0.000 0.017 0.000
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$TR PlPE N0 dea 120. GM3R

St#VICE COMS NO. SUM

LEVL A 1 1624

LEVL B 1 8368.

LEVL B 2 5513.
LEvt B 3 4567

LEVL C 1 7648.

LEVL C. 2 4520.

LEVL C 3 3009

LEvt C 4 5757

LEVL C 5 5155.
LEVL 0 1 10173.

LEVL D 2 8161.
LEVL D 3 7646.

LEVL DL 4 8795.
LEVt 0 5 B466.

LEvL D 6 7560.

t
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APPENDIX e 3 5: SUMMARY OF (DAD AWD PIPE OlsPLACEMENTS At $UPPORTS

STR PIPE N00Es120. Cn31

TE! CASE 1 211, 40.048 1.283 0.087
WT1 CASE 1 1D69 -0.001 0.020 0.002
DBE! CASE 1 3180. 0.002 0.029 0.005
08El CASE 2 2572. 0.003 0.027 0.006
OGE! CASE 3 858. 0.001 0.018 0.002
Rv1 CASE 1 8264 0.006 0.111 0.017
RV21 CASE 1 2585. 0.001 0.022 0.003
RV21 CASE 2 1985. 0.001 0.016 0.003
Rv21 CASE 3 787 0.001 0.022 0.003
CHUCI CASE 1 913. 0.001 0.004 0.001
CHUG! CASE 2 688. 0.001 0.005 0.002
CHUG 1 CASE 3 96. 0.000 0.001 0.000
CONOH CASE 1 162. 0.000 0,005 0.000
CONDL CASE 1 501 0.001 0.022 0.001
CHUCW CASE 1 1273. 0.001 0.003 0.001 l

CNUGR CASE 1 535. 0.001 0.012 0.001

API CASE 1 1106. 0.001 0.006 0.001
API CASE 4 - 630. 0.001 0.005 0.002
ADJQ CASE 1 671 0.001 0.021 0.001
ADJQ CASE 2 2322. 0.001 0.029 0.003
ADJQ CASE 3 2685. 0.002 0.036 0.005
$5El CASE 1 6360. 0.005 0.057 0.011
$$El CASE 2 5144 0.006 0.053 0.011
$5El Cast 3 1716. 0.002 0.036 0.004 1

SSED CASE 1 186. 0.240 0.019 0.000 i

SSED CASE 2 197 0.000 0.090 0.239
CONDj' CASE 3 2018. 0.003 0.021 0.007
PSWLY CASE 1 4676. 0.005 0.045 0.009
OBED CA$E 1 208. 0.200 -0.016 0.000
OBED CASE 2 208. 0.000 - 0.0 75 0.199
AIR 88 CASE 1 335. 0.001 0.013 0.002
AIRC CASE 1 461. 0.000 0.017 0.000

s-
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SIR SIPE h0Dia120. GM37

$ERvlCE COMB h0. SUM

LEVL A i 1279.
LtVL B 1 10$44

,

LtVL 8 2 7279
LEVL B 3 $494

LtVL C 1 9816.
LEVL C 2 6079

LEVL C 3 3469
LtyL C 4 7510.

LEVL C $ $967

LEVL D 1 13229.

Livl 0 2 10921.

Livt D 3 9923.
LtyL 0 4. 11705.

LivL D $ 1D866.

Livt 0 6 9 73D.

. ,. -.
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APPtWDix B 3 61 SUMMARY OF SUPPORT 10AD5

Livil B LEvtl C LEvil D

sit NODE LOAD LOAD LDAD

GNIA 303, 13015. 12674 14003.

GN1V 107. 22798, 21565, 26033.

CHIP 107 7494, 1971, 14508.

GW3e 120. 8368. 7843, 10173,

CH37 120, 10544, 9516. 13229.
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APPEkD!X C 1 : DETAIL LOADS A1 Ol APHRAGM FLDOR AND BASEMAT ANCHot FOR INTERFACE
N00E=001. LOCAL C00RinA1ES

FA FB FC MA MB MC

1El CASE 1 7865. 2108. 3985. 5161. 77772. 53539
Wil CASE 1 -934 162. 15, 5720. 13246, 1D493.
OBEI CASE 1 2044, 2019 1D91. 97142. 113409. 216952.
OBEl CASE 2 2225. 2725, 1478. 129582. 152724. 292198.
OBE! CASE 3 2D64. 180. 1D4 13287, 25549. 19D42.
Rv1 CASE 1 400. 410. 408. -19958. 95587. 81294

Rv21 CASE 1 665. 234. 160. 4383. 17773. 16071.
Rv21 CASE 2 935. 194 234 4602. 27859 13203.
RV21 CASE 3 2594 185. 105. 17160. 28580. 21213.
CHUGI CASE 1 116. 246. 122. 2445. 6350. 12145.
CHUGI CASE 2 313. 216. 138, 2742. 9358, 11033.
CHUG 1 Cast 3 33. 14, 8. 263. 732, 894

CONDH CASE 1 17 -14 5. 1165. 376. 2D89

CohDL CASE 1 211. 129. 62. 5273. 6736, 12763.
CHUGW CASE 1 1. -0. O. -7. 1. 0.
CHUGR CASE 1 23. 3. 10. 993. 2252. 2108.
API- CASE 1 197. 2 73 . 136. 3335. 7797 13878.
API CASE 4 337, 229. 139. 3358, 10795, 12090.
ADJQ CASE 1 242, 20. 9. 1969. 302, 2924

ADJG CASE 2 168. 49. 18. 5547. 4270, 10583.
ADJQ CASE 3 280. -54. 65. 2244. -10616. 8652.
SSE1 CASE 1 4087 4037, 2182. 194285, 226818. 433903.
$$El CASE 2 4449. 5449 2956. 259165. 305448. 584397.
SSEI CASE 3 4128, 361 208. 26573. 51098. 38085.
$$ED CASE 1 391. 53. 2. 230. 5 64 2964

SSED CASE 2 -66, 24. 4. -2192. 1068. 228.
CONDI CASE 3 2043. 235. 146. 15512. 25209. 23480.
PSWLY CASE 1 1017. 118. -129. 1089. 6432. 4323.
OBED CASE 1 183. 44 -12. 413. 1565. ?946.
OBED CASE 2 163. 3. 13.. 1754, 2002. 1150.
AIR &B CASE 1 125. 38. 43. 3059, 4937. 4506.
AIRC CASE 1 63. 1. 7, 29. 1305. -346.
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COMBlhED LOADS FOR NG)E=001.

FA FB FC AA MB NO

LEvt A 1 8799. 2271. 3999 10881. 91018, 64C32.
LEVL B 1 12487. 5691 5884 174611. 305453. 437434.
LEvt B 2 13443. 5686. 5866. 174429. 288165. 429788.
LEVL B 3 12466. 5667 5640. 173387. 282974. 428477.
LEVL C 1 9321, 2795. 6447 31230. 187301, 146996.
LEVL C 2 11669 2757. 4360. 29109. 137440. 99130.
LEVL C 3 9141, 2598. 4184. 14698. 102647 80603.
LEVL C 4 11322. 2776. 440.. 47772. 149005. 134453.
LEVL C 5 9823. 2395. 4135. 14128. 99126. 70276.
LEvL D 1 16146. 9083. 770'. 336516. 486780. 797608. g

LEVL D 2 16669. 9080. 7697 336425. 477686. 793746.
LEvL D 3 16135, 9070, 7685. 335902. 475066. 793090.
Levi 0 4 16549. 9081. 7702. 337967 479245. 796295.

LEVL D 5 16198. 9064. 7682. 335896. 474975. 792928.
LEvL 0 e 16137. 9072. 7685. 335914 475120. 793134.

I
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APPEhDIX C 2: DETAll LDADS AT DI APHRAGM FLDOR AND 8ASEMAT ANCHOR FOR th1ERFACE
K0 E = 049. LOCAL C00RDlhATES

FA F8 FC MA MS MC
TE1 CASE 1 -1652, 478. 317. 63174. 48067. ~94966.
VT1 CASE 1 9460. 884. 131. 2134 12791. -110181.
OBil Cast 1 1666. 7093. 6542. 111990. 860647 920918.
06El CASE 2 1398. 7217. 5735, 144045. 773851. 962177.
Ost! CASE 3 3206. 1805. 1392. 23943, 177579. 190347.
Rv1 Cast 1 14425. 30797. 3310. 74218. -476494. 2991578.
RV21 CASE 1- 1932, 4489 3860. 25553. 390180. 4 68773.
Rv21 CASE 2 1250, 3650. 2808. 16733. 313844. 368412.
Rv21 CASE 3 1719. 1562. 1397. 28391. 195 779. 168787
CHUG! CASE 1 469 896. 1553. 22791. 103361. 89341.
CHUGI CASE 2 730. 2215. 651, 13661 68430, 13D662.
CMUGi CASE 3 112. 221. 10? 987 8632. 15375.
CohSN CASE 1 1226. 3382. 2451. 1183. 194575. 256870.
' NDL CASE 1 6869 18110. 12907. -24B8. -936978. 1253952.
;-vCW CASE 1 *7987. 183. 14857. 3477 724913, 131536.
CMuct - CA!E 1 2994. 1537. 131, 2121. 18168. 246359
API CASE 1 651. 1301. 1999. 26101, 150794. 138474.
API- CASE 4 589 1884 894. 15881. 109522. 150563.
ADJQ CASE 1 8282. 8765. 4014 -1498. 309661. 672889.
ADJQ CASE 2 6024, 48343. 4956. 6723, 494953. 749803.

-ADJQ ' CASE 3 7303. -10266. 2779. 2423. 227082. 896659.
SSEI CASE 1 3732. -14186. 13084 223980. 1721694, 1841836.
SSEl CASE 2 2796. 14434, 11469. 2S8090. 1547703, 1924354.

SSEI CASE 3 6413. 3610. 2784 47886. 355158. 380693.
SSED CASE 1 126. 2. 248. 22450, 90252. 4517.

.SSED - CASE 2 23. 289 19 -4780. 5433. 103513.
CokDI CASE 3 2489 3559, 2283. 26398. 247133, 296987.
PSwLY CASE 1 5386. 525, 289. 218, 48886. 256653.
08ED' CASE 1 78. -10, 218. 20648. 77119. 5676.
08E0 CASE 2 42. -?64 21. 5018, 5841, 90513.
AIRBB CASE 1 *1108. 9828. 7316. 7178. 730793, 979385.
AIRC CASE 1 16805. 4969. 31614 1527261 2431319. 615782.
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CCNR!hED LCA05 FOR h0DE *0049

FA FB FC MA MS MC

LEvL A 1 11112. 1362. 448. 65307 60858. 205146.
LEvL 8 1 26071 33430. 9862. 264E67, 1327333. 1486589

Levi 8 2 19904. 17079. 10942. 255203, 1371613. 1939G13.

LEvt 8 3 25378. 12781. 3'268. 1603762. 2760623. 1687550
LEvt C 1 29262. 32300. 15589 144344. 432376. 3224690.
LEvL C 2 24637. 13610. 16570. 115142, 1013968. 1369651

LEvt C 3 31205. 7142. 35476. 1592810. 2606260. 944940.

LEvt C 4 35051. 45441. 43c72. 1594078. 3529346. 3976770.
LEvL C 5 166'1. 11203. 7769, 72489 793284 1*17601.t

LEVL D 1 30918. 385G8. 23878. 442441. 2568592. 4250954.
LEvt 0 2 26790. 25293. 24333. 437418, 2591143. 3138755.

LEvL D 3 32714. 22718, 39659. 1636692. 3521060. 2997718.
LEvt 0 4 36330. 50000, 46571 1637923. 4247066. 4839406.
LEvL 0 5 20762. 24155. 19531, 434136. 2516540. 3081990.
LEvt D 6 19090. 22048. 18206. 435329 2411809 2005703.

APPEhDIX C 4; SUMMARY LCADS AT DI APNRAGM FLOOA AkD EASEMA1 ANCNDR

LOCAL CDORDlhATE

LEVEL 8 LEVEL C LEVEL 0

001. 002, 561372. 240135. 993165.
049. 148. 3740161. 5550868. 6643810.

I
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Appendia D ' Pipe Thermet Displacements by hode d.#e to
tellef Valva Discharge Condition

kode Da(in.) Dy(in.) 02(in.)

101 -0.051 0.107 0.126
1 0.050 0.155 0.126
2 0.046. 0.011 0.130
3 0.084 -0.190 0.117

203 0.098 0.aii 0.'i11
3 03 0.107 0.233 0.107

4 -0.128 0.263 0.098
6 0.412 0.114 0.041

106 0.4 70 0.075 C.072

107 -0.485 0.122 0.080
8 0.813 1.096 -0.244

10 1.0 79 1.198 0.355
110 -1.154 1.094 0.383

11 1.207 0.808 -0.371
12 1.201 0.777 0.362
13 1.189 0.728 -0.346
15 0.962 0.729 -0.239
16 0.694 1.054 0.192
17 -0.424 1.398 0.146
19 0.150 -1,438 -0.011
20 -0.074 1.325 0.062

120 0.048 1.283 0.087
121 -0.034 1.257- 0.102

21 -0.007 1.210 0.129
22 0.051 1.0$8 0.192
24 0.065 1.011 0.204
25 0.057 0.885 ' O.180

125- 0.035 0.718 0.134

26 0.019 0.637 0.112-

126 0.002 0.543- 0.081

27 0.024 0.453 0.044

' 29 ' 0.029 0.405 0.036
129 0.029 0.364 0.038
30 ' -0.030 0.323 0.039

130 0.030 0,2 79 0.041
230 -0.031- .0.235 0.041

31 -0.031 0.210 0.042
32- 0 f36 0.210 0.013
33 0.041 0.210 -0.014
34 -0.04 8 0.200 --0.057
35 - 0.056 0.208 0.101

36 0.026 0.211 0.071

-37 -0.021 0.211' O.09 7

38 0.014 0.212 -0.141
39 0.006 ~ 0.212 0.184

*
40 0.000 0.211 0.04 7

i.
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Apperdia O Pipe Thermal Displacements by hode We to
tellet Valve filscharge Condition (contnw)

hade Datin.) Dy(in.) Datin.)

41 0.086 0.211 0.051
42 0.130~ 0.211 0,059

43 0.173- 0.21? 0,067
44 -0.002 0.210 0.037
45 0.024 0.210 0.032
46 0.068 0.209 0.025
47 0.111 0.209 0.017
48 0.031 0.133 0.043

'

148 0.032 0.086 0,044
49 0.032 0.069 0.044

,

, ao

l
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Appendia f Piping System Geometry

WOOC X Y Z SEND RADIUS

101 252.95 289.37 438.52
1 - 252.95 328.74 438.13
2 - 252.95 289.37 438.13

-003 252.95 234.25 438.13
103 252.P5 230.31 438.13
203 252.95. 226.38 438.13
303 252.95 222.44 438.13
004~ 252.95 214.34 438.13
005 - 252.95 183.07 438.13 31.6
006 - 281.20 182.76 =24.72
1D6 - 297.05 182.58 417.20
107 300.97 182.54 415.34
007 309.68 182.44 411.20
008 389.00 181.57 373.56
009 - 417.24 181.25 360.15 31.6
010 - 417.24 147.9? 360.15

.110 417.24 122.05 360.15
011 - 417.24 43.31 360,15

012 - 417.24 34.96 360.15
013 - 417.24 21.50 360.15

014 - 417.24 - 15.75 360.15 37.6
015 388.13 16.12 333.38-

016 337.90 - 16.76 423.46
017 - 287.67 17.41 463.55-

018 - 258.56 17.78 456.78 37.6-

019 258.56 - 55.02 456.78
020 - 258.56 85.87. 4S6.78-

120 258.56 97.44 456.78-

121 - 258.56 104.33 486.78
021 258.56 117.37 4B6.78

' 022 ' 258.56 - 150.60 486.78 -

023 - 258.56 160.64 4B6.78 37.6
024 - 259.46 169.41 481.82
025 262.45 198.18 465.48
125 266.61 238.19 442.75
026 - 269.62 267.12 426.32
126 - 273.20 301.59 406.75
027 276.79 - 336.06 387.17
028 277.69 344.79 382.21 37.6

- 029' 277.69 - 354.87 382.21
129 - 277.69 371.49 382.21
030 277.69 368.10 382.21
130 277.69 - 406.05 382.21
230 - 277.69 424.00 382.21
031 277.69 - 433.86 382.21
032 - 279.57 433.86 370.36 _
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~Appendla f Piping lystem Geometry (continue)

N00t 3- Y Z BIND R ADIUS

033 + P21.25 433.86- 359.74
034 264.07 433.86 341.96

-035 2b6.54 433.66 324.49
036' 27).82 433.56 394.07
037 274.13 433.56 4D4.68

036 271 32 433.66 422.46
039 268.55 433.66 439.93
04 0 239.55 633.B6 364.09
D41 300.16 433.B6 385.77
042 317.94 433.B6 158.59
04 3 335.42 433,56 391.35
044 265.84 433.86 380.34
045 255.22 433.86 378.65
01 6 237.45 - 433.86 375 84
D47 219.97 - 433.56 373.07-

'

04 8 277.69 465.36 382.21
10 277.69 504.12 ~382.21
049 ' 277.69 517.72 382.21

STR303 218.36' 222.44 457.81- IDN= CHIA.

STR107 - 300,97 221.91 415.34 10N=GN1v,

STR107 $17.85 182.54 450.90 10NacN1P,

STR120 277.04 - 97.46 521.54 IDN=Ch3a,

STR120 293.31 -97.44 468.29 10N=CH3T,

|-

:
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1. INTRODUC110N

1.1 Purcose. The purpose of this [ngineering Report is to show cortpliance
with Artitle NC 3600 requirements af the ASME Boiler and Pressure Vessel Codt

9 Section !!! (hereinafter referred to as A5ME 111) of the Main Steam Line A and
Safety Relief Valve (SRV) discharge line piping system design configuration in
the Advanced Boiling Water Reactor Power Plant, and application of the piping
analysis methodology.

1.2 Documentatirag ,

' 2.1 TH t document: (a) provides a summary of the most severe stresi.

inte'isitits throughout the piping system for the design and operating
con: tionb as defined in the Design Criteria and Analysis Methods Document
(peference 6.1); (b) shows that all pipe and fittings in the piping system
satisfy the pressure design requirements of Article NB 3600 of ASME !!! for
the conditions specified in Reference 6.1; (c) sumarizes the loads acting on
the component supports, the vessel nozzles, main steam and SRV penetrations,

t and all pipe mounted equipment; and (d) compares the total loading on
i equipment to the allowable loads, where applicable.

l.3 Erne. This Engineering Report covers Main Steam Line A and attached SRV'

disch Uge line piping, the welds used for attaching this piping to the Reactor2

f
' Pres.ure Vessel (RPV), pipe suspension, SRV piping penetration at the

diapnragm floor, Main Steam line penetration at the containment wall and pipe
vinted e ) sipment.

1.3.1 The main steam piping consists of four lines designated as Line A B,

C, .nd D. Only Line A was analyzed and the Line A analysis results are
presented in this Engineering Report.

2. SUMMARY

2.1 Egid. The mathematical model of the piping system us- ulysis
includes all of the Main Steam Piping from the Reactor Prer '. t nozzle.,

to the first, antbnr outside the containment, the SRV discha , U, o the
diaphragm flaor anchor, the Main Steam isolation Valve, Safety wild Valves,
vac um breakers and piping suspension system. Smaller branch lines, such asn

the drains and instrument lines, have negligible effect on the steam pipe and
r,re not modeled.

2* Analysis. GE's proprietary computer program, PISYS, was used to
cviculate the response of the piping system to all of the static and dynamic
loads otfined in the Design Specification. The output from the PISYS program
was evaluated by another GE proprietary computer program ANS17, to solve the
stress intensity equations of ASME 111 Subarticle NB 3650 and to calculate
iombined loads on all equipment mounted on or interfacing with the piping per
! cad r.ombinations for each service level as defined in Reference 6.1.

@

_
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2.3 Bfsult.s j

.

2.3.1 ASME 111 Code Compliantg. All of the piping satisfies the requirements
of Article NB 3600 of ASME 11]. A summary of the results obtained by solution
of the Subarticle NB 3650 equations for all significant joints in the piping
system is contained in Appendix B.

2.3.2 0111gn Reautremin.11 1emp1iance. This report documents compliance with i

allowable loads on equipment identified in the Design Criteria and Analysis
Methods Document as shown in Appendices A through C of this report. ,

3. REQUIREMENTS AND BASIS

The input requirencots used in the analysis are defined in the Design Criteria
and Analysis Methods Document. drawings and other documents referenced in this
Report. The input documents used are addressed below.

3.1 Onfiagration

3.1.1 The configuration of the piping and suspension is defined by the main '

steam and SRV discharge line piping and suspension drawings. (References 6.2,
6.3, 6.4, 6.5 and 6.6). The snubber sizes used in.the analysis are given in
Appendix Cl.

3.1.2 All data needed for modaling GE supplied pipe mounted equipment were
obtained from verified equipment data sheets provided by the responsible GE
Design Engineer. These data sheets provide information such as weights,
dimensions, center of gravity, and stiffness.

3.1.3 The properties of the materials used are shown in Tables l A, IB, 2A and
2B, and the properties of the piping are shown in Table 3.

3.1.4 An isometric joint diagram and list of the joint coordinates of the
complete piping mathematical model are shown in Appendix E.

3.2 (qjtd.i. All static and dynamic loads applied in the piping analysis are
listed in Table 5 and described in Reference 6.1,

3.2.1 Static loads and pressure.Temocrature Duty Cycles. The pressure,
thermal, and dead weight loads acting on the piping system are defined in
Reference 6.1. The definition of thumal expansion cases is presented in
Table 4

O
| v
|

|
_. . _ _ . , - - . . _ _ __ . _ _ _ _ - . . , _ - . _ _ , , _ . _ _ _ _ _ _ . _-
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3.2.2 Dynamic loadi. Vibratory building loads acting on the piping system
are caused by the response of the reactor building structure and reactor,

pressure vessel to dynamic leids. The analysis of the reactor building and
cressure vessel is performed by Others and the results of this analysis
provide amplified response spectra and modal displacements at or near all
points to which the pipe or pipe supports are attached to the structure. The
input response spectra for applicable attachment points are specified in
R0ference 6.1.

3.3 Lgad Combinationi. Many of the static and dynamic loads acting on the
piping system act concurrently. The load combinations used for pipe,
suspension, and pipe mounted equipment, and the acceptance criterin (allowable
stress, allowable acceleration, allowable force or moment) for each
combination are defined in Reference 6.1.

4. METHODS

4.1 Euuioment Modelina. The piping system is niathematically modeled to
realistically reflect the static and dynamic reactions of the piping. The
piping and equipment are represented in the model as a series of mass points
(nodes) and interconnecting weightless springs. The mass points are generally
selected so that their location coincides with the location of it.rge masses.
Mass points are spaced so that the elements betweer,them will be of no greater
length than a simple supported beam with uniformly distributed mass having aO natural frequency equal to the cut off frequency of the analysis.

4,1.1 Snubbe.ti. Each snubber is modeled as a linear spring with an
equivalent stiffness based on vendor supplied data.

4.1.2 Pioe Mounted Eouiement. The model of all pipe mounte:I equipment is
verified to realistically represent weight, stiffness, and dyeamic properties
of the equipment per information supplied by the responsible vtive engineer.

ae weight and center of gravity (CG) location of valve operatoes are
considered in applicable valve models..

4.1.3 EPV Nozzles. The RPV nozzles are very stiff compared with the piping
system and are therefore modeled as rigid anchors.

4.1.4 Sorina Hancers. Variable spring hangers are modeled as upward forces
in the dead weight analyses. Since their stiffness in comparison with
snubbers and nozzles is very small, spring hangers are not included in any of
the dynamic analyses.

4.1.5 Anchors. Other than'the RPV nozzles, the only anchors in the piping
system are at the train steam piping containment penetration and SRV piping

| diaphragm floor penetrations. These penetration anchors are modeled as
L boundary elements with stiffnesses equivalent to rigid.

O|V
|
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fdLAU . Ihe 9uide near the inboard isolation valve is modeled as a4.].6 i
boundary element with both :ranslational and rotational stiffnesses.

4. 2 Eynamic Analysis. The dynamic analysis was performed using two methods.
The inertia effects of eacn of the governing dynamic loads are evaluated using
the Independent Support Motion (ISM) Method of analysis. Since the piping <

system is supported at several points and the excitation at each point is '

different, the ISM permits applying different excitation at each of the
separate points, thereby eliminating the conservatism of the Uniform Support
Motion (USM) Method. The inertia ef fects of the non governing loads are
evaluated using the USM Method..

The d.wnamic loads are listed in Table S. Earthquake, was analyzed using the
IS'r v t. od. Annulus Pressurization, Condensation Oscillation, chugging and
s ai ,t ( .elief valve basemat acceleration for all valves were analyzed using
the USH method.

4.2.1 Some other important dynamic criteria used in the analysis are:

JTfM CRITERIA

Damping: Seismic OBE/SSE Reg. Guide 1,61
Dynamic Loads Reg. Guide 1.61

O4

Cutoff frequencies Acceleration Seismic 33 Hz
Response Spectra (ARS)

Other dynamic loads 60 Hz

Combination of 3 Direction Components Square Root of the Sum of
the Squares (SRSS).

Combination of Primary and Secondary SRSS

Loads and Stresses

Response Spectrum Peak Broadening Plus or minus 10t.

Modal Combination Double Sum Method which
accounts for effects of any
closely spaced modes per
Reg. Guide 1.92.

High frequency Rigid Modes USNRC SRP Section 3.7.2,
Rev. 0

| 4.3 Thermal Analysis. Thermal gradients are con:ervatively calculated using
| the ANS17 computer program by assuming an infinite heat transfer film
I coefficient with a linear process fluid temperature change equal to the step

change defined for the load set. The radial gradients are computed idealizing

O

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ .
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the pipe wall as a flat plate. Longitudinal gradients are computed by
separately analyzing two sections and selecting the greatest temperature
difference that occurs during the transient.

4.4 Cotouter Procrams. The computer programs used in the piping stress
analysts are described below. All of these programs were written by and meet
the Quality Control Standards of GE. All programs have been approved for
production use after independent review and verification. Any changes to
these programs required verification and approval in accordance with the NRC
approved GE Quality Assurance Program.

4.4.1 PISYS. PISYS performs static and dynamic analysis of piping systems.
The analysis modules of PISYS were derived directly from the SAP 4G program.

4.4.2 ANS!?. The ANS17 program calculates stresses and cumulative usage
factors for Class 1, 2. and 3 piping components in accordance with Article
NB 3600 and Subarticle NC 3652 of ASME !!!. This program also calculates
combined loads on piping equipment in accordance with the equipment load
combinations given in Reference 6.1 and compares them with the allowable loads
stress limits where applicable.

5. RESULTS

5.1 Desian for Pressure (NB-3640)

5,1,1 B raight Pips and Pjoe Bends. Membrane protection for these items is
provided by meeting the minimum wall requirements of Paragraphs NB-3641 and
NB 3642 of ASME 111. The comparison of minimum wall calculations with the
values specified on the piping Drawing (Reference 6.2 and 6.4) are contained
in Table 3.

5.1.2 Elbows. Long radius elbows are manufactured in accordance with ANSI
B16.9 Standard. The minimum wall requirements for long radius elbows are the
same as for straight pipe; therefore, the minimum wall thickness tabulated in
Table 3 for straight pipe applies to elbows.

5.1.3 Contour Nozzles. All contour nozzles shall meet AStiE Ill requirements
for pressure design of intersections by compliance with the burst test
requirements of ANS! B16.9. In addition to this, these nozzles shall be

reinforced to fully meet area replacement requirements of ASME 111.

5.1.4 Extruded Outlets. All extruded outlets shall meet ASME !!!
requiremeats for pressure design of intersections by compliance with the first
tett requirement of ANSI B16.9.

5.1.5 Im. All tees shall be specified in the Purchase Specification to
comply with the test requirements of ANSI B16,9.

O

_ . _ _ - - . _ -- _ - -- .- ___ _
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I5.1.6 Flanaes. All flanges shall be purchased to meet the requirements of ANSI

B16.5 and thus meet the ASME 111 requirements for design.

5.2 Structural Analysis. The forces, moments and deflections of the pipe at each
juint in the piping system icentified on the stress analysis diagram for the
thermal, dead weight and dynamic loading are calculated. The summary of;

calculated data for applicable load combinations by service level is presented in
Appendix B.

I

5.3 Pinina Component Analysis 1

i
5.3.i ASME Code Evaluation. The piping components were analyzed in accordance ;
with the requirements of ASME 111. Subarticle NB 3650 by the ANS17 computer

'

program. The analysis showed that all of the requirements of Subarticle NB 3650
of ASME 111 have been met.-

5.3.2 Summary of Analytical Evaluation. A summary of the analytical evaluation
of the piping components is given in Appendix B. The summary consists of
stresses, usage factors, and ratios to ASME 111 Code allowable stresses.

5.4 pioina System Eouloment toads. Accendices A through C. The loads acting on
equipment and supports interfacing with the piping are presented in Appendices A.

through C of this report. Apperidix A provides the load combinations Appendix B
contains a summary of results, and Appendix C provides the detailed interface
loads for the pipe mounted equipment.

5.4.1 Reactor Pressure Vessel (RPV) Nozzles. The calculated forces, moments and
stresses at the Reactor Pressure Vessel nozzles are presented in Appendix B. Table
B3.

5.4.2 Valve Ecuiement. The calculated interface loads for the valve equipment
.

components are presented in Appendix B. The main steam isolation valve (MSIV)
inlet and outlet piping connection calculated stresses and ratios to allowable

; stresses are provided in Table B4, The HSIV bonnet flange calculated moments and
ratios to allowables are provided in Table B5, The calculated MSIV accelerations
are provided in Table B6.

'

The SRV inlet flange and center of gravity calculated accelerations and ratios to4

allowable accelerations are provided in Table 87. The SRV inlet and outlet flange
calculated moments and ratios to allowables are provided in Table Bil.

The SRV discharge line vacuum breaker calculated accelerations are provided in
Table BS.

5.4.3 Suscension and Structural Attachments. These appendices give the loading
criteria and calculated loads for the piping suspension. _ This includes snubbers,'

guides, anchors, and penettations. The location of, and coordinates for the<

suspension are given'in Appendix E. The calculated loads for each support
component are compared with their allowable loads for all service levels.

5.5 lhermal Disolacements. Accendix D. Appendix D presents the thermal
displacements for the normal operating condition for all significant nodes in the
piping system.

- - -. - - - - - - .- - -- .- - .
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TABLE lA PROPERTIES OF MATERIALS: MAIN STEAM LINE PlPING

Modulus of
S SMaterial Temperature m y Elasticity

Material Type (*F) (psi) (psi) (psi)

ASME SA 333 1 552(3) 18068 27052 29.5E6 (1)
Gr. 6 Carbon
Steel Piping 575 (4) 17700 26500 27.0E6 (2)

and
ASME SA-420

ASME SA-350 2 552 (3) 18568 27800 29.5E6 (1)
Lf2 Carbor.
Steel forged fittings 575 (4) 18200 27225 27.0E6 (2)
.

(1) Ec Modulus of Elasticity at 70'f
(2) Eh Modulus of Elasticity at 552'f

(3) Piping (Reactor) Operating Temperature
(4) Piping Design Temperature

~

TABLE IB HATERIAL ALLOWABLES: MAIN STEAM LINE PIPING

Level: Design Level B Level C level D Eq. 12 & 13
Mater ial Lesser 1.5 Sm 1.8 Sm 2.25 Sm 3.0 Sm 3.0 Sm

Type of: 1.5 Sy 1.8 Sy 2.0 Sy

1 Allow psi 26550 31860 39825 53100 53100

2 Allow psi 27300 32760 40950 54600 54600

OV
L

L

.,_- .. _, . -. - -. . . . ,
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TABLE 2A PROPERTIES OF MATERIALS: SAFETY REllEF VALVE DISCHARGE LINE PlPING

- . . -
,.

Modulus of
bMaterial Temperature Sh y Elasticity .

Material Type ('F) (psi) (psi) (psi)

ASME SA 333 1 135 (3) 15000 29.5E6 (1)
Gr. 6 Carbon
Steel Piping 480 (4) 15000 28640 29.15E6 (2)

and
t

ASME SA 420

ASME SA 350 2 135 (3) 17500 29.5E6 (1)
LF2 Carbon
Steel forged fittings 480 (4) 17500 29440 29.15E6 (2)

(1) Ec Modulus of Elasticity at 70*F *

(2) Eh Modulus of Elasticity at 135'F
(3) Piping Operating Temperature
(4) Piping Design Temperature

TABLE 28 MATERIAL ALLOWABLES: SAFETY REllEF VALVE DISCHARGE LINE P! PING

MATERIAL LEVEL: LEVEL A LEVEL B LEVEL C LEVEL D LEVEL A LEVEL A
TYPE LESSER 1.8 Sh 2.25 Sh 3.0 Sh E0 10 EQ. 11

0F: 1.5 Sh Sa Sa + Sh
1.5 Sy 1.85 Sy 2.0 Sy

1&2 ALLOW psi 22500 27000 33750 45000 22500 37500

.

V

, . . -
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TABLE 3 PIP!NG DIMENSIONAL PROPERilES

s
_

Main Steam Line A Piping SRV Piping

Nom. Pipe Size (in) 28.00 10.00

Nom. Pipe OD (in) 28.00 10.528

Nom. Pipe ID (in) 25.188 9.340

Min Wall tmc (2) 1.080 0.305

Nom. Wall inom (in) 1.406 0.594

Material Type (1) 1 1

Weight 1 (1b/ft) (3) 429.80 6.'.0
Weight 2 (Ib/ft) (4) 645.70 92.70

Notes: (1) Refer to Table 1

O (2) Minimum Wall Requirements Calculated per ASME 111, Section NB-3640
%j (3) Weight equals pipe weight plus insulation weight

(4) Weight equals pipe weight plus water weight plus insulation
weight.

\

| 0

.
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TABLE 4 DUINil!0N OF THERMAL EXPANSION CASE 5*

Temperature (degrees F),

Case 1 Case 2 Case 3
-

Main Steam Piping 552 570 149

RPV Upper 5,ection A 552 552 552

RPV Upper Section B 528 528 528

RPV Skirt Section D 247 247 247

SRVDL Fiping 131 450 131

Case 1 is normal operating conditions.
Case 2 is SRV blow down conditions.
Case 3 is shut down conditions.

O

*These therrral cases envelope all thermal conditions shown in
Pressure /Tttrperature Cycles referenced in Design Criteria and Analysis
Methods Document (Reference 6.1).

O
,
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TABLE 5 NOMENCLATURE Of LOADS

Load Type Case ident Dir** Description

P0 Operating Pressure
PD Design Pressure
PP Peak Pressure

Thermal 1 TEl Normal Operating Condition
Thermal 2 TE2 SRV Blow Down Condition
Thermal 3 TE3 Shut Down Condition
Thermal TEMAX Greatest of Thermal 1, 2 or 3

Weight 1 WTl Dead Weight of Pipe and
Insulation

Weight 2 WTZ Hydrotest Case
Weight of Pipe, Water and
Insulation

Seismic 1 OBEl X Operating Basis Earthquake -
Inertia Effect

Seismic 2 OBEl Y Operating Basis Earthc,uake -
Inertia Effect

Seismic 3 OBEl Z Operating Basis Earthquake -

(]- Inertia Effect
k OBE D 1 OBED* X Operating Basis Earthquake -

Anchor Displacement
OBE D 2 OBED* Y Operating Basis Earthquake -

Anchor Displacement
OBE D 3 OBED* Z Operating Basis Earthquake -

Anchor Displacement
SSEI 1 SSE1 X Safe Shutdown Earthquake -

Inertia Effect
SSEI 2 SSE1 Y Safe Shutdown Earthquake -

Inertia Effect
SSE1 3 SSEI Z Safe Shutdown Earthquake -

Inertia Effect
SSED 1 SSED* X Safe Shutdown Earthquake + Anchor

Displacement
SSED 2 SSED* Y Safe Shutdown Earthquake - Anchor

Displacement
SSED 3 SSED* Z Safe Shutdown Earthquake - Anchor

Displacement
A.P.I. 1,7 API HOR Annulus Pressurization inertia

Effect - Envelope of
Recirculation, Feedwater and Main
Steam Pipe Break

A.P.D. 1,7 APD Annulus Pressurization Anchor
Displacement Maximum of

N Recirculation, feedwater and Main

(d Steam Pipe Break

- -
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TABLE S NOMENCLATURE Of LOADS (Continued)

Load 13pe Case Ident Dir" Description

CHUG. I 1,3 CHUG! HOR Chugging Load - Inertia Effect
CHUG. I 2 CHUG 1 Y Chugging Load - Inertia Effect
COND. I 2 CONDI Y Condensation Oscillation - 1

Inertia Effect '

RV2 SVl! 1,3 X,2 Single Safety Relief Valve
Inertia Effect

,

RV2 SVll 2 Y Single Safety Relief Valve -
Inertia Effect

,

RV2 1 1,3 RV2 1 X,2 Ali Safety Relief Valves Basemat
Acceleration - Inertia Effect

RV2 1 2 RV2 1 All Safety Relief Valves Basematv

Acceleration - Inertia Effect
EXT. FOR 1 RV1 Safety Relief Valve Blowdown

EXI. FOR 2 TSV Turbine Stop Valve Closure

* OBED cases 1, 2 and 3 were combined using the SRSS method.
SSED cases 1, 2 and 3 were combined using the SRSS method.
The X direction is east / west,.the Z-direction is north / south, and Y is**

vertical.

O

.. - _
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TABLE 6 NOMENCLATURE FOR APPENDICES

Allowable horizontal acceleration (g)AAH =

AAV Allowable vertical ac(.eleration (g)-

AH Calculated horizontal acceleration (g)=

ALLOW Allowable force (lb) or moment (in lb) :=

ANC Anchor identification in structural analysis=

Calculated vertical acceleration (g)AV =

Acceleration in X, Y, 2 directions (lb)AX, AY, AZ =

Service level equation number as shown on load combinationCOMB =

table
FA, FB, FC* Local force in A, B, C directions (lb)=

force (1b) and moment (in lb)F/M =

Global force in X, Y, Z directions (lb)FX, FY, FZ =

Global guide identification in structural analysisGGD =

GUD Guide identification in structural analysis=

Calculated load (lb)LOAD =

Local mon.ent in A, B, C directions (in-lb)MA, MB, MC* =

Global moment in X, Y, Z directions (in lb)MX, MY, MZ =

NELM Guide or anchor identification in structural analysis=

Calculated load or stress divided by allowable load orRATIO =

stress
SNB Snubber identification in structural analysis=

* There are two types of elements that the PISYS computer program uses to form
the pipe model. One is the straight or tangent element and the other is a
planar bend element. Each element has local coordinate axes that orient the
element in the global r.cordinate system and identify force and moment
components at a joint with respect to element axes. Moreover, joint
displacement and rotation require a knowledge of the local axes. The
convention for the orientation of these local axes is as follows:

(1) Tangent elements parallel to the global Y axis (vertical axis) have their
local B-axis diverted to and in the same direction as the global Z axis.

(2) Tangent elements not parallel to the global Y axis have their local
B axis contained in a vertical (global) plane such that local B axis
projects positively on the positive global Y axis.

(3) For bend elements, the local B axis is directed positively toward and
intersects the center of curvature of the bend (i.e., radius vector).

(4) The local A axis is tangent to the arc of the bend or straight element
and is directed positively from the FROM joint to the TO joint.
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TABLE A5 LOAD COMSIMattDNS: MSIV END CONNECitch AND BONNET FLAMGE

MSiv END STRESSES AND BONMET FLANGE MOMENTS

LOADING COMBINATION FOR **MSIV ** ARE AS FOLLOW

LEVL A I Wit * TEMAX

LEVL 8 i WTI * TEMAX * SORTit0 BED 1*e2 * 6 CSEt le=2 * I RVt l**2 i

LEVL 8 2 Uit * TEMAX * SORTitOBED 3**2 * ( 08E8 3**2 * i RV28 l**2 i

LEVL 8 3 Wit * TEMAX * SORitEDBED 18*2 * t 08Et ***2 + t TSV !=*2 i

LEVL C I WT1 * TEMAX * SORTitCHUCI l**2 * t RVI 6.; 2

LEVL C 2 WT1 * TEMAX * SORittCHUGl los? * i Rv28 l**2 i
,

LEVL D 1 Wit + TEMAX SORTetSSED l**2 * t SSEI **2 * t CHUCI 1**2 * t RV1 1**2*

I

LEVL D 2 WT3 * TEMAN SORTftSSEO le=2 * t SSES 1**2 * t CM UG I l**2 * * RV28 l**2*

8

i LEWL D 3 WTt * TEMAK + SQRTitSSEG to*2 * i SSES 3**2 + 4 CONDI ***2 * * RVI 3**2
i

LEVL D 4 Wit * TEMAW * SORittSSED 1**2 + e SSE: l**2 * * CONDI 1**2 * 4 RV28 1**2 ;
l

i LEVL D 5 Wil * TEMAM * SORTetSSED ***2 * i SSEI l**2 + t TSV lee? I

LEVL D 6 WTl * TEMAX SQRTitSSED l**2 * e SSEt l**2 * t APD le=2 * i API 1**2*

3
:

LEVL D 7 WT1 Tenax SQRittRV3 1**2 a t TSV 3 *2 3* *

,

| LEVL D 8 Wit + TEMAX SORTitRV28 l**2 + t TSV 1**2 I*

I

i
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TABLE A7 LOAD COMBtMAftOMS: GUIDE

GLOBAL GulOE LOADS

LOADING COM6fMATION FOR **GGD ** ARE AS FOLLOW

LEVL A 1 WTl * TEMAX

LEVL 8 1 wit * TEMAN * SQRTitTSV t**2' * 4 OBEt 3**2 * t OBED De*2 3

LEVL e 2 wit * TEMAX * SORTitRVI t**2 * i OBEt 3**2 * t 08ED De=2 i

LEVL B 3 WY1 * TEMAX * SORYt4Rv28 De=2 * t 09El 3**2 * 8 OBED De*2 9.

LEVL C 1 WT1 * TEMAX * ' SORTitCHUGI De=2 * i RW !**2 3

LEVL C 2 WTt * TEMAN * SQRTitCMUGI t**2 * 8 Rv28 t**2 B

LEVL 0 t wTI * TEMAX SORTttSSED 9**2 * t SSEE t**2 * 4 CMUGt ***2 * e RVs B**2*

8i

LEVL D 2 WT1 * TEMAX * SORTitSSED De*2 * t SSEI ***2 * t CMUGI ***2 * 8 Rb21 t**2
9

| LEVL D 3 wil * TEMAN + SORTitSSED t**2 * 4 SSES 3**2 * t COMOR t**2 *4 Rvt t**2
3 i

; LEVL D 4 wit * TEMAX * * t ConDI ***2 + 4 mV28 ***2 I$0RTetSS(D ***2 * t'SSEI ***2
1 8

LEVL 0 $ wit * TEMAX * SORTitSSED f**2 * 8 SSEE De=2 * * TSV ***2 9

iLEVL 0 6 WTt * TEMAx * SORYttSSED f**2 * t APD f**2 * t SSEt t**2 * * API B**2 '

I !

LEVL 0 7 WT1 TEMax SORTt RV1 D**2 - t TSV Dear I
* *

LEVL 0 8 WT1 * TEMAX * SCRTftAV28 ***2 * t TSV 3**2 1

* e JETim**2 - 4 47if"i "' * wit * Tf?? A Y * Se#Tets?tt 3**2 * 4 GSED s**2;
-
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10EN. X Y. Z

001. 48.13 611.37- 148.13-
' '

002i 50.09 '611.97 178.79
003. 61.79 611.;97- 190.17

0I 004. 69.75 1611.97 214.66
.005M 73.94 611.97 227.56-
005F -98.24 555.97. .280.82
1010. St.24 587.01 .200.52
.012. 91.24- 494.76. 200.82:
Ot3M 99,24 494.35' 280.82

'Ot3F- 130.00 452.35' u267.97
014 .331,19. 452.35- '267.84'
015.- 143.66 452.22 263.79

'016. 152.S7 452.13 260.09
017, 159,00 452.06 |258.79
088. 165.11 452.00 255.97
025. 165.11 466.00 255.97
020- 165.11 400.45 255.97
021. ISS.tl 490.22. '255.97

* OE4, 165.11 505.49 : 255.97
022 165,11 521.32 255.97
023. 146.24 521.32 '254.99.
084. 179.82 490 22 261.61
039. 188.44 451.75 241.41.
026. 207.51 451.42 .'221.64
033 207.51 465.42. 229.64

'028. 207.51 479.87- <221;64
' 029. 207.51 489.64. 228.64

032. 207.51 504.91 ~221.64,

030. 207.51 520.74 221.64
031. 193.60 '520.74 208.76
131. 219.03 409.64 232.38
027. 214.23 451.29 209.99
035. 219.96 451.18- 201.73
036 >231.83 450.94' 1181,13
037. 243.66 450;71 160.67
038. 255.46 450.47- : 140.22

g 039. 269.73 450.18 115.50
040N 288.44 449.81 83.10
040F 336.93- 449,16' '55.12
042. -354 33 448.99 55.82
043. 385.'s3 448.67 55 12
044. 424.05 448.29 55.82
056, 496.05' 447.57 55.12
046. '451.48 463.37 55.12
047. 432.071 489.61 55.12
048;. 424.94 496.89 55.12
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