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Question 12(a):

Provide a detailed description of the methods used to perform the
structural aralysis. Identify the computer programs used for the
analysis and how these programs were verified. The verification
effort should include comparisons to EPRI/CE data or another
benchmarked code.

RESPONSE:

Catawba Units 1 & 2

The structural analysis of the piping was performed using the
SUPERPIPE computer program. Static Loads are analyzed by the
direct stiffness method. A stiffness matrix is derived from the
geometry of the piping and its components. Gravity loads and
other distributed loads are included exactly by the program. In
static analysis for thermal expansion considerations, hot and
cold temperatures are specified and the program automatically
determines the coefficients of expansion by interpolation of
material property tables. Static analysis load cases considered
in the analysis include effects for gravity, thermal, and seismic
anchor movements.

The dynamic analysis consisted of a response spectrum analysis
for seismic inertia loads and a force time history analysis for
the valve discharge. For the response spectrum analysis, 1%
damping and the grouping method for modal combination was used.
Mass point spacing is explained in Question 12B.

Direct integration force time history analysis was used for
evaluation of S/RV discharge events. In the direct integration
analysis, the damping matrix is given as:

[c¢] = x[m] + B (k]
in which,
[m] Mass Matrix

(k] Stiffness Matrix
o, 8 = Factors which control the amount of damping




a)

The SUPERPIPE program required that two frequencies (F_, F,) and
two corresponding damping ratios (,\1. )\2) be specfficld re:

F‘. F. = Lower and upper response fraguenci2s of the piping

¢ system.
)s‘.Az = Corresponding damping ratios to freguencies
F, and F,.

In the analysis, a damping ratio of .0, at 10 HZ and 100 HZ were
spacifiad.

Computer Programs used in Piping Analysis and Pipe Support Design:

Program: SUPERFIPE
Author: Impell Corporation (formally EDS Nuclear, Inc.)

LS55 North wiget Lane
walnut Creek, California 945898

Description: SUPERPIPE is a computer proaram for the structural
analysis and code conpliance evaluation of piping zystems, with
particular emphasis on Class 1, 2, and 3 nuclear power piping
designed to meet the regquirements of the ASME Boil=r and
Pressure Vessel Code, Section III.

varification: The SUPERPIPE program has been bench-marked against
the EDS proaram PISOL, NUPIPE, and PIPESD. This program has been
verified by bench-marking to an ASME sample probiem, by
comparison to detailed analysis performed manually, by comparison
to results achieved using similar programs, as described above,
and by comparison to results achieved using the previcus version
of SUPERPIPE. The bench-mark problems specified in NUREG CR-1877
have been svaluataed using this program and the results have been
transmitted to the NRC.

The thermal-hydraulic analysis for the Catawba SRV qualification
was performed using RELAFS/MOC1 CYCLE 14. EPRI report NP-2479,
iApplication of RELAPS/MCO1 for calculation of Safsty and Relief
valve Discharge Piping Hydrodynamic Loads", released in Oecember
1382, confirmed ths applicability of RELAPS/MCO1 for the analysis
of pressurizer relisf line discharge loads. A post-processor
~311ed REFORT converted the hydrodynamic transient data into a
forca-time history format for input into the SUPERFPIPE computer
program,



Code: MCAUTO STRUDL

Author: McDonnel Douglas Architectural Engineering and
Construction Co.
Box 516

St. Louis, MO 63166

Description: Large scale general purpose finite element program
for structural analysis.

Extent and Limitation of its application: MCAUTO STRUDL is
used to perform static elastic analysis of pipe supports.

Verification: MCAUTO STRUDL has been verified by comparison of
the results with either hand calculations, closed form solutions
found in standard text books or solutions from uther programs.

Code: GTSTRUDL
Author: GTICES Systems Laboratory

Department of Civil Engineering
Georgia Institute of Technology
Atlanta, GA 30332

Description: Large scale general purpose finite element program
for structural analysis.

Extent and Limitation of its application: GTSTRUDL is used to
perform static elastic analysis of pipe supports.

Verification: GTSTRUDL has been veriii.d by comparison of the
results with either hand calculatior: closed form solutions
found in standard text books or solui.ons from other programs.

Code: BASEPLATE
Author: Jeff Swanson

Design Associates International
4105 Lexington Avenue North
Arden Hills, MN 55112

Description: The program BASEPLATE is a
preprocessor/postprocessor to the Stardyne Computer Code for the
specific purpose of analyzing flexible baseplates,

Extent and Limitation of its application! The BASEPLATE
program is used to analyze support baseplates,




Verification: Control Data Corporation has verified BASEPLATE in
accordance with their quality assurance program utilizing a
comparison of program results t» hand calculations, published
analytical results, or another program which has similar
capabilities.

Code: BASEPLATE 11
Author: Richard S. Holland

Ernst, Armand, and Botti Associates, Inc.
60 Hickory Dr.
Waltham, MA 02154

Description: The program BASEPLATE II is a
preprocessor/postprocessor to the ANSYS and Stardyn2 Computer
Code for the specific purpose of analyzing flexible baseplates.

Extent and Limitation of its application: The BASEPLATE 11
program is used to analyze support baseplates.

Verification: TL2 Control Data Corporation has verified BASEPLATE
11 in accordance with their quality assurance program utilizing a
comparison of program results to hand calculations, published
analytical results, or another program which has similar
capabilities.

Code: ANSYS
Author: Swanson Analysis Systems, Inc.
PO Box 65

Houston, PA 15342

Description: Large-scale finite-element program for structural,
fieat transfer, and fluid-flow analysis. ANSYS performs linear
and nonlinear elastic analysis of structures subjected to static
loads (pressure, temperature, concentrated forces and prescribed
displacements) and dynamic excitations (transient and harmonic).
The program considers the effects of plasticity, creep, swelling
and large deformations.

Transient and steady-state heat transfer analyses consider
conduction, convection, and radiation effects. Coupled
thermal-fluid, coupled thermal-electric, and wave-motion analysis
capabilities are available. Structural and heat transfer
analyses can be made in one, two, or three dimensions, including
axisymmetric and plane problems.



Extent and Limitations of its application: The ANSYS computer
program is used to perform static elastic finite element analysis
on pipe support baseplates. ANSYS was used only in conjunction
with BASEPLATE II.

Verification: The ANSYS program has been verified by a
comparison of test problems with analytical results published in
literature and hand calculations.

Code: STARDYNE
Author! STARDYNE Project Office

System Development Corporation
2500 Colorado Avenue
Santa Monica, CA 90406

Description: Finite element static and dynamic structural
analysis. QA STARDYNE static analysis will predict the stress
and deflections resulting from pressure, temperature,
concentrated forces and enforced displacements. Dynamic analysis
will predict the node displacements, velocities, accelerations,
element forces and stresses from transient, harmonic, random or
shock excitations. STARDYNE is user oriented, containing
automatic node and element generation features that reduce the
effort required to generate input. Plots of the original model
and deformed structural shapes help the user evaluate results.
Contour plots show surface stress for two-dimensional elements.
The program creates time histories of element forces and
stresses, and of node displacements, velocities, and
accelerations,

Extent and Limitations of its application: The STARDYNE computer
program is used to perform static elastic finite element analysis
on pipe support baseplates. STARDYNE was used only in
conjunction with BASEPLATE and BASEPLATE II.

Verification: The Control Data Corporation verified the computer
program by a comparison of test problems with analytical results
published in literature, hand calculations, or another program
which has similar capabilities.




Question 12(b):

Provide a description of methods to model supports, the
pressurizer and relief tank connsctions, and the safety valve
bonnat assemblies and PORV actuator. Identify the time stsp and
the mass point spacing used in the analysis model for various pipe
sizes. Give the rationale for the choice of computation time

step and mass point spacing.

RESPONSE :

Catawba 1| & 2

Types of supports modzled in the analysis include rigids,
springs, and snubbers. The supports restrain only translation of
the supported point. The supports were assumed to be rigid
relative to the pipe. Rigid supports were active for gravity,
thermal, and dynamic load cases, whereas, springs are active only
for gravity and snubbers active only for dynamic load cases.

The prassurizer is modeled 3s a beam with nozzles connected to
the centzrline of the pressurizer by rigid members.

The connection to the pressurizer relief tank is modeled as a
rigid latera)l and torsion support, and as an axial support with a
stiffness based on the stiffness of the tank. No bending support
iz modeled due to the relatively higher stiffness of the pipe
compared to the tank. Alsc, since the 12" relief valve
discharge line passes through the tank shell, additional supports
are included in the model to represent the gu des inside the
tank.

For the PORY actuators, the moments of inertia were calculated
based upon the fundamental frequencies., The total weight of the
valve body + actuator was lumped at the centroid cf the valve
assembly. GSafety valve bonnets are modeled as rigid members with
the total weight of the valve body + bonnet lumped at the
centroid of the total valve asssnbly.



For the mass point spacing, a mass point is placed at each data
point on the piping model, and if necessary additional mass
points are placed automatically between data points by the
SUPERPIPE computer program, thus subdividing lengths of pipe
between data points. If a long length of straight pipe is
vibrating, each mode of vibration will contain a number of
equally spaced nodes, and each length of pipe between nodes
vibrates as a simple span beam. Hence, for a frequency of
vibration, fm' the simple span beam length will be 1.. where

1 = (7 )05 (g14)0+2
Zf. w

If a simple lumped mass idealization is used, and if an accurate
determination of the mode shape and frequency is required for a
simple span beam of this length, then the mass spacing should be
no larger than S.. where

S- = 0.5 l.

The permissible maximum spacings are cowputed or specified at the
time the component dimensicns are specified,

wWith a frequency of f = 30cps, the following table gives the
mass point spacings, gn used in the analysis model.

Pipe Size | Schedule | "S." (Inches)
| |
3/4" | 40 | 27
. : 160 = 49
3" (Insulated) : 160 : 43
T : 40 : 65
6" : 160 : 64
12" : L0 : 88
1" : XS : 89

A time step of .002 seconds was used in the structural analysis,
which is consistent with the output from the thermal hydraulic
analysis.




Question 12(c):

Provide an identification of the load combinations performed in the
analysis together with the allowable stress limits. Differentiate between
load combinations used in the piping upstream and downstream of the valve
and for the supports. Explain the mathematical methods used to perform the
load combinations. If the load combinations and methods differ from those
suggested in Reference 3, discuss how the load combinations used satisfy
the FSAR commitment for the piping and supports. Identify the governing
codes and standards used to determine adequacy of the piping upstream and
downstream of the valves and the supports.

RESPONSE :

Load combinations for the piping and supports are as shown in the following
tables:

Table 1.0 - Load Combinations and Stress Criteria for Upstream (Class 1)
Piping.

Table 1.1 - Load Combinations and Stress Criteria for Downstream Piping
(ANSI B31.1).

Table 1.2 - Load Combinations and Stress Criteria for Supports, Restraints

and Anchors.
Table 1.3 - Codes and standards governing pipe support design.

These combinations are consistent with Reference 3 except the Safety and
Relief Valve Transient lcad case used for all Service Levels is equivalent
to the SOT. case used in Reference 3 only for faulted. This is a simpler
and more conservative approach.

Downstream piping is ANSI B31.1, but is qualified by load combinations and
allowable stress limits of more conservative ASME (Class 2/3).



Eq. 9 (Design)

Eq. 9 (Faulted)

. Eq. 10
Eq. 12
Eq. 13

TABLE 1.0

Load Combinations and

Stress Criteria for

Upstream (Class 1) Piping

LOAD COMBINATION

Pressure

+Weight

+0BE Inertria

+Relief Valve Transient

Pressure

+Weight

+SSE Inertia

+Relief Valve Transient

Pressure

+Weight

+Thermal Expansion

+0BE Inertia

+0BE Seismic Anchor
Movements

+Relief Valve Transient

Thermal Expansion

Pressure

+Weight

+0BE Inertia

+Relief Valve Transient

CRITERIA

€158
ASME Se®. 111
Subsection NB

<3.08
ASME Sef. 111
Subsection NB

<3.05
ASME Sef. III
Subsection NB

< 3.08
ASME Sef. 111
Subsection NB

< 3.0 8
ASME Sel. IIT
Subsection NB

NOTES: 1) Resultant moments for Weight Loads, Occasional Loads, and

Thermal Expansion Loads are combined per code equations.

2) Occasional loads are OBE Inertia,

Relief Valve Transient, SSE Inertia,

Movements.,

Occasional loads are unsigned.

OBE Seismic Anchor Movements,
and SSE Seismic Anchor
In Equation 9

(Design), OBE Inertia and Relief Valve Transient loads are

absolutely summed.

In Equation 9 (Faulted)., SSE Inertia and

Relief Valve Transient loads are absoultely summed. For
Equation 10, OBE Inertia, OBE Seismic Anchor movements, and
Relief Valve Transient loads are absolutely summed. For

Equation 13, OBE Inertia and Relief Valve Transient loads are

absolutely summed.

3) Relief Valve Transient = Maximum absolute value load from PORV

discharge transient and Safety Relief Valve discharge

transient,




TABLE 1.1

Load Combination and
Stress Criteria for
Downstream Piping (ANSI B31.1)

LOAD COMBINATION CRITERIA
1 Eq. 8 Pressure <1.0s
+Weight ASME Seg. 111
Subsection NC
2. Eq. 9 (Normal) Pressure <1.2 Sh
+Weight ASME Sec. III
+0BE Inertia Subsection NC
+0BE Seismic Anchor
Movements
+Relief Valve Transient
3. Eq. 9 (Faulted) Pressure <2.48
+Weight ASME Sec. III
+SSE Inertia : Subsection NC
+SSE Seismic Anchor
Movements
+Relief Valve Transient
4 Eq. 10 Thermal Expansion <S8
+0BE Seismic Anchor AsMB sec. 111
Movements Subsection NC
5 Eq. 11 Pressure <Ss ¢+ Sa
+Weight ASME Sec. Iil
+Thermal Expansion Subsection NC
NOTES: 1) Resultant moments for Weight Loads, Occasional Loads, and
Thermal Expansion Loads are combined per code equations.

2) Occasional loads are OBE Inertia, OBE Seismic Anchor Movements,
Relief Valve Transient, SSE Inertia, and SSE Seismic Anchor
Movements. Occasional loads are unsigned. In Equation 9
(Normal), OBE Inertia, Relief Valve Transient, and OBE Seismic
Anchor Movements are absolutely summed. In Equation 9
(Faulted), SSE Inertia, Relief Valve Transient, and SSE Seismic
Anchor Movements are absolutely summed.

3) Relief Valve Transient = Maximum absolute value load from PORV
discharge transient and Safety Relief Valve discharge
transient.

4) The OBE Seismic Anchor Movement load is included in either Eq.

9 or Eq. 10 per the Code requirements.




: 3 Normal

- Upset

- I Faulted

NOTES: 1)
2)
3)

TABLE 1.2

Load Combinations and
Stress Criteria for
Supports, Restraints, and Anchors

LOAD COMBINATION CRITERIA
Thermal Displacement AISC Normal
Weight Allowable Stress
Thermal Digplacement AISC Normal
Weight Allowable Stress

OBE (Inertia)
OBE Seismic Anchor Movements
Relief Valve Transient

Thermal Displacement (1) 1.5 x AISC Mormal
Weight Allowable Stress
SSE (Inertia) with a 0.9 F
SSE Seismic Anchor Movements max imum Y

Relief Valve Transient

Criteria shown is for non-NF. For portions within the NF
jurisdictional boundaries, the allowables specified in Subsection
NF of the ASME BPVC, Section III, Division 1 are used.

Relief Valve Transient = Maximum absolute value load from PORV
discharge transient and Safety Relief Valve discharge transient.

Loads on supports are combined in the following manner:

Normal (+) Weight + Jaximum positive thermal
Normal (=) Weight + Maximum negative thermal
Upset (+) = Normal (+)+[absolute summation of OBE Inertia, OBE
Seismic Anchor Movements, Relief Valve Transients]
Upset (-) = Normal (-) - [Absolute summation of OBE Inertia, OBE
Seismic Anchor Movements, Relief Valve Transients)
Faulted (+) = Normal (-) + [Absolute summation of SSE Inertia,
SSE Seismic Anchor Movements, Relief Valve
Transients])
Faulted (-) = Normal (-) - [Absolute summation of SSE Inertia,
SSE Seismic Anchor Movements, Relief Valve
Transients])



TABLE 1.3

CODES AND STANDARDS
FOR PIPE SUPPORT DESIGN

ASME Boiler and Pressure Vessel Code, Section III

- Division 1, Rules for Construction of Nuclea” Power
Plant Components, 1974 Edition including all addenda
through the Summer 1975 Addenda.

MSS SP-58, 1975, Pipe Hangers and Supports - Materials,
Design and Manufacture.

AWS D1.1-73, Structural Welding Code - Steel.

AISC Manual of Steel Construction, Seventh Edition with
Specification for the Design, Fabrication & Erection of
Structural Steel for Buildings, together with Supplements
#1, #2, and #3.

MSS SP-69, 1976, Pipe Hangers and Supports - Selection
and Apglication.




Question 12(d):

Provide an evaluation of the results of the structural analysis.
Present tables listing the worst case load or stress for the
piping upstream and downstream of the valve and for the supports
compared to ths combination equation. Indicate the piping model
(i.2., node number) requested in Question 12(e). Discuss the
modifications made to the piping or supports, if any, and clarify
whan the modifications were completed,

RESPONSE :

Resuits listing the worst case load or stress for the piping and
supports are as shown in the following tables:

Table 2.0 - Unit 1 Upstream Piping (Class 1) Stresses,
Table 2.1 - Unit 1 Downstr2am Piping (ANSI B31.1) Stresses,
Table 2.2 - Unit 2 Upstraam Piping (Class 1) Stresses.,
Table 2.3 - Unit 2 Downstream Piping (ANSI E31.1) Ztresses,

Table 2.4 - Unit 1 Dike Class A Support Loads and Capacities
{Upstream of Zafety Relief Valve).

Table 2.5 - Unit 1 (ANSI B831,1) Code Support Loads and Capacities
(Cownstream of Safety Rzlisf Valve).

Table 2.8 - Unit 2 Cuke Class A Support Loads and Capacities
{Upstream of Safety Relief Valve).

Table 2.7 - Unit 2 (ANSI B31.,1) Code Support Loads and Capacities

{Cownstr=am of Safety Relief Valve).

Any required modifications to the piping or supports wers made
prior to the initial installation of the supports.




TABLE 2.0
UNIT 1

UPSTREAM PIPING (CLASS 1)
MAXIMUM STRESSES

COMPONENT JOINT STRESS ALLOWABLE
CONDITION DESCRIPTION NAME RESULTS STRESS RATIO
Eq. 9 (Design) 6" Elbow 31 19431 24120 0.806
Eq. 9 (Faulted) 6" Elbow 31 38773 48240 0.804
Eq. 10 S xb"%3" 96 92387 48480 1.906+
TEE (See
Note 1)
Bg. 123 AWTT 127 36837 48216 0.764
TEE
Eq. 13 AWTT 122 45520 48180 0.945
Valve
Fatigue Usage 6 "x6"%x3" 96 1.0 0.039
Factor TEE

Notes: 1) Acceptable since equations 12 & 13 are satisfied.
2) AWTT = As-Welded Tapered Transition Joint.




TABLE 2.°
UNIT 1

DOWNSTREAM PIPING (CLASS 2/3)
MAXIMUM STRESSES

COMPONENT JUINT STRESS ALLOWABLE
CONDITION DESCRIFTION NAME RESULTS STRESS 'ATTIO
Eq. 8 (Sustained) 12" Elbow 86 6903 15900 0.436
Eq. 9 (Upret) 6"x1" Branch J7AA 16252 19080 0.852
Eq. 9 (Faulted) €+z1' Rranch 37AA- 27253 18160 0.714
Eq. 10 (Thermal
Exp.) 2" ¢4" Reducer 107 31559 27350 1.154#
(See
Note 1)
Eq. 11 (Sustained
+ Thermal Exp.) © 'x4" Reducer 127 36794 43257 0.851

Notes: 1) Acceptablr since Eq. 11 is satisfied.




TA81R 2.2
UNIT 2

UPSTREAM PIPING (CLASS 1)
MAXIMUM STOESSES

COMPONENT JOINT STRESS ALLOWABLE
CONDITION DESCRIPTION NAME RESULTS STRESS RATL,
Eq. 9 (Design) 6" Elbow 31 22418 264120 0.9
Eq. 9 (Faulted) 6" Elbow 31 319900 48240 TR
£q. 10 6 x3" 98 75370 48480 1.555¢
Reducer (See
Note 1)
Eq. 12 6"x6"x3" 96 32401 48240 0 672
TEE
Eq. 13 6"x3” 99 47387 48480 Gi977
Reducer
I'sage 6"x6"x3" 96 u = .042 1.0 0.042
TEE

*Note | ‘ceeptable since equations 12 & 13 are satisfied.
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TABLE 2.3
UNIT 2
DOWNSTREAM FIPING (ANSI B31.1)
MAXIMUM STRESSES
COMPONENT JOINT STRESS ALLOWABLE
CONDITION DESCRIPTION MNAME REMLTS STRESS RATIO
Eq. 8 (Sustained) 8" xt" 107 10564 15900 0.664
Reducer
Fg, 9 (Upset) AWTT 51 18898 19080 .330
valve
Eq. 9 (Faulted) AWTT 3] 28136 38160 0137
Valve
Eq. 10 {Thermal 6" xt" 107 2625 27350 n.900
Exp.) Faducer

hotes: 1) AWTT = As-welded Tapered Yrans %icn Joint,
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TABLE 2.4
UNIT 1
S/R APPLIED LOADS AND CAPACITIES
CUKE CLASS A SUPPORTS
(UUPSTREAM OF SAFETY RELIEF VALVE)

WORST AFPLIED RATIC OF AFPLIED
Dep S/R NUMBER LOAD CASE LOAD (KIPS) LOAD TO CAPACITY 3/R TYPE
57AA 1-R-NC-1611 FAULTED 19,8 .840 SNUBBER
1118 1-R-NC-1618 FAULTED 0.61 L1681 SNUBBER
122A 1-R-NC-1620 FAULTED 0.80 .308 SNUBBER
130A  1-R-NC-1621 FAULTED 2.0 169 SNUBBER
1064A 1-R-NC-1622 FAULTED 3.1 + 704 SNUBBER
978 1-R-NC-1623 FAULTED 2.7 .870 SNUBBER
32AA 1-R-NC- 1625 FAULTED 113 41 SNUBBER
98 1-R-NC-1633 FAULTED 4.0 645 SNUBBER
99A 1-R-NC-1634 NORMAL 0.%8 877 CONSTANT SPRING
113A 1 -R-NC-1635 FAULTED 4.8 617 SNUCBER
115A 1-R-NC-1636 FAULTED 3.3 . 769 SNUBBER
115A f~R-NC-1637 FAULTED 5.8 0739 SNUBBER
117A 1-R-NC- 1638 NORMAL 0.68 917 CONSTANT SPRING
1278 1-R-NC - 1639 FAULTED bot .83 SNUBBER
127A 1-R-NC-16840 NORMAL in 926 CONSTANT SPRING
VBA 1-R-NC- 1642 FAULTED 0.78 781 SNUBBER
VIA 1-R-NC~ 1643 FAULTED 0:53 + 529 SNUBBER
V13A 1-R-NC- 1644 FAULTED 1.0 1.000 SNUBBER
V13A 1-R-1LC-1845 FAULTED 1.0 1.000 SNUBBER
VI17A 1-R-NC-1646 FAULTED 0,78 1< SNUBBER
v17A 1-R-NC-1647 FALU_TED .71 . 109 SNUEBER
A 1-R-NC- 1651 FAULTED 4.3 163 SNUBBER
31A 1-R-NC-1653 FAULTED 2C.4 862 SNUBBER

LiA 1-R-NC~ 1685 FAULTEC 34,3 917 SNUBEER
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TABLE 2.5
UNIT 1

S/R APPLIED LOADS AND CAPACITIES
ANSI 831.1 CODE SUFPORTS

(DOWNSTREAM OF SAFETY RELIEF VALVE)

Page 1 of 2

WCORST APPLIED RATIO OF AFPLIED
oCcP 3/R NUMBER LOAD CASE LOAD (KIFS) LOAD TO CAPACITY S/R TYPE
78A 1-R=NC-1591 UPSET 11,6 T4 RIGID
728 1-R-NC-1592 UPSET 11.8 +877 RIGIC
76A 1-R-NC-1593 UPSET 20.9 690 SNUBBER
PATN 1-R-NC- 1594 UPSET 11.3 1.000 SNUBBER
724 1-R-NC-1595 NORMAL C.96 817 VARIABLE SPRING
78AA 1-R-NC-1596 UPSET 11,1 » 738 RIGID
78C {-R-NC-1597 UPSET 22.1 + 889 SNUBBER
80A 1-R-NC-1598 UPSET 16.9 +943 RIGID
B83A 1-R-NC-1599 FAULTED 28.9% 813 RIGID
70A 1-R-NC-1600 NORMAL 2.6 «187 CONSTANT SPRING
68C 1-R-NC-1601 UPSET 11.8 +990 SNUBBER
888 1-R-HC-1602 UPSET 7.6 7184 SNUBBER
66A 1-R=NC~-1603 UPSET 22.3 +9862 SNLBBER
64LC 1-R-NC- 1604 UPSET 7.5 . 758 SNUBBER
6uC 1-R-NC-1608 UPSET 5.0 «893 RIGID
648 1=-R-NC-1606 UPSET 5.9 870 RIGID
628 1-R-NC- 1607 UPSET 17.5 809 SNUBBER
oA 1-R-NC-1608 NORMAL 51 +833 CONSTANT SPRING
60AA 1=R=NC-1609 UPSET 7.8 175 SNUBBER
60A 1-R=NC-'510 UPSET 2.3 1,000 RIGID
27A/13B 1-R-NC-1613 UPSET 0,15 (LOCAL X) 179 RIGID
U ET 0.08 (LOCAL 2) 178 RIGID
3%e6 1-R-NC~-1615 FAULTED 8.1 1.000 SNUEBER
1380 1-R-NC~-1616 FAULTED 3.4 1.000 SNUBEER



TABLE 2.9

UNIT 1
S/R AFPLIED LOADS AND CAPACITIES

ANSI B31.1 COOE SUPPORTS

(DOWNSTREAM OF SAFETY RELIEF VALVE)

Page 2 of 2

WORST AFPLIED RATIO OF AFPLIED
Dcp 3/R NUMBER LOAD CASE LOAD (KIPS) LOAD TO CAPACITY S/R TYPE
174 1=R=-NC-1617 DPSET 1.3 .870 SNUBBER
14e 1=R-NC-1618 UPSET 4.6 .980 SNUEBER
210 1=R=-NC-1624 UFSET 2.4 893 SNUBBER
118 1-R-NC-1626 FAULTED L.7 «351 SNUBBER
11A 1-R-NC-1627 NORMAL 1.3 + 926 CONSTANT SPRING
LA 1-R-NC-1628 FAULTED 2.3 + 855 SNUBBER
14A 1-R=NC-1629 FAULTED 1.4 +610 SNUBBER
37A 1-R-NC-1630 NORMAL 2.7 +962 CONSTANT SPRING
J9AA 1=R-NC- 1631 FAULTED 2.8 867 SNUBBER
S18 1=R-NC-1632 NORMAL 2.3 «962 CONSTANT SPRING
138A 1=R=NC-164 1 NORMAL 3.9 870 CONSTANT SPRING
178 1-r'=NC=-1648 FAULTED 7.6 +855 SNUEBER
37XX 1=R=M_ <1643 FAULTED 12.2 + 926 SNUBBER
143N 1-R-NC-1650 FAULTED 3.8 «885 SNUBBER
13A 1 -R~NC-1652 FAULTED 8.4 «901 SNUBBER
140 1-R-NC-1654 FAULTEDC €.9 855 SNUBBER
51A 1-R=NC- 1656 FAULTED 6.4 1,000 SNUEBER
137 1=R-NC-1657 FAULTED 3.9 . 781 SNUBBER
38zZy 1-R-NC-2208 FAULTED 4.9 613 SNUBBER
57A 1-R-NC-2209 URSET 16.6 1.000 SNUEBER




TAEBLE 2.6
UNIT 2
S/R APPLIED LOADS AND CAPACITIES
DUKE CLASS A SUPPORTS
(UPSTREAM OF SAFETY RELIEF VALVE)

Page 1 of 1

WORST AFPPLIED RATIO OF APPLIED
oCP S/R NUMBER LOAD CASE LOAD (KIPS) LOAD TO CAPACITY 3/R TYPE
54 2-R-NC-1667 FAULTED 14,3 «962 SNUBBER
31A 2-R-NC-1874 FAULTED 20.4 1.000 SNUBBER
32AA 2-R~NC-1675 FAULTED 11.3 <926 ENUBBER
LLA 2-R-NC-1680 UPSET 20.8 833 SNUBBER
S57AA 2-R~NC-1681 FAULTED 16.3 870 SNUBBER
36 2-R-NC-1687 FAULTED 4.0 +825 SNUBBER
1278 2-R-NC-1688 UPSET 2.4 «585 ENUBBER
127A 2-R-NC-1689 NORMAL 1.2 928 ZONSTANT SPRING
130A 2-R-NC~ 1680 FALLTED 2.0 «588 SHUBBER
V17A 2-R-NC-1691 FAULTED 0.35 (LOCAL X; 455 SNUBBER
FAULTED 0.48 (LOCAL 2) .625 SNUBBER
978 2-R-NC-1693 FAULTED 2.7 . 840 SNUBBER
99A 2-R-NC-1694 NORMAL 0.58 . 909 CONSTANT SPRING
1118 2-R-NC-1695 FAULTEC 0.61 . 180 SNUBBER
113A 2-R-NC-1696 FAULTED 4.8 A48 SNUBBER
117A 2-R-NC-1697 NORMAL 0.68 » 909 CONSTANT SPRING
115A 2-R-NC- 1698 UPSET 2.9 (LDCAL X) «526 SNUBBER
UPSET 0.47 (LOCAL 2) +535 SNUBBER
122A 2-R-NC- 1699 FAULTED 1.6 472 SNUBBER
V13A 2-R-NC-1700 FAULTED 0.33 (LCCAL X) IS SNUBEBER
=t JLTED 0.38 (LOCAL 2) 431 SNUBBER
VSA 2-R-NC=1708 FAULTED 0.36 (LOCAL X) 452 SNUBBER
FAULTED 0.0 (LOCAL 2) +535 SNUBBER
104A 2-R=NC-1707 UPSET 2.5 +32% SNUBBER




Page 1 of 2
TABLE 2.7
UNIT 2
S/R APPLIED LOADS AND CAPACITIES
ANSI B31.1 CCOE SUPPORTS
(COWNSTREAM OF SAFETY RELIEF VALVE)

WORST APPLIED RATIO OF APPLIED
DcP S/R NUMBER LOAD CASE LOAD (KIPS) LCAD TO CAPACITY S/R TYPE
118 2-R-NC- 1668 UPSET 247 474 SNUBBER
13A 2-R-NC-16869 FAULTED 8.4 +730 SNUBBER
1hA 2-R-NC-1670 FAULTED 1.4 (LOCAL X) 178 SNUBBER

FAULTED 2.4 (LCCAL 2) PR SNUBBER
148 2-R=NC-1671 UFSET 4.6 . 806 SNUBBER
17A 2-R-NC-1672 UPSET 142 .58% SNUBBER
178 2-R-NC-1673 UFRSET 6.7 . 767 SNUBBER
37XX 2-R-NC-1676 FAULTED 10,3 1.000 SNUBBER
37A 2-R-NC-1877 NORMAL 2.7 .901 CONSTANT SPRING
313AA 2-R-NC-1678 FAULTED 2.8 610 SNUBBER
3988 2-R-NC-1679 UFSET 6.2 « 187 SNUBBER
S51A 2-R-NC~1682 FAULTED 6.0 1.000 SNUBBER
$18 2-R-NC~-1683 NOREMAL 2.3 +909 CONSTANT SFPRING
57A 2-R-NC- 1684 UPSET 15.8 962 SNUBBER
210 2-R-NC-168% UPSET 3.4 568 SNUBBER
11A 2-R-NC~16886 NORMAL 1.3 1.000 CONSTANT SPRING
137 2-R-NC-1692 FAULTED 3.2 917 SNUEBBER
138A 2-R-NC-1701 NORMAL 3.9 926 CONSTANT SPRING
382Y 2-R-NC~-1702 FAULTED L.k +602 SNUBBER
138C 2-R-NC-1703 FAULTED 3.4 2179 SNUBBER
140 Z=R-NC-1704 FAULTED 6.9 538 SNUBBER
143N 2-R-NC-1708 UPSET 3.0 1,000 SNUBBER
60A 2-R-NC-1708 FAULTED 3.2 , 680 RIGID




(DOWNSTREAM OF SAFETY RELIEF VALVE)

TAELE 2.7

UNIT 2

3/R APPLIED LOADS AND CAPACITIES
ANSI B831.1 COOE SUPPCRTS

Page 2 of 2

WORST APPLIED RATIO OF APPLIED
pCce S/R NUMBER LOAD CASE LOAD (KIPS) LOAD TO CAPACITY S/R TYPE
B0AA 2-R-NC-1708 UESET 7.8 7 SNUBBER
62A 2-R-NC-1710 NORMAL 5.1 »309 CONSTANT SPRING
628 2*R=NC~17 11 UPSET 18.3 +980 SNUBBER
648 2~R-NC-1712 UPSET 5.9 «139 RIGID
64C 2-R-NC-1713 FALLTED 8,0 629 SNURBER
BLA 2-R=NC-1714 FAULTED 8.2 1.000 RIGID
66A 2-R-NC-171§ UPZET 21,6 901 SNUBBER
688 2=-R-NC-1716 FAULTED 8.0 871 SNUBBER
68C 2-R-NC-1717 UPSET 11.8 813 SNIUBBER
70A 2-R-NC-1713 NORMAL 2.6 »926 CONSTANT SPRING
78AA 2-R-NC~12719 NORMAL 2.7 962 RIGID
78A 2-R-NC-1720 UPSET 11.9 . 787 RIGID
76A 2-R-NC~1721 UPSET 20.9 «840 SNUBEER
128 2=-R-NC-1722 UPSET 11.8 152 RIGID
712A 2*R-NC-1723 NORMAL 0.96 800 VARIABLE SPRING
71A 2-R-NC-1724 UPSET 11:3 830 SNUBBER
78C 2-R=NC-1728 UPSET 22.1 990 SNUBBER
80A 2-R-NC-1726 UPSET 1743 .980 RIGID
83A 2-R-NC~1727 UPSET 23,2 855 RIGID
27A/138 2-R-NC-1853 UPSET 0.15 (LOCAL X) 179 RIGID

UPSET 0.0%5 (LOCAL 2) 178 RIGID

R



Question 12(e):

Provide a sketch of the structural model showing lumped wass

locations, pipe sizes, support locations and application points
of fluid forces.

RESPONSE:

Masses are lumped at points of discontinuity and at a maximum
spacing of "S " in straight pipe as explained in question 12(b).
Sketches shou?ng discontinuity points, pipe sizes, and support
locations are found on the following drawings:

Figure 1 - Unit 1 (3 sheets)
Figure 2 - Unit 2 (3 sheets)

Application points of fluid forces are found on the following
drawing:

Figure 3 - Units 1 and 2 (3 sheets)




L RNC 624

|’ Lt 70

TRy
DE T Plimw

ke @
MEETY mopsign
“tan Ve ve)

UNIT 1

CATAKWBA NUCLEAR STATION

SR «
e - 3 :;.\) O \"\ w1 ) ; : 3
- oA e 2| .7 PRESSURIZER RELIEF LINE
SN . i W . PIPING MODEL
~ "o A FIGURE 1 SHT 1
B s T e o, AswaL b — "‘ crra Pt e ea )—0—{ e H{ e mameen L e B
vomas b .*.. ——— ..‘f.-_ pp— H —e ever ,_*_, o nramas S l___, —— - ———

@ e ot -

(FI5) == crnnn » -

B A A . [e7 ]

ARt R W TN e e e e
. ——— - B . ——

[

-~




DETRIE B~

3 DETAIL A*
(r.erev) t
pﬂ Txy!
(L'T "ti l \ §*
)t/]r-f " q‘ 3. rae ™S
L] ik
e - e 7" 3w ras T i N
l _,'/1/ &> - ) . ] N
[ TRNC & - -
e o ; 5 . ,-.. GLUD -
.-. - e ‘.’ "~r I1E NC 2208 wi mr € N .l,q““‘
z e
'A\“;_ ] T Ta .“, 1654 ) 1RNC Yeie ; \ lﬂt;‘:'lo
- - L \%\ \'E - : -
> i
I = ~, TR
Comr - i P — b
=oedglm g R N o)
b ' FE-NC-l623 1T
3
RN Hsope e B
ra 4, : ’ FANCI6Z6 4o ras /
000%a &l Ltew poy —
N ‘ _/'/
“ ““ja‘ § S
\-;s sy e \Q /J' wt
-y - g
& | S b ety © - r ’ .
) ¢ | o g - -
rl 5 -~ -~ ),/ > ) -
+ ¥ & | A e eq
IR NE- oy Leail o o J
& \ )/
. 4 i o(\
‘ h:‘ Bt L o DR i P rl
~
DETAIL °C”
CATAKBA NI LT OR STATION
UNTTE ]
PRESGURIZER RELIEF ) INE
PIFING MODE
ML TS TR (DR Sop T
FIGURE 1 SHT. 2
®  Ber Lo avee - e wanrwwarem T ) waive - Anay r0w S "‘ e — m— . "—._‘ o ———
l‘!l!)'*"‘--' e BT T MANEER W TS GEseae e e b e e e — i s S l —_— e
S s cacavem o wow.  ELL (uSves wawmese ® A T e e P . -~ i VR




2, ml v o
.u.uL_.LT_ i K Fa -+ P
o w _fr-‘:v Sp—
. ¢ f > "‘K
oF . c‘-."u o - ~
S e B sl *‘.‘4
- ‘1 ENC o
& *1”4 Torur tin 3! " r'l
}__ —aa N Lo
7 = ,/ o
FEASA EEEP S alleod RS
o - RANC Ve07 L~
“tagm B o |
- & 40
G or o) w0 .
rr ¢ )
FR-uc-teon I-R-NC - 160
— = b
“r PR, - . % IR NC -160S
.
— 1-RNC WO .ﬂ" I=R-NC - 104
na
) i< -1 o

-’
we| b ]q |
! e
.z? FRANC e
L * 4

SR
)

\ [ AL SSMIZER PEiren

Tana

CATAWBA NUCLEAR
Ul 1

STATION

o FR-NC - 10!
3 1~ PRESSURIZER RELIEF LINI
— - PIPING MODEL
R FIGURE 1 SHT 3
Coml @007 amom
. e B eer menrwmarm U wa i e v et e Ama T S erv— .. —_— M — e a—— Pt cmoer wae

[ | - T——
- ——

(Zi) »== cisne .o

B - — an A —— -

) wrmee —— T e e s
AP I e —

-
ety

——
——l"—-—m

04
H —— et —-*—4 —arrra e

L_., . vam - -




s

" -rr N

Y

=" ] 28 e 10

. 2 RN 167)

CATAKWBA NUCLEAR STATION
UNIT 2

PRESSURIZER RELIEF L INE
PIPING MODEL

FIGURE 2 SHT, |

g meore oy s b




%
"
o "'r':"
- "”Q.k o Vol I%NC 1700
» Y Tl
- ‘." -“
w . » e
A g'_’?x"‘“"
: 7
5 4 ;
CATHLuUH NUCLERAR STATION
UNTT 2
PRESSURIZER RELIEF LINE
PIPING MODEI
FIGURE 2 SHT. 2
v ::: ~ :::-:- = :o:--o-'-.—- = I—— .,..“..:’.-- F e 2 I e M e p— Pt emaer wern
P T —————— -ﬂn cntver msmmen © 2 . ——— .@ PR — .&.‘ .. —o#"o— EEEEE ST +q L — L B




,l

CATAWBA NUCLEAR STATION
UNTT

PRESSURIZER RELIEF LINE
PIPING MODEL

DETAL “"A" R > FICURE 2 SHT 3
..-

. e Lo s " e CD weawe ’-c
——cLae w B wrmasms —— ) e - ———— Premed  OvemAr S—
- O O AT 8 m LR S ammen - S e —— @ S S AT *

e e 1ot

3




¢ I

-

FIGURE 3 SHT. |
FLUID FORCES &
APPLICATION PTS.
PRESSURIZER REL IEF

L INE



INT T 431138 ¥4371480SS 34d

"S1d NOILVYOITddY
¥ S30404 aAN14
T "LHS € NN9IH

WIZINNSSIdd

eI
i




INTT 431138 ¥3/718N0SS 344
"S1d NOILYDITIddV

¥ S30405 dAIN4 a
T "LHS € 3NN9I-

IA0EY ANOD

MANVYL 43113

HIZI4NSS3Iud »
x \ h > o~

T CAMS
HoSt NO “ANOD

L MOT3F  ANDD




Question 12(f):

Provide a copy of the structural analysis report.

RESPONSE ¢

A summary of the results of the structural analysis has been
provided in this report. Due to the large volume of computer
printouts and drawirgs, it is not practical to provide a copy of
the structural analysis report. QDetails are available at the
Duke Power general office.




