GULF STATES UTILITIES COMPANY

f Sy FF EBOX 29 r BEA N NT T E X A S

AWE & v FE 4

December 29, 1983
RBG- 16,672
File Code G9.5, G9.8.6.1

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U. ». Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. Denton:

River Bend Station Units 1 & 2
Docket Nos. 50-458/50-459

Enclosed for your review are Gulf States Utilities Company's (GSU)
responses to Draft Safety Evaluation Report (DSER) open items
identified by the Nuclear Regulatory Commission's (NRC) Mechanical
Engineering Branch (MEB). A response to the December 7, 19835 NKC
ietter requesting further clarification on the River Bend Station
design regarding pipe/component supports is provided in Enclosure 21.
In addition, the Licensing Review Group-I1 (LRG) positions 1, 2, 3 and
4-MEB are endorsed herein. Attachment 1 is a summary listing of the
items discussed in Attachment 2. Attachment 2 provides the response
and reference material for each item. Where indicated, these
responses wil! be provided in a future amendment to the FSAR.

Sincerely,

' ia % ' { P ,g
/o 3. E. Booker
/ Manager-Engineering
Nuclear Fuels & Licensing
River Lend Nuclear Group
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ATTACHMENT 2
MEB

DSER, page 3-1 - Diesel Generator System Classification-Seismic

Response

This item is addressed in the response to FSAR Question 210.30,
Chapter 3, which was submitted to the NRC in FSAR Amendment 7.

DSER, page 3-2 - Regulatory Guide 1.26 Exceptions

Response

This item is included in the response to FSAR Question 210.31,
Chapter 3, which was submitted to the NRC in FSAR Amendment 7.

DSER, page 3-32 - Clarification of Limits Used for N~-Break
Zone

Response

This item is addressed in the response to FSAR Question 210.49
(Amendment 7) and a revised response to 210.32, Chapter 3 provided
in Enclosure 1. For ASME Code, Section III Class 1 piping the RBS
Architect Engineer, Stone & Webster, applies Section 3.6.2 of
Standard Review Plan (SRP) NUREG-0800 for calculating the design
and fatigue limits on class 1 piping under upset plant ccnditions
and an independent OBE event transient.

DSER, page 3-32 - Pipe Break Criteria for High
Energy Line Cracks

Response

This item is discussed in part in the response to FSAR Questions
210.54 and 210.77, Chapter 3, submitted to the NRC in FSAR
Amendment 7. Revised Guestions 210.45 and 210.46 regarding the
class 1 pipe stress analyses is provided in Enclosure 19. A
discussion on HEL cracks and breaks outside containment is
provided in a supplemental response to Question 210.77 (Enclosure
19).

DSER, page 3-32 - Pipe Thrust Coefficient

Response

This item is addressed in the response to FSAR Question 210.37,
Chapter 3, which was submitted to the NRC in FSAR Amendment 7.
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Attachment 2 (cont'd)

DSER, page 3-32 - Jet Impingement Analysis

Response

This item is addressed in the response to FSAR Question 210.75,
Chapter 3, which was submitted to the NRC in FSAR Amendment 7.

DSER, page 2-32 - Pipe Whip Restraint Design

Response

This item is addressed in the response to Questions 210.78 and
210.79, Chapter 3, which were submitted to the NRC in FSAR
Amendment 7.

DSER, page 3-32 - New Loads Intormation

Response

The response to Questions 210.6, 210.8, 210.11, 210.65 and 210.66
will be provided during June, 1984 after completion of the
hydrodynamic analysis for River Bend Station.

DSER, page 3-49 - Computer Program Verification

Response

This item is addressed in the response to Questions 210.56 and
210.58, Chapter 3, which were submitted to the NRC in FSAR
Amendment 7 and 9, respectively. Further specific verification
information for the STRUDL 1I, STARDYNE, LION, NUPIPE, and ANSYS
computer programs is provided in Enclosure 2.

. DSER, page 3-49 - Design Transients and Number of Cycles

Response

This item is addressed in the response to Questions 210.60 and
210.63, Chapter 3, which were submitted to the NRC in FSAR
Amendment 7.

. DSER, page 3-49 - Component Tests

Response

This item is addressed in the response to FSAR Question 210.61,
Chapter 3, which was provided to the NRC in FSAR Amendment 7.



Attachment 2 (cont'd)

. DSER, page 3-50 - Preoperational Vibration Testing

Response

This item is addressed in part in the response to FSAR Question
210.62, Chapter 3, which was provided to the NRC in FSAR Amendment
7. The response addressed the NSSS scope. The BOP preoperational
vibration testing program is provided in Enclosure 3.

. DSER, page 3-50 - NUREG-0619 Compliance

Response

This item is addressed in the response to FSAR Question 210.64,
Chapter 3, which was provided to the NRC in FSAR Amendment 7.

. DSER, page 3-53 - Functional Capability of ASME Component

Response

This item is addressed in the response to FSAR Question 210.70,
Chapter 3, which was provided to the NRC in FSAR Amendment 7.

. DSER, page 3-53 - Design Limits of ASME Components

Response

This item is addressed in part in the response to FSAR Question
210.66, Chapter 3. which was submitted to the NRC in FSAR
Amendment 7. Upon the new loads update of the FSAR, currently
scheduled for June 1984, the guidance provided in NUREG-0800 for
piping, vessel, internals, component support, and pipe and floor-
mounted equipment will be addressed.

. DSER, page 3-53 - Support Design

Response

This item is addressed in the response to FSAR Question 210.68,
Chapter 3, which was submitted to the NRC in FSAR Amendment 7.

. DSER, page 3-55 - Prototype Information on the Control Rod
Drive System

Response

This item is addressed in the revised response to FSAR Question
210.98, Chapter 3, which was initially submitted to the NRC in
FSAR Amendment 7. LRG-II issue 2-MEE discusses the reactor
pressure vessel internals vibration test program for BWR/6's.
River Bend Station is scheduled to perform the required non-
prototype tests in September 1984 and submit its results with a




Attachment 2 (cont'd)

reference to the Kuo Sheng test report during November 184
(Enclosure 4).

. DSER, page 3-56 - Stress, Deformation & Buckling Limits

Response

This item is address in the response to FSAR Question 210.67,
Chapter 3, which was submitted to the NRC in FSAR Amendment 7.

. DSER, page 3-57 - Inservice Testing Program for Pumps and
Valves

Response

This item is addressed in part in the response to FSAR Questions
210.99 and 210.19, Chapter 3, which was provided to the NRC in
FSAR Amendments 7 and 1, respectively. The RBS Inservice Testing
Program will be provided within 6 months of the anticipated date
of commercial operation.

. The responses to Questions 210.22 and 210.25, "Fracture Toughness
Data", are provided in Enclosure 20. The responses will be

submitted in a future FSAR amendment.

. A revised response to FSAR Question 210.5, "Additional
Qualification Information on Pumps and Valves", is provided in
Enclosure 5. FSAR Tables 3.9A-5, 10 and 11 will be updated during
July, 1984.

. The revised response to FSAR Question 210.15, "Pressure Relief
Devices", is provided in Enclosure 6. Thc new response will be
submitted in a future FSAR amendment.

. Updated data for Tables 3.6A-1 through 3.6A-11 in response to FSAR
Question 210.43 is provided in Enclosure 7. This information will
be submitted in a future FSAR amendment.

. A response to FSAR Question 210.71, Chapter 3, was submitted in
Amendment 9. A discussion of the leak testing program will be

provided within 6 months of the anticipated date of commercial

operation.

. A response to FSAR Question 210.82, "Feedwater Isolation Cueck
Valves'", is provided in Enclosure 8. The response will be
provided in a future amendment to the FSAR.

. A revised submittal date of the third quarter 1984, for the
reactor asymmetric loads analysis (Enclosure 9) is provided in
response to FSAR Question 210.92. This new date will be
incorporated into a future FSAR amendment.
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Attachment 2 (cont'd)

Technical justification for the assumptions used in calculating
the stress analysis for class 1 piping is provided in a response
to new FSAR Question 210.100, "Class 1 Piping Out-of-Roundness
Tolerances" (Enclosure 10). This information will be submitted in
a future FSAR amendment.

A discussion of the RBS program which ensures that counterbore of
piping is in accordance with the Stone & Webster Specification No.
228.000, “"Specification for Pipirg Engineering and Design", and
that minimum wall thickness is not violated is provided in a
response to new FSAR Question 210.101 (Enclosure 11). The
response to FSAR Question 210.101 will be submitted in a future
FSAR amendment.

The response to new FSAR Question 210.102, "Codes for Reactor
Coolant Pressure Boundary Components", is provided in Enclosure
12. New Table 3.2-9 will be submitted in a future FSAR amendment.

A response to new Question 210.103, "RCIC Turbine Design', is
provided in Enclosure 13. This response will be provided in a
future FSAR amendment.

The response to new Question 210,104, "Scram Discharge Volume
Piping Classification" is provided in Enclosure 14. This
information will be submitted in a future FSAR amendment.

The response to new FSAR Question 210.105, "Quencher Base
Support", is provided in Enclosure 15. Section ND-3645 of the
ASME Boiler and Pressure Vessel Code was taken into consideration
during the design of the RBS X-quencher. This new response will
be submitted in a future FSAR amendment.

A response to new FSAR Question 210.106, "Quencher ASME Stress
Design", is provided in Enclosure 15. Stresses at critical
locations in the X-quencher configuration have been evaluated and
determined to be within the ASME code allowables for quencher
design. This information will be submitted in a future FSAR
amendment .

A response to new FSAR Question 210.107, "Pipe Supports Lateral
Instability Design", is provided in Enclosure 16. The only ECCS
piping inside containment located within twenty-five feet atove
the maximum suppression pool water level is short horizontal
segments of piping at the penetration elevation. These segments
are analyzed for pool swell impact loads.

A response to new FSAR Question 210.108, "Hydraulic Control Unit
(HCU) Floor Design for Pool Swell Loads", is provided in Enclosure
17. The Control Rod Drive (CRD) piping has been designed to
withstand the vibratory responses due to hydrodynamic loadings
including the loads on the HCU floor due to a pool swell event.
This information will be submitted in a future FSAR amendment.




6 of 6

Attachment 2 (cont'd)

36. The endorsement of LRG-II positions 1-MEB through 4-MEB is
provided below. The discission of these items is provided in the

enclosures.
FSAR

ITEM TITLE ENDORSED DISCUSSED

1-MEB Input Criteria for Use Yes 23.9.3.4.1.28
of SRSS for Mechanical
Equipment

2-MEB RPV Internals Vibration Yes 3.9.2.4B
Test Program for BWR/%

3-MEB OBE St.ess Cycles Used Yes 3.7.3.28
for NSSS Mechanical 3.9.1.1.5%8
Equipment Design 3.9.1:1.68

4-MEB Kuosheng Incore Yes* 2.3.53.15.4.5

Instrument Tube Break

* The operational controls specified in the LRG-II position are not being
implemented at RBS. GSU believes the stresses due to flow induced vibration
are acceptable based on the new flow deflector design.



RBS FSAR
Enclosure 1

QUESTION 210.32 (3.6.2.1.5.2.1A.2.a)

The design stress and fatigue limits for Class 1 piping in the
containment penetration areas are not in compliance with Standard
Review Plan 3.6.2 and BTP MEB 3-1. If the maximum stress range of
Equation (10) exceeds 2.4 Sm, both Equations (12) and (13) must be
less than 2.4 Sm. In all cases the cumulative usage factor must
be less thar 0.1.

RESPONSE

The response to this request is provided in revised Section
3:6.2.1:5.2. 18, Item 2.




ENCLOSURE 1 (cont'd.) 2 of &

RBS FSAR

2. Fluid System Piping in Containment Penetration Areas

Breaks are not postulated in the portions of high energy
piping between the containment isolation valves, outside
and inside containment. Breaks are not postulated in
the portions of high energy piping between the isoclation
valve and the first restraint or groups of restraints
designed to protect these portions of piping fiom breaks
outboard of this area both inside and outside
containment.

These pipe whip restraints are capable of resisting
bending and torsional moments produced by a postulated
piping failure outboard of the first restraint or group
of restraints beyond the containment isolation valves.

The restraints are designed to withstand the loadings
resulting from a postulated piping failure beyond these
portions of piping, so that neither the isolation valve
operability nor the leaktight integrity of the
associated containment penetration will be impaired.
These portions of piping are designed to meet the
requirements of ASME Code, Section III,
Subarticle NE-1120, and the following additional design
requirements, which are in conformance with Revision g1
{July, 1981) €~¢Nevember—24,—18756) of SRP 3.6.2 and BTP MEB 3-1, the |7
documents applicable at the time the analysis was
performed:

a. The following design stress and fatigue limits
are not exceeded for Class 1 piping:

P Amendment 7 3.6A-15 February 1983



Amendment 7

ENCLOSURE 1 (cont'd.) 3 of &4

RBS FSAR

The following design stress limits are not
exceeded for Class 2 piping:

(1) The maximum stress ranges do not exceed
0.8 e - +Sp) . as calculated by
Equations 9) and (10) in Paragraph NC-
3652, ASME Code, Section III, considering
normal and upset plant conditions (i.e.,
sustained loads, occasional loads, and
thermal expansion) and an OBE event.

(2) The maximum stresses do not exceed 1.8Sp,
as calculated by Egquation (9) in
Paragraph NC-3652 unde:r the loadings
resulting from a postulated piping
failure of fluid system piping beyond
these portions of piping.

Welded attachments for pipe supports or other
purposes, to these portions of piping are
avoided, except where detailed stress analysis
demonstrates compliance with the limits
previously discussed in Section 3.6.2.1.5.2A,
Items 2a and 2b.

The number of circumferential and longitudinal
piping welds and branch connections is
minimized.

The length of these portions of piping is
reduced to the minimum length practicable.

The design of pipe anchors or restraints
(e.g., connections to containment penetrations
and pipe whip restraints) does not require
welding directly to the outer surface of the
piping (e.g., flued integrally forged pipe
fittings are used), except where such welds
are capable of 100-percent volumetric

3.6A-16 February 1983

v A P
b
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Enclosure 1 (cont'd.) 4 of &
Insert

The maximum stress range between any two load sets (including
the zero load set), calculated by Equation (10) in Paragraph
NB-3653, ASME Code, Section III for those loads and
conditions thereof, for which level A and level B stress
limits have been specified in the design specification
including an operating basis earthquake (OBE) event
transient, do not exceed 2.4 Sm. If the calculated maximum
stress range of Eq. (1) exceeds 2.4 Sm, the stress ranges
calculated by both Eq (12) and Eq (13) in Paragraph NB-3653
should meet the limit of 2.4 Sm.

The cumulative usage factor is less than 0.1

The maximum stress, as calculated by Eq. (9) in Paragraph NB-
3652 under the loading resulting from a postulated piping
failure beyond these portions of piping do not exceed 2.25 Sm
except that following a failure outside containment, the pipc
between the outboard isolation valve may be permitted higher
stresses provided a plastic hinge is not formed.
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Enclosure 2 pg. 1 of 33

F/ie FSAR

QUESTION 210.56 (APPENDIX 3A, 3.9.1.2.2B)

NUREG-0800 requires that computer programs used in analyses
of seismic Category I Code and non-Code items have the
following information provided to demonstrate their
applicability and validity:

& The author, source, dated version and facility.

b. A description and the extent and limitations of its
applications.

€. Solutions to a series of test problems which shall

be demonstrated to be substantially similar to
solutions obtained from any one of sources 1
through 4, and source 5:

1. Hand calculaticns

l. Analytical results published in the
literature

3. Acceptable experimental tests

4. By a MEB acceptable similar program

-8 The benchmark problems prescribed in
Report NUREG/CR-1677, "Piping Benchmark
Problems."

Please demonstrate compliance with these requirements and
provide summary comparisons for the computer programs used
in seismic Category I analyses.

RESPONSE
The response to this request is provided in revised

Appendix 3A, atEedussion (for BOP systems) and ir revised
Section 3.9.1.2B (for NSSS systems).

'3TRRDTNBT—btoNT—NU?TPE7“and—tNS¥5—computer—pregrane—v&%%—-bo———
—pEovided by JuhetBEd
Amendment 7 Q&R 3.9-17 February 1983



Enclosuce 2 (cont'd.) pg. 2 of 33

RBS FSAR

The following computer programs are used for the analysis of
Seismic Category I piping systems, including pipe supports:

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.

NUPIPE
TREEAT
HTLOAD
WATAIR
FSPECTRA

STEBAM
WATHAM
PITRUST

PILUG

ANSYS

For each computer program, there is a brief description of
the program's theoretical basis, the assumptions and
refererces used in the program, the extent of its

application ,
, and a summary of manual or comparison qualification.

INSERT

-

3a-2



Enclosure 2 (cont'd.)

Insert for pg. 3A-2

The computer programs used in the analyses of Seismic Category I code
and non-code items are documented in accordance with the requirements
of S&W Corporate Engineering Department Procedures. In meeting these
requirements, compliance to the following has been demonstrated:

a. Documentation of computer programs includes the author,
source dated version, and facility.

b. Documentation of computer programs includes the extent and
limitations of its application.

- Test problems demonstrate the ,uwalification of each program.

3 of 33
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Enclosure 2 (cont'd.) pg. 4 of 33

RBS FSAR

INSERT

(7 3A.5-1



Enclosure 2 (cont'd.) pg. 5 of 33

RBS FSAR

3A.5 STRUDL (Structural Design Language)
3A.5.1 General Description

The STRUDL Computer code used within SWEC was developed from Version 2,
Modification 2 (June 1972) of the Integrated Civil Engineering System

(ICES) STRUDL II program which was designed and formulated by the Department
of Civil Engineering at the Massachusetts Institute of Technology. STRUDL
II is a recognized program in the public domain. The software system is
IBM-MVS Release 3.8. The hardware configuration is IBM-3033.

The finite element method provides for the solution of a wide range of
solid mechanics problems(2). 1Its implementation within the context of
the STRUDL analysis facilities expands these for the treatment of plane
stress, plane strain, plate bending, shallow shell, and three-dimensional
stress analysis problems.

STRUDL also provides a dynamic analysis capability for linear elastic
structures undergoing small displacements. Either free or forced vibrational
response may be obtained, and in the latter case, the forcing functions may
be in the form of time histories or response spectra.

The three-dimensional finite element capability of STRUDL is used to analyze
the drywell at the region of the equipment hatch and personnel door assembly
and other regions of interest.

Seismic Category I structures are analyzed for seismic effect using the
dynamic analysis capability of STRUDL. The analysis yields frequencies of
vibration, mode shapes, displacements, velocities, accelerations, and forces.

3A.5.2 Program Verification

five
Comparisons of results foghtesc problems performed by both 'STRUDL' and 'GT
STRUDL' are provided herein. 'GT.STRUDL' is a recognized program in the
public domain, developed by the GT-ICES systems laboratory, school of Civil
Engineering, Georgia Institute of Technology, Atlanta, Georgia. In all cases,
there is excellent agreement of results between 'STRUDL' & 'GT=-STRUDL'.
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3A.5.2.1 Comparison of 'STRUDL' vs 'GT-STRUDL' results for Dynamic
Analysis capability of 'STRUDL'

PROBLEM ﬁo. 1

Find the natural frequencies F (I) of vibration for an I-Beam with
simply supported end, vibrating in the Plane of its web,

The pertinent parameters of the beam:

_ Length = 30 ft. 6
Modulus of Elasticity = 30 x 102 psi
Moment of Inertia = 3021 in
Weight perfoot = 100 1b.

)t
|

I » X

The theoretical results can be verified from "Vibration Problems in
Engineering"; Fourth Edition, S. Timoshenko, D.W. Young, W. Weaver,
Page 423, Problem 1.

Ir

Results: Natural Freguency F(I), where "1" = the mode number
= 24.8 (I)“ Cycles/sec.
=155.82 (I)2 Rad/sec.

The comparison of results (i.e. eigen values and eigenvectors) of the
theoretical values, STRUDL and GT-STRUDL are tabulated in the tables
3A.5-1 and 3A.5-2. The eigenvalues for STRUDL and GT-STRUDL agree
with each other (Table 3a.5-1). The eigenvectors for STRUDL and GT=-
STRUDL agree with each other (Table 3A.5-2).



Enclosure 2 “cont'd.)

3A.5.2.2 Comparison of 'STRUDL vs 'GT-STRUDL' Results for Static
Analysis capability of 'STRUDL'

‘005 METN /am

PROBLEM NO. 2
: KT v
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- The Frame as shown in the sketch is tested for the loads as shown in
the sketch. Also the frame was tested for joint displacement of joint
A and B in the Y direction and also the joint displacement of joint A
in the X direction. Tle member forces and the joint forces of the STRUDL
run agreed with the GT-STRUDL run. The comparison of the results are
tabulated in the Tables 3A.5-3 and 3A,5-4.

LOADING CONDITION 1

Member DE force Y uniform W-.005 Metn/cm
Joint D load force X 0.7 Metn

LOADING CONDITION 2

Joint'A displaced Y -0.8 cm
Joint B displaced Y -0.3 cm

LOADING CONDITION 3

Joint A displaced x -0.2 cm
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Enclosure 2 (cont'd.)
34.5.2.3

Comparison of STRUDL vs. GT-STRUDL results for Finite Element
Capability of STRUDL.

PROBLEM NO. 3

A foundation mat was analyzed using finite elemeat capability of
STRUDL, for a variety of loading combinations. A compaiison check is
performed for a loading condicion which combines the self weight of
the substructure and super structure, dead load of 2.5 ft. of soil
above the mat and East-West tornado loading, by using finite element
capability of GT-STRUUL, a computer program in the public domain. A
finite element model is provided in Fig. 3A.5-1. Sign convention
details are provided in Fig. 3A.5-2. Refer to the Tables 3A.5-5, &
3A.5-6 for comparison between the results obtained from STRUDL & GT-
STRUDL.

8 of 33



Enclosure 2 (cont'd.)

3A.5.2.4

Comparison of STRUDL vs. GT-STRUDL results for Static Analysis
Capability of STRUDL.

PROBLEM NO. 4 -

A comparison check is performed for suspended ceiling design using
static analysis capability of STRUDL vs. GT-STRUDL. A model is
provided in Fig. 3A.5-3. The loading condition accounts for the dead
loads of the ceiling. Refer to the Tables 3A.5-7 & 3A.5-8 for
comparison between the results obtained from STRUDL & GT-STRUDL.

9 of 33
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COMPARISON OF STRUDL VS. GT-STRUDL RESULTS FOR DYNAMIC ANALYSIS
(RESPONSE SPECTRA) CAPABILITY OF STRUDL

PROBLEM NO. 5

A comparison check is performed for suspended ceiling design using
dynamic analysis capability of STRUDL vs. GT STRUDL. A model is
provided in Fig. 3A.5-3. The loading condition accounts for the
dynamic seismic loads resulting from ceiling dead load. Refer to the
Tables 3A.5-9, LJA.5-10, arnd 3A.5-11 for comparison between the results
obtained from STRUDL & GT-STRUDL.
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TABLE: 3A.5-1

> INSERT HERE
EICEN VALUES#*:

"I" « The Theoretical STRUDL CT-STRUDL
Mode Results: Results Results
Numbers Frequency Frequency Frequency
Cycles/Sec. Cycles/Sec. Cycles/Sec.

1 24.8 24.84 24,84

2 99.2 99.33 99.23

3 223.2 223,37 225,38

4 396.8 396.39 396,40

*Note: Por. comparison purpose, the results of four modes are tabulated.

Comparison of Eigen Values from Theoretical results
.—.’STRUDL Results and GT-STRUDL Results (Problem #1)
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TABLES: 3A.5-2
COMPARISON OF EIGEN VECTORS FROM 'STRUDL' £ 'GT-STRUDL'
(Problem #1)

EIGEN VECTORS:

[i Joint Y-Dispn.
H STRUDL GT-STRUDL
1 0.0 0.0
M| 2 .309 . 309
3 . 588 . 588
0l & .809 .809
D| S .951 .951
6 1.000 1.000
El 7 .951 .951
: 8 .809 .809
9 . 588 .588
10 .309 .309
11 0.0 0.0
wl ! 0.000 0.000
2 .618 .618
ol 3 1.000 [N T T1.0000 - T T
p| 4 1.000 1.000
— 5 .618 .618
E| 6 0.000 0.000
7 -.618 -.618
- -1.000 -1.000
21 9 -1.000 -1.000
10 -.618 -.618
11 0.000 0.000
wl 1 0.0 0.0
2 -0.809 -.809
ol 3 -.951 -.951
D ‘ "0309 b 309
g 0.588 .588
el 6 1.000 1.0
7 .588 .588
. 8 -.309 -.309
l 9 -.951 -.951
10 -.809 -.809
11 0.0 0.0
1 0.0 0.0
Ml 2 1.0 -1.0
of 3 .618 -.618
> 4 -.618 .618
5 -1.0 1.0
E| 6 0.000 .00
7 1.0 -i.0
8 .618 -.618
4! 9 -.618 .618
10 -1.0 1.0
11 0.0 0.0

NOTE: FOR COMPARISON PURPOSES, THE RESULTS OF FOUR MODES ARE TABULAR
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TABLE 3A.5-3
THE MEMBER FORCES FROM STRUDL AND GT-STRUDL !
COMPUTER RUNS FOR DIFFERENT LOADING COMDITIONS
(Problem #2) Wi e R -
e c::;i:::a —_— $TRUDL CT-STRUDL
e e s ——— & aa v -
AXIAL SHEAR Y MOM Z y AX AL SHEAR Y MO
4D 1 A 1652.25 -237.33 -7958.75 1652.25 =237.33 =79%8
D -1652.25 237.33 -20071.84 | ~1652.23 237.33 «20071
2 A -583.75 -675.01 ~104020.94 -583.75 -675.01 ~10402
D 583.75 675.01 24305.86 583.75 675.01 2430
3 A -694.20 1480.59 107811.12 -694.20 1480.59 10781
D 694.20 ~1480.59 67060.81 694.20 ~-14B80.59 6706
or 1 D 1780. 56 1652.25 20071.84 1780. 56 1652.25 2007
E -1780.56 1654.68 =-20215.77 -1780.56 1654.69 =2021
2 D 675.01 -583.75 ~24305.86 675.01 -583.75 =2430
E -675.01 583.75 =44640.70 -675.01 583.75 =464
3 D -1480.59 -694.20 ~6706C.81 -1480.59 -694.20 =-6706
! 1480.59 694,20 ~14930.68 1480.59 694.20 ~1492
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TABLE - 3A.5-3 (continued) -
Member | Loading
banditice Joint STRUDL GT~-STRUDL
AXIAL SHEAR Y MOM 2 AXIAL SHEAR Y MOM |
BE 1 B 45.28 171.16 0.0 45.29 171.16 0.
E -45,28 -171,16 20215.80 -45.29 -171.16 20215.
2 B 286.70 377.96 -,01 286.70 377.96 0.0
E -286.70 -377.96 44640.70 -286.70 «377.96 44640.8
3 B 2301.20 126.41 0.00 2301.20 126.41 0.0
E «2301.20 ~126.41 14930.65| =2301.20 -126.41 14930.7
EC 1 E 2276.03 0.0 0.0 2276.04 0.0 0.0
Cc -2276.03 0.0 0.0 -2276.04 0.0 0.0
2 " E 420.09 0.0 0.0 420.09 0.0 0.0
Cc -420.09 0.0 0.0 -420.09 0.0 0.0
3 E -2272.64 0.0 0.0 -2272.65 0.0 0.0
C 2272.64 0.0 0.0 2272.65 0.0 0.0
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TABLE 3A.5<%
THE JOINT LOADS (AT SUPPORTS) FROM
STRUDL  AND GT-STRUDL COMPUTER RUNS
FOR DIFFERENT LOADING CONDITIONS
(Problem #2)
Joint| Loading STRUDL CT-STRUDL
X FORCE Y FORCE™ 2 MOM | X FORCL™ Y FPORCE Z ¥
A i 237,33 1652.25 =7958.79  237.33 1652.25 -7958.7%
2 675.01 -583.75 <-104030.94  675.01 -583.75 =104031.48
3 -1480.59 -694.20 107811.12| -1480.59 -694.20  107811.62
B 1 ~171.16 45.28 0.00] =-171.16 45.29 0.00
2 -377.96 286.70 -0.01] -377.96 ° ~ 286.70 - ~ - 0.00
3 ~126.41 2301.20 0.00| =126.41 2301.20 0.00
c 1 -1609.40 1609.40 0.0 | -1609.40 1609.40 0.00
2 -297.05 297.05 0.0 | -297.05 297.05 0.00
3 1607.00  ~-1607.00 0.0 | 1607.00  =1607.00 0.00
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'

COMPARISON OF ELEMENT (Randomly Selected) STRESSES

P8.

(Problem #3)

17 of 33

ELEMENT ' NODE | Mxx Myy Mxy Vxx Vyy
" STRUDL cT GT R GT GT
STRUDL  STRUDL STRUDL  STRUDL STRUDL  STRUDL STRUDL STRUDL STRUDL
1 ~-12.546 -12.543 -78.334 -78.354 19.545 19.547 13.417 13.412 3.617 3.618
1 2 -4.098 -4.109 -18.611 -18.642 19.107 19.109 13.417 13.412 -8.769 -8.756
10 ~13.852 ~13.831 -69.887 ~69.860 46.293 46.298 -3.549 -3.538 ~8.769 -8.756
9 -8.936 -8.952 -56.769 -56.764 46.730 46.735 -3.549 -3.538 -3.617 3.618
6 -2.145 -2.146 -16.671 -16.678 13.396 13.400 -0.595 -0.597 ~.158 -.158
6 7 -2.876 -2.879 -19.390 -19.409 10.630 10.635 -0.595 -0.597 .916 .924
15 -3.956 =3.940 -11,933 -11.916 9.555 9.558 0.694 .701 .916 .924
14 -6.974 -6.986 -12.939 -12.935 12.320 12.323 0.694 .701 -.158 ~.158
11 -10.414  <10.417 -4.335 -4.336 65.119 65.122 1.027 1.026 -13.922  -13.924
10 12 -15.984 =15.983 7.190 7.180 13.283 13.285 1.027 1.026 -9.953 -9.948
20 ~74.387 =74.369 -3.683 -3.672  22.101 22.102 5.789 5.798 -9.953 -9.948
19 -99.338 -99.357 ~=12.307 -12.310 73.937 73,939 5.789 5.798 -13.922 -13.924%
18 3,765 3.747 26.738 26,721 94,743 94.475 -15.849 -15.844 .332 +335
16 19 -56.181 -56.179 -5.239 -5.250 71.624 71.624 -15.849 -15.844 -9.083 -9.078
27 -117.077 =117.062 -7.560 -7.547  49.705 49.704 -27.147 -27.139  -9.083 -9.078
26 1.424 1.396 31.393 31.403  72.554 72.555 -27.147 -27.139  .332 .335
25 -2.301 -2.323 56.058 56.053  74.477 74.481 -3.966 -3.962 -1.428 -1.429
22 26 0.446 0.451 33.162 33.148  71.634 71.637 -3.966 -3.962 -2.312 -2.305
34 -11.675 =~11.652 29.188 29,207  49.249 49.251 -5.178 -5.163 -2.312 -2.305
33 -1.561 . =1.594 45.381 45.381  52.093 52.094 -5.178 ~5.163 -1.428 -1.429
51 -149.275 =149.281 -2.222 -2.223 29.027 29.028 6.244 6.243 0.660 0.658
As 52 -113.469 =113.472 -1.815 -1.825 26.628 26.629 6.244 6.243 -1.319 -1.314
60 -124.368 =124.354 =-.097 -.085 23.243 23.244 3.869 3.877 -1.319 -1.314
59 -144.766 ~144.787 =-2.139 ~2.142  25.642 25.643 3.869 3.877 0.660 0.658




Enclosure 2 (cont'd.) pg. 18 of 33

CONTINUED TABLE 3A.5.5

COMPARISON OF ELEMENT (Rardomly Selected) STRESSES

Mxx Myy Mxy Vxx Vyy
ELEMENT _|NODE T eT | o T 6T Gt
; STRUDL STRUDL  STRUDL STRUDL | STRUDL l STRUDL . STRUDL | STRUDL | STRUDL STRUDL
: , | |
' 59 | -144.756 | =144.773 -2.047 -2.055 ' 24.031 , 24.030 ' 3.874 | 3.879 | 2.303 2.305
60 | -124.346 . -124.339 .0146 .0123  22.659 . 22.658  3.874 , 3.879 | -2.621 -2.620
52 68 | -143.165 | -143.158 0.591 .595 24,111 ;  24.111  -2.034 -2.030 | -2.621 -2.620
67 | -129.535 | -129.548 -1.240 -1.237 _ 25.483 25.482  -2.03 | =-2.030 | 2.303 2.305
68 | -130.197 | -130.198 2.811 2.810  22.296 22,298 . 22.805 | 22.805 | -4.389 -4.388
60 69 |-20.373 | -20.368 25.257 25.246  11.012 11.013 ' 22.805 22.805 | 5.429 5.433
77 | -19.106 ° =19.097 61.775 61.791 34,229 34.230  34.586  3.591 | 5.429 5.433
76 | -157.545 | -157.548 -.386  , ~-.384  45.512 45.514  34.586 34,591 | -4.389 -4.388 |
77 ! -24.513 | -24.517 54.03% | 54.028 35.968 35.968 ° 14.908  14.911 | .413 AT !
68 78 | 11.657 | 11.666 104.330 ' 104.326 39.457 39.457  14.908 14,911 | 1.380 1.384 |
86 | 21.811 21.826 103.782 | 103,797 82.856 82.858 16,069+ | 16.074 | 1.380 1.384 |
85 | -24.572 -24.578 56.964 | 56.973  79.367 79,369 16.069 | 16.074 | .413 414
‘ 1
o1 ' =-36.410 | -36.423 2.19 2.186  30.708 30.708 - 1.185 1.190 | 7.587  7.593
80 92 |-35.756 . -35.747 8.412 8.413  65.545 65.546  1.185 | 1.190 | 6.573 6.572
100 |-7.093 | -7.089 8.3l . B8.342  69.355 69.356 = .424 424 6.573 6.572
99 1-4.321 | -4.324 3.110 | 3.117 . 34.518 34.518  .424 | 42 7.587 7.593
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f“yx
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Vier " Vx,
Mxy Mxy
Mxx
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WT "y
; ke
MyX

PLATE BENDING

POSITIVE SIGN CONVENTION FOR RESULTS OF PLATE BENDING ELEMENT

» Mxx, Myy, Mxy, the moment resultants are output at the available locations
on the elements.

+ Vxx, Vyy are also output for the transverse shear resultants.

. Positive direction coming out of paper
x Positive direction going into the paper
Xp,yp - Planer coordinate system

Xg,yg - Global coordinate system

xp is parallel to xg

yp is parallel to yg
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TABLE 3A.5-8
COMPARISON OF RESULTANT JOINT LOADS - SUPPORTS . (Problem #4) ¢ "
(CLOBAL) ‘
JOINT | X FORCE Y FORCE Z FORCE X MOM Y MoM Z MOM
- lsrnunn GTSTRUDL | STRUDL GTSTRUDL _ STRUDL GTSTRUDL = STRUDL |GTSTRUDL | STRUDL |GTSTRUDL | STRUDL _ GTSTRUDL
| | | :

1 0.0 0.0 0.0 | 0.0 953, .953 0.0 | 0.0 0.0 | 0.0 0.0 | 0.0

5 | 0.0 0.0 0.0 | 0.0 1.885 . 1.885 0.0 | 0.0 | 0.0 | 0.0 0.0 | 0.0

9 ; 0.0 0.0 0.0 i 0.0 1.536 g 1.536 0.0 g 0.0 ." 0.0 | 0.0 0.0 | 0.0
12 0.0 0.0 0.0 f 0.0 .769 .769 0.0 ! 0.0 0.0 | 0.0 0.0 | 0.0
41 | 0.0 0.0 0.0 0.0 .953 .953 0.0 E 0.0 0.0 | 0.0 0.0 | 0.0
s 0.0 | 0.0 0.0 | 0.0 1.885  1.885 0.0 i 0.0 5 0.0 | 0.0 0.0 | 0.0
49 i 0.0 0.0 0.0 | 0.0 1.53  1.536 0.0 ! o0.0 | 0.0 | 0.0 0.0 | 0.0
52 { 0.0 0.0 0.0 0.0 769 | .769 0.0 0.0 ; 0.0 | 0.0 0.0 5 0.0

: ;
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- "
_ . TABLE 3A.5-9
L]
COMPARISON OF EIGEN VALUES, FREQUENCIES AND PERIODS
(Problem #5) -
R s B L1 M= e cmmm——— rimicdmm————
HODE ===~ =o€ IGENVALUE-- (crcu'S/uns I3ITY (TINE UNIT/CYCLE) .l
STRUDL, __ 3CGT-STRUDL._1 _STRUDL I CT-STRUDL __STRU e A A
| 1.7911230 03 [17911710¢03 | 6.7357030 00| 6.7357910«0¢ | 1.4846240 1.4846070-01
2 1.8527550 03 [1.8925960e0% 16.923816D 00 £.9238730228 | 1.4442530-0) 1ad882780-0)
3 1.9256530 03 [1,9257150+03 ~[4-9341340 00/ 6,98419100011.4318170-91 1,4318050-01] — Al
4 1.9351170 03 {1,9381480+03 | 7-0056450 00 . 1.4272170-0 -
5 1.9476530 03 [1,9474830+03 | 70235010 00/ 7,0235580000 [ 1.4237910-01 1,4237600-01
4 6 1.9490310 0311.3490630+03 -+7.0263460 00} 7,026403702901 1.4232150-0 = R = TP Ry A
7 1.9454530 0341.9494660+03 | 7.0271080 00| 7,0271660000 | 1.4230600-0) 1e4230490-01
) 1.5499050 0311.9499400e03 |7.0275270 03| 7,0279240000 | 1.4228950-0 -
9 2.8945550 0342,8950240+03 85632970 00| 5,5634000+00] 1.1677750-00 1.1677600-01] ——— —— ——~
10 2.9351170 03 |2,9135188ne0y | 8-6224530 00, Ba622%970+30) 1.1597570-0
11 2.9351170 03 |2.9551880+03 |8.6224930 00| 8.,622%970+08{ 1.15575™0-0 MH*
- 12 3.5667430 03 |1 . S86R36N+0% | 9.5350860 00 & . 1.0520680-0 - r——
13 3.9414330 03 (3,941542003 | 9-9913260 00| 9,9920180e00 $88120-0 1.0001990-01
1% 8.7323670 03 ne 1.4872570 01| 18872770021 4. 7237860-09 6,.72%6560=02
- 15 1.3457670 06 {1,3457930004 | 2-8963120 01| 148463300001 5.4162040-03 §,4161510=02] - —— —— — = omu
16 1.3464150 €4 |1, 3464850004 | 1567550 01 L s 5.64145920-03 5, 414839003
17 1.346597D 04 |1,3466230004 |[1.8468810 01 1,8468990+01 | 5.4245340-03 5.4144810-02
o 18 2.5732370 0a t Ne 2.5530540 01 2520920 3.9163770-0 5 2 ——— e em
19 2.6503930 04 |2,650463004 | 2-5510470 01| 2,5910810+01 0 3.8554440-03 3859393002
20 2.7457710 04 S . 2.63725s0 01 acne 3.7518200-0 -
i 21 3.1771050 04 {34177167De04 | 2.8368470 01| 2,8348750+0] ] 3.5250400-03 3.52%50060-02 ) ~— - .= . — -
22 3.2486990 04|3,245762004 | 2.86863:0 01 - 3.64859520-03 3.408598480=-02
23 3.5258450 04|3,525916000 | 2.5884862 o3 2.988520000] § 3-3451720-03 3.3461380-02
T e 24 3.9535520 04 08 3.1647250 01] 3. 164765001 f 3-1578250-0 2 - ——— -
25 5.1708760 06{5.1710310408 | 3.6101133 o3| 4 Thea1 ] 2.7631080-03 2.7630740=02
26 5.5925450 06 (242938380098 | 3 5exoaon o) 33983821B23 L 2 eses0c0-0 7780-
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TABLE 3A.5-10

COMPARISON OF EIGENVECTORS
FOR FEW RANDOMLY SELECTED MODES AND JOINTS

(Problem #5)

EIGENVECTORS (GLOBAL)

MODE JOINT X-DISPL 2-DISPL
ot T
- STRUDL STRUDL STRUDL STRUDL
0.0 0.0 0.0 0.0
: 2 0.721 -.721 ; 0.000 0.000
13 0.721 -.721 0.000 0.000
23 1.00 -1.00 0.000 0.000
43 0.999 -0.999 0.000 0.000
0.0 0.0 0.0 0.0
2 0.000 0.000 -.0009 ~ -.0009
6 13 0.000 0.000 -.0014 -.0014
. 23 0.000 0.000 -.567 - 567
43 0.000 0.000 -.0005 -.0005
0.0 0.0 0.0 0.0
2 0.000 0.000 .0095 .0095
3 13 0.000 0.000 .0153 .0153
23 0.000 0.000 1.000 1.000
43 0.000 0.000 .013 .013

* Y DISPL. ARE APPROXIMATELY 0.000 FOR ALL THREE MODES
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TABLE 3A.5-11

COMPARISON OF JOINT DISPLACEMENTS AT THE
FREE JOINTS FOR RANDOMLY SELECTED JOINTS (GLOBAL)

(Problem #5)

RESPONSE X-DISPL. ’ Y-DISPL. Z-DISPL. B
JOINTS TYPE STRUDL GT-STRUDL STRUDL GT-STRUDL STRUDL ' GT-STRUDL
RMS 0.000  0.000 . 0.000  .000 .00099 §.00099
ABS SUM 0.000 0.900 .000 .000 .00213 ! .00212
7 CSM 0.000 0.000 -;000 .000 .00117 : .00116
15 ABS STM 0.000 0.000 0.000 0.000 .0105 - .0104
CSM 0.000 0.000 0.000 0.000 .0105  .0104
RMS . 0.000 0.000 0.000 0.000 0424 0424
22 ABS SUM 0.000 _ 0.000 0.000 0.000 0449 T L0449
CsSM 0.000 0.000 0.000 0.000 0424 0424
RMS 0.000 0.000 0.000 0.000 .0287 .0288
36 ABS SUM 0.000 0.000 0.000 0.000 .0287 «292
CSQ' 0.000 0.000 0.000 0.000 .0287 «292
RMS =  Root Mean Square
ABS SUM = Absolute Sum
CSM = Closely Spaced Mode




Enclosure 2 (cont'd.) pg. 28 of 33

RBS FSAR

3A.11 STARDYNE

The STARDYNE  Structural Analysis System, written by
Mechanics Research, Inc., of Los Angeles, California, is a
fully warranted and documented computer program available at
Control Data Corporation. ‘

The MRI STARDYNE Analysis System consists of a series of
compatible, digital computer programs designed to analyze
linear and nonlinear elastic structural models. The system
encompasses the full range of static and dynamic analyses.

The static capability includes the computation of structural
deformations and member loads and stresses caused by an
arbitrary set of thermal, nodal-agpplied loads, and
prescribed displacements.

Utilizing the normal mode technique, linear dynamic response
analyses can be performed for a wide range of loading
conditions, including transient, steady-state harmonic,
random, and shock spectra excitation types. Dynamic
response results can be presented as structural deformations
and internal member loads.

The nonlinear dynamic analysis program is integrated in the
rest of the STARDYNE system. The equations of motion for
the linear portion of the structural model are generated and
modified to account for the nonlinear springs. The
resulting nonlinear equations of motion arz directly
integrated, using either the Newmark or wilson dimplicit
integration operators. The user may enter sets of
structural loadings, which vary with time, and specify time
points at which the program is to output the structural
response.

INSERT "A"

3A. 11‘1
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This computer program is considered verified by constant use and by
the vendor's original documentation and qualification.

25:0f 33
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3A.13 LION

LION is a digital computer program which is used to solve
three-dimensional transient and steady-state temperature
distribution problers. The program may also consider
subcoocled nucleate boiling and coolant heat transfer
effects. The surface conditions may be forced convection,
free convection, or radiation and heat may be externally or
internally generated. Input to the pregram consists of
structural geometry, physical properties, boundary
conditions, internal heat generation rates, coolant flow
properties, and flow rates.

The program solves the transient heat conduction equations
for a three-dimensional field using a first forward
difference method. To ensure the temperature calculation
stability, LION can determine the suitable time increment,
if the specified input time increment is tooc large.

Since the original program was developed, subsequent
versions have evolved to solve larger and more complex
problems(l,t'l't's't).

LION is a recognized program in the public domain and has
been used extensively.

INSERT "A"
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3A.15 NUPIFE

NUPIPE was developed by the Nuclear Services Corporation and
is fully documented. The SEW version of NUFIEE used d. ffers
slightly from the public domain program NUPIPE in the
postprocessing of the analytical results.

NUPIPE performs a linear elastic analysis of
three-dimensional piping systems subjected to thermal,
static,and dynamic loads. It utilizes the finite-element
method of analysis with special features incorporated to
accommodate specific requirements in piping analysis. 1In
addition, it checks analytical conformance to ASME
Section III and ANSI B31.1.0. This program accepts the
complete geometric and physical descriptior of the pigping
system, provides a complete errcr and coordinate check for
the inputs, and computes internal forces and moments,

support and equipment reactions, and displacements and
stress values for a variety of loading cases .,

NUPIPE has been verified with ADLPIPE(3) for thermal,
weight, and response spectrum seismic analyses. The results
from both programs are presented in Tables 3A.15-1 through

3A.15-7. The model used for this comgarison is presented in
Fig. 3“.15‘1.

The comparison is also made with ASME Benchmark solution for
force time-history dynamic response(2), The model used for
this ccmparison is shown on Fig. 3A.15-2. The results for
comparisons are presented in the form of Flots on

Fig. 3A.15-2. The natural frequencies are given in
Table 3Ao15-80

The Class 1 piping stress conforms with the hand
calculations. The model used is shown on Fig. 3A.15-3. The
results are tabulated in Tables 3A.15-9 and 3A. 15-10.

In addition, NUPIPE has been verified in accordance with NRC IE Bulletin 79-07,
which was accepted by the NRC in Reference 4. Finally, NUPIPE has been
verified using - problem numbers 1,2,4, and 7 of NUREG/CR-1677,

3A.15-1
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References - Section 3A.15

1. ASME Boiler and Pressure Vessel Code - Section III -
Nuclear Power Plant Components. American Society of

Mechanical Engineers, 1971; 1Including Summer 1972
Addenda.

2. American Society of Mechanical Engineers. Pressure

Vessel and Piping; 1972 Computer Programs Verification.
Froblem No. S.

3. Arthur D. Little, 1Inc. ADLPIPE: Static, Dynamic,
Thermal Pipe Stress Analysis.

4. Letter dated Dec. 18, 1979, L.C.Shao (NRC) to Stone & Webster Engineer-
ing Corp. (Attn. W. G. White, Jr.).

3A.15-2
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3A.25 ANSYS

The ANSYS engineerina analysis system, developed by the
Swanson Analysis System, Inc., is a fully warranted and
documented computer program available at Control Data
Corporation's 6600 data centers.

The ANSYS computer program, which has keen used for
production analysis since early 1970, is a large-scale,
general-purpose computer program for the solution of several
classes of engineering analysis problems. Analysis
capabilities include: static and dynamic; gplastic, creep,
and swelling; small and large deflections; steady-state and
transient heat transfer; and steady-state fluid flow.

The matrix displacement method of analysis, based ugon
finite element idealization, is employed throughout the
program. The library of finite elements availab)~ contains
more than 30 elements for static and dynamic anclyses and
more than 10 for heat transfer and fluid flow analyses.
This wvariety of elements gives the ANSYS program the
capebility of analyzing frame structures (two-dimensional
frames, grids, and three-dimensional frames) , piring
systems, two-dimensional plane and axisymmetric solids, flat
plates, three-dimensional solids, axisymmetric and
three-dimensional shells and nonlinear problems, including
interfaces and cables.

Loading on the structure may be forces, displacements,
pressures, temperatures, Or response spectra. Loadings may
be arbitrary time functions for linear and nonlinear dynamic
analyses. Loadings for heat transfer analyses include:
internal heat generation, convection, and radiation
boundaries and specified temperatures or heat flows.

This computer program is considered verified by constant use and by the
vendor's original documentation and qualification.
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QUESTION 210.62 (3.9.2)

The discussion of the preoperational testing program does
not discuss the acceptance limits for steady state and
transient vibrations. What criteria will be used in
developing these limits. If a stress limit will be used,
what basis will be used to determine the actual stress from
the measured values? Please provide a 1list of flow
transients and a list of selected locations for visual
inspections and measuring devices.

It is the staff's position that all essential safety-related
instrumentation lines should be included in the vibration
monitoring program during pre-operational or start-up
testing. We require that either a visual or instrumented
inspection (as appropriate) be conducted to identify any
excessive vibration that will result in fatigue failure.

Provide a 1list of all safety-related small bore piping and
instrumentation lines that will be included in the initial
test vibration monitoring program.

The essential instrumentation lines to be inspected should
include (but are not limited to) the following:

a. Reactor pressure vessel level indicator
instrumentation lines (used for monitoring both
steam and water levels).

b. Main steam instrumentation lines for monitoring
main steam flow (used to actuate main steam
isolation valves during high steam flow).

R Reactor core isolation cooling (RCIC)
instrumentation 1lines on the RCIC steam line

outside containment (used to monitor high steam
flow and actuate isolatien).

d. Control rod drive 1lines inside containment (not
normally pressurized but required for scram).

RESPONSE

The response to this request for the NSSS scope is provided

in revised Sections 3.9.2.1.4.3B and 3.9.2.1.6B, and in
Section 3.9.2.1.1.3B.

The response to this request for the BOP scope will-be
provided Py-—Pecembder—3983- in Section 3.9.2.1.2A.

Amendment 7 Q&R 3.9-23 February 1983



INSERT

~N

ENCLOSURE 3 (cont'd.) of

RBS FSAR

3.9.2.1.1A Flow Modes

Tabulated flow modes for various systems are provided as
part of the above test program.

3.9.2.1.2A Preoperatiocnal Vibration Testing

Safety-related piping systems designated as Class 1, 2, or 3
are designed in accordance with ASME Section III. Each
system is designed to withstand dynamic 1lcadings from
operational transient conditions that are encountered during
exgected service as required by NB-3622, NC-3622, and
ND-3622 of the code.

During the preoperational test program, vibration testing is
performed using a portable vikration meter on the following
high enerqgy systems located in Seismic Category I
structures:

1. Reactor recirculation system
2. Residual heat removal system
3. High pressure core sgray system
4. Iow pressure core spray system
5. Reactor core isolaticn cooling system
6. Feedwater system
7. Condensate system
8. Other Eiping systems which have exhikited
significant vibraticn response bLased upon past
operating experiences with similar systems or
similar system operating conditions.
Vibration measurements are conducted for steady-state and
transient conditions such as pump starts and valve
operation. Also, visual insgections are performed on these
systems with emphasis placed on vents, drains, and branch

piring. Determining vibration response is the objective of
these visual inspections.

———d

3.9.2.1.3A Preoperational Thermal Expansion Testing
Preoperational tests for BWRs are conducted near ambient
conditions; therefore, thermal expansion testing during the
Freoperational test phase is very limited.

3. 9&’7



Enclosure 3 (cont'd.) 3 of 4
Insert

BOP steady-state vibration testing consists of two separate testing
phases. Pnase I testing consists of visual screening of ASME Class 1,
2, and 3, and selected high and moderate energy piping systems at
preselected locations. A specific list of monitored systems and
locations at which visual observations will be made will be contained
in start-up test and preoperational test procedure. These vibration
visual observations are performed by engineers trained for excessive
vibration screening. Any piping system viewed from the recommended
observation distance which does not exhibit excessive vibration, is
considered acceptable.

Calculations for observation distances (eg, displacement) are based
upon deflection equations given in the ANSI/ASME OM-3 Requirements for
Preoperational and Initial Start-Up Vibration Testing of Nuclear Power
Plant Piping Systems with an allowable stress of 10,000 psi and using
(0.8)Sel for carbon steel piping and (0.6)Se for stainless stenl

1
piping.

Phase !I testing is performed on piping systems which exhibit
excessive vibration during the visual screening. Phase II testing
consists of taking a velocity and/or displacement reading using hand-
held vibration monitors. Criteria for displacement measurements are
based on the ANSI/ASME OM-3 with assumptions as stated above.

BOP transient vibration testing .s performed at preselected data
points. Two levels of acceptance criteria, Level I and Level II are
imposed. Level I and II criteria are defined per RBS FSAR Sections
3.9.2.1.4.1B and 3.9.2.1.4.2B. Acceptance limits for Level I are
based upon the ASME Boiler and Pressure Vessel Code Section III
Equation 9 for Category I, 1{ and ITI systems or the ANSI B31.1
Equation 12 for Category IV systems. Acceptance limits restrict the
bending stress due to deflection plus stresses due to deadweight and
pressure to a value less than the normal/upset allowable stress for
occassional loads. Level II criteria are based on pipe stress and
support loads not to exceed design basis predictions. Flow transients
monitored are pump starts, pump stops, changes to system flows due to
rapid valve position changes, and FSAR designated system trips. A
specific list of flow transients is contained in start-up test and
preoperational test procedures.

Small Bore Pipe Testing Small bore piping branch connections on
systems monitored for steady-state vibration is included as part of
the visual observations. Control rod drive lines are instrumented for
transient vibration with level 1 and level 2 acceptance limits as
defined above.
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Insert (cont'd.)

Essential instrument lines chosen for additional monitoring points are
instrumented or visually examined for vibration. Acceptance criteria
limits for these test points are based upon Equation 9 of the ASME
Boiler and Pressure Vessel Code. The reactor pressure vessel level
indicator instrumentation lines for moritoring both steam and water
levels, main steam instrumentation lines for monitoring main steam
flow, reactor core isolation cooling (RCIC) instrumentation lines on
the RCIC steam line outside containment and instrumentation lines and
systems identified in the INPO SER 64-83, "Fatigue Cracks and Leaks in
Small Diameter Piping", dated September 12, 1983, are possible
additional monitoring points for excessive vibration.
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( QUESTION 210.98 (3.9)

The River Bend plant references Kuosheng I as the prototype
for the BWR/6 - 218" reactor. The staff has not yet
received the reactor internals vibration test program for
Kuosheng I. The Kuosheng test program must be reviewed and
approved by the staff prior to its use as a prototypical
program applicable to River Bend. -

RESPONSE

BWR/4 and BWR/S5 reactors now in service provide the basis
for the prediction of vibrational behavior of reactor
internals during the component design stage. GE Licensing
Topical Report NEDE-24057 presents results of such tests and
measurements. In addition, confirmation test data has been
obtained from the Kuosheng test program and is contained in
NEDE-22146. Kuosheng is the first 218-inch BWR/6 to become
operational and is the prototype for River Bend Station. LRG-II

position 2-MEB discusses the reactor pressure vessel internals vibration test
program for BWR/6's.

. Amendment 7 Q&R 3.9-43 February 1983
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reactor internals configuration*, in accordance

with guidelines of FRegulatory Guide 1.20 for prototype

reactor

internals. These programs are ccnducted in the

prototype plants in three phases, described as follows:

1.

Freoperational Tests Prior tc Fuel Loading.
Steady-state test conditions include balanced
(two-pump) recirculation system operation and
unbalanced (single-pump) operation, over the full
range of flow rates up to rated flow. Transient
flow conditions include single and two-pump trips
from rated flow. The specified test duration is to
be 35 hr of balanced operation, glus 14 hr of
single-pump operation of each recirculation loop,
for a total of 63 hr. The major components are
subjected to a minimum of 10¢ cycles of vibration
at the anticipated dominant response frequency and
at the maximum response amplitudes. Vikration
measurements are obtained during this test, and a
close visual inspection of internals is conducted
before and after the test.

Precritical Testing with Fuel. This wvibration
measurement series is conducted with the reactor
assembly complete but prior to reacter criticality.
Flow conditions include balanced, unbalanced, and
transient conditions as for the first test series.
This test series verifies the anticipated effect of
the fuel on the vibration response of internals.
Frevious vibration measurements in BWRs* have shown
that the fuel &adds damping and reduces vibration
amgplitudes of major internal structures. Thus, the
first test series (without fuel) is a conservative
evaluation of the vibration levels of these
structures.

Initial Startup Testing. Vibration measurements
are made during reactor startup at conditions up to
100 percent rated flow and power. Balanced,
unbalanced, and transient ccnditions of
recirculation system operation are evaluated. The
primary purpose of this test series is to verify

*NEDE-24057-P (Class III) and NEDC-24057 (Class I), Assess-

ment of Reactor Internals Vikration in BWR/4 and BWR/S5 Flants,

November 1977. Also, NEDO-24057-1-P (Ammendment No. 1 dated
December 1978) and NEDE 24057-2-P (Amendment No. 2 dated

June 1979.)

Measurements, July 1982.

NEDE-22146 (Class III), Kuosheng-l Reactor Intervals Vibration
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the anticipated effect of two-phase flow on the
vibration response of internals. Previous
vibration measurements in BWRs* have shown that the
effect of the two-phase flow is tc broaden <the
frequency-response spectrum and diminish the
maximum response amplitude of the shroud and core
support structures.

Vibration sensor types include strain gages, displacement
sensors (linear variable transformers), and accelerometers.
Accelerometers are provided with double integration signal
conditioning to give a displacement output. Sensor
locations include the following:

Top of shroud head, lateral acceleration (displacement)
Top of chroud, lateral displacement

Jet pumg riser braces, bending and extension strains
Jet pumg diffuser, bending strain

Control rod drive housings, tending strain

Incore housings, bending strain

Core spray internal piping, kending strain

In addition to the above components, vikration of the ccre
spray sparger is measured during preoperational testing of
that system at the designated prototype 218 size BWR/6
plant. 1In all prototype plant vibration measurements, only
the dynamic component of strain or displacement is recorded.
Data are recorded on magnetic tape, and provision is made
for selective on-line analysis to verify the overall quality
and level of the data. Interpretation of the data requires
identification of the dominant vibration modes of each
component by the test engineer, using frequency, phase, and
amplitude information from the comgonent dynamic analyses.
Comparison of measure< vibration amplitudes to predicted and
allowable amplitudes is then made on the basis of the
analytically obtained normal mode which best approximates
the observed mode.

The wvisual inspections conducted prior to and following
preoperational testing are for the purgpose of detecting
evidence of vibration, wear, or 1loose rparts. At the
completion of preoperational testing, the reactor vessel

*NEDE-24057-P (Class III) and NEDC-24057 (Class I), Assess-

ment of Reactor Internals Vibkbration in BWR/4 and BWR/S Plants,

November 1977. Also, NEDO-24057-1-P (Ammendment No. 1 dated
December 1978) and NEDE 24057-2-P (Amendment No. 2 dated

June 1979.) NEDE-22146 (Class III), Kuosheng-1 Reactor Intervals Vibration

Measuremente, July 1982.
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QUESTION 210.15 (3.9.3.3A)

Provide the missing analyses as mentioned in the FSAR or
provide a schedule for submittal of this information.

RESPONSE

The resulis of these anaiysee wiltl be provided in 1583

1 : { OF ) :
LT reviewins ectil ) «JeJde

Amendment 1




hrough 3.6A-11 -~ Please provide a schedul
the stress alyses and updating of thes
umulative sag factors be limited to less

February




=

ENCLOSURE 7 (cont'd)
R3S PSAR

TABL* 3.6A-1
SUMMARY OF STRESSES TN HIGH-ENFRGY ASME CLASS 1 PIPIFS

MAIN STEAM SYSTEM - INSIDE CONTAINMENT -~ LOOP A

Maximum Stress
R —— .. L ° Ranget !’ Cumulative Pipe Break
Elevation Azimuth r £q.12 Eq. %3 Usage Stress Limit Description of

_Aft-in) (ft-in)  (psi)  {psi) Factortl) 2.8 Sy (psi) Break Points

155-0 V72 11-10 W72 18,800 18,780 0.0068 82,29 ™

155-0 V72 18-6 57,150 20,950 0.5832 02,210 IP (Elbow)
152-0 w2 17-6 86,820 19,116 9.2699 82,27 IP (Flbtow)
132-8 /N 17-6 10,580 35,910 0.0972 82,270 IP (Elbtow)
129-8 3I/% 7-9 18,560 37,760 0.1098 02,21 IP (Elbow)
130-10 3/8 19-0 19,900 32,070 0.%632 82,27 ™

130-% : 20-0 18,830 31,77 0.3%09 82,27 ™

129-0 7716 25-0 7,190 19,110 0.0023 02,27

130-5 V2 19-0 30,350 83,750 0.862 02,2 ™

130-8 3I/% 20-0 28,220 ®7,680 0.625 82,29 ™

— cpyeR of RPV

P Intermediate point

™ Terminal point

CcB Circumferential break
LB Longitudinal break

t1)5tresnes were calculated in accordance with equations 12 and 13 of ASME Section III,
paragraphs NB-3653.6(a) and NB-3653.6(b) , respectively. Cumulative usage factors were calculated
in accordance with ASME Section III, subarticle NP-3650.

NOTES: See Fig. 3.6A-12 for break locations.

The data presented in this table w.'re used in conjunction with Section 3.6.2A to
determine the break locations shown in Fig. 3J.6A-12,

The data in thin table are preliminary for main steam Loog A, but have besn provided as & typical example
of a completed stress summary, including notes, for Class 1 high-eneray piping. This table
will be updated as recuired upon completion of the Class 1 analysis.

Reference: 12210-A%X~-2G~-1
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TABLE 3.6A-2
SUMMARY OF STRESSES IN HIGH-LSERGY ASHE CLASS 1 PIPING

BAIN STEAM SYSTEN - INSIDE CONTAINNENT - LOOP B

Naxisum
........ e DR .. s i Stress Bange(!) Crsulative Pipe Break
Break Elevation Azimuth r Bq.12 Eq.13 Usage Stress Liamit Description of
Point {ft-in) {deq) Aft-in) ipsi) {psi) Pactorfi) 2.8 Sy, (psi) Break Poimts _ Break Type
1B 155-0 172 252 11-10 1,2 12,010 20,770 0.0053 42,210 ™ CB 1.23
5B 155-0 172 252 14-6 45,730 22,850 0.0455 82,210 IP (Elbow) CB & LB l.ZQll
308 132-1 19/64 256 22-0 12,940 36,950 0.1059 42,210 IP (Elbow) CB & LB 1.25
3i5B 129-6 1/3 266.5 23-8 15,330 40,840 0.1157 42,210 IP (Elbovw) CB & L8 1.26
37e 131-1 14 272 23-6 23,470 27,750 0.8866 42,210 ™ cB 1.27
38B 131-0 14 278 23-9 20,390 27,610 0.5175 42,210 1 CB 1.28
9B 130-11 3/4% 284 24-4 18,360 27,830 0.13%03 2,210 TP CB 1.29
478 130-11 /8 2917 25-6 24,130 27,340 0.5763 42,210 TP CcB 1.30
488 130-11 302 25-5 - - - 42,210 TP CB 1.3
70B 129-0 5/8 337 28-0 7,690 19,690 0.0019 42,210 b4 4 cB 1.32
378-1 130-8 272 23-6 36,190 42,380 2.106 42,210 T Ch 1.33
38B-1 130-7 278 23-9 31,410 38,540 1.449 82,210 T CcB 1.34
398-1 130-6 1/2 284 24-4 21,180 36,270 1.193 42,210 TP CB 1.35
478B-1 130-5 7/8 297 25-6 36,940 42,930 2.23% 82,210 TP cB 1.36
48B-1 130-5 3/4 302 25-5 41,410 46,360 3.189 82,210 ™ cB 1.37
L ’ 1.39
Key: IP = Intermediate point 1.681
TP = Terminal point 1.82
CB = Circumsferential break 1.43
LB = Longitudinal break 1.44
(1)Stresses were calculated in accordance with eguations 12 and 13 of ASME Sectiom III, 1.46
paragraphs NB-3653.6 (a) and NB-3653.6(b), respectively. Cumulative usage factors vere 1.47
calculated in accordance with ASME Section III, subarticle NB-3650. 1.48
MOTES: See Fig. 3.6A-14 for break locatioams. 1.50
The data presented im this table were used in conjunctioa with Sectior 3.6.2A to determine 1.52
the break locations shown in Pig. 3.6A-14. The reference coordinate systeas is shown in Table 3.6A-1. l.SJIu
The data in this table are preliminary for Main Steam-loop B, bu‘ have been 1.55
provided as a typical example of a completed stress sussary, including notes, for Class 1 1.56
bigh-energy piping. This table will be updated as required upon completion of the 1.57
Class 1 analysis. 1.58
Reference: 12210-AX-2F-1 2.2
Amendment 11 Januavy 1984

ch12210£-11qi 12/13/83 155
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TABLE 3.6A-3
SUMMARY OF STRESSES IN HIGH-ENERGY ASHE CLASS 1 PIPING
MAIN STEAN SYSTEM - INSIDE CONTAINNENT - LOOP C

Haximum Stress

........ Location ___ _ ____ ___BRangef!) = Cusulative Pipe Break
Break Elevation Azimuth r EQ.12 EQ.13 Usage Stress Limit Description of
Point {ft-1a) {deg)  (ft-im) Apsi) ipsi)  Factorf') 2.8 Sy (psi) Break Points = Break Type
[ 155-0 1/2 108 11-30 2 12,010 20,770 0.00S3 42,210 ™ CcB
5C 155-0 1/2 108 14-56 45,730 22,850 0.0455 42,21 IP {Elbow) CB & LB
30cC i32-1 19/64 104 22-0 12,940 36,950 0.1059 42,210 IP (Elbow) CB & LB
35¢c 129-6 1/8 95.5 23-8 15,330 40,840 0.1157 42,210 IP (Elbow) CB & LB
3ic 131-1 14 88.1 23-6 23,876 27,750 0.8866 42,210 TP CB
38C 131-0 124 82.1 23-9 20,390 27,610 0.%5175 42,210 ™ cB
39%¢C 130-11 3/4 To.2 24-4 18,360 27,830 0.3403 42,210 ™ CB
40cC 130-11 12 70.6 25-0 - - - 42,210 P CB
47cC 130-11 8 63 25-6 24,130 27,340 0.9763 42,2 TP cB
48C 130-11 58 25-9% - - - 42,210 ™ CB
70C 129-0 5/8 23 28-0 7,690 19,690 0.0019 42,210 TP CBh
3ic-1 130-8 88.1 23-6 36,190 42,380 2.106 42,21 ™ CB
38c-1 130-7 82.2 23-9 31,410 38,590 1.449 42,210 ™ CB
39c-1 130-6 172 76 24-4 21,180 36,270 1.193 42,21 ™ CB
40Cc-1 130-6 1/4 m 25-0 - . - 42,210 ™ CB

Key: 1IP - Intermediate point
TP - Terminal point
CB - Circumferential break
LE - Longitudinal break

(1)5tresses were calculated in accordance with equations 12 and 13 of ASME Sectiom III,
paragraphs NB-3653.6(a) and NB-3653.6(b), respectively. Cumulative usage
factors vere calculated in accordance with ASME Sectiom III, subarticle WNB-3650.

NOTES: See FPig. 3.6A-13 for breaX locations.
The data presented im this table were used in conjunction with Sectiom 3.6.2A
to determine the break locations shown im FPig. 3.6A-13. The reference coordinate
system 1s shown in Table 3.6A-1.
The data in this table are preliminary for Mais Steam-Loop C, but have been provided as
a typical example of a completed stress summary, including notes, for Class 1 high-energy piping.
This table will be updated as required upcm completion of the Class 1 analysis.

Reference: 12210-AX-2F-1

Ameundment 11 January 1984
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Break Elevation
Poant Aft-in)

47¢c-1 130-5 7/8
48C-1 130-5 3/4

SUMNARY OF

ENCLOSURE 7 (cont'd.)

STRESSES 1IN

RBS PSAR

TABLE 3.6A-3

HIGH-ENEEGY ASNE CLASS 1 PIPING

MAIN STEAN SYSTEN - INSIDE CONTAINNMENT - LOOP C

~L991;ign._..._._..__
Azimuth r
{deq)  (ft-in)
63 25-6
58 25-5

i~
=<
-

-~

©

|

Intermediate point

TP - Terminal point
CB - Circumferential break
LB - Longitudinal break

Baximus Stress

-—Rangetid

EQ. 12
{psi)

36,940
41,410

BQ. 13 Usage

Camulative Pipe Break

Stress Limit Description of

ipsi)  Pactorf:? 2.4 Sm (psi) Break Points _ Break Type

42,930 2.234
46,360 3.189

42,210 ™ CB
62,210 TP CcB

(1)Stresses were calculated in accordance with equations 12 and 13 of ASME Sectiom III,
paragraphs NB-3653.6 (a) and NB-3653.6(b), respectively. Cumal
factors were calculated in accordance with ASME Section III, subarticle NB-3650.,

NOTES: See Pig. 3.6A-13 for break locations.

ative usage

The data presented in this table were used in conjunction with Section 3.6.2A
to determine the break locations shown in Fig. 3.6A-13.
systes is shown in Table 3.6A-1.

The reference coordinate

2'e data ip this table are preliminary for Maim Steam-Loop C, but have been provided as
a vpical example of a completed stress summary, including notes, for Class 1 high-energy piping.
This table will be updated as required upon completion of the Class 1 analysis.

Reference:

Amendment 11

ch12210£-11gh

12210-2X-2F-1

12/13/83
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Break
Poaint

1D

5D
10D
25D
30D
318D
isD
420
60D
isp-1
l‘( :l’ 1
iYyD-1

The
deteraine

hjvéaiiou
(ft-1mn)

155-0
155-0
1520
132+9
129-4
130-10
130-10
130-10
126-0 7/16
1/2

/2
/2
1/2

/N
3/4
/4

130-5
130-5
130-5

Intermediate

Terminal

Cirtcumferential
Loug:tudinal

wvere

55€5
graphs
calculated
e Flg.
data
1S shown 1n
The data 1in
typical

'his table

Heterence.:

Amendment 11

ch12:

10¢

1199

_Location

calculated in
NB-3653.6(a)
J.6A-14 for

presented in
the

example
will be

'NCLOSUREF

SUMNARY OF
MAIN STEAN

faximum
...Range
Eq. 12
(psi)

lzlnuth"
(deg)

288
288
288
288
297.5
109
316
325.5

152

14,800
57,150
46,420
10,580
14,560
19,900

18,430
7,190
309 30,350
325.5 28,220
316 -

point
point

break
break

accordance with
NB-3653.6(b),
with ASHE Section

and
in accordance
break locations.

this table wvere used
break locations shown in Figq.
Table 3.6A-1.

this table are prelisinary for
of a completed stress summa

updated as reguired upon

12210-AX-2G-1

12/01/83

STEESSES IN

equations 12
respectively.

EBS FSAR

TABLE 3.6A-8

HIGH-ENERGY ASME CLASS 1
SYSTEN~-INSIDE CONTAINMENT-LOOP D

Stress

B
Bq. 13
(psi)

Cumulative
Usage
Factorf!?

Pipe Break
Stress Limit
2:4 Sen (PS1)

0.0068
0.5832
0.269°
0.0972
37,760 0.1098
32,070 0.4632
31,710 0.3409
19,110 0.0023
48,750 0.862 42,210
47.680 0.625 42,210

- - 42,210

42,21
42,210
42,210
42,210
42,210
42,210
42,210
42,210
42,27

18, 740
"‘J"L‘JU
15,110
315,91

and 13 of ASNME
Cumuiative usage
NB-3650.

Section
factor
111,subarticle

with Section 3.6.2
reference coordina

in conjunctior
1.6A-14,. The

Main Steam-Loop D, but have been
ry, including notes, for Class |
completion of the Class 1 analys

PIPING

Description of
Break Poiats

TP
e
i
IP
I
TP
>
TP
TP
TP
TO
TP

I1I,
s

A to

(Elbow)
(Elbow)
(Elbovw)
(Elbovw)

te systea

provided as
high-enerqy

LS.

a
piping.
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ENCLOSURE 7 (cont'd.) pg. 7 of 18
RBS FSAR
TABLE 3.€A-%a
SUNMNMARY OF STRESSES IN HIGH-ENERGY ASNME CLASS 1 PIPING
MAIN STEAM VENT SYSTEN
Maxisum Stress Pipe Break
———-—-location nge¢1) Cumulative Stress Limit
Break Elevation Azimuth z EQ. 12 EQ. 13 Usage 2.4 Sm Description of
Point {ft-in) {deq)  (ft-im) (psi) = (psi)_ Factor _ (psi) -Break Points Break Type
1 173~ 90 1- TP CB
0 15716 3 13716
2 173~ 90 - Ip CB €& LB
0 15716 2 5/16
3 173-1 3,8 90 2~ e cB
6 5/16
4 163-1 90 13-3 ip CB
5 162-5 90 13-3 1P CB
6 156-11 90 13-3 1e CB
7 156~-8 90 13-6 Ip CB
8 156-8 90 15- ie CB
5 172 (LATER)
9 156-8 90 15- Iv CB
10 1/2
10 156-8 90 16-3 3/4 1P CcB
1 156-8 90 16-11 ip CcB
12 156-8 99.5 20-6 Iir CB
13 156-8 101 20-6 1P CB
14 156-8 105 19-6 1P CB
15 156-5 106 19-3 P cB
19 150-9 172 106 19-3 e CB
20 150-6 172 105 19-6 1P ce
2% 150-6 1,/2 101 19-3 Ip CcB
22 150-6 172 99.5 20-6 Iip CB
Key: IP = Intermediate point
TP = Terminal point
CB = Circumferential break
LB = Longitudinal break
(1)S5tresses were calculated in accordance with equations 12 and 13 of ASME Section III,
paragraphs NB-3653.6(a) and NB-3653.6(b), respectively. Cusulative usage factors were calculated
in accordance with ASME Section 1II, subarticle NB-3650.
NOYES: See Fig. 3.6A-33e for break locations.
The data presented in this table were used in conjunction with Section 3.6.2A to
determine the break locations shown in Fig. 3.6A-33e. The reference coordinate
systea is shown in Table 3.6A-1.

Amendaent 11 Januvary 1984

ch12210f-11gf 12713783 155



ENCLOSURE 7 (cont'd.)

RBS PSAR

TABLE 3.6A-8a

SUMMARY OF STRESSES IN HIGH-ENERGY ASME CLASS 1 PIPING

MAIN STEAN VE4T SYSTEN

Naxisum Stress Pipe Break
e Location Ranget1? Cumulative Stress Limi*

Break Elevation Azisuth r EQ. 12 EQ. 13 Usage 2.4Sm
Poist ift=in)  (degq)  (ft-im) (psil_ fpsi)_  Pactor ___  ____(psi)____
23 . 150-6 1/2 90 16-9
24 150-3 w2 90 16-6
25 1%86-9 172 90 16-6
27 we-6 172 90 16-7
29 148-6 172 84.5 16-8
) 48-6 172 82 16-10 (LATER)
33 148-6 172 76 17-0 ’
34 156-8 90 15-6
39 156-8 126 16-4
" 156-5 126 16-5
43 148-9 126 16-5
45 148-6 . 126 16-4
47 148-6 130 16-3
Key: 1IP = Intermediate poiat

TP = Terminal point

CB = Circumferential break

LB = Longitudinal break

(1)Stresses were calculated in accordance with eguations 12 and 13 of ASME Sectiom III,
paragraphs NB-3653.6(a) and NB-3653.6(b), resmvectively. Cumulative usage factors wer
in accordance with ASME Section III, subarticle NB-3650.

NOTES: See Pig. 3.6A-33e for break locations.

The data presented in this table wvere used in conjunction with Sectiom 3.6.2A to
determine the break locations shown in Pig. 3.6A-33e. The reference coordinate
system is shown in Table 3.6A-1.

Aseudment 11

ch12210£-11gf 12713783 155

Pescription of

-Break Points

Ip
P
ie
1P
e
4 4
TP
44
1p
e
ip
ip
TP

e calculated
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SUNMARY OF STRESSES IN HIGH-ENE3GY ASHE CLASSES 2 AND 3 PIPING

ENCLOSURE 7 (cont'd.)

TABLE

FSAR

3.6A-5

BAIN STEAM SYSTEN - OUTSIDE CONTAINMENT - LOOP A

-LQGlliﬂl...._.-..i..

Drgak Elevation

Point  _(ft=-in) ift-ip) dft-in)
1214 128-3 118 107-9 172 3-6

1224 128-1 13/15  116-5 3-6

1404 127-6 1716 138-5 43-6

168A 114-0 147-11 3-3

4014 127-11 1,4 119-5 22-0 172
402a 127-11 1716 119-5 25-11 /2

Eey: IP = Intermediate point
TP = Terainal point
CB = Circuaferential break
LB = Longitudinal break

(1)Stresses were calculated in accordance with Eguations 9 and 10 of ASME Section III, paragcaph NC-3652.

NOTES: See Pig. 3.6A-15 for break locationmns.

Pipe Break
_Maximum Stressfi) _ Stress Limit
Total Additive sStress 0.8(1.25,¢ Sa) Description of
Eq. 9 apd Eg. 1) _(psi) fpsi) Br
- 32,400 ™
23,875 32,400 IP (Elbow)
23,515 32,400 IP (Elbow)
13,600 32,400 b d 4
264,202 32,400 IP (Yalve)
27,968 32,400 IP (Valve)
CENTER OF RPV
CALLED
e e - X (SOUTH)
NORTH / .
1
T (WEsT)

The data presented in this table were used in conjunction with Section 3.6.2A to determine
the break locations shown in Fig 3.6A-15.

Reference: 12210-AX-2G-2

Apendment 11

ch12210£-11ge 12/12/83
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ENCLOSURE 7 (comt'd.) pg. 10 of 18
RBS FSAR
TABLE 3.6A-6

SUMMARY OF STRESSES IN HIGH-ENEBRGY ASME CLASSES 2 AND 3 PIPING

MAIN STEAM SYSTEN - OUTSIDE CONTAINMENT - LOOP B

Pipe Break
Location _.Baxisum Stressft!) _ Stress Lieit

Break Elevation X Z Total Additive Stress 0.8(1.25 Sy, ¢+ S4) Description of
Point _{ft-in) {ft-in) {ft-in) Eg. 9 and Eg. 10 (psi) {psi) Break Points _ Break Type
3488 1286-3 1,4 107-9 /2 -{10-6) . 32,400 TP CcB 1.43
3658 121-7 11,32 118-7 13732 - (10-6) 22,694 32,400 IP (Elbow) CB 1.4
3708 119-5 3/4 119-5 -(10-6) 22,759 32,400 IP (Elbow) CB 1.4
3758 117-11 1/8 119-5 -{10-6) 21,967 32,400 IP (Elbow) CcB 1.4
4256 114-7 122-5 - (43-6) 22,663 32,400 IP (Elbow) ce 1.4
4668 1%4-0 147-11 -(9-9) ] 10,070 32,400 ™ (o 1.4 i
5028 114-11 /8 119-5 -(31-0 1/2) 27,109 32,400 IP (valve) CcB 1.4
5038 114-10 4716 119-5 -{34-11 1/72) 25,983 32,400 IP (Valve) CB 1.5
3508 128-2 3,4 110-8 - (10-6) 25,058 32,400 IP (Elbow) CB 1.9
3558 127-4 5/32 112-9 19732 -(10-6) 22,641 32,400 IP (Elbovw) cB .5
5068 114-9 3.4 119-5 -(21-8 1/8) 27,798 32,400 ip CcB 1.5
Key: IP = Intermediate point

TP = Terminal point

CB = Circumferential break

LB = Longitudinal break

(1)Stresses were calculated in accordance with Bguations 9 ard 10 of ASME Sectionm III, paragraph NC-3652.
NUTES: See Pic. 3.6A-16 for break locations.

The data presented in this table were used in conjunction with Section 3.6.2A to determine
the break locations shown in Pig 3.6A-16. The reference coordinate systes is shown in Table 3.6A-5.

F~ference: 12210-AX-2P-2

Amendment 11 January 1984

ch12210£-11gd 12712783 150




ENCLOSURE 7 (cort'd.)

RBS FSAR

TABLE 3.6A-7
SUNMARY OF STRESSES IN HIGH-EFERGY ASME CLASSES 2 AND 3 PIPING

BAIN STEAM SYSTENM - OUTSIDE CONTAINMENT - LOOP C

Pipe Break
R L a ~.Ha m_= st Stress Limit
Elevation di g 0.8 (1.25,*% S4)
-Aft=ip) _ E ' I | | FEES

128-3 1,4 107-9 /2 32,400

121-7 11/32 118-7 13/32 10-6 32,400 (Elbovw)
119-5 3/4 119-5 10-6 y 32,400 ({Elbow)
117-11 1/8 119-5 10-6 32,400 (El bow)
114-7 119-5 40-6 32,400 (Elbovw)
114-7 122-5 43-6 32,400 (Elbovw)
114-0 147-11 9-9 : 32,400

1%4-11 18 119-5 3i-0 172 32,400 (Yalve)
114-10 1/4 119-5 34-11 /2 24,894 32,400 {Valve)
1282 3/4 110-8 10-6 23,758 2,400 (Elbow)
127-4 5/32 112-9 10-6 21,785 32,400 (El bow)
114-11 /4 119-5 19-5 3/4 25,178 32,400

Key: 1P Intermediate point
T? Terainal point
CB = Circumferential break
LB = Longitudinal break

(1)Stresses were calculated in accordance with Equations 9 and 10 of ASME Section III, paragraph NC-3652.

NOTES: See Pig. 3.6A-15 for break locations.

The data presented in this table were used im conjunction vwith Section 3.6.2A to deteraine
the break locations shown in Fig 3.6A-15. The reference coordinate system is shown in Table 3.6A-5.

Reference:. 12210-AX-2F-2
Amendgent 11 January 1984

ch12210£~-11gc 12/13/83




SUMMARY OF STRESSES JN HIGH-ENERGY ASNE CLASSES 2 AND 3 PIPING
MAIN STEAM SYSTEM -~ OUTSIDE CONTAINMENT - LOOP D

Location
Break Elevation X 2
Poant  (ft-in) {ft-in) fft-in)
1210 + 128-3 1/4 107-9 172 -(3-6)
122p 128-1 13/16 116-5 -(3-6)
123D 128-1 71/16 119-5 - (6-6)
140D 127-6 1716 138-5 -(43-6)
168D 114-0 wI-1n -(3-3)
401D 127-11 14 119-5 -(22-0 1/2)
4020 127-11 11716 119-5 -(25-11°1/2)

Key: 4

-
©
"unan

(1)5tresses
HOTES: See

The
brea

Refe

Ameundment 11

Intermediate point
Terminal point
Circumferential break
Longitudinal break

ENCLOSURE 7 (cont'd.)

TABLE 3.6A-8

__Maxisum Stress €¢1) _
Total Additive Stress

Eg._9 and Eg. 10 (psi)

22,632
20,133
18,038
10,131
23,732
28,009

Pipe Break
Stress Limit
0.6 (1.255,,¢ Sp)

{psi)

32,400
32,400
32,400
32,400
32,400
32,400
32,400

Description of
Break Points _

TP
IP
Ie
e
4 4
ie
e

(Elbow)
(Elbow)
(Elbow)

(Vvalve)
(Valve)

vere calculated in accordance with Equatiors 9 and 10 of ASME Section III, paragraph NC-3652.

Pig. 3.6A-16 for break locations.

data presented in this table wvere used in conjunction with Section 3.6.2A to determine the
k locations shown in Fig. 3.6A-16. The reference coordinate system is shown in Table 3.6A-5.

rence: 12210-AX-26-2

ch12210£~-11gb 12/12/83
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Break Type

CB
CB
cB
CcB
CB
cB
cB

1.40
1.41
1.4
1.4
1.44
1.4
1.4¢



SN, < T T

Break Elevation Azimuth
Poant {ft-ip) -{deg)
w 142-3 172 135
35w 122-0 93.6
60AN 122-0 32.08
60BW 122-0 27.75
60CW 122-0 25.44
704 123-9 24.59
80w 140-9 12 24.59
85W 1w2-3 1,2 29.24
0% 142-3 12 39.86
95% 142-3 172 45
100w 142-3 172 45
105w 122-0 20
120w 122-0 1.7
130w 122-0 7.5
Key: IP = Intermediate point

TP = Terminal point

CB = Circumferential break

LB = Longitudinal break

(1)Stresses were calculated in accordance vwith Eguations 12 and 13 of ASME Sectiom III,
paragraphs NB-3653.6 (a) and NB-3653.6(b), respectively.

SUMMARY OF STRESSES IN HIGE-ENERGY ASME CLASS 1 PIPING

4
{ft=in)

12-0 3/16
17-3 1/8
20-4 1716
19-6 7/16
21-0 172
17-9 11716

17-9 1116

17-4 1716
16-9 1/16
15-2 174
12-0 3/16
22-3 3/4
24-2 5/8
26-4 13/16

ENCLOSURE

7 (cont'd.)

RBS FSAR

TABLE

3.6A-%a

Maximum

_Stress Range(!)

Eq. 12 Eq. 13 Usage
Apsi) ipsi)  FRactorfi) _
11,530 25,380 0.0067
2,970 26,960 0.0948
50,950 49,610 0.4027
50,950 49,610 0.4027
50,950 49,610 0.4027
52,<60 26,250 0.1211
56,880 25,660 0.1223
47,800 26,270 0.1088
34,710 27,400 0.1067
58,070 28,460 0.1202
27,860 27,900 0.0418
8,730 56,100 0.7273
7,920 © 53,730 0.7472
21,330 24,320 0.0339

calculated in accordance with ASME Section III, subarticle NB-3650.

NOTES:

See Fig.

3.6A-17 for break locations.

the break locations shown in Fig. 3.6A-17.

FReference:

Amendment 11

ch12210£-11ga
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FEEDWATER SYSTEM - INSIDE CONTAIJNENT

Cumulative
Stress Limit
2:45m _(psi)

47,340
47, 340
47,340
47,340
47,340
54,180
54,180
54,180
54,180
54, 180
54,180
47,340
47,340
47,340

Cumulative usage factors were

Pipe Break
Description of

Break Poiats

TP
ip
Ip
Ip
1p
1P
Ie
P
ie
1P
TP
1p
P
™

The data presented inm this table were used in conjunction with Section 3.6.2A to determine
The reference coordinate system is shown in Table 3.6A-1.

pg. 13 of 18
Break Type
CB
CB & LB
CB & LB
CB & LB
CB & LB
CB & LB
CB & LB
CB & LB
CB & LB
CB & LB
cB
CB & LB
CB & LB
cB

January

1984

'.2.
1.25
1.26
1.27
1.28
1.29
1.30
1.31
1.32
1.33
1.34
1.35
1.36
1.37

1.39

1.41
1.42
1.43
1.44
1.46
1.47
1.48
1.50

1.52
1.53n

1.55
1.56
1.57

2.1



SUNMARY OF

--_--_----LQQQSlQl.__._..--_-
Break Elevation Azimuth
koint _Aft-imn) _ _{deq) 111-111
1E 142-3 12 225 12-0 3716
35E 122-0 266.4 17-3 7,8
60AE 122-0 327.91 20-4 1716
60BE 122-0 332.25 19-6 7/16
60CE 122-0 334.56 21-0 172
70E 123-9 335.a41 17-9 11716
BOE 140-9 172 335.41 17-9 11716
85E 142-3 1,72 320.76 17-4 1716
S0E 62-3 172 320.14 16-9 1/16
9SE 142-3 172 315 15-2 174
100E 142-3 172 315 12-0 3716
105E 122~ 340 22-3 3/4
120E 122-0 348.3 24-2 5/8
130E 122-0 352.5 26-4 13716
Key: 1P = Intermediate point

TP = Terminal point

CB = Circumferential break
LB = Longitudinal break

FEED WATER SYSTENM -~ INSIDE CONTAINMENT

ENCLOSURE 7 (cont'd.)

RBS FSAR

TABLE 3.6A-9b

STRESSES IN

daximum

_Stress Range_

Eq.12 BEq. 13
ipsi) {psi)

11,530 25,380

2,970 26,960
50,950 49,610
50,950 49,610
50,950 49,610
56,880 25,660
47,800 26,270
34,710 27,400
58,070 28,860
27,860 27,900
8,730 56,100

7,920 53,730
21,330 24,320

HIGH-ENERGY ASME CLASS 1 PIPING

Cumulative
Usage

__Factor(1)

0.0067
0.0948
0.4027
0.4027
0.4027
0.1211
0.1223
0.1088
0.1067
0.1202
0.0418
0.7273
0.7472
0.0339

Pipe Break
Stress Lieit

2.45m (psi) _Break Points_

47,340
47,580
47,340
17,340
47,340
54,180
54,180
54,180
54,180
54,180
54,180
47,340
47,340
47,3%0

(1)Stresses were calculated in accordance with equations 12 and 13 of ASME Sectiom III,
paragraphs NB-3653.6(a) and NB-3653.6(b), respectively. Cumulative usage factors were calculated
in accordance with ASME Section III, subarticle NB-3650.

NOTES: See Fig.

3.6A-17 for break locationms.

The data presented in this table wvere used in conjunction with Section 3.6.2a to

determine the break locations shown in Fig. 3.6A-17.

Reference:

Asendment 11

ch12210£-11£2

12210-AX-17D-1

12/01/83
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Description of

™
1ip
Ip
1P
1p
Ie
1P
Ip

pg. 14 of 18
Break Type
CB
CB & LB
CB & LB
CB & LB
CB & LB
CB & LB
CB £ LB
CB & LB
CB & LB
CB & LB
cB
CB & LB
CB 6 LB
LB

The reference coordinate systes is shown in Table 3.6A-1.

January 1984

1.18
1.19
1.20
1.21

1.24
1.25
1.26
1.27
1.28
1.29
1.30
1.31
1.32
1.33
1.34
1.35
1.36
1.37

1.39

1.42
1.43
1.44
1.45

1.45
1.50
1.51



ENCLOSURE 7 (cont'd.) pg. 15 of 18

RBS PSAR

TABLE 3.6A-10a
SONMARY OF STRESSES IN HIGH-ENERGY ASNE CLASSES 2 AND 3 PIPING
PEEDVATER SYSTEM -~ OUTSIDE CONTAINMERT (PRS-02C-62-2, FWS-020-32-8)

Total Fipe Break
= ——Jlocation Stresst1) hditive Stress Lisit
Break Elevation I 2 0.9 EQ. 10 Stress(1) 0.8(1.25K * Sa ) Description of
Point © (ft-in) Jft-ip)  (ft-iu) (psi) Apsi) Apsi) ipsi) Break Pojnts Preak Type
1 121-8 /16 107-9 2 3-6 . 32,%00 TP CcB
2 121-6 15716 16-11 3-6 11,720 15,490 27,210 32,%00 b4 4 Cch
3 119-0 5/8 119-5 3-6 13,010 20,590 33,600 32,800 e CB & LB
6 1we-7 15,16 119-5 3¢-8 19,120 12,030 23,150 32,800 1P cB
7 108-3 43760 149-5 3e-2 32,800 T cp
20 1151 578 119-5 -6 13,970 15,210 29,180 32,800 Ip cp
22 108-6 13,732 129-2 3a-2 12,790 11,530 29,320 32,800 e cB
Key: 1P = Intermediate point
TP = Terminal point
(B = Citcumfereantial break -
LB = longitudinal break

(1)Stresses were calculated in accordance with Pguations 9 and 10 of ASME Sectionm III, paragraph NC-3652.
NOTES: See Pig. 3.6A-18 for break locations.

The data presented in this table were used in conjunction with Section 3.6.2A to determine the
break locations shown i1n Fig. 3.6A-18. The reference coordinate system is chown in Table 3.6A-5.

Preference: 12210-AX-17D-2

Aaendnent 7 1 of 1V Pebruary 1983
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TABLE 3.6A-10b
SUMMARY OP STRESSES IN HIGH-ENEFGY ASHME CLASSES 2 AND 3 PIPING
PEEDWATER SYSTEM - OUTSIDE CONTAINMENT (FWS-020-63-2, FPWS-020-31-4)

Total Pipe Break
. __Lacakian . . L Stres: Additive Stress Limit

Elevation A ) Stress(1) 0.8 (1.255 ¢ Sp ) Description of
(ft-ino) {ft-inp) {ft-in) si) 51 {psi) 5 Break Points

121-8 1/16 107-9 172 =~ (3-6) - 1.43
121-6 5716 119-5 - (3-6) 27,210 1P cB 100"
119-0 5/16 121-11 - (3-6) ‘ 33,600 e CB 1.45

108-4 149-5 34-0 ™ CB "ubl'

115-1 5/16 121-11 -13-6) 29,180 - ( ip Ct 1.47
108-7 3/4 121-11 31-6 y 23,150 2,40 1P cB 1.48
108-5 15/16 134-2 36-0 29,320 1P CB 1.45)

Key: IP = Intermediate point
TP = Terminal point
CB Circumferential break
LB = Longitudinal break

(1)Stresses were calculated in accordance with Equations 9 and 10 of ASME Sectiom III, paragraph NC-3652.

NOTES: See Fig. 3.6A-18 for break locations.

The data presented in this table vere used ip conjunction with Section 3.6.2A to determine the
break locations shown in Fig. 3.6A-18. The reference coordinate systea is showvn in Table 3.6A-5.

Reference: 12210-AX~-17E-2
Asendment 11 January 1988

ch12210f~-11fy 12/12/83
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SUMMARY OF STRESSES IN HIGH-ENERGY ASME CLASS | PIPING
RCIC SYSTEM - INSIGCE CONTAINMENT

Ma x i mum
Stress Range

f_____T__L!S!ligﬂ
Break levation AZimuth r £q.12 £Eq.13

Point {ft-in)

{deq}) (ft-in) (psi) (psi)

1 146-3 3/4 67.5 16-6 3/8 - -
5 *12%-3 3/8 0 17-7 1/8 11,196 34,549
12 122-6 3/4 24 26-10 - -
4 126-3 31/8 0 16-6 3/8 11,569 32,675
7 125~ 2 21~ 6,757 30,915
2 11/16 11 25/32

Key: P = Intermediate point

1P = Terminal point

CB = Circumferential break

LB = Longitudinal break

Cumulative
Usage
factor

0.1189

0.08
0.0851

Pipe Break
Stress Limit

2.45m (psi)

42,210
42,210
42,210
42,210
42,210

Description of
Break

TP
IP (Elbow)
T

1P (Eltbow)
IP (Elbow)

NOTES: Stresses were calculated in accordance with equations 12 and 11 of ASME Section 111,

Paragraphs MNB-3653.6(a) and NB-3653.6(b), respectively.
calculated in accordance with ASME Section 111,

See Fig. 3.6A-12 for break locations,

Cumulative usage factors were
Subarticle NB-3650.

The data presented in this table were used in conjunction with Section 3.6.2A to determine

the break locations shown in Fig. 3.6A-12.

Reference:

Amendment 11

ch12210f=111x

12210-AX=-2G~-1.,

12/12/83

1 of 1

The reference coordinate system is shown in Table 3.6A~1.

pg. 17 of 18

Break Type

c8 1.47

CB & LB 1.48

cB 1.49

cB 1.50

cB 1.51
1.52

January 1984
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TABLE 3.6!°1|=
SUBMARY OF STRESSES IN HIGH-ENERGY ASME CLASS 1 PIPING
RCIC HEAD SPRAY SYSTEN ~ INSIDE CONTAINBENT

Haximum Pipe Break

e kOCation Stress Rapnge(!) Cumulative Stress Limit
Break Elevation Azimsuth r EQ. 12 EQ. 13 Usage 2.458 Description of
Point {ft-in) {deq)  (ft-ip) (psi) ipsi) -Factor _ {psi) _Break Points
1 172~ 270 1-0 7/16 ™

1M 18

172- -
2 "2‘" 270 4-0 (LATER) P

Key: IP = Intermediate point
TP = Terminal point
CB = Circumferent.al break
LB = Longitudinal break

(1 )Stresses were calculated in accordance with eguations 12 and 13 of ASHE Sectiom 1(I,
paragraphs ¥B-3653.6 (a) and NB-3653.6(b), respectively. Cumulative usage factors wore calculated
in accordance with ASME Section III, subarticle NB-3650.

NOTES: See Fig. 3.6A-20 for break locations.

The data presented in this table were used in conjunction with Sectiom 3.6.2A& to determine the

break locations shown in Fig. 3.6A-20.

Amendment 11

ch12210£-11fv 12/13/83

The reference coordinate system is shown in Table 3.6A-1,

155

pg. 18 of 18

Break Type

cB 1.37
1.38

CB 1.40
1.81

January 1984
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(SRV), CRD lines, the primary shield wall, and the drywell
wall.

Tc preclude damage caused ky a whipping feedwater pipe, a
total of 22 restraints have been installed on the feedwater
system inside the drywell.

All restraints on the feedwater system are omnidirectional
except 1FWS-PRR-811 and 831 which are moment-limiting "zero
gap" restraints to keep the stresses within acceptatle
limits in the isolation valves and break exclusion zones.

All equipment inside tne drywell, whose operation during or
after a LOCA is required for safe shutdown, is qualified for
the post-LOCA drywell envircnment as discussed in
Section 3.11.

Inside the Steam Tunnel

All feedwater piging from inbGard of the first
moment-limiting (zero gap) restraint in the drywell to
outboard of the jet impingement wall is defined as a break
exclusion zone.

In_the Auxiliary Building

—_—

From the drywell the two 20-in feedwater lines enter the
auxiliary building from the north side of the north-south
centerline (steam tunnel) at approximate el 121 ft-6 in, and
then drop vertically to approximate el 109 ft-0 in. A 90°
elbow directs them horizontally west aleng the north
auxiliary building wall. At a mean distance approximately
13 ft from the west wall the lines turn scuth, cross the
auxiliary building, and enter the turbine building at
approximate el 108 ft-4 in.

Seven circumferential breaks and one longitudinal break nave
been postulated for each line. The targets associated with
these breaks are nonessential for safe shutdown. They are:
RHR lines, RWCU lines, main steam drain (DTM) lines, service
air lines (SAS), condensation 1lines (CNS), the auxiliary
building wall, and structural steel at various elevations.

However, tc preclude the generation of secondary missiles,
and to maintain structural integrity, nine restraints have
been installed on the feedwater system in the auxiliary
building.

3C.2-5
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A check valve dynamic analysis is performed for the main feedwater
isolation check valve to assure its functional performance
following a postulated pipe break outside the containment. A
dynamic forcing function is used in the valve stress analysis.
First a flow transient analysis is performed for the feedwater
system to simulate the pipe break condition. The reverse flow
condition at the check valve location is determined using the SWEC
computer program WATHAM (Appendix 3A). Hydrodynamic torque
exerted on the valve disk by the reverse flow is calculated. The
valve closing time and the disk alarm velocity is determined from
the valve dynamic model.

The structural analysis of the check valve consists of a disc-to-
shaft analysis utilizing finite element methods, and assuming that
the valve body is rigid. This method of analysis is based on past
experience of the valve vendor that indicates that the valve
internals are limiting under this design condition.
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Enclosure 11 1 of 3

210.101 In your Specification No. 228.000, "Specification for
Piping Engineering and Design", Revision 1, dated 3/15/81
including Addenda 1 and 2, you have addressed the minimum
allowable wall thickness at girth butt welds in piping. You have
stated that the minimum wall thickness at girth butt welds is
established by the counterbore requirements and it will be found
on analysis that this value will not decrease to less than the
rmanufacturer's minimum wall thickness rcquirements. Using a 12
inch schedule 16C pipe as an example you have provided the
following example:

Sketch STD-SP-1056~-15

Pipe 0.D. 12.719 in. (including 1/32 in.
tolerance)

Pipe I.D. 10.126 in.

"C" Bore (per sketch) 10.423 in. (including 0.010-in.
tolerance)

Final wall thickness (12.719 - 10.423)/2 = 1.148 in.

(0.875)tn (0.875)(1.312) = 1,148 in.

The use of C-dimensions as illustrated by your example, in
conjunction with a pipe specification that has a tolerance of
(minus) -1/32" on outside diameter (such as SA-106), would assure
tmz (7/8)t; provided the counterbore is concentric with respect to

the minimum outside diameter (t“l = minimum wall, tn = nominal

wall). If you do not control concentricity of the counterbore,
explain how you are assured that tm > (7/8)tn. Include in the

explanation consideration of 1) ANSI B16.9 fittings, 2) pipe
specification SA-155, and 3) any other specification you use for
ASME Code piping at River Bend which does not have the same minus
tolerance on outside diameter as SA-106.

kesponse

Stone & Webster Engineering Corporation's (SWEC) specitication
228.150, Shop Fabricated Piping, page 1-54, Item 19, provides
quality control measures when counterboring pipe. A discussion of
the information requested is provided in new Section 3.9.1.7A.
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TABLE 3.2-1 (Cont)

NNS from the outer isolation valve
shutoff valve (reoot valve) to
instrumentation.

All other instrument lines:

a. through the root valve are of the same
classification as the system to which they are
attached.

beyond the root valve, if used to actuate a safety
system, are of the same classification as the
system to which they are attached.

All sample 1lines from the outer isolation valve or the
process root valve through the remainder of the sampling
system are classified NNS.

C13)3The RCIC turbine does not fall within the applicable design
Insert =" lcodes. To assure that the turbine is fabricated to the
standards commensurate with their safety and performance
requirements, GE has estaklished specific design requirements
or this component.

(14)The condensate storage tank 1is designed, fabricated, and
tested to meet the intent of ANSI-B96.1.

(1S)ASME Section VIII-1 and ANSI B31.1 apply downstream of
outermost isolation valves.

(16)The gaseous radwaste system piping, pumps, and valves
containing gaseous radwaste are constructed in accordance
with the applicable codes of classification NNS.

(17)The hydraulic control wunit (HCU) is a GE factory-assembled
engineered module of valves, tubing, piping, and stored water
which controls a single CkD by the application of precisely
timed sequences of pressures and flows to accomplish slow
insertion or withdrawal of the control rods for power control
and rapid insertion for reactor scram.

Although the HCU, as a unit, is field installed and connected
to process piping, many of its internal parts differ markedly
from process piping components because of the more complex
functions they must provide. Thus, although the codes and
gtandards invoked for Safety Classes 1, 2, 3, and NNS

17 of
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TABLE 3.2~1 - (Continued)

EQUIPMENT CLASSIFICATION

(13) The turbire does not fall within the applicable design codes.
To assure the turbine is fabricated to the standards
commensurate with their safety and performance requirements.
General Electric has established specific design requirements
for this component which are as follows:

a.

All welding shall be qualified in accordance with
Section IX, ASME Boiler and Pressure Vessel Code,

All pressure-containing castings and fabrications shall
be hydrotested at 1.5 X design pressure,

All high-pressure castings shall be radiographed
according to:

ASTM E-94
E~142 maximum feasible volume
E-71, 186 or 280 Severity level 3

As-cast surfaces shall be magnetic particle or liquid
penetrant tested according to ASME, Section III,
Paragraphs NB-2575, NC-2575, NC-2576, or NB-2576, NC-
2576,

Wheel and shaft forgings shall be ultrasonically tested
according to ASTM A-388,

Buff-welds shall be radiographed, and magnetic particle
or liquid penetrant tested according to ASME Boiler and
Pressure Vessel Code. Acceptance standards shall be in
accordance with ASME Boiler and Pressure Vessel Code
Section II1 Paragraph NB-5340, NC-5340, NB-5350,
NC-5350, respectively,

Notification to be made on major repairs, and records
maintained, thereof,

Record system and traceability according to ASME Section
IIT, NA-4000,

Control and identification according to ASME Section
111, NA-4000,

Procedures shall conform to ASME Section III, NB-5100,
NC-5100,

Inspection personnel shall be qualified according to
ASME Section III, NB-5500, NC-5500.



Ll -

1 of 2
Enclosure 14

QUESTION 210.104

In Table 3.2-1 (Page 2 of 19), add the Scram Discharge Volume
Piping as a line item of the CRD Hydraulic System. This component
should be classified Safety Class 2, Seismic Category I, and
Quality Assurance Category B.

RESPONSE

The Scram Discharge Volume Piping (header and lines) is included
in Table 3.2-1 IV, Item 4, piping, scram discharge volume lines.



8.
9.

Mechanical mocdules,
instrumentation, with
safety function

Electrical modules with
safety function

Cable, with safety function

Fipe suspension,
recirculation line
Pipe restraints,
recirculation line
Pumgs

Valves

Motor, pump
Electrical modules,
with safety functicn
Cable with safety function
LFMG set

IV. CRD Hydraulic System

1.

2.

3.
4.

6.
Te
8.

9.
10.

valves, scram discharge
volume lines

Valves insert and

withdraw lines

valves, other

Piping, scram discharge
volume lines and header
Piping, insert and

withdraw lines

Piping, other

Hydraulic control unit
Electrical modules, with
safety function

Cable, with safety function
CRD pumps, filters, and strainers

ENCLOSURE 14 (cont'd.)
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TABLE 3.2-1 (Cont)

Quality(3) Tornadot+?
Safety(1) Seismic(2) Assuraance Protection
Class category Category

Scoge(s)
of

Designt¢??
Detail

Notes
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Enclosure 15

QUESTION 210.105

In a comparison of the quencher and supports per NUREG-0763, you
have shown that the quencher base support is welded to the
basement and is provided with rigid supports from the quencher
body to the drywell wall. The rigid supports appear to be welded
directly to the conical reducer of the quencher body. In the
staff's opinion, if the supports are welded directly to the
quencher body, the welded attachment could cause excessive
localized bending stresses and potentially harmful thermal
gradients in the quencher body following actuations of the safety-
relief valves. Furthermore, the large number of stress cycles
could result in fatigue failure in the quencher-to-support weld.
Provide the quencher support details and the results of your
stress analyses for the support attachment to the quencher body.
Provide assurance that the structural integrity of the quencher
support capabilities is not compromised.

RESPONSE

The response to this request is provided in Section A.6A.7.2
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A.6A.7 QUENCHER ARRANGEMENT

Fig. A.6A.4-1 and A.6A.4-2 show the general arrangement of
the quenchers in the sugpression gool.

A.6A.7.1 Quencher Arm/Strut Loads and Loading Application
The types of loads used in the design of the quencher Ekottom
anchoring and side support struts are identified in
A.6A.7-3. *
A.6A.7.2 Quencher Design Information
The quencher used in River EBend Staticn is designed as
specified by GE in Section A7.2 of CLR, except as given in
the following criteria.

Insert A —————w

A.6A.7.2.1 SRVDL Geometry

See Fig. A.6A.10-2a through A.6A.10-2e for River Eend
Staticn SRVLL routing.

A.6A.7.2.2 Quencher Cesign Criteria

& ) Forces - See Fig. A.6A.7-1 through A.6A.7-3 and
Tables A.6A.7-1 and A.6A.7-2

Fatigue - See Section A.6A.9 and Fig. A.6A.5-13

Cycles of Operaticn - See Section A.6A.9 and Fig. A.6A.5-13.

A.6A.7-1
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6A.16.5.3 Impact load on Piping above Pool Surface

INSER Toeeeeeeeeeyp
ol e S IP W Ap A _baod . &I

Its 1length is the distance from the containment wall to the
farthest point on the inner wall cf the riser. In the case
of the RHR discharge line, the pipe axis is 2.5 ft inward
from the containment wall, and the inner pipe radius is
6.0 in = 0.5 £t. Therefore, the effective length is
2.5+#0.5 = 3.0 ft.

The impact 10ad is a spike whose normalized shape is given
in CLR Fig. 10-2. The amplitude at time t is

PI(t) = 60 psi x (cross section of pipe exposed to
bulk water) x (value from plot at
time t)

For the segment under consideration:

ib
sq in

PI(t) 60 x (24x12.75) sq in x (value from plot)

18,360 1b x (value from plot)

Assuming a uniform impact line load, including the inside of
the pige, the moment is adequately represented by applying a
force at the ugper elbow end, at 1 ft from the wall,
representing a 2-ft length, and a force at the lower end of
the elkcw, representing the remaining 1-ft length.

Thus, with node pcints as defined in Fig. 6A.16-3

2
= — + 18,360 = 12,240 1b
Fo™ 3 o !

F = — . 18,360 = 6,120 1b
15 3
They are applied in the upward direction.

The impact load is agplied either as a force history or as a
static case with dynamic lcad factor 1.5.

In the case of the RHR pipe a static analysis was performed.

6A.16-12
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The potential for circumferential variations in the pressure
transient in the wetwell region beneath the BECU floor has
been examined, and on the basis cf bounding calculations it
is concluded that the pressure variation is less than
0.5 psid.

Since the air tests were performed, additional PSTF tests
have been conducted with the specific objective of providing
further data on the interaction of pool swell with the HCU
floors. The test results are in CLR Reference 11.
Supplement 1 to CLR Reference 1 describes the GE analytical
model used to simulate the HCU floor flow pressure
differential and presents a comparison of model predictions
with test data. The model is shown to be conservative. The
LOCTVS model described in Reference 1 to Section 6.2.1 is
similar to the GE model and yields comparable results.

6A. 12-2
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The HCU floor has been designed to withstand loads from a pool
swell event. CRD piping is capable of withstanding the vibratory
responses due to all hydrodynamic loadirgs.

For the pool swell froth impact load, the loading, as shown in
Figure 3B-74 of GESSAR II, Appendix 3B, was applied tc a finite
element model of the HCU floor. Dynamic responses of the floor
were generated in the form of amplified response spectra (ARS) and
maximum displacements at various locations on the floor.

The ARS for this loading was found to be insignificant.
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3.9.4.2B Applicaktle CRDS Design Specifications

The control rod drive system (CRLCS' is designed to meet the
functior.al design criteria as outlined in Section 4.6 and
consists of the following:
1. Locking piston control rod drive

Hydraulic control unit

Hydraulic power supply (pumps)

Interconnecting piping

Flcw and pressure and isolation valves

Instrumentation and electrical controles.

Those components of the CRD forming part of the primary

pressure boundary are designed according to ASME Code
Section III.

The safety classification of the CRD and the CRD hydraulic
system is outlined in Table 3.2-1, and the components are
designed according to the codes and standards governing the

individual safety classes.

Pertinent aspects of the design and qualification of the CRD
components are discussed in the following locations:
transients in Section 3.9.1.1E, faulted conditions in
Section 3.9.1.4B, seismic testing in Section 3.9.2.2B,
loading comktinations and stress limits in Takle 3.9B-2t.

3.9.4.3B Design Loads, Stress Limits, and Allowable
Deformation

The ASME Code components and the CRDs have been evaluated
analytically, and the design load combinations and stress
limits are listed in Table 3.9B-2t. For the noncode
components, experimental testing was used to determine the

CRD performance under all possikle conditions as descrited
in paragraph 3.9.4.4B.

3.9.4.4B CRD Performance Assurance Program

The CRD test program consists of the following tests:
1. Cevelopment tests
2. Factory Quality Control tests

3.9E-77

The CRD piping has been designed to withstand the HCU
dynamic response to the impact loadings associated with a LOCA
swell event.
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nozzle. The vessel top head nozzle is provided with a
flange with large groove facing. The drain nozzle is of the
full penetration weld design. The recirculation inlet
nozzles (located as shown in Fig. 5.3-1), feedwater inlet
nozzles, core spray inlet nozzles, and the LPCI nozzles all
have thermal sleeves. Nozzles connecting to stainless steel
piping have safe ends, or extensions made of stainless
steel. These safe ends or extensions were welded to the
nozzles after the pressure vessel was heat treated to avoid
furnace sensitization of the stainless steel. The material
used is compatible with the material of the mating pipe.

The nozzle for the standby liquid control pipe is designed
to minimize thermal shock effects on the reactor vessel in
the event that use of the standby liquid control system is
required.

5.3.3.1.4.6 Materials and Inspections

The reactor vessel was designed and fabricated in accordance
with the appropriate ASME Boiler and Pressure Vessel Code as
defined in Section 5.2.1. Table 5.2-3 defines the materials
and specifications. Section 5.3.1.6 defines the compliance
with reactor vessel material surveillance program
requirements.,

5.3.3.1.4.7 Reactor Vessel Schematic (BWR)

The reactor vessel schematic is contained in Fig. 5.3-1.
Trip system water levels are indicated as shown in
Fig. 5.3-2.

5.3.3.2 Materials of Construction

All materials used in the construction of the RPV conform to
the requirements of ASME Section II materials. The vessel
heads, shells, flanges, and nozzles are fabricated from low
alloy steel plate and forgings purchased in accordance with
ASME specifications SA533 Grade B, Class 1 and SAS508, Class
2. Special requirements for the low alloy steel plate and
forgings are discussed in Section 5.3.1.2. Cladding
employed on the interior surfaces of the vessel consists of
austenitic stainless steel weld overlay.

These materials of construction were selected because they
provide adequate strength, fracture toughness,
fabricability, and compatibility with the BWR environment.
Their suitability has been demonstrated by 1long term
successful operating experience in reactor service.

5.3-19
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QUESTION 210.22 (5.2.3.3.1) ("

Submit the fracture toughness data in tabular form including
calibration of instruments and equipment.

RESPONSE

; | The response to this request -widd-be-provided by—June—3583-

is in Section 5.2.3.3.1l.1
and Table 5.3-1.

Amendment 7 Q&R 5.2-4 February 1983



RBS FSAR

exhibit S0 ft-1b absorbed energy and 35 mil lateral
expansion at 60°F above the RTypr. The core
beltline material meets 70 ft-1b absorbed wupper
shelf energy.

5.2.3.3.2 Control of Welding

5.2.3.3.2.1 Control of Preheat Temperature Employed for
Wwelding of Low Alloy Steel (Regulatory
Guide 1.50)

Regulatory Guide 1.50 delineates preheat temperature control
requirements and welding procedure qualifications
supplementing those in ASME Sections III and IX.

Wwelding of low alloy steel is restricted to the reactor
pressure vessel. Other ferritic components in the RCPB to
be welded are fabricated from carbon steel materials. New
welding procedure qualifications were qualified with the
test assembly preheat temperature maintained within 50
degrees above the minimum preheat temperature.

Preheat temperatures employed for welding of low alloy steel
meet or exceed the recommendations of ASME Section III,
Subsection NB. Components were either held for an extended
time at preheat temperature to assure removal of hydrogen,
or preheat was maintained until post weld heat treatment.
The minimum preheat and maximum weld interpass temperatures
were specified and monitored.

5.%4Z43.3.2.2 Control of Electroslag Weld Properties
(Regqulatory Guide 1.34)

No electroslag welding was performed on BWR components.

5.2.3.3.2.3 welder Qualification for Areas of Limited
Accessibility (Regulatory Guide 1.77%)

Qualification for areas C limited accessibility
discussed in Section 5.2.3.4.

5.2.3.3.2.4 Control of Stzinless Steel Weld Cladding of
Low-Alloy Steel Components (Regulatory
suide 1.43)

Reactor pressure vessel specifications require that all low
alloy steel be produced to fine grain practice. The
requirements of this regulatory guide are not applicable to
the River Bend Station RCPB.

9 225
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Fracture toughness data is provided in Table 5.3-1. The
calibration of instruments and equipment such as temperature
instruments and Charpy V-notch impact test machines used in impact
testing is performed in accordance with ASME Code Section III,
1971 Edition, Summer 1973 Addenda, subsection NB-2360,
"Calibration of Instruments and Equipment".
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TABLE S5.3-1

RIVER BEND STATION UNIT 1 ®EACTOR VFSSEL CHARPY TEST RESULTS
VESSEL PELTLINE CHEMICAL COMPOSITION

1) Vessel Plate (Beltline)

Percent
Heat Ruwber c Mn si P s N cu = ¥
c313e-2 0.19 .37 0.25 0.012 0.015 0.63 0.08 0.58 -
c3058-1 0.19 1.30 0.26 0.007 0.020 0.70 0.09 0.57 -
23058-2 0.19 1.30 0.26 0.007 0.012 0.70 0.09 0.57 -
2) Vessel welds (Beltline)
. Percent
Heat/Lot MNo. c Mn Si 4 s B Cu Mo v
49218871/ 0.07 1.06 0.37 0.018 0.025% 0.9% 0.04 0.50 0.02
ANZ1E27AE
49218871/ 0.07 .17 0.32 0.020 0.020 0.98 0.03 0.51 0.02
AN21E27AP
5P6756/70342¢C10 0.078 1.28 0.53 0.010 0.012 0.92 0.09 0.86 0.006
S5P675670342¢2) 0.063 1.27 0.57 0.010 0.911 0.93 0. 0% 0.85 0.006
1) Vessel Plate (Beltline)
Start . R.5. 1.99 EOL Transverse Charpy
Heat Number RTupT SF Extrag. RTune °F RTypnr °F Upper Shelf (ft-1b)
Cc3138-2 +9 42 51 86, 78, 78
Cc3058-1 -20 35 15 9%, 93, 93
c305a-2 +2 15 37 92, 102, 92
2) Vessel Welds (Beltline)
Start ___R.G. 1.99 __FoL Transverse Charoy
Heat/Lot No. RTnpT Extrap. RTypm oF RTyor op Upner Shelf (ft-1b)
49218871/ -60 64 o 151, 160, 161
R321E2TAE
492L8371/ -50 7" 21, limit- 126, 129, 136
AS21E27AF ina weld
SP6756/703142¢0 Y -50 42 -8 ‘95, 99, 96
SP6756/70 Ju2¢2? -60 42 -18 89, 98, M

C1)Tandem wire prccess
t2)single wire process

(P,3103) 07 sansorsuz

afeg

3o
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(’ QUESTION 210.25 (5.3.2.1)

Describe the procedures that will be used to update the
actual fracture toughness limits, e.g., Figure 5.3-4.

RESPONSE
7

The response to this request widd—be-provided
is in Section 5.3.2§1 and

Figure 5.3<4,

Amendment 7 Q&R 5.3-1 February 1983
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final heat treatment and threading, as specified in the
guide, in accordance with NB-2583 of the applicable ASME
Code.

Radial scan calibration is based on a 1/2-in (12.7 mm)
diameter flat bottom hole of a depth equal to 10 percent of
the material thickness. End scan calibration is in
accordance with NB-2585. Angle beam examination is
performed on the outer cylindrical surface of nuts and
washer in accordance with ASME SA388 in both axial and
circumferential directions. Any indication greater than the
indication from the applicable calibration feature is
unacceptable. A distance-amplitude correction curve in
accordance with NB-2585 is used for the 1longitudinal wave
examination.

In relationship to Regulatory Position C.3, GE practice
allows exposure to stud bolting surfaces to high purity fill
water; nuts and washers are dry stored during refueling.

5.3.2 Pressure-Temperature Limits
5.3.2.1 Limit Curves

The 1limit curves presented in Fig. 5.3-4 are based on the
requirements of 10CFR50, Appendix G wich the modification to
Paragraph IV A.2.c in accordance with GE BWR Licensing
Topical Report NEDO-21778-A. All the vessel shell and head
areas remote from discontinuities plus the feedwater nozzles
were evaluated, and the operating limit curves are based on
the limiting location. The boltup limits for the flange and
adjacent shell region are based on a minimum metal
temperature of RTynp*60°F. The maximum through-wall
temperature gradient from continuous heating or cooling at
100°F per hr was considered. The safety factors applied
were as specified in ASME Code Appendix G and GE Licensing
Topical Report NEDO-21778-A. <«

5.3.2.1.1 Temperature Limits for Boltup

A minimum temperature of 70°F is required for the closure
studs for River Bend Station. A sufficient number of studs
(up to 10 percent) may be fully tensioned at this minimum
closure stud temperature to seal the closure flange O-rings
for the purpose of raising the reactor water level above the
closure flanges in order to assist in warming them. The
flanges and adjacent shell are required to be warmed to
minimum temperature of 70°F before they are stressed by the
full intended bolt preload (all bolts fully tightened). The
fully preload~d boltup limits are shown on Fig. 5.3-4.

5.3-11

INSERT B



Enclosure 20 (cont'd.) 7 of 8
Insert B

To account for overstress and tharmal shock during anticipated
operational occurrences in the control of reactivity, the surveillance
of irradiated capsule specimen are tested at 10 years-first capsule
and 30 years-second capsule, with a third capsule for standby. The
procedure used to update the actual fracture toughness limits in
Figure 5.3-4 is in accordance with 10CFR50, Appendix G and ASME Code
Section III, Appendix G. Fracture toughness properties of ferritic
materials are determined by performing Charpy V-notch tests, and when
required dropweight tests, as specified in ASME Code Section III
subsection NB-2321.2 and NB-2321.1, respectively. After testing, the
RTndt level will be compared to the acceptable value as specified in
10CFR50, Appendix G (IV)(C). If the results are within the allowable
limit, Figure 5.3-4 will not change.

Any shifts occurring in the core beltline transition temperature
due to neutron irradiation, restricted will be plotted on Curves A, B
and C. The operation of RBS would be if Curve C were to exceed the
satura®ion limits.
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Response to NRC's
December 7, 1983 Letter

On March 4, 1982 the NRC Staff Mechanical Engineering Branch (MEB)
and their consultants met with Gulf States Utilities Company (GSU) and
the River Bend Station (RBS) architect engineer, Stone & Webster
(SWEC), to perform an audit. During the audit, the design of RBS ASME
equipment supports was reviewed and found to be in compliance with
ASME Code Section III, Subsection NF, 1977 Edition up to and including
the Winter 1978 Addenda. This design includes thermal and anchor
displacement loads as primary loads.

The methodology and procedures used in the design of Seismic
Category 1 ASME Code Class 1, 2 and 3 pipe supports are in accordance
with the requirements of ASME Sectijon III, Subsection NF, 1974 Edition
including the Summer 1974 Addenda. The RBS FSAE discusses component
support design including piping, in Section 3.9.3.4A and Table 3.9A-
13,

Subsection NF of the 1974 Edition of the ASME Section III Code
classifies the stresses induced in a pipe support from restraint of
free end displacement of the piping system .; secondary stresses.
Explicit definitions of free end displacement, expansion stresses, and
secondary stresses are given in articles NF-3213.10, 3213.11, 3222.2,
Table NF-3217-1, and Figure 3221-1. The load conditions currently
being used in compliance with the 1974 edition of the ASME Code and as
delineated in the current FSAR Table 3.9A-13 are listed below, along
with the corresponding plant service level conditions A-normal, B-
upset, C-Emergency, and D-faulted.

RBS
Plant Load
Service Level Condition Decription

A 1 DL

B 2 DL+SRSS (OBEI, OCCU)

B 3 DL+THER+SRSS (CBET,0CCU)
C 4 DL+SRSS (OBEI,OCCE)
D 5 DL+SRSS (SSEI, OCCF)

Since the ASME Code limits for primary stresses in service level A are
the same as for service level B (articles NF-3220, -3230, -3320, -
3330) service level A loads do not govern the design of the Code Class
1, 2 and 3 pipe supports. Service level B loads are evaluated
separately for primary loads (Load Condition 2) and for primary-plus-
secondary loads (Load Condition 3). The Code does not require
evaluation of secondary stresses for service levels C and D (article
NF-5231.1(b) and (c)).

Tab A gives a summary of the allowable stresses used in designing
structural mer“ers of linear type pipe supports.
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TAB A
PIPE SUPPORT DESIGNS FOR RIVER BEND STATION

SUMMARY OF ALLOWABLE STRESSES FOR STRUCTURAL MEMBERS

Plant Service Levels A and B - RBS Load Conditions 1 and 2

Tension Ft=0.60 Sy Code Article XVII-2211
Shear Fv=0.40 Sy Code Article XVII-2212
Bending Fb=0.60 Sy Code Article XVII-2214
Axial Compression Eq's 4&5 Code Article XVII-2213
Axial Comp + Bending Eq's 19-21 Code Article XVII-2215

Plant Service Level B - RBS Load Condition 3

Tension (See Note 1)

Shear F =1.33 X 0.40 §
v y

Bending Fb

Axial Compression (2/3) Sy {1-(K1/r)2/2(cc)2) for K1/r < CC

=1.11 X 0.60 Sy (See Note 2)

and (2/3) %% E/(K1/5)* for 200 > K1/r > C_

Axial Comp. + Bending Eq's 19-21 Code Article XVII-2215
with 1.11 factor applied to allowable bending stress.

Plant Service Levels C and D - RBS Load Conditions 4 and 5

The allowable stresses used for load conditions 4 and 5 are the
same as those for load condition 3.
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NOTE 1

The Code permits use of three times the stress limits of XVII-2000 for
stresses due to primary and secondary loads combined. However, the
support members are norwally subjected to both tension and compression
loads in which case compression allowable becomes the limiting design
stress. Therefore, this stress limit is used for load condition 3 in
place of the tensile stress allowable.

NITE 2

Critical buckling stress is the stress which results in column
buckling in compression members, or in local buckling in compression
flanges and webs of flexural members. Since critical buckling is a
function of the length and cross sectional shape of the member,
detailed analysis may be cumbersome. Therefore, a factor of 1.11
applied conservatively to all shapes assures that 2/3 of critical
buckling stress is never exceeded. The buckling criterion implemented
in this manner g-onerally governs the design of pipe support members
for all service conditions instead of the stress factors allowed by
the Code.



