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&GULF STATES UTILITIES COMPANY'

~

POSTOFFICEBOX 2951 BEAUMONT. TEXAS 77704.

AREA C0DE 409 838 6631

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. S. 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, 1983-NRC
letter requesting further clarification on the River Bend Station

'

' design regarding pipe / component supports is provided in Enclosure 21.
,In addition, the Licensing Review Group-II (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 will be provided in a future amendment to the FSAR.

.

Sincerely,

I /I / < k
- # 'J. E. Boo er

Manager-Engineering
Nuclear Fuels & Licensing
River Eend Nuclear Group

JEB/RJK/tf

Attachments-40 copies -
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Attachment i 1 of 3

DSER MEB ITEMS

DSER RELATED FSAR
SECTION QUESTION SUBJECT CHANGES

1. 3.2.1 Q#210.30 DG system classifications-seismic Amendment 7
pg.3-1

2. 3.2.2 Q#210.31 Exceptions to RG 1.26-QA class Amendment 7
pg.3-2

3. 3.6.2 Q#210.32 Criteria of Limits used in no Amendment 7 &
pg.3-32 Q#210.49 break zone Enclosure 1

6. 3.6.2 Q#410.3 Pipe break criteria llEL cracks 3rd qtr. 1984,
pg. 3-32 Q#210.54 January, 1985

Q#210.77 Enclosure 19
Q#210.45
Q#210.46

5. 3.6.2 Q#210.37 Pipe thrust coefficients Amendment 7
pg.3-32

6. 3.6.2 Q#210.75 Jet impingement analysis Amendment 7
pg.3-32

7. 3.6.2 Q#210.78 Pipe whip restraint design Amendment 7
pg.3-32 Q#210.79

8. 3.6.2 Q#210.6 New Loads information --------

pg.3-32 Q#210.8
Q#210.11
Q#210.65
Q#210.66

9. 3.9.1 Q#210.56 Computer program verification Amendment 7 & 9
pg.3-49 Q#210.58 and Enclosure 2

10. 3.9.1 Q#210.60 Design transients & no. of cycles Amendment 7
pg.3-49 Q#210.63

i

11. 3.9.1 Q#210.61 Component test Amendment 7
pg.3-49

12. 3.9.2 Q#210.62 Proop. vibration testing Amendment 7 &
pg.3-50 Enclosure 3

13. 3.9.2 Q#210.61 NUREG-0619 compliance Amendment 7
pg.3-50

14. 3.9.3 Q#210.70 Functional capability of Amendment 7
pg.3-53 ASME component

L
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Attachment 1 (cont'd) 2 of 3

DSER RELATED FSAR
SECTION QUESTION SUBJECT CliANGES

15. 3.9.3 Q#210.66 Design limits of ASME components June, 1984
pg.3-53 (New Loads)

16. 3.9.3 Q#210.68 Support design Amendment 7
pg.3-53

17. 3.9.4 Q#210.98 Prototype info. on CRD Amendment 7
pg.3-55 Enclosure 4

18. 3.9.5 Q#210.67 Stress, deformation & buckling Amendment 7
pg.3-56 limits

19. 3.9.6 Q#210.19 IST program specifics (pump & valve) Amendments 7 & 1
pg.3-57 Q#210.99

20. 5.3.1 Q#210.22 Fracture toughness data Enclosure 20
pg.5-27 Q#210.25

21. Q#210.5 Pump and valve qualification data Enclosure 5 &
July, 1984

22. Q#210.15 Pressure relief devices Enclosure 6

23. Q#210.43 New loads Enclosure 7

24. Q#210.71 Pressure isolation valves Amendment 9

25. Q#210.82 Feedwater check valve design Enclosure B

26. Q#210.92 Asymmetric loads Enclosure 9 &
3rd qtr. 1984

27. Q#210.100 Out-of-roundness criteria Enclosuze 10

28. Q#210.101 Piping tolerances Enclosure 11

29. Q#210.102 Codes for reactor coolant pressure Enclosure 12
boundary components

30. Q#210.103 RCIC turbine design Enclosure 13

31. Q#210.104 Scram discharge volume Enclosure 14
piping classification

32. Q#210.105 Quencher support welds Enclosure 15

33. Q#210.106 Quencher ASME stress design Enclosure 15
|

34. Q#210.107 Pipe support lateral instabilities Enclosure 16
design

L
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Attachment 1 (cont'd) 3 of 3

DSER RELATED FSAR

SECTION QUESTION SUBJECT CHANGES

35. Q#210.108 HCU floor design Enclosure 17
for pool swell loads

36. Q#210.69 LRG-II 1-MEB Amendment 7
Input criteria for use
of SRSS for mechanical
equipment

Q#210.98 LRG-II 2-MEB Amendment 7 &
Enclosure 4'

RPV internals vibration
,

test program for BWR/6

f Q#210.63 LRG-II 3-MEB Amendment 7
; OBE stress cycles used

for NSSS mechanical
equipment design

,

LRG-II'4-MEB Enclosure 18
Kuosheng incore

-instrument tube break
3
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ATTACHMENT 2
MEB

1. 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.

2. 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.

3. DSER, page 3-32 - Clarification of Limits Used for Na-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 cenditions
and an independent OBE event transient.

4. 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 Questions 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).

5. 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.

i-
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Attachment 2 (cont'd)

6. 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.

7. DSER, page 3-32 - 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.

8. 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.

9. 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 II, STARDYNE, LION, NUPIPE, and ANSYS
computer programs is provided in Enclosure 2.

10. 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.

11. 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.
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Attachment 2 (cont'd)

12. 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 B0P preoperational
vibration testing program is provided in Enclosure 3.

13. DSER, page 3-50 - NUREG-0619 Compliance
l'

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.

14. 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.

15. 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.

16. 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.

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

Response

1This 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-MEB discusses the reactor
pressure vesse1~ 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

o
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Attachment 2 (cont'd)

reference to the Kuo Sheng test report during November 1 84
(Enclosure 4).

18. 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.

19. 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.

20. 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.

21. 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.

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

23. 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.

24. 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.

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

26. 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.

L
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Attachment 2 (cont'd)

27. 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.

28. 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 Piping Engineering and Design", and
that minimum wall thickness is not violated is provided in a
response to new FSAR Question 210.101 (Enclosurn 11). The
response to FSAR Question 210.101 will be submitted in a future
FSAR cmendment.

29. 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.

30. 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.

31. 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.

32. 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.

33. 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.

34. 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 above
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.

35. 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.

m
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Attachment 2 (cont'd)

36. The endorsement of LRG-II positions 1-MEB through 4-MEB is
provided below. .The disc 2ssion of these items is provided in the
enclosures.

FSAR
. ITEM TITLE ENDORSED DISCUSSED
1-MEB - Input Criteria for Use Yes 3.9.3.4.1.2A

of SRSS for Mechanical
Equipment

2-MEB RPV Internals Vibration ~ Yes 3.9.2.4B
Test Program for BWR/6

3-MEB OBE Stress Cycles Used Yes 3.7.3.2B
for NSSS Mechanical 3.9.1.1.5B
Equipment Design 3.9.1.1.6B

4-MEB = Kuosheng Incore Yes* 5.3.3.1.4.5
Instrument. Tube Break

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

t
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RBS FSAR 1 of 4
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 than 0.1.

RESPONSE

.The response to this' request is provided in revised Section
3.6.2.1.5.2.1A, Item 2.
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ENCLOSURE 1 (cont'd.) 2 of 4

'
RBS FSAR

a -,
- 2. Fluid System Piping in Containment Penetration Areas

^M^
*

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 isolation
valve and the first restraint or. groups of restraints
designed to protect these portions of piping from 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 /1

,. July, 19.81) (- (":vcab cr 24, 1975) of SRP 3.6.2 and BTP MEB 3-1, the 7

j@i documents applicable at the time the analysis was
~

performed:

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

INSERT z;) 7p; 7;;;;..; ;;;;;; ;; 4;; 3;t._.;;n --. 3._.;,

-le&d esto (auvludiuv Lhm Ivad oet)ocuv
....,m_,_ _ , _ , _ _ _ ---m . .. . .

..ammm us uuvautvu gavj au

^"&regieph NO-3053, AGME Cedo, _ .-

Coctivu III, fvu uvxmel and upout plent
uvnditavuo and ODE dv net exceedau

2.4 O If
the =6Kis".s etieaa

se"se 6fm-
eauceds 245 ' u 'u metEquacivu (10) u ao3,

j ste=Las than 3 9m' t('6 6"*"hetiV3,20ff
, ,

&avvvu ouvutu uw icos unau v.2. .& uum

malvulo.Lud maa mum etimeo z&nga of

| Equ&tien (10) excccdc 3C th Ot0000m<
|

- range c&lculated by both Equritionc (12)
-, .. . _ , .. , , . - - ,-___, , ___m, _

auu gas, tu sut 9tagu nu suss uuvutu uvu;

cxcccd 2. 0 C cnd the cumulativ: uccg;m
facter shculd bc Iccc than 0.1.

(sy Amendment 7 3.6A-15 February 1983
;
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ENCLOSURE 1 (cont'd.) 3 of 4

.

RBS FSAR

f*ff
(2) Tka curulative uc ge f cter ch:uld it ,. q

-1 2: than 0.1 if consideratieu vf foLiyuu \
limit is re3uirmd ovvvidiuw Lv

-ItCR G. (1) . ,

(2) The : .nimur tree , calculatcd by
Equation (0) in reregreph ND-3G52 uudot
the loading reenitius f&vm evaLulateda

piping failurc beyond themu evuL2vuo vf
piping, doc not excccd 2.25 Sm-

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

(1) The maximum stress ranges do not exceed
0.8 (1.2S +S as calculated byh )g),(9 and (10) in Paragraph NC-Equations
3652, ASME Code, Section III, considering
normal and upset plant conditions (i.e.,

| sustained loads, occasional loads, and7

thermal expansion) and an OBE event.

(2) The maximum stresses do not exceed 1.8Sh,
as calculated by Equation (9) in
Paragraph NC-3652 under the loadings

.
resulting from a postulated piping

_'y
,

failure of fluid system piping beyond
these portions of piping.

.

c. 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.

_ ..

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

| minimized.

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

f. 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

Amendment 7 3.6A-16 February 1983 [y
,

l

|

|
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Enclosure 1 (cont'd.) 4 of 4
Insert

(1) 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. (in) 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.

(2) The cumulative usage factor is less than 0.1

(3) 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 pipo
between the outboard isolation valve may be permitted higher
stresses provided'a plastic hinge is not formed.

.

4

.



,

Enclosure 2 pg. 1 of 33

P3G FSAR

{j 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:

a. The author, source, dated version and facility.

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

c. 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 calculations

2. Analytical results published in the
literature

,

3. Acceptable experimental tests

4. By a MEB acceptable similar program
.=t

ni 5. 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.

l

RESPONSE

The response to this request is provided in revised
Appendix 3Af -I nt rr 9 r 'i ^- (for BOP systems) and in revised
Section 3.9.1.2B (for NSSS systems),

rurther specific vc;ificction informction f:r the STR'JOL II,
61ARLYME, LION, NUFIFE, and ANSYS computer progrcm will be
prc'fided by June 1992.

Amendment 7 Q&R 3.9-17 February 1983
,,
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Enclosu.e 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. NUPIPE

2. TRHEAT

3. ~ HTLOAD

4. WATAIR

5. PSPECTRA
- {I .

6. STEBAM

7.. NATHAM

8. PIIRUST
'

9. PILUG
'

i .

10. ANSYS

For each computer program, there is a brief description of
the program's theoretical basis, the assumptions and .

references used in the program, the extent of its
, *

"
~

,
-

~ application, ,

, and a summary of manual or comparison qualification.

.

INSERT

.

O

).

.

O

..

3A-2

.-
.
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Enclosure 2 (cont'd.) 3 of 33

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,

c. Test problems demonstrate the 3 alification of each program.

|

|

|



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

RBS FSAR
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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). Its 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 Cat' gory I structures are analyzed for seismic effect using thee
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 for test problems performed by both 'STRUDL' and 'GTa
STRUDL' are provided herein. 'GT-STRUDL' is a recognized program in the'

l 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 '$TRUDL' & 'CI-STRUDL'.
r

!

!

.

., 48'

e
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3A.5.2.1 Comparison of 'STRUDL' vs 'GT-STRUDL' results for Dynamic'
Analysis capability of 'STRUDL'

,

PROBLEM NO. 1

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

The pertinent parameters of the beam:
.

Length =30ft.$ psi= 30 x 10Modulus of Elasticity
Moment of Inertia * 3021 in4

'

Weight perfoot = 100 lb..

A

- . .

LXn a
_

'
,

.

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

Results: Natural Freguency F(I), where "I" = 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) .

. .

.

$

e

, - - .-w.-----.: g -.w.-, , - - .7 -r- -- -
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3A.S.2.2 Comparison of 'STRUDL vs 'GT-STRUDL' Results for Static
Analysis capability of 'STRUDL'

,

ccS M ETN c.M e,PROBLEM NO. 2 *

7 -,:- ad'r-z,I.,

J Mausan Rappsatyms %
ALL Tu e. Mzu rhcR3 t

t: >< . Ax = o s L,2 3 A.T. , c4 u-

/ y

Z
,

Ay = . o4 L4 * l sT. C O O d M(1 g
/

x g 5'~r r$ p -Han o n 8 . m u s s.n
,,

~ 1 ' .... > "C 2u .f
..P '

.. .

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
1

Joint D load Torce X 0.7 Metn

LOADING CONDITION 2
'

Joint A displaced Y -0.8 cm

| Joint.B displaced Y -0.3 cm

i

LOADING CONDITION 3
-

!

Joint A displaced x -0.2 cm

i
.

l

l

t

i

- _ _ , _ _ _ _._
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3A.S.2.3

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

PROBLEM NO. 3

i.

A foundation mat was analyzed using finite element capability of
' STRUDL,.for a variety of loading combinations. A compatison 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-STRlGL, a computer prograu 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.

,

1

i

o

e - ,m,* r e=-- . .- e, - .-a e-- e vm n, ,,m-,-- e-w - - , - - -y , - ,
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t 3A.S.2.4
1

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.

o

,

I

l
!

#

;

!

i

1

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

1

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, JA.5-10, and 3A.5-11 for comparison between the results
obtained from STRUDL & GT-STRUDL.

|
|

r

}

<
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- TABLE: 3A.5-1 1* '

|

7 INSERT HERE - '

EICEN VALUES *:
.

A "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 99.33
'

3 223.2 223.37 223,38

4 396.8 396.39 396.40

.

* Note: For comparison purpose, the results of four modes are tabdlated.
'

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

f *
,

Comparison of Eigen Values from Theoretical results.

? >STRUDL Results and GT-STRUDL Results @roblem #1) K

i
.

$

.-

,
-

,

d

.

4

0

.

A m*

.

-. - - - - - - , , , + -- .w-- - - , -
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TABLES: 3A.5-2*
. .

, COMPARISON OF EIGEN VECTORS FROM 'STRUDL' & 'GT-STRUDL'
- . -

.
.

,

(Problem #1)

EIGEN VECTORS:

Joint Y-Diso.
STRUDL GT-STRUDL'

,

1 0.0 0.0

M 2 .309 .309
3 .588 .588

'

O 4 .809 .809
D 5 .951 .951

6 1.000 . 1.000
E 7 .951 .951

8 .809 .809
I .588 .5889

10 .309 .309
11 0.0 0.0

I
1 0.000 0.000

M 2 .618 .618
0 3

"

1.0dO'
~ ~ ' ~1.000~- - - - --

4 1.000 1.000
- D

5 .618 .618
# E 6 0.000 0.000~

7 .618 .618
8 -1.000 -1.000

2 9 -1.000 -1.000
10 .618 .618
11 , 0.000 0.000

M -0.b .b2
0 3 .951 .951

4 .309 .309
D 5 0.588 .588.

E 6 !.000 1.0
.5887 .588 -

'

8 .309 .30 9
3 .951 .9519

10 .809 .809
11 0.0 0.0

_

1 0.0 0.0
N

2 1.0 -1.0

0 3 .618 .618
4 .618 .618

D
5 -1.0 1.0

E 6 'O.000 .00
7 1.0 -1.0

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 NEMBER FORCES FROM STRUDL AND CT-STRUDL
.

,

COMPUTER RUNS FOR DIFFERENT . LOADING COMDITIONS

. (Problem #2) __ -
4

,

Member Loading Joint STRUDL CT-STRUDL
Condition

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

AXIAL SHEAR Y MOM Z AXIAL SHEAR Y MO ,

... .. _ . . .. . . .
.

AD 1 A 1652.25 -237.33 -7958.75 1652.25 -237.33 -7958
,

D -1652.25 237.33 -20071.84 -1652.25 237.33 -2007'1-

2 A -583.75 , -675.01 -104030.94 -583.75 -675.01 -10403'

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 -1480.59 6706

-- -- .. . - - - . . . . . . .. .. .

* A
1 D 1780.56 1652.25 20071.84 1780.56 1652.25 2007

DE
4

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 -4464

3 D -1480.59 -694.20 .-67060.81 -1480.59 -694.20 -6706

E- 1480.59 694.20 -14930.68 1480.59 694.20 -1493*

.

.

.

O .

:

I

.

D g .. *

.

t

. . ..______,,-,--.,.-__m._ . , _ . - - _ . _ - - - , _ , _ . _ - , . . , . , _ _ . . . , . - _ . . . . _ , _ . _ , - . . _ _ , _ . _ . - _ . . .
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TABLE - 3A.5-3 (continued) -

.

Member Loading Joint STRUDL - GT-STRUDL
Condit' ion

AIIAL SHEAR Y MDM Z AXIAL SEutY MOM '

BE 1 B 4 5. 28 171.16 0.0 45.29 171.16 0.1

'

E -45.28 -171.16 20215.80 -45.29 -171.16 20215.
,

3 286.70 377.96 .01 286.70 377.96 0.0-

286.70 -377.96 44640.8-E -286.70 -377.96 44640.70 -

3 5 2301.20 126.41 0.00 2301.20 126.41 0.0t

E -2301.20 -126.41 14930.65 -2301.20 -126.41 14930.7.
:

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

_

*
ps ,

EC 1 E 2276.03 0.0 0.0 2276.04 0.0 0.0

C. -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

C -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

|:.
.

" . . .s

. .

_. ~ , , , , . . . , - - ,e, , - - . - . . -- . , _ . ,,.... .-~ ..-, -,, -r - __-_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _
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TABLE 3A. 5-4.

THE JOINT LOADS (AT SUPPORTS) FROM
STRUDL AND CT-STRUDL COMPIRER RUNS

FOR DIFFERENT LOADING CONDITIONS
~'

'

(Problem #2)
.

Joint Loadina STRUDL CT-STRUDL

X FORCE Y FORCE Z MOM DORCY'. Y FORCE Z HOM
,

.

A 1 237.33 1652.25 -7958.75 237.33 1652.25 -7958.75

2 675.01 -583.35 -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 -[77.96 286.70 -d . 0'1 -377.96~ -"1286.70 - ~~- 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
:

~ -297.05 297.05 0. 0' -297.05 297.05 0.002

3 1607.00 -1607.00 0.0 1607.00 -1607.00 0.00 j

: -
, .

.

.

.

.

S

E
e. A

.

7 , _w , , _ - _ _ - - - _ , , ,.-. w- _ . - - . , . . - _ , _ . . _ _ . . , _ , _ . . . - - + - - _ . . -- --
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TABLE 3A.5-5 .'.
.,

,

. COMPARISON OF ELEMENT (Randomly Selected) STRESSES (Problem #3) '..
~

,

NODE | Mxx Myy Mxy Vxx Vyy
IELEMElfr.

.

7STRIJDL CT CT CT CT CT
*

"

STRilDL STRIIDL STRtJDL STRtIDL STRilDL STRifDL STRilDL STRIJDL STRilDL
*

; *

!-

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 -8.756I'

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 3.6184

1

; 6 -2.145 -2.146 -16.671 -16.678 13.396 13.400 -0.595 -0.597 .158 .158
i 7 -2.876 -2.879 -19.390 -19.409 10.630 10.635 -0.595 -0.597 .916 .9246

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 !
'

'

12 -15.984 -15.983 7.190 7.180 13.283 13.285 1.027 1.026 -9.953 -9.94810
20 -74.387 -74.369 -3.683 -3.6'2 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 94,74'3 94.475 -15.849 -15.844 .332 .335
19 -56.181 -56.179 -5.239 -5.250 71.624 71.624 -15.849 -15.844 -9.083 -9.07816
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 !.

.

4

i
'

25 -2.301 -2.323 56.058 56.053 74.477 74 481 -3.966 -3.962 -1.428 -1.429
| 26 0.446 0.451 33.162 33.148 71.634 71.637 -3.966 -3.962 -2.312 -2.30522

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
! 52 -113.469 -113.472 -1.815 -1.825 26.628 26 629 6.244 6.243 -1.319 -1.31445'

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;

3 ,.

I
,

e

.

4. .
; ,

'
. __ , _ - r _-
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CONTINUED TABLE 3A.S.5 ,(*
.

*

COMPARISON OF ELEMENT .(Rardomly Selected) STRESSES -

,

' ' Mxx Myy Mxy Vxx Vyy
'

ELEMENT | NODE
CT GT- CT GT Cr

,

STRUDL STRUDL STRUDL STRUDLSTRUDL STRUDL STRUDL STRUDL STRUDL STRUDL .

!

!59 -144.756 I '-144.773 -2.047 -2.055 ' 24.031 24.030 i 3.874 i 3.879 2.303 2.305
4

I
;. ' 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 i 24.111 -2.034 -2.030 -2.621 -2.620"
.,

67 -129.535 -129.548 -1.240 -1.237 25.483 25.482 -2.034 | -2.030 2.303 2.3051

'68 -130.197 | -130.198 2.811 2.810 22.296 22.298 i 22.805
60 69 -20.373 i -20.368 25.257 25.246 11.012 11.013 22.805 "|

22.805 -4.389 -4.388
' '

22.805 5.429 5.433
77 -19.106 ! -19.097 61.775 61.791 34.229 34.230 34.586 34.591 5.429 5.433

'
76 -157.545 | -157.548 .386 j .384 45.512 45.514 34.586 34.591 -4.389 -4.388

77 -24.513 I -24.517 54.034 i 54.028 35.968 35.968 14.908 14.911 .413 .414*

| 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 i 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 !

i

l

1.185 1.190 7.587 7.593 !91 ! -36.410 ! -36.423 2.194 2.186 30.708 30.708 -
,

80 92 -35.756 1 -35.747 8.412 8.413 65.545 .65.546 1.185 i 1.190 6.573 6.572
.424 6.573 6.5728.342 .69.355 69.356 ? .424i 100 -7.093 -7.089 8.341 ;

*

99 -4.321 -4.324 3.110 l 3.117 j34.518 '34.518 .424 ' .424 7.587 7.593-

;
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Enclosure 2 (cont'd.) Pg. 24'of-33
, ,,

TABLE 3A.5-8 .

'
'

. COMPARISON OF RESULTANT JOINT LOADS - SUPPORTS (Problem #4)
~

# **

.

(CLOBAL) .
,

.

~

JOINT X FORCE Y FORCE Z FORCE X MON Y ff0M Z MOM

STRUDL CTSTRUDL STRUDL GTSTRUDL . STRUDL GTSTRUDL [ STRUDL CTSTRUDL STRUDL GTSTRUDL STRUDL CTSTRUDL

t i,

1" , 0.0 0.0 0.0 0.0 . 953 .953 | 0.0 0.0 0.0 0.0 0.0 ) 0.0
I
. . ,

! I
'

-

|0.0 ,' 1.885 1.885 0.0 -0.0 0.0 0.0 0.0 0.05 0.0 0.0 0.0 ;

I , ,

9 | 0.0 0.0 0.0 g 0.0 1.536 | 1.536 0.0 0.0 ' O.0 0.0 0.0 O.0
|'' i :

12 0.0 0.0 0.0 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 0.0 0.0 0.0 0.0 0.0;
' *

i-
. '

45 ! 0.0 0.0 0.0 0.0 1.885 1.885 0.0 0.0 O.0 0.0 0.0 r 0.0
t i I-

|49 0.0 0.0 0.0 0.0 1.536 ' 1.536 0.0 0.0 ! 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 0.0

1

.

I

9

!

.

' . '
t

, ~

h



Enclosure 2 (cont'd.) pg. 25 of 33
. . .-

TABLE 3A.5-9i . .
, ,

', . -

*

COMPARISON OF EIGEN VALUES, FREQUENCIES AND PERIODS
. . .

(Problen: #5) .
-

.

1
s

y . -- . . . . . . . .

o .

'
.

.

--

---- m s.w t ------ ------ - .s n .; D - -- ---
~~ -

McQE----. --mtw nug-- eem unmem m t T!NE tMT/ CYCLE I
' _

. sTRUDT. ' bCTaSTRUDL_ STRUDT |GT-STRUDL __8RhDT. 5,CT-STRUDL. d
-

1 1.7911230 01 1.7911710+03 6.7357030 00 6.7357910 00 1.4346260-01 1*4846070-03,2 1.8925*>50 03 .1 AqssoAn.es 6.9238163 40 A 9?tetMn.hs 1.4442900-01 1 ***stan e
3 1.9256330 03'. 1.9257150 03 - -6.9341340 00 6.984191D*0t- 1.4318170-01 1.431805D-01

"
--

o 4 1.9351173 03 1.93mi4mn.a3 7.0066450 00 7 ec6702n.00 1.4272170-01 1.427205n-n15 1.9474530 03I I.9474850*03 7.0235010 00 7.0235560 00 1.423791D-01 1.4237800-01
~

.- 6 1.9490310 03%9 ' * 0 4 m o 3 .--7.0063460 00 7.e2A4059*SS 1.4:32150-01 1. 4 2 ' ? O M - 91 * * - ~

7 1.9494540 03- -1.9494860+03 7.0271050 00 7.0271660+00 1.4230600-01 1.4230490-01*

8 1.9499090 03- -1.96a94en.n3 7.0279:7D 00 7.e279aag.00 1.42:3950-01 1.422*A3D-61
9 2.8949550 03-~2.895024D+03 8.5632970 00 8.5634000+00 1.1677750-01 1.1677600-01 ~-

---

10 2.9351170 03 2.9551AAD g3 3.6224933 00 a.622597D*00 1.1597570-01 1.1597430-0111 2.9351170 03 2.9351880+03 8.62:4933 00 8.622597D*00 1.1597570-01 1 159743D-0I
12 3.5667430 03 3 Mann'AN.61. 9.5050860 00 9.somsten.ee 1.05:06SD-01 1.D*?9*90-01 -- -- - - - -

. . .

13 3.9414330 03 3.9415420 03 9.9913360 00 9.9920180 00 1.00031:3-0: 1.0007990-01
14 8.7323670 03 A 719 A S M.g 3 1.487 57D 01 1 4 A M 7 7'1 * 01 6.7237360-02 A 79SA9An-SS

.. 15 1.3457670 04 1.3457930*04 1.84631:0 01 1 8463300 01 5.416204D-02 5.4161510-02 - - - - - - - - -

16 1.3464190 04 1.3464 se.o. 1.846759D 01 1.8467773 01 5.4145920-02 s.414a390-02
17 1.346597D 04 1.346623D+0, 1.8468S10 01 1.8468990*01 5.4145343-02 p 4144810-02

' ... 18 2.573:370 04 2.57'31*c.e. 2.5530540 01 2.*5?So25 01 3.9163770-02 - 516 1%-02 _ - . . _ _ . - -

19 2.6503930 04 2.6504630+0, 2.5910470 01 2.5910810+01 3.8594443-0: 3.8593930-02
1 20 2.7457713 04 2.'9"S*D*a4 2.637256D 01 2.6372960+et 3.7913200-0: 3.791763D-02

21 3.1771053 04 3 177167D+04 2.8368473 41 2 8368750 01 3.5250400-0: 3.5250060-02..- . . - - . - - - - - -
4 i 22 3.248699D 04 3.24R7620 0a 2.868632D 01 2.t6966aa.01 3.43595:D-0: 3.48*9*eo-02

1 23 3.5258453 04 3.5259160 04 2.983439D 01 2.9885200 01 3.346172D-0 3.3461380-02
i..,- 24 3.9539620 04 3.95*S660*0* 3.1647250 01 3.1647690 01 3.1595 90-02,3.1**7990-02 - - - ..... .----

25 5.1708760 04 5 1710010+04 3.6191133 01 2.7631080-0 _2.7630740-02
26 5.5929493 04 S.3 3e0+04- 3.7639:00 01 bNbbN1 2.656SO40-02 2.656773D-02
27 5.5929490 04 5.5930580*04 3.76392:3 01 3.7639580*01 2.6565040-c: 2.6567780-02
28 5.9599630 04 5.9601650+0* 3.8254623 01 3.8855210 01 0.5736 97D-0 2.5736570-02
29 6.538255D 04 6.5384280+04 4.0695940 c1 4.0696483+01 2.457:4SD-0: 2.457215D-0230 8.2065290 04 8.2567580*0* 4.5593100.01 4.559362D+01 2.1933110-0 2.1932830-02 . . . . . . - _ - -

'
I *

. .

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

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

.

. - - . s . . . . . . . . . . - . . . .

I
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TABLE 3A.5-10'*
<

COMPARISON OF EIGENVECTORS
FOR FEW RAND (DiLY SELECTED MODES AND JOINTS

~

(Problem #5)

EIGENVECTORS (GLOBAL)

MODE , JOINT I-DISPL Z-DISPL
GT GT

STRUDL STRUDL STRUDL STRUDL''

.

1 0.0 0.0 0.0 0.0'

2- 0.721
'

.721 0.000 0.000
1

13 0.721 .721 0.000' O.000

23 1.00 -1.00 0.000 0.000*

43 0.999 -0.999 0.000 0.000

1 0.0 0.0 0.0 0.0

.00092 0.000 0.000 .0009
,

6
13 0.000 0.000 .0014 .0014

-

23 0.000 0.000 .567 .567

43 0.000 0.000 .0005 .0005

1 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

*
.

e

A e*

e

e
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. 6* 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. '*

JOINTS TYPE STRUDL GT-STRUDL STRUDL GT-STRUDL STRUDL ; GT-STRUDL ,

f0.000 .000 .00099 .00099 ;"RMS 0.000 0.000
"

.
ABS SUM 0 000 0.000 .000 .000 00213 I.00212.

CSM 0.000 0.000 .000 .000 .00117 .00116
J *

_

.-RMS 0.000 0.000 0.000 0.000 0105 j .0104.

15 ABS SUM 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 '.~0 44 9' .0449
*

- CSM 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.

CSM, 0.000 , 0.000 0.000 0.000 0287 .292. .

RMS Root Mean Square=

ABS SUM Absolute Sum=

CSM Closely Spaced Mode=

!

-

h 6 *

1
1

--
-

~ . - -
. ___ _

"*'*h 6- y
_
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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 seri'es 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-applied 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.

[Ib 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 ara directly

integrated, using either the Newmark or Wilson implicit

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"

i

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.
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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 probler.s. The program may also consider
subcooled 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 program 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 too large.

Since the original program was developed, subsequent
versions have evolved to solve larger and more complex
problems (1,a,a,*,s,s),

LION is a recognized program in the public domain and hasjse-
been used extensively.,

.

INSERT "A"

{
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|
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3A.15 NUPIPE

NUPIPE was developed by the Nuclear Services Corporation and
is fully documented. The SSN version of NUPIPE used differsslightly' from the public domain program NUPIPE in the
postprocessing of the analytical results.

NUPIPE performs a linear elastic analysis ofthree-dimensional piping systems subjected to thermal,
.static,and dynamic loads. It utilizes the finite-element'

method of analysis with special features incorporated toaccommodate specific requirements in piping analysis. In
addition, it checks analytical conformance to ASME

,

-

Section III and ANSI B31.1. 0. This program accepts the
complete geometric and physical description of the piping
system, provides a complete error and coordinate check for
the inputs and computes internal forces and moments,,

support and equipment reactions, and displacements andstress values for a variety of loading cases .
NUPIPE has been verified with ADLPIPEcas 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 comparison is presented in
Fig. 3A.15-1.

The comparison is also made with ASME Benchmark solution for
force time-history dynamic responseca). The model used for
this ccmparison is shown on Fig. 3A.15-2. The results for
comparisons are presented in the form of plots on
Fig. 3A.15-2. The natural frequencies are given inTable.3A.15-8.

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; Including Summer 1972
Addenda.

2. American Society of Mechanical Engineers. Pressure
vessel and Piping; 1972 Computer Programs verification.
Problem No. 5.

3. Arthur D. Little, Inc. 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.) .
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\ 3A.25 ANSYS

The ANSYS ' engineering 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 been 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; plastic, 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 upon

finite element idealization, is employed throughout the

program. The library of finite elements availab3- contains
more than 30 elements for static and dynamic antlyses and
more than 10 for heat transfer and fluid flow analyses.
This variety of elements gives the ANSYS program the
capability of analyzing frame structures (two-dimensional
frames, grids, and three-dimensional f rames) , piping
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.
.

I
.

This computer program is considered verified by constant use and by the
vendor's original documentation and qualification.

3A.25-1
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/''% QUESTION 210.62 (3.9.2)d
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 list 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 list 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:

f''y a. Reactor pressure vessel level indicator
'

i'''! instrumentation lines (used for monitoring both
steam and water levels).

i b. Main steam instrumentation lines for monitoring
| main steam flow (used to actuate main steam

'

isolation valves during high steam flow).
L

c. Reactor core isolation cooling (RCIC)
instrumentation lines on the RCIC steam line

|
outside containment (used to monitor high steam

'

flow and actuate isolation).
d. Control rod drive lines inside containment (not ,

normally pressurized but required for scram).

j RESPONSE

l
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 Mill he
is provided by Deccatcr 1002. in Section 3.9.2.1.2A.

m,

| l' \ Amendment 7 Q&R 3.9-23 February 1983
L)\

.
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() 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 Preoperational Vibration Testing

Safety-related piping systems designated as Class 1, 2, or 3
are designed in accordance with ASME Section III. Each C

system is designed to withstand dynamic leadings from
operational transient conditions that are encountered during
expected 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 vibration meter on the following
high energy systems located in seismic category I
structures:

! 1. Feactor recirculation system

2. Residual heat removal system

3. High pressure core spray system

(''} 4. Low prescure core spray system
V

5. Reactor core isolation cooling system

| 6. Feedwater system

7. Condensate system
,

L 8. Other piping systems which have exhibited
significant vibraticn response based 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 inspections are performed on these
systems with emphasis placed on vents, drains, -and branch
piping. Determining vibration response is the objective of

" *
INSERT

3.9. 2.1.3A Preoperational Thermal Expansion Testing

Preoperational tests for BWRs are conducted near ambient
conditions; therefore, thermal expansion testing during the
preoperational test phase is very limited.

(O) 3.9A-7

_ _
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BOP steady-state vibration testing consists of two separate testing
phases. Phase I . testing consists of visual screening of ASME Class 1,
2, and 3, and selected high and moderate energy piping systems at J

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)S,7 for carbon steel piping and (0.6)S,7 for stainless steel
piping.

~ Phase II 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 is 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, 11 and III 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.

,

k.
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|

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 mor.itoring 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'INP0 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.
l

RESPONSE

BWR/4 and BWR/S reactors now in service provide the basis
for the predic. tion 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

(."|a% -
_

,.

s .



)

Enclosure 4~(cont'd.) 2 of 3 i

i

RBS FSAR l

of-a-kind reactor internals configuration *, in accordance '

with guidelines of Regulatory Guide 1.20 for prototype
reactor internals. These programs are conducted in the
prototype plants in three phases, described as follows:

1. Freoperational Tests Prior to 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, plus 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 106 cycles of vibration
at the anticipated dominant response frequency and
at the maximum response amplitudes. Vibration
measurements are obtained during this' test, and a
close visual inspection of internals is conducted .

before and after the test.
:

( 2. Precritical Testing with Fuel. This vibration
' measurement series is conducted with the reactor

assembly complete but prior to reactor 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.
Previous vibration measurements in BWRs* have shown
that the fuel cdds damping and reduces vibration
amplitudes of major internal structures. Thus, the
first test series (without fuel) is a conservative
evaluation of the vibration levels of these

'

structures.

3. 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 NEDO-24057 (Class I) , Assess-
ment of Reactor Internals Vibration in BWR/4 and BWR/5 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

.h,.Measurements, July 1982. ..

3.9B-46 7'
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$"N! 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 to 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 pump riser braces, bending and extension strains
Jet pump diffuser, bending strain

'

control rod drive housings, bending strain
Incore housings, bending strain,

Core spray internal piping, bending strain'

In addition to the above components, vibration of the core
spray sparger is measured during preoperational testing of
that system at the designated prototype 218 size BWR/6

h.gg3s. plant. In 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 component dynamic analyses.
Comparison of measured 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 visual inspections conducted prior to and following
preoperational testing are for the purpose of detecting
evidence of vibration, wear, or loose parts.. At the
completion of preoperational testing, the reactor vessel

|

*NEDE-24057-P (Class III) and NEDO-24057 (Class I) , Assess-
ment of Reactor Internals Vibration in BWR/4 and BWR/S Plants,

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

June 1979.) NEDE-22146 (Class III), Kuosheng-1 Reactor Intervals Vibration
g;', Measurements, July 1982.

,

~ 3.9B-47
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. i.!s, . QUESTION 210.5 (3.9A)
r. .

Provide the missing information mentioned in Tables 3.9A-5,

| 3.9A-10, and 3.9A-11 or provide a schedule for submittal of
the information.

,

RESPONSE

The information required to complete Tables 3.9A-5, 3.9A-10,
and 3.9A-11 in net 2' fail 2hle. There qu211 fir 2tirn prr;r2mr
ere er;^ing ?"d the information '-?i ll Myrr'fided 2r it -

hererrr 212il2hl?- will be provided during July 1984.

|

'.%
,'

t

.

'

/.-).'{;., Amendment 1 -Q&R 3.9-1 October 1981
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_
. .-

i- , ,,



,

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

r

Enclosure 6 1 of 1

RBS FSAR

! QUESTION 210.15 (3.9.3.3A)

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

RESPONSE

* - re-"It- of there trily::: 3111 b: pr:cid:d ir. 10S2.

In reviewing Section 3.9.3.3A, no mention of missing anhlyses is found.

.

9

'

,.'7'
. .. . - . ~ - . ..

.

. . . - Ober 1981
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QUESTION 210.43 (3.6A)

Tables 3.6A-1 through 3.6A-ll - Please provide a schedule
for completion of the stress analyses and updating of these
tables. Will cumulative usage factors be limited to less
than 1.07

RESPONSE ..

The stress analyses is updated in Tables 3.6A-1 through
3.6A-11. ill 5: :: ;1et d t- Occrrher 1992. As noted in re- -

vised Section 3.6.2.5A, cumulative usage factors are limited
to less than 1.0. . The analysis is scheduled for completion in the
third quartcr 1984.

|-

.

Amendment 7 Q&R 3. 6-16 February 1983
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TAtt# 3.6A-1

SUMMARY OF STRESSES IN NIGN-ENERGY ASNE CLASS 1 PIPIPS

MAIN STEAM SYSTEM - INSIDE CONTAIINSENT - 1.00P A

Maximum Stress
Locatton paneet 8 8 . Ctamulative Pipe Break

Break Elevation Arimuth r Eq.12 Eq.13 Osage Stress Limit Description of ,

Poitit, _ tit-int _ jdy}, tf t-1 it, (psil (psil Factorces 2.4 Sm (psil Break Points Dreak Type |
_ |

, '

1A 155-0 1/2 72 11-10 1/2 14,000 19,740 0.0060 42,210 TP CS ,

SA 155-0 1/2 72 14-6 57,150 20,950 0.5832 42,210 IP (Eltoul CS S ES

10A 152-0 1/2 72 17-6 46,420 19,110 d.2699 42,210 IP (Elbow) CS S LB

25A 132-4 3/4 72 17-6 10,500 35,910 0.0972 42,210 IP (Ethowl CS S LE

Jng 12943/4 61 17-9 14.560 37,760 0.1090 42,210 IP (Elbow) CB S LB

;8A 130-10 3/4 51 19-0 19,900 32,070 9.4632 42,210 TP Cs

42A 130 - 10 ? s 20-0 18,430 31,710 9.3409 42,210 TP C3

60A 129-0 7/16 t 25-0 7,190 19,110 0.0023 42,210 TP Cs

38A-1 130-5 1/2 51 19-0 30,350 48,750 0.062 42,210 TP Cs

42A-1 130-4 3/4 34.5 20-0 28,220 47,680 9.625 42,210 TP Cs
, _

~ Ctdtet af W
*

:

N* IF \g' (yg) g4- - - - .

r/ww 4 .im.1k
I

Rey: IP = Intermediate point
TP = Terminal point fp,CB = Circumferential break *

LB = Longitudinal break

c pStresses were calculated in accordance with equations 12 and 13 of ASME section III,
paragraphs NS-3653.6(a) and NB-3653.6(b) , respectively. Cumelative usage factors were calculated
in accordance with ASME Section III, subarticle NB-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. 3.6A-12.

The data in thin table are preliminary for main steam Loop A, 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 ug:on completion of the Class 1 analysis.

Reference: 12210-AX-2G-1
'

.

1
i
'

L- _ _ _
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! TABLE 3.6A-2

! SURRARY OF STRESSES IN HIGH-:.EERGT AS!!! CLASS 1 PIPIEG
2

i BAIN STEAR SYSTER - INSIDE CONTAIN5ENT - LOOP B

naximus
Lggatiga stress 33ggg13)_ Cumulative Pipe Break

Braak Elevation Azimuth r Eq.12 Eq.13 Osage Stress Limit Description of

Enlat - lit-int liest lit-int lasit lasit Zas19till 2 4 Sa insit REtaLEelats__ Ritah_IInt -

1.23|H
IB 155-0 1/2 252 11-10.1/2 12,010 20,770 0.0053 42,210 TP CB

1.24SB 155-0 1/2 252 14-6 45,730 22,850 0.0455 42,210 IP (Elbow) CB & LB
30B 132-1 19/64 256 22-0 12,940 36,950 0.1059 42,210 IP (Elbou) CB & LB 1.25

j 35B 129 -6 1/3 264.5 23-8 15,330 40,840 0.1157 42,210 IP (Elbow) CB 6 LS 1.26
37B 131-1 1/4 272 23-6 23,470 27,750 0.8866 42,210 TP CB 1.27
388 131-0 1/4 278 23-9 20,390 27,610 0.5175 42,210 TP CB 1.28'

39B 130-11 3/4 284 24-4 18,360 27,830 0.3403 42,210 TP CB 1.29'

47B 130-11 1/8 297 25-6 24,130 27,340 0.9763 42,210 TP CB 1.30
42,210 TP CB 1.3148B 130-11 302 25-5 - - -

| 70B 129-0 5/8 337 28-0 7,690 19,690 0.0019 42,210 TP CB 1.32
378-1 130-8 272 23-6 36,190 42,380 2.106 42,210 TP CB 1.33
38B-1 130 -7 278 23-9 31,410 38,540 1.449 42,210 TP CB 1.34
398-1 1 30 - 6 1/2 284 24-4 21,180 36,270 1.193 42,210 TP CB 1.35
478-1 130-5 7/8 297 25-6 36,940 42,930 2.234 42,210 TP CB 1.36
488-1 130-5 3/4 302 25-5 41,410 46,360 3.189 42,210 TP CB 1.37

i
1.39-

j EgI: IP = Intermediate point 1.41

TP = Terminal point 1.42
CB = Circumferential break 1.43
LB = Longitudinal break 1.44

(13 Stresses were calculated in accordance with equations 12 and 13 of ASnB Section III, 1.46
3 paragraphs NB-3653.6 (a) and NB-3653.6 (b), respectively. Cumulative usage factors were 1.47

calculated in accordance with ASME Section III, subarticle NB-3650. 1.48

NOTES: See Fig. 3.6A-14 for break locations. 1.50

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

1.53the break locations shown in Fig. 3.6A-14. The ref erence coordinate system is shown la Table 3.6A-1.

The data in this table are preliminary for Main Stean-Loop B, but have been 1.55
provided as a typical example of a completed stress summary, including notes, for class 1 1.56
high-energy piping. This table vill be updated as required upon completion of the 1.57
Class 1 analysis. 1.58

Reference: 12210- AI-2F- 1 2.2
4

Acendment 11 January 1984

ch 12210f-11g i 12/13/83 155
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TABLE 3.6A-3

SUMMARY OF STRESSES IN HIGH-ENERGY ASME CLASS 1 PIPING

MAIN STEAN SYSTER - INSIDE CONTAINMENT - LOOP C

Maximum Stress
Lggation _ ganget*3 Cu mulative Pipe Break

Break _._ Elevation Azimuth r EQ.12 E0.13 Osage Stress Limit Description of
Egini Rt:ial Rest lil-int lesit legit Zactorus 2,.4_IndEs1L Bttak._Eginis _ IL.11]LlIER

1.47|01C 155-0 1/2 108 11-10 1/2 12,010 20,770 0.0053 42,210 TP CB
$C 155-0 1/2 108 14-6 45,730 22,850 0.0455 42,210 IP (Elbow) CB & LB 1.48
30C 132-1 19/64 104 22-0 12,940 36,950 0.1059 42,210 IP (El bo w) CB & LB 1.49
35C 129-6 1/8 95.5 23-8 15,330 40,840 0.1157 42,210 IP (Elbow) CB & LB 1.50
37C 131-1 1/4 88.1 23-6 23,470 27,750 0.8866 42,210 TP CB 1.51
38C 131-0 1/4 82.1 23-9 20,390 27,610 0.5175 42,210 TP CB 1.52
39C 130-11 3/4 76.2 24-4 18,360 27,830 0.3403 42,210 TP CB 1.53

- - - 42,210 TP s CB 1.5440C 130-11 1/2 70.6 25-0
47C 130-11 1/8 63 25-6 24,130 27,340 0.9763 42,210 TP CB 1.55

- - - 42,210 TP CB 1.564C 130-11 58 25-5
70C 129-0 5/8 23 28-0 7,690 19,690 0.0019 42,210 TP CB 1.57
37C-1 130-8 88.1 23-6 36,190 42,380 2.106 42,210 TP CB 1.58

38C-1 130-7 82.2 23-9 31,410 38,590 1.449 42,210 TP CB 2.1

39C-1 130-6 1/2 76 24-4 21,180 36,270 1.193 42,210 TP CB 2.2
EOC-1 130-6 1/4 71 25-0 - - - 41,210 TP CB 2.3

.

EgI: IP - Intermediate point
TP - Terminal point
CB - Circumferential break
LB - Longitudinal break

(* 3 Stresses 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 ASSE Section III, subarticle NB-3650.

NOTES: See Fig. 3.64-13 for breat locations.

The data presented in this table were used in conjunction with Section 3.6.21
to determine the break locations shown in Fig. 3.61-13. The reference coordinate

U
system is shown in Table 3.6A-1.

The data in this table are preliminary for Main Stean-Loop C, but have been provided as
a typical example of a completed stress summary, including notes, for Class I high-energy piping.
This table will be updated as required upon completion of the Class 1 analysis.

Reference: 12210-AI-2F-1

A3endment 11 January 1984
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TABLE 3.6A-3

SUNN ARY OF STRESSES IN HIGH-ENEEGY ASME CLASS 1 PIPING

MAIN STEAR SISTEN - INSIDE CONTAINNENT - LOOP C

Nazimus Stress
Lggation ___ggage(83 Cumulative Pipe Break

Break Elevation Azimuth r E0.12 EQ.13 Usage Stress Limit Description of
f21R1 lil-1BL jdegl Jft-int Jgg1L Jggil Egc12E11.3 2 d M E!11 EItt _f21Rt8 _ Bgggk E gek

_

47C-1 130-5 7/8 63 25-6 36,940 42,930 2.234 42,210 TP CB 2.4
48C-1 130-5 3/4 58 25-5 41,410 46,360 3.189 42,210 TP CB 2.5

.

.

EgI: IP - Intermediate point
TP - Terminal point
CB - Circumferential break
LB - Longitudinal break

(8 3 Stresses were calculated la 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 NB-3650.

NOTES: See Fig. 3.6A-13 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. 3.6 A-13. The reference coordinate
systes is shown in Table 3.61-1.

Tv e data in this table are preliminary for Main Stean-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.

Refe re nce: 12210-AI-2F-1

Are ndmen t 11 January 1984

ch12210f-11gh 12/13/83 155
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TABLE 3.6A-4

SussARY OF STEESSES IN HIGH-ENERGY ASME CLASS 1 PIPING

M AIN STEAN SYSTEM-INSIDE CONTAINMENT-LOOP D

Marinum Stress
19Enlion ___gaggett) Cumulative Pipe Break

Brask _____ Elevation Azimuth r Eq.12 Eq.13 Usage Stress Limit Description of

Reist lit-int 14est lit-int 12s11 leait Eact9E111 2tg_ Sat 1Efit BEtah_ggines BEtaL_IIEE

ID 155-0 1/2 288 11-10 1/2' 14,800 18,740 0.0068 42,210 TP CB 1.23

SD 155-0 1/2 288 14-6 57,150 20,950 0.5832 42,210 IP (Elbow) CB 5 LB 1.24

10D 152-0 1/2 288 17-6 46,420 19,110 0.2699 42,210 IP (Elbow) CB & LB 1.25

25D 132-0 288 17-6 10,580 35,910 0.0972 42,210 IP (Elbo w) CB 6 LB 1.26

30D 129-4 3/4 297.5 17-9 14,560 37,760 0.1098 42,210 IP (Elbow) CB & LB 1.27

38D 130-10 3/4 309 19 -0 19,900 32,070 0.4632 42,210 TP CB 1.28
-- - - 42,210 TP CB 1.29

39D 130-10 1/4 316 20-0
42D 130 -10 325.5 19-6 18,430 31,710 0.3409 42,210 TP CB 1.30 i

60D 126-0 7/16 352 25-0 7,190 19,110 0.0023 42,210 TP CB 1.31 |

38D-1 130-5 1/2 309 19-0 30,350 48,750 0.862 42,210 TP CB 1.32

1.33|WC2D-1 130-5 325.5 19-6 28,220 47.600 0.625 42,210 T8 CB
1.34

39D-1 130-5 316 20-0 - - - 42,210 TP CB

1.36

1.38
Key: IP = Intermediate point 1.39TP = Terminal point

CB = Circumferential break
' 1.40

1.41LB = Longitudinal break

ca3 Stresses were calculated in accordance with equations 12 and 13 of ASME Section III, 1.43

paragraphs NB-3653.6(a) and NB-3653.6(b) , respectively. Cumulative usage factors 1.44
1.45were calculated in accordance with ASME Section III,subarticle NB-3650.
1.47NOTES: See Fig. 3.6 A-14 for break locations.

1.49The data presented in this table were used in conjunction with section 3.6.2A to
determine the treak locations shown in Fig. 3.6 A-14. The reference coordinate systen 1.50

I1.51
is shown in Table 3.6A-1.

The data in this table are preliminary for Main Stean-Loop D, but have been provided as a 1.53
typical example of a completed stress summary, including notes, for class 1 high-energy piping. 1.54

1.55This table will be updated as required upon completion of the Class 1 analysis.
1.57

Reterence: 12210- AI-2G- 1
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1

TABLE 3.f A-4a

SUMMARY OF STRESSES IN HIGH-ENERGY ASME CLASS 1 PIPING

MAIN STEAR YENT SYSTEM

Martaus Stress Pipe Break
_

Lggalign Ragsgi13 Cumulative Stress Limit
Break Elevation Azimuth r EQ. 12 EQ. 13 Usage 2.4 Sm . Description of
221 3 lit-ial ldsst ift-int lesil_ lesit_ Eactor __, 12E11 _DEtal_22inis_ BEtal_IIRE

1 17 3 - 90 1- TP CB 1.38
,

0 15/16 3 13/16 1.39
2 173- 90 2- IP CB & LB 1.40

0 15/16 2 5/16 1.41

-| 3 173-1 3/8 90 2- IP CB 1.42
6 5/16 1.43

4 163-1 90 13-3 IP CB 1.44'

5 162-5 90 13-3 IP CB 1.45
6 156-11 90 13-3 IP CB 1.46
7 156-8 90 13-6 IP CB 1.47
8 156-8 90 15- IP CB 1.48

5 1/2 (LATER) 1.49
9 156-8 90 15- IP CB 1.50

10 1/2 1.51
10 156-8 90 16-3 3/4 IP CB 1.52
11 156-8 90 16-11 IP CB * 53.

12 156-8 99.5 20-6 IP CB s.54
13 156-8 101 20-6 IP CB 1.55
14 156-8 105 19-6 1P CB 1.56
15 156-5 106 19-3 IP CB 1.57

19 150-9 1/2 106 19-3 IP CB 1.58
20 150-6 1/2 105 19-6 IP CB 2.1
21 150-6 1/2 101 19-3 IP CB 2.2

i 22 15 0-6 1/2 99.5 20-6 IP CB 2.3
;
4

K:ay: IP = Intermediate point'

TP = Terminal point
CB = circumferential break

.

LB = Longitudinal break
!

(83 Stresses 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 NB-3650.

I

NOTES: See Fig. 3.6 A-3 3e f or 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
system is shown in Table 3.6A-1.

Aasndment 11 January 1984

'.
ch12210'f-11gf 12/13/83 155

.



_-- ---_ ._.

ENCLOSURE 7 (cont'd.) pg. 8 of 18

RBS FSLR

TABLE 3.61-ta

SU5HARY OF STRESSES IN HIGH-EMERGY ASME CLASS 1 PIPING

MAIN STEAR TE8T SYSTEM

Nazimum Stress Pipe Break
19GR119R EARge(8) Cumulative Stress Lim 4*

Brsck Elevation Azieuth r EQ. 12 EQ. 13 Usage 2.4Sm pescription of
E91!1 lfl-iBL 1429L jfi-iDL lEs1L_ Jgsil_ Eactor (Esil _ggeak Pointg_ RIggk_IIgg

3

23 150-6 1/2 90 16-9 IP CB 2.4,

24 150 3 1/2 90 16-6 IP CB 2.5
25 14 8- 9 1/2 90 16-6 IP CB 2.6
27 148-6 1/2 90 16-7 IP CH 2.7
29 148-6 1/2 84.5 16-8 IP CB 2.8

; 31 14 8- 6 1/2 82 16-10 (LATER) IP CB 2.9
33 148-6 1/2 76 17-0

_

TP CB 2.10'

33 156-8 90 15-6 IP CB 2.11
39 156-8 126 16-4 IP CB 2.12
41 156-5 126 16-5 IP CB 2.13

i 43 148-9 126 16-5 IP CB 2.14
i 45 148-6 126 16-4 IP CB 2.15.

,
47 14 8- 6 130 16-3 TP CB 2.16

4

.

4

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

(* ) Stresses were calculated in accordance with equations 12 and 13 of ASME Section III,
paragraphs NB-3653.6 (a) and NB-3653.6(b) , res pectively. Cumulative usage factors were calculated
in accordance with ASBE Section III, subartic1D NB-3650.

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

The data presented in this table were used in conjunction with Section 3.6.24 to
determine the break locations shown in Fig. 3.6A-33e. The reference coordinate

,

system is shown in Table 3.6A-1.

Aasadment 11 -
January 1984

'.

ch 12210f-11g f 12/13/83 155
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TABLE 3.61-5

SU554BY OF STRESSES IN HIGH-ENE.lGY AS5E CL ASSES 2 AND 3 PIPING

BAIN STEAR SYSTE8 - OUTSIDE CONTAIN5ENT - LOOP &

Pipe Break
LoSA112n _,ggxingg_siggg;gt a 3 Stress Limit

Break Elevation I Z Total Additive Stress 0.,8 (1.2Sp S,e ) Description of-
E9111 lil-1Bl 111-191 Jil-1Bl gg. 9 anL fg. 10 fEgil fagil REggk Pointg REeak Type

121A " 128-3 1/4 107-9 1/2 3-6 32,400 TP CB 1.42--

122A 128- 1 13/15 116-5 3-6 23,875 32,400 IP (Elbow) CB 1.43 '

1401 127-6 1/16 138-5 43-6 23,515 32,400 IP (Elbow) CB 1.44
168A 114-0 147-11 3-3 13,600 32,400 TP CB 1.45 13

4011 127-11 1/4 119-5 22-0 1/2 24,202 32,400 IP (Yalve) CB 1.46
402A 127-11 11/16 119-5 25-11 1/2' 27,968 32,400 IP (Talve) CB 1.47

CENTER OF RPV

CALLEO

NotfM ~h- . | : X (SOUTH)+ - -

.

ir

Z (WEST)
Key: IP = Intermediate point

TP = Terminal point
CB = circumferential break
LB = Longitudinal break

(13 Stresses were calculated in accordance with Equations 9 and 10 of ASRE Section III, paragraph NC*3652.
NOTES: See Fig. 3.6A-15 for break locations.

The data presented in this table were used in conjunction with Section 3.6.21 to determine
the break locations shown in Fig 3.6A-15.

~
. -

.-
._

; .. -- .
..

Reference: 12210-AI-2G-2

Arendmen t 11 January 1984
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TABLE 3.6A-6

SU58 ARY OF STRESSES IN HIGH-ENERGY ASME CLASSES 2 AND 3 PIPING

B AIN STEAN SYSTE8 - OUTSIDE CONTAINNENT - LOOP B

Pipe Break

L9CA11on __BAIiRER_11ggss(83 Stress Limit
Break Elevation I z Total Additive Stress 0.8 (1.25 Sh + S ) Description ofA

191B1 Ill-1Bl_ Mi-151 Mi-1BL ism._2_gg(_Eg. 10 (ggil (psil RIggk. Points RIggg_IIgg

32,400 TP CB 1.43348B 128 -3 1/4 '107-9 1/2 - ( 10-6) --

365B 121-7 11/32 118-7 13/32 -(10-6) 22,694 32,400 IP (Elbow) CB 1.44

370B 119-5 3/4 119-5 - ( 10-6 ) 22,759 32,400 IP (Elbow) CB 1.45
3758 117-11 1/8 119- 5 - ( 10-6) 21,967 32,400 IP (El bow) CB 1.46

4668 114 -0 147-11 - (9-9) '

22,663 32,400 IP (Elbow) CB 1.47425B 114-7 122-5 - (43-6)
10,070 32,400 TP CB 1.48 d

502B 114-11 1/8 119-5 - (31-0 1/2) 27,109 32,400 IP (Valve) CB 1.49
503B 114-10 4/16 119- 5 -(34-11 1/2) 25,983 32,400 IP (Valve) CB 1.50
3508 128-2 3/4 110-8 - ( 10 -6) 25,058 32,400 IP ( Elbow) CB 1.51
355B 127-4 5/32 112-9 19/32 -(10-6) 22,641 32,400 IP (El bow) CB 1.52
5068 114-9 3/4 119-5 -(21-8 7/8) 27,798 32,400 IP CB 1.53|

.

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

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

NOTES: See Fig. 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 Fig 3.6A-16. The reference coordinate system is shown in Table 3.6A-5.

-
-

.n ,_ , ;
-

,

-

:e

roference: 12210-AI-2F-2

Amendmen t 11 Janua ry 1984
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TABLE 3.6A-7

SUunARY OF STRESSES IN HIG8-EFERGY ASME CLASSES 2 AND 3 PIPING

BAIN STEAR SYSTEN - OUTSIDE CONTAINNENT - LOOP C

|

Pipe Break

L9GA11on __gggingg_Sigess(83 Stress Limit
S) Description ofBreak ___ Ele va tion I 2 Total Additive Stress 0. 8 (1. 2Skt 4

19191 _.lft:1RL .(11:1E1 _fitlRL ISs._9 and_]g. 10_(Egil (psil REggLPo ints EgggLZIge

32,400 TP CB 1.42
348C * 128-3 1/4 107-9 1/2 10-6 --

365C 121-7 11/32 118-7 13/32 10-6 21,861 32,400 IP (Elbow) CB 1.43
370C 119-5 3/4 119-5 10-6 22,160 32,400 IP (Elbow) CB 1.4g

375C 117-11 1/8 119-5 10-6 21,831 32,400 IP ( El bow) CB 1.45
420C 114-7 119-5 40-6 22,433 32,400 IP (Elbow) CB 1.46

425C 114-7 122-5 43-6 21,201 32,400 IP (Elbow) CB 1.47 d

466C 114-0 147-11 9-9 9,537 32,400 TP CB 1.48,

502C 114-11 1/8 119-5 31-0 1/2 25,286 32,400 IP (Talve) CB 1.49

503C 114-10 1/4 119-5 34-11 1/2 24,894 32,400 IP (Valve) CB 1.50
350C 128-2 3/4 110-8 10-6 23,758 32,400 IP (Elbow) CB 1.51
355C 127-4 5/32 112-9 19/32 10-6 21,785 32,400 IP (Elbov) CB 1.52

506C 114-11 1/4 119-5 19-5 3/4 25,178 32,400 IP CB 1.53

.

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

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

NOTES: See Fig. 3.61-15 for break locations. ,
,

The data presented in this table were used in conjunction with section 3.6.24 to determine
the break locations shown in Fig 3.6A-15. The reference coordinate system is shown in Table 3.6A-5.

-

~

,

Refe ren ce. 12210-AI-2F-2
January 1984

1:endmen t 11
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TABLE 3.61-8

Sua54RY OF STRESSES JN HIGH-ENERGY ASME CLASSES 2 AND 3 PIPING
-

BAIN STEAN SYSTEM - OUTSIDE CONTAINNENT - LOOP D

Pipe Break

L99til9B __f!!Ilm91_It ress ( a 3 Stress Limit
Break Elevation 1 Z Total Additive Stress 0.8 (1.25S + S ) Description ofh A

I E91B1 .lf1-int Mt-int Mt-int gg. 9 ggg_Lq. 10 fpgil (Egli greak .ggj, gig _,_ ggga W pe

32,400 TP CB 1.40121D # 128-3 1/4 107-9 1/2 - (3 - 6) --

122D 128-1 13/16 116-5 - (3- 6 ) 22,632 32,400 IP (Elbow) CB 1.41
123D 128-1 7/16 119-5 - (6-6) 20,133 32,400 IP (Elbow) CB 1.42
140D 127-6 1/16 138-5 - (4 3-6) 18,038 32,400 IP (Elbow) CB 1.43 |
168D 114-0 147-11 - (3- 3) 10,131 32,400 TP CB 1.44
(01D 127-11 1/4 119-5 -(22-0 1/2) 23,732 32,400 IP (Talve) CB 1.45
402D 127-11 11/16 119-5 -(25-11'1/2) 28,009 32,400 IP (Talve) CB 1.46

.

.

Egy: IP = Intermediate point
TP = Terminal point
CB = circumferential break 3'
LB = Longitudinal break

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

NOTES: See Fig. 3.61-16 for break locations.

The data presented in this table were used in conjunction with Section 3.6.21 to determine the
break locations shown in Fig. 3.61-16. The reference coordinate system is shown in Table 3.61-5.

.

'

. .. L . . -
,

. ~ - .;

Reference: 12210-AI-2G-2
~~

'- --

Acendmen t 11 January 1984
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TABLE 3.6A-9a

SUMMARY OF STRESSES IN BIGE-ENERGY ASME CLASS 1 PIPING
s

FEEDWATER SYSTEM - INSIDE CONTAI5 MENT

Marinus
19Gali2B _Sittgg_Ragge(t3 Cumulative Pipe Break

Break Elevation Azimuth r Eq.12 Eq.13 Usage Stress Limit Description of;
Poant JftdgL _Jdggt Jfi-int Jpgit jpgil Eggt o r( 13 h 4 M 231L REeak Points RI M Type'

1W * 142-3 1/2 135 12-0 3/16 11,530 25,380 0.0067 47,340 TP CB 1.24
35W 122-0 93.6 17-3 7/8 2,970 26,960 0.0948 47,340 IP CB & LB 1.25
60&W 122-0 32.08 20-4 1/16 50,950 49,610 0.4027 n47,340 IP CB S LB 1.26
60BU 122-0 27.75 19-6 7/16 50,950 49,610 0.4027 47,340 IP CB & LB 1.27
60CW 122-0 25.44 21-0 1/2 50,950 49,610 0.4027 47,340 IP CB & LB 1.28
70W 123-9 24.59 17-9 11/16 52,260 26,250 0.1211 54,180 IP CB 6 LB 1.29
80W 140-9 1/2 24.59 17-9 11/16 * 56,800 25,660 0.1223 54,180 IP CB & LB 1.30
85W 142-3 1/2 29.24 17-4 1/16 47,800 26,270 0.1088 54,180 IP CB S LB 1.31
90W 142-3 1/2 39.86 16-9 1/16 34,710 27,400 0.1067 54,180 IP CB & LB 1.32
95v 142-3 1/2 45 15-2 1/4 58,070 28,460 0.1202 54,180 IP CB & LB 1.33
100v 142-3 1/2 45 12-0 3/16 27,860 27,900 0.0418 54,180 TP CB 1.34
105W 122-0 20 22-3 3/4 8,730 56,100 0.7273 47,340 IP CB & LB 1.35
120W 122-0 11.7 24-2 5/8 7,920 53,730 0.7472 47,340 IP CB & LB 1.36
130W 122-0 7.5 26-4 13/16 21,330 24,320 0.0339 47,340 TP CB 1.37

1.39.

EgI: IP = Intermediate point 1.41
IP = Terminal point 1.42

, ,

CB = Circumferential break 1.43
LB = Longitudinal break 1.44

.

(a 3 Stresses were calculated in accordance with Equations 12 and 13 of ASHE Section III, 1.46
paragraphs NB-3653.6 (a) and NB-3 653.6 (b) , respectively. Cumulative usage f actors were 1.47'

calculated in accordance with ASME Section III, subarticle NB-3650. 1.48
,

i
NOTES: See Fig. 3.6 A-17 f or break locations. 1.50

The data presented in this table were used in conjunction' with Section 3.6.21 to determine 1.52
the break locations shown in Fig. 3.6A-17. The reference coordinate system is shown la Table 3.61-1. 1.53|d

~

~ ~ ~ 1.,.__ __.
- - - - -

- - - - - - 1.57-

-_.__

Refe rence : 12210- AI- 17 D- 1 2.1

A::end men t 11 January 1984j
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TABLE 3.61-9b

SUMMARY OF STRESSES IN HIGH-ENERGY ASME CLASS 1 PIPING

FEED WATER SYSTEM - INSIDE CONTAINMENT

Maximum 1.18

Break
---=- 19EAli2n _Sitgag_Raggg_ Cumulative Pipe Break 1.19;

Ele vation Azimuth r Eg.12 Eg.13 Usage Stress Limit Description of 1.20
29191 _lli-ikl__ _ldf9t_ lit-iRL JEHAL IEEll __figtor(8) 2t4SoLIEgiL_ _greak E2ints_ 3rggk,tIEt 1.21

1E 142-3 1/2 225 12-0 3/16 11,530 25,380 0.0067 47,340 TP CB 1.24
'

35E 122-0 266.4 17-3 7/8 2,970 26,960 0.0948 47,340 IP CB 5 LB 1.25
COLE 122-0 327.91 20-4 1/16 50,950 49,610 0.4027 47,340 IP CB & LB 1.26
60SE 122-0 332.25 19-6 7/16 50,950 49,610 0.4027 47,340 IP CB & LB 1.27
60CE 122-0 334.56 21-0 1/2 50,950 49,610 0.4027 47,340 IP CB 5 LB 1.28

70E 123-9 335.41 17-9 11/16 52/260 26,250 0.1211 54,180 IP CB 6 LB 1.29.

80E 140-9 1/2 335.41 17-9 11/16 56,880 25,660 0.1223 54,180 IP CB E LB 1.30
85E 142-3 1/2 330.76 17-4 1/16 47,800 26,270 0.1088 54,180 IP CB 6 LB 1.31
905 142-3 1/2 320.14 16-9 1/16 34,710 27,400 0.1067 54,180 IP CB & LB 1.32
95E 142-3 1/2 315 15-2 1/4 58,070 28,460 0.1202 54,180 IP CB 6 LB 1.33

100E 142-3 1/2 315 12-0 3/16 27,860 27,900 0.0418 54,180 TP CB 1.34
105E 122-0 340 22-3 3/4 8,730 56,100 0.7273 47,340 IP CB & LB 1.35

120E 122-0 348.3 24-2 5/8 7,920 53,730 0.7472 47,340 IP CB 5 LB 1.36
130E 122-0 352.5 26-4 13/16 21,330 24,320 0.0339 47,340 TP LB 1.37

1.39

EgIt IP = Intermediate point 1.42
TP = Terminal point 1.43
CB = Circumferential break . 1.44
LB = Longitudinal breat 1.45

(8) Stresses were calculated in accordance with equations 12 and 13 of ASME Section III, 1.49
; paragraphs NS-3653.6 (a) and NB-3653.6(b), respectively. Cumulative usage factors were calculated 1.50
; in accordance with AssE Section III, subarticle NB-3650, 1.51
!

NOTES: See Fig. 3.61- 17 for break locations. 1.54
!

The data presented in this table were used in conjunction with Section 3.6.2h to 1.56
; determine the break locations shown in Fig. 3.6A-17. The reference coordinate systes is shown la Table 3.6A-1. 1.57 | H

2.1'

i
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2.2
I -- -- 2.3

-

._
- --

j R'ef erence: 12210-AI-17D-1 2.5

.-7 January 1984Ansadment 11 __
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ENCLOSURE 7 (cont'd.) pg.15 of 18
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TABLE 3.64-10e

! SOMMARY OF STRESSES IN MIGB-EMERGY ASME CLASSES 2 AND 3 FIPIBG

FEEDWATER SYSTER - 00TSIDE CONTAIN8ENT (FsS-02C-62-2, 755-020-32-4)

To ta l pipe sceak i

'
Igggtio3_, Stigssts) Additive Stress Limit

.

Brsak Elevation I Z E0.9 EO. 10 Stress (83 0.8 (1.2Sh * SA) Description of

E2 int '' Ehint Jihint Etial Jaall Jesit Jlasil in3D REtth_fgiats._ 3reak TIES

32,400 TP CB1 121-8 1/16 107-9 1/2 3-6 -

2 121-6 15/16 116-11 3-6 11,720 15,490 27,210 32,400 IF CB

3 119-0 5/8 119-5 3-6 13,010 20,590 33,600 32,400 IP CB S L3
6 108-7 15/16 119-5 35-8 11,120 12,030 23,150 32,400 IP CB

,

; 7 108-3 43/64 149-5 38-2 32,400 TP CB

20 115-1 5/8 119-5 3-6 13,970 15,210 29,180 32,400 IF CB

22 108-6 13/32 129-2 38-2 17,790 11,530 29,320 32,400 IP CB

.

s

i

..

i

, _ ____

Key: IP = Intermediate point
TP = Terminal point
CB = circumferential break T!LB = Longitudinal break

ts> Stresses were calculated in accordance with Equations 9 and 10 of ASRE Sectics III, paragraph NC-3652.

NOTES: See Fig. 3.64-18 for break locations.

The data presented is this table were used la conjunction with Section 3.6.2A to determine the
break locations shown in Fig. 3.6A-18. The ref erence coordinate syrten is Ebove in Table 3.6 A-5.

"

_ . _ _ _ _ _ _ _ . _

. .- . . . - . . . . - - - . . -

I peference: 12210- A I- 17 D-2
1

Asendment 7 1 of 1 February 1983
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ENCLOSURE 7 (cont'd.) pg. 16 of 18
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TABLE 3.6A-10b

SU58ARY OF STRESSES IN $IGH-ENEFGY ASEE CLASSES 2 AND 3 PIPING

FEEDif ATER SYSTE8 - OUTSIDE CONTAIN5ENT (FNS-02 0-63-2, FUS-020-31-4)

Total. Pipe Break
Lagglign J tggss( 3 Additive Stress Limit

Break Elevation I Z EQ.9 EO. 10 Stressca) 0.8 (1.2Sh + Sa | Description of

221R1 111-1R1 lli-lal lil-lR1 1REAL JEEll .fE! l 12211 EIggk__fgints . greak Typei

32,400 TP CB 1.4311, 121-8 1/16 107-9 1/2 - (3- 6) - - - ,

12 121-6 5/16 119-5 -(3-6) 11,720 15,490 27,210 32,400 IP CB 1.44
13 119-0 5/16 121-11 - (3-6) 13,010 20,590 33,600 32,400 IP CB & LB 1.45

16 108-4 149-5 34-0 - - - 32,400 TP CB 1.46 g

30 115-1 5/16 121-11 -(3-6) 13,970 15,210 29,180 32,400 IP CB 1.47
31 108-7 3/4 121-11 31-6 11,120 12,030 23,150 32,400 IP CB 1.48

33 108-5 15/16 134-2 Ja-0 17;790 11,530 29,320 32,400 IP CB 1. 4 S|ff

.

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

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

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

The data presented in this table were used in conjunction with Section 3.6.21 to determine the
break locations shown in Fig. 3.6A-18. The reference coordinate systes is shown in Table 3.61-5.

._
___

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

- . _ _ _ _ _ _ _ . _ _ __

_ _ _ _ _ _

Beference: 12210-AI-17E-2
_

__

~

January 1984Amendment 11
I
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ENCLOSURP 7 (cont'd.) pg. 17 cf 18'

RBS FSAR

1 TABLE 3.6A-11a gg
SUMMARY OF STRESSES IN HlCH-ENERGY ASME CLASS I PIPING'

~

RCIC SYSTEM - INSIDE CONTAINMENTi

Max 1 mum
Location Stress Range Cumulative Pipe Break

BrGek Elevation Azimuth r Eq.12 Eq.13 Usage Stress Limit Description of
Point ift-In1 fdeal Ift-ini Ipsii fpsil Factor 2.4Sm f psi i Break Points Break Tvoe,

42,210 TP CB 1.471 146-3 3/4 67.5 16-6 3/8 - - -

5 * 125-3 3/8 0 17-7 1/8 11,196 34,549 0.1189 42,210 IP (Elbow) CB & LB 1.48
42,210 TP CB 1.4912 122-6 3/4 24 26-10

4 126-3 3/8 0 16-6 3/8 11,569 32,675 0.08 42,210 IP (Elbow) CB 1.50 ll- - -

; 7 125- 2 21- 6,757 30,915 0.0851 42,210 I P ( Elbow) CB 1.51',

2 11/16 11 25/32 1.52*

4

.

h: IP= Intermediate point
*

. .

IP = Terminal point
CB = Circumferential break
LB = Long i tud i na l b rea k

NOTES: Stresses were calculated in accordance with equations 12 and 13 or ASME Section li t,
Pa rag raphs NB-3653.6(a ) and NB-3653.6(b), respectively. Cumulative usage factors were
calculated in accordance with ASME Section t il, Subarticle NB-3650.

See Fig. 3.6A-12 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-12 The reference coordinate system is shown in Table 3.6A-1. | gg

I

._ -- . - - - .

--

_ _

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

. - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ . . . _ _ _ _ _ _ _ _ _ _ __ _

Reference: 12210-AX-2G-1.
'

<

Amendment 11 1 or 1 January 1984
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ENCLOSURE 7 (cont'd.) ' pg.18 of 18
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*

TABLE 3.64-115

SDENARY OF STRESSES IN HIGH-ENERGY ASME CLASS 1 FIFING'

RCIC READ SPBAY SYSTEN - INSIDE CONTAIN5ENTj

j Nazimus Pipe Break
19931193 11Esga_14 toe (83 Cumulative Stress Limit

Bro".k Eleva tion Azimuth r 20 12 EQ. 13 Usage 2.4Se Description of

2nial lit:ial idsst lit: int les1L lesit _fasisI__ famil _! Ital _Reints RItaR_I221

1 172- 270 1-0 7/16 TP CB 1.37
4

1.38
] 11 1/4 ,

;
r

-

| 2 172- 270 4-0 TF CB 1.40 '

(LATER) 3,,g
1 11 1/4

,

|

:
..

'

.

1

h

f .

! .

L

Kays IP = Intermediate point
TP = Terminal point
CB = Circumferential break1 *

LB = Longitudinal break
,

(8 > Stresses were calculated in acco'rdance with equations 12 and 13 of ASNE Section III, i

paragraphs FB-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-20 for break locations. f
The data presented in this table were used in conjunction with Section 3.6.2A to determine the
break locations shown la rig. 3.6A-20. .The reference coordinate system is shova in Table 3.64-1.

Accadeent 11 January 1984

ch12210f-11fv 12/13/83 155,
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Enclosure 8 1 of 3

QUESTION 210.82 (3.6.2)

Provide the bases for assuring that the feedwater isolation check
valves can perform its function following a postulated pipe break
of the feedwater line outside containment.

Response

The response to this request is provided in Appendix 3C.2.2.

L

s

m. .
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ENCLOSURE 8 (cont'd.) 2 of 3
..

RBS FSAF

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

To preclude damage caused by 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 acceptable
limits in the isolation valves and break exclusion ~ zones.

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

Inside the Steam Tunnel

All feedwater piping from inboord 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.

(E$A In the Auxiliary Building
%'/ INSERT y

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 900
elbow directs them horizontally west along 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 have
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 lines (CNS) , the auxiliary
building wall, and structural steel at various elevations..

However, to 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

t

.. -. - - _- - --- . . -. - - - - . .-
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Enclosure 8 (cont'd.) 3 of 3e

Insert

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.

4

i
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Enclo:uro 9 1 of 1
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QUESTION 210.92 (3.9) ..Q
.p

Using the guidance of NUREG-0609, provide the methodology
used and the results of the annulus pressurization (AP)
analysis (asymmetric LOCA loads) for the reactor system and
affected components including the following:

1) reactor pressure vessel and supports,

2) core supports and other reactor internals,

3) control rod drives,

*

4) ECCS piping attached to the reactor coolant system,

5) primary coolant piping, and

6) piping supports for affected piping system.

The results of the above analysis should specifically
address the effects of the combined loadings due to annulus
pressurization and an SSE.

RESPONSE

The reactor asymmetric loads analysis is due to be completed .. s
| Sbin the third quarter of 1984 and..will be documented in a.

self-contained appendix to Section'3.9.

The following is a brief description of the methodology.

1. Pressure-T_me Histories

The pressure time histories in the annulus region
between the RPV and shield wall are generated from a
feedwater line break and a recirculation line break.
The RELAP code using nodalized mass and energy balance
is used in this analysis.

2. Concentrated Force-Time Zistories

The forcing function of jet impingement on the shield
wall is obtained from the break flow transient caused by,

_-a--feedwater line break and a recirculation line break.
Forcing functions of jet reaction on RPV, jet
impingement on RPV, and pipe whip restraint load on
restraint anchors are obtained from the feedwater line
break, the recirculation line break, and main steam line
break.

Amendment 7 Q&R 3.9-36 February 1983

--
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Enclosure 10 1 of 1

210.100 In your Specification No. 228.000, " Specification for
Piping Engineering and Desigr" Revision 1, dated 3/5/81 including
Addenda 1 and 2, you have addressed piping out-of-roundness
tolerances based on the fabrication limits established by the ASME
and ANSI Codes. You have further stated that stress analysis is
based on the assumptions that the out-of-roundness is within the
0.08t limit that is specified in Table KB-3681(a)-1, unless
otherwise specified.

Out-of-roundness tolerances established by the ASME Code (e.g.,
for pipe bends, KB-42223.2), ANSI Standards (e.g. ANSI B16.9 for
elbows) and pi,ie specifications (e.g., SA-106, SA-155) are not
sufficient to assure that the out-of-roundness is less than 0.08t.

Your response, except for the final clause "unless otherwise
specified", indicates that your piping analysis ignores the Code
requirement concerning increasing the K -index to account for out-y

of-roundness. If this is correct, provide your technical
justification for the un-modified K -indices. If, by the clause

"unless otherwise specified", you mean that where the out-of-
roundness may be greater than 0.08t, you do include out-of-
roundness effects in K ; provide a descriptica of where and when

3

this "unless otherwise specified" is accomplished.

Response

The response to this request is provided in new Section 3.9.1.7A.

_
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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
manufacturer's minimum wall thickness requirements. Using a 12
inch schedule 160 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
t,> (7/8)t; provided the counterbore is concentric with respect to

the minimum outside diameter (t,= minimum wall, t = nominal
wall). If you do not control concentricity of the counterbore,
explain how you are assured that t,> (7/8)t Include in the.

n
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) specirication
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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Enclosure 11 (cont'd.) 2 of 3

3.9.1.7A Piping Engineering and Design

A quality control representative witnesses, on a surveillance
basis, the Seller's dimensional checks to' ensure that the
counterbore of pipe is in accordance with the specification and
that minimum pipe wall thickness has not been violated. In order .

to assure records on actual field end counterbores performed by
the shop fabricator, the fabricator includes on his shop traveler
the required and actual counterbore dimension as well as the
required and actual pipe wall thickness after counterboring.

The stress analysis of class 1 piping system is basbd on the
assumption that the-out-of-roundness is within 0.08t limit that is
specified in Table NB-3681(a)-1 of ASME Section III. Technical
justification for these assumptions are described as follows:

(1) While the out-of-roundness tolerances, established by ASME
Code and piping specifications, are not sufficient to assure
the 0.08t limit, the pipes are judged to be generally round
.(i.e. within the 0.08t limit to require no increase of

k-index).

(2) Out-of-roundness affects only the pressure term in the
calculation of peak stresses, its contribution to the overall
peak stresses'are not significant even if out-of-roundness
conditions permitted by the design / fabrication specification
is considered. -

However,'all class 1 pipe stress analysis are reviewed to account
for out-of-roundness based'on the fabrication limits established
by the ASME Code and pipe specification, unless more realistic
field measurements are available.

_

'mD \
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.* Enclosure 12-
- N

QUESTION 210.1021 ~*'

x
In' order to demonstrate' compliance with 10CFR50.55a; identify the
code, code edition, and addenda used in the constru'ction of each
. Quality Group.A (ASME'Section III, Class I) component within the

. reactor coolant pressure boundary. ,.
_

-x--

..

Response :-
-

, w
The response to this request-is provided in new Table 3.2-9.
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Enclosure 12 (cont'd)

Table 3.2-9

Reactor Coolant Pressure
Boundary - Quality Group A

(ASME III, Class 1)
Components

BOP System / Components CODE CODE EDITION ADDENDA

HPCS System
Piping ASME III 1974 No Addenda

" " "Valves

LPCS System
" " "

Piping
" " "Valves

RHR System
Loop A

" " "
Piping

" " "Valves

Loop B
" " "

Piping
i " " "Valves

Loop C
" " "

Piping
" " "Valves

Common Loop A&B
" " "

Piping
" " "Valves

RCIC System
" " "

Piping
" " "Valves

RWCU System
" " "

Piping
" " "Valves

Reactor Plant Equipment Drains
" " "

Piping
" "Valves

Feedwater System
" " "

Piping
" " "Valves

____ - -____ - -_____- -___ - _______________ .
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Enclosure 12 (cont'd)

Table 3.2-9-

Reactor Collant Pressure
Boundary - Quality Group A

(ASME III, Class 1)-

Components

BOP System / Components CODE CODE EDITION ADDENDA

Turbine Plant Miscellaneous Drains
Piping ASME III 1974 No Addenda

" " "
' ' , -Valves

_.
Main Steam-System

" " "
Piping (Vent Line)

" " 'Valves

Standby Liquid Control
" " "

Piping
" " "

Valves

NSSS System / Components
F.

"Reactor Pressure Vessel 1971 Summer
1972

" "Main Steam System Winter
1972

" " "
Recirculation System

" " "High Pressure Core Spray System

SLC Explosive' Valve "' " "

,

. . . _ _ . . . . . . .
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Enclosure 13

QUESTION 210.103'

In note 13 of Table 3.2-1, identify the specific design
requirement that GE has established for the RCIC turbine that
. provides a level of quality equivalent to Safety Class 2.
Footnote "m" of GESSAR II is a typical example of the type of
information requested.

Response -

The response't'o this request is provided in revised note 13 of
Table 3.2-1

,

w
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RBS FSAR
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CM'~id TABLE 3.2-1 (Cont)

NNS from the outer isolation valve or the process
shutoff valve (root valve) to the sensing
instrumentation.

4. All other instrument lines:

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

, attached.

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

5. All sample lines f rom the outer isolation valve or the
process root valve through the remainder of the sampling
system are classified NNS.

turbine does not fall within the applicable design I(13)The RCIC
Insert : codes. To assure that the turbine is fabricated to the ,

standards commensurate with their safety and performance
S.sc requirements, GE has established specific design requirements
b .,L for this component. -- - .c.- .~.-m.-

'

.- -- . ~

(1*)The condensate storage tank is 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 unit (HCU) is a GE factory-assembled
engineered module of valves, tubing, piping, and stored water
which controls a single CRD 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
standards invoked for Safety Classes 1, 2, 3, and NNS

17 of 19
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Enclosure 13-(cont'd)

TABLE 3.2-1 - (Continued)

: EQUIPMENT CLASSIFICATION

(13)' The turbine 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,

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

c. 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

d. 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,

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

f. 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 III Paragraph NB-5340, NC-5340,.NB-5350,
| NC-5350, respectively,

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

f

; h. Record system and traceability according to ASME Section
III,~NA-4000,

i. Control'and identification according to ASME Section
III, NA-4000,

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

-k. Inspection personnel shall be qualified'according to
ASME Section III, NB-5500, NC-5500.
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QUESTION 210.104

I'n Table 3.2-1 .(Page 2 of 19), add.th~e 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.

j -

4

4
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.

.ITABLE 3.2-1 (Cont)

Quality (33 Tornado (*) Scope (63
Safetyta) .Seismicta) Assurance Protection of Design (73
Class Categon Categon Designation Location (s) Sup & Detail Notes

13. Mechanical modules,
iinstrumentation, with

safety function 2 I B E C GE GE I

14. Electrical modules with
safety function 2 I B E C GE GE

P S15. Cable, with safety function 2 NA B E -

III. Recirculation System

1. Piping 1 I E E D GE GE (sa'

2. Pipe suspension,
recirculation line 1 I E E D GE GE

3. Pipe restraints,
recirculation line 2 I E E D GE GE

V4 Pumps 1 I E E D GE -

5. Valves 1 I B E D GE V

6. Motor, pump 2 I E E D GE V

7. Electrical modules,
with safety function 2 I E E C GE GE

8. Cable with safety function 2 NA B E - P S

9. LFMG set NNS NA NA N T GE GE

IV. CRD Hydraulic System

1. Valves, scram discharge 2 I B E C GE(P V

volume lines
2. Valves insert and .

withdraw lines 2 I B E C P V (*3

3. Valves, other NNS NA S E C,F/A,C P/GE V

4. Piping, scram discharge |volume lines and header 2 I B E C P S (203
,

S. Piping, insert and
withdraw lines 2 I E E C,D P S ('8

6. Piping, other NNS NA S E C,D,F P S (sa)

7. Bydraulic control unit 2 I B E C GE GE (RF)

8. Electrical modules, with
safety function 2 I B E C GE GE

9. Cable, with safety function 2 NA B E - P S

10. CRD pumps, filters, and strainers NNS NA S E F GE V

I
I l.I

.
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Enclosure 15

QUESTION 210.105-

In a comparison of the quencher and supports per NUREG-0763, yor
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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Enclosure 15 (cont'd)

QUESTION 210.106

The quencher device is classified as an ASME Code Class 3
component. Provide the basis for assuring that the quencher
device has been adequately designed for all applicable stresses
resulting from the actuation of the safety-relief valves including
localized bending stresses and thermal gradients.

RESPONSE

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

__



.

3 of 6
- Enclosure 15 (cont'd.)

RBS FSAR

A.6A.7 QUENCHER ARRANGEMENT

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

A.6A.7.1 Quencher Arm / Strut Loads and Loading Application
'

The types of loads used in the design of the quencher bottom
anchoring and side support struts are identified in
Tables A.6A.7-1 and A.6A.7-2 and Fig. A.6A.7-1 through ,

A.6A.7-3. ;
.

A.6A.7.2 Quencher Design Information

The quencher used in River Bend Station is designed as
specified by GE in Section A7.2 of CLR, except as given in
the following criteria.

~

Insert A

A.6A.7.2.1 SRVDL Geometry

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

A.6A.7.2.2 Quencher Cesign Criteria

I) 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.

:

i
,

A.6A.7-1
,

- -- . - _. . .. . --
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Enclosure 15 (cont'd)

Insert A

The X quencher was designed and analyzed as a Class 3 piping component
in accordance with the requirements of Section ND-3600 of the ASME
Boiler and Pressure Vessel Code. The evaluation included all required
loads associated with safety relief valve operation including both
mechanical and hydrodynamic loads. The quencher is capable of
withstanding loading from connecting safety relief valve discharge
piping for sustained, occasional, thermal expansion, emergency and
faulted conditions.

This section ND-3645 of the ASME Boiler and Pressure Vessel Code
Section III-1983 Edition was considered during the design of the
quenchers. Cyclic loading was accounted for by equations 10 and 11 of
ND-3652.3 and found to be acceptable. Stress concentrations and the
potential'for local bending stresses and flattening were minimized
during design.

Although ND-3645 does not require any separate analysis, the bracket-
quencher interface connection was analyzed to the requirements of
Subsection NB-3600 of the ASME Code. The analysis consisted of
calculating the fatigue usage factor for 40 years of plant life at the
support bracket connection.

The analysis was restricted to the quencher bracket interface because
this is the cross-section which is most affected by the normal and
upset condition loads. A fatigue usage factor was calculated using
alternating stress "S," and peak stress "S " obtained from Equations
11 and 14 of Subsection NB-3600 respectively. Equation 11 was
modifled to include the stresses due to lug i effects b) incorporating
ASME Code Case N-122. To calculate the worst thermal gradients across
the bracket connection, the most severe transient was used. The

transient consisted of a step change from 70 F to_350 F. Appropriate
heat transfer coefficients were calculated for the transient. Other
normal and unset condition loads being transmitted by SRV piping were
included in Equation 11.

Thr. results of the analysis showed a usage factor of 0.47 at the
support brackut connection. We can, therefore, safely conclude that
the X-Quencher for the River Bend Station can safely withstand the
expected normal and upset condition loads.

The stresses at critical locations in the quencher configuration were
determined to be within the ASME code allowables for quencher design.
Thermal gradients and localized stresses are considered in the fatigue
factor used in the stress analysis for ASME Code Class 3 piping
components. The requirements of ND-3645 have been satisfied.
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.(szction3.9.3.4.3A(cont'd.)
S

h. . .results for each of the components listed below will be
'.

provided in a later amendment. The specified component
operating condition is consistent with the plant operating
condition for each transient event.

1. RHR heat exchanger. supports and rest,raints

2. Fuel" pool cooling and cleanup beat exchanger
supports and restraints

3. Standby diesel generator fuel oil day tank supports

4. Quencher supports and restraints
Insert B r

5. SSW pump supports.

The RWCU regenerative- and nonregenerative heat exchanger
supports are designed to the AISC code.

7

U-bolts are not used in the installation of component
supports. High strength bolts (A325 steel) are used for the
mounting of the following equipment:

1. Main steam isolation valve accumulators located at
el 142 ft in the reactor building and el 134 ft in, . ,

Ie g;3 the auxiliary building.
\ ;:,

2. Chilled water compression tanks located at el 98 ft
in the control building.

3.9.4A Control Rod Drive Systems

See Section 3.9.4B.

3.9.5A Reactor Pressure Vessel Internals

See Section 3.9.5B.

3.9.6A Inservice Testing of Pumps and Valves

Inservice testing of ASME Code Class 1, 2, and 3 pumps and
valves is performed in accordance with Section XI of the
ASME Boiler and P; essure Vessel Code and applicable addenda
as required by 10CFR50, Section 50.55a(g), except where
specific written relief has been granted by the NRC pursuant
to 10CFR50, Section 50.55a(g)(6)(i).

The examinations are in accordance with ASME Section XI,
1977 Edition, up to and including the Summer 1978 Addenda.

( Amendment 7 3.9A-27 February 1983
,
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Insert B

Quencher design information is discussed in Section A.6A.7.2.

4
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Enclosure 16 1 of 3

. Question 210.107

'The staff has been informed that several piping systems inside the
suppression pool wetwell area which are subjected to pool swell
~ impact and drag loadings are restrained using linear (vertical)
pipe supports with~ pinned-pinned end connecticas. Provide the
basis for assuring that tne design of these piping systems have
properly _ considered the lateral instability of those pipe supports
with pinned-pinned end connections when subjected to the non-
cyclic compressive loadings as experienced during a pool swell
event-.

' Response

The. response to this request is provided in Appendix 6A.16.5.3.

3

-
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S4 ~L)6A.16.5.3 Impact Load on Piping a'bove Pool Surf ace '

INSERT >
Only the chert heri: ental ,eegrent of piping at the
penetratier elecatier ie ebjacted te peal --all i r="+
Its length is the distance from the containment wall to the
farthest point on the inner wall of 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 ft. Therefore, the effective length is
2.5+0.5 = 3.0 ft.

The impact load is a spike whose normalized shape is'given
in CLR Fig. 10-2. The amplitude at time t is

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

For the segment under consideration:

I (t) = 60 - x (24x12.75) sq in x (value from plot)P
sq in

= 18,360 lb x (value from plot)

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

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

2
F = -- 18 , 3 6 0 = 12, 2 4 0 lb
10 3

1y = -- . 18,3 6 0 = 6,12 0 lb
15 3

They are applied in the upward direction.

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

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

'

6A.16-12

.
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Enclosure 16 (cont'd.) 3 of 3

Insert

Linear (vertical) pipe supports with pinned pinned connections
. were avoided in the design of piping above the suppression pool-

surface due to pool swell impact drag loads. Only the short
. horizontal segment of ECCS piping at the penetration elevation,
within 25 feet above the suppression pool surface, is subjected to.
pool swell impact.

,

r am mem mii i .
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Enclosure 17 1 of 4

-- Que.stion.210.108

Provide the basis for assuring that.the CRD piping have been
-- adequately designed to withstand the HCU floor dynamic response to
- the impact. loadings associated with a LOCA pool' swell event.

Response

The response to this request is provided in Appendix 6A.12.

.

_
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b)The potential for circumferential variations in the pressure
transient in the wetwell region beneath the ECU floor has
been examined, and on the bas.is of bounding calculations it
is concluded that the pressure variation is less than
0.5 paid.

- 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
LCCTVS model described in Reference 1 to Section 6.2.1 is
similar to the GE model and yields comparable results.

INSERT

_. . . .

6A.12-2
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Enclosure'17 (cont'd,) 3 of 4
Insert

'Th 'HCU floor'has been designed to withstand loads from a poole .

swell event. CRD piping is capable of withstanding the vibratory
- responses due tx) all hydrodynamic. loadings.

.

For.the pool swell fro'th impact load,.the loading, as shown in
Figure 3B-74 of GESSAR II, ~ Appendix 3B, was applied' to a finite 1

. element model of the HCU floor. Dynamic responses of the floor

. wcre 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.

T
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O-
L5 3.9.4.2B Applicable CRDS Design Specifications

The control rod drive system (CRES) 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 >

2. Hydraulic control unit
.

3. Hydraulic power supply (pumps)

4. Interconnecting piping

T. Flcw and pressure and isolation valves
,

6. _ 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

y. .,. , designed according to the codes and standards governing the
Yj? individual safety classes.

Pertinent aspects of the design and qualification of the CRD
components are discussed in the following locations:
transients in Section 3.9.1.12, faulted conditions in
Section 3.9.1.4B, seismic testing in Section 3.9.2.2B,

p loading combinations and stress limits in Table 3.9B-2t.
l

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 possible conditions as described INSERT
in paragraph '3.9. 4.4B. : BELOW

3.9.4,4B CRD Performance Assurance Program
s. -

The CRD test program consists of the following tests:

1. Eevelopment tests .

2. Factory Quality Control tests
,,,

(Ms~ 3.9E-77 .-.

The CRD piping has been designed to withstand the HCU floor ;
dynamic response to the impact loadings associated with a LOCA pool

,

miell event.



_ _ _ _ _ _

| I of 3

.
ENCLOSURE 18

RBS FSAR

C.h)-4 nozzle. The vessel top head nozzle is provided with a
'

flange with large groove facing. The drain nozzle is of the
full penetration weld de sign. 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

*
Insert A

_

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.
_

(@?ve 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 Be Class 1 and SA508, 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 long term
successful operating experience in reactor service.

,-::

(}$nl 5.3-19
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Enclosure 18 (cont'd.) 2 of.3
Insert A,

The three LPCI inlets are each designed with a flow deflector to
.

prevent horizontal flow impingement upon the core and instrument
. tubes. The flow deflectors are designed with a conical flow splitter

,

.which' redirects the LPCI flow upward, downward and in the two
-- horizontal directions tangential to the core. The flow deflectors are

' fabricated of 316C. stainless steel plate material attached to the
'

shroud wall by full penetration welds at'the four corners of the
deflector plate.

The design, analysis, and testing of the deficctors and its
effects on the LPCI system parameters were considered in Reference 4.

In addition to the use of flow deflectors, the Intermediate Range

Monitor (IRM) instrument tube nearest each LPCI inlet is reinforced.

,

m .-
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'
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QUESTION 210.77 (3.6.2)

Discuss how high energy leakage cracks were considered.

RESPONSE

.The evaluations of pipe breaks and cracks are in accordance
with Revision O of SRP 3.6.2 and Branch Technical Position
MEB 3-1, November 24, 1975, the documents applicable at the '

time the evaluations were done. Therefore, high energy

leakage cracks were not considered.

High energy line leakage cracks would not be postulated in fluid system
piping located in containment penetration areas since the design stress
and fatigue limits specified in BTP MEB 3-1, Section B.l.b, are mat for
high energy piping in these areas (see Section 3.6.2.1.5.2A).

The effects of high energy line leakage cracks in other areas would
generally be bounded by the analyses performed for high energy line
breaks, moderate energy line cracks, and inadvertent fire suppression
system actuation.

.

'
,

.

'
,

.h Amendment 7 Q&R 3.6-33 February 1983
. . -s
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QUESTION 210.46 (3.6A)

Figures 3.6A-12-~ Through 3.6A-19 and 3.6A-21 through
3.6A-33 - Provide a schedule for completion of pipe stress
analyses as they effect pipe break location selections.

RESPONSE

The pipe stress analyses, and any resulting changes to
Figures 3.6A-12 through 3.6A-19 and 3.6A-21 through 3.6A-33
will be completed by Dec--'er 1993. updated during the third

quarter 1984.
.

~ '

' - Amendment.7 Q&R 3.6-19 February 1983
.
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QUESTION 210.45'(3.6A) - .h

Tables 3.6A-12.through 3.6A-20, 3.6A-27 Through 3.6A-42 and
3.6A-45 Through 3.~6A-51 - Provide a schedule for completion

of these tables.

RESPONSE

INSERTTables 3.GA-12 through 3.6A-20 will be ^^ '^* A ''

2:rr ' r 199?. Tables 3.6A-27 through 3.6A-42, and 3.6A-45 BELOW
Athrough 3.6A-51 will be completed by January 1985.

updated during the third quarter 1984.'

.

..
-

A
'Og.'

I

Amendment 7 Q&R 3,6-18 February 1983 .
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'

. QUESTION 210.22 (5.2.3.3.1) ,

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

RESPONSE

I The response to this request '.'ill be provided gy June 10S2.7

is in Section 5.2.3.3.1.1
and Table 5.3-1.

.

.

t

i

.
.

b

Amendment 7 Q&R 5.2-4 February 1983
, '

.-

.
.
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?.., exhibit 50 f t-lb absorbed energy and 35 mil lateralf

The coreexpansion at 600F above the RTNDT.'~

beltline material meets 70 ft-lb absorbed upper
shelf energy.

INSERT A

5.2.3.3.2 control of Welding

5.2.3.3.2.1 Control of Preheat Temperature Employed for
Welding 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.

Welding 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
fe time at preheat temperature to assure removal of hydrogen,

m

q0> or preheat was maintained until post weld heat treatment.
The minimum preheat and maximum weld interpass temperatures
were specified and monitored.

5.2.3.3.2.2 Control of Electroslag Weld Properties
(Regulatory 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. 71)

Qualification for areas of limited accessibility is
discussed in Section 5.2.3.4.2.3.

5.2.3.3.2.4 Control of Stainless Steel Weld Cladding of
Low-Alloy Steel Components (Regulatory
Guide 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.

() 5.2-25

-

V

k .. . . .
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4. 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".

,

L

I

.

Y :

a

>

, w-r- , y--- ,-w w - n-, e.e, . -, 3,-c .,y- - -,--- - -- - ,w,r ,--- -,,e ~-,r.--,, r , -r ,- ,-- ,-



.

.

*
. .

*
.

s o

RBS FSAR

,i
,

TABLE 5.3-1

RIVER BEND STATION UNIT 1 REACTOR VFSSEL CHARPY TEST PESULTS
VESSEL EELTLINE CHEMICAL COMPOSITION

.

13 Vessel _ Plate (Beltline)
Percent

Heat Worber C Mn Si P S Ni Cu eno V

C3138-2 0.19 1.37 0.25 0.012 0.015 0.63 0.08 0.58 -

C3054-1 0.19 1.30 0.26 0.007- 0.020 0.70 0.09 0.57 -

C3054-2 0.19 1.30 0.26 0.007 0.012 0.70 0.09 0.57 -

'

2) vessel Eelds (Beltline 1
Percent

.

Heat / Lot No. C Mn Si P S Ni Cu Mo V*

492L4871/ 0.07 1.06 0.37 0.018 0.025 0.95 0.04 0.50 0.02 s

OA421227AE
492L4871/ 0.07 1.17 0.32 0.020 0.020 0.98 0.03 0.51 0.02 g

A421227AF e

SP6756/0342cas 0.078 1.24 0.53 0.010 0.012 0.92 0.09 0.46 0.006 y

SP6756/0342(a3 0.063 1.27 0.57 0.010 0.011 0.93 0. 09 0.45 0.006 o
E

1) Vessel Plate (Beltline) -

Start R.C. 1.99 EOL Transverse Charpy g
Heat Nutnber HTMDT *F Extrar. RT,,n? *I R3 nt *F tipper Shelf (ft-lb) v

C3138-2 +9 42 51 86, 74, 78

C3054-1 -20 35 15 94, 93, 93

C3054-2 +2 35 37 92, 102, 92

2) Vessel Welds (Beltline)
Start R.G. 1.99 FOL Transverse Charpy

Heat /Iot No. RTtIDT OF Extrac. RTtinT *F RTtIn.p * F tiener Shelf (ft-Ibl

492L4871/ -60 64 4 151, 160, 161

A321227AE
492L4371/ -50 71 21, limit- 126, 129, 136 .,

D
A421227AF ing weld

SP6756/0342 cat -50 42 -8 f95, 99, 96 $
SP6756/0'le2 c a s -60 42 -13 89, 94, 91

t~
'

O*
*%

,

(13Tanden wire prccess m
(assingle wire process
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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

*The response to this request will be provided b; An 1992.
is in Section 5 3 2 1 and. . .

Figure 5.3-4.

.

.

.

.

.

,

,

. . Amendment 7 Q&R 5.3-1 February 1983
i

.
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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 NS-2585 is used for the longitudinal 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 limit curves presented in Fig. 5.3-4 are based on the
,,

. {Eig3
requirements of .10CFR50, Appendix G with 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
I temperature of RTNDT+60*F. The maximum through-wall

temperature gradient from continuous heating or cooling at
1000F per hr was considered. The safety factors applied
were as specified in ASME Code Appendix G and GE Licensing

INSERT BTopical Report NEDO-21778-A. :

5.3.2.1.1 Temperature Limits for Boltup
,

A minimum temperature of 700F 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 0-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
f ull intended bolt preload (all bolts fully tightened) . The
fully preloaded boltup limits are shown on Fig. 5.3-4.

,

5.3-11
,

'

I

;

. . , . . -. . . . . _ . . . _ . _ . . . . , , , , . . . _ , , . _ ._ ._,_.__h
.__ . . _ . _ , . -- - . _ .
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f
Insert B

To account for overstress and thermal 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
saturation limits.

,

i
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ENCLOSURE 21

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 I ASME Code Class 1, 2 and 3 pipe supports are in accordance
with the requirements of ASME Section III, Subsection NF, 1974 Edition
including the Summer 1974 Addenda. The RBS FSAR 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 ca 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.

i RBS

|- Plant Load
Service Level Condition Decription'

A 1 DL
B 2 DL+SRSS (OBEI, OCCU)
B 3 DL+THER+SRSS (0 BET,0CCU)
C 4 DL+SRSS (OBEI,0CCE)
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-3231.1(b) and (c)).

Tab A gives a summary of the allowable stresses used in designing.

structural me=Sers 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 F =0.60 S Code Article XVII-2211

Shear F =0.40 S Code Article XVII-2212y

Bending F =0.60 S Code Article XVII-2214b

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 S

Bending F =1.11 X 0.60 S (See . Note 2)b y

Axial Compression (2/3) S {1-(K1/r)2/2(C )2) for K1/r 5 C

and (2/3) 1r E/(K1/r)2 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 normally 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.

NOTE 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 ganerally governs the design of pipe support members
for all service conditions instead of the stress factors allowed by
the Code.
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