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ARlZONANUC POWER PROJECT
Post Office Box 216 oenix, Arizona 85036

r /

August 19, 1981
ANPP-18697 — JMA/WFQ

Ms. Janis Kerrigan
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Subject: Palo Verde Nuclear Generating Station
(PVNGS) Units 1, 2 and 3
Docket Nos. STN-50-528/529/530
File: 81-056-026 G."1;10

Dear Janis:

A meeting with the NRC/NRR's Structural Engineering Branch (SEB)
was conducted from August ll to August 13, 1981. Prior to the
meeting, we were requested to respond to 10 NRC questions and to
complete typical SEB audit forms for our Category I structures.

In this regard, the following information is enclosed:

Enclosure 1 .
Enclosure 2
Enclosure 3
Enclosure 4

. Meeting Agenda

. List of Meeting Open Items
Completed Audit Forms

. Responses to NRC Questions

EEVBJr/WFQ/pc

Enclosures

cc: S. Chan (NRC) w/encl.
P. Hourihan w/encl.
A. C. Gehr w/encl.

Very truly yours,

QU
E. E. Van Brunt, Jr.
APS Vice President

Nuclear Projects
ANPP Project Director
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Ms. Janis Kerrigan
August 19, 1981
Page Two

STATE OF ARIZONA )
) ss.

COUNTY OF MARICOPA)

I, Edwin E. Van Brunt, Jr., represent that I am Vice President
Nuclear Projects of Arizona Public Service Company, that the foregoing
document has been signed by me on behalf of Arizona Public Service
Company with full authority so to do, that I have read such document
and know its contents, and that to the best of my knowledge and belief,
the statements made therein are true.

Edwin E. Van Brunt, Jr.

1981.

f e 1„ i,) ~ )

Sworn ro before me rhfe ~ day of //Cf PS/

Notary Public

My Commission expires:
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AGENDA

NRC SER AUDIT MEETING
STRUCTURAL ENGINEERING BRANCH

Week of August 10, 1981

Monday:

Tuesday:

Wednesday

Thursday

Tour of Jobsite'n Phoenix, Arizona

I. INTRODUCTION

II. REVIEW OF STRUCTURAL AUDIT WORKSHEETS

A. Brief Overview of Entire Plant.

B. Containment Building

C. Main Steam Support Structure

D. Auxiliary Building

E. Fuel Building

F. Control Building

G. Diesel Generator Building

H. Category I Tanks

I. Spray Ponds

J. Category I Structures

III. REVIEW OF RESPONSES TO NRC QUESTIONS

IV. SUMMARY
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DATE OF MEETING: August 11, 12, 13, 1981

LOCATION:

ATTENDEES:

Downey, California

APS Bechtel NRC /NRR/SEB

W. Quinn
W. Hurst

* Part time.

D
* R.

0.
R.
P.
K.
D.
B ~

*

Gibson
Ko siba
Gurbuz
Peters
Wong
Schechter
Keith
Bitner
Linderman

G. Kopchinski
* A. Hadjian
* S. Jain
* G. Guevara
* W. Brandes
* R. Senczyszyn
* R. Platoni
* D. Niehoff
* W. Au

D. Jeng
R. Lipinski
S.-Chan

SUBJECT: SEB DRAFT SER

PURPOSE: Working meeting to resolve questions and provide requested
information.

I
I. OPEN ITEMS FROM STRUCTURAL AUDIT WORKSHEETS.

Da te
Information

To Be
Furnished

1. Provide justification for the use of 2 OBE seismic events

in lieu of 5 OBE events with a minimum of 10 cycles each.

Show that the intent of SRP 3. 7.3.2 is met ~

8/24/81

2. Provide a discussion of transfer'ring both damping (material 9/21/81

damping) and shear modulus values shown on Figure 3A-2 into

actual determination of compliance functions used for seismic

analysis of Category I structures'
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Page 2
Date

Information
To Be

Furnished

3. Provide live load sketches for Category I structures,

noting that the absence of live load is considered to

obtain the greatest loading.

8/24/81

4. NRC requests Bechtel provide an ultimate capacity Not

assessment of the Containment Structure against internal

pressure, accounting for the specific parameters in

Attachment 1. (A sophisticated computer analysis is

Applicable

not required.)

5. Present a calculation showing that the liner system design

satisfies all the loading requirements resulting from a

8/24/81

negative pressure of 4 psig.

6. Bechtel will provide technical justification for the 9/21/81

vertical analysis of the polar crane. This Justification

will account for the upward motion of the suspended mass,

including the flexibilityof the cable.

7. Provide technical justification, in the form of calcu-

lations, demonstrating that the accidental torsion

applicable to the Containment Building (i.e ~ , 5X of the

size dimension multiplied by the maximum lateral force

9/21/81

at the base) is properly accounted for in the containment

shell and interior structure design.





~
~

Page 3
Date

Information
To Be

Furnished

8. Bechtel will provide technical basis for deciding boundary

and extent of the soil included in the FINEL analysis.

8/24/81

9. Bechtel will provide: the angle of rotation for the 8/24/81

Containment Building basemat, the actual calculation

determining the factor of safety (FS) against overturning,

and an additional calculation determining the FS against

overturning using conventional methods.

10. Bechtel will elaborate upon the answer given on page 26,

Item 5-B Containment Building; specifically, provide

discussion on the procedure used by the applicant to

meet the requirements of SRP 3.7.II.8. (Regarding

non-Category I over Category I criteria)

8/24/81

11. Provide typical calculation (a paragraph) determining the 8/24/81

fictitious temperature drop accounting for the effect of

prestressing tendon (both orthogonal and draped tendons)-

12. Provide a copy of the equipment hatch calculation (Sub- 8/24/81

Section NE). [This will serve as the typical calculation

procedure for the personnel hatch as well.]





Page 4

Date
Informa tion

To Be
Furnished

13. Provide a calculation of the )unction between the 9/21/81

containment wall and mat according to the computer

analysis results. Also, explain the method in which

seismic forces are combined with nonseismic forces.

14. Provide a calculation for radial reinforcement to account 8/24/81

for the delamination effect in the dome.

15. Provide calculations for the critical section of the 9/21/81

primary shield around the hot and cold leg penetrations.

16. Bechtel will provide SEB with the results of the calcu- 10/6/81

lations checking the crane runway girder stability against

D.L. + L.L. + SSE. Also provide calculations for the polar

crane bracket.

17. Provide the calculations for the steam generator upper

support lever arm and snubbers (Bechtel scope of work).

8/24/81

18. Bechtel will provide a typical calculation for the

development of story stiffness parameters for MSSS.

8/24/81

19. Provide justification that the corridor building has been 12/11/81

designed to meet SRP section 3.7.II.8'
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Page 5
Date

Information
To Be

Furnished

20. Provide technical justification for one critical wall 9/21/81

of the Auxiliary Building similar to that requested in

Action Item 88.

21. Provide the mechanical properties of Rodofoam II and 8/24/81

EVERLASTIC Micro II.

22. Provide a conventional stability analysis against 8/24/81

overturning of the Auxiliary Building.

1

23. Provide the design calculations for the concrete column at

elevation 88 W" in the Auxiliary Building. The column has

an axial force of 1981 k and a moment of 203 ft-k.

8/24/81

24. Provide the calculation developing the hydrodynamic

aspects of the Fuel Building seismic analysis model.

8/24/81

(Lumped mass model)

25. Provide an accidental torsional effect analysis (i.e.,
5X of the size dimension multiplied by the maximum

9/21/81

lateral force at the base) for one critical wall of

the Fuel Building.

26. Provide the calculations for the west'all of the spent

fuel pool to withstand the impact from a fuel cask drop.

8/24/81





Page 6
Date

Information
To Be

Furnished

27. Provide an accidental torsional effect analysis (i.e.,
5X of the size dimension multiplied by the maximum

lateral force at the base) for one critical wall of

the Control Building-

9/21/81

28. Provide an approximate sum of the participation factors

of 3 modes considered in the Diesel Generator Building

seismic analysis as a percent of total response

8/24/81

I
~ ~

29. Provide an accidental torsional effect analysis (i.e., 5X

of the size dimension multiplied by the maximum lateral

force at the base) for one critical wall of the Diesel

Generator Building.

9/21/81

30. Provide calculations determining the soil pressure on

the Diesel Generator Building foundation due to three

9/2 1/81

directional seismic load.

31. Provide an impact assessment an the seismic response of

. the refueling water tank accounting for partial cracking

of the concrete shell.

9/21/81

4

32. Provide calculations for considering tornado missile

overall response for the roof and one wall of the

Auxiliary Building.

9/21/81
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Page 7

Da te
Information

To Be
Furnished

33. Provide justification for not considering the soil
structure interaction effect in the seismic analysis

of the spray pond pump house.

8/24/81

34. Provide a calculation determining the loads used in the

design of both the spray pond walls and pump house walls.

8/24/81

35. Provide an accidental torsional effect analysis (i.e ~, 9/21/81

5X of the size dimension multiplied by the maximum lateral
force at the base) for one critical wall of the spray pond

pump house-

36. Provide a calculation showing that the natural frequency

of the floor/structure support is at least twice the

frequency of the pump/motor unit.

8/24/81

37. ProvMe portions of calculation for Category I tanks,

13-CGA-015 (pages 1-53; Appendix pages Fl-F18) ~

8/24/81

38. Provide justification on the procedure used in calculating

the partial embedment versus total embedment effect (per

BC TOP 4A —Rev. 3) on the compliance functions for the

seismic analysis of the tanks.

9/21/81
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Page 8
Date

Information
To Be

Furnished

39. Provide a discussion on how major cable tray test results

were used in arriving at the 20K modal damping ~ The

discussion should assure consistency of observed data

and calculations used.

12/11/81

40. Why was cable tray test input loading applied at a 45
0

angle instead of simultaneous horizontal and vertical

load input? What are the implications of this testing

method upon the validity of the recommended 20% damping

(e.g., with respect to statistical independency require-

ments of different directional inputs)'?

12/11/81

41. Will sprayed-on fireproofing affect cable friction and 12/11/81

thus the damping ratios'

42., The cable tray test conditions do not reflect the actual

physical site situation. Provide the rationale for

extending the test results to the actual design which

is different from the test configuration.

12/11/81

43. Specify different conditions under which different modal

damping ratios ranging from 7-20X are used'cable tray)

12/11/81
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Page 9
Date

Information
To Be

Furnished

44. It appears that the scope of the cable tray test and the 12/11/81

number of tests may not support direct extension to APS

cable tray design. Justify that the scope of test

conducted is adequate for direct design application.

45. It appears that response to NRC Question 220.12 contains 9/21/81

several deviations from draft Appendix A to Standard

Review Plan Section 3.5.3. Indicate compliance with the

above position or describe in quantitative terms the impact

of any deviations from the above position.

46. Provide calculations for the design of electric duct 9/21/81

banks, Category I manholes, and Category I buried piping.

47. CONDAM computer program will be added to the FSAR

appendix 3B.

9/21/81
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PVNGS FSAR e.tosoae f

APPENDIX 3A

4. The space within the opening is sufficiently occupied
by piping and pipe supports to preclude missile
penetration.

The roof of the Main Steam Support Structure -is elevated
from the top of the walls to allow the escape of steam in
the event of a major pipe break. The roof is cantilevered
beyond the wall to provide the necessary mi'ssile protection.

(3.5.1.4)
Describe the protection of the control room air intakes and
diesel generator exhaust pipes from tornado-generated
missiles.

RESPONSE:

The control room air intakes are.. enclosed within a

box structure located within the Control Building (See
figure 3A-7). The wall sections exposed to tornado-
generated missiles are designed to withstand such
impact without adverse effect upon the system.

The diesel generator exhaust pipes are enclosed
within a 1'9" thick vertical, concrete chimney which
is designed to withstand tornado-generated missile
impact. A- thick, steel pipe sleeve, also capable of
withstanding tornado-generated missile impact,
provides protection for the exhaust piping at the vent
opening at the top of the chimney.

(3. 5.3)

The allowable displacement of reinforced concrete flexural
members stated as Formula (3-2) in Appendix 3C to FSAR is
inconsistent with the ACI 349-76 Code. Please correct this
error.

RESPONSE: The response is contained in section 3C.3.1.2.

September 1981 3A-15
08-05-81

Amendment 6



PVNGS FSAR
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APPENDIX 3A

(3.5.3).

ation.
pltgl-S C.~lt~ ~igq+bz S+A-FFp~

RESPONSE:

Further information is contained in
amended table 3C.3-4.

The ductility ratios listed in Table 3C.3-4 and used for design
of missile barriers are not acceptable. It is the staff posi-
tion that the permissible ductility ratio under impactive and
impulsive loads be not greater than 10 unless it is justified
by submitting applicable experimental evidence in the plant
SAR. A copy of the draft Appendix A to Standard Review Plan
Section (SRP) 3.5.3 is attached herewith for your reference
(Attachment 1). Please also note that the ductility ratio for
pressurization, a condition that BC-TOP-9A does not cover,
remains 1. Express your intention to comply with this staff
pos

(3.7.4)
There are some deviations in seismic instrumentation from the
requirements of Regulatory Guide (R.G.) 1.12 as stated in
Sections 1.8 and 3.7.4 of the FSAR. Give reasons for such
deviations and state whether the suggested alternatives would
exceed the requirements or the intended functions in R.G. 1.12.
Also,'xplain how and when the control room operator be
notified of the occurrence of an OBE which is defined by the
design response spectra of Figures 3.7-3 and 3.7-4 of the FSAR.

RESPONSE: Deviations from Regulatory Guide 1.12 are defined
and explained in section 1.8. The seismic instrumentation
provided meets or exceeds the intended functions of
Regulatory Guide 1.12. The control room operator is
notified of an safe shutdown earthquake (SSE) or an
operating base earthquake (OBE) by audible and visual
annunciation as defined by amended section 3.7.4.3.

Gt ~ Amendment 6
3A-16

08-05-81 September 1 9 81



PVNGS F SAR

sa'able 3C.3-4
DUCTILITY RATIOS

DESIGN GUIDELINES

Member Type and Load Condition
Maximum. Allowable

Value. of p

Reinforced Concrete
Flexure:

Beams and one-way slabs

Slabs with two-way reinforcing
Axial compression:

Walls and columns 30

Shear, concrete beams and slabs in
region controlled by shear:

Shear carried by concrete only
Shear carried by concrete and stirrups
Shear carried completely by stirrups
Shear carried by bent-up bars

100. 10
P P

0. 10
P P

1.3

1.3
1.6
2.0
3.0

Structural Steel

Columns and beams with
uniform moment31

4

P KL 2
+ 1/2 <1014 x 10

F
y r

Beams with moment gradient
Shear
Axial tension and steel plates
membrane tension32

1'0

10
e

0.5 u
e

Y

Notes:

2.

3.

4.

5.

Based on information contained in references 9, 12,
and 14 through 25.

p and p're the positive=and negative reinforcing
steel ratios.
See figure 3C.3-2 for allowable ductility. ratios
where there is a beam-column action.
KL/r is the member slenderness ratio. F is the
yield stress (ksi) .

e and e are the ultimate and yield strains. e
u Y u

shall be taken as the ASTM specified minimum.

Amendment 6 3C.3-6
08-05-'81

September 1981





MISSILE PROTECTION

(
~ ~ ~ ~3.5.1.2.2 Pressurized Component Failure Missiles

A. Reactor Coolant System Pressure Boundary (RCPB)

(. (:

The selection of potential missiles is based on the
applic'ation of single-failure criteria=-to the normal
retention features of plant equipment for which there
is a source of energy capable of creating a missile
in the event of the postulated removal of the normal
retention, features. Whyre redundancy is provided by
the normal retention features, such that sufficient
retention capability remains to prevent creation of a

missile in the event of a postulated failure of a

single retention feature, no potential missile is
postulated. Table 3.5-4 presents the potential
missiles postulated to originate from RCPB equipment,

~

~

/)HER LI s,y~ . Pl4..~ >E'b
summarizes their characteristics+

missile protection
V'~d<t,yg~~q ~<iSieeg FRo~ g<v~~mrwT

B. Non-RCPB Systems '»<i< Me c-L ScoPf a< s'cracy Q,
A tabulation of missiles generated from failures of
pressurized components, their sources and
characteristics, and provided missile protection, is
given in table 3..5-4. The bases for selection are
identical to those described in section 3.5.1.1.2.

Turbine Missiles

3.5.1.3.1 Turbine Placement and Orientation

The placement arid orientation, of the turbine generators is
shown in figure 3.5-1.

3.5.1.3.2 Missile Identification and Characteristics

Analysis has indicated that high-pressure turbine missiles and

generator missiles would be retained by their respective

3.5-17
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PVNGS FSAR

APPENDIX 3A

uestion 3A.18 (NRC Question 220.14) (3.7.4)
Is instrumentation needed for measuring torsional input pro-
vided? If yes, describe type, numbers, and layout of the
torsional instrumentation.-

RESPONSE: Instrumentation for measuring torsional input has
not been provided.

question 3A.19 (NRC Question 220.15) (3.8.1)
Provide the manufacturer's name or the name of the post-
tensioned prestressing system used in the Palo Verde contain-
ment, structures. Has this system been accepted by the NRC

staff as indicated in R. G. 1.103?

RESPONSE: The PVNGS containment structures use a BBRV
5 y'5+~post-tensioned prestressing system. This +~ed is accepted

by Regulatory Guide 1.103.

(3.8.1)
Has buckling been considered in design of containment building?
Would it cause any problem in design?

RESPONSE: Buckling has not been considered as part of the
design of the containment exterior concrete wall. The
4-foot-thick wall and geometry preclude buckling as a design
factor in'the containment design. Buckling has been con-
sidered in the liner plate design since the liner plate acts
as the inside form for the containment shell. (Refer to
BC-TOP1A, Rev 1, 1972.)

September 1981 3A-17
08-05-81

Amendment 6
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APPENDIX 3AQ"'3.8.4)
Are there any (a) intake structures, submerged pipes or
tunnels, (b) structure-pile-soil medium systems, (c) spent
or new fuel pool structures, used in Palo Verde plants?
If yes, describe key dimensions, structure modeling,
static and seismic analysis criteria, assumptions and
computer codes used. A copy of "Minimum Requirements for
Design of Spent Fuel Pool Racks" is enclosed for your
reference (Attachment 3).

RESPONSE:
I

Intake Structures: The Circulatory Intake Structure
is a non-Category I structure.
Submerged Pipe: There are submerged pipes in the
essential spray ponds and the spent fuel pool. In
the spray ponds the pipes vary in diameter with the
maximum dimension being 24 in. The pipes in the
fuel pool are 16 in. in diameter. Both types of
pipe are designed in accordance with sections 3.6
and 3.9.

Tunnels: There are two tunnels: the condensate
tunnel and the essential pipe density tunnel.
These tunnels are approximately 135 feet long.
The condensate tunnel is 15 feet high and 15 feet
wide with the top approximately at grade level.
The essential pipe density tunnel is 15 feet high
and 30 feet wide with the top approximately at
grade level. Both are designed as Category I.

(b) There are no structure-pile-soil medium systems.
I
c) The spent fuel pool and new fuel pit structures

are discussed in section 3.8.4.1.2. The spent
fuel racks are free-standing structures designed
and supplied by Combustion Engineering, Inc. The
design complies with NRC General Design Criteria 62

and Regulatory Guide 1.13.

Amendment 6 3A-18
no-05-81

'September 1981
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APPENDIX 3A

~Q""""" " ( Q"""'" (3.7.4)
Is instrumentation needed for measuring torsional input pro-
vided? If yes, describe type, .numbers, and layout of the',
torsional instrumentation.

RESPONSE: Instrumentation for measuring torsional input has
not been provided.

(tQOuestion 3A.19 (NRC Question 220.15) (3.8.1)
Provide the manufactuier's name or the name of the post;-
tensioned prestressing system used in the Palo Verde contain-
ment structures. Has this system been accepted by the NRC

staff as indicated in R. G. 1.103?

RESPONSE: The PVNGS containment structures use a BBRV
>ye+~post-tensioned prestressing system. This ee-hhe4 is accepted

by Regulatory Guide 1.103.

Q"" "" " ( Q"" "" (3.8.1)
Has buckling been considered in design of containment; building?
Would it cause any problem in design?

RESPONSE: Buckling has not been considered as part of the
design of the containment exterior concrete wall. The
4-foot-thick wall and geometry preclude buckling as a design
factor in't;he containment; design. Buckling has been con-
sidered in the liner plate design since the liner plate acts
as the inside form for the containment shell. (Refer to
BC-TOP1A, Rev 1, 1972.)

I!"""""" (" Q"""" (3.8.1)
Provide an ultimate capacity analysis of the containment
building in regard to hydrogen burning. The guideline and the
staff'position on this subject is enclosed (Attachment 2).

RESPONSE: The ultimate capacity of the containment is at
least; 90.psig.

September 1981 3A-17
08-05-81

Amendment 6



PVNGS FSAR

APPENDIX 3A

(3.8.4)
Are there any (a) intake structures, submerged pipes or
tunnels, (b) structure-pile-soil medium systems, (c) spent
or new fuel pool structures, used in Palo Verde plants?
If yes, describe key dimensions, structure modeling,
static and seismic analysis criteria, assumptions and
computer codes used. A copy of "Minimum Requirements for
Design of Spent Fuel Pool Racks" is enclosed for your
reference (Attachment 3).

RESPONSE:

(a) Intake Structures: The Circulatory Intake Structure
is a non-Category I structure.
Submerged Pipe: There are submerged pipes in the
essential spray ponds and the spent fuel pool. In
the spray ponds the pipes vary in diameter with the
maximum dimension being 24 in. The pipes in

the'uel

pool are 16 in. in diameter. Both types of
pipe are designed in accordance with sections 3.6
and 3.9.

Tunnels: There are two tunnels: the condensate
tunnel and the essential pipe density tunnel.
These tunnels are approximately 135 feet long.
The condensate tunnel is 15 feet high and 15 feet
wide with the top approximately at grade level.
The essential pipe density tunnel is 15 feet high
and 30 feet wide with the top approximately at
grade level. Both are designed as Category I.

(b) There are no structure-pile-soil medium systems.

(c) The spent fuel pool and new fuel pit structures
are discussed in section 3.8.4.1.2. The spent
fuel racks are free-standing structures designed
and supplied by Combustion Engineering, Inc. The
design complies with NRC General Design Criteria 62
and Regulatory Guide 1.13.

Amendment 6 3A-18
08-05-81

September 1981



PVNGS FSAR

APPENDIX 3A

Q"—""" " ( Q"" "" (3.8.4)

RESPONSE: The design of masonry walls has been addressed
in the response to Question 3A.12. The design of these non-
structural concrete masonry walls meets the requirements of
NRC SEB Interim Criteria for Safety Related Masonry Wall
Evaluation.

!I"' ". ( Q"" '3.8.4)
Prepare for the structural design audit scheduled for the week
of August 10, 1981. A copy of requirements and guidelines for
implementation of structural design audits is enclosed
(Attachment 6).

Enclosed is a copy of staff interim criteria on safety-related
masonry wall evaluation (Attachinent 4). Identify any differ-
ence in requirements of'materials, testing, analysis, design,
construction and inspection related to safety-related concrete

'asonry walls between the Palo Verde design and the staff.
position. Modify your analysis and design, if necessary, to
agree with this interim position. State and discuss your
hardship, if any, of compliance.

RESPONSE: Preparations have been completed as required for
the structural design audit scheduled for August 10, 1981.

September 1981 3A-19
08-05-81

Amendment 6
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APPENDIX 3A

Q"" ""~

~
~ (3.5.3)

BC-TOP-9A does not cover design of barriers against turbine
missiles. Barriers against turbine missiles should be designed
in accordance with the requirements and criteria of R. G. 1.115.
Address your commitment, to comply with R. G. 1.115 or identify
and justify all deviations and discrepancies that exist in your
design. It is also the staff's position that for turbine
missile barriers, penetration and scabbing predictions should
be based on empirical ecpxations such as the modified NDRC for-
mula or the results of a valid test program. Other formulas
which are supported by test data are acceptable and will be
reviewed on a case-by-case basis.

RESPONSE: The response is contained in amended
section 3.5.1.3.

Amendment 6 3A-20
08-05-81

September 1981
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SEISMIC DESIGN

3.7.4.2.3 S'eismic Switches

One triaxial seismic switch with dual setpoint is installed
adjacent to the SMA in the containment base slab. It is a

backup device which actuates a visual and audible annunciator
in the control room if either the SSE or OBE has been exceeded
at the seismic switch location. The setpoints for the switch
are:

OBE Horizontal = 0.18g

OBE Vertical = 0.17g

SSE Horizontal = 0.31g

SSE Vertical = 0.34g

3.7.4.2.4 Response Spectrum Analyzer

The response spectrum analyzer consists of a microprocessor-
based computational unit. and a printer unit. The computa-
tional unit is operated in conjunction with a playback
system. The analyzer computes the response spectrum from the
recorded data. The printer unit prints response acceleration
versus frequency in a hard copy form.

3.7.4.2.5 System Control Panel

A panel, located in the control room houses the recording,
playback, and calibration units which are used, in conjunction
with the SMA sensors to produce a time-history record of the
earthquake. It also contains signal conditioning and display
equipment associated with the response spectrum analyzer,
audible and visual annunciators associated. with the seismic
switch, audible and visual annunciators wired to display
initiation of the SMA recorder, and the power supply components
for the equipment contained within the panel.

I

Control Room 0 erator Notification3.7.4.3
ya'ctivation of the seismic triggers causes an audible and

visual annunciation in the control room to alert the plant
w "h

3.7-31
8-24-79 .
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SEISMIC DESIGN

operator that an earthquake has occurred. This annunciation.
is initially set to occur at 0.01g horizontal and/or vertical
acceleration on the containment tendon gallery or at 0.02g
horizontal and/or vertical acceleration in the containment
operating floor. These levels cause initiation of the SMA

recording system at horizontal or vertical acceleration
levels slightly higher than the expected background level,
including induced vibrations from sources such as traffic,
elevators, people, and machinery. These initial setpoints
are based on experience in existing plants and may be changed
once significant plant operating data have been obtained
which indicate that a different setpoint would provide better
SMA system operation. Audible and visual annunciators are
provided in the control room to indicate if the SSE or OBE

floor accelerations have been exceeded for the seismic switch
location, as defined by the design response spectra of
figures 3.7-3 and 3.7-4.
The peak acceleration level experienced on the containment
tendon gallery is available immediately following the earth-
quake. This is obtained by playing back the recorded SMA

data from this location and reading the peak value for this
data from the printer unit.
Significant response spectra from the containment tendon
gallery are available in the control room immediately following
an earthquake on readout equipment suitable for comparing the
measured response spectra with the OBE and SSE response
spectra.

3.7.4.4 Com arison of Measured and Predicted Res onses

Initial determination of the earthquake level is performed
immediately after the earthquake by comparing the measured
response spectra from the containment tendon gallery with the
OBE and SSE response spectra for the corresponding location.

Amendment 6. 3 ~ 7 3 2
08-10-81

September 1981



'.e PALO VERDE NUCLEAR STATION UNITS 1 2 3
DESIGN ADE UACY AUDIT

STRUCTURAL AUDIT OF CONTAINMENT BUILDING
Part I — General Anal sis

I BASIC DESIGN CRITERIA

(1) g value — free field
Se'ismic level based

on construction
permit license

Seismic level used in
design of structures

and equipment

SSE 0.20g
OBE . Oe10g

Reference: FSAR, Section 3 7-r

0.25g
0. 13g

\

(2) Spectra (attach figs. for all damping values, ductilities)

A sero period acceleration

SSE 0 ~ 25g
OBE 0 13g

Reference: FSAR,

This i> ~~sicko~<

(,~~q«ss- e~)
Figures 3.7-1-- 3i7-4 and Section 3.7.1.1

A
QuiÃC L bN

Frequency (or period) interval

Refer to BC-TOP-4A, Section 2 ~ 5 ~ 1 (c)
r

(3) Damping

r
r

r

r

Refer to FSAR, Section 3 ~ 7.1 ~ 3,;,
'peeico~si «i$e~$ W <$4 ge,g e +t'ai J e. ~ ( e (o

eei««+e peie, Figure.e >1-5 «4 'e 7-e» (. e«)«$ +e< «~ ~ )
(4) Artificial time history and corresponding spectra (attach figures)

A'riginal time history and its composition, i.e., rising tim'e,
strong motion and tail end.

er

Refer to FSAR, 'Section 3i7 1.2 and BC-TOP-4A, 'Section 2 ~ 5 .-

;,g p./ZAN.:~,&'l&':-"-, ""~.-.
",:" ":

«

e r
~ r'; .,> ' ~ „r ~ - re r,k:*, ~,
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Containment Building

LL

B. base line correction, check the integrated velocity and
displacement time histories

The velocity and displacement time histories were checked and
found to be satisfactory. In addition, only the acceleration
time history was used as input in analysis.

C time interval - compatible with the highest frequency considered
in the spectral calculation

0.005 seconds

(5) Motion duration

24 seconds

Refer to PSAR, Section 3 ~ 7 ~ 1 2

(6) components of motion including their relative motion amplitudes

Analysis was performed for the three principle direction with equal

amplitudes

(7) Dead and live loads for various operating floors and base slab

-Par~LL,~ecti~~e4~2. be A loan ~ "s~ Jules a/l akruckvr4-'S,
me gOr e~tttPIILetL~ ~ILW LLW SO PS/ e~ILLVILlCLL+ COL. SIIIILll ePPLLLettt
a'eve loW Se. ediog Ae~ S.

(8) Internal pressure

Containment Shell: 60 psig design pressure

Reactor Shield Wall and Reactor Cavity: 110 psid design pressure

Steam Generator Compartment: 30 paid design pressure

~"
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Containment Building

(9) Ground water level

The groundwater design level is at plant El 70 -0" The actual water
level is at approximately plant EL. 60 -0" ~

Reference: TSAR, Sections 2.4 13 ' ' and 2.4.13 5 ~

(10) Backfill earth pressure, wind, overpressure due to postulated
external explosions (as applicable)

1) The backfill is 23 (The top of the containment basemat is
located at elevation 77 -3" and plant grade is elevation*
100 -0" ) ~ This occurs over about a 120 segment in plan.

2) The wind load is not a governing load for the containment
structure

3) The containment structure is designed for an external pressure of
4 psig.

Reference: CESAR, Section 6 '.1 1.3.6

(11) Other considerations

No~a

EE

I ~

I

-E *„'

1

„t
I.

I

~ '
I'

I'
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Containment Building

IIe ANALYSES METHOD

(1) Seismic Analysis

Mathematical model-general description with sketch

Three mode1s were used for the seismic analysis:

(2)

(3)

Two planar lumped parameter models were used for a time history
analysis to generate in-structure response spectra and determine
seismic shear and bending moments for the containment shell design.
Refer to FRAR, Figure 3.7-10 and Attachment A for sketches of the

~(f~.hh)
A 3 dimensional lumped parameter model that was coupled with CE s 3-3
NSSS model to be used in their 3-dimensional analysis

k

A finite element mode1 that was used in a modal response spectrum
analysis to analyze and design the internal structures. See

(i) concrete modulus

E ~ 6.00 x 10 psi6

E ~ 5 '0 x 10 psi6
c

P
%or. f c ~ 6000~I

for f c ~ 5000+SI

Reference: Project Design Criteria

(ii) rebar modulus and yield strength

E ~ 29 x 10 KSI Py ~ 60 KSI3

(iii) Poisson's ratio

V 0.24 for concrete

k

(iv)

(v)

k\ %

damping

Refer to PSAR, Section 3e7 1.3 and Table 3.7-1. (>ye 884)
„, This:.f5 ceFhsyf)gt~f 3N~)g Aeq . (iu>4c ~ rtf31

f

structural "teel modulus and yield strength

E ~ 29 x10 KSI
s

P ~ 36 KSI
Y
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Containment Building

(vi) properties of foundation materials

Shear modulus

Refer to PSAR, Pigures 3.7-7, 3.7-8, 3.7-9
(,P~es ~~ 9+)

Subgrade reactions

FT
Searing capabilities

Refer to PSAR, Tables 2.5-15 and 2-5-16(P~es Bt- BS)

(vii) other parameters
CP e

Refer to PSAR, Figure 3 ~ 7-7 for mass density and
Poisson's ratio for s6ili

b stiffness calculations

(i) concrete shell method of incorporating different
layers of materials (concrete, rebars, and slip
surface) ~ State the method used to account for
containment shell cracking due to preoperational
pressure tests

Refer to FSAR, Section 3.7.2.3.2.

*
t

E

k

' '

~ *,
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Containment Building

(ii) internals

Refer to PSAR, Section 3 7 2.3 2.

3 Method of Analysis

(a) Method of analysis used (Time history, response
spectrum methods, etc.) and consideration of
torsional and translational response

Two planar lumped parameter models were used to
generate in-structure response spectra from a
time-history

analysis'i)

general description

Refer to PSAR, Section 3.7.2.3 2.
Tge so it >$ riickiire iititcra

curiae

aecdys6 ~c &ocL

~awk'urrc,nk NRC- NvieiN posh'ion aiih %Ling

E4RC Soil Sfruckvrc. iii$er Dio~ yukon(ii) findings and comments

(b) selection of number of masses and degrees of freedom

(i) general description-

Data for the planar models are:
4

N-S Model: 42 DDOP 42 masses {horizontal)

E-W Model: 42 DDOP 42 masses (horizontal)

Vertical: 21 DDOP, 21 masses.

lL
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Containment Building

{2) findings and comments

c. number of modes considered

Horizontal (E-W)

Horizontal (N-S)

Vertical

SSE
10 modes

12 modes

6 modes

OBE
10 modes

12 modes

6 modes

The frequencies of the highest modes considered were all
greater than 33 cps ~

(1) general description

Refer to FSAR, Appendix 3A, Question 3A..6.

(2) findings and comments





Containment Building
4

d. combining modal responses

This is not applicable for the time history anhlysis

(1) actual procedures used

Refer to FSAR, Section 3 ~ 7 ~ 2.7

(2) general findings

e. consideration of three components of motion

(i) actual procedures used

Refer to FSAR, Section 3 7 2 6
lf $ 5 coA'5~~te~t wh4 R~, @«~e- 1 9>

(ii) general findings

4

44
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Containment Building

f consideration of soil-structure interaction
and interaction among ad)scent buldings

p

Refer to FSAR, Section 3 7 2.4 for consideration of
soil-structure interaction The containment is
separated from the surrounding buldings by means
of a 6 inch gap)( a.'4oMer grncLe. p T<cc'c- as ~odoFoayn 4e(os
QrcLde wQ Q >g o cosvlpf e5'sl4le ~wibc.l L~l .

(i) general description

See PSAR Section 3 7 2 4 for soil impedance
calculation.

SSE

Soil S rin s:

K 1 ~ 334x10 K/PT6

K ~ 1.9llxl0 K/PT6

K ~ I~ 334xlO K/FT6
"ZZ

~ 6.800xlO 9

~ 9 ~ 160xlO 9

~ 6 800xlO9

K-PT/RAD

K-PT/RAD

K-PT/RAD

OBE

K ~ I 720x10 K/PT K
6

K ~ I~ 911x10 K/FT K6

K I 720x10 K/PT K
Z

6

X: East - West direction
Y: Vertical direction
Z: North - South direction

~ 8 700xlO 9

~ I 178x10

~ 8 700xl0 9

K-FT/RAD

K-PT/RAD

K-PT/RAD

0
5

S
n

CP

0

p t

(ii) findings and comments

decoupling criteria for subsystems
t p

(i) general procedure

p J
p

The mass of a subsystem may be lumped into the
supporting structure mass if its mass is less than
one-tenth that of the supporting mass. Otherwise,
the subsystem must be modeled into the structural
model pt

'

Reference: BC-TOP<A, Revi 3

pj

pp

E

— (ii)

Irt '

I\

p'(
QL,)

key examples *

II pt

A, lumped parameter model of the NSSS that, provided
an adequate representation of the mass and stiff-

" ness of„,this subsystem was furnished by Combustion
Engineering. The NSSS was then coupled to the
structural lumped parameter models Mass of other
ma)or equipment was included in the analysis
Thtc Q'Incr crt)@rtptc'er'tpctntng ~tp harp]tpertc ra'ttpp

.

he()g<3 w o RP Ei fiS.K, 3A, +~a ate

Valet
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t.V
general findings and comments

V

4

~ If'I p '",'
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Containment. Building

3 ~ development of in-structure response spectra

Refer to PSAR, Section 3.7-2 5

a. general procedures

The "SPECTRA" program was used to compute the response
spectra. Refer to PSAR Appendix 3B for a description
and applications of this program.

I, r 41

(i) - smoothing (describe specific smoothing method used)

44'he smoothened response spectra represent an envelope
of the maximum peaks

(ii) peak widening

+
15'efer

to TSAR, Section 3 7 2.9

V

'

f

rIrr w I Irr

*1

b typical results (attach figures) ~

I

I II I

1

I
1 r

4

1 I

'

I
1 rr

'4
*

I I
'* 1

1

I '1 r4 '4 ~ 41 ~

rl

1*

~ 0:~:
~

r."

f'
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(i) basemat spectra

Refer to FSAR, Figures 3D-23, -25p )P~es, 149m.& 'iS~)

(ii) reactor supports spectra

Refer to FSAR, Figures 3D-13, -1.5, -17',
Canapes

l4'4- <+~)

(iii) steam generator supports

Refer to FSAR, Figure 3D-21+( f'o
g
~ '4S }- i =
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Containment Building

(iv) Steam generator upper supports

Refer re Fggg,gfguree 39-7, -19y, (P~ee >4l evA l41)

(v) reactor coolant pump support:

Refer to PSAR, Pigures 3D-9, -lip (.Pagcc >+< <4> )

(vi) pressurizer supports
Po.gLg ><>p 1'5t Lahh l58

Refer to

ate))ee+e: Iespevl5c .„epeQVA
r 1

1
'
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(vii) operating floor and crane support,.
P~g.$ lK'6 . -tS7 Qw ap 4Cr'-

Refer to

re,s, ouse 5 eG r~

(viii) top of steam generator

Refer re PSAR, Pfgere 3D-19(Pe~c, l47)

(ix) base of fuel pool
Pa eo t~ - >S4

Refer to

reqeeee
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(x) interior floors key floors with floor elevations
identified)

Refer to
P

p~gg 5 t53 I+4 go r' )pl l ~4l c

'

~ ~

c.es~c.>sc. <fe4-~~ ~

"r
zt

4

~'I

yt tt

A
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D. Vertical Dynamic Analysis

a. Mathematical Model - general description with sketch

The vertical dynamic analyses utilired similar models and methods

'C~ l.

b ~ Development of stiffnesses, including floor stiffness, as
applicable.

See answer to part (a) above

c. Method of Analysis

See answer to part (a) above

Description of method used as well as each subitems considered in
the analysis

See answer to part (a) above.
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E. Seismic Analysis for Polar Crane

a. Mathematical Model — general description with sketch

A lumped mass model was used in con)unction with the response
spectrum analysis

b Stiffness calculations

c.
Inputs'.

Key analysis results

4 7 ~

I

* ~

)
"4

~ -'4 4 4 4

7

4

I

4 ~ ~ 4

1 47
44

„7

7

4

"4
*

*

if

4

4 4

*
. ~

7 * 4

,. ~ ' '*

4

I'

~ ~

7 =-4 *

'
~ ~ , 4
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Containment Building

P. Seismic Analysis for Buried Piping and/or Electrical condruits

a Method of Analysis

Refer to Amended PSAR, Section 3 7.3 12 (see Attachment C for
buried pipin+ Paac5 'VOA -70 6Q Appavldl)c ~ 9 OP

l )
A~a ~cL~d vsAg,

b. Stiffness calculations

c. Inputs
*

r
F

~ ~ 'Cf 'C .''L

d. Key analysis results»'

*

I

F

r '
I F

I, r
'I

I', V I

IF
f

I

R

*
I

* I

r

F

,F

'I
=r

II F F c

c r

I

'I

F

"'c gP4
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2. Stress Analysis

A containment shell

a. Mathematical model - general description w/sketch

Refer to PSAR, Section 3 8 1.4 and
4~wMg Pigures A.l-l, A.1-2, A.l-3( V'~)c+ '+~ <+ )

b Method of analysis —incorporation of torsion

The overall analysis of the containment for the application
of axisymmetric loads were performed by Bechtel's nonl'near
FINEL finite-element computer program.

Por the seismic induced loads {non-axisymmetric loads), the
analysis was performed by Bechtel's linear elastic ASHSD
finite-element computer program. The torsional loads on
the axisymmetric containment structure shell are
negligible.

Refer to FSAR, Section 3 8.1.4.2.
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B. Containment Internals

a mathematical model - general description w/sketch

A, three dimensional finite element BSAP model was developed for
the analysis and design of the ma)or concrete walls of the internal
structures Concrete slabs a d ma) r structural steel members were
included in the model s 7. ness 'Zhe structural steel,
concrete slabs and other minor structures were analyzed and
designed manually See Attachment B for a sketch of the finite
element models

b Method of analysis - incorporation of torsion

A three dimensional finite element model of the containment
internal structure was developed to obtain the stress distri-
butions within the interior structure. For seismic induced 'oads,
the response spectra technique was employed. Torsional effects
are accounted for by modeling the structure three-dimensionally,
inherently incorporating thy actual eccentricity pf the structure
in the analysis e I4cc;ld~4l tceralonaR.( c44~%s wilk 4. ~AY'cLe'e ~
w 4c. 4ml)w r

c. Load combinations
e

Refer to PSAR, Section 3.8 3.3 ~ Wc ~c
SAP

d. key results (figures, etc )
emended

Refer te RRAR, Table 3 ~ 8-4A. (Bee Attachment k ) (Nej inc(udac()

~ ~



I

f

„r'
rl

1



-21-
Containment 3uilding

C Foundation mat including reactor pit
a. mathematical model - description of boundary conditions

r-imp<
In both the ASHSD and P&xe3: finite-element analyses, elements were
extended into the soil to account for the elastic nature of the
soil material and its effect on the behaviour of the basemat-

Refer to PSAR, Section 3 8.1-4 2 and ")
t ~

b Method of analysis
~ . i

The basemat and reactor pit were analyzed using the same methods as
for the containment shell Refer to page 19, part b

c load combinations

Refer to PSAR, Table 3.8»1Ag (."~g<% ~" ~~ ~ )
z'~v. Z, souse~ o~

p J

gv cL SC TO<'4
d. key results (figures, etc )

Refer to FSAR, Table 3 8-13'. P~~

'k

C
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(3) computer programs used in analysis

BSAP, SAP l.9, ASHSD, OPTCON ~ PINEL, POSIN, LUCON, TENDON,

SUPER SMIS, CECAP, STICK, STRUDL-DYNAL, SPECTRA, CONDAMe

A. Assumptions and limitations

See PSAR, Appendix 3B-

B. applicability

Refer to PSAR, Appendix 3B and PSAR, Sections 3.8.1.4.2,
3.7 2 3~ 3 7 2

C Verification

Sensitivity study in case of numerical solutions (e-g.,
finite element analysis)

Refer to PSAR, Appendix 38

DE load input (include all cases)

0 Dead and live loads are inputted as gravity loads.

Prestressing loads are inputted as either equivalent
pressure loads, external loads, or using pseudo thermal
loads

Pressure loads are inputted as surface pressure loads.

Seismic loads are inputted from the free-field design
spectra or from floor response spectra

0 Thermal loads are inputted as actual temperature
differences or as thermal

gradients'quipment

reaction loads (including LOCA and seismic
loads) are inputted as concentrated loads.
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E Output (include all cases)

See TSAR Appendix 3B

F Other discussions
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(4) overall stability
4

forces and moments from seismic analysis

ELASTIC PORCES 6 MOMENTS

Horizontal
Force

Overturning
Moment

~
~

-- 'a

OBE 24,143 K 2.60 x 106 K-FT6

SSE — 39,600 K '.27 x 10 K-FT
4 4

4 44,

B- Various cases considered

Seismic event loading combinations considered SSE oZ OBE

applied in the North-South, East,-West, and vertical-
directions simultaneously

~ . r - 4

4 ~

4

r

4

I

r
4 4 al

\
I

' .4 4

~ a
a

~ I 4ar* aa *' r = 4 r-aadad» re ra'4 ) ad - » ==. 'a 4 ~ a- 4 s, *4 -we ~ 4 ~ a

~ d

a
4

d ,4

4

.4
'4 4

'4 '

*

*
4

~,

S

* ~ L
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C bearing pressure versus bearing capacity and safety factor
against bearing failure

Refer to FSAR, Section 2.5.4.10 and Tables 2 5-15 and
2.5-16'.P~ge,8l a~ S~),

D. factors of safety

Refer to FSAR, Section 3.8.5.5 and Table 3-8-5~ (.P~C.

a. sliding

Factor of Safety - 1.2 (SSE)

b ~ overturning

Factor of Safety - 1200 (SSE)
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(5) interaction of non-category I structures

A) identification of pertinent non-category I structures

None. There are no non-category I structures adjacent to the
Containment Building

B) consideration given to potential failure of non-category I
systems on Category I systems

yes, Due in'. walk how@ +hc sa kc.m5 vr owe Wailvre

WL!I not «8«* ~F~ ~Cty F«lakeCL e]uiPFF«FFg «F« la&
««4«) ~~c.. V. Wl «V «4c. gud)ed %Q kl,«) ~pic+

C) general indings and comments

a4P««$ c«4ago7 X s)ske~s t4e) «~«j
hesig~ed +o vn«iQ<i< $g«,~ ~) J. „ i

w'tegr$
)

onJev oz 55s,

"4

t F,

F

, f

F

'

4 (

e ~~ ~

F

~ 'F

„F," ~ F F E

F

e

~ ~
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III. Conformance to Acceptable Criteria

(1) Identification of deviations, if any

Hone.

(2) justification of deviations and disposition of the deviations

*

(3) Comparison of reevaluation results with the original design bases
and discussions ~

(4) general comments
4

4

~ I

I- 4

J'

'll

'I

I I

4

5 ~
'*'.'-* ~

S

*



ii

f



Containment Building

-28-

PART II —AUDIT OP KEY DESIGNS

For each key design area audited, the design calculations should be
reviewed together with applicable drawings, sketches, etc. Also, key
details and/or sections, as appropriate, in this audit report should be
included

(1) Containment liner desi

conformance with Div. 2-Article CC-3000

The design of the liner plate system conforms to the
provisions of "Containment Building Liner Plate Design
Report," BC-TOP-l, Revision 1, Bechtel Power Corpora-
tion, San Francisco, CA, and "Additional Information
Requested by the Atomic Energy Commission on BC-TOP-1,
Revision 1, Containment Building Liner Plate Design
Report," dated September 1973 Wc car a ae ~e~llMW
wA'4 hCHlE XX Oivi 2. g AHmle M"30<0 ~

specific check of thy liner locations

A. cylinder-base mat )unction

(a) sketch

See Attachment E ( Page '7K)

(b) forces and displacement obtained from computer analysis

Refer to FSAR, Tables 3 8-lA and 3 8»1B (.~~yes hl - lo f ). ~

4

e

I

e

*I
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r

(c) controlling stress, strain from analysis considering
various load combinations

Refer to PSAR, Tables 3,8-1A and 3.8-1B (.P~g~s 9'7- >+'7) >

B. Anchorage between the liner and interior concrete slab
('o. es fl I ltO)

Refer to PSAR, Pigures 3 8-12 and 3.8-13 and Attachment P CPgg gC. '78)

.,~eat 3"qt tati r4 a e 'te 'rett ca+a'3 ~ - ''e '- tt *"
et','.

liner anchor design (model, analysis, procedure, assumption)
e

See response on page 28, item (1)
~ r

e
'v

e I, r a e 'e ~ a ' I t » *a

r e

D. other embedment design

Polar Crane Bracket

Refer te Fggge Figure 3.8-20 ('Peag LV4)
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E. key penetration design

Refer to FSAR, Figures 3.8-17, 3-8-18 and 3 8-19 (,Pa,~e> 0-I-AE)~

For design, refer to BC-TOP-1 and BC-TOP-5A

F. pre1iminary audit findings
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(2) containment hatch design

A. design requirements and assumptions

The design requirements for the concrete portion of the
containment equipment hatch are given in the PSAR, Section
3.8.1 The containment equipment hatch analysis used as
input the resultant forces and moments obtained from the
overall containment analysis

The steel parts of the equipment hatch not backed by concrete
were designed by W. J. Woolley Co in accordance with the ARAE
B 6 PV Code, Section III, Division 1 ~ Subsection NE

BE model

The equipment hatch area is .analyzed using a detailed finite
element model the model incorporates conditions, to account
for Symmetrical and Non-Symmetrical Loading. The model has
1750 nodes, 1216 brick elements and 525 truss elements. Brick
elements were used to model the concrete and truss elements
were used to model the Post-Tensioning System.

t.14 )
See Attachment G for a sketch of the model

C. analysis procedure and results

A three dimensional finite element model of the equipment
hatch was prepared and analyzed by the use of the BSAP
computer programs Forces and Moments from BSAP computer
programs are used as input for the OPTCON computer program
to optimize reinforcing steel ~

The steel parts of the equipment hatch were designed manually
by W J Woolley.

~ 'E
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D key controlling loads including appropriate load combinations

The key controlling loads are: hh

lo D+ F+E +T
2. D + F + 1.95Pa 0 1.25E + Ta
3. D + F l 5Pa + Ta

D ~ Dead Load E ~ OBE

F Prestress T ~ Operating Temperature0
0

Pa ~ Accident Pressure Ta Accident Temperature

E. key stresses and strains for 'section designs

h ~

h

* ' h ~

h=

~ 1

hh

* ' ~

~ ~

, I

h ~

h' ~

h

h, — 8- h.h

h

lt

"h

h . ~

1.9'~'.hh"*. ',-'' 'i: ~ ." '"~':h," W - '. ',* " "' ", . '.,'" . ',, '
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F. conformance to CC-3000
concrete I'o 4 o~ og %he A,+MW ZC, D~V.'t, Sdt stcAiort
The hatch design is in compliance with CC-3000
Reference: FSAR, Section 3.8.1.4

Thy a)aJ hing design i> iii ca~(li+~o'- wrHi AMUCK K
0'lv e l

p
<vlsecSLQM

G. general comments and preliminary audit findings





(3) foundation slab design
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A. design requirements and model

The design requirements for the Containment Basemat are given in
the FSAR, Section 3.8.1. Sketches of the finite-element computer
models are shown in
Figures A.l-l, A.1-2 and A.1-3g(.~yes <~~ ~>>)

B- design loads (from general analysis)
r t

Refer to FSAR, Section 3.8.1.3
t

~ t8 ~ ~

C. forces and moments at, key sections

Refer ta ftsARt Tables 3.8-1A aed 3.8-18 ( fegrs 8>-4 > )-
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D. elastic deformation curve of the slab

See Attachment H (.Pgc 7~)

E. detailed design of rebar placement at key section . „.

Refer re FSAR, Ffgeree 3.8-1 eed 3.8-2 (.Per3et IR- 83 ) i
'

e
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F. conformance to CC-3000 ha~ 3K, DlV;4 5u sec. sona~tna m tw-z s l.

The design of the basemat is in compliance with CC-3000.
Reference: FSAR, Section 3.8 1.4

G. general comments and preliminary audit findings
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(4) containment wall-base mat )unction design

A. design requirements and model

See reply on page 34 for foundation slab design.

B. design loads (from general analysis)

Refer to FSAR, Section 3.8.1.3

C. forces and moments at 1cey sections

Refer to FSAR, Tables 3.8-1A and 3.8-'1B (.Pgcs 5g <~l)i
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D detailed design of rebar

Refer to PSAR, Pigure 3.8-4 ( P~c, 1L t) ~

E Any waterstop membranes at the )oint, their design considerations
and installations

Po. ~ 1L4 )
Refer to PSAR 'Figure 3 8-2 ~ ~ The waterstops are made of styrene-
butadienc synthetic rubber. The water stops are used at
construction points below the design groundwater level

P. Conformance to CC - 3000
ASlvlF ~, pic Z ~

Sub sechoq

The wall - basemat )unction is in compliance with CC-3000-
Reference: PSAR, Section 3 F 1.4
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G general comments and preliminary audit findings
I
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(5) general design for membrane shear forces

A. design requirements and model

Refer to FSAR Section 3.8.1.5.3.

S. design loads (from general analysis)

Refer to FSAR, Section 3.8.1.3

C forces and moments at key section
A,ppaAe SF oP h,vnevidad FS+4

)
Refer to Qfpaadix
~OXC»

(LTTKCANgNT. X Pap~ ISA -VS'k)
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D detailed design of rebar

Refer to FSAR, Figure 3.8-4 ( Pgc

E conformance to CC-3000

The ASME Section III, Division 2 Code presently has no tangential
shear requirements Refer to Amended FSAR, Section 3 8-1 5-3 (See
Attachment I) ~

P ~g 7/A —75' j

P sAA„

P general comments and preliminary audit findings
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(6) dome-to-cylinder )unction design

A. design requirements and model

Refer to answer on page 34, item A.

PP P ~

~ t

B- design loads (from general analysis)

Refer to FSAR, Section 3.8.1.3
- 4

P,
P

P t'

~ PP i ~ ~4 ~

P
P

C- forces and moments at key sections

Refer to FSAR, Tables 3.8-1A and 3.8-1B ( P cs ll
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D. detailed design of rebar placement at key sections

Refer te FSAR, Ffgere 8.8-6 /Payee ll( k Ik7)

E. conformance 'to CC-3000

The dome-to-cylinder )unction design is in compliance vith 64MB @ y><<e~~
CC-3000.

I'.

general comments and preliminary audit findings

r, I k

'

4

r
I

„~

ee~"

r

kt

I - r

I 'r "~
J,„r-- * '"' . rI

rk" I

~ ~

I

I

'I

A



(



(7) primary shield wall-base mat )unction

A. design requirements and model

The primary shield is intended to be the biological shield for the
reactor vessel. It also serves as the support for the vessel
under all loading conditions. A three dimensional finite element
model was used for the analysis and design. See Atachment Jg ( PgC.s

~4-n),

B- design loads (from general analysis)

Refer to FSAR, Section 3.8.3.3.

C- forces and moments at key sections

Refer te Amended RSAR, Table 3.8-4A (See attachment K) (eral >nc!~clacl)

a

a, a„
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D. detailed design of rebar placement at key sections

Refer to FSAR, Figures 3 8-30, 3.8-31, 3.8-32, and 3.8-33

(.Pa.yy hl- id@)

code jurisdiction boundary definition and anchor treatment at
'nterface.

C

4

The boundary between the primary shield and the containment
basemat is the containment leaktight boundary. The primary shield
is anchored into the reactor pit basemat by means of B-Series
Cadwelds welded to the top and bottom of the thickened liner
plate. Reinforcing steel is then attached to the B-Series
Cadwelds in the reactor pit.

~'I
\

F conformance to SRP requirements

The design of the primary shield is i'n compliance with
requirements.
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G. general comments and preliminary audit findings
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(8) operating floor design

A design requirements and model

The design requirements for the operating floor are given in FSAR,
Section 3.8.3. The design of the operating floor was based on
manual calculations. A plan of the operating floor is shown in
Figures 3 8-35 and 3.8-36 of the FSARQP~45 87-ISS)

B. design loads (from general analysis)

Refer to FSAR, Section 3.8.3.3.

C. forces and moments at key sections

Refer te Amended PAAR, Table 3.8-4A (Ree Attacbeent K) (rmcf M++*JJ

r
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(9) crane support design
'0

A design requirements and model

Refer to FSAR Section 3.8.3.4 for design requirements.
The design of the supports were done manually. A sketch of the
polar crane support girders is shown on Figure 3.8-38 of the FSAR(f~r
ice)r

B. design loads (from general analysis)

Load Combination

DL+LL+Impact
DOBE
DL+SSE

Vertical Downward Load Horizontal Load

*563k 31k
359 1.47k
416k 240k

These loads are for each corner of the polar crane. Each corner
has two trucks and each truck has two wheels-

C. forces and moments at key sections

For operating conditions
Maximum moment at mid-span of support

Maximum load onto a single polar crane

girder<
5867
brackgg:

305

~"

~ =

1

v >

~ ~
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D detaQed design of rebar placement at key sections '- --

Refer to PSAR, Figure 3 ~ 8-3 5.8,-+ ( Pay.CS

E Interface with containment shell, if applicable

For a sketch of the polar crane bracket and its interface wf,th the
containment shell, refer to FSAR, Figures 3 8-37 and 3 8-2P
<,P~geS e4 aA lah)

F. conformance with SRP requirements and reevaluation criteria
The design of the crane supports is in compliance with SRP
requirements.
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G. general comments and preliminary audit findings
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(10) reactor vessel support design

A. design requirements and model

The design requirements for all NSSS supports were furnished by
Combustion Engineering. Bechtel manually designed the NSSS
supports.

For a sketch of the reactor vessel supports, refer to FSAR Figures
3.8-23 and 3.8-24'(Page~ IZ,5 "<~)

B. design loads (from general analysis)

The design loads were furnished by Combustion Engineering-

C. forces and moments at key sections

See Attachment L ( P~c.s l~ "79 )
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D. detailed design of rebar

Refer te 33AR, figures 3.8-30, -31, -32, -33 (.Pe,gee l'Sl —'<~el)

e

E. conformance with SRP requirements .-.-.„....,.','..=,.....„.-,. '-, -.',,
e

The reactor vessel support design is in compliance with SRP
requirements.

E

s

1

Pe general comments and

e " - tp r

preliminary audit findings . '
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(11) steam generator support design
~ \

A. design requirements and model

The design requirements for all NSSS supports were furnished by
Combustion Engineering. Bechtel manually designed the NSSS

Supports.

For a sketch of the steam generator support, refer to FSAR,
figures 3 8-25 and 3.8-26'.Pageg IEl- l4$)

B. design loads (from general analysis)

The design loads were furnished by Combustion Engineering.

C forces and moments at key sections

See Attachment M ( Pa.gc,y 80-8Z.)
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9 detailed design of rebar placement at key sections

See Attachment N (. Pa.qt'.5 8$ -64 )

E conformance with SRP requirements

The steam generator support design is in compliance with SRP
requirements

T. general comments and preliminary audit findings
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(12) coolant pump support design

A design requirements and model

The design requirements for all NSSS Supports were furnished by
Combustion Engineering Bechtel manually designed the NSSS
supports.

For a sketch of the reactor coolant pump supports, refer to FSAR,
Figure 3 8-27 and 3 8-28'.Pgc>

B. design loads (from general analysis)
'he

design loads were furnished by Combustion Engineering-

C. forces and moments at key sections

MAXIMUMTENSION IN ANCHOR BOLTS

Lower Supports
Lower Lateral Supports
Upper Lateral Support
Snubber Supports

DESIGN

280k
24k
256~
204

ALLOWABLE

600
600"„
600
600

Reference: FSARk Figure 3.S-27k end 3 ~ S-2E(l'cucjee Iecl -IN>)
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D. detailed design nf rebar placement at Key section

See Attachment 0 4f'ag5 8+)

E. conformance with SRP requirements

The reactor coolant pump support design is in compliance Mth SRP

requirements.

F. general comments and preliminary audit findings
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(13) secondary shield walls

A design requirements and model

The design requirements for the secondary shield walls are given
in FSAR, Section 3.8.3. See Attachment B for sketches of the
finite element model used in the analysis and design-

B. design loads (from general analysis)

Refer to FSAR, Section 3.8.3.3

C. forces and moments at key sections

Refer te Amended RRARI Table 3.8&A (Ree Attachment K) (AQ fftJffded j
= ~
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D. detailed design of rebar placement at key section

Refer to FSAR, Figure 3.8-34 (.<+~ +)

E. conformance with SRP criteria

The design of the secondary shield walls are in compliance with
SRP requirements.

F. general comments and preliminary audit findings
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(13) other steel structures

A. design requirements and model

The design requirements for structural steel within the
containment structure are given in the FSAR Section 3.8.3. The
steel structures were designed by conventional hand calculations.

B. design loads (from general analysis)

Refer to FSAR, Section 3.8.3.3

C. forces and moments at ke~ sections

Refer to PSAR, Table 3.8-4B E. ~Op~>
<o< < )
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D. detailed design

See Attachment P (. f~)~ ~<)

E. conformance with SRP requirements

The steel design is in compliance with SRP requirements.

4 K

P. general comments and preliminary audit findings
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(15) Post-Tensionin S stem and Anchors e

A Post-Tensionin S stem

1 Tendon System used

The post-tensioning system used is the BBRV system The tendons
consists of 186-1/4 inch diameter, high strength wire in
conformance with ASTM>421 Type BA. The wires are anchored by
means of button heads Reference: FSAR, Figure 3.8-7 t.p~e

2. Prestressing force at transfer

Cylinder Hoop Tendons — 1495 kips per tendon (163 8 ksi)
Dome Hoop Tendons — 1496 kips per tendon (163-9 ksi)
Vertical Q shaped tendons at top of dome — 1299 kips
per tendon (142i3 ksi) ~

3 Tendon load under LOCA

Cylinder Hoop Tendons - 1237 kips per tendon (135 ' ksi)
Dome Hoop Tendons - 1255 kips per tendon (137.5 ksi)
Vertical A shaped tendons, at top of dome - 1055 kips per tendon
(115i5 ksi) ~ The forces and stresses given above are after all
losses at the end of plant 1ifei

4 Method used to calculate transfer losses:
- (KL +u.ot)

a) Friction Calculated from the equation f ~ f ex 0
given in ACI-318-71, Chapter 18.

b) creep
-6

Based on creep strain of 500 x 10 in/in at the end of
plant life

c) Concrete shrinkage
-6

Based on shrinkage strain of 100 x 10 in/in
plant life.

t

5. Buttress Design
*

at the end of

4

a) Maximum bursting stress in concrete
*

Refer to BC-TOP-7, "Full Scale Buttress Test for
Nuclear Containment Structures

Prestressed
h

I
P

I X l
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b) Reinforcing provided to resist bursting stresses
{.f'~e tlS )

For a sketch of th reinforcement in the buttress, refer to the
FSAR, Figure 3.8-5. The design of the tendon anchorage zones is
based on two test programs conducted by 3echtel to demonstrate the
adequacy of several reinforcing patterns for use in anchorage-zone
concrete in the basemat and buttresses. The test results
demonstrate satisfactory performance of the test anchorages The
design of the tendon anchorage zones is based on the results and
recommendations of these tests Refer to the FSAR, Section
3.8.1.4.4 for a description of the test programs.

c) Stress under the anchor plate

3 5 ksi

d) Allowable stresses

4.2 ksi

e) Stress under the "
Q

" tendons anchorage

3.5 ksi

f) Method of calculation of stresses
I

The stresses were determined by a manual calculation

„g) Allowable stresses

ksi \
r 4

~, r
r
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K

SEISMIC STRESSES IN UNDERGROUND STRUCTURES

3G 1 SUMMARY

This section describes methods used for seismic analysis of
buried structures such as conduits, tunnels, and well casings.
The effects of earthquakes on buried structures may be broadly
grouped into two classes: faulting and shaking. Faulting
includes the direct, primary shearing displacement of bedrock
which may carry through the overburden to the ground surface.
Such direct shearing of the rock or soil is generally limited
to relatively narrow zones of seismically active faults which
may be identified by geological and seismological surveys.
From a structural viewpoint, landsliding, ground fissuring,
and consolidation of backfill soil have similar effects on

4buried structures. In general, it, is not desirable to design
structures to directly sustain such major soil displacements.
However, design measures can be taken to mitigate the effects
of the displacements and to identify'and avoid areas prone to
such displacements.

The effects of earthquake ground motion on underground con-
duits, in the absence of direct fault displacement. or unstable
soil conditions such as liquefaction, are:

Axial tension and compression due to traveling
seismic wave

Shear and bending due to traveling seismic wave

1 ~

2 ~

3. Strain caused by dynamic differential movement at
connections

, Analytical procedures for evaluating these effects are
. described in the following sections. For very long struc-

tures, and procedures are based on the assumption that there
is no relative motion between the flexible structure and the

th
II" 'I
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ground. Seismic s esS
' stresses in the conduit are estimated from

the calculated strains and curvature in the surrounding soil
due to the passage of seismic waves. For short, structure5,
slippage may occur between the conduit an d the soil and the
calcu?ated axial stresses are proportionately less than those
assuming the conduit strain equal to the soil strain. The
effects of bends and differential displacement at connections
to buildings are evaluated using procedures based on equations
for beams on elastic foundations. The calculated sexsmxc
stresses must be combined with stresses from other loading
conditions, including pressure and surcharge loading, for
final design.

The interaction of stresses and strains ds due to seismic wave

propagation and boundary displacements, both at bends and at
structures, is a complicated problem. The conservative
assumption can e ma eb d that the strains due to the several
sources are additive and, hence, an SRSS combination may be
used. In case these resultant stresses and strains are
unacceptable, the problem can be circumvented by designing
discontinuztxes o et b flexible to allow for the resultant
displacements.

F

W

3G.2 STRESSES IN STRAIGHT SECTIONS

3G 2.1 GENERAL EQUATIONS FOR AXIALAND BENDING STRAIN

Th t f a long, buried structure far from the ends and

free of any external support other than the surroundmg soil
are assumed to be flexible and to follow essentially the
displacements and deformatxons of th0 e soil during seismic
ground motion. Soil displacements due to the passage of

d face waves are calculated based onshear, compression, and sur a
d article.

' Have propaga 1ont velocities and the maximum groun p
acceleration and veloce.ty due to th gne desi earthquake.

~ ~

*
I
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*
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Stresses in the structure are calculated using the resulting
strain, curvature, and modulus of elasticity of the struc-
tural material.
The assumption that relative motion between the buried struc-
ture and the surrounding soil is negligible has been shown by
O'ourke and Wang (1978) to be a valid assumption for most
practical cases. For special situations where the relative
motion is not negligible, and analysis techniques described
by Hindy and Novak (1978) and O'ourke and Wang (1978) can be
used. Internal walls which may not follow the motion of the
surrounding soil can be treated as simple oscillators subject
to the design ground motion at the depth of burial.
The basic relations for calculating maximum longitudinal
strain and curvature induced in a flexible, buried structure
have been presented by Hall and Newmark (1978). For a com-

~~

~pression wave propagating along the longitudinal axis of the
buried structure

{3G-1)
v

m C

and for a shear wave propagating along the longitudinal axis

8 ms
m 2C

I
4 I ~

(3G-2)

(3G-3)

where

,'m
"m

mp

ms

ms

maximum

maximum

maximum

maximum

maximum

longitudinal strain
curvature '",

compression wave particle velocity
shear wave particle velocity

I

shear wave particle, acceleration
4

'I

1I

I
'I I'

I 4
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08-06-81

Amendment 6



,1

I

l

t



PVNGS FSAR Pfy@y

APPENDIX 3G

C = compression wave propagation velocity
P

C = shear wave propagation velocity8
The maximum strain as given by Egs. 3G-1 and 3G-2 is an upper
bouei-since it is limited by the pipe-soil interface friction.
Slippage would occur if the computed axial force, e AE,
exceeds the frictional resistance as given by Eg. 3G-21.

The appropriate particle acceleration (a ) for calculating
maximum soil strain is the maximum ground acceleration. The
maximum particle velocity should be selected for the corre-
sponding wave type. For example, the maximum ground velocity
for the compression wave portion of ground motion prior to
arrival of the surface wave component is typically less than
the maximum ground velocity associated with the surface wave
component. Therefore, it may be unnecessarily conservative to
take the maximum ground velocity in the entire ground motion
when calculating maximum soil strain due to a compression
wave.

The value of wave propagation velocity to be used when calcu-
lating maximum soil strain surrounding a buried structure is
the effective velocity of the ground motion disturbance past
the structure. For rock or very stiff and dense soils, the
effective propagation velocity is equal to the in-situ wave

propagation velocity as measured by field or laboratory tests.
If the structure is embedded in a softer layer or at a shallow
depth in uniform soils, the effective propagation velocity
should be taken as the propagation velocity of the underlying
competent soil or rock (Hall and Ãewmark, 1978). For example,
the effective shear wave propagation velocity should not be

...,taken as less than the shear wave velocity at a depth of 400

to 500 feet or, in any case,'ever less than about 2000 fps.
'i „r

**"

. sf

F 7,+
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3G.2.2 MAXIMUMAXIALAND BENDING STRESSES

Equations for calculating maximum axial and bending stresses
as a function of angle of incidence of the various wave-types
have been presented by Yeh {1974). For an obli e com ression
wave of amplitude A (Fig. 38-1a).

a = k C cos 8
~m' {3G»4)a C

KRa
'

o ='3~sins oos 8b 2
C

{30-5)

where,

e = maximum axial stressa
a = maximum bending stressb
E = modulus of elasticity for the structure
v = maximum compression wave particle velocity
a = maximum compression wave particle acceleration
R = distance from the cross-sectional neutral ax

mp
is of the

structure to the extreme fiber
8 = angle of incidence of propagating wave from the

structural axis
~ ~The maximum possible values of the axial and bending stresses

due to an oblique compression wave are

a=~ C
~m

P

efor8 =0 {3G-6)

ERa
o = E 0.385 ~ for 8 = 35'l5'

., For an obli e shear wave of amplitude
,'-

I

~ms
e =t —'sin8 cos 8a C

I

4

I
4 l

4

II"1I

{3G-7)

(Fig. 3G-lb)
e

(36-8)
'. '5A *',—

4

4
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Erams

cb t > cos 8

C

(3G-9)

where

v = maximum shear wave particle velocityms
a = maximum shear wave particle accelerationms

The maximum possible values of the axial and bending stresses
due to an oblique shear wave are

e = k —for 8 = 45ms
a 2C $ 3G-10)

~'ms
a =8 —for8=0Ob C2

s
{30-11)

For an incident surface wave of amplitude A, the motion is
equivalent to the 'combination of a compression wave of ampli-
tude AR and a shear wave of amplitude A (Fig. 3G-1c) and

Rp s
Evmz 28 {3G-12)

CR
l

ERa
a = i—sin 8 cos 8b C 2

R

fox the compressional component ",
.

(3G-13)

~ - l I

a = E —cos 8
ERamr (30-14)b 2

R I, I*

for the shear component
rr

I rwhere
I.

~

= maximum surface wave particle velocity 'r

4
~ ~

a = maximum surface wave particle acceleration.:- ",,.'...-.
' ~ l rC~ = surface wave propagation velocity....,, .;,:" .„,.

h

Amendment 6
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The maximum possible values of the axial and bending stresses
due to an incident surface wave are

Ev

R
fore =0'3G-15)

crab

ERa

R

for the shear component

te Do

ERa
k 0.385 —

2 at e = 36'16'

for the compressional component.

{3G-16)

{3G-17)

3G.2.3 NAVE TYPES AND COMBINATION OF STRESSES

The maximum ground velocity and acceleration for an earthquake
motion contain contributions from compressional, shear, and
surface waves. The choice of wave type to be used for design
depends on the location and orientation of the structure to
the earthquake source, as well as on the nature of the source
and local geologic conditions along the travel path.

IIt is not presently possible, in general, to determine the
relative contributions to the total motion of each of the
various wave types. The axial and bending stresses should be
maximized separately according to wave type and angle of xncx-

F

~ ~ ~ ~dence, and the resulting maximimums for axial and bending
stress should be combined by the SRSS method since the maximum

values are unlikely to occur simultaneously.
I

, The calculated axial and bending stresses are combined to pro-
vide the total seismic design stress. The combined stress is
maximized for an incident angle between 0'nd 457 for edch
wave type using the equations provided in section 3G.2.

-*'his

combined 'stress'or each wave type will always be less
,, than the sum of the maximum possible values of axial and

J

c
I

I k
'I

I,
e

3G-7 . Amendment 6
08-06-81 8
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bending stress which are based on different angles of inci-
dence and, therefore, do not occur simultaneously. The-

4
maximized values of axial and bending stress for each wave

type are then combined using the SRSS method to give the total
seismic design stress (e + ab) as follows:

( p) +( ) +( ))t
2 2 21 1/2

b b bs br
2 2 21 1/2

(3G-18)

(3G-19)

where the subscripts p, s, and r identify the maximum axial
and bending stresses due to a compressional, shear, and sur-
face wave, respectively
For buried piping of relatively small diameter (less than
about 48 inches), the bending stresses are small compared to
the calculated normal stresses. In this case, the maximum

possible values of axial and bending stress for each wave

type can be added directly without, performing the maximizing
procedure prior to combining. For buried structures of much

greater dimensions, such as tunnels, and bending stress wi'll
be significant compared to the axial component and the maxi-
mizing procedure should be carried out.

If the calculated stresses exceed the allowable stresses,
increasing the cress-sectional area of the structure xs of no
value since the stresses are due to an imposed straxn. In
this case, the solution may be to either articulate the struc-
ture to make it more flexible or to isolate the structure
partially or completely from the surrounding soil.

h

3G-8
08-06-81

September 1981

gD I

3G.2.4 SHORT SECTIONS

In case of a straight structural element embedded in soi
the transfer of soil strain as axial strain into the element
depends on the end bearing of the element against the soll

h

h

Jh h ','*
~,

h ~„hP
h

h

h
t

h I *
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and the frictiona1 resistance between the element surface and
the soil. At, the ends of a long, straight element, frictional
resistance will develop for some length (E) along which the
element will displace relative to the surrounding soil due to
strgin incompatibility between the soil and the element
(Fig. 3G-2a). Neglecting end bearing, the minimum length of
structure {L) required to develop full friction has been
shown by Shah and Chu (1974) to be twice the maximum slippage
length (t. ) which is calculated as follows:

m

e AE
= ™

m f (3G-20)

where
'

sm = maximum soil strain
A = structure cross-sectional area
E = structure modulus of elasticity
f = friction force per unit length

For buried structures where L < 2E , the calculated axial "

m
stresses will be proportionately less than those calculated
assuming no relative slippage between the structure and the
soil (Fig. 3G-2b).

(3G-21)

The frictional force {f) per unit length of a pipeline struc-
ture is given by

f = n Dp~

where 'I I

pipe
I I ~

pipe (p ) is approxi-,
p

(3G-22)
1 ~ ~

~ I.4
~ I

Amendment 6

vo Z
3G-9

08-06-81
'I 4'I

1

D = pipe diameter .

p = average radial soil pressure on
-"- p = coefficient of friction
II I

'The average radial soil pressure on the
; mated by

I:

1+K
'1 d

I I
I I

I
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where

K = coefficient of lateral stress at rest0
1

= soil unit weightsoil
H = burial depth at pipe centerlined

The parameters {p) and (K ) are evaluated based on the type0
of structural material and soil conditions for a specific
project. The coefficient of friction {p) is typically in the
range of 0.3 to 0.5 for a smooth pipe embedded in soil. The
lateral stress coefficient {K ) typically ranges from 0.5 to0
1.0.

3G.2.5 AXIAL DISPLACEMENT OF FREE END RELATIVE TO THE SOIL

Neglecting the effect of end bearing and considering the maxi-
mum soil strain to remain constant over the length of the
structure, Shah and Chu (1974) give the longitudinal displace-
ment of the ends of a structure relative to the soil as
follows:

fkh=c Em e 2AE

where

{3G-23)

h = h (soil) - h(structure)
= effective slippage length (Fig. 3G-2b)8

In the case of a short structure where L < 2E, the effective
slippage length equals one-half the total length (R = L/2)
and

'mL fL2
2 8AE

~ 5

For a long structure, i
~ ~

mmaE a, AEU.
Z ™Zf

«

r
r

r

'I

U
U

U

and

r

«-f',

U ~

{3G-24)

(3G-25)

')
«
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Provisions should be made in the design to accommodate thxs
displacement at the intersection of long elements with massive
embedded structures.

3G.2.6 SHEAR FORCE DUE TO AN AXIAT SHEAR WAVE

The basic relations for maximum longitudinal strain and curva-
ture presented by Hall and Newmark {1978) can be extended to
provide the rate of change of curvature of a buried structure
due to a propagating shear wave. For a shear wave propagating
with wave velocity (C ) along the x-axis, the particle dis-
placement in the transverse (y) direction is *,

y = f{x- C t) {3G-26)

The third derivative of equation {3G-26) with respect to x and
t gives the following relation for the rate of change of
curvature

1 a'-~ = f'''(x-C t) = -—
Sx3 s C 3 8t3

8

{3G-27)

Defining {h) as the maximum derivative of the ground
acceleration

I

4

4
4 . —\

S~3
St

(3G-28)

4

4
4

4

and using the elementary beam relationship between the change
in curvature and the shearing force (Q)

~
'\

Q = -EI
4

.. ~ The shearing force in the buried structure xs

Q = EIh/C

(30-29)

{3G-30)

44

r
I

4

~ 4 „4

1

4

y

y l

4
4 4f

4 ~ 4 ~
4

4
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h = 9a /v2

Combining equations (3G-30) and (3G-31) yields the following
expression for the maximum shear force in the structure

(3G-31)

The quantity (h) can be evaluated using the relationships
between the maximum values of ground acceleration, displace-

2ment., and velocity where a d /v = 6 {Hall and Newman, 9.2 78

Table 1) an vm ~- m m1) d h /~ = pa d /v (Newmark and Rosenblueth, 1971,
p. 492). The coefficient (P) accounts for uncertainties in
the relationship between the various ground motion parameters,
with a reasonable level of conservatism obtained by taking
P = 1.5. Based on these assumptions

9EIa

Csvm
{3G-32)

3G.2. 7 CURVATURE

The maximum curvature (K ) at a point can be calculated usxng
Eg. (3G-3). Ef the calculated curvature is equal to or less
than the allowable value of M/KI, the structure can be assumed

to follow the ground motion without overstress and no artxcu-
lation is necessary. However, some rotational capability may

be required in sections where the calculated curvature exceeds
the allowable value of HEI and in the vicinity of connections ..

to structures. The angular distortion for a given length of
4structure (L) can be calculated using the relatxon

{3G-33)

If sections of an underground structure are effectxvely iso-
'.'lated from the surrounding component. soil, the angular distor-

,, tion. is a function of the relative motion of the support
oints. The maximum relative motion in the transverse

S
C

4'
~

1f
1

**

18t
'

4
e

*
1
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direction between
earthquake can be

v L
h =—

~s

two points a distance {L) apart during an
calculated according to Yeh (1974):

P

(3G-34)

The angular distortion is then

h
g = arcsin > (3G-35>

Sufficient rotational capability should be provided at joints
and connections to permit the calculated angular distortion
()) from the appropriate equation above.

3G.3 STRESSES AT BENDS

3G.3. 1 GENERAL PROCEDURE

The analysis of buried structures with bends or restrained
ends is based on the equations for beams on elastic founda-
tions derived by Hetenyi (1946). In the case of a bend, the
transveise leg is assumed to deform as w beam on an elastic
foundation due to the axial force in the longitudinal leg
(Fig. 3G-3). The displacement {b) at the bend is defined by
the overall spring constant at the bend (K) where

K =—P
h (3G-36)

The spring constant at the bend depends on the stiffness of
the longitudinal and transverse legs as well as the degree of
fixityat the bend and at the far ends of the legs. The

approximate deformed shapes for a number of typical combina-
tions of leg stiffness 'and end condition are shown in
Fig. 3G-5. The stiffness of the leg is classified according

I

~ ~ ~ ~" to Hetenyi (1946) as rigid (A.L c n/4), intermediate
(n/4 < A,L < n), and flexible (A,L > n) where

o

J."./4EZ system characteristic .

L ' length of the leg-",,=.
1

September 1981.
m
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k = modulus of subgrade reaction for structure ofs
width (B)

k = k (B) where B is width of the structures

Solutions for the bend spring constant (K) for some typical
configurations (cases A through E) are shown in table 3G-1.
Solutions for other configurations can be derived using the
appropriate equations for beams on elastic foundations.

3G.3.2 EQUATIONS FOR STRUCTURE ARITH RESTRAINED END

The configuration and deformed shape of a buried structure
with a bend are shown in Fig. 3G-4. According to Shah and
Chu (1974), the maximum axial force is

Fmax = ~ + f~e {3G-37)

and

K {3G-38)

Establishing displacement compatibility at the bend 1eads to
the following expression:

FR, e
2AE e + sf max

K AE m

If the structure is long {L1
4

and equation {3G-39) reduces

max- —= 0K (36-39)

I'rL2>i+P,), F =aAE
, 2 e

AE
e K

2c K
1.0+ ™-1.0 (3G-40)

4

I

... In the case of a short structure (L1 or L2 < Ee + km) Fmaz
=

f(L - L ) and equation {3G-39) can be written in the form ~ "4

f

'$ { ~ '

fk—+ E2AE e
f{L-E 3

K AE ~ = ~ m

V

f{L-i }
0 . ~ {3G-41)K

{ { 4'

4
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Equation (3G-41') can be solved by trial and error for the
effective slippage length (E ). Having the effectivee
slippage length, the displacement (5) at the bend can then be
calculated. Vith the displacement. (h), the shear (Q) and
moment {M) in the transverse leg can then be calculated for
the appropriate configuration (cases A through E) in
Table 3G-1. More complicated cases can be handled by
discretizing the structure as described by Hindy and Novak
{1978).

3G.4 STRESSES AT CONNECTIONS TO BUILDINGS

3G.4.1 AXIALMOVEMENT

Stresses are induced in buried structures at penetrations to
buildings due to relative movement between the building and
the soil. In the case of relative movement in the axial
direction of an underground structure with the far end
unrestrained, the maximum axial force (P) in a long structure
(Z > S ) is given by Yeh (1974):e

f' ~2EAfd

where
= relative movement between the building and

{x
soil in the axial direction.

= P/f effective slippage lengthe
Y

For a short structure (L<E }, the maximum axial forcee
'slimited to

(3G-42)

{3G-43)

t
'eh

4
4

4
4

I I {
I '

I 4
I

4 4 4

e

It

4 ~

I e

4
'I ht Y 4
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Table 30 1

BEND CHARACTERISTICS

Spring Constant
Casa At, Bend {K)

Shear In
Trsllsverse

Leg {Q)

Moment In
Transverse

Leg (N) Reaarka

'{A)

{B)

Kk

3k

ka N ~~0. 1662ka

+' 4A .
a

It a ~kh
4A

Equal aoaent of inertia (I) in
longitudinal and transverse legs

(C) It > ~2A

{D)
Xc~

(sl I
A 2C1

{) "
Pc~

9

2CI~

kAC2
lt ~ ~

A, Cl

I cosh (AL) + coa (AL)

a ainh AL cos AL +cosh AL sin At2"
cosh {At) + coa {AL)

ainh Af cosh AL ain At cos AL
1 ainh (AL) ain {At)

a ainh AL egin AL2

ainh (AL) sin {AL)

~ ainh At cosh AL tain AL coa AL
S

~ inh (AL) ain {AL)

0

Ãotat Sea kg. S~ for definition of cases.

4

~
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If a bend in the underground structure is located near the
penetration, the connection to the building willbe
ihfluenced by this restraint. In this case, the following
exp~sion can be solved for the maximum axial force (F ):

max fL max, fL
x AE 2AE K K (3G-44)

where K is evaluated for the appropriate configuration
{Fig. 30-4).

3G.4. 2 LATERAL MOVEMENT

In the case of relative movement between the building and
soil in the direction transverse to the buried structure,
stresses are determined assuming the structure to be a semx-
infinite beam supported on an elastic foundation with a fixed
or hinged end at the connection to the building (Yeh, 1974).
For a fixed connection to the building:

{30-45)

where

aK=
~A (~y)

FI

maximum bending stress at the connection

maximum shear stress at the connection

relative movement between the building and
soil in the transverse direction

{30-46)

PP

shape factor for the structural cross section
~ ~ ~'nd is equal to 2 for a thin circular section

F F

Amendment 6 September 1981 70 5
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For a hinged connection to the building:

crb = k 0.161 2 {h )kR
A, I

ak
ZZA {~y)

where

= maximum bending stress located at a distance-
n/4K from the connection

x = maximum shear stress at the connection

43G 47)

(3G-48)

3G.5 DESIGN EXANPLE

Given An underground steel pipeline
as shown in plan view in Fig.
the pipe and supporting soil,
motion are as follows:

connecting two buildings
3G-6. The properties of
and the earthquake

P~ie

30-inch I.D.
Soil

.l = 118 pcf
E~th k

2a = 120 in./secm

t = 3/8-inch

I = 4130 in.

A = 35.8 in.

E = 30x10 psi

L1 = 500 ft.
L2 100 ft

I
v

C = 7500 fpsp
v = 5 in./sec

mp

Hd = 6.0 ft.

3r = 98 lb/in.8

e
~ e

C = C = 3000 fps v = v = 14 in./secs R ms mr

K = Oe7

= ~

September 1981
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Find

A.

B.

Seismic design stresses in the straight sections-of
the pipeline away from the bend and connections to
the buildings.
Design condition at the bend, including
~ stresses in the pipeline if restrained at

the bend

C.

~ maximum axial displacement of the ends of the
pipeline if unrestrained at the bend

~ maximum angular distortion at the bend.

Design condition at the building connection,
including
o stresses in the pipeline assuming a hinged or

fixed connection and 0.5 in. relative
movement in the axial or lateral direction
maximum axial displacement. of the ends of the
pipeline at the connections assuming no
restraint

~ maximum angular distortion at the connections

So1ution
Fg Since the pipeline is of relatively small diameter,

the maximum values of axial and bending stress for
each wave type will be added directly without maxi-
mizing for angle of incidence as discussed in
section 30.2.3. The maximum axial and bending
stresses due to individual compression, shear, and
surface waves for a pipeline following the ground
motion are determined from the appropriate equations
of section 3G.2.2:

'4

Amendment 6 3G-K
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Ev
e = k ™= % 1667 psia C

0.385 ERa
e. e'

2C

Shear wave

o =k™=k5833psia 2C

ER'ms
a = S —= 2 42.7 psib

C 2
s

Surface wave

Ev
c = k —= 4 11,667 psia CR

ERa
a = 2 —= W 42.7 psib

G
2

R

(a) Seismic design stresses in the Iong, straight
section (L1) are obtained from stresses for the
individual wave types using the SRSS method:

1/2,
(1,667) + (5,833) + (11,667)2 2 2

a

= k 13,100 psi .

1/2

ab k {2.6) + (42.7) + {42.7)2 2 2 = t 60 psi

~ ¹'

.

e ¹

~
v

e
R 'I
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Design stresses in the shorter section (L2) can be
reduced to account for slippage between the pipeline
and the soil as discussed in section 3G.2.4:

a b 13,096 + 60 04438 X 10 3
m E 30 x 10

i + FI

P = Y l (H<) = 602 Psfz 2 soil
f = nDp p = 1935 lb/ftr

c AE
= 243 ft.m f

For the shorter section, L2 < 2k and the seismic design

stresses can be reduced in accordance with Fig. 3G«2b:

(b)

e = — — = 2,700 psia A 2

If the pipeline is restrained at the bend by a rigid
elbow or other structure, shear and bending stresses
will be induced in the pipeline in addition to an
axial stress as discussed in section 3G.3. For dis-
placement at the bend in the east-vest dixection
{axial force in L1):

I
I'I

1/4
R B

4EIA = = 8 83 x 10 ' *
-3 .:. "'.

I

Both pipeline sections (L1 and L2) can be considered
as infinitely long for purposes of calculating the
spring constant at the bend since both AL> and AL> ~ n.

I *

I *

L, P ~
'

4r

4

I
, I I'

'I
f

4 l ~,
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The appropriate spring constant at the bend is
case (B} of Table'3G-1:

K = —= 2.56 x 10 lb/~3k 5
4A,

The effective slippage length along section L> is
calculated from Eq. (3G-40):

2c K
1.0 + f - 1.0 = 2291 in.

The shear, moment, and transverse displacement induced
in section L2 at the bend are:

Q = F - fE = c AE - fk = 101,000 lb2 max e m e

= —= 0 39 in.Q2
2 K

k az= —= 3.77 x 10 in. lb6

4A,

For displacement at the bend in. the north-south
direction {axial force in L2}, one-half the section
length (600 in.) is less than the effective slippage
length (i = 2291 in.) calculated using Eq. (3G-40).e
In this case, Eq. (3G«41) must be solved for the
effective slippage length by trial and error:

= 470 in.I

~ v

~ v
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g C

3G-R-,
08-96-81

r
r

r

v

Amendment 6

QO )C



,

'



PVNGS FSAR KP~/~
APPENDIX 3G

The shear, moment, and transverse displacement induced
in section L> at the bend are:

«

Q =F fk = f(L-R ) - fR =41860 lb1 max e 2 e e

4 = —= 0.16 in.1
1 K

= —= 1.55 x 10 in. lb6.
4A,

If the pipeline is not restrained at the bend, the
longitudinal displacement of the ends relative to
the soil can be calculated by Eqs. (3G-23) and
(3G-25). The displacement of the end of the long
section (L>) is

s AE2
= o.e4 in.1 2f

The displacement of the end of the short section
{L2) is

2s L2 fL2
4 = —- —= 0.24 in.2 2 SAE

The angular distortion of the pipeline can be
calculated by Eg. (3G-33):

a (K)
Q=Q{L) lh

C

y pL

-- ~

For the long section (L1), $1
= 0..03 deg.; for the

shorter section (L ), Q2
= 0.01 deg.2

hr r r <r
r

h

h

E

r
~ ' r

1

I,

a

'r " r=

«

r« I

r

h '

Amendment 6
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(c) Connection at Point A

The axial force induced in the longer section (L>)
due to the design axial relative movement (h ) of
0.5 in. is:

P = 2EAfh = 415,800 lb.1 X

Pfor a long structure where L = 500 ft. > f = 215 ft.1

Assuming a fixed connection, the maximum bending and
shear stresses in the pipeline at the connection due
to the design lateral relative movement (h ) of
0.5 in. are:

e = I —(h ) = k 35,100 psika
b

—
2A2I y

t = —(h ) = 9,500 psiy
Assuming a hinged connection, the maximum bending
and shear stresses are:

(h ) = i 11,300 psi at a
x x

distance —= 89 in. from the connection and
4A.

! 4

(h ) = 4,800 psi2A,A y
Connection at Point C

pFor the shorter section, X2 = 100 ft. <
<

= 215 ft.
and Eg. (6-44) can be solved to obtain the maximum

axial force due to the design axial relative
displacement (h =) of 0.5 in.:X

F = 271,000 lb.max
i

~ '

~

'* seotember 1981. k
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The maximum bending and shear stresses in the
pipeline at the connection due to the design lateral
relative movement, {h ) of 0.5 in. are the same as for7
the connection at point {A).
An lar Distortion
The design angular distortion at the connections is
the same as for the bend:

$ 1
= 0.03 deg.

~2 0.01 deg.

The calculated seismic stresses and displacements at,
various locations along the pipeline must be combined
with stresses due to all other loading conditions to
obtain total design stresses {Goodling, 1978). If
the total calculated stresses exceed the allowable
stresses, the overstressed section can be made more
flexible or isolated partially or completely from
the surrounding soil. In the vicinity of the
connections to the buildings, for example, a fixed
connection would result in very high bending stresses
which could be greatly reduced by use of a hinged
connect1ono

'C ~

R
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CONNECTION (A)
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y, * 0.03DEG.

IF FIXED:

eh ~ 35,100PSI
~ 9,500 PSI

IF HINGED:

oI, ~ 1'I,300PSI
~ 4,800 PSI

IF HINGED:

oh ~ 11,300PSI
~ 4,800PSI

IF FREE:

ANS ~ 0.50+0.05 <055"
IF FREE:

SEW < 0.50+ 0.64 < 1.14"

"»

»»

»

»

Palo Verde Nuclear Generating Station»» FSAR

DESIGN EXAMPLE
Figurc 3G-5

» ~ )I»» . a

» P September 1981 Amendment 6

'8-06-81



i



I Z 3 r9

Cr
S

4
r

A7.74cHtvIEQ7
she <k 4 D$ 7 s e cc.- z'8 - c Bn

mod<.l Pr y
S~~~i

CONThlNmm2

II ((

pcake,s
STRESS kNhLYSIS - ASHSD COHPUTEL ANhLY

2I3. 4'

t RuVI/C,ME

I
IS

I9

(3

(f(

I5

IC

IT

I(I

l9

AgH5D MORSEL- I-CW

LoALO
PRESS MRE Lo

Ard c
1 *r

* A P +,.

]5'k S o98'5
I(y g GlEMEW7 5

5

34

Q4( 35 +60

43

~ - \

@25

*

2

27

9(

Qrt
Io7

92

5

4 gQ,
9( 'Io

77

o Q
I

29

90

3I
32

Q9

4
I

'

*

~ ~

tl4

II9

Qv,

h

/

1 ~,

1

1'

'

II

1

clIIC~O
moO4'S rLRC
cum~LQ
FixKD

rt '.
Ah

1/

'*
~ 1

HI@ 9

1/ 1 ~

3
9 t33 (32

I3(

(33

h.

h
r

hr

~ 87....'. ' -.;: —.',''
~ ".4,

0
0

~, 1 h



I I

li<

l



WALL LINER

SEAL WEM TFP.

is:2"i@~
TO.LINER

EL,.rr-'a~g'TIFF.

L Jrg

l5ACEIVGbig 2r+
CONT.

TACK AS
iCEQ'D

SEAL WELD TYP

v >U-

iVT+x

I~ 8.5

ALTERNATE07k.
(OPP. HD.)

J'

a

ROOT
GAP

U

FIFCD W aEVm
PLATES AS fT~N

ALTERNAL
tll r r r

J

U ~ ~

~ U

J

LIAIER P(.ATE CY'L IA/QPQ «gg5P lVfP I
Ut 'J

It J 't
r

~ U—

'a - ' " >; ' ", '," 'J „' ~ ~, ~ ."U

'

J



l

l



AT7A C H IH2 M7 r

C4DWZCD
CCWh~

~ ~

I

I)i

AU. CAQKLD KWt SPLICIN6 SHALL IE 'V SERIES 'NITH
hlNIIRPI 12~ PERCENT YIELD STPENOTH OF TIE IVER SPLICED.
OK OlD OF THE SLEEVE SHALL HAVE J.GROOVE TO MELD MITll
THICKOtED UNER PLATEo ORIENTATIRI OF TAP HOLE Pl
CADHELD SLEEVES SHALL K SOE1ITTED ST FABRICATOR RR
ENOINEER'S APPROVAL.

ANCHOg4+E. EETWKEQ I Ih!KR. AND WTERIOR

<OH< RETK



II

(lI

i



'ttr Pt:C
P It, P Igf~gt) I ~yrrr.

rtptrht

pA rt. 8'

5xpcA-Furd 0

YAP 0$ 'OOQC pc lgT

gllf. '- C POTS ~C« CPPEttt ..~FILL':P.l
PRcJ. 4W8s
Su~. ~7R 5 (, +jgf~ pg~etP

Arp RFINf, DH/cP''acti+- ~;-opsA 0 twO Equip
o ~ '

~ a
o gu 4o mvmps „~~y $W ~ KP Fizzy

SCZirg~ ~~~ ~Zap MOD~ At'~4w"8 rica ~.
~ ---.-- -- -- - - - - .. ----.. ATTACHMEM7

0 ~ ~ ~
1)

I

ll
I ~ l,

't~ t

«tI

t ~

I

fPO~XICI
I.'.~IS>n9b IIt

~ ~

'o
II

It I l

t««

j I

.r,

~ i

4 vc.e.~t
P

~ P

«

t
~ ~

«

t
7 ~

«

W

., ~ 7 t«,i

Itti

4 OFT.:

I

t)t '""

7 PW ~

I '-:l -"-'

t ~

I

«) k

n

~ ~

p g«V ~:

.J
I

g1

,,7

I«« ~

ll, 04, Pl! C~ ~
.

~ '" Ar ' ~ .«,~, ~j'7«. i«t ~ 7 "r«,t«t«L„'««« ~ «i „,,«PJ t ~ 7'.F«««~M« I«' .Qt' -««P «*h
ao 7g «r~, ~

' '."'4 gg tr '
7

' I+. > D4'VELd ED LZVATIO OF Jl(IA7HEAQ7/CALAfODEE ME DIPAfEAV'hA7C8'dPENN
I *

DEPF4aPED A7 WJ7$ iPS RWIOS OF COhIThiueCNr g<7y-a
/pg~i r>,, '-c',4,„- ", - „2. ~f/ffjg'I1OIVg<7g+g g!giIIS'47 gggggfkgyg gg~/gggrygg 7g+PAV+ WCESS he7F> OrtIFRWCSF
=;„-".;":;,.-."'.-;";;-,-- "..3.. ~N I(FRrrmC, r~~S ~m~avr~a~s~ P ~r~'yD~< ((~gas~ ~~~ ~~~~u



i

l''l

i,l

f

I



wTTAcAMEH7 H

I

bEFlECYEQ
SKAPK

1

r

OW 0,5Q
l

QBF5RBHCK L-Qlg

j ~ 4

ting=

dVI ~

a

ff 1

*

~ ~ ~ ~

wj

' ~
l ~

RBFER E'hl CB
4lNE

,4tOo2%

= 'c

~ . ~

, "'>EQ)CTRD, D15PI A,CB



1

I

I
H

f,i

I



«4 PVNGS FSAR

mgq g(otA
RMBV

EDP SEGTlOt4

AUG-0 ~ 198~

m 'Q~

ATTAc.u M E.m Z
l Or- lO

4' 'r

*4

.4 4 = k

APPENDIX 3F

TANGENTIAL AND RADIAI SHEAR

4",rh
«I" 4

I
I*

h
h

ik. r
~ «

I
. '1

I

II ~ ~

~
'h

4

4

4
I

hill 4 — . „, ~-.{"
*

's',
I I

h

4

4, h

4, VSA
L6

'





M4% gpss
PVNGS FSAR g~p ~p ~pg~

REV)BV

APPENDIX 3F

TANGENTIAL AND RADIAL SHEAR EDlT. SECTIO

:PUG Ob >6;,
32'. 1 GENERAL

1N;.
In this appendix tangential shear stresses are evaluated in
detail. — In the following subsections the critical loading
combinations included in this Appendix are listed below:

RLC 41:

RLC 02:

D + F. + Pt + Tt
D+F +Tti

RLC 03: D + F + P + T

RIC04: D+ F+
RLC 011: D + F +

RLC 015: D + F +

RLC 018 D + F +

E + T0

Ess + To

1.5 P + T

1.25 P + 1.25 E + T

RLC 024: D + F + P + E + Ta ss

3F.2 TANGENTIAL SHEAR

There are no criteria in the Code for tangential shear in pre-
stressed concrete containments. In the following paragraphs
the tangential shear is evaluated using Bechtel's criteria.

A. Containment sections and governing loading
combinations:

The only loading that incuces significant tangential
shear {in-plane shear) in the structure is seismic
loading. Also, tangential shear may be significant
only in the shell. Furthermore, the effect of tangen-
tial shear is more significant, when it occurs simul-
taneously with the internal pressure (postulated LOCA)

because the shear capacity of a section decreases with
reduced membrane compression, and internal pressure
tends to reduce membrane compression due to prestres-
sing and dead load.

September 1981 3F 1
08-06-81

Amendment 6
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B.

For these reasons it will be sufficient to consider
only three reference loading combinations. These com-
binations are: RLC Nos. 11, 18, and 24.. fog $Eg]ON
Section resultants: AUG OS ~esi

Horizontal and vertical membrane forces (Nh and N ) g pUT
due to all loads other than earthquake are obtained
from the FINEL analysis and are shown in table 3F.2-1.

Horizontal and vertical membrane forces (Nh and N )
and tangential shear (V ) due to earthcplake loads areu
also shown in table 3F.2-1.

Maximum applied shear:

Maximum applied tangential shear must not exceed
v c 8.5ht ~f ~ ~ 279 h/Et. Xn the above equationu C
b = width (12 inches). t = .thickness (48 inches),
f ' concrete strength (6000 psi). This limit isc
based on the ACI 318-77 code. .

<
yI;-;„-i.CM~ t:c»~ ~~ „'"-'~'~ .-~'" ~-

Table 3F.2-1 shows that ~e maxj.mum~al1owable for
each section.

D. Shear carried'by concrete:

If the section is under biaxial compression, the con-
crete is allowed to resist the following shear.

1/2
( h+

Assuming, conservatively, that, the maximum membrane

forces and tangential shear due to seismic loads occur
at the same point,'he concrete allowable shear force,
V is calculated using the above equation. These

c'alues are also shown in table 3F.2-L for the given
loading combinations.

-0
'I

Amendment 6 3F-2
08-06-81
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Evaluation of results:

F.

Table 3F.2-1 shows that V exceeds V in only three
cases. In accordance with the criteria 3F.1, whenever
V >V , it is assumed that the shear carried by con-~u c
crete is equal to zero. Thus, these three cases need
further analysis as shown in the following paragraphs.

Further analysis of section with V = 0:

In this case a total equivalent membrane force is
defined as follows:

Mht. = Nh+ [Nh + V ]
M~=M + [N +V ]

The section is then analyzed using these equivalent,
membrane forces and corresponding bending moments

(table 3F.2-2). Results of these analyses are given
in table 3F.2-3.

G Final results:
Table 3F.2-3 shows that, in the three cases where con-
crete shear capacity may, conservatively, be assumed
to be zero, the resulting concrete and reinforcement
stresses are within the allowable limits.

P

Thus, it is shown that, considering the effects of
tangential shear, all the sections are adequate.

F

September 1981 3F-3
08-06-81

Amendment 6
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MeridionalHoop

Table 3F.2-1
MEMBRANE FORCES AND TANGENTIAL SHEAR IN THE SHELL

{Sheet 1 of 2) . AUG 0 5 ]oq~

OUI

Sec-
tion

Ref.
Loading
Comb.

Nh
k/ft "he "v

k/ft R/ft
ve

k/ft
V V

k/ft k/ft Remarks

16

18

20

21

22

11
18
24ll
18
24
11
18
24
11
18
24
11
18
24
11
18
24

-469
-88

-1'64
-703

4
-200
-765

24
-134
-516
-76

-154
-259

149
-149
-221

162
-135

22
16
22
40
30
40
17
13
17
15
10'5

26
17
26
36
26
36

-585
-200
«277
-578

194
271
604
220

-297
630

-246
«323
-636

253
-329
-639
-255
~332

11
7

11
35
25
35

120
89

120
200
148
200
217
161
217
226
167
226

507
118
194
600

86
194
602

0
144
464

80
131
312
110
117
276
109
102

17
10
17
56
34
56

101
61

101
122

74
122
121

73
121
118

72
118

See note 7

See note 7

See note 7

Notes:

1. Notation:

Nh, N

he ™ve

2. V is aero
forces are

v "e
I

hoop and meridional membrane forces
due to ether loads

hoop and meridional membrane forces
due to seismic loads

shear carried by concrete alone

applied tangential shear

if either or both total membrane

positive (teqsion)
'I' ~ q

from FINEL analysis
E

Amendment 6
3F 4

08-06-81 September 1981
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Table 3F.2-1
NKNBRANE FORCES AND TANGENTIAL SHEAR IN THE SHELL

(Sheet 2 of 2)

4. N , N , V are from ASHSD analysishe'e'
5. Whenever V >V , concrete shear capacity alone

is adequate to carry tangential shear.

6. In all cases the calculated tangential shear
force, V , is less than the total allowable
shear on the section, 369 k/ft.

7. In these cases V >V and therefore further
analysis is required considering tangential
shear contribution to seismic membrane forces.

Eon: S

AUG 0

ill
OUT

'«

E '

September 1981 3F-5
08-06-83.
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Table 3F.2-2(
AXIAIe FORCE MOMENT SETS WITH DUE CONSIDERATION TO TANGENTIAL SRAR

Primary Primary + Secondary

Laading
-'- Combination

Meridional Hoop

Moment Axial MomentSection Axial

Meridional

Axial Moment

Hoop

Axial Moment

5+8+ 1.25 P

a+125 EO+ T
18 -112 &3 112 430

a
CO
IoN

D+ F+P +E
+ T

D+F+P -+E
+

21 81

~77

133

398 12

20

67

81

~77

424 -187

224

629

618

Notess

(a) Sign conventions ares

Axial forces (kips) . . . . . (+) tension . . . . . . . . . . > (-) compression
Moments (ft;kips) . . . . . . (+) tension on outside face . . . (-) compression on

outside face

I

C7

Q) i~
C)

o
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SLE SPo2 3g STRESS AlQLTSIS RESVLTS

R@r(E

EDIT. SECTION rg„
AUG 00 19nl

N Ng
z<Pf T~ ~ 'P'2-$

Concrete Stresses

Meridional Hoop

Reinforcement Stresses

Meridional I incr Strains

:ference
aading
Nination

Sec«
tion

HEN
psi

IEH 4
BEH
psi

prisLary

NDI
psi

HEN EI
BEH
psi

Primary
and

Secondary

HE?l
psi

HEH 4
BEN
psi

Primary

Primary
and

Secondary Primary

Primary
and

Secondary

lK!5
psi

HDI t
SEH Inside
psi ksi

Outside Inside Outside
'ka i ksi ksi

Inside
ksi

Primary
and

Secondary

Outside Inside Outsid
ksi ksi ksi

Neridiona

R 10
ia/in

I loP

R.OS
in,~in

owable Shell «3600 «4500 «4500 5100 3600 «4500
~ eeeee

«4500 510( 454
«eeeee «ceo eeeeee

f54
~eeeeeee eeeee

a54 454 %54 %54
eeeee«ee eeeee«e eeeeee

a54 f54 Rll)000
eeeeeeeeeee

%1)000
~«ee

le(c)

24(c)

24(c)

21

22

«194 «226

elhi 410
I

«134 «26d5

«194

«141

«134

2696 (4)

«S13S «43

«S03 «21

d6

«373

(4) «151( «leo

«325 27$ ! 3.3

389 2671 46 4

«1.2

«2o7

W.9

«led 39+3

-l.b 54.0(e)

«1.S e.i

26.0

hah

lb.3 5.4 42.5

5.7 24.3

W.e 2b.e

«519

932

2317

«$ 26

«640

«42$

toss

.) Sign conventions
stress and strains i ~ ~ . (+) tenai)e ~ ~ . . ( ) compressive

) Allowable liner strains shown are based on the lowest values froa thAEHE coda~ section III, division 2,
The stresses vere obtained froa opTcoll computer output.

l A completely cracked section
Reinforcement ia assumed to yield at 54 ksi~ the calculated strain it.0020b in./any

4 ~
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Table 2.5-15
STATIC BEARING CAPACITY OF CATEGORY I STRUCTURES

Structure

Containment Building
- Auxiliary Building

(deep section)

Hain„Steam Support
Structure

Control Buiiding

Fuel Building

Diesel Generator
Building

Refueling Water Tank

Condensate Storage Tank

Average
Static Design

Load
q (k/ft )

7.9

6 '

7.1

3 ~ 3

5.3

3il

4.4

3 '

Ultimate Bearing
Capacity
q (k/ft~)

35.7

34i9

64 '

45.3

54.9

79.5

90.4

112.4

Factor of Safety
(q /q,)

4.5

5o6

9.1

13o7

10.4

25.6

20.5

32.1

Q

0
0
Q

a

M
o . W

v)
M

3'

0
Gl
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"n
~ r

LD „

Structure

Equivalent
Uniform
Vertical

Stress

Ultimate
Bearing
Capacity
q (k/ft>)

Table 2.5-16
DYNAMIC BEARING CAPACITY OF CATEGORY I STRUCTURES

Factor of
'Safety
(qo/qd)

M
Ul
I

Ch
4J

Containment Building

Auxiliary Building
(deep section)

Main Steam Support
Structure

Control Building

Fuel Building

Diesel Generator Building.

,
Refueling Water Tank

Condensate Storage Tank

16.1

10.3

25. 3

9.8

19. 1

5.6

13.2

13.2

3202

25.8

60. 6

394 8

50. 3

75. 5

58. 7

30.2

2.0

2.5

2.4

4.1

2.6

13. 5

4 '

2.3

Q
W0
C'

A

,a. Based upon maximum dynamic loads derived from analyses described in section 3.7.

b. Condensate storage tank loads were conservatively chosen to be equal to the
'ynamic design load for the refueling water tank. Actual loads will be less. H

x0
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PVNGS FSAR

SEISMIC DESIGN

Table 3.7-1
DAMPING VALUES

(PERCENT OF CRITICAL DAMPING)

Structure or Component
Operating Basis

Earthquake

Safe
Shutdown

Earthquake

Equipment and large-diameter
piping systems, pipe diameter
greater than 12 in.

* 4 ~ Jr I

Small-diameter piping systems,
diameter equal to or less than
12 in.

2,:
» 4

Welded steel structures

Bolted steel structures

Prestressed concrete structures

Reinforced concrete rstructures

4

The applicable allowable design levels are given in section 3.8
for the various loading combinations which include seismic
loadings.

~ ~

4

Media for Seismic Cate o I Structuies3 7.1.4 Su ortin
J

For purposes of the seismic analysis, the site is assumed to,
'e

a multi,-layer system consisting of soil over bedrock. The

approximate depth of soil deposit over bedrock for each unit

~ ' '@4 ' 4 14 11 '4 4 ~ "" « '4 " = 4 4 ( ~

)'

I 4

~,
'J 4

4

{ ~

, ~
1

at; the site 3.s as follows:
..'-*,, . "

., Unit 1 '.. Unit 2 '. 'nit3
1 ~ 4

Depth of Soil't '.-'- ', 330 „- *
', 350 .-'-'."-"- „-.. 295

rr 4 14 + 4
'

~ ~ ~ 4 s,wr ~ 4 4 ~ 4) pr '< Kr,r-*4, Jr, »,
~ J

4

4

4
4

, JK

4

1
4

4 '4

3.7-4 4

88A,~
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Table 3.8-1A
ADING COMBINATION FOR DESIGN AND FINAL ANALYSIS

OF CONTAINMENT SHELL {Sheet 1 of 2)
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Table 3.8-1A
ADING COMBINATION FOR DESIGN AND FINAL ANALYSIS

OF CONTAINMENT SllELL (Sheet 2 of 2)
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Table 3.8-lB (a)

STRESS ANALYSIS RESULTS (Sheet 1 of 9)
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'- ".:-' "~ CONTAINMHNT . INTERNAL STR JCTURHS SUMMAI<Y OF GOVHRN ING COMf3l NHI) STIRLESS I(AT?OS FROM Tl(H

p -' 'BEAM/COLUMN INTERACTION HQUATION FOR PRINClpAL STRUCTURAL STHHL MHMBHRS (Sheet 1 of 3)

- - 'escription of .'-
Principal-Members Location of Principal Members

Governing Load
Combination

Number

Combined
Stress

Ratio (<1.0)

ii

1

e

4

4

W.418'-'-«Xe35 Beam ',";".

W.21'-X.,55 Beam
W'33.'X-;130 Beam'„'.
W-24;.X 84 Beam +..4;

W 21;;X'55 Beam -.-;:~.

W '30 X.108
Beam,".'.30X'08 Beam.;„'=

W. 24.'X:84 Beam
W- 30 'X '172 Beam'
W '30 X 99 Beam
W 36 X 135 Beam l':(
W.33 X 130 Beam„
W,36 X.300 Beam „

El. 100'-0"
81. 100'-0"
El. 100'-0"
El. 100'-0"
El. 100'-0"
El 100'-0"
El 100'-0"
El 100'-0"
81 100 i Ow

El. 100'-0"
El, 120'"",
El. 120'"
El. 120'"

9 Column ¹1
between Columns
between'olumns
between Columns
8 Column ¹4
9 Column ¹6
between Columns
9 Column ¹10
between Columns
8 Column ¹16

9 Column ¹8

¹2 and ¹3
¹3 and ¹4
¹4 and ¹5

¹6 and ¹7

¹14 and ¹15

2 (a)
,(a)
2(a)
2 (a)
2 (a)
,(a)
2 (a)

(a)
2 (a) -.- --=-
2 (a)
4

(b)
4 (b)
4

(b)
r

0.94
0.85
0.38
0 '9
0 F 78
0 '9
0 F 58
0 '1
0.41
0.68
0.5
0.41
0 '2

lpga
~

N

(

a.:";,- Refer.- to section 3.8;3

i .', b'",-"'efer. to section 3i 8 3
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.3.3.A(l):,for description, of
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;:.-,'EAN/COLUHt4P,:INTERACTION EQUATION FOR PRINCIPAL STRUCTURAL STEEL MHMBHRS (Sheet 2 of 3)
't
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Lg»,»i .

=e 4»
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t

It l

4j
Q)
I

- Description of
principal Members

W,36 X 182 Beam-
W 36. X 182 Beam
W:30 X 99 Beam
W 21 X 55 Beam
W 14 X 43 Beam
W 33 X 130 Beam

*

W .21' 55 Beam
'

18 X 35 Beam
W 21 X 55 Beam
W,30 X 99 Beam
W.36 X 300 Beam
W 36 X 245 Beam
W 36 X 300 Beam
W 24 X 84 Beam
W 24 X 55 Beam
W '30. X 210 Beam '.
W 24 X 68 Beam
W 30 X 108 Beam

»P

El ~ . 120'-0"
El ~ 1200-0
El. 120'-0"
El 120'-0"
El. 120'-0«
El..120'-0"
El.'20'-0"
El. 120'-0"
El. 120'-0"
El. 120'-0"
El. 140'-0"
El. -140'-0«
El. 140'-0«
E10 140 '"
El 140'-0"
El. 140'~0«
Eli 140'-0"
El. 140'-0"

Column N8
9 Column N7
between Columns N6 and N7
9 Column N5
e Equipment Hatch
between Columns N4 and N5
between Columns N2 and N3
between Columns Nl and N2
between Columns Nl and N2
9 Column Nl
between Columns N8 and N9
between Columns N9 and Nlo
between Columns N7 and N8
9 Column N8
6 Column N6
between Columns N14 and N15
between Column's N12 and N13
9 Column N17.

Location of Principal Members .

Governing Load
Combination

Number

4 (b)
,4 (b)
',(a)
2(a)
2 (a)
,(a)
2 (a)
2 (a)
2 (a)
2(a)
22 (a)
4

(b)
,'(a)
2 (a)
2 (a)
,'(a)
,(a)
2 (a)

I

Combined
Stress

Ratio (<1.0)

0.28
0.41
0.42
0.87
0.80
0.34
0.88
0 ~ 78
0.86
0.71
0.49
0.21
0.67
0.96
0.80
0 '6
0.48
0.61
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'.; Description of-
Principal, Members

W;24:X;, 31, Beam
,WI24 X-84 Beam
W„'24 X,55 Beam
'W'.l4 X '150 Column
W..14» X'50. Column

ication of Principal Members

El. 140'-0" between Columns 815 and I16
El. 140'-0" 6 Column 416
El. 140'-0" between Columns 417 and N18
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Column I2 between El. 96'-6" and 120'-0"

Governing Load
Combination

Number

,(a)
',(a)
2(a)
,(a)
2(a)

Combined
Stress

Ratio (<1.0)
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PVNGS FSAR

DESIGN OF

CATEGORY I STRUCTURES

3.8.5.5 Structural Acce tance Criteria
The foundations of Seismic Category I buildings are designed
to meet the same structural acceptance criteria as the
buildings themselves. These criteria are discussed in
sections 3.8.1.5, 3.8.3.5, and 3.8.4.5. The limiting condi-
tions for the foundation medium, together with a comparison
of actual'capacity and estimated structure loads, are found
in sections 2.5.4.10 and 2.5.4.11. Computed factors of
safety against overturning, sliding, and flotation for
Category I structures are given in table 3.8-5. =

Table 3.8'-5
COMPUTED FACTORS OF SAFETY

Overturning Sliding
Structure OBE SSE OBE SSE Flotation

'rr
r i = r,

r*

Auxiliary
Containment
Control
Diesel Generator
Fuel
Main Steam Support
Condensate Storage

and Refueling =

Water Tanks

'2003400
1500
1200
1600

340
500

830
1200

420
400

400 ..

91

150

2.2
1.7
1.6
2.2
1.9
1.6
1.7

1.3
1.2
1.2

1.4
V

4.7
4.5

NA

NA- ..." -.

NA

a. Not applicable
I r:r ~

' r

Amendment 1 '
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PALO VERDE NUCLEAR STATION UNITS 1 2 3
DESIGN ADE UACY AUDIT

STRUCTURAL AUDIT OF MAIN STEAM SUPPORT STRUCTURE
Part I - General Anal sis

I .BASIC DESIGN CRITERIA

A. 'g value - free field

Seismic level based
on construction
permit license

Seismic level used in
design of structures

and equipment

SSE
OBE

0 20g
0.10g

0 25g
0 ~ 13g

Reference: FSAR, Section 3.7,

/

B. Spectra (attach figs. for all damping values, ductilities)
/ /

1.'ero period acceleration

SSE 0 25g
OBE 0+13g

(.P ~ ~A-214)
Reference: FSAR Figures 3-7-1 --3.7-4 and Section'-7.1 1

/s ////!;!sf/.»Q !//k4 R~. Ca!/l/i! 1/(c,a

'requency(or period) interval

Refer to BC-TOP-4A, Section 2.5.1 (c)

C. Damping

Refer to FSAR, Section 3.7.1.3 "
is ~vsi~4evg vui$4 Reg . Aoide l.6l

Ce0e~ +o FM,P, Figural 8;)" 5'eet > 1-< (Pa.)CSZIGA ad ~><6 )
D. Artificial time history and corresponding spectra (attach figures)

1. original time history and its composition, i.e., rising time,
strong motion and tail end.

Refer to FSAR, Section 3.7.1.2 and BC-TOP-4A, Section 2-5
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Main Steam Support Structure

2- base line correction, check the integrated velocity and
displacement time histories

The velocity and displacement time histories were checked and found
to be satisfactory. In addition, only the acceleration time
history was used as input in analysis.

3. time interval - compatible with the highest frequency considered
in the spectral calculation

0.005 seconds

E. Notion duration

24 seconds

Refer to FSAR, Section 3.7-1.2

F. components of motion including their relative motion amplitudes

Analysis was performed for the three principle directions with

equal amplitudes

G. Dead and live loads for various operating floors and base slab

~et%on~
IIID~ tomcat - IYlclugg a0 Qrockures,

Mojave'~vl

[tw? vlf
ion.ct ~A >0 ~sf eqvsvp lcvk G~ s~li
gu>~ e ~~).

L<v~ )~ag - .: see." ae$ io~ kc.w'





Main Steam Support Structure .

H Ground water level
3

The groundwater design level is at plant El 70 -0". The actual plant
level is at approximately plant EL. 60 -0"

Reference: FSAR, Sections 2.4.13 2 4 and 2 4 13.5.

I. Backfill earth pressure, wind, overpressure due to postulated
external explosions (as applicable)

4e~~w
For laksraI eadem prsssu~c see F~~~q n)8A —Q)8 e .
e ~ 'w

g

Q/ i&4 Nogj ~T Qo vc Yvl ~

J. Other considerations
'I

All penetrations in roof and exterior walls that expose safety -. 'red
equipment have tornado missile protection Concrete covers or steel
plate shields to prevent missile perforation are provided.
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Main Steam Support Structure

II ANALYSIS METHOD

Ae Seismic Analysis

1. Mathematical model-general description with sketch

Two planer lumped parameter models were used.

Refer to SSAR Section 3 ~ 7 ~ 2.3.3 and attachment Ah CPgd ada l )

a. (1) concrete modulus

E ~ 3e83 x 10 psi6
c

E 4.03 x 10 psi6
c

for f' 4000 psic

for f 5000 psic

(2) rebar modulus and yield strength

E 29 x 10 KSI Fy ~ 60 KSI
3

(3) Poisson s ratio

> ~ 0.20 for concrete

(4) damping (e~~ 2.n.)

See FSAR, Section 3.7 1.3 and Table 3.7-1 and response
to NRC Question 220-2 (Q 3A-4) ~

Tkl/e Le connie'4m+ Mllkk RQ femlcLa [lG
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Main Steam Support Structure

(5) properties of foundation materials

shear modulus

Refer to PSAR, Figures 3.7-7, -8, -9 ( P~g~ 2 11- Z Pl )

subgrade reactions

n o e

bearing capabilities ( f'~pep 2OQ -Z.!0
Refer to Tables 2 5-15 and 2.5-16<of the FSAR.

(6) other parameters

b- stiffness calculations

(1) exterior walls

Stiffness'calculations were performed manually using
standard engineering methods.

(2) interior walls

Same as exterior walls-
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Main Steam Support Structure

2. method of Analysis

a. method of analysis used (time history, response spectrum
methods, etc.) and consideration of torsional and
translational response

Time history analyses were performed to derive in-structure
response spectra.

(1) general description

Two planar, lumped parameter models were used in the
analysis Soil structure interaction was incorporated
into the model by adding to the fixed-base system
discrete soil springs based on elastic half-space
theory.

fhe, 5oil strockure, >ntevac4ow awai~sis wck4eJ wa5 USed aw3
c>M~d ~aies4 curre~g l4RC. rcv lew poagl9+ 4~

lokcn+ ~4 +RC. S>Ll sfrucILllce lifeYuck los p4 slkwA(2) findings and comments

b. selection of number of masses and degrees of freedom

(1) general description

For horizontal direction the model consisted of 6

nodes and 12 degrees of freedom.,

For vertical direction, the model consisted of 6

nodes and 6 degrees of freedom.
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Main Steam Support Structure

(2) findings and comments

c number of modes considered

SSE OBE

Horizontal (E-W) 4 Modes
f ~ 26.9 cps

4 Modes
f 26.9 cps

Horizontal (N-S) 5 Modes
f 30.2 cps

4

5 Modes
f ~ 30.3 cps

1 Mode
f 5.26 cps

Vertical l Mode
~ f 5.85 cps

Frequencies shown above are for the highest mode
considered.

(1) general description

Refer to FSAR, Appendix 3A, Question 3A.6-

(2) findings and comments
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Main Steam Support Stucture

d. combining modal responses

(1) actual procedures used

Refer to FSAR, Section 3.7.2.7

(2) general findings

e. consideration of three components of motion

(1) actual procedures used

Refer to FSAR, Section 3.7.2.6
H.is c vsiSfemk we@ Rg ~ G~~r-

(2) general findings
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Main Steam Support Structure

f. consideration of soil-structure interaction

Soil Springs

Kx ~ 4 '7 x 10 K/FT5 Kxx ~ 2.89 x 10 K-FT/RAD8

SSE Ky ~ 6.57 x 10
5

Kz ~ 4+67 x 10 ~

5
Kzz ~ 2.89 x 10

8

Kx 6 ~ 07 x 10 K/FT5

5
OBE,. Ky 7.78 x 10

Kz ~ 6.07 x 10
5

Kxx ~ 3.75 x 10 ~K-FT/RAD

Kzz ~ 3.75 x 10
8

x: North-south direction
y: Vertical direction
z: East-Vest direction

(1) general description

Refer to FSAR, Section 3.7.2.4-

(2) findings and comments

'I

g. decoupling criteria for subsystems

(1) general procedure

Refer to BC-TOP-4A, Section 3.2
'The, other'uter>a. peq$ aynieg ko 41+)>a<g
aS. define.J i~ SR,e S.a,S.Z.g, g ~ ~ ~(so ~</.

(2) key examples

V
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Main Steam Support Structure

-10-

(3) general findings and comments

I

h. modeling of hydrodynamic effects in spent fuel pool

Not applicable

A

i. modeling of spent fuel pool lls and interior floor
slabs and equipment thereof

Not applicable.



I

l



Main Steam Support Structure

-ll-

3. development of in-structure response
spectra'efer

to FSAR, Section 3.7 2.5

a. general procedures "

The "SPECTRA" program was used to compute the response
spectra. Refer to FSAR Appendix 3B for a description
and applications of this program.

(1) smoothing (describe specific smoothing method used)

The smoothened floor response spectra represent an
envelope of the maximum

peaks'2)

peak widening

+ 15X

t
Ref er ence: F SAR, Sec tion 3.7.2. 9

b. typical results (attach figures)

Refer re FRAR, Ffgeres 3D-37, -38, -39R (Feces .228 - ZZS )
I
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-12-

B. Stress Analysis

1. shear walls and floors

a. mathematical model — general description w/sketch

Shear wall and floor stresses were computed by performing
standard manual calculations. Vertical loads were dis-
tributed in the structure by conventional methods- Lateral
loads were calculated by multiplying lumped mass and seismic
acceleration obtained from floor spectra at each level. These
lateral loads were then distributed among the shear walls
according to their relative stiffness and location.

b ~ method of analysis —incorporation of torsion

The minimum torsion moment was taken as the total
seismic force times 5X of the long dimension (47 )
of the building ~ feeumdrto gnneu1)r<e<4~ 1e

g~> Leal( Ca&e

c. load combinations

Refer to PSAR, Section 3.8.3.3.
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1. foundation mat
-13-

J

a. mathematical model — description of boundary conditions

The foundation mat was designed as a one-way slab ~ The slab
had fixed boundaries at the )unction of the walls with the
basemat ~

b ~ method of analysis

The analysis was done manually.

c. load combinations

Refer to FSAR, Section 3.8-3.3

o~plIsnM

d. key results (figures, etc-)

M ~ 597 Ft-KIPt
V 210 K/Ptu
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-14-

3. Material to protect against structure - structure interaction

Below grade (EL 100 -0") Rodofoam II (WR Grace and Co-) or
EVERLASTIC Micro II (Williams Products, Inc.) may be left in
place in seismic joints between structures. Above, grade gaps
between walls were left open, typically 6" between Category I
structures'.

mechanical properties

b- additional pressure on walls

c. findings and comments
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-15-

4. vertical dynamic analysis

a. mathematical model — general description with sketch

The planer lumped parameter model consisted of one beam
founded on a rigid mat, representing the exterior nd
interior

walls'e

development of stiffnesses, including floor stiffness,
as applicable

Stiffnesses were calculated manually using standard
engineering

methods'.

method of analysis

The model described above was used for acceleration time-
history analysis using Posin
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-16-

C. Computer Programs Used in Analysis

LUCON, SMIS, FOSIN, SPECTRA

1. assumptions and limitations

Refer to FSAR, Appendix 3B.

2. applicabili.ty

Refer to FSAR, Appendix 3B

3. verification

sensitivity study in case of numerical solutions (e.g., finite
element analysis)

Refer to FSAR, Appendix 3B.

4. load input (include all eases)

PROGRAM INPUT

SMIS Mass matrix, stiffness matrix, damping values

SPECTRA In-structure time histories, frequency or periods and
damping values ~

FOSIN

LUCON

Free-field time history, damping values, frequency.

Shear modules, damping values.
e

I
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-17-

5 output (include all cases)

Refer to FSAR, Appendix 3B

6. other discussions
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-18-

D- Overall Stability

1 forces and moments from seismic analysis

Elastic forces and moments

Horizontal Force Overturnin Moment

OBE SSE

4270 6160

OBE SSE

241,900 K-PT 348,800 K=~T

2. various cases considered

Seismic loading combinations considered an SSE or OBE
applied in the North-South, East-West and vertical
direc tions simultaneously.
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Main Steam Support Structure

3. bearing pressure versus bearing capability and. safety factor
against bearing failure

Refer to RRAR, Rection 2 ~ 5 ~ 4 ~ 10 and Tables 2 ~ 5-15, -16r (Pg.ee zcec5-z (0)

4. factors of safety

Refer to FSAR, Section 3.8 5.5 and Table 3.8-5 (.Pi21gC

a. sliding

Factor of Safety ~ F 1 (SSE)

b. overturning

Factor of Safety ~ 91 (SSE)

F

la6

I

4
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-20«

~ E. Interaction of Non-category I Structures with the Structure-
Considered

l. identification of pertinent non-Category I structures

The Corridor and Turbine Buildings are ad)scent to the Main
Steam Support Structure.

2. consideration given to potential failure of non»Category I
systems on Category I systems

l$"*/
structural failure of building or parts thereof that cou'd damage
the Main Steam Support Structure and its Category I systems.
Within the Main Steam Support Structure, non-Category I systems
which potentially could affect Category I systems, are designed for
structural integrity under )SE equivalent loads ~ Pvri~g ~ wc(kcloMN
~hase ifcms whose failure w(lI aef aPeef an/ eaP~fyReference: FSAR, Section 3 8.4.4

3. general findings and comments

C

re(afar e~wymcag areleli .ae '+ef «e ~

7'V
eccl e eef fa mar nVa ns i'lr
under

E

s

1
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-21-

P. Design Consideration for Tornado Missiles

1. design requirements

Refer to TSAR, Sections 3.5.1 ~ 4 and 3 ~ 5 ~ 3, and Table 3.5-St (,Pge 2W.)

2. models for

a. local damage

Refer to PSAR, Section 3 5.3.

b. overall response

Ref er to FSAR, Section 3.5. 3.

3. load combinations

Refer to FSAR, Section 3.8.3 3.

4" forces

The governing structural members are of sufficient thickness to
preclude perforation by postulated missiles and maintain structural
integrity.
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6. general comments and preliminary audit findings
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III'ONFORMANCE TO ACCEPTABLE CRITERIA

A. Identification of deviations, if any

None.

B Justification of deviations and disposition of the deviations

D. general comments
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Part II Audit of Ke Desi s

A. Exterior Shear Walls
e

design requirements

The walls were designed to satisfy structural functions as hearing
walls, shear walls, resistance to external and internal pressures,
and protection against tornado missiles ~

2. design loads (from general analysts)

Refer to PSAR, Section 3.8.3 3.

3 ~ forces and moments at key sections

Refer tc FSAR, Table 3.8-4LB CPm,gc, 2<<)
>c i~g cb~e.dccj .

qg,g %~I.(e.

4. detailed design of rebar placement at key sections

See Attachment By C.f~+ 202-Bra&)

5. general comments and preliminary audit findings
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-25-

B Interior Shear Walls

1. design requirements

Same as exterior
walls'.

design loads (from general analysis)

Refer to FSAR, Section 3.8.3.3 ~

3. forces and moments at key sections

Refer re 33AR, Table 3.8-4LR Cf'a-qe T )
+~tale a 4Ri~) n~c deb

4. detailed design of rebar placement at key sections

See Attachment Bg ( P8s ~~ ~+ )

5. general comments and preliminary audit findings
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C. Main Floors and Roofs

design requirements

The main floor and roof were primarily designed for vertical dead,live and seismic loads,
The roof were also designed to satisfy minimum thickness to preclude
perforation by tornado generated missiles

2. design loads (from general analysis)

Refer to FSAR, Section 3.8.3.3.

3. forces and moments at key sections

Refer to FSAR, Table 3.8-4'.Pa.ge. <>~ )

Th«B knl,4 te 4e «q m~e«RemI'.

detailed design of rebar placement at key sections

Bee Attachment BB C Pecten Bet< BeBB)
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5 general comments and preliminary-audit findings
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ee

D. Steel Structural Bracing Systems (if any)

design requirements

The main steam support structure roof is elevated above the top of
the walls by a structural steel frame. The frame was designed for
dead, live, seismic and accident pressure<

2. design loads

Refer to TSAR, Section 3 8 3 3.

3. forces and moments at key sections

Refer re 88AR, Table 3.8-4Mf4 (.I~e RT-l)

6. general comments 'and preliminary audit findings
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E Foundation Mat

1. design requirements

Refer to FSAR, Section 3 8.5 4 2 and 3.8 5 5

2. design loads (from general analysis)

Refer to FSAR, Section 3.8.3.3.

3- forces and moments at key sections

N ~ 597 Ft-K/Ft
u

VPf = 210 K/Ftu

4. detailed design of rebar placement at key sections

Bee Attacttaeet By, (.y~ee tta7 ZDB)-

5. general comments and preliminary audit findings
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F. Main Frame Concrete Column Design (Key Columns)

1 design requirements

Not applicable. There are no concrete columns in the main steam
support structure.

2. design loads (from general analysis)

3. forces and moments at key sections

detailed design of rebar placement at key sections

5. general comments and preliminary audit findings
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G- Secondary Floors '

le design requirements

The Main Steam Support Structure has steel grating platforms
spanning between the concrete walls The structural stee's
designed for dead, live, seismic and pipe support loads

2. design loads (from general analysis)

Refer to FSAR, Section 3e8 3 3.
1

3. forces and moments at Key sections

Refer te TSAR, Table 3.3-4M'PegC, LLl)

4- detailed design of rebar placement at key sections

See Attachteet BT, C.Saojce ADA ffBS )

5. general comments and preliminary audit findings
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H. Detailing at Floor-Wall Joints

1 design requirements

As per ACI 318-71 Code, Chapters 6 and 17.

2. design loads (from general analysis)

Refer to FSAR, Section 3.8.3 3.

3. forces and moments at key sections

Moment 103.5 K-FT/FZ (positive 6 negative)

Shaaa 191.3 pal/PT o+<vrotaa avo fvovl

4. detailed design of rebar placement at key sections

See Attachment By (.P~cs

5. general comments and preliminary audit findings
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I Dynamic Effects Applied to Floors and Walls by Machinery

1. design requirements

Dynamic effects from machinery are negligible.

2. design loads (from general analysis)

3 forces and moments at key sections

4. detailed design

5. general comments and preliminary audit findings
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-34-

J. Crane & Support

1. design of beats (columns and roof trusses)

Not applicable. There are no cranes in the MSSS

a. design requirements

b. design loads (from general analysis)

c. forces and moments at key sections

d detailed design
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e. general comments and preliminary audit findings
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2. design of girders supporting crane rails
Not applicable.

I
I

a. design requirements

b . design loads (from general analysis)

c forces and moments at key sections

d. detailed design
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e. general comments and preliminary audit findings
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-38-

3. design of spent fuel bridge

Not applicable

a- design requirements

b . design loads (from general analysis)

c. forces and moments at key sections

d. 'etailed design

e. general comments and preliminary audit findings
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K Fuel Pool Liner Design

—-Not applicable.

1. stresses and strain controls

2. conformance to code requirements
1

3. analysis procedure and results

4. consideration of accidental drop of crane loads

5. corrosion effects (e.g., pitting) on liner integrity

6. preliminary findings of audit results
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A

Lateral Earth Pressure

The total lateral earth pressure on foundation and retaining waifs shall
be based on the sum of the appropriate static and dynamic 'lateral forces.
St'atic forces shall be based either on the active case (P ) for the caseAof a retaining wall free to rotate and translate, or on the compacted
backfill case (PB) for the case of a rigid foundation wall. Dynamic forces
shall .be based on the dynamic increment for a level backfill condition
(PAE) plus the surcharge effect (PAES), if applicable.

A. Static conditions:

E uivalent Fluid Unit Wei ht lb/ft
(Horizontal Backfill)

Case

Active (PA)
Passive (Pp)
Backfill (PB)

Above Water Table

36
228

90

Below Water Table

19
118

47

The increment of lateral pressure due to ad)acent surcharge for
the case of a rigid foundation wall shall be computed using
Figure 'l.

The increment of lateral pressure due to adjacent surcharge for the
case of a retaining wall free to rotate and translate shall

be'omputedusing Figure 2.

B. Dynamic conditions:

The dynamic lateral force increment due to seismic effects shall
be computed in accordance with Figure 3:

The total dynamic lateral force increment, P~ or Pat + Pah, shall
be added to the lateral force calculated for either the act ve case
or the compacted backfill case.'ha lateral force is calculated in
the usual manner and includes hydrostatic pressure if a water table
is present. The dynamic lateral force increments are independent
of the water table.
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AVERAGE UNIFORM HORI2ONTAL
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AVERAGE LATERAL PRESSURE DUE TO ADJACENT SURCHARGE
fOR RETAINlNG WALL FREE TO ROTATE

Figure 2 .





Level Backfill Condition

0 ~
0-3(l + kv)kh'1tH

0.5 kvKAytH2

PAE ~ 0.5 kvKAyrH + 0.<1 + kv)khytH2

~here: PAE ~ dynamic lateral force increment due to seismic effects (lb)

KA ~ 0.28, coefficient of active lateral earth pressure.

kh ~ kv ~ 0.25 under SSE conditions, and
0.13 under OBE conditions

H ~ wall height (ft)
yt total unit weight (129 lb/ft3)

Surchar e Effect

H
2

P
AES ~ qHfkvKA + 0.6 kh(1 + kv) )

: ~

where: PAES ~ dynamic lateral force increment due to ad]acent surcha ge
loading (lb)

~ Surcharge pressure (lb/ft )

~ Depth of wall below adjacent surcharge (ft)
KA ~ 0'28

kh ~ k ~ 0.25 under SSE conditions, and
0.13 under OBE conditions

DYNA".tlC LATERAL FORCE INCREMENT DUE TO SEISMIC EFFECTS

F lgO re 3
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Table 2.5-15

STATIC BEARING CAPACITY OF CATEGORY I STRUCTURES

Structure

Average
Static Design

Load
2

q (k/ft )

Ultimate Bearing
Capacity
q (k/ft2)

Factor of Safety
'(q /q )

Containment Building

Auxiliary Building
(deep section)

Main Steam Support
Structure

7 '

6.2

7.1

35.7

34.9,

64 '

4.5

5.6

Control Building

Fuel Building

Diesel Generator
Building

Refueling Mater Tank

Condensate Storage Tank

3 '

5.3

3.1

4.4

3.5

45.3

54.9

79.5

90.4

112.4

13.7

10. 4

25.6

20.5

32 '

Q

0
0
A

H

0
0
A
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W Table 2. 5-16
DYNAMIC BEARING CAPACITY OF CATEGORY I STRUCTURES

Structure

Containment Building

Auxiliary Building
(deep section)

Main Steam Support
Structure

Control Building

Fuel Building

Diesel Generator Building

Refueling Water Tank

Condensate Storage Tank (b)

Equivalent
Uniform
Vertical

Stress
qd (k/ft2)

16.1

10.3

25.3

9.—8

19. 1

5.6

13.2

13. 2

Ultimate
Bearing.
Capacity
q (k/ft~)

3242

25. 8

60.6

39. 8

50. 3

75. 5

58.7

30. 2

Factor of
Safety
(qo/qd) .

2.0

2.5

2.4

4.1

2.6

13.5

4 '

2.3

a. Based upon maximum dynamic loads derived from analyses described in section 3.7<
7

b. Condensate storage tank loads were conservatively chosen to be equal to the
dynamic design load for .the refueling water tank. Actual loads will be less.-
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Table 3.5-8

TORNADO-GENERATED MISSILES CONSIDERED IN DESIGN OF SAFE SHUTDOWN STRUCTURES

Description
Weight
(lbs)

Impact
Arey(ft )

Maximum
Velocity

(ft/s)
Kinetic
Energy
(ft-lbs)

(A) - A 12-foot wood plank, 4 x 12 inches in
cross-section, traveling end on at a speed
-of 240 mi/h.

(B) A steel pipe, Schedule 40, 3 inches in
diameter by 10 feet long,- traveling end
on at 120 mi/h.

(C) A steel rod, 1 inch in diameter, 3 feet
long, traveling end on at 180 mi/h.

(D) A steel pipe, Schedule 40, 6 inches in
- diameter by 15 feet long, traveling end
.on at 120 mi/h.

(E) .A steel pipe, Schedule 40, 12 inches in
diameter by 15 feet long, traveling end
on at 120 mi/h.

(F) I A utility pole, 13-1/2 inches in diameter,
:,35 feet long, traveling end on at
120 mi/h.

(G) -An automobile of 4,000 pounds weight,
striking the structure at 60 mi/h.

200

78

285

743

1490

4000

0.333

0.063

0.005

0.24

0.886

0 '94

20.0

352

176

264

176

176

176

88

3.85 x 10

3.75 x 10

8.66 x 10

1.37 x 10 5

3.57 x 10

7.17 x 10

4.81 x, 3'0 0

O

M0
~ 2I
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PVNGS FSAR

SEISMIC DESIGN

Structure or Component

Operating Basis
Earthquake

Table 3.7-1
DAMPING VALUES

(PERCENT OF CRITICAL DAMPING)

Safe
Shutdown

Earthquake

Equipment and large-diameter
piping systems, pipe diameter
greater than 12 in.

Small-diameter piping systems,
diameter equal to or less than
12 in.

Welded steel structures

Bolted steel structures

Prestressed concrete structures

Reinforced concrete structures

5

E

The applicable allowable design levels are given in section 3.8

for the various loading combinations which include seismic
loadings.

3.7.1.4 Su ortin Media for Seismic Cate o I Structures

For purposes of the seismic analysis, the site is assumed to
be a multi-layer system consisting of soil over bedrock. The

approximate depth of soil deposit over bedrock for each unit
at the site is as follows:

t Unit 1 Unit 2 Unit 3

Depth of Soil, ft 330 350 295

3. 7-4
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MAIN- STEAM SUPPORT STRUCTURE SUMMARY OF GOVERNING LOAD INTERACTIONS FOR
PRINCIPAL REINFORCED CONCRETE MEMl3ERS

Description of
Principal Hember

Location of
Principal Hember

Governing
Load

Combination
Number(a) p (b)

u
(c)

u

Calculated
Axial Load (Pu)

and Flexural
Load (Hu)

Haximum
Flexural

Interaction
Capacity

(H„), Given
Axial Load
(p ) (b) (cl

Calculated
Shear

Load
(Vu) (b)

Haximum
Shear

Capag)y
(Vu)

3'-6" thick wall « vertical
reinforcement

Exterior north wallEl'1'-0" to 100'-0"
+600 97,480 2.76 x 10 2,433 6 '84

3'-6" thick wall - vertical
reinforcement

Interior wall
El. 81'-0" to 100'-0"

+600 144 637 37.2 48 1

3'-6" thick wall - vertical
reinforcement

Variable wall thickness
vertical reinforcement

Exterior south wall
El. 100'" to 156'"
Exterior west wall
El 100'-0 to 156'-0"

+1,200

+545

67,300 2 '6 x 10

93,460 3.08 x 10 6

2,037

3,536

15,900

25,400 3

3 '6" thick slab

2'-5-1/4" thick slab

EI 100'-0"

El 166'"
103.5 264

100

94.3

34.7

100.9

41.4

a. Refer to Section 3.8.3.3.2.b for description of load combination number.
b. Pu and V are in kips> sign convention for P l Compression '(-), Tension (+) .
c. H is in ft-k!ft for slabs and ft-k for wall8.u

n

P"
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PVNGS FSAR

Table 3.8-4M

DESIGN OF

CATEGORY I STRUCTURES

MAIN STEAM SUPPORT STRUCTURE SUMMARY OF GOVERNING COMBINED
STRESS RATIOS FROM THE BEAM/COLUMN INTERACTION EQUATION

FOR PRINCIPAL STRUCTURAL STEEL MEMBERS

Description of
Principal Members

Location of
Principal Members

Governing
Load

Combination
Number

Combined
Stress
Ratio
(<l. 0)

C 10 X 30 Beam
W 16 X 15.5 Column
W 24 X 76 Beam
W 12 X 31 Beam
W 12 X 40 Beam
W 18 X 77 Beam
W 18 X 106 Beam
W 18 X 97 Beam
W 14 X 176 Beam
W 12 X 40 Beam
W 8 X 40 Beam
W 16 X 77 Beam
W 30 X 132 Beam
W 16 X 40 Beam
W 14 X 120 Column

El. 88'-ll-l/2"
El. 88'-ll-l/2"
El. 1201-0"
El. 120'-0"
El. 1320-0"
El 129 < 8n
El. 129'-8"
El 140'-0"
El. 140'-0"
El. 140'-0"
El. 1491-0"
El. 164'-6-1/4"
El. 164'-6-1/4"
El. 164'-6-1/4"
El. 164 I -6-1/4"

,(a)
1 (a)
,(a)
,(a)
,(a)
,(a)
,(a)
,(a)
2 (a)
',(a)
,'(a)
5 (b)
5 (b)
5 (b)
5 (b)

1.0
1.0
0. 94
0.96
0.89
0.60
0.42
0.96
1.0
0. 51
0. 87
0. 96
0. 96
0.97
1.0

a. Refer to section 3.8.3.3.3.A(1) for description of load
combination number.

b. Refer to section 3.8.3.3.3.B(1) for description of load
combination number.

December 1980 3. 8-95N Amendment 3
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3.8.5.5 Structural Acce tance Criteria

DESIGN OF

CATEGORY I STRUCTURES

The foundations of Seismic Category I buildings'are designed
to meet the same structural acceptance criteria as the
buildings themselves. These criteria are discussed in
sections 3.8.1.5, 3.8.3.5, and 3.8.4.5. The limiting condi-
tions for the foundation medium, together with a comparison
of actual capacity and estimated structure loads, are found
in sections 2.5.4.10 and 2.5.4.11. Computed factors of
safety against overturning, sliding, and flotation for
Category I structures are given in table 3.8-5.

Table 3.8-5
COMPUTED FACTORS OF SAFETY

Overturning Sliding
S tructure

Auxiliary'ontainment

Control
Diesel Generator
Fuel
Main Steam Support
Condensate Storage

and Refueling
Water Tanks

OBE

3200
3400
1500
1200

1600
340

500

SSE

830

1200
420
400
400

91

150

OBE

. 2-2
1.7
1.6
2.2
1.9
1.6
1.7

SSE

1.3
1.2
1.2

1.4

Flotation
4.7
4.5
4.8
NA~ai

NA

NA

NA

a. Not applicable

.
March 1980 3.8-99 Amendment 1
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PALO VERDE NUCLEAR STATION UNITS 1 2 3
DESIGN ADE UACY AUDIT

STRUCTURAL AUDIT OP AUXILIARYBUILDING
Part I - General Anal sis

Io BASIC DESIGN CRITERIA

A g value - free field
Seismic level based

on construction
permit license

Seismic level used in
design of structures

and equipment

SSE
OBE

0.20g
0.10g

0. 25g
0. 13g

Reference: PSAR, Section 3 7

B- Spectra (attach figs. for all damping values, ductilities)

1. zero period acceleration

SSE 0 '5g
OBE 0.13g

Reference:

M>5 LS

PSAR, Figures 3 '-1 - 3.7-4 and Section 3.7.1. 1
2'1+p i p z

If'c

v ai's4~ ~i~ R~. g~icLe. 4r 4,a ~

Frequency (or period) interval

Refer to BC-TOP-4A, Section 2.5.1 (c)

C. Damping

Refer to FSAR, Section 3.7 1.3
~is is co~i;(ci~ /'R4

g~ pL 9m5j
Rcpcv 5, F sag. F qv~<$

D. Artificial time history and corresponding spectra (attach figures)

1. original time history and its composition, i-e., rising time,
strong motion and tail end.

/

Refer to FSAR, Section 3.7 ~ 1.2 and BC-TOP-4A, Section 2.5
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AUXILIARYBUILDING

2- base line correction, check the integrated velocity and
displacement time histories

The velocity and displacement time histories were checked and
found to be satisfactory In addition, only the acceleration
time history was used as input in analysis.

3 time interval - compatible with the highest frequency considered.
in the spectral calculation

0.005 seconds

E. Motion duration

24 seconds

Refer to FSAR, Section 3.7.1 ~ 2

F. components of motion including their rel'ative motion amplitudes

Analysis was performed for the three principle directions with equal

amplitudes'.

Dead and live loads for various operating floors and base slab

s 4 IAc fbi ~e 8, v v(p .M~~
~qui<WvA + A~~ +0"'P~~

4'vz k <d —sec





AUXILIARYBUILDING

H. Ground water level

The groundwater design level is at plant El 70'-0". The actual ~ster
level is at approximately plant El. 60 -0". A portion of the building
extends down to El. 40'-0" Buoyancy 'effects have been considered 'n
the design.

Reference: FSAR, Sections 2 4 13.2.4 and 2.4.13.5.

I. Backfill earth pressure, wind, overpressure due to postulated
external explosions (as applicable)

tp~„/~vs >avQ P~wstuvC +ce page% ac 8* Q 2-oS><~
QO 1~ cL cAoe S vlbt V~~ 2-~aS

J Other considerations

All penetrations in roof and exterior wal'ls that expose safety
related equipment have tornado missile protection. Concrete
covers or steel plate shields to prevent missile perforation
are provided ~

zz8





AUXILIARYBUILDIVG

II ANALYSIS . METHOD

A Seismic Analysis

1 Mathematical model-general description with sketch.

Two planar lumped parameter models vere used

Refer to FSAR, Figure 3 7-11 and Section 3.7.2.3.

a. (1) concrete modulus

E ~ 3 64 x 106 psi6.

E ~ F 07 x 10 psi
For F'c ~ 4000 psi
For F'c ~ 5000 psi

(2) rebar nodulus and yield strength

E 29 x 10 KSl3

0
F ~ 60 KSI
y

(3) Poisson's ratio

Y~ 24 for concrete

(4) damping

Refer to FSAR Section 3.7.1.3
T~~ '3.'7- I CP~ S t A

Luke' <l.
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AVXILIARYBUILDING

(5) properties of foundation materials

shear modulus

Refer to CESAR, Figures 3.7-7, -8, -9. P~ ~'7'9~ ~

subgrade reactions

coef+~mt ~f yvbgrac a v~~o~~uo- t ~f le
bearing capabilities

Refer to Tables 2 ~ 5-15 and 2.5-16 of the CESAR.(f'chas>~6/
~e~)

(6) other parameters

b. stiffness calculations

(1) exterior walls

Exterior walls and interior valls stiffness
calculations were performed manually using standard
engineering methods.

(2) interior valls

Same as exterior ~alls except for concrete masonry
walls (fire barrier walls) and plaster wills which
vere neglected
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AUXILIAPY BUILDING

2. method of Analysis

a method of analysis used (time history, response spectrum
methods, etc ) and consideration of torsional and
translational response

The models described above were used for acceleration time
history and modal response spectrum analyses- The tine
history analysis was performed using FOSIN- The modal
response spectrum analysis vas performed using SAP 1.9-

(1) general description

The Auxiliary Building analysis used tvo planar lumped
parameter models Soil structure interaction ~as
incorporated into the model by adding to the fixed-
base system discrete soil springs based on elastic
half-space theory.

1~+~+4+ +Hpgg)$ wlcRlock LH~
~~,~s+ ~~~ l4 Rc YcviRQ 'P+$ >+~ 4

c+ pic ~qg. sf~uvt. cL+<ve ~os yocs+h~

(2) findings and comments

b. selection of number of masses and degrees of freedom
I

(1) general description

For horizontal direction earthquake, the model
consisted of 6 nodes and 12 degrees of freedom.

For vertical direction earthquake, the model
consisted of 6 nodes and 6 degrees of freedom.
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(2) findings and comments

c. number of modes considered

SSE OBE

Horizontal (N-S) 5 modes 37 9 cps 5 modes (37.6 cps)

Horizontal (E-W) 5 modes 40.0 cps 5 modes (39.7 cps)

Vertical 3 modes 69 1 cps 3 modes (68.7 cps)

Frequency shown above are for the highest mode considered ~

(l) general description

Refer to PSAR, Table 3 7-4qfor modal frequencies and
participation factors. (P~e 2:79)

(2) findings and comments
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d. combining modal responses

(1) actual procedures used

Refer to PSAR, Section 3.7.2.7-

(2) general findings

e. consideration of three components of motion

(I) actual procedures used

Refer to FSAR, Section 3 7 2 6 ~

tin'g iS c:iiwiii0~ ~iH

(2) general findings
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f. consideration of soil-structure interaction

Soil Springs

North-South

East-West

Vertical

OBE

Kx ~ 2.87 x 10 K/ft6

Ky ~ 2.755 x 10 K/ft6

Kz ~ 3.905 x 10 K/ft6

Kxx ~ lo158 x 10 K f tr 'MQ
10

Kyy ~ 2.975 x 10 K-ft/Rad10

North-South

East-West

Vertical

SSE

Kx ~ 2.206 x 10 K/ft6

Ky ~ 2.117 x 10 K/ft6

Kz 3.00 x 10 K/ft6

Kxx 8.902 x 10 K-ft/Rad

Kyy ~ 2.286 x '0 q c10

(1) general description

Refer to FSAR, Section 3.2.2.4

(2) findings and comments

g. decoupling criteria for subsystems

(1) general procedure

Refer to BC-TOP-4A, Section 3.2.

(2) key examples
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(3) general findings and comments

h. modeling of hydrodynamic effects in spent fuel pool

Not applicable. The Spent Fuel Pool is located in the Fuel
Handling Building.

modeling of spent fuel pool wells and interior floor
slabs and equipment thereof

Not applicable.
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3. development of in-structure response spectra

Refer to FSAR, Section 3 7 2.5

a. general procedures

The "SPECTRA" program vas used to compute the response
spectra. Refer to FSAR, Appendix 3B for a description
and applications of -this program.

(1) smoothing (describe specific smoothing method used)

The smoothened floor response spectra represent an
envelope of the maximum peaks.

(2) peak widening

+ 15X

Reference: FSAR, Section 3 ' 2i9

b. typical results (attach figures)

Refer te pgAR, giguree gg-l, -2, -3. (py. <Sgi ei +)
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B. Stress Analysis

l. shear walls and floors

a mathematical model - general description wlsketch

Shear wall and floor stresses were computed by performing
standard manual calculations. Vertical loads were dis-
tributed in the structure by conventional methods.

Latera'oads

were calculated by multiplying lumped mass and seismic
accelerations obtained from floor spectra at each level-
These lateral loads were then distributed among the shea"
walls according to their relative stiffness and location.

b. method of analysis —incorporation of torsion

The torsional moment was determined by resolving the couple
due to eccentricity between the center of mass and the center
of rigidity at each floor. Shear derived from this torsional
moment was added directly to the forces considered for the
individual shear walls

c. load combinations

Refer to PSAR, Section 3.8.3.3 ~
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a mathematical model - description of boundary conditions

Calculation was performed manually.

b. method of analysis

Pressure loading is obtained from equivalent static analys's
considering total dead load, live load and its eccentricity
and three directional earthquake .forces. The basemat at
El. 40 and 70'ere designed as rigid mats, using soil
pressure as loading and walls as supports-

r ~ 4

c load combinations

Refer to PSAR, Section 3e8 3 3.
use o,ve.

d- key results (figures, etc.)

Refer te FRARFeb,le 3 ~ 8-4D ~ (Patie 23 9)
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3. Material to protect against structure — structure interaction

Below grade (EL 100'-0") Rodofoam II (WR Grace and Co.) or
EVERLASTIC Micro II (Williams Products, Inc.) may be left in
place in seismic joints between structures. Above grade gaps
betveen walls vere left open, typically 6" between Category I
structures.

a. mechanical properties

b- additional pressure on walls

c. findings and comments





AUXILIARYBUILDING

4 ~ vertical dynamic analysis

a. mathematical model - general description with sketch

The planar lumped parameter model consisted of one
vertical beam on a rigid mat which represents the
exterior and interior walls.

Reference: PSAR, Rfrnre 3.7-11. (f'~Z.~'r l)

b development of stiffnesses, including floor stiffness, as
applicable

The model consists of lumped nodal masses representing floor
mass tributary to the mass point and of axial elements
representing vertical stiffnesses of walls with

vertica'egreesof freedom only. Stiffnesses of the walls were
'alculatedmanually.

c. method of analysis

The models described above were used for acceleration time .

history and modal, response spectrum analyses was performed by
using SAP 1.9 computer program. The time history analysis
was performed using FOSIN. The modal response spectrum
analysis was performed using SAP 1 9.
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C. Computer Programs Used in Analysis

SAP 1 9, SPECTRA, FOSIN, LUCON

1. assumptions and limitations

Refer to FSAR, Appendix 3B.

2. applicability

Refer,to FSAR, Appendix 3B

3 verification

sensitivity study in case of numerical so3.utions (e.g., fin'te
element analysis)

Refer to FSAR, Appendix 3B.
i

4. load input (include all cases)

PROGRAM

SAP 1 o 9 Finite element model (modes and elements), loading
(pressure, nodal loads), response spectra ~

SPECTRA In-structure time histories, frequency or periods and
damping values.

FOSIN

LUCON

Free-field time history, damping values, frequency.

Shear modulus., damping values
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5. output (include all cases)

Refer to PSAR, Appendix 3B.

6. other discussions
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D- Overall Stability

1. forces and moments from seismic analysis

Refer to FSAR, Figure 3 7-16. (f+

2. various cases considered

Seismic event loading combinations considering SSE or OBE

applied in North-South, East-West and vertical directions
simultaneously
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3. bearing pressure versus bearing capability and safety factor
against bearing failure

Refer to PSAR, Section 2 5.4'10 and .Tables 2 5-15, -16. (f~y ><<> +g

4. factors of safety

Refer to FSAR, Section 3.8.5.5 and Table 3-8-5- gF~a.~8~)

.,a.' sliding

Factor of Safety 1.3 (SSE) ~

4

b. overturning

Factor of Safety 830 (SSE) ~
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Z. Interaction of Non-category I Structures with the Structure
Considered

l. identification of pertinent non-Category I structures
'he

Radwaste Building and Corridor Building are adjacent co" the Auxiliary Building. ~

'„2.

consideration given to potential failure of non-Category I
s'ystems on Category I systems

waS

structural failure of .building wr -parts -thereof'<hat-could -damage —---—
~ the Auxiliary Building and its Category I systems. Within the

Aux'.iary Building, non«Category I systems which potential'y cou'"..
affect Category I systems, were designed for structural in egr'=.:' " under SSE

loads'eference:

FSAR, Section 3.8.4.4-

3. general findings and comments

~:L ve

~c+o~ ~~v i

i



o
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F. Design Consideration for Tornado Mssiles

1. design requirements."

Refer to PSAR, Table 3-5-8 Pg.><>

2 models for

a. local damage

Refer to FSAR, Section 3 5.3.

b. cnrerall response

Refer to FSAR, Section 3 ' 3

3. load combinations

Refer to PSAR, Section 3.8.3.3

4. forces

The gaverning structural members are of sufficient thickness
to preclude perforation by postulated missiles and ma
structural integrity.

es an maintain
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general comments and prelf inary audit findings
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XIII'ONFORMANCE
TO ACCEPTABLE CRITERIA

A. Identification of deviations, if any

Hone

B- Justification of deviations and dis i ispos tion of the deviations

D. genera1 comments
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Part II Audit of Ke Desi. s

A. Exterior Shear. Walls

1. design requirements

The exterior walls vere designed to satisfy struct 1 f iura unct on as
ng s, shear walls, and protection against tornado missi'~ssi'ese

2. design loads (from general analysis)

Refer to PSARR Section 3.8-3-3 ~

3- forces and moments at key sections

Refer tc PSAR, Table 3.8-4D. QF %>.'b)

4. detailed design of rebar placement at, key sections

See Attachment A. (Pg. R.LSQ

5- general comments and preliminary audit findings'
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B. Interior Shear Walls

«25
AUXILIARYBUILDING

I. desesign requirements

The interior valls vere d
beari wa

s vere designed to satisf
ng walls and shear walls'

s y structural function as

2. design loads from(from general analysis)

Same as exterio
(fi

ior veils except thatat plaster and concrete a
were neglected for th

the loads due to their ovngne to resist
e strength of t

sm c) in order to preclude damage to safet ru e amage to safety related equipment ~

3 forerces and moments t ka ey sections

Refer te PAAR, Teb1e 3.8 AD. {F3. n1+)

4. detailed desi n ofgn o rebar placement t ka ey sections

Raa Attaehtent A. Pp.ne5)

5. general comments andn preliminary audit findings
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C. Main Floors and Roofs

1. design requirements

Main floors and roof slabs were primarily designed for vertical dead t

Roofs vere also designed to satisfy minim thi knum c ess to preclude
perforation by tornado generated missiles.

2. design loads (from general analysis)

Refer to FSAR, Section 38 8 3. 3.

3 forces and moments at key sections

Refer te FSARTab,le 3 ~ 8-AD. (83. WD)

detailed design of rebar placement at key sections

See Attaetuaeet A. (Fg V. 5/8.



I
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5. general comments and prelMinary audit findings
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9- Steel Structural gracing Systems (if any)

l. design requirements

In general, steel beams are designe'd for two functions

a) To support dead load of vet concrete and construction 'oads

b) To support i in and
ment loads

p p g cable trays and other miscellane usaneous equip-

For penetration area, floors are supported on structu a
girders and columns vhich are des

e on structural steel beams,

loads.
c are esigned for dead, live and seismi"

. 2. design loads

Refer to FSAR, Section 3 ~ 8.3 3

3. forces and moments at key sections

Refee te TSAR, Table 3.8-48 ~ (Q.e8)

6. general comments and preliminary audit findings
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E. Foundation Hat

I. design requirements

Refer to FSAR, Sections 3.8.5.4 2 and 3.8.5e5.

2. design loads (from general analysis)

Refer to FSAR, Section 3 8 3.3

3. forces and moments at Key sections

Refer te TSAR, Table 3 ~ 8-ARDt (PS. 3>b)

i.
4 detailed design of rebar placement at key sections

See Attachceet A. ('Pg. A++/

5 general comments and preliminary audit findings
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F. Main Frame Concrete Column Design (Key Columns)

1. " design requi.rements

The'oncrete columns were primarily designed for vertical loading due
to dead, live and seismic loads'he columns were not used as
lateral-load-resisting elements.

2. design loads (from general anaLysis)

Refer to FSAR, Section 3 ~ 8 3 3.

3. forces and moments at key sections

1) Column at El. 40 0"

2. g) Column at''t. 88 0"

3 P} Column at El. 120'0"

Axial Force

1022 K

1981 K

999 K

Moment

282 Ft-K

203 Ft-K

460 Ft-K

4. detailed design of rebar placement at key sections

See Attathment A. (P9.,'24S)

5- general comments and preliminary audit findings
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G. Secondary Floors

1 design requirements

Same as main floors. Refer to page 26

2. design loads (from general analysis)

Refer to FSAR, Section 3 8 '.3

3. forces and moments at key sections

Refer te TSAR, Table 3 ~ 8-4D (Pg.'219$

4. detailed design of rebar placement at key sections

See Attachment A. (PD. T.A5$

5. general comments and preliminary audit findings
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H. Detailing at Floor-gall Joints

1. design requirements

As per ACI 318»71 Code, Chapter 6 and 17 '

design loads (from general analysis)

Refer to CESAR, Section 3.8.3.3.

3. forces and moments at key sections

Refer tn FSAR, Table 3 ~ 8-AD. (83. T>9)

4. detailed design of rebar placement at key sections

See Attachment A. (PQ: 'AS +)

5 ~ general comments and preliminary audit findings

t*

m»el
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I. Dynamic Effects Applied to Floors and Q ll ba s y Machinery

1. design requirements

Dynamic effects from machinery are negligible. Ma or um
located on the basemat HVAC un ts are mounted with isolation pads.

.2- design loads (from general analysis)

3. forces and moments at key sections

4. detailed design

5. general comments and preliminary audit findings
r
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J. Crane & Support

1. design of bents (columns and roof trusses)

Not applicable. There are no cranes located in this buildings

a. design requirements

be design loads (from general analysis)

c. forces and moments at key sections

de detailed design
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e. general comments and preliminary audit findings

~ ~ .



l
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2. design of girders supporting crane rails

Not applicable.

a ~ design requirements

b- design loads (from general analysis).

cd forces and moments at Key sections

d- detailed design
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e. general comments and preliminary audit findings

Cy

~ ~ ( K ~
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design of s pent fuel b idge

'Not applicable.
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a. desi ng requirements

be design loads (from enrom general analysis)

c. forces andd moments at key sections

d. detailed desies gn

e. general commentents and rp eliminary audiu t findings

4
P

1 + ~

4+

~
' ~

'

~ ~





K. Fuel Pool Line Dr esign

Not applicable.

AQzTLD,Ry B

stresses and ststrain controls

2. conformance to code requirements

3. anal sy is procedurere and results

4. consideration of accio accidental drop ofp o crane loads

corrosion effe tc s e.g ~., pitting) on linener integrity

6. preliminary findin sn ngs of audit results
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Table 2.5-15
STATIC BEARING CAPACITY OF CATEGORY I STRUCTURES

Structure

Average
Static Design

Load
q (k/ft )

Ultimate Bearing
Capacity
q (k/ft~)

Factor of Safety
(q/q )

Containment Building

Auxiliary Building
(deep section)

Main Steam. Support
Structure

Control Building

Fuel Building

Diesel Generator
Building

Refueling Water Tank

Condensate Storage Tank

7'9

6 ~ 2

7.1

3 '

5.3

3.1

4.4

3.5

35.7

34. 9

64.8

45.3

54.9

79. 5

90.4

112.4

4.5

5.6

9.1

13.7

10.4

25.6

20.5

32.1

0
0

R0
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Table 2.5-16

DYNAMIC BEARING CAPACITY OF CATEGORY I STRUCTURES

Lq

(l

'-1
I

~
~

I

j
~ ( *

4 (

i(

hl
Vl
i

Ch
4l

Structure

Containment Building

Auxiliary Building
(deep section)

Main Steam Support
Structure

Control Building

Fuel Building

Diesel Generator Building

Refuel'ing Hater Tank

Condensate Storage Tank (b)

Equivalent
Uniform
Vertical

Stress
qd (k/ft2)

16.1

10.3

25.3

9.8

19.1

5.6

13.2

13.2

Ultimate
Bearing
Capacity
q (k/ft2)

32. 2

25.8

60.6

39.8

50.3

75.5

58.7

30.2

Factor of
Safety

2.0

2.5

2.4

4.1

13.5

4 '

2 '

Q

0
0

a. Based upon maximum dynamic loads derived from analyses described in section 3.7.

b. Condensate storage tank loads were conservatively chosen to be equal to the
dynamic design load for the refueling water tank. Actual loads will be less. H

x0





Table 3.5-8
TORNADO-GENERATED MISSILES CONSIDERED IN DESIGN OF SAFE S)SHUTDOWN STRUCTURES

Description
Weight
(lbs)

Impact
Areg(ft )

Maximum
Velocity

(ft/s)
Kinetic
Energy
(ft-lbs)

(A) A 12-foot wood plank, 4 x 12 inches in
cross-section, traveling end on at a speed
of 240 mi/h.

(B) A steel pipe, Schedule 40, 3 inches in
diameter by 10 feet long, traveling end
on at 120 mi/h.

(C) A steel rod, 1 inch in diameter, 3 feet
long, traveling end on at 180 mi/h.

(D) A steel pipe, Schedule 40, 6 inches in
diameter by 15 feet long, traveling end
on at 120 mi/h.

(E) A steel pipe, Schedule 40, 12 inches in
diameter by 15 feet long, traveling end
on at 120 mi/h.

(F) .A utility pole, 13-1/2 inches in diameter,
35 feet long, traveling end on at
120 mi/h.

(G) An automobile'of 4,000 pounds weight,
striking the structure at 60 mi/h.

200

78

285

743

1490

4000

0.333

0.063

0.005

0.24

0.886

0.994

20.0

352

176

264

176

176

176

88

3.85 x 10

3.75 x 10

8.66 x 10

1.37 x 10 5

3.57 x 10

7.17 x 10 5

4.81 x 10

gH

H

0
W
O
H0
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SEISMIC DESIGN

Table 3.7-4
AUXILIARYBUILDING NATURAL FREQUENCIES

Horizontal
(N-S)

Horizontal
(E-W)

Vertical

OBE

SSE

OBE

SSE

OBE

SSE

Mode

2

3

4

5

2

3

4

5 ~'

'2

3

5

1
2.'

2

Frequency
(Hz)'.6

7.9
18.8
26.1
37.6

3.2
7.0

18.4
26.3
37.9

3.9
7.9

16.1
'8.0
39.7

3.5
7.0

15.. 9

28.1
40.0

5.2
33.5

4.6

a

a. See figure 3.7-21 for mode shapes and participation factors. f 4

(iO

May 1981 3.7-9 Amendment 4
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ACCELERATION
(gl

SHEAR
((c)

MOMENT
(k-ft(

D(S('LACEMENT
6n.l

EI. 156'.32 0.17

140'.30 3900

0.06 x 10 0.1 5

120'.27 8,400 0.23 x 10 0.13

1DO'.23 13,600 0.51 x 10 0.11

88'.21 17,600 0.72 x 10 0.

70' 20 20,600 1.11 x 10 08

HORIZONTAL(OBE)

EL.156'.56 0.36

140'.52 8,500

0.11 x 10 Q.32

120'A6 14,700 0.40 x 10 0.28

100'.42 23,500 0.88 x 10 0.22

88'.39 1.25 x 1Q 0.19

70'.36 36,400 1.94 x 10 0.16

HOR IZONTAL (SSE)

Palo Verde Nuclear Generating Station
FSA'R

AUXILIARYBUILDING
DESIGN RESPONSE

FIGURE 3.7-16
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Table 3.8-4D

AUXILIARYBUILDING SUMMARY OF GOVERNING LOAD INTERACTIONS FOR PRINCIPAL
REINFORCED CONCRETE MEMBERS (Sheet 2 of 2)

Description of
Principal Member

Location of
Principal Hember

Governing
Load

Combinatgon
Number<a> p (b)

u
(c)

u

Calculated
Axial Load (P )

and PlexuraY
Load (Hu)

Haximum
Plexural

Interaction
Capacity

(H ), Given
Axta) pa)
(pu) b c

Calculated
Shear
Lo)g)

I

I

Haximum
Shear

Capagf y
(Vu)

2' 2-1/2" x 19'-4" wall-
vertical and horizontal
reinforcement
3'-0" x 22'-3" wall - vertical
and horizontal reinforcement

3'-0" x 6'-9 wall - vertical
and horizontal reinforcement

2'-9" thick slab - N-S or
E-W reinforcement

1'-6" thick slab - E-W
reinforcement

2'-0" thick slab - N-S
reinforcement

2.'-9 thick slab - N-S or
E-W reinforcement

2'-9" thick slab - N-S
reinforcement

1'-3" thick slab - N-S or
E-W reinforcement
6'-0" thick basemat - E-W
reinforcement
6'-0" thick basemat - E-W
reinforcement

Xnterior wall
at El. 88'-0

Xnterior wall at
El. 100'-0"

Exterior wall at
El. 100'-Oi

El. 70'-0"

El. 88'-0"

El. 88'-0"

El, 88'-0"

El. 100'-0"

El. 120'-0

El. 40'-0"

El. 70'"

-559

-1,544

-301

(d)

52i153

65 '40

7,258

128

43

65

112

84

21

326

933

115,314

94,008

7,702

181

51

131

104

26

544

1,031

1,537

1,706

247

(d)

2 '93

2,417

O

8

M
H U

W
Ql0





Table 3.8-4E

AUXILIARYBUILDING SUMMARY OF GOVERNING COMBINED STRESS RATIOS FROM THE BEAM/COLUMN
INTERACTION EQUATION FOR PRINCIPAL STRUCTURAL STEEL MEMBERS (Sheet 1 of 2)

Description
of

Principal
Members

W 16 X 36
C10X25
W 14 X 78
W 21 X 49
W18X60
W12X27
W 14 X 184
W 14 X 158
W 14 X 84
W 27 X 177
W 21 X 73
W 16 X 64
W 27 X 94
W 27 X'77
W 27 X 114
W 21 X 55

Location of Principal Members

Floor Beam 9 El. 51'-6"
Floor Beam 9 El. 51'-6"
Floor Beam 9 El. 51'-6"
Floor Beam 9 El. 70'-0"
Floor Beam 9 El. 88'-0"
Top Chord of Truss 9 El. 88'-0"
Column 9 El. 77'-3"
Column 9 El. 120'-0".
Bottom Chord of Truss 9 El. 88'-0"
Main Girder 9 El. 100'-0"
Main Girder 9 El. 120'-0"
Floor Beam 9 El. 120'-0"
Floox Beam 9 El. 140'-0"
Main Girder 9 El. 140'-0"
Main Girder 9 El. 140'-0"
Floor Beam 9 El. 156'-4"

Go'verning Load
Combination

Number(>)

Combined
Stress

Ratio (<1.0)
0.88
0.82
0.82
0.85
0.94
0.96
0.73
0.66
0.83
0.80
0.94

.0. 93
0. 99
0.95
0.95
0.81

a. Refer to section 3.8.3.3.3.A(1) for description of load combination number.
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Table 3. 8-4E

AUXILIARYBUILDING SUMMARY OF GOVERNING COMBINED STRESS RATIOS FROM THE BEAM/COLUMN
INTERACTION EQUATION FOR PRINCIPAL STRUCTURAL STEEL MEMBERS (Sheet 2 of 2)

Description
of

Principal
Members

C 10 X.15.3
C 10 X 15.3
H 8 X 28

Location of Principal Members

Staircase Stringer (typ.)
'Platform Channel 9 El. 43'-6"
Platform Beam 9 E3.. 110'-0"

Governing Load
Combination

Number(a)

2
2
2

Combined
Stress

Ratio (<1.0)
0.71
0.95
0.98

n
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PIGS FSAR

3.8.5.5 Structural Acce tance Criteria

bf
DESIGN OF

CATEGORY I STRUCTURES

The foundations of Seismic Category I buildings are designed
to meet the same structural acceptance criteria as the
buildings themselves. These criteria are discussed in
sections 3.8.1.5, 3.8.3.5, and 3.8.4;5. The limiting condi-
tions for the foundation medium, tog'ether with a comparison
'of actual capacity and estimated structure loads, are found
in sections 2.5.4.10 and 2.5.4.ll. Computed factors of
safety against overturning, sliding, and flotation for
Category I structures are given in table 3.8-5.

Table 3.8-5
COMPUTED FACTORS OF SAFETY

Structure OBE SSE

Overturning Sliding
OBE 'SE Flotation

Auxiliary
Containment
Control
Diesel Generator
Fuel
Main Steam Support
Condensate Storage

and Refueling
Water Tanks

3200
3400
1500
1200
1600

340

500

830

1200
420
400
400

91

150

1.6 1.2
2.2 1.1
1.9 1.1
1.6 1.1
1.7 1.4

2.2 1.3
.1 ~ 7 12

4.. 7

4.5
4.8
NA~ai

NA

NA

NA

a. Not applicable

(
March 1980 3.8-99 Amendment 1
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PALO VERDE NUCLEAR STATION UNITS 1 2 3
DESIGN ADE UACY AUDIT

STRUCTURAL AUDIT OF FUEL BUILDING
Part I - General Anal sis

I BASIC DESIGN CRITERIA

A. 'g'alue - free field

Seismic level based
on construction
permit license

Seismic level used in
design of structures

and equipment

SSE
OBE

Oe20g
Oo10g

0. 25g
0.13g

Reference: FSAR, Section 3 ?

B- Spectra (attach figs. for all damping values, ductilities)

1. zero period acceleration

SSE 0 25g
OBE 0.13g

Reference: FSAR, Figures
Mlc, l$. c ~si$4~

(P~cs 3O<z 3i ~r/5'
7-1 — 3.7-4>and Section 3.7.1.1

vei~ gQ Oui dk. I ~ i4

Frequency (or period) interval

Refer to BC-TOP-4A, Section 2.F 1 (c)

C. Damping
j

Refer to FSAR, Section 3 '.1 ~ 3
cp i' ~ 6&i d~ ji Ll

gag~~ 4 F5A'R f gutC1 'X'.1-6 ~ 3.W -C (Pg~g 928 .8>>)

D. Artificial time history and corresponding spectra (attach figures)

1 ~ original time history and its composition, i.e ~ , rising time,
strong motion and tail end.

Refer to FSAR, Section 3 '.1.2 and BC-TOP-4A, Section 2.5
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FUEL BUILDING

2 base line correction, check the integrated velocity and
displacement time histories

The velocity and displacement time histories were checked and
found to be satisfactory. In addition, only the acceleration
time history was used as input in analysis.

3. time interval - compatible with the highest frequency considered
in the spectral calculation

0.005 seconds

E Motion duration

24 seconds

Refer to FSAR, Section 3-7 ' '

F. components of motion including their relative motion amplitudes

Analysis was performed for the three principle directions with equal
amplitudes

G. Dead and live loads for various operating floors and base slab

A~~ckcs Pgg %f~W~vc'sp JN4+v 6'QM<P~cuP
a~d Po ps/ ~gvÃoLe~

t-iVe Lc cad ~~c, ~~a~





FUEL BUILDING

H Ground water level

The groundwater design level is at plant El 70 -0" . The"actual water
level is at approximately plant El 60'-0".

Reference: FSAR, Sections 2.4.13.2 4 and 2 '.13.5

I. Backfill earth pressure, wind, overpressure due to postulated
external explosions (as applicable)

pey gaAevW ~v'k4 QKR$MY< se.c V~eg wo5 6- g ~~0 $ .> ><wQ~~~P
cL~S not QWwv'n .

J. Other considerations

All penetrations in roof and exterior walls that expose safety
related equipment have tornado missile protection Concrete
covers or steel plate shields to prevent missile perforation
are provided.





FUEL BUILDING

IIo ANALYSIS METHOD

A Seismic Analysis

1 'Mathematical model-general description with sketch.

Two planar lumped parameter models were
used'efer

to PSAR, Sections 3.7 '.3 3 and Figure 3.7-13-

A three dimensional finite element model was used for final
.verification of design.

a. (1) concrete modulus

Ec ~ 3.64 x 10 psi6

Ec ~ 4.07 x 10 psi6

for P'c ~ 4000 psi

for P'c ~ 5000 psi

"
(2) rebar modulus and yield strength

E 29 x 10 Ksi3

P 60 Ksi
y

(3) Poisson's ratio

V ~ 0.17 for concrete'

Reference: "Theory of Plates and Shells" 2nd edition
by Timoshenko, Woinowsky, Kreiger p. 97.

(4) damping

Refer to PSAR, Section 3 '.1.3

ml's )S ~~s)'sy~ ~> ~





FUEL BUILDING

(5) properties of foundation materials

shear modulus

Refer to FSAR, Figure 3-7-7, -8, -9.

subgrade reactions

~~yg~~ g ~g<~< veneha = 4o-ce vepsj~~/y+

bearing capabilities

Refer to Tables 2.5-15 and 2.5-16 of the FSAR.

(6) other parameters

b stiffness calculations

(1) exterior walls

Exterior and interior walls stiffness calculations
were performed manually using standard engineering
methods.

(2) interior walls

Same as exterior walls.
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FUEL BUILDING

2 method of Aaalysis

a. method of analysis used (time history, response'pectrum
methods, etc ) and consid'eration of torsional and
translational response

Two planar lumped parameter mathematical models were used
for an acceleration time history analyses to generate
in-structure response spectra and to perform a response
spectrum analysis.

(1) general description

4.
f»

eg

(2)

The Fuel Handling Building analysis used two planar
lumped parameter models'oil structure interact'on
was incorporated into the model by adding to the fixed
base system discrete soil springs based on elastic
half space theory The three dimensional finite
element model was used for a response spectrum
analysis to determine seismic stresses within the
structure to verify the design
gism ~~ mc ~esses e+
CgggN»Pari S age Of JLV~ ~dak Cf

softC Sg,Z ~~ ~ we+.
findings and comments

b. selection of number of masses and degrees of freedom

(1) general description

Data for the planar lumped parameter model are as
follows:

For horizontal direction earthquake, the model
consisted of 12 nodes and 37 degrees of freedom.

~ g
~

For vertical direction earthquake, the model consisted
of 5 nodes and 5 degrees of freedom.

1

Pefee te ggAR, gggeee 3 ~ 7-13. (Pc}.3

b9)''cO

Ce
el
e
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. FUEL BUILDING

(2) findings and comments

c. number of modes considered

The time history analyses performed for the lumped
parameter model considered all modes since the direct
integration method was utilized. ,The response spectrum
analysis used in the finite element model verification
of design considered 66 modes.

(1} general description

Refer to PSAR, Table 3 7-6 for modal frequencies and
participation factors (p~ pp~)

(2) findings and comments
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FUEL BUILDING

d ~ combining modal responses

(1) actual procedures used

Refer to PSAR, Section 3 7.2.7-

'(2) general findiags

e. consider'ation of three components of motion

(1) actual procedures used
r

Refer to FSAR, Section 3.7.2 6.

~~srrP~W ~i'~ - ~P ~""

(2) general findings
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FUEL BUILDING

consideration of soil-struc ture interaction
5.G 9East-Vest Kx W&fR x 10 K/ft Kxx ~ 2.363 x 10 K-Ft/Pad

Kyy .1.490 xOBE 'orth-South Ky 6.222 x 10 K/ft5

'I

.=." .-= ; -„:.=,.', "-.'.-'.'.. 'Vertical: Kz ~ 7 046 x 10 K/ft

-;+.5b 7
East-Vest Xx ~ S6 x 10 K/ft 'xx 1.902 x

5'.'.....SSE "-:-Worth-South.,=Ky ~ 4-008 x 10 X/ft Kyy ~ 1-199 x

5:Uertic'al: -'= Kz;-.~ 5,672 -x=-10.: K/ft-

*
':.'. " ~;"" ' (1) " general description

10 K-Pt/Rad9

10 K-Ft/Rad9

9.'0 K-Ft/Rad

~ (2) findings and comments

0 g. decoupling criteria for subsystems

(1) general procedure

Refer to BC-TOP-4A, Section 3.2.

(2) key examples
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FUEL BUILDING

(gb) general findings andn comments

h - mod eli ofhg hydrodynamic effects in spent fuel pool

The spent fuel pool .water was cou led
the concepts of US AEC T
Earthquakes.

TID 7024T , Nuclear Reactors and
ng

modeli ofng spent fuel pool wells and
slabs and equipment then t ereof

s an interior floor
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development of in-structure responss onse spectra

Refer to FSAR, Section 3 7 2.5

a general procedures

The "SPECTRA" program was used to compute the res onse
spectra. Refer to FSAR, Appendix 3B for a descri

(1) smoothin <descg ( ribe specific smoothing method used)

spectra represent anThe smoothened floor response s
emrelope of the maximum peaks

(2) peak widening

+ 15X

Reference: FSAR, Section 3 ~ 7 ~ 2.9

b. typical results (attach figures)

Refer to FSAP., Figures 3D-31, -32, -33 P~at
(r
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FUEL BUILDING

S»
»

B. Stress Analysis

I shear walls and floors

a mathematical model,- general description w/sketch

Shear wall and floor stresses were computed by performing standard
manual calculations. Vertigal loads were distributed in the
structure by conventional methods. Lateral loads were calculated
by multiplying lumped mass and seismic accelerations obtained
from floor spectra at each level These lateral loads were then
distributed among the shear walls according to their relative
stiffness and location

A three dimensional finite element model was used for verification
of the design.

b. method of analysis —incorporation of torsion

The torsional moment was determined by resolving the couple due
to eccentricity between the center of mass and the center of
rigidity at each floor. Shear derived from this torsional
moment was added directly to the'orces consid,ered for the
individual shear walls

The three dimensional finite element model was used for stress
analysis considering all loads including the response spectrum
analysis for seismic loads«

c. load combinations

Refer to FSAR, Section 3.8-3 3.



f
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1. foundation mat
-l3-

FUEL BUILDING

a mathematical model - description of boundary conditions

The original design was based on manual
calculations'he

three dimensional finite element model was used
for verification.

b. method of analysis
~e ~

e
8

load combinations

Refer to FSAR, Section 3 8 3.3.
acct 'o' ~i~

e

4 e *

key results (figures, etc.)

Refer re PRAR, Table 3 ~ 8-43. P g +4/

4
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FUEL BUILDING

3. Material to r,p otect against structure - sure - structure interaction

EVERLASTIC Micro II (Williams Pro d t Inc.
1 i i i ) it b

between walls wer 1 f
n s etween structures-res- Above grade gaps

structures
e e t open, t icayp lly 6 between Category I

a- mechanical properties

b- additional pressure on walls

c. findings and comments



l
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vertical dynamic analysis

a ~ mathematical model - general description with sketch

The 1p anar lumped parameter model consiste
/

b d wh h
walls.

ma c represents the exterior and interior

b. development of stiffnesses incl
applicable

es, ncluding floor stiffness, as

Stiffnesses of the walls vers vere calculated manually .

c. method of analysis

The model described above was used
mo a response spectrum anal ses.

t 1 si w s fo ed
us ng super-SMIS The

as per ormed using super-SMIS and SPECTRA.

"~
The three dimensional finite element model vasi 1 dynam c

analysis'0

~ ~

/ /GAL



'
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FUEL BUILDING

C. Computer Programs Used in Analysis

l. assumptions and limitations

SAP1~9» SUPER SMIS» SPECTRA» OPTCON» LUCON» BSAP

2. applicability

Refer to FSAR, Appendix 3B.

3. verification

sensitivity study in case of numerical solnumer ca solutions (e.g., fin'te

Refer to FSAR, Appendix 3B ~

4. load input (include all cases)

PROGRAM INPUT

SAP l. 9

SPECTRA

LUCON

SUPER
SMIS

OPTCON

Finite Element Model (Modes and Elements) Loadi
(Pressure , Nodal loads), Response Spectra, Time History

In-structure Time Histories, Frequency of Periods and
Damping Values

Shear Modulus, D~mping Values

Mass Matrix, Stiffness Matrix, Response Spectra, Time
History, Damping Matrix

Design Loads and Stresses



I
I
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outPut (include all cases)

Refer to FSAR, Appendix 3B

6. other discussions
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FUEL BUILDING

D. Overall Stability

1 forces and moments from seismic analysis

SSE

2. various cases considered

Seismic event loading combination considered OBE or SSE applied in
the East-West, North-South and vertical directions simultaneously.

303
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FUEL BUILDING

'.

b cari rng p essure versus bearing ca abil
against bearing failure

caps ity and safety factor

Refer to FSAR, Section .2 ~ 5.4.10 ann . ~ ~ ~ 10 and Tebles 2.5-15, -16. (P~ >+~~ ~)

4 factors of safety

Refer to FSAR, Sectionection 3 ~ 8 5.5 and Table 3.8-5. Eg.>~>

a ~ sliding

Factor of Safety 1.1 (SSE)

b. aver turning

Factor of Safety'00 (SSE)



0'
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E. Interaction of Hon-cate o I
Considered

n-category I Structures with the Structure

l. identification of pertinent non-Category' structures

Hone: H:ere are no non-Catego I strry uctures adjacent to

2 ~ consideration given to potential failu
systems on Cat egory systems

a ail re of non-Category I

Vithin the Fue 1 Building, non-Catego I S s
could affect Category I Systems were desi

ry ystems which potentially

integrity under SSE loads ~

igned for structural

3 ~ general findings and comments

ll~j~~ g ~(k-Q~~ $ 4ilgw j~a PLosc, 4ai(~m ~jii~u~ ~ill ~of ~Aegf

3o)
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F- Design Consideration for Tornado Missiles

1 ~ design requirements

Refer to FSAR, Table 3.5-8'9 >~0

2 models for

a. local damage

Refer to FSAR, Section 3.5 '.

b. overall response

Refer to FSAR, Section 3.5 '.
3. load combinations

Refer to FSAR, Section 3.8 3.3 ~

4. forces

to re
The governing structural members are of ffi i

p eclude perforation by postulated missiles a
su c ent thickness

structural integrity.
e m ss es and maintain
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6. general comments and preliminary audit ff.ndings



0

,
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FUEL BUILDING

III~ CONFORMANCE TO ACCEPTABLE CRITERIA

A Identification of d eyiations, if any

None.

B. Justification of deviations and di i isposition of the deviations

D. general comments



f
I

,
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FUEL BUILDING

Part II Audit of Ke Desi ns

A. Exterior Shear Rails

1 ~ design requirements

be
The exterior vallsls are designed to satisf st

va s, and protection against tornado missiles ~

2. design loads (from general analysts)

Refer to FSAR, Section 3 8.3 3

3 forces and moments t kea y sections

ReTer to BBAR, Table 3 B 4F.-

4. detailed desiign of rebar placement t ka ey sections

See Attachment A. Pg. >'Z5

5 ~ general commentsnts and preliminary audit findings
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B Interior Shear Mails

1 design requirements

The interior walls are designed"to satis
as beari g v lls d'sh r llvalls.

2. design loads (from general analysis)
a

Refer to FSAR, Section 3.8 3 3

3 forces and moments at key sections

Refer ce FSAR, Table S.S-AF. (Q. S&ag

4. detailed desesign of rebar placement at key sections

See Arracheeer A. (f'g, SRa'a)

5. general comments and preliminary audit findings

I

*
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C. Main Floors and Roofs

1. design requirements

Hain floors and roofs are rimar
seismic loads,

pr arily designed for dead, live and

are also designed to satisfy minimum t
Roof s

by orna o generated missiles-

2. design loads (from general analysis}

Refer to FSAR, Section 3 8.3 3

3. forces and moments at key sections

Refer te FRAR, Ts44le 3.8-4F ~ (fh.seep

~ ~

4. detailed desi ng of rebar placement at key sections

See Attachment A. Pg,5<9

'

14

se
es

4'
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5. general commentsnts and preliminary audit findings

~ ~ i ~ W
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ae A.r ~ ~('28» FUEL BUILDING

D. Steel Struructural Bracing Systems (if any)

1 design requirements

The Fuel Building floors at elevation 120'-0" 14
o ted o t t 1 t 1 b

general are designed f
s ee earns, irders, g and columns. Beams in

designed for dead liv d
or construction loads.

ve an seismic loads.
s. Girders and columns are

2. design loads

Refer to FSAR, Section 3 8 3.3.

3. forces and.moments at key sections

RefeZ ZO 88AR, Table 3 ~ 8-48 e (PQ.>44)

6. general comments and preliminary audit findings

~ M e ~





C
E. Foundation Mat

I. design requirements

Refer to FSAR, Sections 3.8 5 4.2 and 3 8 5.5

2. design loads <from( rom general analysis)

Refer to FSAR, Section 3 8 3.3.

3. forces and moments kat ey sections

Refer re RRAR, Teb1e 3 ~ 8 4P -(Q.

4. detailed desi n ogn of rebar placement t kat ,ey sections

See Attachment A Pg. Qt5

5. general comments andand preliminary audit findings

:0
~ p

~ ~
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-30-
FUEL BUILDING

P. Hain Frame Concrete Column D ies gn (Key Columns)

Not applicable. There are no concree no concrete columns in this building-

1. design requirements

2. design loads from( from general analysis)

3. forces and moments at key sections

4. detailed desiign of rebar placement kat ey sections

C
5. general comments and prelimie nary audit findings
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O'econdary Floors

-31-
EL BUILDINg

Not applicable.

design requirements

2. design 1oads (from general analysis)

3. forces and moments at key sections

4. detailed desi ngn of rebar placement at key sections

5. general comments ans and preliminary audit findings
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-32-
. PUEL BUILDING

H. Detailing at Ploor-Wall Joints

1 design requirements

As per ACI 318-71 C'ode, Chapters 6 and 17.

2- design loads (from general analysis)

Refer to'SAR, Section 3.8.3.3
~t

r

t
el
e

3- forces and moments at Key sections

Refer re FFAR, Table 3.8 4F -(@..3te~)

4. detailed design of rebar placement at key sections

See Attachment A. fg. 8<5

5 general comments and preliminary audit findings

'

acta

4A
4 a

4
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-33-
FUEL BUILDING

I Dynamic Effects Applied to Floors and Walls by Machinery

Dynamic effects from machinery are negligible. Ma)or pumps are
located on the basemat HVAC units are mounted with isolation

pads'.

design requirements

2. design loads (from general analysis)

3. forces and moments at key sections

4. detailed design

5. general comments and preliminary audit findings

'j
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-34-
FUEL BUILDING

J. Crane & Support

1. design of bents (columns and roof 'trusses)

The crane support system consists of corbels and pilasters.

a- design requirements

Corb'els and pilasters, located'along the north and south walls,
support the crane, rail and crane support girders- They are

b. design loads (from general analysis)

Refer to FSAR, Section 3e8 3.3 ~

c. forces and moments at key sections

Maximum forces in the pilasters at El. 167'-0" subjected to crane
lateral seismic loads are:

M - 4442 K-Ft
u

P ~ 171 ~ 6K
u

IA

pe

d. detailed design

tee Attachment A. (+3tS)
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FUEL BUILDING

e general comments and preliminary audit findings
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-36-
HJEL BUILDIgeG

2. 'design of girders supporting crane rails
'' a. design requirements

7 'I"

7'.'* l) 150 T Crane

~ ,; .,: 2) 10 T Crane
7

be

b ~
7

design loads (from general analysis)

.-The crane support girders are designed'for dead, live, impact, a..c
seismic.l.oads "

Y

~ ~

des fgn loads (from 'general analysis)

c ~
7

6~ ~~~ yrAv
Lrse kern~ ea ~ 4 M

~Vg< $ W y L- COg
forces and moments at key sections

C'pe <~
150 T Cr'ane~Girder: Moment ms 3646 K-.Pt

Shear ~ 600 K

5uPOD~
10 T Crane Girder: Moment ~ 486 K-Pt

'
Shear ~ 133 K

'.

detailed design
l

a

See Attachment B. fg. '3~~



0

l



«3 7»
FUEL BUTLDINC

e. general comments and preliminary audit findings
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FUEL BUILDING

3 design of spent fuel bridge

The spent fuel bridge is'esigned and furnished by Combustion
Engineering.

a design requirements

b. design loads (from general analysis)

c. forces and moments at key sections

de detailed design

e. general comments and preliminary audit findings
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-39»
FUEL BUILDING

K. Fuel'ool Liner Design

1. stresses and strain controls

The liner is not designed as a load carrying member. It acts
as a water tight membrane for the pools

2- conformance to code requirements
I

Design is in accordance with AISC requirements.

3. analysis procedure and results

See Item l.

4. consideration of acjcidental drop of crane loads

The west wall of the spent fuel pool was designed to withstand
the impact of a fuel cask drop.

Refer to FSAR, amended Section 3 8 4 1 2 (See Attachment C )

5. corrosion effects (e.g., pitting) on liner integrity

Stainless steel liner plate has been used.

C

6. preliminary findings of audit results
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PVNGS FSAR

DESIGN OF

CATEGORY I/STRUCTURES

3.6.4.1.2 Fuel Bui1ding

The iuel building is 88 x 12-'eet in plan and is a reinforcod
concrete structure whose roof zs 94 feet above grade. It is
pW"sically separated from adjoining structures and has an
independent foundation. The building conta'ns the new

fue'toragearea ar;9 spent fuel pool. The w=- ls and the floo" of
the s". nt f:.o1 pool are lined with stainless steel plates for
'akt. ghtness.

he new =nd spent fuel storage is described in section 9.1.
' The fuel building has an overhead crane capable of handling

such .". avy loads as the fuel cask. 'Travel of this crane .over
e spent fuel pool is preven-ed by design. Interlocks are

provided to prevent the ciane from moving over the new
fue.'rea

during cask handling operations. A new :uel handling
crane, running on rails mounte" over the operating floor, is
provided to handle the new fuel assemblies.

A spent fuel handli.-.g machine, running on rails mounted on

the operating floor, is provided to handle spent fuel
assemblies;

h p, ~ ~~'~~ ~w4g CC~ CAh<<Q)
~Du.~4~

/tg~ /+P I///IÃIlfl0// P
<sec

O~> +
Building plans and elevations are .shown in figures 1.2-4

through 1.2-13.

I-0
4

/
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Table 2.5-15

STATIC BEARING CAPACITY OF CATEGORY I.STRUCTURES

Structure

Containment Building

Auxiliary Building
(deep section)

Main Steam Support
Structure

Control Building

Fuel Building

Diesel Generator
Building

Refueling Water Tank

Condensate Storage Tank

Average
Static Design

Load
q (k/ft )

7.9

6.2

7;1

3-.3

5.3

3 ~ 1

'4
~ 4

3.5

Ultimate Bearing
Capacity
q (k/ft2)

35.7

34.9

64.8

45.3

54.9

79. 5

90.4

112.4

Factor of Safety
(q /q,)

4.5

5.6

F 1

13 '

10.4

25 '

20.5

32.1



0,

ii'



Table 2. 5-16
DYNAMIC BEARING CAPACITY OF CATEGORY I STRUCTURES

Structure

Containment Building

Auxiliary Building
~ (deep section)

Main Steam Support
Structure

Control Building

Fuel Building

Diesel Generator Building

Refueling Water Tank
(b)Condensate Storage Tank

Equivalent
Uniform
Vertical

Stress
qd (k/ft2)

16.1

10;3

25.3

9.8

19.1

5.6

13.2

13.2

Ultimate
Bearing
Capacity
q (k/ft>)

32 '

25.8

60.6

39.8

50.3

i'5. 5

58.7

30.2

Factor of
Safety
(qo/qd)

2.0

2.5

2.4

4.1

2 '.
13.5

4 '

2 '

'a 1

b.

Based upon maximum dynamic loads derived from analyses described in section 3.7.

Condensate storage.-tank loads were conseivatively chosen to be equal to the
dynamic design load for the refueling water tank. Actual loads will be less.
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Table 3.5-8
TORNADO-GENERATED MISSILES CONSIDERED IN DESIGN OF SAFE SHUTDOWN STRUCTURES

Description
Weight
(lbs)

Impact
Arey(ft )

Maximum
Velocity

(ft/s)
Kinetic
Energy
(ft-lbs)

(A) A 12-foot wood plank, 4 x 12 inches in
cross-section, traveling end on at a speed
of 240 mi/h.

(B) A steel pipe, Schedule 40, 3 inches in
diameter by 10 feet long, traveling end
on at 120 mi/h.

(C) A steel rod, 1 inch in diameter, 3 feet
long, traveling end on at 180 mi/h;

(D) A steel pipe, Schedule 40, 6 inches in
diameter by 15 feet long, traveling end
on at 120 mi/h.

(E) A steel pipe, Schedule 40, 12 inches in
diameter by 15.feet long, traveling end
on at 120 mi/h.

(P) A utility pole, 13-1/2 inches in diameter,
35 feet .long, traveling end on at
120 mi/h.

(G) An automobile of 4,000 pounds weight;
striking the structure at 60 mi/h.

200

78

285

743

1490

4000

0.333

0 '63

0.005

0.24

0.886

0.994

20.0

352

176

264

176

176

176

88

3.85 x 10

3.75 x 10

8.66 x 10

1.37 x 10 5

3.57 x 10

7.17 x 10

4.81 x 10
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PVNGS FSAR

SEISMIC DESIGN ~ e

Table 3.7-6
FUEL BUILDING

NATURAL FREQUENCIES

Mode
Frequency

(Hz)

Horizontal
(N-S)

Horizontal
(E-W)

Vertical

OBE

SSE

OBE

SSE

OBE

SSE

1
2
3
4
5
6
7
8
9

1
2.
3
4
5
6
7
8
9

1
2
3
4
5
6
7
8
9

1
2
3
4
5
6
7
8
9

1
2

1
2

0.26"'.77

4.81
5.42'.77

6.34
17.26
29.92
34.03

0.26
2.52
4.36
'5. 38
5.51
5.99

16.95
29. 8'3

33.91

0. 26
(a'.73

3.46
5.47
5.60
6.13
7.81

14.66
20.84

0.26
2.59
3.35
4.97
5.40
5. 7.6
7.77

14.66
20.63
4.61

36.'77

3.87
36.73

l

"e
e

a ~

, b.
Fluid oscillation mode
See figure 3.7-23 for mode shapes and participation factors.

May 1981 3. 7-11 Amendment 4 g$ (
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Table 3.8-4F

FUEL BUILDING SUMMARY OF GOVERNING LOAD INTERACTIONS FOR PRINCIPAL
REINFORCED CONCRETE MEMBERS (Sheet 1 of 2)

Description of
Principal Member

Basemat surrounding sump

Location of
Principal Member

West side of base mat
El. 100'-0"

Governing
Load

Combln~tfon
Number a

Calculated
hxial Load (P )

and Flexural
Load (Mu)

P (b) M (c)

-252

Maximum
Flexural

Interaction
Capacity

(M ), Given
hxkaj Pa(

-603

Calculated
Shear

(.„")><)

(d)

Maximum
Shear

Capagiy
(Vu)

Grade beam 4'-6" thick
10''hick area of basemat

6'-2" thick area of baeemat
slab
7'-0" thick area of basemat
slab

12™0 thick area of bisemat
slab
1'-0" thick slab

1'-0" thick slab
1'" thick slab
5'-0" thick wall

N-N extremity of baeemat

North piripheral external
strip
Decontamination pit floor

Cask loading pit floor

Equipment area (B) floor)

Bli 120'-0"

El 140'"
El 140™0"

Bxterior east walI at
El. 123'-0"

125

54

44

216

46

55

52

«2

1073

-621

132

86

14

1222

a. Refer to seotion 3.8.3.3.2.h(2) for description of load combination number.
Pu and V„are in kips} Sign convention for P s Compreision (-) Tension (+).

is in
rt-kraft'egligible.
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Table 3..8-4F

FUEL BUILDING SUMMARY OF GOVERNING LOAD INTERACTIONS FOR PRINCIPAL
REINFORCED (.ON(.RFTE MEMBERS (Sheet 2 of 2)

Description of
Principal Hember

1'-9" thick wall

Location of
Principal Member

Exterior south wall at
El 1451 0

Governing
Load

Combination
Humber(a) P

(b)
u

18

u

Calculated
Axial Load (P )

and Flexural
Load (Hu)

Haximum
Flexural

Interaction
Capacity

(H ), Given
Ax/al Load
(p ) (b) (c)

27

Calculated Haximum
Shear Shear

Load CapaCity
(Vu) (» (Vu) (b)

8'»0" thick wall

5'-0" thick wall

5'" thick wall

2'»0'hick wall

Exterior north wall at
El. 1290 6"

West wall of spent fuel pool
at El. 104'-6"

South wall of transfer tube
canal at El. 129'-6"

Wall above equipment area
between El. 120'nd
140'-0"

2a

2a

27

151

0.2

318

76

0.5

1957

818

818
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PVNGS FSAR

Table 3.8-4G

DESIGN OF

CATEGORY I STRUCTURES

FUEL BUILDING SUMMARY OF GOVERNING COMBINED STRESS
RATIOS FROM THE BEAM/COLUMN INTERACTION EQUATION FOR

PRINCIPAL STRUCTURAL STEEL MEMBERS

Description
of

Principal
Members

Location of
Principal Members

Governing
Load

Combination
Number(

Combined
Stress
Ratio
(~l-0)

W 14 X 202 Column 9 FD .— F2.4 0. 97

W 18 X 35 Floor Beam 9 El. 120'-0" 0-89

W 30 X 108 Main Girder 6 El. 120'-0"

W 30 X 190 Floor Beam 9 El. 140'-0"

W 36 X 300 Main Girder I El. 140'-0"

W 14 X 342 Top Chord Roof Truss

W 14 X 311 Bottom Chord Roof Truss 2'

90

0-89

0.97

0.94

l. 00

W 12 X 136 Compression Member Roof
Truss

0.86

W 12 X 136 Tension Member Roof Truss 0 91

a. Refer to section 3.8.3.3.3.A(1) for description of load
combination number.

P

l
~ « ff

C

' P
P f

December 1980
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3.8.5.5 Structural Acce tance Criteria

DESIGN OF

CATEGORY I STRUCTURES

The foundations of Seismic Category I buildings are designed
to meet the same structural acceptance criteria as the
buildings themselves. These criteria are discussed in
sections 3.8.1.5, 3.8.3.5, and 3.8.4.5. The limiting condi-
tions for the foundation medium, together with a comparison
of actual capacity and estimated structure loads, are found
in sections 2.5.4.10 and 2.5.4:11. Computed factors of
safety against overturning, sliding, and flotation for
Category I structures are given in table 3.8-5.

Table 3.8-5
COMPUTED FACTORS OF SAFETY

Overturning Sliding
Structure

Auxiliary
Containment
Control
Diesel Generator
Fuel
Main Steam Support
Condensate Storage

and Refueling
Water Tanks

OBE

3200
3400
1500
1200
1600

340
500

SSE

830
1200

420
400
400

91

150

OBE

2.,2

1.7
1.6
2.2
1.9
1.6
1.7

SSE

1.3

1.2'.2

1.4

Flotation
4.7

4.8
NA~a~

NA

NA

NA

a. Not applicable

March 1980 3.8-99 Amendment 1
'
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PALO VERDE NUCLEAR STATION UNITS 1 2 3
DESIGN ADE UACY AUDIT

STRUCTURAL AUDIT OF CONTROL BUILDING
Part I —General Anal sis

Ie BASIC DESIGN CRITERIA

A g'alue — free field

Seismic level based
on construction
permit license

Seismic level used in
design of structures

and equipment

SSE
OBE

0 20g
OolOg

0. 25g
0.13g

Reference: FSAR, Section 3 7

B. Spectra (attach figs.'or all damping values, ductiliti.es)

1 zero period acceleration

SSE 0.25g
OBE Oo 13g (l<~ yeg,geo >+> '$9>g

Reference: FSAR, Figures 3.7-1 —3.7-4 and Section 3.7 ~ 1.1
AiS IS C ff5)gk~ ~IW ~pe Qu) l4 /e

Frequency (or period) interval

Refer to BC-TOP-4A, Section 2 '.1 (c)

C Damping

Refer to FSA'R, Section 3 ? 1 ~ 3

~)$ j$ Cens;SP~ ~t'W f4/. 4vi d< t J

Q,e frv 4 F gP R +')vvcs '%.7
CJ,~W, g~&3

D- Artificial time history and corresponding spectra (attach figures)

1 original time history and its composition,'.e., rising time,
strong motion and tail end.

Refer to FSAR, Section 3 '.1.2 and BC-TOP-4A, Section 2 5
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CONTROL BVILDING

2. base line correction, check the integrated velocity and
displacement time histories

The velocity and displacement time histories were checked and
found to be satisfactory. In addition, only the acceleration
time history was used as input in analysis.

3 time interval — compatible ~th the highest frequency considered
in the spectral calculation

0.005 seconds

E. Motion duration

24 seconds

Refer to FSAR, Section 3 7.1 ~ 2

F- components of motion including their relative motion amplitudes

Analysis was performed for the three principle directions with equal
amplitudes.

G Dead and live loads for various operating floors and base slab
C

D ~ g.a~ g codes ~ SMckaveS,
+, ~~~ <Quips,

L>v~ ~ Se e ~+'o~
) 4

e
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COHTROL BUILDING

H. Ground water level

The groundwater design level is at plant El 70'-0". The actual water
level is at approximately plant El. 60'-0".

Reference: FSAR, Sections 2.4.13.2.4 and 2.4.13 5

I. Backfill earth pressure, wind, overpressure due to postulated
external explosions (as applicable)

po„lde~oA. an.v&pvelsuv< s~ y'QRg 2~/ A (»+ ) ~+~
+iv Q 3oeg ~oV Qvwv'w .

J. Other considerations

All penetrations in roof and exterior walls that expose safety
related equipment have tornado missile protection Concrete
covers or steel plate shields to prevent missile perforation
are provided'





CONTROL 3UILDING

II'NALYSIS METHOD

A. Seismic Analysis

1 Mathematical model-general description with sketch

Two planar lumped parameter models were used.
Refer to FSAR Section 3.7.2-3.3 and Figure 3.7-12

a (1) concrete modulus

E 3.64 x 10 psi for f'c 4000 psi6
c

E ~ 4.07 x 10 psi for f c ~ 5000 psi6
c

Reference: ACI 318-71

(2) rebar modulus and yield strength

E 29 x 10 ksi3

Fy 60 ksi

(3) Poisson's ratio

0.17 for concrete

Reference: "Theory of Plates and Shells" second
edition by Timoshenko, woinowsky-Ereiger page 97.

(4) damping

Refer to FSAR Section 3.7.1.3
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CONTROL BUILD'Z".,G .

(5) properties of foundation materials

shear
modulus'efer

to FSAR, Figures 3.7-7, -8, -9.

subgrade reactions

Vib4%44QR e

coegp ical c+ ruQMz. re'agio'o- < o >Pa/8 /P

bearing capabilities

Refer to Tables 2.5-15 and 2.5-16 of the FSM-

(6) other parameters

b. stiffness calculations

(1) exterior walls and interior walls

Stiffness calculations were performed manually using
standard engineering

methods'2)

interior walls

Same as exterior walls except for concrete masonry
walls (fire barrier walls) and plaster wal'ls which
were neglected.
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CONTROL BUILDING

2 method of Analysis

a method of analysis'sed (time history, response spectrum
methods, etc.) and consideration of torsional and
translational response

Time history analyses were performed to generate in-
structure response spectra using SAP 1.9. Modal response
spectrum analyses were performed to obtain the seismic
loads for design of structural elements using SAP 1-9.

(1) general description

The Control Building analysis used two planar lumped
parameter models'or a horizontal earthquake the

.model consisted of one vertical cantilever beam, ha.-"n".
6 nodes, representing each floor level. For a vertical
earthquake the model consisted of two vertical branches
on a common rigid mat. The first branch, representing
the exterior walls at each floor level, has 6 nodes.
The second branch, representing the interior stuctural
steel columns between each level, also has 6 nodes-
Attached to each of these 6 nodes was a single degree
of freedom subsystem, which represents the floor
structural steel framing system at each level.

Reference: FSAR, Figure 3 ~ 7-12 ( 4 ~+~)
~e 5'oil stvwdr~~ S V~Ycxcka~ cis H c~ uovvJ ~ ~
~caxvvcM +'Lc <cd<~ Poti4ow ~ '~ ~ ~~ <p ggc. soil shvduyc
)~Qy~ DVl POS I+0~

(2) findings and comments

b. selection of number of masses and degrees of freedom

(1) general description

For horizontal direction earthquake, the model
consists of 6 nodes with 12 degrees of freedom.

For vertical direction earthquake, the model
consists of 22 nodes with 16 degrees of freedom.
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CONTROL BUILDING

(2) findings and comments

c number of modes considered

SSE OBE

Horizontal E-V 3 modes
f 23. 1 cps

3 nodes
f 23-6 cps

Horizontal N-S 3 modes
f 20 6 cps

3 modes
f 21 F 1 c„s

Vertical 3 modes
f 1 la 8 cps

.3 modes
f 11. 7 cps

Frequencies shown abave are for highest node considered.

(1) general description

Refer to FSAR, Table 3.7-5 for modal frequencies and
participation factors ~ (Ps. Sg 5g

(2) findings and comments
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CONTROL BUXLDENG

d. combining modal responses

(l) actual procedures used

Refer to FSAR, Section 3.7 2.7

(2) general findings

e. consideration of three components of motion

(1) actual procedures used

Refer to FSAR, Section 3.7.2.6.
Ig ~~4~+ &> H

(2) general findings
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f ~ consideration of soil-structure interaction

Soil .Springs

OBE Kx ~ 2 01 x 10 K/ft6

(East-West)

Ky ~ 2.63 x 10 K/ft6

(Vertical)

Kz ~ 2.01 x 10 K/ft6

(Nor th-South)

Kxx 5.32 x 10 K-ft/rad9

Kzz ~ 7 ~ 06 x 10 K-ft/rad9

SSE Kx 1 ~ 54 x 10 K/ft6

(East-West)

Ky ~ 2.02 x 10 K/ft6

(Ve rtical)

Kz 1 54 x 10 K/ft6

(North-South)

0
Kxx ~ 4.09 x 10 K-ft/rad

Kzz 5.42 x 10 v-ft.tr "9

(1) general description

Refer to FSAR, Section 3.7.2.4

(2) findings and comments

g. decoupling criteria for subsystems

(1) general procedure

Refer to BC-TOP-4A, Section 3 2.

(2) key examples
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(3) general findings and comments

h ~ modeling of hydrodynamic effects in spent fuel pool

Not applicable. The spent fuel pool is in Fuel Handling
Building.

i modeling of spent fuel pool wells and interior floor
slabs and equipment thereof

Not applicable.
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3 development of in-'tructure response spectra

Refer to FSAR, Section 3.7 2.5

a ~ general procedures

The "SPECTRA" program was used to compute the response
spectral Refer to FSAR, Appendix 3B for a description
and applications of this program.

(1) smoothing (describe specific smoothing method used)

The smoothened response spectra represent an
envelope of the maximum peaks.

(2) peak widening

+ 15X

Reference: FSAR, Section 3.'7.2.9.

b ~ typical results (attach figures)

Refer to FSAR, Figures 3D-O, -5, -6. Pages koan,$ , 0
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B Stress Analysis

1. shear walls and floors

a ~ mathematical model - general description w/sketch

Shear wall and floor stresses were computed by performing
standard manual calculations. Vertical loads were dis-
tributed in the structure by conventional methods-

Latera'oads

were calculated by multiplying lumped mass and se'smic
acceleration obtained from floor spectra at each level. These
lateral loads were then distributed among the shear walls
according to their relative stiffness and locations

b. method of analysis —incorporation of torsion

The center of mass and center of rigidity of the
Contro'uildingcoincided. Therefore, torsion was not considered.

c. load combinations

Refer to FSAR, Section 3.8.3.3



0

0,



1. foundation mat
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CONTROL BUELDDJG

Finite element model (SAP 1.9)

a ~ mathematical model - description of boundary conditions

A three-dimensional finite element model was used in the
basemat analysis'quivalent soil springs were attached
to each node.

be method of analysis

Dead and live loads on the exterior walls and columns were
calculated based on tributary floor areas'eismic loads
were obtained from the response spectrum analysis. (Three-
dimensional earthquake was considered by using the component
factor method) . These loads were then applied as nodal point
loads to obtain the moment and shear forces in the foundat'on
mat.

c. load combinations

Refer to FSAR Section 3 '.3-3.
~gkl ~C4,

d ~ key results (figures, etc.)

Refer eo FSAR Table 3.8-4H. JP8. 395$



l
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3 Material to protect against structure — structure interaction

Below, grade (EL 100'-0") Rodofoam II'(WR Grace and Co ) or
EVERLASTIC Micro II (Williams Products, Inc.) may be left in
place in seismic joints between structures'bove grade gaps
between walls were left open, typically 6" between Category I
structures.

a. mechanical properties

b. additional pressure on walls

cd findings and comments
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4. vertical dynamic analysis

a mathematical model — general description with sketch

The planar lumped parameter model consisted of two
vertica'ranchesfounded on a common rigid mat'he first of the two

branches represents the exterior walls The second brancn
represents the steel columns. A single degree of freedom
subsystem was attached at each of the column node points-It represents the local effects created by vibrating floor
beams framing into the steel columns.

Refer to FSAR, Figure 3.7-12.

be development of stiffnesses, including floor stiffness, as
applicable

Stiffnesses were calculated manually for walls, columns and
floors.

c. method of analysis

The model described above was used for acceleration time-
history and modal response spectrum analyses. 'The above
analyses were performed by using the SAP a 9 computer
program.
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C. Computer Programs Used in Analysis

SAP 1 ', SPECTRA,
Refer to FSAR, Appendix 3B.

l. assumptions and limitations

Refer to FSAR, Appendix 3B-

2- applicability

Refer to FSAR, Appendix -3B-

3. verification

sensitivity study in case of numerical solutions (e.g ~ , fin'te
element analysis)

Refer to FSAR, Appendix 3B.

4. load input (include all cases}

~Pro ram

SAP 1 ~ 9

In ut

Finite element model (nodes and elements) loading
(pressure, nodal loads), response spectra, time
history.

SPECTRA In-Structure Time histories, frequency or periods and
damping value.
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5. output (include all cases)

Refer to PSAR, Appendix 3B

6. other discussions
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D. Overall Stability

1. forces and moments from seismic analysis

Refer to FSAR, Figure 3.7-17, -18.

2. various cases considered

Seismic event loading combinations considered SSE or OBZ
applied in the North-South, East-West, and vertical directions
simultaneously.
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3. bearing pressure versus bearing capability and safety factor
against bearing failure

Refer to FSAR, Section 2.5.4.10 and Tables 2.5-15, -16. ~cs M5 C

4. factors of safety

Refer to FSAR, Section 3.8.5.5 and Table 3.8-5 09. +o~

a - sliding

Factor of Safety 1.2 (SSE)

b. overturning

Factor of Safety 420 (SSE)
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E. Interaction of Non-category I Structures with the Structure
Considered

1 identification of pertinent non-Category I structures

The Corridor Building and Radwaste Building are adjacent to the
Control Building.

2. consideration given to potential failure of non-Category I
systems on Category I systems

MCl S

structural failure of building or parts thereof that could damage
the Control Building and its Category I systems. Uf.thin the
Control Building non-Category I systems which potentially co
affect Category I systems were designed for structural integrity
under SSE loads.

Re ference: FSAR, Sec tion 3. 8.4. 4

3. general findings and comments



0

I"



-21-
CONTROL BUILDING

F. Design Consideration for Tornado Missiles

1. design requirements

Pefer to FSAR, Table 3.5-8. Vg. ~~

2. models for

a. local damage

Refer to FSAR, Section 3.5.3.

b. overall response

Refer to FSAR, Section 3.5 3.

3. load combinations

Refer to FSAR, Section 3-8.3-3.
'I

4. forces

The governing structural members are of sufficient thickness to
preclude perforation by postulated missiles and maintain structural
integrity.
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6. general comments and preliminary audit findings
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III'ONFORMANCE TO ACCEPTABLE CRITERIA

A Identification of deviations, if any

None

B. Justification of deviations and disposition of the deviations

D. general comments
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Part II Audit of Ke Desi ns

A. Exterior Shear Walls

1. design requirements

The exterior walls were designed to satisfy structural function as
bearing walls, shear walls, and protection against tornado missi'es ~

2. design loads (from general analysis)

Refer to FSAR, Section 3.8.3 3.

3- forces and moments at key sections

Refer to FSAR, Table 3 8-4H. P9. ~>>

4. detailed design of rebar placement at key sections

See Attachment A. (P~. gati.)

5. general comments and preliminary audit findings
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B- Interior Shear Walls Mp'i~~~
I. design requirements

2. design loads (from general analysis)

r ~ c

d

3. forces and moments at key sections

e ~

4. detailed design of rebar placement at key sections

5. general comments and preliminary audit findings
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Si
ca

C. Hain Floors and Roofs

1. design requirements

Main floors and roofs vere- primarily designed for vertical dead, live
and seismic loads, Roofs
were also designed to satisfy minimum thickness to preclude perforation
by tornado generated

missiles'.

design loads (from general analysis}

Refer to PSAR, Section 3.8.3.3 ~

3.. forces and moments at key sections

Refer te PAAR, Table 3.8-4H. (+.%9 9g

4. detailed design of rebar placement at key sections

See Attecbnect A. (f'g.RSVP

4

I

'c

37~
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5. general comments and preliminary audit findings
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D. Steel Structural Bracing Syptems (if any)

1.. design requirements

The Control Building floors and roof slab are supported on
structura'teel

beams, girders, and columns which primarily are designed for
dead, live, .and seismic loads,

2. design loads

Refer to FSAR, Section 3.8.3 3

3. forces and moments at key sections

Refer to FSAR, Table 3 '-4I. PS +>

6 general comments and preliminary audit findings
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1 design requirements

Refer to FSAR, Sections 3.8 5.4 2 and 3 8 5.5,

2'esign loads (from general analysis)

Refer to FSAR,'ection 3 8 '.3.

3. forces and moments at key sections

Refer to FSAR, Table 3.8-4H Pg. 39'9

4. detailed design of rebar placement at key sections

See Attachment A. Q. 380

5 general comments and preliminary audit findings
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F. Main Frame Concrete Column Design (Key Columns)

1 dqsign requirements

Not applicable. There are no concrete columns in this building.

2'esign loads (from general analysis)

3. forces and moments at key sections

4 detailed design of rebar placement at key sections

5. general comments and preliminary audit findings
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G. Secondary Floors

1 ~ design requirements

Not applicable

2- design loads (from general analysis)

3 forces and moments at key sections

4 detailed design of rebar placement at key sections

5. general comments and preliminary audit findings

n7$
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1. design requirements

As per ACI 318-71 Code, Chapter .6 and 17.

2. design loads (from general analysis)

Refer to FSAR, Section 3 8.3.3

3. forces and moments at key sections

P feet tn TSAR, Table 3 ~ 8-4H. (St4.399/

4e detailed design of rebar placement at key sections

Sae Attachment A. (Pg. 38%/

5. general comments and preliminary audit findings
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I. Dynamic Effects Applied to Hoors and Halls by Machinery

Dynamic effects from machinery are negligible. Major pumps are located
on the basemat ~ HVAC units are mounted with isolation pads ~

1. design requirements

2. design loads (from general anal.gsis)

3. forces and moments at key sections

4. detailed design

,0
5. "enera'omments and preliminary audit findings

'277
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J Crane 6 Support
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Not applicable. There are 'no cranes located in this building ~

1 design of bents (columns and roof trusses)

a. design requirements

be design loads (from generaI analysis)

c. forces and moments at key sections

d. detailed design

57k
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e ~ general comments and preliminary audit findings
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2. design of girders supporting crane rails

Not applicable.

a. design requirements

be design loads (from general analysis)

cd forces and moments at key sections

de detailed design
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e. general comments and preliminary audit findings
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3. design of spent fuel bridge

Not applicable

a- design requirements

be design loads (from general analysis)

c. forces and moments at key sections

de detailed design

e ~ general comments and preliminary audit findings
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K Fuel Pool Liner Design

Not applicable. The spent fuel liner is located in the 'Fuel Hand''ng
Buildfng

1- stresses and strain controls

2. conformance to code requirements

3. analysis procedure and results

4. consideration of accidental drop of crane loads

S. corrosion effects (e.g., pitting) on liner integ itv

( 6- preliminary findings of audit results
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Table 2. 5-1.5

STATIC BEARING CAPAC (TY OF CATFGORY I STRUCTURHS

Structure

Average
Static Desii~n

Load
q (k/ft )

Ultimate Bearing
Capacity
q (k/ft2)

Factor of Safety
(q/q )

Containment Building

Auxiliary Building
(deep section)

Main Steam Support
Structure

Control Building

Fuel Building

Diesel Generator
Building

Refueling Hater Tank

Condensate Storage Tank

7.9

6.2

7.1

3 '

5.3

3.1

4;4

3.5

35.7

34.9

64.8

45.3

54.9

79.5

90. 4

112.4

5.6

9.1

l3.7
10.4

25.6

20.5

32.1
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Table 2.5-16
DYNAMIC BEARING CAPA('ZTY OF CATEGORY I STRUCTURFS

Structure

Containment Building

Auxiliary Building
(deep section)

Main Steam Support
Structure

Control Building

Fuel Building

Diesel Generator Building

Refueling Water Tank

Condensate Storage Tank (b)

Equivalent
Uniform
Vertical

Stress
qd (k/ft2)

16.1

10.3

25. 3

9.8

19.1

5.6

13.2

13.2

Ultimate
Bearing
Capacity
q (k/ft~)

32. 2

25.8

60.6

39.8

50.3

75.5

58.7

30.2

Factor of
Safety
(qo/qd)

2.0

2.5

2.4

4.1

2.6

13.5

4.4

2.3

a ~

b.

Based upon maximum dynamic load . derived from analyses described in section 3.7.

Condensate storage tank loads were conservatively chosen to be equal to the
dynamic design load for the refuc ling wats r tank. Actual loads will be less.

0
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TORNADO-Gl NI'.BATED NlHSLI,I:.S Cl)IISIDERI:,0 .[N DESIGN OI'AFF. SIIUTDUWN STRUCTURES

Description

(A) A 12-foot wood plank, 4 x 12 inches in
cross-section, traveling end on at a speed
of 240 mi/h.

(B} A steel pipe, Schedule 40, 3 inches in
diameter by 10 feet long, traveling end
on at 120 mi/h.

(C) A steel rod, 1 inch in diameter, 3 feet
long, traveling end on at 180 mi/h.

(D) A steel pipe, Schedule 40,. 6 inches in
diameter by 15 feet long, traveling end
on at 120 mi/h.

(E) A steel pipe, Schedule 40, 12 inches in
diameter by l5 feet long, traveling end
on a t 120 'mi/h.

(F) A utility pole, 13-1/2 inches in diameter,
35 feet long, traveling end on nI:
120 mi/h.

(G} An automobile oF 4,000 pounds weilIht,
striking the sI.ructure aI 60 mi/II.

WeicIht
(lbs)

200

285

743

400n

Impact
Areg(ft )

0.333

0.063

0. 005

0.24

0.886

0'. 9')4

2n.n

Max imum
Velocity

(ft/s)

352

176

264

176

176

176

Kinetic
Energy

(ft-1bs)

3.85 x 10

3.75 x 10 4

8.66 x 10

1.37 x 10 5

3.57 x 10

7.17 x 10

4.81 x 10
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SEISMIC D" SIGN

Table 3.7-5
CONTROL BUILDING NATURAL FREQUENCIES

Horizontal
(N-S)

Horizontal
(E-W)

SSE

OBE

Mode

1

2

3

1

.2

3

1

2

3

Freauency
(Hz)

4.0
1 1

21.1

3 ~ I

10. 4

20.6

4.4
12.2
23~6

Vertical

SSE

OBE

1

2

3

4.0
10.9
23.1

7.1
10.3
11.7

SSE 1

,2

6.5
10. 0

11.8

a. See figure 3.7-22 for mode shapes and participation
factors

Amendmen't. 4 3. 7-.10 May 1981'
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FLOOR BEAMS
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160'2
7 8

140'0
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100'
1 2

74'6

VERTICAL HORIZONTAL

Palo Verde Nuclear Generating Station
FSAR
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LUMPED MASS MODEL

FIGURE 3. 7-12
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ACCELERATION
(II)

SHEAR
II«I

MOMENT
{I«-ftl

DISPLACEMENT
Iin.l

EI. 180'.41
160'.37 1,180

2,590 72,400

0.24 3,780 0.16

100'.19 4,740 242.400

74'. 0.13 5,690 0.05

HORI2ONTALE~

EI. 180'.50 0.43

(0 160'.44 1,430
25,100 0.38

140'26 3,140 87,900 ;Ddl

120',560 179,000 D>4

100'.21 5,680 2,000 0.16

74'.13 6.750 477,600

HORIZONTAL NN

(
«~»'.', ","'HANGE

CONTROL BUILDING
DESIGN RESPONSE (OBE)

FIGURE 3. 7-17.

September 1980 Amendment 2

Palo Verde Nuclear Generating Station

«
gr~'+ FSAR
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ACCELERATION
(III

SHEAR
Ik)

MOMENT
(k-Ifl

DISPLACEMENT
Iin.I

180'.82 067

160'.73 2,350
41.1 00

140'.60 5.170 144.400 '.51
0.49 7570 295.700 040

100'.38 9530 485.800 0.29

74'.27 11,520 802900

HORIZONTALE-W

El 180'.87 0.86

iO 160'40'.75
0.63

2,460

5.380

43,000

150,600 0.63

120'.49 7,820 306.800 0.49

100'.38 9,760 501.400 0.34

74'.26 1 1,670 822.000 0.15

HORIZONTALN-S

Palo Verde Nuclear Generating Station
FSAR

CONTROL" BUZLDZNG
DESZGN RESPONSE (SSE)

CHANGE

September 1980

FZGURE 3.7-18

Amendment 2

>1F
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')'able -4ll

CONTROL BUILDING SUMMARY OF GOVERNING LOAD INTERACTIONS FOR PRINCIPAL
REINFOR(:ED CONCRETE MEMBERS

Description of
Principal Hember

Location of
Principal Hember

Governing
Load

Combingt)on
Numberta' (b)

u
(c)

u

Calculated
Axial Load (P )

and Flexural
Load (H„)

Haximum
Flexural

Interaction
Capacity

(H ), Given
Axial /ca)

u

Calculated
Shear

(„)5)

Hax imum
Shear

Capacity
(y ) (b)

2'-0" thick wall - vertical
reinforcement
1'-0" thick vali - vertical
reinforcement

1'-9" thick vali - vertical
reinforcement
1'-9" thick wall - vertical
reinforcement
1'-0" thick slab - E-W
reinforcement

8" thick slab - E-H
reinforcement

4'-0" thick basemat

4'-0" thick basemat

Exterior west wall
8 El. 74'-0"

Interior wall
8 El. 74'-0"

Exterior vest wall
8 El. 1001-0"

Exterior south wall
8 El. 120'-0"

El. 100'-0"

El. 120'-0"

El. 74 '0"
El'4'-0"

-73

+118.5

+71.2

+53

(d)

415

37

233

61"

- 74

li189

899

437

45.4

284

118

90

ly395

1,132

a.
b.
C ~

d.

Refer to Section 3.8.3.3.2.A.(2) for description of load combination number.
P and y are in kips> Sign convention for P -t Compression (-), Tension (+) .
H is in ft-k/ft..
N8gligible.
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PVNGS FSAR

Table 3.8-4I

DES"G'.i CF

CATEGORY I STRUC L'R:-S

CONTROL BUILDING SUMMKRY OF GOVERNING COMBINED STRESS
RATIOS FROM THE BEAM/COLUMN INTERACTION EQUATION FOR

PRINCIPAL STRUCTURAL STEEL MEMBERS

,
Description

~ of
Principal

Members
Location of

Principal Members

Governing
Load

Combination I

Number ~»
I

Combined ~

os@
Ratio

n;.

I l ~

I

~ ~

27 X 84

36 X 300

24 X 55

Floor Beam 9 El. 100'-0"

Main Girder 8 El. 100'-0"

Floor Beam i3 El. 100'-0"

i 0.8"

AC
3

I
~ ~ ~ 14 X 550

27 X 84

6 X 300
I

14 X 314
I
I

W 12 X 35

Column 8 El. 74'-0"

Floor Beam 9 El. 120'-0"

Main Girder 9 El. 120'-0"

Column 9 El. 140'-0"

Staircase Beam

0.55
I

n 912 ~ ~

0. 34

0.76 I

a. Refer to section 3.8.3.3.3.A(1) for description of loac
combination number.

December 1980 3 8-95 J Amendment 3 3
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D c

CATEGORY I STRUC

3.8.5.5 Structural Acce tance Criteria
The foundations of Seismic Category I buildings are des-gne"
to meet the same structural acceptance criteria as the
buildings themselves. These criteria are discussed in
sections 3.8.l.5, 3.8.3.5, and 3.8.4.5. The limiting co.-.-.-
tions for the foundation medium, together with a cc... ar='s".-.

of actual capacity and estimated structure loads, a"e ==.-..=

in sections 2.5.4.l0 and 2.5.4.11. Computed factors c

safety against overturning, sliding, and flota- cn
=-"'ategoryI structures are given in table 3.8-5.

Table 3.8-5
COMPUTED FACTORS OF SAFETY

Overturning Sliding

(0
Structure

Auxiliary
Containment

.Contro'iesel
Generator

Fuel
Main Steam Support
Condensate Storage

and Refueling
Water Tanks

3200
3400
1500
1200
1600

340
500

830
1200

2.2
1.7

42 . 1.6
400 '.2
400

91

150

1.9

SSE OBE SS r., z acta

1 .'3

1.2

4 ~

NA

a. Not applicable

(0
March 1980 3.8-99 Amendment 1





DAIs'PI ' so

05'

O
n
s

I(S

s

1oo I

stn.. J

5(n

~ t ~ (

s I s

~ ~

t S s ~

0 oQ
I

s'

.01 .10

PERIOD (SEC)

1.00

~ s ~

'0 R'.

5,0
Palo Verde Nuclear Generating Station

FSAR

CONTROL BUILDING SSE VERTICAL
ACCELERATEON RESPONSE SPECTRA

EL 140'-0"

Figure 3D-4



0



2.8

I ~

2.4
I I

2.0
PP f 'tP 1sC

05

V)

20
C

iV

1.2

54

0.3b,

0
.01 .10

PEAIOD (SEC)

10.00

Palo Verde Nuclear Generating Station
FSAR

CONTROL BUZLDZNG SSE HORZZONTAJ
ACCELERATZON RESPONSE SPECTRA

EX 74'-0" g BASE MAT

Figure 3D-5



0



I

I I I

I '
~

DAh1> INC

5.5'.

1oo

I ~

go.

5'o

I I

PER IDD ISEC)

S a

IO.OO

Palo Verde Nuclear Generating Station
FSAR

CONTROL BUILDING SSE HORIZONTAL
ACCELERATION RESPONSE SPECTRA

EL 180'-0"t ROOF

Figure 3D-6



'

I



PALO VERDE NUCLEAR STATION UNITS 1 2 3
DESIGN ADE UACY AUDIT

STRUCTURAL AUDIT OF DIESEL GENERATOR BUILDING
Part I — General"Anal sis

I BASIC DESIGN CRITERIA

A. 'g'alue — free field

SSE
OBE

Seismic level based
on construction
permit license

0. 20g
Oo 10g

Seismic level used
design of structures

and equipment

0. 25g
0- 13g

Reference: FSAR, Section 3.7

Spec ra (attach figs. for all damping values, ductili"i
1. zero period a'cceleration

-(~ SSE 0. 25g
OBE 0.13g

Reference: FSAR, Figures 3.7-1
W<5 Is

g~ Cg5~g 2-g5i+)
—.3.7-4 and Section 3.7.1.1

6u 'c4 >. 6O

Frequency (or period) interval

Refer to BC-TOP-4A, Section 2.5.1 (c)

C. Damping

(.

Refer to FSAR, Section 3.7.1.3
g~. 4 c6

a~f~ev A Fsa p p'sures v.w -s' s.~- c (fa~ sz p) ~sos+

D. Artificial time history and corresponding spectra (attach figures)

1. original time history and its composition, i.e., rising time,
strong motion and tail end .

Refer to FSAR, Section 3.7.1.2 and BC-TOP-4A, Section 2.5
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Diesel Generator 3uild'ng

P

2 base- line correction, check the integrated velocity and
displacement time histories

The velocity and displacement time histories vere checked and found
to be satisfactory In addition, only the acceleration time
history was used as input in analysis.

3. time interval - compatible with the highest frequency consid
in the spectral calculation

0.005 seconds

Z. '.fotion duration

24 seconds

Refer to FSAR, Section 3.7.1.2

F. components of motion including their relative motion amplitudes

Analysis was performed for the three principle directions with
qua'mplitudes.

G. Dead and live loads for various operating floors and base slab

uv<

~ 0 ~ ~ ~ ~ 0

4S ~ S~c.+AaV'Cg I&A/SY'qu<P~~
S~ ps+ wQu(va4M ~ A~~ -egu~p~~.
gc a o.cHo~
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Diesel Generator Buil"ing

H. Ground water level

The groundwater design level is at plant El 70'-0". The actual wa"er
level is at approximately plant EL 60 -0"

Reference FSAR, Sections 2.4.13.2.4 and 2.4.13.5.

I. Backfill earth pressure, wind, overpressure due to postul~."ed
external explosions (as applicable)

F v ~av~ <~~~ 0<+~~<~ sea. p+~
~is,d doeg mo+ $44~«.

J. Other considerations

All the penetrations in the roof and the exterior walls have tornado
missile protection. Concrete slabs, hatches, and panels are providec
to prevent missile penetration.

~ ~
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Diesel Generator Build'ng

II. ANALYSIS METHOD

A Seismic Analysis

1. Mathematical model-general description. with sketch.

Two planar lumped parameter models were used.

See Attachment A.

a. (1) concrete modulus

E ~ 3 64 x'10 psi6

E 4.07 x 10 psi6

for f'c 4009
ps'or

f'c ~ 5000 psi

Reference: ACI 318-71

(2) rebar modulus and yield strength

E ~29 x10 KSI3

Fy ~ 60 KSI

(3) Poisson's ratio

Y ~ 0.24

(4) damping

Refer to FSAR, Section 3.7 l. 3
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Diesel Generator Bu
'

d=ng

(5) properties of foundation materials

shear modulus

Refer to FSAR, Figures 3 7-7, -8, -9

subgrade reactions

~Arts~ sv+vake ceo.eke~ = 4o-6o»P>/f+
(+f'earingcapabilities

Refer to Tables 2.5-15 and 2.5-15 o. the .-"=.'-3. hger 448,9

(6) other parameters

b. stiffness calculations

(1) exterior ~alla

Stiffness calculations vere performed manually using
standard engineering methods.

. (2) interior walls

Same as exterior walls.
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Diesel Generator Building

2. method of Analysis

a method of analysis used (time. history, response spectrum
methods, etc.) and consideration of torsional and
translational response

Time history analyses were performed to generate the
structure response spectra using Fosin. Nodal response
spectrum analyses were performed to obtain the seismic
loads for design of structural elements using SAP I ~ 9

(1) general description

The Diesel Generator Building analysis used
planar lumped parameter models. Soil structure
interaction was incorporated into the model by
adding to the fixed base system descrete

soi'pringsbased on elastic half-space theory.
x: s~hveg ~~

~~~cs~ og k~~ ~~ g +v~
fOQ,C SCQ

(2) findings and comments

b. selection of number of mas as .. degrees "

(1) general description

For horizontal direction earthquake, the model
consisted of 3 nodes with 3 degrees of freedom.

For vertical direction earthquake, the model
consisted of 3 nodes with 3 degrees of freedom.
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Diesel Generator Bui'"'"..g

(2) findings and comments

c. number of modes considered

SSE

Horizontal (E-W) 3 modes
f 43.7 cps

3 modes

Horizontal (N-S) 3 modes
f 47.7 cps

3 —..oP.=s
f ~ 47 ~ s3 $ 5

Vertical 3 modes
f ~ 126 cps

msodcs
C g I )7
a s vO

f Frequency of highest mode considered.

(1) general description

See Attachment B for modal frequencies and
participation factors. '(p~ rf p.p)

(2) findings and comments





Diesel Generator Buil"ing

d. combining modal responses

(1) actual procedures used

Refer to FSAR, Section 3.7.2.7,.

(2) general findings

e. consideration of three components of motion

(1) actual procedures used

Ref er to F SAR, Sec t ion 3.7. 2.5.

(2) general findings
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Diesel Generator Bu" ding

f ~ consideration of ~ soil-structure interaction

Soil Springs
East-West

Vertical

North-South

Kx 1 ~ 38 x 10 K/ft6

Ky 1.90 x 10 K/ft6

Kz ~ 1 ~ 52 x 10 K/ft6
Kzz 1 ~ 76 x ~ A ~l 'J

Kxx ~ 2.67 x 10 K-fr/rad9

East-West

Vertical

North-South

Kx 1.06 x 10 K/ft6

Ky ~ 1.46 x 10 K/ft6

Kz ~ 1-06 x 10 K/ft6

9Kxx 1.91 x 10 K-ft/rad

Kzz ~ 1.35 x

(1) general description

Refer to PSAR, Section 3.7.2.4.

(2) findings and comments

g. decoupling criteria for subsystems

(1) general procedure

'efer to BC-TOP-4A, Section 3.2

(2) key examples

~ ~. ~~@~ Y ~O
oH ~~ c~+ena )i~~'+ ~ >'

.ol~p'~ ~ a a.p S.Z.g. Wr . g.~ ov~ ~ ~-
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Diesel Generator Building

-10-

(3) general findings and comments

h ~ modeling of hydrodynamic effects in spent
fue'oc'ot

applicable.

i- modeling of spent fuel pool wells and interior = nor
slabs and equipment thereof

Not applicable.





Diesel Generator
Bu'll-

3. development of in-structure response spectra

Refer to FSAR, Section 3.7.2.5

a. general procedures

11The SPECTRA program was used to compute the response
spectra. Refer to FSAR, Appendix 3B for a descript..n
and applications of this program-

(1) smoothing (describe specific smoothing metnod undec,

The smoothened floor response spectra = pr se"..=

envelope of the maximum

peaks'2)

peak 'widening

+ 15»

Reference: FSAR, Section 3.7.2.9

b. typical results (attach figures)

Refer to FSAR, Figures 3D-34, -35, -36 f~eg O.b)>AC) <p f





Diesel Generator Building

-12-

B. Stress Analysis

1. shear walls and floors

a- mathematical model — general description w/sketch

Shear wall and floor stresses were computed by perf".~i".."
standard manual calculations ~ Vertical loads were dis-
tributed in the structure by conventional metnods. 'stere
loads were calculated by multiplying lumped mass and s=ismic
accelerations obtained from floor spectra at each floor level.
These lateral loads were then distributed among the shear walls
according to their relative stiffness and location.

method of analysis-»incorporation of torsion

The torsional moment was determined by reso':ing he
due to eccentricity between the center of mass and the center
of rigidity at each floor. Shear derived from this torsional
moment is added directly to the forces considered for the
individual shear walls

cd load combinations

Refer to FSAR, Section 3.8. 3.3.
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Diesel Generator Bu 'ding

1 ~ foundation mat
-13-

a- mathematical model"- description of boundary condit'ons

Basemat calculations were performed manually

b. method of analysis

Loading on the basemat %as obtained from an equ':alen"
static analysis considering total dead and live 'ad
its eccentricity, and three directional earthquake for"=-=- ~

Soil pressures were calculated directly from t..ese fort,=~
using. manual procedures'

c ~ 'oad combinations

Ref er to FSAR, Sec tion 3. 8 ~ 3. 3.

d. key results (figures, etc.)

Refer to FSAR, Table 3.8-4J. Pg.
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Diesel Generator Bui'd'ng

-14-

3. Material to protect 'against structure"- structure interaction
I

Below grade (EL 100 -0") Rodofoam II (WR Grace and Co.) or
EVERLASTIC Micro II (Williams Products, Inc.) may be left in
place in seismic )oints between structures'bove'rade gaps
between walls were left open typically 6" between (ate~or ~

structures'.

mechanical properties

be additional pressure on walls

c ~ findings and comments





Diesel Generator oui'c ng

4. vertical dynamic analysis

a. mathematical model - general description with sketch

The planar lumped parameter model consisted of one
beam on a rigid mat ~ Three nodes, representing the d'or
slabs at each elevation in the building, were used for the
modal response spectrum models The addition of a fourth "..o".'e

was used in the time history model to obtain the in-st" c=
seismic response of the crane girder located '

~ ?

the building s foundation.

See Attachment A. PQ. 49"

b- development of stiffnesses, including floor stiffness, as
app1 icab le

Stiffness calculations were performed manually using stander"
engineering methods.

cd method of analysis

The models described above were used for time history
and modal response spectrum analysis. The time-history
analysis was performed using FOSXN. The Nodal response
spectrum analysis was performed using BSAP.
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C. Computer Programs Used in Analysis

BSAP - SHIS - LUCON - FOSIN - SPECTRA

l. assumptions and limitations

See FSAR, Appendix 3B.

2. applicability

See FSAR, Appendix 3B.

3. veri.fication

sensitivity study, in case of numerical solutions {e.~ ~ ,
element analysis)

See FSAR, Appendix 3B.

'nput (include all cases)

PROGRAH INPUT

BSAP Finite element model (modes and elements), scaled
response spectra, soil stiffness-

PiGS Mass matrix, stiffness matrix, damping values ~

SPECTRA In-structure time history, frequency or period, and
damping values.

FOSIN

LUCON

Free-field time history, damping values, frequency.

Shear modulus, damping values





Diesel Generator Buildin"
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5 ', output (include all cases)

See FSAR Appendix 38

6- other discussions
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D.- (hterall Stability

1 ~ forces and moments from seismic analysis

Seismic responses at the basemat, center of resistance:

X

SSE

.555

8

4
p~ ~,565% 10%

Q~ )MxP <~

.5 Moan -~WV

.0 Ft

.0

zeal

2. various cases considered

Seismic event loading combinations considered SSE or OBE ap"1'o"
in the North-South, East-West, and vertical directions
simultaneously
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3. bearing pressure versus bearing capability and safety factor
against bearing failure-
Refer to FSAR Section 2.5.4.10 and Table 2.5-15, -16 Pages 49 8'~ 9

4. factors of safety

Refer to FSAR, Section 3-8r5.5 and Table 3.8-5. Pg. /4 o

a- sliding

Factor of Safety 1 1 (SSE)

b. overturning

Factor of Safety 400 (SSE)
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E. Interaction of Non-category I Structures with the Structure
Considered

1 ~ identification of pertinent non-Category I structures

None. There are no non-Category I structures adjacent
Diesel Generator Buildings

2. consideration given to potential failure of non-Categ
systems on Category I systems

Non-Category I systems which could affect Ca"e" -.ry
were designed for structural integrity under SSE loads.

Reference: FSAR, Section 3.8.4.4.

3. general findings and comments

5'lh>-i4 a, waJk-doQn +4~$e its ~4sc Ail4re ~i!~ >of

ofFLc s~g 5clfeg -re(akQ ep;p~~g y g (~+
(f- Keg are J~gg~ 4'ji(H
gR~s, 4~< ow.~ J~~J>~ 4a n awfa<g +g„v- y~ y~„(

1kdgrif] wed~ ~ g~Q
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F. Design Consideration for Tornado Missiles

1. design requirements

Refer to FSAR, Table 3.5-8. Pg. 4So

2. models for

a. local damage

Refer to FSAR, Section 3.5.3.

b. overall response

Refer to FSAR, Section 3.5.3.

3. load combinations

Refer to FSAR Section 3.8.3.3.

4. forces

The governing structural members are of sufficient thickness to
preclude perforation by postulated missiles and to mainta'n
structural integrity.
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6.. general comments and preliminary audit, findings
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-23-

III'ONFORMANCE TO ACCEPTABLE'RITER'IA

A. Identification of deviations, if any

None.

B. Justification of deviations ancf disposition of the deviations

D- general comments





Diesel Generator Build="g

-24-

Part II Audit of. Ke Desi ns

A. Ext'erior Shear Walls

1 design requirements

The exterior walls were designed to satisfy structural func"'on
as bearing walls, shear walls, hand protection against tornado
missiles.

2. design loads (from general analysts)

Refer to FSAR, Section 3 8.3.3.

3. orces and moments at key sections

'efer to FSAR, Table 3.8-4J. fg. 958

detailed design of rebar placement at key sections

See Attachment C (Pg, Vqg)

5. general comments and preliminary audit findings



0,



Diesel Generator Bu-'ding

Interior Shear- Walls

1. design requirements

The requirements for the interior shear walls are the same as those
the mcterior shear walls with the additional requirement that =':.e

separating the two diesel generators must withstand the ef=ec s vf
internally-generated missile resulting from a crank case explosion.

Refer to FSAR, Section 9A — NRC Question 430.7.

2. design loads (from general analysis)

Refer to FSAR, Section 3-8.3.3

3. forces and moments at key sections

Rafet te RRAR, Table 3 ~ 8-4J ~ (RJ. aaap

4. detailed design of rebar placement at key sections

Ree Attathaeat Ct (@.444)

5. general comments and preliminary audit findings
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C. Main Floors and Roofs

1. design requirements

in floors and roofs are primarily designed for vertical
and seismic loads
are also designed to satisfy minimum thickness to prevent
by tornado generated

missiles'34k f A ~

3.co=a
per'or "'n

2. design loads (from general analysis)

Refer to FSAR, Section 3.8.3.3.

3. forces and moments at key sections

Re=er to CESAR, Table 3.8-4J.

4. detailed design of rebar placement at key sections

cen 5 ~~achment C Pg, Cps Q
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5. general comments and preliminary audit findings
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D. Steel'.Structural Bracing Systems (if any).

1 design requirements

The Diesel Generator Building floors and roof
steel beams spanning between concrete walls.
are designed for construction loads. Girders
live and seismic loads.

slabs are supporte'.:
The beams 'n gener
are designed for dead .

2. design loads

".ie er to FSAR, Section 3 '.3.3

3. forces and moments at key sections

Refer to CESAR, Table 3.8-4K Pg. 6+9

6. general comments and preliminary audit findings
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E. Foundation Mat

1- design requirements

Refer to FSAR, Sections 3.8.5.4 2 and 3.8.5.5.

2. design loads (from general analysis)

Refer to FSAR, Section 3.8.3.3

3. forces and moments at key sections

Refer to FSAR, Table 3.8-4J. Pj. 058

4. detailed design of rebar placement at key sections

See Attachment C. (P~ (SQQL

5. general comments and preliminary audit findings

f33
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P. Main Frame Concrete Column Design (Key Columns)

Not applicable. There are no concrete columns in this buildings

1. design requirements

2 design loads (from general anaIysis)

3. forces and moments at key sections

deta'led design of rebar placement at key sections

5. general comments and preliminary audit find'ngs

~ ~w ~ ~ r ~
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G. Secondary Floors

1. design requirements

Secondary floors were designed in the same manner as main floors ~nd
roofs ~

2 ~ design loads ( from general analysis)

Refer to FSAR, Section 3.8.3.3.

3. forces and moments at key sections

Refer tc PRAR, Table 3.8-4J. (P8. he9$

4. detailed design of rebar placement at key sections

Ree Attachment C ~ (Pt). !A/A

5. general comments and preliminary audit findings
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H. Detailing at Floor-Wall Joints

1 design requirements

As per ACI 318-17 Code, Chapters 6 and 17.

2. design loads (from general analysis)

Refer to FSAR, Section 3.8.3.3.

3. forces and moments at key sections

Refer ta FRAR, Table 3.8-4J ~ (P8. 883)

4. detailed design of rebar placement at key sections

See Attachment C. Pg. %f4

5. general comments and preliminary audit findings
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Diesel Generator Build 'ng

T. Dynamic Effects 'Applied to Floors and Walls by Machinery

Due to the nature of the equipment foundations, the dynamic 'mot'on "f -he
diesel generators will have no effect on the floors and the walls of =he
structure A two inch gap filled with an expansion material complete
isolates the diesel generator pads from the foundation of the buildin~ ~

These equipment pads are designed to satiisfy all of the manufacturer s
requirements and will transmit all gynamic vibrations from the d

ese'eneratorsdirectly into the

soiled

1. design requirements

2. design loads (from general analysis)

3. forces and moments at key sections

4. detailed design

5 ~ general comments and preliminary audit findings
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J. Crane 6 Support

1 ~ design of bents (columns and roof trusses)

Not applicable.

a. design requirements

be design loads (from general analysis)

forces and moments at key sections

detailed design



lf
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Diesel Generator Building

e. general comments and preliminary audit findings'
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design of girders supporting crane rails
a ~ design requirements

The crane rails are supported by a built-up ste 'ember.
bu'lt-up member is in turn supported by a cantilevered
bracket connected to an insert plate located in the shea" va st

b ~ design loads (from general analysis)

4W ~. '+ I

L ~'vg
c. forces and moments at key sections

p vd~v

~vo ~ . (cccp&~Q ~+)

DESIGN ".fO.'KNT

Built-up crane rail
support. girder

i@i)

41.4 ft-K 31.3 t-'( 50 K

Cantilevered Bracket (i3 F't v fn rp
a%

d ~ detailed design

See Attachment D. g.047
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e., general comments and preliminary audit findings-
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3 ~ de'sign. of spent fuel bridge

Not applicable.

a ~ design requirements

be design loads (from general analysis)

cd forces and moments at key sections

detailed design

e ~ genera'omments and preliminary audit findin"s
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K. Fuel Pool Liner Design

Not
applicable'.

stresses and strain controls

2. conformance to code requirements

3. analysis procedure and results

consideration of accidental drop of crane loads

5. corrosion effects (e.g ~ , pitting) on liner integrity

preliminary findings of audit results
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DIESEL GENERATOR BUILDIiVG iVATURAL'REQUENCIES

Mode
Frequency

(Hz)
Partic'"ation

Fac'tor

Horizontal
(N-S )

1

2

3

7.98
21.9
47.8

6.36
~ 4

SSE 1

2
3

6. 98
19. 3

47. 7

orizontal
(E-")

1

3

6. /2
19. 1

43.8
ot ~ t
t

~ \&

SSE 1

2
3

6. 17
17.3
43.7

16. 7

/ ~ 33
0.33

t~~< ~ 4 ~ 1 OBE 1

2

3

11 ~ 6
62. 8

126. 8

r ~

vo

SSE 1

3

10.3
62.7

126.8

1o ~

0 66
0, 0" 5

ATACHMENT "B'
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Tal>le 2.5-l5
STAT IC BHAlllNG CAPAC] 'I'Y OP CATL'GOI<Y I STRUCTURE'S

Structure

Average
S ta t ic Design

Load
q . (k/ft2)

Ultimate Bearing
Capacity
q (k/ft2)

Factor of Safety
(go/a,)

Containment Building

Auxiliary Building
(deep section)

Main Steam Support
Structure

7.9

6.2

7.1

35.7

34.9

64.8

4.5

5.6

9.1

Control Building

Fuel Building

Diesel Generator
Building

Refueling Hater Tank

Condensate Storage Tank

3 '

5.3

3.1

4

3.5

45.3

54.9

79.5

90.4

ll2.4

13.7

10.4

25.6

20.5

32.1

Q

0t0
Q
K

M
hI
WI
O
Q
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Table 2.5-16
DYNAMIC BEARING CAPACITY OF CATEGORY I STRUCTURES

Structure

Containment Building

Auxiliary Building
(deep section)

Main Steam Support
Structure

Equivalent
Uniform
Vertical

Stress
qd (k/ft2)

16.1

10. 3

25. 3

Ultimate
Bearing
Capacity
q (k/ft~)

32.2

25. 8

60.6

Factor of
Safety
(qo/qd)

2.0

2.5

2.4

Control Building

Fuel Building

Diesel Generator Building

Refueling Water Tank

Condensate Storage Tank (b)

9.8

19.1

5.6

13.2

13.2

39.8

50.3

75. 5

5P. 7

30.2

4.1

2.6

13.5

4 '

2.3

A
0
C'

A
K

a. Based upon maximum dynamic loads derived from analyses described in section 3.7.

b. Condensate storage tank loads were conservatively chose n to be equal to the
dynamic design load for the refuelinig water tank. A~-.t»,~l loads will be less.

Ul

U)
X0
t~
0
Gl





Tab1e 3.5-8
TORNADO-GENERATED M1SSILES CONSIDERED IN DE! IGN Ol" SAF'E SliUTDONN STRUCTURES

Description
Weight
(lbs)

Impact
Areg(ft )

Maximum
Velocity

(ft/s)
Kinetic
Energy

(ft-1bs)

(A) A 12-foot wood plank, 4 x 12 inches in
cross-section, traveling end on at a speed
of 240 mi/h.

(B) A steel pipe, Schedule 40, 3 inches in
diameter by 10 feet long, traveling end
on at 120 mi/h.

(C) A steel rod, 1 inch in diameter, 3 feet
long, traveling end on at 180 mi/h.

(D) A steel pipe, Schedule 40, 6 inches in
diameter by 15 feet long, travel.ing end
on at 120 mi/h.

(E) A steel pipe, Schedule 40, 12 inches in
diameter by 15 feet long, traveling end
on at 120 mi/h.

(F) A utility pole, 13-1/2 inches in diameter,
35 feet long, traveling end on at
120 mi/h.

(G) An automobile of',000 pounds w..ight,
striking the structure at 60 mi/h.

200

78

285

743

1490

40no

0.333

0. 063

0. 005

0.24

0.886

0.994

20.0

352

176

264

176

176

176

3.85 x 10

3.75 x 10 4

8.66 x 10 3

1.37 x 10
5

3.57 x 10

7.17 x 10

4.81 x 10

H
lA
M

0

A

O
~ r4 ~
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'('able 3. —4,7

DIESEL GENERATOR BUILDING SUMMARY OF GOVERNING I OAI) INTERACTIONS FOR PRINCIPAL
REINFORCI:D CONCRETl': MEMBERS

Description of
Principal Hcmber

1'-9" x 60'-0" wall-
vertical and horizontal
reinforcement

(meat,ion of
Principal Hember

Exterior wall
e Ei. IOO -O"

Governing
Ix<a<l

Combination
Number (» (b)

Pu

-l,042

(c)
u

53,67)

Ca)cu(a ted
Ax<a) I.ch<d (I u)

and t')<'xura)
lwMd (Hu)

Hdxlmum
Flexural

Interaction
Capacity

(H„), Given
Axial Load
(p ) (b)(c)

153,503

Calculated
Shear

Load
(yu) (b)

),548

Haximum
Shear

Capacity
(y„) (b)

4,986

I'-9" x 19'-6" wall
vertical and horizontal
reinforcement
1'-9" x 60'-0" wall—
vertical and horizontal
reinforcement
1'-4" thick slab - E-W,
reinforcement

1'-4" thick slab - N-S
reinforcement
4'-0" thick basemat-
E-)I reinforcement

4'-0 thick basemat-
E-N or N-S reinforcement

Interior wallEl'00'-0"

Interior wall
8 El. 131'-0

El. 115'-0"

El. 131'-0"

El. 100'-0"

El. 1OO ~ -O"

-497

-556

(d)

'8, 323

5,772

13

16

247

210

16,869

146,549

34

34

249

240

166

385

(d)

1,619

4,986

3

a. Refer to Section 3.8.3.3.2.A(2) for description of load combination number.
b. P and y are in kipst sign convent.ion for P : Comps< ssion (-), Tension (t).
c. H is in ft-k/ft for slabs and ft-K for wal IR.
d. N8aliaible.

W
Ce M





PVNGS FSAR

DESIGN OF

CATEGORY I STRUCTURES

Table 3.8-4K

DIESET GENERATOR BUILDING SUMMARY OF GOVERNING COMBINED STRESS
RATIOS FROM 'THE BEAM/COLUMN INTERACTION EQUATION'OR

PRINCIPAL STRUCTURAL STEEL MEMBERS

Description
of

Principal
Members

Location of
Principal Members

Governing
Load

Combination
Number <»

Combined
Stress
Ratio
(<l. 0)

W 24 X 84

W12X45
Floor Beam 8 El. 115'-0"

Floor Beam 9 El. 115'-0"

W 24 X 130 Main Girder 9 El. 131'-0"

W 36 X 160 Main Girder 8 El. 131'-0"

W 24.X 100 Floor Beam 9 El. 146'-0"

0. 47

0.71

0.87

0.85

0.58

I

I

l

I

S 24 X 120 Monorail Beam 9
El. 126'-5"

0.98

a. Refer to section 3.8.3.3.3.A(l) for description of load
combination number.

)(~
December 1980 3.8-95L Amendment 3 3

A<
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PVNGS FSAR

3.8.5.5 Structural Acce tance Criteria

DESIGN OF

CATEGORY 1 STRUC.ORES

The foundations of Seismic Category I buildings are designe"
to meet the .same structural'cceptance criteria as the
buildings themselves. These criteria are discussed in
sections 3.8.1.5, 3.8.3.5, and 3.8.4.5. The limiting condi-
tions for the foundation medium, together with a comparison
of actual capacity and estimated structure loads, are fc '."."-

in sections 2.5.4.10 and 2.5.4.ll. Computed factors of
safety against overturning, sliding, and flotation for
Category I structures are given in table 3.8-5.

Table 3.8-5
COMPUTED FACTORS OF SAFETY

Structure OBE SSE

Overturning Sliding
OBE SSE Flotat~ o.. ~

Auxiliary
Containment
Control
Diesel Generator
Fuel
Main Steam Support,
Condensate Storage

and Refueling
Water Tanks

3200
3400
1500
1200
1600

340
500

830

1200
420
400
400

91

150

2.2
.1.7
1.6
2.2
1.9

1.3
1.2
1 2

1.7 1.4
1.6 1.1

4 ~

5'.

(= i

NA

Ilail

NA

a. Not applicable

(0
March i980 3;8-99 Amendment 1
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PALO VERDE NUCLEAR STATION UNITS 1 2 3
DESIGN ADE UACY AUDIT

STRUCTURAL AUDIT'OF CATEGORY I"TANKS

Part I — General Anal sis

I. BASIC DESIGN CRITERIA

(1) 'g'alue — free field

Seismic level based qn
construction permit license

Seismic le'el used in "esi=-n
of structures anc eo "" o".."

SSE .20g Q C rp

.10g

Reference: FSAR Section 3.7

,'2) Spectra (attached fig. for all damping values, duc""
"".'=-"-'.

Zero period acceleration

SSE .25g

OBE ~ 13g

Reference: FSAR, Figures 3.7-1

~(5 (s cc v gs Q+~

(>.,"
— 3. 7-4 and Section 3. 7. 1. 1

B. Frequency (or period) interval

Refer to BC-TOP-4A, Section 2.5.1(c)

C. Damping

Refer to FSAR, Section 3.7..1.3.
'+~'g /s A ns) sk~'usta ~ ~"'~ ~. 6 J

Ref'~r 4 F>I+ prpvecs 3v-s ~g.y-6 ( P~ A>A f sw8)
D. Artificial time history and corresponding spectra (attach

figures)

1. original time history and its composition i.e., rising time,
strong motion and thil end.

A time history analysis was not used ~





Category an .s

2 ~ base line correction, check the integrated velocity a..d
displacement time his tories ~

3. time interval — compatible with the highest frequency
considered in the spectral calculation.

E. Notion duration

F. Components of motion including their relative motion amplitudes.
Analysis was performed for the three principle directions with
equal amplitudes'ue to symmetry, only one horizontal analysis
was performed.

G. Dead and live loads

efvu duv'<-~
W~v e ~S duo Wgt

H. Internal Pressure

In addition to the normal hydrostatic pressure, the following
pressures were considered:

TYPE OF
PRESSURE CAUSE OF PRESSURE

REFUELING HOLD-UP CONDENSATE
MATER TANK TANK STOPPAGE

(psig) (psig) TANK (psig)

Normal
Operating
Pressure, Po

(a) Due to Suction or
Discharge of Mater,

or
(b) Due to Temp ~ Change

+ 0.5

+ 0 ' + F 1 + 0.1

Accident
Pressure, Pa

Due to Suction in LOCA — 1 ~ 5 — 1 ~ 5 + 0.5



Cl'

i



Category E Tanks

I. Ground water level

The groundwater design level is at plant El'0'-0" ~ he a"=ua
water level is at approximately plant El. 60'-0" ~

Reference: CESAR, Section 2.4.13.2.4 and 2.4.13 '.

J. Back fillearth pressure,'wind, overpressure due to postu:-te=
external explosions (as applicable) ~

~ex~ ~A4 +asia e s~. gasps
cb eg wd ~viva .

K. Other considerations



Cl



Category Aa..ks

II'ETHOD OF ANALYSIS

(a) Method of analysis used (Time history, response spectrum methods,
etc.) and consideration of torsional and translat'on response

A modal response spectrum analysis was performed to determine
seismic loads for the design of structural elements.

(i) general description

The Category I tank analysis used a planar lumped parade===
model with 9 nodes'oil springs and hydrodynam'c
(modeled per US AEC TID 7024, Nuclear Reactor
were incorporated. Only the most critical tank was modeled =or
the seismic analysis ~ The results were applied:v - '' t:.;r.==

tanks'ee

Attachment A for a sketch of the mathamat'-al mo-'e: ~ (Pg Rffl)

(ii) findings and comments

{b) Selection of number of masses and degrees of freedom

(i) general description

Total number of nodes considered 9

Total number of degrees of freedom 22





Category . "..es

(ii) findings and comments

(c) number of modes considered

Six modes

Frequency of 6th mode ~ 39.92 cps (SSE)
~ 40.24 cps (OBE)

( i) general description

See Attachment B for modal frequencies and participation
factors. (y> +f~)

('i) findings and comments





Categor z anks

(d) combining modal responses

(i) actual procedures used

Refer to FSAR, Section 3.7.2.7.

(ii) general findings

(e) consideration of three components of motion

(i) actual procedures used

Refer to FSAR, Section 3.7 ~ 2.6

T4s (s co~>i.el~I

(ii) general findings
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Ca tegory an'..s

STRESS ANALYSIS

1. Computer programs used in analysis

BSAP, OPTCON

A. Assumptions and limitations

Refer to FSAR, Appendix 3B.

B. Applicability

Refer to FSAR, Appendix 38.

C. Verification

Sensitivity study in case of numerical solutions
(e.g., finite element analysis)

Refer to FSAR, Appendix 3B.

D. Load input (include all cases)

PROGRAM INPUT

BSAP Finite element model (nodes and elements), response
spectra, damping

OPTCON Actual wall reinforcement, temperatures, section
properties, element loadings.





Ca tegorv ~ "an'cs

E. Output (include all cases)

Refer to FSAR, Appendix 3B.

F. Other discussions





Category an'~s

(2) Overall Stability

A. forces and moments from seismic analysis (computer output)

SSE

Horizontal Force (K)

Vertical Force (K)

Over- turning .ioment (FT-K)

3, 302

4, 333

142, 557

B ~ Applicable loads other than those in item A above

None.

C. Various cases considered

Seismic event loading combinations considered OBE or SSE applied
N-S, E-M and vertical directions simultaneously'
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Category ant:s

-10-

DE bearing pressure versus. bearing capacity and safety factor against
bearing failure

Refer to FSAR, Section 2.5 ~ 4.10 and Tables 2.5-15, -15. (Padre 9 88,39

E. factors of safety

Refer to FSAR, Section 3.8.5.5 and Table 3.8-5. (PS, 0 Rq)

a ~ sliding

Factor of Safety 1 ~ 40 (SSE)

b ~ overturning

Factor of Safety 150 (SSE)
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Category ance

(3) interaction of non-category I structures or pipings with the stor ge
tanks

(a) identification of pertinent non-category I structures or
pipings

None. There are no non-Category I structures ad„-'scen=
tanks ~

(") consideration given to potential failure of ion ~ s = c.r .

pipings on Category I tank elements

general findings and comments
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Category

III. Conformance to current NRC Criteria

(1) Identification of deviations, if any

None.

(2) Justification of deviations and disposition of the deviatio~.-.

(3) Comparison of reevaluation results with t'e orizina.
"nd

discussions'~)

general comments
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Catego'r r . -"..:s

-13-

(5) Tank wall-base plate or mat )unction design

A. design requirements and model (as applicable)

Refer to FSAR, Sections 3.8.4.2 and 3.8.4.4.

B. Design loads (from general analysis)

Refer to FSAR, Section 3-8.3.3.

C. forces and moments at key sections

TANK WALL ".DMENTS AT BASE

Nu ~ 61 ' K-Ft/Ft (Tension inside
:1u 49.3 K-Ft/Ft (Tension outside ."ac

TANK WALL RING TENSION

Tmax = 164.3 K/Ft

TANK WALL RADIAL SHEAR

VU ~ 20. 9 K/Ft
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-14-

PART II - AUDIT OF KEY DESIGNS

For each key design area audited, the design calculations should be
reviewed together with applicable drawings, sketches, etc. Also, key

deca'nd/orsections, as appropriate, in this audit reoort should be included ~

1 ~ Stora e Tank Liner Desi

(1) conformance with

AISC Code ~

(2) specific check of key liner locations

A. cylinder-base mat junction

(a) sketch

See Attachment C.

(b) forces and displacements obtained from computer
analysis

The liner is not designed as a load carrying . ember ~

It acts only as the water-tignt me brane "or the





Category ~ an'<s

-15-

F. Key penetration design

Refer tc Attachments D and G. (pmfes tress,5$

6 ~ preliminary audi t find ings
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-16-

(6) Tank roof or dome-to-cylinder junction design

See Attachment E. (Ph.e85$

A. design requirements and model

Refer to FSAR, Sections 3.854.2, 3.854.4, 3.8.'.'.
and 3.8.4.1.8

B. ~esign loads (from general analysis)

Refer to FSAR, Section 3.8.3.3 ~

C. forces and moments at key sections

Maximum Load in Radial Beams

Axial: 279 (tension) Moment: 158.8 Ft-KK





Category " =anws

-17-

D. detailed design of rebar placement or steel connections at
key sections

See Attachments E and F. f~. Ct/9, 4

1

E. Conformance to applicable codes and standards

Refer to FSAR, Section 3.8.4.2.

general comments and preliminarv and t





Ca tegor y an'.cs

-18-

(7) Piping penetrating design

See Attachment G.'g . 9 B 1

A. design requirements and model

Refer to FSAR, Sections 3.8.4.2 and 3.8.4.4.

BE design loads (from general analysis)

Refer to FSAR Section 3.8.3-3.

C. forces and moments at key sections

Applied load on shell manhole cover "5.2o

D. Detailed design of the penetration

E. conformance to applicable codes and standards

Refer to FSAR, Section 3.8.4.2.

F. general comments and preliminary audit findings
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Table 2. 5-15
STATIC BEARING CAPACITY OF CATEGORY I STRUCTURES

Structure

Average
Static Design

Load
2

q (k/ft )

Ultimate Bearing
Capacity
q (k/ft2)

Factor of Safety
(q,/q,)

Containment Building

Auxiliary Building
(deep section)

Main Steam Support
Structure

7 '

6.2

7.1

35.7

34.9

64.8

4.5

5.6

9.1

Control Building

Fuel Building

Diesel Generator
Building

Refueling Hater Tank

Condensate Storage Tank

3 '

5.3

3 '

4.4

3.5

'5.3
54.9

79.5

90.4

112.4

13.7

10.4

25.6

20. 5

32.1
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Table 2.5-16
DYNAMIC BEARING CAPACITY OF CATEGORY I STRUCTURES

Structure

Containment Building

Auxiliary Building
(deep section)

Main Steam Support
Structure

Control Building

Fuel Building

Diesel Generator Building

Refueling Hater Tank

Condensate Storage Tank (b)

Equivalent
Uniform
Vertical

Stress
qd (k/ft2)

16.1

10.3

25. 3

9.8

19. 1

5.6

13.2

13. 2

Ultimate
Bearing
Capacity
q (k/ft~)

32.2

25.8

60.6

I

39.8

50.3

75.5

58.7

30.2

Factor of
Safety
(qo/qd)

2.0

2.5

~ ~

2.4

4.1

2.6

13.5

4 '

2.3

Q

0
C'

a. Based upon maximum dynamic loads derived from analyses described in section 3.7.

b. Condensate storage tank loads were conservatively chosen to be equal to the
dynamic design load for the refueling water tank. Actual loads will be less.

Ql

M

0
0
A
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3.8.5.5 Structural Acce tance Criteria

DESIGN OF

CATEGORY I STRUCTURES

The foundations of Seismic Category I buildings are designed
to meet the .same. structural acceptance criteria's the
buildings themselves. These criteria are discussed in
sections 3.8.1.5, 3.8.3.5, and 3.8.4.5. The limiting condi-
tions for the foundation medium, together with a comparison
of actual capacity and estimated structure loads, are ound
in sections 2.5.4.10 and 2.5.4.11. Computed factors of
safety against overturning, sliding, and flotation for
Category I structures are given in table 3.8-5.

Table 3.8-5
COMPUTED FACTORS OF SAFETY

Overturning Sliding
Structure OBE SSE OBE SSE Flota~ o.

Auxiliary
Containment
Control
D'esel Generator
Fuel
Main Steam Support
Condensate Storage

and Refueling
Water Tanks

3200
3400
1500
1200
1600

340
500

830
1200

420
400
400

91

150

2.2 1.3
1.7 1.2
1.6 1.2
2.2
1.9 1.1
1.6 1.1
1.7 1.4

4.7
4.5
4.8
N:(a)
NA

NA

NA

a. Not applicable

March 1980 3.8-99 Amendment 1
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PALO VERDE NUCLEAR STATION UNITS 1 2 3
DESIGN ADE UACY AUDIT

STRUCTURAL AUDIT OF SPRAY PONDS
Part I - General Analysis

I. BASIC DESIGN CRITERIA

A. 'g'alue — free field

Seismic level based
on construction
permit license

Seismic level used
design of st=uctures

and equipment

SSE
OBE

Oe 20g
0. 10g

0."5g
0. ]3g

Reference: FSAR, Section 3.7

B. Spectra (attach figs. for all damping values, ductilities)

1. zero period acceleration

SSE 0.25g
OBE 0.13g p~~~ ~3<- 5$z

Reference: FSAR, Figures 3.7-1 - 3.7-4 and Section 3 ~ 7.1.1

T4 s ts c ~sis$~ ~iK E<g. C/rD~

Frequency (or period) .interval

Refer to BC-TOP-4A, Section 2-5. l (c)

C. Damping

Refer to FSAR, Section 3.7.1.3
( 4 Ls /s'csls+f ~ jg Ey C7cl/~ (. Q/

7$ pSW Rforcs 3.7- S ~ j,7- Cn (p~es'/C g g 2/4$+
D. Artificial time history and corresponding spectra (attach figures)

1 ~ original time history and its composition, i.e ~, rising time,
strong motion and tail end ~

A time history was not used in the design of the Spray Ponds
and Spray Pond Pump House.
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SPPAY PONDS

2- base line correction, check the integrated velocity and
displacement'ime histories

3. time interval — compatible with the highest frequency considered
in the spectral calculation

E. Motion duration

F ~ components of motion including their relative mot.'on a..."'= ":-s

Analysis was performed for the three principle directions with
ecua'mplitudes.

Dead and live loads for various operating floors and base

I actucf~s RLf
%/clip~& la M ~Z ~ P>P w~iu'u~

@feign.

g( y~ f~g: +4c ~os( /~





SPRAY P01''DS

H. Ground water level

The groundwater design level is at plant El 70'-0"-
level is at approximately plant El'0'-0" ~

The actua'a=e"

Reference: .FSAR, Sections 2.4.13.2.4 and 2.4-13.5.

I. Backfill earth pressure, wind, overpressure due to postu'a ed
external explosions (as applicable)

C '7

pressuc, se.e popes segP +»P ~
lQ f~ Wc@ ~7 p'0 f~ ~

J. Other considerations

The concrete walls and roof slab of the Spray Pond Pump house
were designed for missile protection.
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II~ ANALYSIS METHOD

SPRAY PONDS

A. Seismic Analysis

i. Mathematical model-general description with sketch.

See Attachment A.(P~e~ S pc/ 2 8QS)

a ~ parameters used

(1) concrete modulus

E 3605 Ksi f c 4000
c

(2) rebar modulus and yield strength

E 29000 Ksi fy 60 Ksi
s

(3) Poisson's ratio

.24

a ~

(4) damping

Refer to FSAR, Section 3.7.1 ~ 3.

WliS t'$ Ceattt~/ Gv(C +. C7uya/A / ~/
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SPRAY PONDS

(5) properties of foundation materials.

shear modulus-

Refer re FRAR, Ffguree 3.7 7, --8, -9 (/CpeF cS f3 "~)

subgrade reactions

Coefficient of Subgrade Reaction: 30 Kf'Pt

bearing capabilities

Static Capacity: 8 KSF

Dynamic Capacity: 17.2 KSF

(6) other parameters

b. stiffness calculations

(1) exterior ~alla

Stiffness calculations were performed manually using
standard engineering methods.

(2) interior walls

Same as exterior walls.
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SPRAY POHi)S

2. method of Analysis

a . method of analysis used (time history, response'pectrum
methods, etc.) and consideration of torsional and
translational response

(1) general description

A response spectrum analysis was performed =or eac'.;
of the two prjnciple horizontal direct'ons of :-.e

Spray Pond Pump House. Due to the rigidi"y of =;.e
pump house in the vertical direction, the ZPA :-."-...
the free-field was used. The calculaticrs e-.=
performed manually.

(2) findings and comments

be selection of number of masses and degrees o= freed"-.

(1) general description

Each of the two planar models consisted or two ~a==~=
with two degrees of freedom.





SPRAY POX)S

(2) findings and comments

c. number of modes considered

(l) general description

N-S 2
modes'-W

2 modes

(2) findings and comments





SFRAV FOES

d. combining modal responses

(1) actual procedures used

Refer to FSAR, Section 3.7-2.7.

(2) general findings

e ~ consideration of three comp'onents of mot'on

Refer to FSAR, Section F 7.2.6.

(I) actual procedures used

The component factor method was used to combine
three components of motion.

Z+ yy ~sipQ4 ~C + SuiA ~F~

(2) general findings





SPRAY PONDS

f ~ consideration of soil-structure interaction

Soil «structure interaction was not considered ~

(1) general description

(2) findings and comments

g. decoupling criteria for subsystems

(1) general procedure

Refer to BC-TOP-AA, Section 3-2.

(2) key examples
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SPRAY POa,DS

general findings and comments

h. modeling of hydrodynamic effects in spent fuel
poo'he

Spray Pond Pump House and Spray Ponds were analy"ec to
withstand hydrodynamic effects in accordance with L'.5. A:"C

TED 7024, Nuclear Reactors and Earthquakes.

modeling of spent fuel pool wells and inter'or = "or
slabs and equipment thereof

Not applicable.
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3. development of in-structure response spectra

In-structure Response Spectra was not developed for the Spray
Ponds and Pump House ~ ~ @~ ~~~ ~g5'yes/~5~ G. Q sfpgg~ ~pgg~ ~ g4/fM p~~~
a ~ general procedures

(1) smoothing (describe specific smoothing method use'"i

(2) peak widening

b ~ typical results (attach figures)
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-l2- SPRAY PO".TDS

B. Stress Analysis

1. shear walls and floors

a ~ mathematical model — general description w/sketch

Shear wall and floor stresses are computed by perf~~in~
standard manual calculations. Vertical loads are d's= = = -c
in the structure by conventional methods'ateral 'oads .~er
obtained from the resp6nse spectrum analysis'hese 'a:er-.
loads are then distributed among the shear wal's acc""=''-..=
their relative stiffness and locations

be method of analysis —incorporation of tora'cn

The torsional moment is determined by resol; ing t"..e
due to eccentricity between the center of mass and cents"
rigidity at each floor. Shear derived from th's tors'.":.=-
moment is added directly to the forces considered
individual shear walls ~

c ~ load combinations

Refer to FSAR, Section 3.8.3.3.





SPRAY POX)S

foundation mat

a ~ mathematical model - description of boundary conditions

b. method of analysis

Manual calculations using "Beam on Elastic Foundation"
were performed to determine the design moments and 'orces.

cd load combinations

Refer to FSAR, Section 3.8.3.3.

d . key results (figures, etc.)

Spray Pond Pump House Basemat:

M l28 Ft-K/Ft
u

V - 54 K(Ft
u

Basemat of Pond Perimeter Wall

M ~ 83 Ft-K/Ft
u

V 12 KIFt
u
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3. Material to protect against structure - structure interac"'on

Not applicable. The Spray Ponds and Pump House do not ha;-e any
other structures adjacent to them.

a. mechanical properties

b . additional pressure on walls

cd findings and comments
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4. vertical dynamic analysis

The structure was analyzed. for the free field vertical
accelerations due to its rigidity.

b ~ development of stiffnesses, including floor stiffness, s
applicable

c. method of analysis

twnual calculations were used in the analysis.
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C- Computer Programs Used in Analysis

None.

1. assumptions and limitations

2. applicability

3. verification

sensitivity study in case of numerical solutions (e.g ~ ,
element analysis)

load input (include all cases)





5. output (include all cases)

6. other discussions
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D- Overall Stability

1. forces and moments from seismic analysis

Forces and Moments acting at top of Pump House basemat:

Shear

Overturning Moment

OBE

273

7977 Ft-K

SSE

519

15156 Ft-I;

2. various cases considered

Seismic event loading combinations considered SSZ == O"=:- ~"„.„.-

the North-South East-West, and vertical directions s'mu'a"..ec =-'-
~
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SPRAY PONDS

3. bearing pressure versus bearing capability and safety factor
against bearing

failure'or

Pump House Foundation:

Static

Dynamic

Actual

3.6 KSF

6 ' KSF

~Ca acct

8 KSF

l7.2 KSF

4. factors of safety

a ~ sliding

The Pump House Foundation is integral with the Spray "- -..=

basemat. Due to the size of the Spr y Pond b" se .a
was not considered to be a problem.

b. overturning

Factor of Safety ~ 3 ~ 8 (SSF}
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E. Interaction of Non-category I Structures with the Structure
Consid ered

j.. identification of pertinent non-Category I structures

None. There are no non-Category I structures close to the Spray
Ponds or Pump House.

2. consideration given to potential failure of non-Category
systems on Cate'gory I systems

3. general findings and comments
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F. Design Consideration for Tornado Missiles

1. design requirements

Refet te FSAR, Table 3.3-'8. (PP~ 5 NP)

2. models for

a ~ local damage

Refer to FSAR, Section 3.5.3

b. overall response

Refer to FSAR, Section 3 '.3.

3. load combinations

Pefer to FSAR, Section F 8.3.3.

4. forces

The governing structural members are of sufficient thickness to
preclude perforation by postulated missiles and maintain

structura'ntegrity.
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6. general comments and preliminary audit findings
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III. CONFORMANCE TO ACCEPTABLE CRITERIA

A. Identification of deviations, if any

Nones

I

B. Justification of deviations and disposition of the
dev'.

general comments
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Part II Audit of Ke Desi ns

A. Exterior Shear Walls

I ~ design requirements

The exterior walls of the Pump House are designed to satisfy struc ura
requirements as bearing walls, shear walls and protection aga'nst
tornado missiles ~

2. design loads (from general analysts)

Refer to FSAR, Section 3.8e3.3-

3. forces and moments at key sections

H ~ ll95 Ft-K

P 357 K

4. detailed design of rebar placement at key sections
4

Bee Attachment B. (P~

5. general comments and preliminary audit findings
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B. interior Shear Walls

1'esign requirements

Same as exterior walls

2. design loads (from general analysis)

Refer to FSAR, Section 3.8.3.3.

3- forces and moments at key sections

The forces and moment in the interior walls are less than t':nse
the exterior walls'he reinforcement is the same for 'c'~ '..=.

4. detailed design of rebar placement at key sect'ons

See Attachment B. (PCp8, S ~~)

5. general comments and preliminary audit findings
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C. Main Floors and Roofs

i. design requirements

Hain floors and roofs vere,prtmarily designed for dead, live, and
seismic loads Roofs are
also designed to satisfy minimum thickness to preclude perforat on
by tornado generated missiles.

2. design loads (from general anaXysis)

Refer to FSAR, Section 3.8-3-3.

3. forces and moments at key sections

For elevated slab:

«! ~ 34 Ft-K/Ft
u

V ~ l3 K(Ft
u

4. detailed design of rebar placement at key sections

See Attachment B. S 3'
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5 ~ general comments and preliminary audit findings
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D. Steel Structural Sracing Systems (if any)

I. design requirements

The Spray Pond Pump'ouse floor and roof slabs are supported
by structural steel beams which are primarily designed for
construction

loads'.

design loads

Refer to FSAR, Section 3.8.3.3.

3. forces and moments at key sections

Fl ~ 1 20 ' 7-1 /2"

Zl ~ 105 ' 7-1 /2"

Moment

35 Ft -K

22 Ft -K

Shear

8.6 K

8.5 K

6. general comments and preliminary audit findings
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E. Foundation Mat

1. design requirements

Refer to FSAR, Sections 3.8.5.4.2 and 3.8.5.5*

2 ~ design loads (from general analysis)

Refer to FSAR, Section 3.8.3-3

3. forces and moments at key sections

Basemat of perimeter wall: M 83 Ft-K/Ft
u

T,r me >2 .e/-.

Basemat of Pump House: M em 128 Ft-K/Ft
u

V em 54 K/.t

0 detailed design of rebar placement at key sections

Bee Attachments B and Ct (P~ c53& g ~7/

5. general comments and preliminary audit findings
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F. Hain Frame Concrete Column Design (Key Columns)

Not applicable. There are no concrete columns in this structure

1. design requirements

2. design loads (from general analysis)

3- forces and moments at key sections

4. detailed design of rebar placement at key sections

0 5. general comments and preliminary audit findings
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G. Secondary Ploors

Not applicable.

1. design requirements

2. design loads (from general analysis)

3- forces and moments at key sections

4. detailed design of rebar placement at key sections

5. general comments and preliminary audit findings
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H. Detailing at Floor-Mall Joints

1. design requirements

As per ACI 318-71 Code, Chapter 6 and 17.

2. design loads (from general analysis)

Refer to FSAR, Section 3.8.3.3d

3. forces and moments at key sections

34 Ft-K/Ft
u

V ~ 12 Ft-K/Ft
u

detailed design of rebar placement at key sections

Bee Attachments B and t t (~ Sb& g ~+7

"e.. r"-1 ccmments and preliminary audit findings
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E. Dynamic Effects Applied to Floors and Walls by Machinery

l ~ design requirements

The natural frequency of the floor/structure support is about
twice that of the operating frequency of the pump/motor units ~

Since resonance is not a problem, dynamic effects have been
neglected.

2. design loads (from general anaIysis)

3. forces and moments at key sections

h. detailed design

5. general comments and preliminary audit findings
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J. Crane & Support

1. design of bents (columns and roof trusses)

Not applicable. There are no cranes in -this structure.

a. design requirements

be design loads (from general analysis)

c. forces and moments at key sections

d. detailed design

0
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e. general comments and preliminary audit findi,ngs
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2. design of girders supporting crane rails
Not applicable.

a. design requirements

b ~ design loads (from general analysis)

c ~ forces and moments at key sections

d. detailed design



O
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e. general comments and preliminary audit findings
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3. design of spent fuel bridge

Not applicable.

a ~ design requirements

be design loads (from general analysis)

cd forces and moments at key sections

d ~ detailed design

e ~ "eneral comments and preliminary audit findings
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K. Fuel Pool Liner Design

Not applicable ~

1. stresses and strain controls

2. conformance to code requirements

3. analysis procedure and results

4. consideration of accidental drop of crane loads
'I

corrosion effects (e.g., pitting) on liner integr'ty

6. preliminary findings of audit results

,
~

) 33





ATTACHMENT A

ESSENTIAL SPRAY POND CONCRETE WALLS

The reinforced concrete walls and their connections to the base slab
were designed manually as free standing cantilevered walls'wo
load cases were considered (see Sheet 2 for sketch):

1) Hydrostatic Pressure - included hydrodynamic effects under
an OBE or SSE. In this analyses, the presence of :he

sc'mbankmentoutside the wall was conservatively
neglected')

Loading from the active soil pressure included effects 'rcm
an OBE or SSE. The pond was assumed to be empty for this
load case. The dynamic lateral forces were determinec in
accordance with the Project Design Criteria Part II,
Section 3.4.5.3.

ESSENTIAL SPARY POND PUMP HOUSE

Two lumped parameter planar models were used for a response s"ectr —...
dynamic analysis ~ See Sheet 2 for a sketch of the model ~
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TORNADO-Gl'.NERATFD M1SSII,I'.S
t.'(CONSIDERED

IN DI . I GN OI'AFE SIIUTDOWN STRUCTURES

Description
Weight
(lbs)

Impact
Areg(ft )

Maximum
Ve locity

( ft/s)
Kinetic
Energy
(ft-lbs)

(A) A 12-foot wood plank, 4 x 12 inches in
cross-section, traveling end on at a speed
of 240 mi/h.

(B) A steel pipe, Schedule 40, 3 inches in
diameter by 10 feet long, traveling end
on at 12Q mi/h.

(C) A steel rod, 1 inch in diameter, 3 feet
long, traveling end on at 180 mi/h.

200

78

0.333

0.063

0.005

352

176

264

3.85 x 1Q

3.75 x 10 4

8.66 x 10

(D) A steel pipe, Schedule 40, 6 inches in
diameter by 15 feet long, 'traveling end
on at 120 mi/h.

(E) A steel pipe, Schedule 40, 12 inches in
diameter by 15 feet long, traveling end
on at 12Q mi/h.

285

743

0.24

0.886 176 3-57 x 10 5

376 ~l 37 x 10 5

(F) A utility pole, 13-1/2 inches in diameter,
35 feet long, traveling end on at
120 mi/h.

(G) An automobile of 4,000 pounds weight,
striking the sLructure at 60 mi/li.

14OQ

4000

0.994

20.0

176. 7-17 x 10 5

4.81 x 10
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