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San Onofre 2&3 FSAR 

FOREWORD 

The Final Safety Analysis Report (FSAR) for the San Onofre Nuclear 
Generating Station Units 2 and 3 was prepared based upon Nuclear Regulatory 
Commission (NRC) Regulatory Guide 1.70, Standard Format and Content of 
Safety Analysis Reports for Nuclear Power Plants, Revision 2. In addition, 

appendices have been added to facilitate the organization or presentation 
of information and to provide additional information.  

Standards used for editorial abbreviations and symbols are the latest 

editions of the following IEEE-approved American National Standards Insti
tute publications: ANSI-Yl.l, Abbreviations; ANSI-YlO.19, Letter Symbols 

for Units Used in Science. and Technology; and ANSI-Yl.5, Letter Symbols 

for Quantities Used in Electrical Science and Electrical Engineering.  

All text pages are numbered by chapter and section. Tables and illustra
tions are numbered in a similar manner; e.g., table 1.1-1 is. the first 
table in section 1.1. Each table is placed in the text.-following the page 
on which it is first referenced; figures are placed at the end of each 

section.  

Appendices are identified by section or chapter number with a suffixed 
letter and are placed following the applicable section or chapter.  

Ammendments to the.FSAR are identified by a bold line and the amendment 
number in the outside margin. The number and date of the most recent 

amendment affecting a page is placed at the bottom of that page. A list 

of effective pages is submitted with each amendment to provide a guide for 

inserting and removing pages.  

Questions and Responses initiating amendments to the FSAR appear in separ
ate volumes subdivided by tabs identifying the functional branches 

originating the questions. References are provided indicating corre

sponding changes to the text.  
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3.7A-38 Operating Basis Earthquake Vertical Acceleration Response Spectra, 
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3.7A-49 Operating Basis Earthquake Horizontal Acceleration Response Spectra, 
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3.7A-63 Design Basis Earthquake Vertical Acceleration Response Spectra 

for Containment Exterior Shell - Elevation 177'-6" 
3.7A-64 Design Basis Earthquake Horizontal Acceleration Response Spectra 

for Containment Exterior Shell - Elevation 177'-6" 
3.7A-65 Operating Basis Earthquake Vertical Acceleration Response Spectra 

for Containment Interior Structure Basemat 
3.7A-66 Operating Basis Earthquake Horizontal Acceleration Response Spectra 

for Containment Interior Structure Basemat 
3.7A-67 Operating Basis Earthquake Vertical Acceleration Response Spectra 

for Containment Interior Structure - Elevation 63'-61" 
3.7A-68 Operating Basis Earthquake Horizontal Acceleration Response Spectra 

for Containment Interior Structure - Elevation 63'-6't 
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for Containment Interior Structure - Elevation 80'-6" 
7A-70 Operating Basis Earthquake Horizontal Acceleration Response Spectra 

for Containment Interior Structure - Elevation 8'-6 t 
7A-71 Operating Basis Earthquake Vertical Acceleration Response Spectra 

for Containment Exterior Shell Basemat 
7A-72 Operating Basis Earthquake Horizontal Acceleration Response Spectra 

for Containment Exterior Shell Basemat 
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3.7A-73 Operating Basis Earthquake Vertical Acceleration Response Spectra 
for Containment Exterior Shell - Elevation 177?'-6" 

3.7A-74 Operating Basis Earthquake Horizontal Acceleration Response Spectra 
for Containment Exterior Shell - Elevation 177'-6" 

3.7A-75 Design Basis Earthquake Vertical Acceleration Response Spectra 
at Node 1 Elevation 9'-O" of Auxiliary Building 

3.7A-76 Design Basis Earthquake Horizontal Acceleration Response Spectra 
at Node 1 Elevation 9?'O0" of Auxiliary Building 

3.7A-77 Design Basis Earthquake Vertical Acceleration Response Spectra 
at Node 12 Elevation 85'-O" of Auxiliary Building 

3.7A-78 Design Basis Earthquake.Horizontal Acceleration Response Spectra 
at Node 12 Elevation 85'-O" of Auxiliary Building 

3.7A-79 Operating Basis Earthquake Vertical Acceleration Response Spectra 
at Node 1 Elevation 9?'Q0" of Auxiliary Building 

3.7A-80 Operating.Basis Earthquake Horizontal Acceleration Response Spectra 
at Node I Elevation 9?'O0" of Auxiliary Building 

3.7A-81 Operating Basis Earthquake Vertical Acceleration Response Spectra 
at Node 12 Elevation 85'-O'" of Auxiliary Building 

3.7A-82 Operating Basis Earthquake Horizontal Acceleration Response Spectra 
at Node 12 Elevation 85'-O" of Auxiliary Building 

3.7A-83 Design Basis Earthquake Vertical Acceleration Response Spectra 
at Node 12A Elevation 85'-O" of Central Control Area 
Auxiliary Building 

3.7A-84 Design Basis Earthquake Vertical Acceleration Response'Spectra 
at Node 12A Elevation 85'-O" of Central Control Area 
Auxiliary Building 

3.7A-85 Design Basis Earthquake Vertical Acceleration Response Spectra 
at Node 1 Elevation 17'-6" of Fuel HandlingBuilding 

3.7A-86 Design Basis Earthquake Horizontal Acceleration Response Spectra 
at Node 1 Elevation 17'-6" of Fuel Handling Building 

3.7A-87 Operating Basis Earthquake Vertical Acceleration Response Spectra 
at Node 1 Elevation 17'-6" of Fuel Handling Building 

3.7A-88 Operating Basis Earthquake Horizontal Acceleration Response Spectra 
at Node 1 Elevation 17'-6" of Fuel Handling Building 

3.7A-89 Design Basis Earthquake Vertical Acceleration Response Spectra 
at Node 6 Elevation 114'-O" of Fuel Handling Building 

3.7A-90 Design Basis Earthquake Horizontal Acceleration Response Spectra 
at Node 6 Elevation 114'-O" of Fuel Handling Building 

3.7A-91 Operating Basis Earthquake Vertical Acceleration Response Spectra 
at Node 6 Elevation 114'-o" of Fuel Handling Building 

3.7A-92 Operating Basis Earthquake Horizontal Acceleration Response Spectra 
at Node 6 Elevation 114'-o" of Fuel Handling Building 

3.7A-93 Design Basis Earthquake Vertical Acceleration Response Spectra 
at Elevation -15'-6" of Safety Equipment Building 
(Safety Injection Area) 

3.7A-94 Design Basis Earthquake E-W Horizontal Acceleration Response Spectra 
at Elevation -15'-6" of Safety Equipment Building 
(Safety Injection Area) 
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3.7A-95 Design Basis Earthquake N-S Horizontal-Acceleration Response Spectra 
at Elevation -15'-6" of Safety Equipment Building 
(Safety Injection Area) 

3.7A-96 Design Basis Earthquake Vertical Acceleration Response Spectra 
at Elevation -5-3 of Safety Equipment Building 
(Component Cooling Area) 

3.7A-97 Design Basis Earthquake E-W Horizontal Acceleration Response Spectra 
at Elevation -5'-3" of Safety Equipment Building 
(Component Cooling Area) 

3.7A-98 Design Basis Earthquake N-S Horizontal Acceleration Response Spectra 
at Elevation -5'-3" of Safety Equipment Building 
(Component Cooling Area) 

3.7A-99 Design Basis Earthquake Vertical Acceleration Response Spectra 
at Elevation +50'-6" of Safety Equipment Building 

3.7A-100 Design Basis Earthquake E-W Horizontal Acceleration Response Spectra 
at Elevation +50'-6" of Safety Equipment Building 

3.7A-101 Design Basis Earthquake N-S Horizontal Acceleration Response Spectra 
at Elevation +50'-6" of Safety Equipment Building 
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D AMPIN G VALUES 
AS PERCENT CF CRITICAL DESIGN BASIS EARTHQUAKE 

- ~HORIZONTAL ACCELERATION RESPONSE 
SPECTRA PARALLEL TO HOT LEG 

PRESSURIZER SHEAR KEY SUPPORT 

Figure 3. 7A-13 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

0 =10 2 Sa 

Sd - DISPLACEMENT RESPONSE (INCHES) 1L .- SAN ONOFRE 
I - -- -~ NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) ~--------- UNITS 2& 3 

S. ACCELERATION RESPONSE (g's) 

a'a 

DESIGN BASIS EARTHQUAKE 

- - -4-- -VERTICAL ACCELERATION RESPONSE 

- . zzw~ ~ SPECTRA PERPENDICULAR TO HOT LEG 
- .----. REACTOR VESSEL COLUMN SUPPORT 

-. -- - ~.... -- .LiFigure 3.7A-14 
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FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd= 10T 2 S 

Sd DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNITS 2 & 3 
S. -ACCELERATION RESPONSE (g's) 

DAMPING VALUES 
AS PERCENT OF CRITICAL 

DESIGN BASIS EARTHQUAKE 
SITHORIZONTAL ACCELERATION RESPONSE 

SPECTRA PERPENDICULAR TO HOT LEG 
I I . 77 REACTOR VESSEL COLUMN SUPPORT 

Figure 3.7A-15 
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FREQUENCY (cycles per secnd) 

10 0 50 25. 10 5 2 1 .5 .  

Sd = 10 T2 So 

sd - DISPLACEMENT RESPONSE (INCHES) IIIH 11---- lil SAN ON0FRE 
I I Jil IllNUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNT 2 &l3 

S8 -ACCELERATION RESPONSE (g's) 

DAMPING VALUES IIlilMl 
AS PERCENT OF CRITICALIilIl 011 

DESIGN BASIS EARTHQUAKE 

"'"!HORIZONTAL ACCELERATION RESPONSE 
illtlhil II il il~jSPECTRA PERPENDICULAR TO HOT LEG 
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11111 tl fil IFigure 3. 7A-16 

[if I 

DAMP NG =1 I 1 .0%11:1 

ItI 

2 

.C,: .02 .0 .04NI .0 8 1 .2 3IN IIII .4 .8i .81 11 ll 2.1 3 4 

1f 7 A P611 f ;!IIA i



FREQUENCY (cycles per second) 
it00 50 25 10 5 2 1 .5 .2 

Sd * 10 T2 S 1 111 - Ill 2a 111 1 

Sd - DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION T - PERIOD (SEC.) 

UNITS 2 & 3 
So -ACCELERATION RESPONSE (g' s) 

DAMPING VALUES 
A PERCEN OF C DESIGN BASIS EARTHQUAKE 

1; 1 HORIZONTAL ACCELERATION RESPONSE 
SPECTRA PERPENDICULAR TO HOT LEG 

I IREACTOR VESSEL NOZZLE RESTRAINTS 

Figure 3.7A-17 
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FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd 10 T2 S. 
......  

sd= DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNITS 2 & 3 
S -ACCELERATION RESPONSE (g's) 

-aHall 

DAMPING VALUES lihi 

AS PERCENT OF CRITICAL DESIGN BASIS EARTHQUAKE 
HillIIIIIII 11111EII IIIIIIIIII VERTICAL ACCELERATION RESPONSE 

I Wil 11WI 1WINI 111111jilillSPECTRA PERPENDICULAR TO HOT LEG 
111 flil II III! I ISTEAM GENERATOR BASE SUPPORT 

11 111! 1111111.. 110 111Figure 3.7A-18 
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FREQUENCY (cycles per sond) 
100 50 25 10 5 2 1 .5 .2 

S d -10T2 S 1 1 11 fl l 

*Sd DISPLACEMENT RESPONSE (INCHES) -- 1111filSAN 0 NOFRE 
* 1NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) I III fil UNITS 2 & 3 
So *ACCELERATION RESPONSE (g9's) 

DAMPING VALUES 
AS PERCENT OF CRITICAL Iiii DESIGN BASIS EARTHQUAKE 

A HORIZONTAL ACCELERATION RESPONSE 
SPECTRA PERPENDICULAR TO HOT LEG 

. ISTEAM GENERATOR BASE SUPPORT 

Figure 3. 7A-19 
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FRIEQUENCY (cycles per seond) 

100O 50 25 10 5 2 1 .5 

Sd =10 T2 Sa IIl lI!I 

Sd -DISPLACEMENT RESPONSE (INCHES) SNOOR 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.)UNT2&3 

S. *ACCELERATION RESPONSE (g's) 

DAMPING VALLES DESIGN BASIS EARTHQUAKE 
AS PERCENT OF CRITICAL HORIZONTAL ACCELERATION RESPONSE 

31: SPECTRA PERPENDICULAR TO HOT LEG 

1 W11111 Wil 11; 1i iI.,STEAM GENERATOR SHEAR KEY SUPPORT 

Figure 3.7A2 
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FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd:= 10 T2 Sa 

Sd DISPLACEMENT RESPONSE (INCHES) I1SAN ONOFRE 
NUCLEAR GENERATING STATION T - PERIOD (SEC.) i 
[III UNITS 2.& 3 

SVE RICAL ACCELERATION RESPONSE 

- I 

Wi 111611)SPECTRA PERPENDICULAR TO HOT LEG 
RCP BASE SUPPORT 
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FREQUJENCY (cycles per secnd) 

10 0 50 25 10 52 1 .5 .  

Sd-=10T2 Sa 

Sd - DISPLACEMENT RESPONSE (INCHES) .. SAN ON0FRE 
I [fil I INUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNITS 2 & 3 

Sa - ACCELERATION RESPONSE (gli's) 

DAMPING VALUES 

AS PRCEN OFCRITCALDESIGN BASIS EARTHQUAKE 
I IItWil IIPHORIZONTAL ACCELERATION RESPONSE 

;II ! IIIII~IIII11. 11 il IilhP 1,11SPECTRA PERPENDICULAR TO HOT LEG 

RCP LOWER HORIZONTAL SUPPORT 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

Sd-=10T2 SaIIII H l 

sd - DISPLACEMENT RESPONSE (IINCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T =-PERIOD (SEC.)UNT2&3 UNITS 2 & 3 

Sa *ACCELERATION RESPONSE (g's) 

DAMPING VALUES I Ilill 

AS PERCENT OF CRITICAL DESIN BAIS ARTHUAK 

I HORIZONTAL ACCELERATION RESPONSE 
SPECTRA PERPENDICULAR TO HOT LEG 

RCP UPPER HORIZONTAL SUPPORT 

I; ill illl ilm il iliil Jil I t 1 ;1 1111!Figure 3.7A-2 3 
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FREOUENCY (cycles per scond) 

100 50 25 10 5 2 1 .5 2 

Sdil10T Sa 

SAN ON0FRE Sd * DISPLACEMENT RESPONSE (INCHES) SNOOR 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) IIUNITS 2 & 3 
S, -ACCELERATION RESPONSE 119's) 

DAMPING VALUES IiIIIIii 
AS PERCENT OF CRITICAL IIIIiIN 

1;wll'llll DESIGN BASIS EARTHQUAKE 
HORIZONTAL ACCELERATION RESPONSE 

1111 I:111llllSPECTRA PERPENDICULAR TO HOT LEG 
RCP SNUBBER SUPPORT 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

Sd-=10T2 So 

Sd - DISPLACEMENT RESPONSE (INCHES) SNOOR SAN ON0FRE 
NUCLEAR GENERATING STATION 

T *EIDIUNITS 2 & 3 

So - ACCELERATION RESPONSE (g9's) 

DAIPING VALUES 
AS PEFENT OF CRT ICAL DESIGN BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
SPECTRA PERPENDICULAR TO HOT LEG 

PRESSURIZER BASE SUPPORT 

Figure 3.7A-25 
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FREQUENCY (cycles per seond) 

it 0 50 25 10 5 2 1 .5 .2 

S = 10 T2 S d a 

Sd - DISPLACEMENT RESPONSE (INCHES) 1111Mil llSNO FR 

d111111111 NUCLEAR GENERATING STATION 
.T - PERIOD (ISEC.) I itIIUNITS 2 & 3 

S.= ACCELERATION RESPONSE (g's)IIlitI IIII IIII 

DAMPING VALUES ill 

AS PERCENT OF CRITICAL IIh N DESIGN BASIS EARTHQUAKE 

1111111 fll TIIIIIIIHIIII 1 1 111 ' 111 1HORIZONTAL ACCELERATION RESPONSE 

SPECTRA PERPENDICULAR TO HOT LEG 

PRESSURIZER BASE SUPPORT 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

Sd - 10 T2 Sa 

Sd - DISPLACEMENT RESPONSE (INCHES).....SNO FR 

T - PERIOD (SEC.)UNT2&3 

So - ACCELERATION RESPONSE (gis 

DAMPING VALUES Hill 
AS PERCENT OF CRITICAL I I 

2DESIGN BASIS EARTHQUAKE 

HORIZONTAL ACCELERATION RESPONSE 

111 I lililSPECTRA PERPENDICULAR TO HOT LEG 

11111H l 

i lil PRESSURIZER SHEAR KEY SUPPORT 

11111 M 111111, IIIIIIIFigure 3. 7A-27 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

S 10 T2 S 

Sd - DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
d INUCLEAR GENERATING STATION 

T -UPERIOD (SEC.) U & 3 
S.= ACCELERATION RESPONSE (g's) -IIWl1 

DAMPING VALUES 

ASPERCENTOF CRITICAL OPERATING BASIS EARTHQUAKE 
VERTICAL ACCELERATION RESPONSE 

SPECTRA PARALLEL TO HOT LEG 
REACTOR VESSEL COLUMN SUPPORT 

11 1 i~ llI. il ill!A : ii iL 1 1. Figure 3.7A-28 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

Sd = 10T T2 Sa-1111111 

sd -DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNTS2I 

S =ACCELERATION RESPONSE (g's) 11 

DAMPING VALUES M 1 Ti 

AS PERCENT OF CRITICALIl 
, OPERATING BASIS EARTHQUAKE 

I HORIZONTAL ACCELERATION RESPONSE 
SPECTRA PARALLEL TO HOT LEG 

REACTOR VESSEL COLUMN SUPPORT 

Figure 3.7A-29 
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FREQUENCY (cycles per second) 

100 50 25 10 5 21.52 

Sd = 10T2 Sa 

Sd = DISPLACEMENT RESPONSE (INCHES) 

T - PERIOD (SEC.)II III 

S.= ACCELERATION RESPONSE Ig's) 

DAMPING VALUES 
AS PERCENT OF CRITICAL ItlOPERATING BASIS EARTHQUAKE 

........ HORIZONTAL ACCELERATION RESPONSE 

W, SPECTRA PARALLEL TO HOT LEG 
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I i LLFigure 3.7A-30 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

Sd = 10 T2S 

Sd -DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T *PERIOD (SEC.)UNT2&3 UNITS 2 & 3 
Sa - ACCELERATION RESPONSE (gs) 

DAMPING VALUES 

ASI PERN OOPERATING BASIS EARTHQUAKE 
HORIZONTAL ACCELERATION RESPONSE 

SPECTRA PARALLEL TO HOT LEG 
REACTOR VESSEL NOZZLE RESTRAINT 

hillkillI IFigure 3.7A-31 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .  

S15d = 10T2 Sa 111i~ 

S = DISPLACEMENT RESPONSE (INCHES) IIII1111111111 SAN ON0FRE 
ditIII111ill NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3 

S *ACCELERATION RESPONSE (g's) 

DAMPING VALUES IIIII 4lII 

AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

I II I1;11 llIT'1;1IId;;TIIIl1!II1ITIIVERTICAL ACCELERATION RESPONSE 

SPECTRA PARALLEL TO HOT LEG 

STEAM GENERATOR BASE SUPPORT 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

Sd 10 T2 So 

s - DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3 

S -ACCELERATION RESPONSE (g's) 

DAMPING VALUES 

A PERCE OF CR L OPERATING BASIS EARTHQUAKE 
I 1 HORIZONTAL ACCELERATION RESPONSE 

SPECTRA PARALLEL TO HOT LEG 
STEAM GENERATOR SNUBBER SUPPORT 

Figure 3.7A-33 
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FREQUENCY (cycles per second) 

10 0 50 25 10 5 2 1 .5 .  

Sd-=10 T2Sa 

Sd - DISPLACEMENT RESPONSE (INCHES) SNOOR 
d.... NUCLEAR GENERATING STATION 

. T - PERIOD (SEC.) UNITS 2 & 3 

S-ACCELERATION RESPONSE (g9's) 

DAMPING VALUESI 

AS PRCEN OF RITIAL 1OPERATING BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 

I II ~ i11110111111.Wi IllllJ111VI 11 !iiWI SPECTRA PARALLEL TO HOT LEG 

I III ! IIIV lllllllid i~lW IIl! Il li; II f il llh~l!IRCP BASE SUPPORT 

1111 , II~i WW!IIIIIIIIIIIIA 1 lllilil-I IFigure 3. 7A-34 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 2 

Sd - 10 T2 Sa 

Sd = DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3 
Sa -ACCELERATION RESPONSE (g's) 

DAMPING VALUES 

ASII PERN OPERATING BASIS EARTHQUAKE 
HORIZONTAL ACCELERATION RESPONSE 

SPECTRA PARALLEL TO HOT LEG 
RCP LOWER HORIZONTAL SUPPORT 

Figure 3.7A-35 
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FREQUENCY (cycles per second) 

1(0 50 25 .10 5 2 1 .5 .2 

S = 10 T2 S IIIIIIi l l IW li il 

S - DISPLACEMENT RESPONSE (INCHES)I IlII! SNO FR 
dllidli NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) IIII!UNITS 2 & 3 

S - ACCELERATION RESPONSE (g's) 
a 

DAMPING VALUES 
AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

I !.I 111 WIIIIIIi l! IlilW111 III! ill;l II l'ilHORIZONTAL ACCELERATION RESPONSE 

I Ii!11 11 Wi!I1111A1:4I 11I'l flI~I! 1.1 1 111 ISPECTRA PARALLEL TO HOT LEG 

RCP UPPER HORIZONTAL SUPPORT 

Figure 3.7A-36 

11J T7 - 1 
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UI Iii !k 

DAMPIG .%o 

1 

1~ ~ ~ ~ .W il IIii 1 1 J1 111 l I I. Il 11 I , i ,I 
.3 .0T0 0 0 0 1.2 3 . 6 .  

i00 9- 1DI5 PERil 1111 liiI i~l 11 1 IO (s c n ) 

17AP7



FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd - 10 T2 S 

sdDISPLACEMENTRESPONSE(INCHES) WSAN ONOFRE 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3 
S, -ACCELERATION RESPONSE (Ws) 

DAMPING VALUES 
AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

1 I! I 1 h HORIZONTAL ACCELERATION RESPONSE 
!i SPECTRA PARALLEL TO HOT LEG 

RCP SNUBBER SUPPORT 

Figure 3.7A-37 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

S =10 T2 S 
IIII 

SAN ONOFRE 
I DISPLACEMENT RESPONSE (INCHES) NUCLEAR GENERATING STATION 

T OPERIOD (SEC.) UNITS 2 & 3 

S.= ACCELERATION RESPONSE (g's) IN 

DAMPING VALUES 

AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

I VERTICAL ACCELERATION RESPONSE 

SPECTRA PARALLEL TO HOT LEG 

It PRESSURIZER BASE SUPPORT 

I 1 111 111 fil ii lililllli I itllll~i L I I IFigure 3. 7A- 38 

i I 

4I 

I I- I5 RI OD I (I1n1 

7 AMPING =05 

.l.02 .03ll .0 .010 1 .2l .I .4 .6 .8 12I 

107 -4 D 1531 PERIOD (sco ds) l L;Ti1 i1 
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FREQUENCY (cycles per second) 
100 50 a 10. 5 2 1 .5 .2 

Sd . 10 T2 S.o JllJl l 

d - DLACEMENT RESPONSE (INCHES) H.1LSAN ONOFRE 
NUCLEAR GENERATING STATION 

T -*PERIOD (SEC.) UNITS 2 & 3 
S, =ACCELERATION RESPONSE (g's)1 11 

DAMPING VALUES 
AS POPERATING BASIS EARTHQUAKE 
HORIZONTAL ACCELERATION RESPONSE 
I ,SPECTRA PARALLEL TO HOT LEG 

PRESSURIZER BASE SUPPORT 

Figure 3. 7A-39 

I I I II I i i I ,l l I i i i Il I II 
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I 'I DAMPING 0.5% ., 

6 -ri- il; :T-1111 

I I H :I; 

8 i 
5 

* 

5i1 

3 

DAMPING5.% = I. 0.5% 

I ! l 1!1o 7 1 M 7 l-II 1 It;1 M H1 I I III I : !11 11i ! m 

II I. fiI 

II 

II II 

I I1 

I.  

10079-110-154:I 1iii11Hllkl . 1111 11 o'1 

I 7AP6 PERIOD'i~lli (sacnds) 

DAMPING ==5.0 

IL 

I Ii i 11 Iivlil"W I :l ,'T ! I 

.(1 .02ilF h I0 .0 .0 .0 .1 .2 W 4 .6 . 1 2 34% 
1ov - i! li-ikls'~l PER; illii l I I O (seconds)1 17AP61111 1 1Hl il U i HN ,:l



FREQUIENCY1(cycles per secnd 

1(0 50 25 10 5 2 1 .5 

Sd = 10 T2Sa 

Sd - DISPLACEMENT RESPONSE (INCHES) SNOOR 
d i-11 1 NUCLEAR GENERATING STATION 

T *-PERIOD (SEC.) I IIt UNITS 2 & 3 

So *ACCELERATION RESPONSE (g9's) 

DAMPING VALUESIt 

AS PERCENT OF CRITICAL 1 11iIN OPERATING BASIS EARTHQUAKE 

HORIZONTAL ACCELERATION RESPONSE 

11WIIIII~iiiiiSPECTRA PARALLEL TO HOT LEG 

111W~iIIIIIIIPRESSURIZER SHEAR KEY SUPPORT 

tifl~tt~ffimn- 1111if il , I II ILFigure 3. 7A-40 

DAMPING =0.5% 

6 DAMPING =1.0%/ 

5, I ! i !1 I iI . fW l 

il 11 ! ! 1 ' 1 1 11 1I I 1 f l l I W i l 
11111ill ~~ D MP G11 =:d 2.0%W~ll, it111.  

if ~~ I I I .i i l II 

10079-11D155 PERIOD (scods 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

S = 10 T2 S0 

Sd = DISPLACEMENT RESPONSE (INCHES) SNOOR SAN ON0FRE 
NUCLEAR GENERATING STATION 

T -*PERIOD(SEC.)1fil I UNITS 2 & 3 
S-ACCELERATION RESPONSE (g's) IIII 

DAMPING VALUES I IllJl 
AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
SPECTRA PERPENDICULAR TO HOT LEG 
REACTOR VESSEL COLUMN SUPPORT 

Figure 3.7A-41 
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A I = 1 .0 
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FREQUENCY (cycles per second) 

10 0 50 25 10 5 2 1 .5 .  

Sd = 10 T2 Sa IIIIIW 

S ' DISPLACEMENT RESPONSE (INCHES) SNOOR 
d NUCLEAR GENERATING STATION 

T - PERIOD (SEC.)UNT2&3 

S.= ACCELERATION RESPONSE (gi's)11111111111 

DAMPING VALUES 
AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

1111HORIZONTAL ACCELERATION RESPONSE 

I! i iiWil~liliIIIIII,111iiii!,SPECTRA PERPENDICULAR TO HOT LEG 

11111B~llREACTOR VESSEL COLUMN SUPPORT 

.1:1 ! IllFigure 3. 7A-42 

1 1 1 1 111 1,11 11I 

OIiI~f !III~l III 

DAMP NG:I =il . %~II l 
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1
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11 oar - I I-, PE I (seconds) fl l!!ll ~ Jl 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

Sd - 10T2 S a I II I IIII II 

sd - DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T *PERIOD (SEC.) IUNITS 2 & 3 
So =-ACCELERATION RESPONSE (ig's) 

ASPECNT OFLUES CRITICAL OPERATING BASIS EARTHQUAKE 
HORIZONTAL ACCELERATION RESPONSE 
SPECTRA PERPENDICULAR TO HOT LEG 

REACTOR VESSEL BASE SHEAR KEY 

Figure 3.7A-43 

I I 
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FREQU ENCY (cycle per secnd) 

10 0 50 25 10 5 2 1 .5 .2 

Sd =10T2 So IIIH l ........  

sd*- DISPLACEMENT RESPONSE (INCHES) ......... SAN ON0FRE 
............ NUCLEAR GENERATING STATION 

T - PERIOD (SEC.)UNT2&3 

S. - ACCELERATION RESPONSE (g's) 

DAMPING VALUES 
AS PERCENT OF CRITICAL 

.......OPERATING BASIS EARTHQUAKE 

HORIZONTAL ACCELERATION RESPONSE 

------- SPECTRA PERPENDICULAR TO HOT LEG 

[Jil Ill III I IREACTOR VESSEL NOZZLE RESTRAINTS 

IIII fil .....Figure 3. 7A-44 

!i E IIIIIII I I I II 

I iP I11 
I i1 11 ITI IIH II 111~ l I I II II H il~ l IT 

5 !1!1 Hi l 1 v . I i o .  
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FREOUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd =10T2 S a 

sd - DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.)UNT2&3 UNITS 2 & 3 

Sa *ACCELERATION RESPONSE (g's 

DAMPING VALUES 
AS PERCENT OF CRITICAL IHl i A E ROPERATING BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
SPECTRA PERPENDICULAR TO HOT LEG 

STEAM GENERATOR BASE SUPPORT 

Figure 3.7A-45 
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FREQUENCY (cyclies per second) 

10 0 50 25 10 5 2 1 .5 .2 

Sd =10T2 S, 

Sd - DISPLACEMENT RESPONSE (INCHES) . ....... SAN ON0FRE 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) II1 11 11 ....... UNITS 2 & 3 

Se - ACCELERATION RESPONSE (g's) .....  

DAMPIAG VALUES 
AS PERCENT OF CRITICAL I 

. 111 1111 OPERATING BASIS EARTHQUAKE 
I [il illlllifi - I III )11111 111HORIZONTAL ACCELERATION RESPONSE 

IIIIIIII I1IM1111111ll !II~l JllSPECTRA PERPENDICULAR TO HOT LEG 
111WE~ta ISTEAM GENERATOR BASE SUPPORT 

11MULL-1.1. I IIIFigure 3. 7A-46 

DAM iG = f 1.0% I 0 11 
4 ; IIi it 1 11 1 l : IIIIU ! iI l! 1 i ! ' 1 1 11 ' 

IT 1 III iiiiI i T 
2~ Jili i II T 1 :: !11 
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FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

S d -10T2 S .1111111 

sd * DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) 1UNITS 2 & 3 
S -ACCELERATION RESPONSE (g's)111 11111 

DAMPING VALUES 
AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

HORIZONTAL ACCELERATION 
RESPONSE SPECTRA PERPENDICULAR 

TO HOT LEG STEAM GENERATOR 
SHEAR KEY SUPPORT 

Figure 3.7A-47 

IT it . ; ii i 
I I I 

H ! I!I I I I .  

j i i i I I: Is *1 ]W 1**1,;** -~ll 1 

I' 
I I 

III 
*7 IIIII~iT I11 il 

l- Il.1 i 1 .1 1 3I P i I I iih l sI j 

DAMPING .5%I 

I~~~ HiI;::I U dl 

1 ii 

8 I us ~DAMPINGI , 

7 DAMPING = 1.0% 

III 

DAMPING= .0% , 

5 

2 I 

I0: .02 .0f;0 .0 .0 . .2N .3.4kil .6 8I 2 3 451lil I 
1009-I ID-i 62; PE IO (Icn s 

I .2P 

I~~~~ ~ ~ 1| !IHI~i:1 

j Ij llllI7 7 t " i M I 1 I I I I 1. II I I I I, I;: 1h I 

.{~ ~ 1II .0 .3 04 .0 .8 1 .2l .4 .6 .8 12; 

snon-11D-16211 PEIO (seconds) 
1 7 A P6:!



FREQUENCY (cycles per second) 

1(0 50 25 10 5 2 1 .5 .2 

Sd = 10T T2Sa 11 illii 

Sd= DISPLACEMENT RESPONSE (INCHES) 1111M SAN ON0FRE 
I I tll INUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNT 2 &il 3 

S. ACCELERATION RESPONSE (lg's) 

DAMPING VALUES I tl ll W 

ASI PERCENT O CRITICA OPERATING BASIS EARTHQUAKE 
ll~l.li11I IIililifilI lll II Ii1 .11: 1,111,1lll VERTICAL ACCELERATION RESPONSE 

i I ;I ii'li ii;I UNIPl~li~hii IllSPECTRA PERPENDICULAR TO HOT LEGI 
I II i I il !i:W 11 Ihi IF 1 il 1 !1; 1ii I 1.1 11 11 i IRCP BASE SUPPORT 

(11111i~ilillFigure 3.7A-18 

I L 

4

DAMPING = 5.0 
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FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

S = DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

UNITS 2 & 3 

AS PERCENT OF CFITICAL1 111111 
I t OPERATING BASIS EARTHQUAKE 

--- HORIZONTAL ACCELERATION RESPONSE 
SPECTRA PERPENDICULAR TO HOT LEG 

RCP LOWER HORIZONTAL SUPPORT 

Figure 3. 7A-49 

17 t K 

3/ IV. PI.1G..7% 

- t 
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10079t 1ID-164 PERIOD (seconds) 
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FREOUENCY (cycles per second) 

100. 50 25 10 5 2 1 .5 .2 

S = 10 T 2 S 

d NUCLE SAN ON FRE S DISPLACEMENT RESPONSE (INCHES) 
d. NUCLEAR GENERATING STATION 

T = PERIOD (SEC.) UNITS 2 & 3 
S = ACCELERATION RESPONSE (g's) 

a .  

DAMPING VALUES 
AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

IiI ... HORIZONTAL ACCELERATION RESPONSE 
.. ..... ..... ...SPECTRA PERPENDICULAR TO HOT LEG 

RCP UPPER HORIZONTAL SUPPORT 

Figure 3.7A-50 
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FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd= 10 T2 S 

Sd.= DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T = PERIOD (SEC.) 
ji UNITS 2 & 3 

S. ACCELERATION RESPONSE (g's) 

DAMPING VALUES 
AS PERCENT OF CRIT"ICAL 

OPERATING BASIS EARTHQUAKE 
TTt,-4.-fJTTTE - HORIZONTAL ACCELERATION RESPONSE 

. .SPECTRA PERPENDICULAR TO HOT LEG 
RCP SNUBBER SUPPORT 

Figure 3.7A-51 
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6 Ti 
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FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd = 10 T2 Sa IIIIII 

Sd=- DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNITS 2 & 3 
Sa - ACCELERATION RESPONSE (gs) 

DAMPING VALUES 
OPERATING BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
U, 1-T-SPECTRA PERPENDICULAR TO HOT LEG 

PRESSURIZER BASE SUPPORT 

Figure 3. 7A-52 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

Sd = 10T2Sa 5d "'a 

Sd = DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNITS2&3 

S -ACCELERATION RESPONSE (g's) 

DAMPING VALUES 

AS PE RCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

HORIZONTAL ACCELERATION RESPONSE 
SPECTRA PERPENDICULAR TO HOT LEG 

PRESSURIZER BASE SUPPORT 

Figure 3.7A-53 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

S 10 T2 a-

=SAN ON0FRE 
S = DISPLACEMENT RESPONSE (INCHES) SAN 

d- -NUCLEAR GENERATING STATION 
T =PERIOD(SEC.) UNITS2 &3 

S = ACCELERATION RESPONSE ig's) 
a 

DAMPING VALUES 
AS PERCENT OF CRITICAL .OPERATING BASIS EARTHQUAKE 

.. ................... HORIZONTAL ACCELERATION RESPONSE 

SPECTRA PERPENDICULAR TO HOT LEG 
PRESSURIZER SHEAR KEY SUPPORT 

Figure 3.7A-54 

7
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FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

S= 10T 2 So 

=Sd DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 

PERIOD (SEC.) NUCLEAR GENERATING STATION 
UNITS 2 & 3 

S -ACCELERATION RESPONSE (g's) 

aa 

DAMPING VALUES 

S PDESIGN BASIS EARTHQUAKE 
VERTICAL ACCELERATION RESPONSE 

SPECTRA FOR CONTAINMENT 
INTERIOR STRUCTURE BASEMAT 

Figure 3. 7A-55 
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FREQUENCY (cycles oar second) 

100 50 25 10 5 2 1 .5 .2 

Sd - 107T Sa 

DISPLACEMENT RESPONSE (INCHES) tSAN ONOFRE 
s * DP E T SNUCLEAR GENERATING STATION 

T .PERIOD (SEC.) -UNITS 2 & 3 

Sa -ACCELERATION RESPONSE (g's) 4++4 
DAMPING VALUES 

DESIGN BASIS EARTHQUAKE 

HORIZONTAL ACCELERATION RESPONSE 

SPECTRA FOR CONTAINMENT 
INTERIOR STRUCTURE BASEMAT 

Figure 3.7A-56 
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FREQUltENCY (cysleepw-mcn 
100 50 25 10 5 2 1 .5 .  

% - IWLCEMNT ESPOSE IN~ES)SAN ONOFRE 
NUCLEAR GENERATING STATION 

T -PEIOD (EC.)UNITS 2 & 3 

VETCLACCELERATION RESPONSE s 

DINTERIO STRUCTUREl 
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FREQUENCY (cycles per second) 

1(0 50 25 10 5 2 1 .5 .2 

Sd =10T2 Sa!I IITi: 

S DISPLACEMENT RESPONSE (INCHES) NUCLEAR GEONOFRE 
d NULEARGENERATING STATION 

T = PERIOD (SEC.) UNITS 2 & 3 

S.= ACCELERATION RESPONSE (g's) 

'Ui 9 

a 

DAMPING VALUES 
AS PRCEN OF RITCAL 41 1 1 DESIGN BASIS EARTHQUAKE 

HORIZONTAL ACCELERATION.RESPONSE 
H SPECTRA FOR CONTAINMENT 

If,! 2. T INTERIOR STRUCTURE 

ELEVATION 63'-6" 

14 

13 

12 
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FREQUENCY (eyue per agad 
14 50 25 10 5 2 1 .5 

Sd* 10T2 Sa 

Sd * DISPLACEMENT RESPONSE(INCHES) 211SAN ONOFRE 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) 1UNITS 2 & 3 
S -ACCELERATION RESPONSE (g's 

DAMPING VALIJES lIIiI 

AS PERCENT OF CRITICAL DESIGN BASIS EARTHQUAKE 
VERTICAL ACCELERATION RESPONSE 

SPECTRA FOR CONTAINMENT 
I I f1,INTERIOR STRUCTURE 

ELEVATION 80'-6" 

I Figure 3.7A-59 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .  
II 

Sd - 10 T2 soWl7T 
SAN ONOFRE 

s= DISPLACEMENT RESPONSE (INCHES) NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3 

5. *ACCELERATION RESPONSE (g's)III 

DAMPING VALUES DESIGN BASIS EARTHQUAKE 
HORIZONTAL ACCELERATION RESPONSE 

SPECTRA FOR CONTAINMENT 
I LINTERIOR STRUCTURE 

ELEVATION 80'-6" 

15 ifFigure 3. 7A-60 
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FREQUENCY (cycles per second) 

100 50 25 10. 5 2 1 .5 .2 

S =10T2 S d a 
SAN ONOFRE Sd - DISPLACEMENT RESPONSE (INCHES) NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNITS 2 & 3 

S -ACCELERATION RESPONSE (g's) 
8 

DAMPING VALUES 
AS PERCENT OF CRITICAL DESIGN BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 

SPECTRA FOR CONTAINMENT 
EXTERIOR SHELL BASEMAT 

Figure 3.7A-61 
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FREQUENCY (cycles per secnd) 

1 0 50 25 10 5 2 1 .5 .  

Sld = 10 T2 So-II 
!11 

Sld=- DISPLACEMENT RESPONSE (INCHES) IIIIIl SAN ON0FRE 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3W 

Sa *ACCELERATION RESPONSE 19's) 

DAMPING VALUES 
ASI PECN OF CRITICAL 

AS.PRCET OFCRIICAL1 Ii:: I I DESIGN BASIS EARTHQUAKE 

HORIZONTAL ACCELERATION RESPONSE 

i;: iljI~li:I!IIl W;SPECTRA FOR CONTAINMENT 

EXTERIOR SHELL BASEMAT 

Figure 3. 7A-62 
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FREQUENCY (eyde per sead) 

00 50 25 10 5 2 1 .5 .2 

s .1 Ts 

SAN ONOFRE 
... SNUCLEAR GENERATING STATION 

T - PERmOo Isc.) UNITS 2 & 3 

Sll *ACCELERATION RESPONSE (g's) 

DAMPING VALUES 
AS PERCENT OF CRITICAL , DESIGN BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
SPECTRA FOR CONTAINMENT 

EXTERIOR SHELL 
ELEVATION 177'-6" 

Figure 3.7A-63 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5.2 

Sd =10T2 Sa 

sd ' DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3 

S. ACCELERATION RESPONSE (g's) 

DAMPING VALUES 
AS PERCENT OF CRITICAL DESIGN BASIS EARTHQUAKE 

HORIZONTAL ACCELERATION RESPONSE 
SPECTRA FOR CONTAINMENT 

EXTERIOR SHELL 
ELEVATION 177'-6" 

DAMPING =0.5%0 
Figure 3.7A-64 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 
2 

Sd = 10T Sa 

S - DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3 

S -ACCELERATION RESPONSE Ig's) 

DAMPING VALUES 
AS PERCENT OF CRITICAL + OPERATING BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
SPECTRA FOR CONTAINMENT 

INTERIOR STRUCTURE BASEMAT 

Figure 3.7A-65 
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FREQUENCY (cycles per secnd) 

100 50 25 10 5 2 1 .5 .  

Sd = 10 T 2Sa 
SANONFR 

S " DISPLACEMENT RESPONSE (INCHES) SNOOR 
d NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) IL I 'liI11UNITS 2 & 3 

S =ACCELERATION RESPONSE (g's) 
a l i l 

D AMPING VALUES
AS PRCEN OFCRITC1LOPERATING BASIS EARTHQUAKE 

Ill! Il''T11HORIZONTAL ACCELERATION RESPOINSE 

SPECTRA FOR CONTAINMENT 

!! . , INTE RIOR STRUCTURE BASEMAtT 

7 Figure 3.7A-66 
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FREQUENCY (cydes per msed) 

100 50 2510 5 2 1 .5 .  

d so I I H 

SAN ONOFRE 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3 
5S. ACCELERATION RESPONSE Igis) I ~i 

F , I I  

DAMPING VALUES 
AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
SPECTRA FOR CONTAINMENT 

INTERIOR STRUCTURE 
ELEVATION 63'-6" 

Figure 3.7A-67 
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FREQUENCY (icycles per second 

10 0 50 25 10 5 2 1 .5 .2 

Sd * 10 T2 SoH H 1111ti 

Sd -DISLACEENTRESPNSE(INCES)SAN ON0FRE 
sd -DISLACEENTRESPNSE(INCES)NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) j ILUUNITS 2 & 3 

S. ACCELERATION RESPONSE (g's) 

DAMPING VALUES 
AS PRCEN OFCRITCALOPERATING BASIS EARTHQUAKE 

HORIZONTAL ACCELERATION RESPONSE 

SPECTRA FOR CONTAINMENT 

INTERIOR STRUCTURE 

ELEVATION 63'-6" 

MITIi 11111fli I I IFigure 3. 7A-68 
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FREQUENCY (cyd per med 
100 50 25 10- 5 2 1 .5 

S = -10T2 Sa 

S- DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE I INUCLEAR GENERATING STATION 
T -PERIOD (SEC.) UNITS2&3 

S -ACCELERATION RESPONSE (g's) a 

DAMPING VALUES I 
AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

II VERTICAL ACCELERATION RESPONSE 
SPECTRA FOR CONTAINMENT 

INTERIOR STRUCTURE 
ELEVATION 80'-6" 

Figure 3.7A-69.  
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

S =10T2 S d a 
SAN ONOFRE 

S -DISPLACEMENT RESPONSE (INCHES) III;ijWI1UISNO O R 
1 1NUCLEAR GENERATING STATION 

T =PERIOD (SEC.) 11 1UNITS 2 & 3 

S. *ACCELERATION RESPONSE (g's) 

DAMPING VALUES 
AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

HORIZONTAL ACCELERATION RESPONSE 

SPECTRA FOR CONTAINMENT 
INTERIOR STRUCTURE 

ELEVATION 80'-6" 

likl illV, I1 1Figure 3. 7A-70 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

Sd = 10 T 2S Sa I M 

S DISPLACEMENT RESPONSE(INCHES) SAN ONOFRE 
1NUCLEAR GENERATING STATION 

T. - PERIOD (ISEC.) 1 UNITS 2 &3 
Sa ACCELERATION RESPONSE (g's) 

DAMPING VALUES l 

A R O TOPERATING BASIS EARTHQUAKE 

I i I VERTICAL ACCELERATION RESPONSE 

SPECTRA FOR CONTAINMENT 
EXTERIOR SHELL BASEMAT 

Figure 3.7A-71 
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FREQUENCY (cycles per second) 

100 50 25 10 6 2 1 .5 .2 

Sd = 10 T2 Sa 
II I I 

Sd - DISPLACEMENT RESPONSE (INCHES) .. SAN ON0FRE 
............ NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS...2..&.3 

S, -ACCELERATION RESPONSE (g'sl) 

DAMPING VALUES IIIIiI0 

AS PERCENT OF CRITICAL fill I IOPERATING BASIS EARTHQUAKE 
I [f f IIIIIIIHHORIZONTAL ACCELERATION RESPONSE 

IIIIIIIiIIi ;IIII1MIIWA~lilill SPECTRA FOR CONTAINMENT 

IIII!I!:JIII~iiII H!EXTERIOR SHELL BASEMAT 

ImIIIIIIIIIIIII ifWAII hlid I I 11Figure *3.7A-72 
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FREQUENCY (eydes pr neod) 

IO 50 2s 10 5 2 1 .5 .  

Sd 101 S 

- . DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T... .. EROD(Sc. UNITS 2 & 3 

S -ACCELERATION RESPONSE (g's) 

DAMPING VALUES 111 111.Hl 

AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 
VERTICAL ACCELERATION RESPONSE 

SPECTRA FOR CONTAINMENT 
EXTERIOR SHELL 

ELEVATION 177'-6" 

I 11W~ltFigure 3.7A-73 
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FREQUENCY (cycles per second) 

10 0 50 25 10 .5 2 1 .5 .  

S d = 10T T2 S 

sd DISPLACEMENT RESPONSE (INCHES) SNO0R 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3 

S. ACCELERATION RESPONSE (g's) 11 ~l~i 

DAMPING VALUES OPERATING BASIS EARTHQUAKE 

AS PERCENT OF CRITICAL HORIZONTAL ACCELERATION RESPONSE 

16 SPECTRA FOR CONTAINMENT 

_4 EXTERIOR SHELL 
DMPING =5.0% n 1: 1 1; i I'sELEVATION 177 -6" 

15 i l11 1 i 1 
Figure 3. 7A-74 
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FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

sd =loi 2 
S 

S = DISPLACEMENT RESPONSE (INCHES) SAN ON0FRE 
d I NUCLEAR GENERATING STATION 

W T = PERIOD (SEC.) UNITS 2 & 3 
Sa -ACCELERATION RESPONSE (g's) 

DAMPING VALUES 
AS PERCENT OF CRITICAL DESIGN BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
SPECTRA AT NODE 1 
ELEVATION 9'-0" 

OF AUXILIARY BUILDING 

Figure 3.7A-75 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 
, I I; I 

S = 10T2 S, 
d a ISAN ONOFRE 

Sd- DISPLACEMENT RESPONSE (INCHES) NUCLEAR GENERATING STATION 
T .PERIOD (SEC.) !UNITS 2 & 3 

Sa -ACCELERATION RESPONSE (gs) IJl 

DAMPING VALUES 
AS PERCENT OF CRITICALEARTHQUAKE 

HORIZONTAL ACCELERATION RESPONSE 
SPECTRA AT NODE 1 

ELEVATION 9'-O" Ih 

OF AUXILIARY BUILDING 

DAMPING =0.5% T 
14 

12 

DAMPING = 2.0% 

0I 
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FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd = 10T T2 Sa- I l . 1 ;;11 

sd - DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) lUNITS 2 & 3 
Sa *ACCELERATION RESPONSi (t's) 

DAMPING VIALUES i WF ! 
AS PERCENT" OF CRITICAL DESIGN BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
SPECTRA AT NODE 12 
ELEVATION 85'-0" 

OF AUXILIARY BUILDING 

Figure 3.7A-77 
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FREQUENC' !cydes per second) 
100 50 25 10 5 2 1 .5 .2 

S d - 10 T2 Sa 
SAN ONOFRE 

Sd - DISPLACEMENT RESPONSE (INCHES) SNOOR 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3 

S. ACCELERATION RESPONSE 1g's) 

DAMPING VALUES DESIGN BASIS EARTHQUAKE 
AS PERCENT OF CRITICAL 

20 HORIZONTAL ACCELERATION RESPONSE 
SPECTRA AT NODE 12 
ELEVATION 85'-0" 

OF AUXILIARY BUILDING 

Ij~ l llil1, i i~i'!I II !:I IFigure 3.7A-78 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

S = 10T
2 S 

d a 

S - DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
d I NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3 

S -ACCELERATION RESPONSE (g's) 

,DAMPING VALUES 

AS PERCENT OF CRITICAL . OPERATING BASIS EARTHQUAKE 
VERTICAL ACCELERATION RESPONSE 

SPECTRA AT NODE 1 
ELEVATION 9'-0" 

OF AUXILIARY BUILDING 

Figure 3.7A-79 

7

*:i( 6-;[ 
-i 

DAMPING =.0% 

-- Zr 

II 

cc .I 

DAMPING =.0% 

-T -r 

2 *

III 

I . I a i 1 l li l 1 1 i s h ! I a 

.5 0 0 0 0 C ..4 .6 . .  

107911 -1 
19 A P 

j* 

202 Ti.0 1o1 o. 1.U2 hi3 .4 6 .1



FRIQUENCY (cycles per second) 

1(O 50 25 10 5 2 1 .5 .2 

Sd = 10T T2 Sa114 Il,1! 

SAN ON0FRE 
Sd -DSLCMNREPNEOCEINUCLEAR GENERATING STATION 

T - PERIOD (ISEC.) UNITS 2 & 3 

S =ACCELERATION RESPONSE (g's)h! h 
a : 1 : 

DAMPING VALUES 
AS PERCENT OF CRITICAL OEAING BASIS EARTHQUAKE 

i 11 1,3itHOPIZONTAL ACCELERATION RESPONSE 

SPECTRA AT NODE 1 

;!,V 'iELEVATION 9'-0" 
OF AUXILIARY BUILDING 

Figure 3. 7A-80 

it .4I I 

5 DAMPING= 10% 

4 

UI IL 

DAMPING.= 5.0% 

.0 1 02 .3 .0 .06 .08 . .2 .3 .4 . .1 27 

soon~~~~~~_ - sssP O scns 

1 9 A P6



FREQUENCY (cycles per scond 
it00 50 25 10 5 2 1 .5 .2 

Sd * 10T2 SM 111111 

sd * DISPLACEMENT RESPONSE (INCHES) SAN ON0FRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNITS 2 & 3 

So -ACCELERATION RESPONSE 1g's) 111 

DAMPING VALUES 
AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

FPRTTCAT ACCELERATION RESPONSE 

SPECTRA AT NODE 12 

.1Ilid illlill ,1 11 1-l,1011ii 11 1;ELEVATION 85'-0" 
;I!!!I!~im!111101,ll I: I liI~i;OF AUXILIARY BUILDING 

Figure 3. 7A-81 

8*! i llW l -! H 

DAMPil11INGl = 0.5 

4

3 -N 

NAM G = .0%0 

2 

n ~ ~ ~ i i n ;,aii 
.01 02 .3 .4 .0 .0 .1 2 3 .4 . .8 1 2 4 

soo~~s-sDo-see PEI.0eons 
19AP



FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd- 10T 2 Sa 
. ...... SAN ON0FRE 

S - DISPLACEMENT RESPONSE (INCHES) 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNITS 2 & 3 

S- ACCELERATION RESPONSE (g's) 

DAMPING VALUES 
AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

10. h HORIZONTAL ACCELERATION RESPONSE 

DAMPING=0.5% SPECTRA AT NODE 12 
ELEVATION 85'-0" 

I OF AUXILIARY BUILDING ' Figure 3.7A-82 

7*7 

6

DAPING =1.0%.  

DAMPING =2.0% 

3

2-" 

0.-L0 

.01 .02 2 .4 .6 .8 1 2 3 4 5 

10079-11 D-197 PERIOD (seconds) 
19AP6



FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

S = 10T
2 

S 

S d= DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 

T -PERIOD (SEC.) q NUCLEAR GENERATING STATION 
UNITS 2 & 3 

Sa -ACCELERATION RESPONSE (g's) 1T 

DAMPING VALUES 
AS PERCENT OF CRITICAL DESIGN BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
SPECTRA AT NODE 12A 

ELEVATION 85'-0" OF CENTRAL 
CONTROL AREA AUXILIARY BUILDING 

Figure 3.7A-83 

1 2 

10A

DAMPING 1.5% 

12-::![: 

U II 

DAMPING =250% 
Ij 

2

II 

44 

D A PING .O .2 3.41 .6 . 1 2 I 
I I V i I I I . h I 

7 .t 

III I IL 

AM I G 5.00 

02o03-. .98.. ERIOD.seconds) 
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FREQUENCY (cycles per second) 

i100 50 25 10 5 2 1 .5 .  

S d= 10T2 S 

da 

sd -DISLACEENTRESPNSE(INCES)NUCLEAR GENERATING STATION 
T - PERIOD (SEC.) UNITSI~II 2 0 

S. ACCELERATION RESPONSE (g's) 

DAMPING VALUES 
AS PRCEN OFCRITCALOPERATING BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
SPECTRA AT NODE 12A 

i!! W i ELEVATION 85'-0" OF CENTRAL 

Tz CONTROL AREA AUXILIARY BUILDING 
I-DAMPING =0.5% 

:111;111: 1 1I~l"'M 11 i!Figure 3. 7A-84 

8- Ff:!i 

44

n~~ I , I s 

0079-117 I D-9TPROD(ecns 

19AP61



FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

Sd = 10T a 

sd = DISPLACEMENT RESPONSE (INCHES) ISAN ONOFRE 
NUCLEAR GENERATING STATION 

T =PERIOD (SEC.) IUNITS 2 & 3 
S.= ACCELERATION RESPONSE (g's) 

DAMPING VA LUES 
AS PERCENT OF CRITICAL DESIGN BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
SPECTRA AT NODE 1 

ELEVATION 17'-6" OF 
FUEL HANDLING BUILDING 

Figure 3.7A-85 

V1' H T 1III IIIII iH i :1 

FR I I 

It I 

I I''..lV, 
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6 DAMPING 20 

- T II .: Il TIl1 

5 I IF! 
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6DAMPING .00/0 

SII III 

!!iI lN Iid 1 I ' 11i i ! 

2 

@11 

;1 .02 .03 .04 .06 .08 .1 .2 I3 .6 .81 2 34 

10oo9-I t-t. PERIOD (seconds) 
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FREQUENCYlayclesper arm 

100 50 25 10 5 2' 1 .5 .2 

Sd - 10 T2 
. ...... III 

so 

Sd - DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNITS 2 & 3 

S. ACCELERATION RESPONSE 119's) 

DAMPING VALUES 
AS PERCENT OF CRITICAL DESIGN BASIS EARTHQUAKE 

11,11111111111111111i'll lit I ILilllllllillllllll;ill I I III I 11:11iIIIIJI1111H HORIZONTAL ACCELERATION RESPONSE 

I IW I Ilk lill I I I I I It I SPECTRA AT NODE 1 
I I l l i Iil!l!l IIIIE i! _T I I I I i 1! 1 Ill 
I Ill, I I MW ! hlliml Ili I 111111TIHT'l it I':111 I I I ! I iiii!1!1I WWII ELEVATION 17'-6" OF 

! 1 1 H i iiiiii ;w Ilill 111 111 IF I I ! I I I I i ; I I! 111: lilli'A 
i I I I ilillYl It iffliIIIIIIIIIIU111111" I I I I I i .111VIIIIIIIIIIIII FUEL HANDLING BUILDING 

I I I I I I I I 11! i W W ! it III! I 1111ill[A Ill fl; I I I I 

Figure 3.7A-86 
I I I W il [Ili flit W IN 11 I! I 

I'lliIIIIIII!ll I U lIF IT 1l!l!i!1! lilUA I I I ! i l l W 1! .11:.! 
iij T 1!I1k I h il1:dI1h!III.I 1 1 11H P I'! J 1 U V : i ill I i ''I.:, TiT id 

:41 

I i IL ! 111 111,11 1 1 1 1 1 1 i I I ;;:1 1 1; 'ill P ; i i 

I w 

i ;j !Ill lit; I I 1 1 ! ; ; 1 !illl Ill 

i N il Iii I I I I i 1 1 1 1 11 

i 1 1 i t i i: il; It 
-1 Hit dill 1 !;1 

it! Ili. lit. I I F i! 

I fl il I 

4-
z 1 14 fill !F. I I 1 1! 1 

0 
10 

DAMPING 0.,5% i:; j!" i o;; 
ATA ''IT! 

IC Tilll 
ul 
.j I t iiiii: 

;dl U il 9 ! I I i : I !! I 1 11, 11.ii 1!l lit 1 1 hill ;11111 1 N JU! 

km 

4-- W, i i; 1: 

;il: IIA I A i 

8 :it i 1.- 1 1 11 ilA 

T 
-T T T 11! 1 F 

1: T I I A !'DAMPING 1.0. A 7 ll :;Ill l"T i1C , 1 1!, ;A 
Tj lit 

IF lill 'it! 
1 

It I.. L 

4 
hli ;i i'l IiIA P111111, I 1 11 M il lih :1;iii i:;l - I _ 16 

44 .1. : 1:1! i,.i 1 41. ; 
l1i I m! F i; I It 1 1 1!: !Il, 1.1111 ii 1 i H Ill i:, I 

lit 
I I 1 1 1 W il 11 W it 111111 i li 1, ii j: 

1011 1 1 ?a;;! i i 
i 4 i4or Ft'll I ;ii :1 

5 DAMPING 2 I i I 

lit 

dl:;: 1 T :T IIIIJ 1: W : k :1II;A Il;II!Iii llilk rlf% i 
Ji I Li 

Ml.  

DAMPING 5.  
I I 11:111:iili l 11111W E tillA IIII V i'l r% ill I I% : :;l 

Tit I W : IiIiii'lP il 11 
i!iT .lill Ill 111M 

I k A: !I I . Ill 1, WiViiii 1 11 AilAA Iftilii 

2 i; W ! I W 11 1:: 11 i: 1 1 1 1111 1 
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FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd - 10T2 Sa 

sd= DISPLACEMENT RESPONSE (INCHES) 1SAN ONOFRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) ifUNITS 2 & 3 
Sil -ACCELERATION RESPONSE (g's 

DAMPING VALUES 
AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

IT VERTICAL ACCELERATION RESPONSE 
SPECTRA AT NODE 1 

DAMPING = 0.5% I ilili 
ELEVATION 17'-6" OF 

FUEL HANDLING BUILDING 

Figure 3.7A-87 

7 

Idl F ,:I 
I T 

6 I II 

I DAMPING =1.0% 
I i 

-I I V 11 

1;1 H I I ik lh A 
-I J Il Ill 

5 

- I 

DAMPING =.0% 

Ii i I I 

-7 

.61 ~~~ .02 .0 .0 .03 .08 .1. 4 .6 .  

k I I I 1, I 
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-1 D -20 2 02 I. 0 0 P E R IO D s e1 2 4 c 
19 AP6



FREQUENCY (cycles per second) 

1(0 50 25 . 10 5 2 1 .5 .  

2 
Sd = 10 T2 Sa 

dSd DISPLACEMENT RESPONSE (INCHES) 
SAN ON0FRE 

I -L-4I II!Jil NUCLEAR GENERATING STATION 
ill HIUNITS 2 & 3 

S -ACCELERATION RESPONSE (g's) 

DAMPING VALUES 
AS PERCENT OF CRITICAL ttOPERATING BASIS EARTHQUAKE 

1.1 L :iHORIZONTAL ACCELERATION RESPONSE 

SPCRA AT NODE 1 

rr ELEVATION 17'-6" OF 

FUEL HANDLING BUILDING 

Figure 3.7A-88 

DAMPIN G = 1.% 
4 

IT DAMPING 2.0 

DAMING =I 5 0% 

2 

ti~~ I I II 

._j0 0 0 0 0 1 2 3 . 6 .  

Laeaoa ER0 scns ;hSAP!G



FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

S =10 T
2 Sa d S.a 1 lll:il 

sd= DISPLACEMENT RESPONSE (INCHES) - SAN ONOFRE 
NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) UNITS 2 & 3 
S. ACCELERATION RESPONSE (g's) 

DAMPING VALUESI=1 
AS PERCENT OF CRITICAL ' i .,DESIGN BASIS EARTHQUAKE 

1! 1,1 Ni Ul1 1 11 IVERTICAL ACCELERATION RESPONSE 
IT SPECTRA AT NODE 6 

IT*. ELEVATION 114'-O" OF 

!I::!, FUEL HANDLING BUILDING 

Figure 3. 7A-89 

I TI I 

. . . . . . . . . . . . . . . . . . . . . . ....  
DAAMIIN VAU.  

o - - - r- 5%

10 - -~: 

9FUELHANDLIIDAMPINGG% w 

Fj .  
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- DAMPIN=O/ 0 0. 5%; 

6 HI ! I F T 
1 1 
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10t 

5 DAMPING =50 10 

II 

4 1.1 Fi F.  
D M I = .  

6 I I i I ;' 

F~~ W F'l i I ' F F 1F I 5I 
I 

D A FI = 5 0 

I' IF' FF F IF I II F 'F I 2 

1%l 
1 11 ''' I' Fi Uh l F T l; l i 1714 

II 

.01 .02 .3.04 .06 .08 .1 .2 3.4 .6 .8 1 2 3 45 

10079-1ID-204 PERIOD(seconds) 
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FREQUENCY (cycles per second) 

100 50 25 10 5 21 .5 .2 

Sd = a0T 

sd * DISPLAC9MENT RESPONSE (INCHES) SAN ON0FRE 
IWiI1;II~l NUCLEAR GENERATING STATION 

T - PERIOD (SEC.) hIiiIHII UNITS 2 & 3 
s *ACCELERATION RESPONSE (g's) 

8II 

DAMPING VALUES -:11 
AS PERCENT OF CRITICAL DESIGN BASIS EARTHQUAKE 

32 HORIZONTAT ACCELERATION RESPONSE 
T. 1 11SPECTRA AT NODE 6 

ELEVATION 114'-0" OF 
30 'DAMPING =0.5% FUEL HANDLING BUILDING 

Figure 3. 7A-90 

26 

DAMPING =1.0%0 
24 

.. 22 

20 

Uj 18 
-IDAMPING 2.0%, 

16 

14 

I: !1;; 1 

12 

DAMPING =5.0%0kil 

10 't11 

8 

6 

0 - 1 1 
.01 ~ ~~~ .0 0 .4 .6 .0 1. . .4 . .1 2 314 

19APG



FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd- 10T 2 S 

S- DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNITS 2 & 3 
S -ACCELERATION RESPONSE (g's) a 

DAMPING VALUES 
DMPECNG OFACR L OPERATING BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 

SPECTRA AT NODE 6 
ELEVATION 114'-0" OF 

I III 1 I II li 1FUEL HANDLING BUILDING 

I oFigure 3.7A-91 

IL 

6 .  DAMPING= 0%0 
I-Lr 

5 DAMPING =20 

4 I 

47 

4 DAMPING =2.0% 

2 

II I 

II.  

0 I. II I ii i 

3 IH 

20 .0I0 0 .6 .8 . .2 3 .4 . .8 12 

10079- 1-206 

19AP6



FREQUENCY (cycles per second) 

10 0 50 25 10 5 2 .1 .5 .'2 

Sd - 10 T2 S 

sd - DISPLACEMENT RESPONSE (INCHES) SAN ON0FRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNITS 2 & 3 i 

S. *ACCELERATION RESPONSE (g's) 

DAMPING VALUES lililil 

AS PERCENT OF CRITICAL OPERATING BASIS EARTHQUAKE 

HORIZONTAL ACCELERATION RESPONSE 

SPECRA T NDE 6 

IIII Ill [fil! !.! lliiIIIIIIIIIELEVATION 114'-0" OF 

DAMPN -50 FUEL HANDLING BUILDING 

18 IlutII1 l IFigure 3. 7A-92 

16 ADAMPING 1.0 % T' 

14 

< 12 

LU 4DAMPING =2.% 

i t ; II 

2 II 

II4- " I; AiI 
.6 02 .3 0 03.8 1.2 . 4 6 .812 

107-1-0 PEIO4seons 
19AP6



FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd -10 T2S 

Sd=- DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) 11UNITS 2 & 3 
VTAACCELERATION RESPONSE (gs)PO 

DAMPING VALUES 
AS PERCENT OF CRITICAL I IDESIGN BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 

SPECTRA AT ELEVATION -15'-6" OF 

TO OBTAIN OPERATING BASIS SAFETY EQUIPMENT BUILDING 

EARTHQUAKE RESPONSE ACCELERATION, (SAFETY INJECTION AREA) 

MULTIPLY BY 0.60Fiue37A9 

I- ~I I 

141 

WIj ~ t!J! i 11 TII11 1 1 I 

J___ I I i'i I I : : 

hi J 

DAMPING =.%H 

cc II 

12 

DAMPING=20% .

10II. .. 4 
DAMPING =5.0% I_ 

8! i I 

6 

2 p 

0 
0 1 1 1 , i Ii n, ii IV ill :l 

.01 .02 .03 .04 .06:.08 .1 .2 .3.4 .6 .8 1 2 3 45 

0oo9-I 1W0-208 PERIOD (seconds) 
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FREQUENCY (cycles per secnd) 

100 50 25 10 5 2 1 .5 .  

Sd = 10' T2 Sa1 111 
Sd = DISPLACEMENT RESPONSE (INCHES) 1 1 111 IIIIi;SAN ON0FRE 

NUCLEAR GENERATING STATION 
T - PERIOD (SEC.) UNITS 2 & 3 

S-=ACCELERATION RESPONSE (gs) 

DAMPING VALUES DESIGN BASIS EARTHQUAKE 
AS PERCENT OF CRITICAL E-W HORIZONTAL ACCELERATION 

RESPONSE SPECTRA AT 
ELEVATION -15'-6" OF 

TO OBTAIN OPERATING BASIS i 
Ill !IISAFETY EQUIPM1ENT BUILDING 

EARTHQUAKE RESPONSE ACCELERATION, SFT NETO RA 
MULTIPLY BY 0 .55 III! 

Figure 3. 7A-94 

[ TII 

1 1 I171 

DAMPING =i1.0% 
101 ih~V! 

I lI 

4 

2L 4t J ' j ~ : 111 l - 1 

.01t .0J0 0 0 0 1 2 3 . 6 .  

10079-1iD-2091 PERIOD (seconds) 
til9APSli ! I



FREQUENCY (cyces per second) 

100 50 25 .10 5 2 1 .5 .2 

Sd = 10 T2 Sa .fi 

HIH I I...SAN ONOFRE Sd = DISPLACEMENT RESPONSE (INCHES) SAN0lNFR 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) .. UNITS 2 & 3 
So -ACCELERATION RESPONSE 119's) ....  

DAMPING VALUES DESIGN BASIS EARTHQUAKE 
AS PERCENT OF CRITICAL N-S HORIZONTAL ACCELERATION 

RESPONSE SPECTRA AT 
ELEVATION -15'-6" OF 

TO OBTAIN OPERATING BASIS SAFETY EQUIPMENT BUILDING 
EARTHQUAKE RESPONSE ACCELERATION,. (SAFETY INJECTION AREA) 
MULTIPLY BY 0.55 

Figure 3.7A-95 

I j 1 I I II I I I i 

I [ iI ii l , l I I l V I H V 6 ki ii 1111 1l I . IIIIII~l IT Il 11 111 1 

I' I 
: I 1< I1 

- II I I ilU 1111 il i U V ill. I 1I I 1I IlIII I ' A II~ 

I I 
IT 

I~~ ~ ~ F 1 IH 1! , 10 iil 111 . I I;IIAil 11 11 1 

-i 

16 I* 

DAMPING = 1.0% ..  

LFi; l A Ih i 1 111 A H 1 

14 I I :1I 

DAMPING5Ol I= 2.0%II 
121.2 

16 

14 

2! ; i 1 11 1 11 1 1 II I I I II I i I Ii H l 1 1 1 1 I i I I I : I i d l 1 1 ! I 

.011111i .02: .0 .0 .0 .0 .1 .2 .3 .4 .6 .W12 3 

s~~ Ioll: 1i D-1I1PRI D!seon s 
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FREQUENCY (cycles per ecnd 

10 0 50 25 10 5 2 1.5 .2 

2I 
S = 10T2 So 

Sd - DISPLACEMENT RESPONSE (INCHES) SNOOR 

I II II I IIIIIIIII NUCLEAR GENERATING STATION 
T - PERIOD (SEC.) IIJ l I 1L1111 UNITS 2 & 3 

S. ACCELERATION RESPONSE (g's) IIfl 

DAMPING VALUES 
AS PERCENT OF CRITICAL DSG AI ATQAE 

VERTICAL ACCELERATION RESPONSE.  

I!SPECTRA AT ELEVATION -5'-3 OF 

TO OTAI OPRATIG BSISSAFETY EQUIPMENT BUILDING 

EARTQUAE RSPOSE CCELRATON, hilill(COMPONENT COOLING AREA) 

MULTIPLY BY 0 .. 60 .60 Figure 3. 7A-96 

I lI 1 lp | m m ll ll Jl 11 1 1 1]IT 11|11 1 1 i 

W IT 1 IliIIIII I I Ii~ i !Il l W 1111111i1I I 
l il 1: 1 I i T T .11 

II i1 

i1I~ :A I;!II:.I;II U i':M W il I 

IT" IdN 
I11 1 1 ! , ; f ; 1 

16IIIIIi DAMPIN = 1.0% 

12 W I ii I If 
ii 1 1 T fI ll I[ I I ! 1III! F : 

0 , I I Ft 1 i ii i f 
.01 ~A .02 .03 .0 .06 .0ts .T 2 . 4 .6 .  

009-1D-2 I . PE IO (seconds) 
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FREQUENCY (cycles per second) 
100 50 25 10 5 2 1 .5 .2 

Sd =10T2 Sa Il!T! 

S -DISPLACEMENTRESPONSE(INCHES SAN ONOFRE 
NUCLEAR GENERATING STATION 

T PERIOD(SEC.) [illUNITS 2 & 3 
S =ACCELERATION RESPONSE (Il's) J a 

DAMPING VALUES DESIGN BASIS EARTHQUAKE 
AS PERCENT OF CRITICAL E-W HORIZONTAL ACCELERATION 

RESPONSE SPECTRA AT 
ELEVATION -5'-3" OF 

TO OBTAIN OPERATING BASIS 
SAFETY EQUIPMENT BUILDING 

EARTHQUAKE RESPONSE ACCELERATIONC 
il cl (COMPONENT COOLING AREA) 

MULTIPLY BY 0.55 
Figure 3.7A-97 

I I I 

I' 

I w 

If 

I II if 4 

I I f 

* . , DAMPING =0.5% & DAMPING= 1.0% 
iDAMPING= %li 

DAMPING5 

.01D.02 I.03 5.0 .0 .0 .1 .2,. 6 .  

1oo7s- I I-212 PERIOD scd 

19AP6



FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2.  
2I 

Sd - 10T2 sa 
SAN ON0FRE S ' DISPLACEMENT RESPONSE (INCHES) llfiill SNO FR 

NUCLEAR GENERATING STATION 
T -*PERIOD(SEC.) UNITS2&3 

Sa-ACCELERATION RESPONSE 11g'S) 

DAMPING VALUES DESIGN BASIS EARTHQUAKE 

AS PERCENT OF CRITICAL N-S HORIZONTAL ACCELERATION 
RESPONSE SPECTRA AT 
ELEVATION -5'-3" OF 

TO OBTAIN OPERATING BASIS SAFETY EQUIPMENT BUILDING 
EARTHQUAKE RESPONSE ACCELERATION, (COMPONENT COOLING AREA) 
MULTIPLY BY 0.55 "f 

+ Figure 3.7A-98 

Ut 

li111H I II l l i l 1 

-II 

.cc .2 .34 0.61.D G = 1. 0 

15 

DAMPING = 0%' 

10H 

DAM II . %j dl i ; ' il1.1 
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FREQUENCY (cycles per second) 
100 50 26 10 5 2 1 .5 .2 

S = 10 T2S d a ,, 

S= DISPLACEMENT RESPONSE (INCHES)1 SAN ONOFRE 
T PEROD (EC.)NUCLEAR GENERATING STATION 

T PERIOD (SEC) &3 

S -ACCELERATION RESPONSE (gs) 

DAMPING VALUES I 

AS PERCENT OF CRITICAL DESIGN BASIS EARTHQUAKE 

VERTICAL ACCELERATION RESPONSE 
SPECTRA AT ELEVATION +50'-6" OF 

TO OBTAIN OPERATING BASIS 
-SAFETY EQUIPMENT BUILDING 

EARTHQUAKE RESPONSE ACCELERATION, 
MULTIPLY BY 0.60 Figure 3.7A-99 

..:. ... ..  
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.01 .02 .03 .04 .06 .06 .1 2 ..4 .6 .81 2 4 

1oo7e-11D-214 PERIOD (sconds) 
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FREQUENCY (cycles per second) 

100 50 25 10 5 2 1 .5 .2 

Sd = 10 T2 S 

sd - DISPLACEMENT RESPONSE (INCHES) SAN ONOFRE 
NUCLEAR GENERATING STATION 

T -PERIOD (SEC.) UNITSi2l 3 
Sa -ACCELERATION RESPONSE (gs) 

DAMPING VALUES 
AS PERCENT OF CRITICAL H DESIGN BASIS EARTHQUAKE 

E-W HORIZONTAL ACCELERATION 
RESPONSE SPECTRA AT 

TO OBTAIN OPERATING BASIS ELEVATION +50'-6" OF 

EARTHQUAKE RESPONSE ACCELERATION, SAFETY EQUIPMENT BUILDING 

MULTIPLY BY 0 .55 Fiur 3.l 7Ai10 

I I !II I I r 

200 

100.79-110-215f t I PI O I (secondIs)1::i I I 
15 A DA ING =P5.0% 
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SEISMIC ANALYSIS OF PIPING SYSTEMS 

3.7B.1 INTRODUCTION 

In the event of a seismic occurrence near the San Onofre 2&3 power plant, 
the integrity of certain piping systems within the plant must be ensured.  
To that end, specific systems are classified as Seismic Category I and are 
analyzed to withstand the earthquake specified for the plant site.  

Piping classified as Seismic Category I is designed to withstand levels of 
loading imposed by two hypothetical earthquakes: the design basis earth
quake (DBE) and the operational basis earthquake (OBE). The criteria for 
each are delineated in this appendix.  

Seismic Category I piping systems are those required to retain their 
integrity in the event of a DBE. These systems are necessary to: 

A. Ensure the integrity of the reactor coolant pressure boundary 

B. Shut down the reactor, and maintain it in a safe shutdown condition 

C. Prevent or mitigate the consequences of accidents that could result 

in potential offsite exposures comparable to the guideline exposures 
of 10CFR100.  

Analysis of buried piping is described in RC-TOP-4, section 6.  

Section 3.7B.7 contains a cross reference of this appendix and the appli
cable sections of NRC "Standard Format and Content of Safety Analysis 
Reports for Nuclear Power Plants," October 1972.  

Terms in the various equations given in the text are not assigned units for 
reasons of simplicity.  

3.7B.2 ANALYTICAL TECHNIQUES 

3.7B.2.1 SUMMARY 

Piping may be generally classified according to the dynamic response of the 
system. Systems are considered rigid if they are supported and restrained 
so as to cause the first mode of vibration to occur in the rigid range of 
the response spectrum curve (see paragraph 3.7B.2.2 for definition). All 
other piping is considered flexible. General guidelines can be .stated which.  
relate pipe diameter to analytical technique.  
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3.7B.2.2 RIGID PIPING 

The rigid range of the response spectrum curve is loosely defined as that 

portion in which there is no significant change in spectral acceleration 

with increasing frequencies (-see point "A" on figure 3.7B-1). If piping 

is supported and restrained so that the first mode of vibration occurs in 

this range, it is classified as rigid.  

Rigid piping systems are analyzed with static equivalent loads correspond

ing to the acceleration in the rigid range of the response spectrum curves 

for the applicable floor elevations. Both.horizontal and vertical static 

equivalent loads are applied to the rigid piping systems. The response of 

the component for two horizontal and one vertical directions are combined 

on a square root of the sum of squares (SRSS) basis. The stresses are 

then computed in accordance with "ASME Boiler and Pressure Vessel Code Sec

tion III - Nuclear Power Plant Components," hereafter referred to as ASME 

Section III. The rigid range is dependent on building response and as such 

will be determined on a case basis. The rigid range floor spectrum typi

cally begins between 20 to 33 Hz.  

Classification of a specific piping system may be made in either of the 

following ways: 

A. Restraints may be located such that no span between rigid restraints 

exceeds the length of a simply supported beam with a rigid range 

frequency. In addition, restraints are located at changes in 

direction, concentrated masses, and extended masses.  

B. A dynamic analysis may be run to obtain the mode shapes of the 

piping system. If the first mode frequency is found to be in the 

rigid range, the system can be assumed rigid.  

3.7B.2.3 FLEXIBLE PIPING 

Piping that cannot be classified as rigid by the method defined above is 

assumed to be flexible and the analytical technique incorporates consider

ation of pipe natural frequencies in addition to the fundamental frequency.  

3.7B.2.3.1 Dynamic Analysis 

The dynamic analysis of flexible piping systems is performed using the 

response spectrum method. A flexible piping system is idealized as a mathe

matical model consisting of lumped masses connected by massless elastic 

members. The lumped masses are carefully located so as to adequately rep

resent the dynamic and elastic properties of the piping system (.see sec

tion 3.7B.3.2). The three-dimensional stiffness matrix of the mathematical 
model is determined by the direct stiffness method. Axial, shear, flexural, 
and torsional deformations of each member are included. For curved members 

a decreased stiffness is used in accordance with ASME Section III. The 

mass matrix is also calculated.  
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After the stiffness and mass matrix of the mathematical model are 
calculated, the natural frequencies of piping system and corresponding mode 
shapes are determined using the following equation: 

K W= 0 (2-1.) 

where 

K = stiffness matrix 

W = natural circular frequency for the nth mode n 

M = mass matrix 

= mode shape matrix for the nth mode 

0 = zero matrix.  

The Givens or the Jacobi method is used in the solution of the above equa
tion. The mode shapesare normalized as follows: 

n1 (2-2) 

A generalized mass matrix is calculated, and should correspond to: 

=I (.2-3) 

where 

= matrix of mode shapes 

= transpose of p 

I= identity matrix.  

If any one of the off diagonal terms in the generation of the left hand 
side of equation (2-3) is greater than 1 x 10-4, the problem is aborted.  
This occurs when poor or improper modeling of the piping system exists.  
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The response spectrum method is then used.to find the maximum response of 
each mode: 

t M D Sa 
-nn 

Y (t) 2 (2-4) 
n max 2 

n n 

where 

San = spectral acceleration value for the nth mode 

D = earthquake vector matrix, used to introduce earthquake direction 
to the response analysis 

t 
= transpose of the nth mode shape 

Mn = generalized mass of the nth mode; equals one by equation (2-2) 
n 

Y = generalized coordinate for the nth mode.  
n 

Using the maximum generalized coordinate for each mode, the maximum dis
placements associated with each mode are calculated: 

V = 6n Yn (t)max (2-5) 

Once the appropriate maximum modal displacements have been determined for 
each mass point, the effective inertia forces for each mode are computed: 

0 = K V (.2-6) 

where 

Q = effective inertia force matrix due to nth mode 

V = displacement matrix due to nth mode.  

The effective acceleration for each mode is calculated: 

a = M 0 (2-7) 
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where 

a = effective acceleration matrix due to nth mode 
n 

M-1 = the inverse of mass matrix.  

After the effective inertia forces have been determined, the internal forces 
and moments for each mode are also calculated: 

S = b Q (2-8) 

where 

S = internal force and moment matrix due to the nth mode 
-n 

b = force transformation matrix.  

The modal stresses are then calculated from the modal internal forces and 
moments in accordance with ASME Section III. The analysis is made three 
times: once for the vertical direction, and once for each of the two 
principal horizontal directions of the building. The method of combining 
the modal responses (i.e., displacements, effective inertia forces, 
effective accelerations, internal forces and moments, support reactions and 
stresses) and the responses due to three (one vertical and two horizontal) 
directions is described in section 3.7B.5.  

3.7B.2.3.2 Equivalent Dynamic Analysis 

As differentiated from the dynamic analysis described in paragraph 3.7B.2.3.1, 
which produces a unique analysis for each piping system, this approach 
results in charts and tables for each site showing span lengths and 
restraint forces for pipes at various building elevations.  

Since the technique uses a modified response spectrum curve, the method 
uses the same title.  

3.7B.2.3.2.1 Modified Spectrum Method 

A piping system may be considered seismically acceptable in accordance with 
ASME Section III, if it can be divided into a series of spans. These spans 
are limited by guides: two mutual perpendicular restraints normal to the 
pipe at each change of direction, at all concentrated masses (e.g., valves), 
at all extended masses, at each tee, and at a maximum spacing on straight 
runs of piping determined by dynamic calculations based on a modified 
spectrum curve.  
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The spectrum curve for a particular building elevation is modified so that 
the flexible side of the peak of the curve remains constant at the peak 
spectral acceleration for decreasing frequencies (see figure 3.7B-1).  

If a dynamic analysis were performed using the above spectrum, the results 

would, by inspection, be conservative. The fundamental frequency of the 

piping system, supported as stated above, is greater-than-or-equal-to the 

fundamental frequency of a simply supported .beam of maximum seismic span 
which is calculated as follows (see section 3.7B.10): 

f = TF (2 Q-9) 
2 4 

mL 

where 

f = fundamental frequency 

E = modulus of elasticity 

I = moment of inertia 

m = mass per unit length 

L = maximum seismic span (maximum distance between two seismic guides).  

The justification of this approach., as well as a study demonstrating con

servatism by comparing results of this approach with a dynamic analysis of 

a typical piping system, is presented in section 3.7B.10.  

The following is a description of the development of the modified spectrum 
method.  

The circular frequency of a simply supported beam is calculated: 

Wn = (n El (2-10) 

where W = natural circular frequency for the nth mode.  
n 

The response spectrum method is then used to find the maximum response of 

each mode: 

4mSa 2 1 

V 2n- = 2 ' V = 0 (2-11) 
Tr (2n-1) W 2n- 2n 
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where 

San = spectral acceleration value of the modified spectrum curve for 
the nth mode 

V = maximum displacement (at midspan) due to nth mode n 

n = 1,2,3 ... etc.  

The maximum internal moment (at mid span) and the maximum restraint force 
(at the support) are determined: 

2 
4mL Sa 1 

M 3 M =0 (2-12) 
2n-l T3 3 2n 

Tr (2n-1) 

4mL Sa 2 1 
R =R 0 (2-13) 
2n-1 2 2 ' 2n 

TE (2n-1) 

where 

M = maximum internal moment (at mid-span) due to the nth mode n 

Rn = maximum restraint force (at the support) due to the nth mode.  

The modal displacements, the modal internal moments and restraint forces 
are combined by the square root of the sum of squares (SRSS) method.  

From the nature of the modified spectrum curve, the spectral acceleration 
for the first mode is always the largest value of the spectral accelerations 
of any mode. The first mode frequency for a given span is calculated and 
the resultant spectral acceleration is obtained. This maximum acceleration 
is then applied to all higher modes giving conservative results. The vari
ables in equations (2-11), (2-12), and (2-13) can then be eliminated and 
the equations reduced to: 

I 0.0131 mL Sa 
El 

M = 0.1291 mL 2Sa C2-15) 

R ='0.8164 mLSa (2-16) 

3.7B-7



San Onofre 2&3 FSAR 

APPENDIX 3.7B 

where 

Sa = spectral acceleration of modified spectrum curve corresponds to 

the fundamental frequency of the maximum seismic.span 

V = maximum displacement 

M = maximum internal moment 

R = maximum restraint force.  

The analysis is made for two horizontal and one vertical excitation. The 

horizontal and vertical responses are then combined on the SRSS basis.  

3.7B.2.3.2.2 Sample Chart and Table for Modified Spectrum Method 

A sample chart and table for the modified spectrum method is given in 

table 3.7B-1.  

Table 3.7B-1 
SAMPLE CHART AND TABLE FOR MODIFIED SPECTRUM METHOD 

REACTOR BUILDING 

Pipe 
Size Below Below Below 
(in.) El 195'-O" El 165'-0" El 135'-0" 

4'-6" 4'-9"1 5'-0" Span 
1/2 

5.0 lb 5.0 lb 4.5 lb Load/support 

5'-0" 5'-6" 5'-6" Span 
3/4 

8.0 lb 7.0 lb 7.0 lb Load/support 

6'-0" 6'-6"1 6'-9" Span 
1 

9.0 lb 8.0 lb 8.0 lb Load/support 

7'-0" 7'-3"1 7'-6" Span 

1-1/2 
20.0 lb 20 lb 18 lb Load/support 

9'-0" 9'-6" 10'-0" Span 
2 

50 lb 55 lb 58 lb Load/support 
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3.7B.2.4 DAMPING RATIO 

The damping ratio (percentage of critical.damping) of piping systems employed 
in design and analysis is shown in figure 3.7B-2. The term, working 
stress, as used in defining the abscissa of figure 3.7B-2 is interpreted 
as the combined stress due to operating conditions and the respective 
seismic condition (OBE or DBE). The damping ratios are more conservative 
than those of Regulatory Guide 1.61.  

3.7B.2.5 GENERAL GUIDELINES 

Although it is difficult to categorize which analytical classification a 
specific piping system fits, certain generalizations can be made.  

The major part of the larger diameter piping systems is analyzed using a 
full dynamic analysis. This is especially true where process fluid temper
atures are high. This also applies to small-diameter high-temperature sys
tems. For piping <2-inch diameter, wherein socket weld fittings are used, 
seismic acceptability was determined using modified spectrum methods. In 
these small piping systems, a curve derived from dynamic analysis has been 
used to determine equivalent straight spans for corner sections.  

This distinction is necessary since the.inherent conservatism in the other 
approaches described herein requires the addition of large numbers of 
restraints. The restraints could restrict normal thermal expansion. There
fore, a dynamic analysis is performed and snubbers are added as required.  

Rigid-range piping techniquesare typically reserved for instrumentation 
and some small-diameter piping. As previously stated, many conditions 
affect the selection of the appropriate technique. For example, a large-
diameter cold operating system may be given a rigorous dynamic analysis to 
reduce the number of restraints required if the system is located so that 
installation of the restraints would be difficult.  

3.7B.3 MODELING TECHNIQUES FOR DYNAMIC ANALYSIS 

3.7B.3.1 SUMMARY ' 

If a dynamic analysis is used to predict the actual response of a piping 
system to the specified forcing function, the dynamic model must adequately 
represent the system. This representation includes correct mass point 
selection to represent all significant modes, selection of the proper 
response spectrum curves, and proper location of anchors to separate Seismic 
Category I from non-Seismic Category I.piping systems.  

3.7B.3.2 SELECTION OF MASS POINTS 

When a dynamic analysis is performed, a piping system is idealized as a 
mathematical model consisting of lumped masses connected by elastic mem
bers. The elastic members are given the properties of the piping system 
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being analyzed. The lumped masses are carefully located to adequately 
represent the dynamic and elastic properties of the piping system. A 

lumped mass is located at the beginning and end of every elbow, valve, at 

the extended valve operator, and at the intersection of every tee. On 

straight runs, lumped masses are located at spacings no greater than the 

span length corresponding to 33 Hz. A mass point is located at every 

extended mass to account for torsional effects on the piping system. (The 

valve purchase specifications require the extended top works to have a 

fundamental frequency on the rigid side of the response spectrum curve.) 
In addition, the increased stiffness and mass of valves is considered in 

the modeling of a piping system.  

3.7B.3.3 SELECTION OF SPECTRUM CURVES 

In selecting the spectrum curve to be used for dynamic analysis of a par

ticular piping system, a curve is chosen which will most closely describe 

the accelerations existing at the end points and restraints of the system.  

For a piping system spanning a large elevation difference within one struc

ture, the worst single floor response spectrum is used as input to all 

supports. In cases of piping systems which go between different structures, 

a single response spectrum enveloping all spectral acceleration values is 

used.  

3.7B.3.4 INTERFACE OF SEISMIC CATEGORY I AND OTHER PIPING SYSTEMS 

In certain instances, Seismic Category I piping may be connected to non

Seismic Category I piping at locations other than a piece of equipment, 

which, for purposes of analysis, could be considered an anchor. These 

transition points typically occur at Seismic Category I valves. Since a 

dynamic analysis must be modeled from pipe anchor point to anchor point, 

two options exist: 

A. Specify a structural anchor at the Seismic Category I valve and 

analyze the Category I system; or if impractical to design an 
anchor: 

B. Analyze the system from the anchor point in the Seismic Category I 

system through the valve and to the first anchor point in the non

Seismic system.  

Where small, non-Seismic Category I piping is directly attached to Seismic 

Category I piping, its effect on the Seismic Category I piping is accounted 

for by lumping a portion of its mass with the Seismic Category I piping at 

the point of attachment.  

0 
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3.7B.4 EFFECT OF DIFFERENTIAL BUILDING MOVEMENTS 

3.7B.4.1 SUMMARY 

In most cases, piping systems are anchored and restrained to floors and 
walls of buildings that may have differential movements during a seismic 
event. These may range from insignificant differential displacements 
between rigid walls of a common building at low elevations to relatively 
large displacements between separate buildings at a high seismicity site.  

3.7B.4.2 EFFECT ON PIPING STRESSES 

Differential end-point or restraint deflections cause forces and moments 
to be induced into the piping system. The stress thus produced is a 
secondary stress. It is justifiable to place this stress, which results 
from restraint of free end displacement of the piping system, in the 
secondary stress category because the stresses are self-limiting, and when 
the stresses exceed yield strength, minor distortions or deformations 
within the piping system, satisfy the condition which caused the stress to 
occur.  

This contribution of the earthquake produces a stress exhibiting properties 
much like a thermal expansion stress; and as such, a static analysis may 
be used to obtain actual stresses. The differential displacements are 
obtained from the dynamic analysis of the building. These displacements 
are applied to the piping anchors and restraints corresponding to the 
maximum differential displacements which could occur. The static analysis 
is made three times; once for one of the horizontal differential displace
ments, once for the other horizontal differential displacements, and once 
for the vertical.  

3.7B.5 MODAL AND DIRECTIONAL RESPONSES COMBINATION 

3.7B.5.1 SUMMARY 

The basis for combining the modal responses (e.g., displacements, effective 
inertia forces and accelerations, internal forces and moments, support 
reactions, and stresses) as described in section 3.7B.2.3 is the square 
root of the sum of squares (SRSS). In order to obtain most conservative 
results, the three-directional (one vertical and two horizontal) responses 
obtained by the modal combination of each direction are then combined by 
the SRSS method.  

After the total internal moments, support reactions, and stresses are 
obtained by combining the modal and directional internal moments, support 
reactions, and stresses, they are then combined with other loadings (e.g., 
thermal, weight, and pressure) in accordance with ASME Section III.  
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3.7B.6 CYCLIC CRITERIA 

3.7B.6.1 SUMMARY 

The number of cycles for a given load set must be obtained in the fatigue 
evaluation of ASME Section III, Nuclear Class I Piping.  

3.7B.6.2 NUCLEAR CLASS I CYCLIC CRITERIA 

To calculate the number of cycles, the following procedure is employed: 
the rigid range frequency limit (20 cps) is multiplied by the duration of 
strong shaking for the OBE to determine an upper bound of the number of 
cycles for a single occurrence of the OBE.  

Two occurrences of the OBE are assumed over the plant life. The number of 
earthquake design cycles is equal to 40 times the duration (in seconds) of 
strong shaking for the OBE. The corresponding number of design cycles is 
given in the Design Specification.  

The DBE condition is used, however, in the calculation of primary stresses 
(NB-3656 ASME Section III).  

3.7B.7 COMPUTER CODES FOR SEISMIC ANALYSIS 

3.7B.7.1 SEISMIC ANALYSIS OF PIPING SYSTEMS - ME632 

The ME632 program, used in the seismic analysis of piping systems was 
developed by Bechtel International Corporation in San Francisco, California.  
Verification of computer program ME632 was performed after significant 
program changes. In the past, the verification was done by comparing 
results with an independent piping program used at EDS Nuclear, Incorporated.  
EDS Nuclear has verified computer program PISOLIA V. through benchmarks 
against STRESS (MIT, IBM) for stiffness computation, SAP (US Berkeley) and 
STARDYNE (CDC) for dynamic analyses and extensive hand calculations.  
Recently, verification was performed by using the ASME Pressure Vessel and 
Piping 1972 Computer Program benchmarks.  

3.7B.8 VERIFICATION OF SIMPLIFIED APPROACH 

3.7B.8.1 FUNDAMENTAL FREQUENCY 

The verification of the fundamental frequency of a piping system restrained 
as outlined in paragraph 3.7B.2.3.2.1 is greater-than-or-equal-to the fun, 
damental frequency of a beam with pin-connected ends (simply supported 
beam, SSB) of maximum seismic span (L).  

The fundamental frequency of a multi-equal-span continuous beam is equal 
to the fundamental frequency of an SSB of the single span length of the 
continuous beam (see reference 1). For a multi-unequal-span continuous 
beam, the fundamental.frequency of the maximum span using SSB formula is 
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less than the fundamental frequency of the multi-unequal-span continuous 
beam. This can be easily proved by considering a three-span continuous 
beam. Suppose that the middle span is longer than two side spans: when 
the side spans are made smaller, the system approaches the fixed-fixed end 
case. Suppose that one of the side spans is the longest span: when the 
middle span is made smaller, the sytem is approaching the hinged-fixed 
end case. From the analytical results of a single span with various end 
conditions, it can be concluded that the SSB formula gives the smallest 
frequency value of the three cases (see references 1 and 2). The same 
argument can be applied to multi-span continuous beam. Therefore, the fun
damental frequency of a piping system restrained as described in para
graph 3.7B.2.3.2.1 is greater-than-or-equal-to the fundamental frequency.  
of an SSB of the maximum seismic span (L).  

3.7B.8.2 EVALUATION OF CALCULATION METHODS 

The modified spectrum method is conservative for piping supported in accor
dance with paragraph 3.7B.2.3.2.1.  

As developed in section 3.7B.10.1, the SSB results in a lower frequency than 
either the fixed-fixed end or the fixed-hinged end.  

Owing to the characteristics of the modified spectrum curve (see fig
ure 3.7B-1), the span with the lowest fundamental frequency will always 
have a spectral acceleration equal-to-or-greater-than spans with higher 
frequencies.  

It can be demonstrated by the same techniques as used in para
graph 3.7B.2.3.2.1 that both the fixed-fixed end and fixed-hinged end cases 

result in a lower dynamic response than for the SSB.  

Dynamic analyses were done for five, six, and seven equal-span beams, and 
in all cases the stresses resulting were smaller than those obtained when 

the simple beam formula is used.  

See section 3.7B.10.3 for a comparison with a dynamic analysis.  

3.7B.8.3 COMPARISON OF RESULTS OF DYNAMIC ANALYSIS AND MODIFIED 
SPECTRUM METHOD FOR A TYPICAL PROBLEM 

A piping system (see figure 3.7B-3) has been analyzed through the dynamic 
analysis using response spectrum method (see figure 3.7B-4 for the response 
spectrum curve). The following results have shown that the modified 
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spectrum method described in paragraph 3.7B.2.3.2.1 yields a very 
conservative result: 

Dynamic Modified Spectrum Method 
Analysis (Section 2.3.2.2) 

Fundamental frequency (Hz) 11.05 6.47 

Maximum stress (lb/in. ) 1300.00 5703.00 

Maximum displacement (in.). 0.05 0.438 

Maximum reaction (1b) 16.00 22.00 

This typical example analyzed through both dynamic analysis and modified 
spectrum method (see figure 3.7R--2) has: 

No. of degrees of freedom = 112 

No. of modes considered in dynamic analysis 20 

Least significant period = 0.03 sec.  
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DEVELOPMENT OF SOIL-STRUCTURE INTERACTION 
PARAMETERS, PROPOSED UNITS 2 AND 3 

SAN ONOFRE GENERATING STATION 
SAN ONOFRE, CALIFORNIA 

1.0 INTRODUCTION 

1.1 Scope 

As part of the geotechnical studies for the proposed expan

sion of the San Onofre Nuclear Generating Station (SONGS) for 

Units 2 and 3, this report presents the results of field testing 

and analyses used to develop soil-structure interaction para

meters. The field tests were initiated to both confirm the 

laboratory-derived modulus and damping parameters and set the 

rules by which those parameters should be used in evaluating 

soil-structure interaction. The need for this extensive effort 

is realized when considering the requirements to supply soil

structure interaction parameters for state-of-the-art level 

structures analyses. These analyses are required to design 

the Seismic Category 1 structures to withstand the large Design 

Basis Earthquake CDBE) motions. The SONGS 2 and 3 Category 1 

structures exhibit unusual shape and inertia characteristics 

for which there is no precedence available in the literature 

or design experience.  

The present study can be separated into three basic areas 

to indicate the specific items considered in detail. These 

items are listed below: 

0 field tests - slab response 
R-wave 
attenuation 

. lab tests - modulus and damping parameters from previous 

studies 
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Analytical studies with field and laboratory test results 
as basic data to develop 5 aspects of soil-structure inter
action 

- spring constants and modulus values 
- dampings (hysteretic and spatial) 
- structural sliding 
- most critical instantaneous displacement profile for 
structural design and interaction between structures 

- consideration of lateral stresses on structural walls 

1.2 Organization of Report 

The field and laboratory investigations including reference 

to previous, parallel work pertinent to this study are described 

in Section 2. Section 3 describes the five aspects of soil

structure interaction considered; Section 4 presents the general 

soil-structure interaction parameters developed for the SONGS 

2 and 3 site. Finally, Section 5 summarizes final review pro

cedures of how parameters are utilized.  

The necessary back-up data for the sections described above 

are assembled in the appendices, as follows: 

Appendix A Slab Response Tests 

Appendix B Rayleigh Wave Tests 

Appendix C Attenuation Tests 

Appendix D Evaluation of Damping 

Appendix E Evaluation of Spring Constant 

Appendix F Evaluation of Stresses on Walls 

Appendix G Evaluation of Structure Sliding 

Appendix H Evaluation of Critical Instantan
eous Displacement Profile 

2.0 LABORATORY AND FIELD TESTING 

The data upon which the analyses reported here are based 

were derived from both laboratory and field testing. Because 
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all Category 1 structures are to be founded on San Mateo Forma

tion Sand, all tests were limited to that material. The labora

tory testing was reported in a previous study (Ref. 4) on modulus 

and damping parameters. The field tests, including slab response 

measurements were conducted at the site (Fig. 1) and are pre

sented in this report. The.paragraphs which follow discuss 

both the laboratory and field testing.  

2.1 Laboratory Testing 

The results of tests performed to develop strain-dependent 

modulus and damping parameters are presented in the 14 October 

1971 report entitled, Elastic and Damping Properties, Laydown 

Area, San Onofre Nuclear Generating Station (Ref. 4). The data 

presented in that report resulted.in the development of the 

strain-dependent modulus and damping curves presented in Fig. 2.  

O These relationships were verified by the field attenuation and 

Rayleigh-wave tests described below and were used in the detailed 

analyses of the slab response tests.  

2.2 Field Testing 

2.2.1 General 

All field tests were performed in the Unit 1 laydown 

area as located on the Site Plan, Fig. 1, due to the flat 

working area and easy access to the exposed native San 

Mateo Sand material. Testing was completed between 5 and 

12 September 1972, and included a series of three types 

of tests: slab-response tests, Rayleigh-wave tests, and 

attenuation tests. These tests are described in detail 

below.  
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2.2.2 Slab-Response Tests 

The slab-response tests were conducted by setting 

five concrete slabs of different size, shape, and embed

ment configurations into transient motion and measuring 

the intensity and the decay of the response motion. The 

test slabs ranged from 4 to 10 ft in diameter and 2 to 

5 ft in thickness. The sizes and shapes were chosen to 

evaluate the effects of geometry, scaling and embedment 

on response. Response measurements were made with velo

city-sensing geophones. A typical instrumentation layout 

is shown in the photograph in Fig. 3a. The slabs were 

set into transient motion by tensioning a cable and weak 

link with a crane or tractor until the weak link failed.  

The intensity of response was controlled by using weak 

links with tensile load capacities varying from 3 to 16 

kips as shown on Fig. 3b. Typical vertical and horizontal 

response tests using a crane and a tractor are indicated 

on Figs. 4a and 4b, respectively. For the 105 tests per

formed, response of the slabs generally ranged from accel

erations of 0.2 to 1.0 times the acceleration of gravity 

over a frequency range of 10 to 100 cycles per second, 

as indicated from peak response points plotted in Fig. 5.  

A description of the details of the slab response tests 

and the test results are presented in.Appendix A. Basically, 

the stiffness was evaluated by the response frequency, 

and the damping by the decay of the response motion.  
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2.2.3 Rayleigh-Wave Tests 

Rayleigh-wave traverses were performed in two mutually 

perpendicular, 5-ft deep and about 100-ft long trenches.  

These tests consisted of measuring the wave length of vibra

tory input motion at various frequencies. The Rayleigh

wave velocity was calculated from the measured wave length 

and input frequency and is essentially equal to shear-wave 

velocity. The measurements were carried out to verify 

earlier measurements of near-surface shear-wave velocity.  

and estimates of low-strain level shear modulus. The de

tails of Rayleigh-wave tests and the test results are pre

sented in Appendix B.  

2.2.4 Attenuation Tests 

An attenuation test was performed using a vibrating 

sheepsfoot roller as a source of vibratory energy and moni

toring the motion simultaneously at two distances from 

this source. These measurements yield the hysteretic damp

ing of the soil and were used to verify the laboratory

determined relationship between damping and strain. The 

details of this test and the test results are presented 

in Appendix C.  

3.0 DISCUSSION AND CONCLUSIONS 

The purpose of all testing completed during the present 

investigation was twofold: (1) to verify the previously deter

mined damping and modulus parameters; and (2) to develop the 

soil-structure interaction parameters. The paragraphs which 

follow discuss the verification and the development of the soil
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structure interaction parameters.  

3.1 Modulus and Damping Parameters 

The relationship between modulus and strain presented on 

Fig. 2 was developed from a combination of dynamic laboratory 

tests and field seismic tests. The verification of the low-strain 

level value of modulus near the ground surface was of primary 

concern in the present study. This was accomplished by the 

measurement of the Rayleigh-wave velocity described above 
and 

in Appendix B. Results of the test are presented in Appendix 
B.  

They indicate a range of Rayleigh-wave velocities 
between 850 

and 1200 fps, with a velocity of 930 fps as a.representative 

average for the near-surface (upper 15 ft) soils. This range 

in values is consistent with the shear-wave velocity used to 

develop the modulus curve on Fig. 2.  

The relationship between hystgretic damping and strain 

presented in Fig. 2 was developed entirely from 'dynamic 
labora

tory testing. The field verification of this relationship was 

done by performing attenuation tests in the field as described 

above and in Appendix C. A comparison of the field results 

to the laboratory determined curve, as presented in Appendix D, 

indicates good agreement between the two.  

3.2 Soil Damping and Spring Constant 

The development of soil damping and spring constant para

meters for structures was necessary for the response evaluation 

of structures at the SONGS 2 and 3 sites. These parameters 

were developed from a combination of the slab response tests 
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and the strain-dependent modulus and damping curves (Fig. 2) 

as discussed below.  

3.2.1 Soil Damping 

There are basically four tasks involved in the evalua

tion of soil damping: (1) determination of the manner 

in which to combine hysteretic and spatial damping; (2) 

evaluation of the effective radius of the foundation which 

depends on stress distribution; (3) evaluation of the effect 

of embedment of the foundation; and (4) evaluation of shape 

and scaling effects. The details of analyses of field 

data to evaluate these tasks are presented in Appendix D.  

In brief, it was found that for the soil conditions at 

the SONGS 2 and 3 site: (1) total damping could be deter

mined by adding the spatial and hysteretic damping algebra

ically; (2) an effective radius of about 60% of the actual 

radius Ecorresponds to parabolic stress distribution) 

could be utilized in the theoretical equations to deter

mine a conservative value of geometrical damping for the 

translational modes (horizontal and vertical) while.80% 

(corresponds to uniform stress distribution) could be used 

for .rotational modes (rocking and twisting); (3) the effects 

of embedment are negligible on the amount of damping; and 

(4) the effects of scaling and shapes (for regular shapes 

like square or circular) were negligible on the amount 

of damping.  

The general methods of obtaining damping are summarized 

on Fig. 6 with the general equations included in Table I.  
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It is noted that the strain for which the hysteretic damp

ing is calculated should be the seismic induced free-field 

strain for OBE and DBE analysis, as it would likely dominate 

over the local strains caused by response of the structure.  

This should be checked by the method to evaluate strain 

compatibility suggested in Section 4.2.  

3.2.2 Spring Constant 

There are basically four tasks involved in the evalua

tion of spring constants: (1) determination of the confine

ment to be used in the calculation of modulus; (2) evalua

tion of the effective radius (stress distribution); (3) 

evaluation of the effect of embedment; and (4) evaluation 

of the shape and scaling effects. Slab-response tests 

were carried out in the field to respond to these tasks.  

Details of analysis-of field data, obtained from these 

tests, to evaluate these tasks are presented in Appendix E.  

Task-l was answered by determining the shear modulus from 

the strain and confinement-dependent curve (Fig. 2), and 

then the other tasks were evaluated. If the results of 

the evaluation of task-2 were consistent with judgment, 

then the assumption could be considered reasonable. The 

evaluation of shear modulus for these tests was done by 

assuming the strain in the soil was accommodated within 

one radius below the test slab. Therefore, the strain 

was calculated as the measured response deflection divided 

by the radius of the foundation and the mean confinement 

was calculated at an average depth of one-half a radius 
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below the foundation as indicated in Fig. 7. Tasks-3 and 

* 4 were answered by field tests of slabs with different 

embedments and shapes. These.tests are also described 

in Appendix E. In summary, using the task-i assumption, 

it was found that: (1) the evaluation of effective radius 

leads to a correction factor on the theoretical equation 

consistent with uniform stress distribution (see Table I, 

factor CM); (2) the effect of embedment was significant 

as is indicated on Fig. 8 (correction indicated as C2); 

and (3) the effects of shape (for regular shapes) and 

scaling were negligible.  

The general equations for obtaining spring constants 

are presented in Table I. Also, included in Table I are 

specific equations for the containment model which was 

studied separately due to its complex base geometry. As 

in the case of damping, the strain to be used in the actual 

structure model should be equal to the seismic induced 

free-field strain for OBE and DBE analyses. This should 

be checked by the method suggested in Section 4.2.  

3.3 Lateral Pressures on Structure Walls 

Three basic pressures must be considered in the evaluation 

of seismic-induced stresses on structure walls: (1) active 

pressure acting on the side of the structure tending to move 

the structure away from the soil; (2) developed passive pressure 

acting on the opposite side of the structure (due to inertial 

loads) tending to move the structure into the soil; and (3) 

pressures due to the proximity of adjacent structures. The 
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details of analyses to determine these stresses are presented 

in Appendix F. A summary of the method of evaluation is pre

sented in Table II with a schematic diagram indicating the 

effects *of the proximity of the adjacent structures presented 

on Fig. 9. Because all sides of the structure could be subjected 

to both passive and active pressures, all walls should be designed 

for whichever analysis yields the highest pressure for each 

wall element as indicated on Table II.  

3.4 Evaluation of Structural Sliding 

During a large earthquake the horizontal forces developed 

due to inertial loads from large structures with shallow embed

ments may be significant and tend to cause structural sliding.  

The geometry of the Auxiliary Building makes it the most critical 

Category 1 structure from this standpoint. Therefore, a dynamic 

finite-element program was utilized to evaluate this problem 

by constructing the element mesh with very thin elements just 

below the structure and calculating a time-history of the ratio 

of the shear and normal stresses in that soil just below the 

structure to compare with the available frictional resistance.  

A series of cases were calculated considering various factors 

as summarized on Table III. The details of the analysis and 

the results of all cases are presented in Appendix G. The most 

critical case as indicated on Table III is reported as Fig. 10.  

For this case the stress ratio is always less than the avail

able frictional resistance (2/3 tan 4) of 0.59; therefore, we 

conclude that the Auxiliary Building is safe against sliding 

for DBE-induced loading.  
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Based on the results of the analyses performed for the 

various cases summarized in Table III, several general conclusions 

can be drawn: 

1. The phase relationship between the horizontal and 
vertical motion does not appear to influence sliding 
appreciably.  

2. Inclusion of rotational inertia does not increase 
the sliding potential.  

3. Sliding forces are largest at the center of the slab 
and decrease toward the edges.  

4. The most critical combination of conditions involves 
a surface slab (i.e., no embedment) subjected to a 
combination of horizontal and vertical base motions.  

3.5 Evaluation of Critical Instantaneous Displacement 

Profile 

For structures with unusual geometry or small anticipated 

inertial loading the use of a seismic instantaneous displace

ment may be critical for design. The critical instantaneous 

displacement profile (CIDP) is defined as the deflected shape 

that the structure would assume at an instant during the earth

quake which would cause maximum stresses in structural elements.  

The determination of the CIDP is made using a travelling shear 

wave finite-element computer program and evaluating the displace

ment profile along the base of structural elements in the finite

element mesh at every instant in time. The critical profile 

is found using maximum slope change across the profile (maximum 

bending) as a criterion. The details of the procedure are pre

sented in Appendix H. An example of results is presented for 

the Intake Conduit in Fig. 11.  
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4.0 SUMMARY OF SOIL-STRUCTURE INTERACTION PARAMETERS 

Interaction parameters for both static and dynamic analyses 

are summarized in the paragraphs which follow.  

4.1 Parameters for Dynamic Analyses 

Using the procedures outlined in the foregoing sections, 

the soil-structure interaction parameters can be developed

for each Category 1 structure. The actual parameters will de

pend on the geometry, inertia and embedment of the structure 

together with the shear modulus and hysteretic damping of the 

soil. As noted in Fig. 2, the shear modulus and hysteretic 

damping of the soil are strain dependent. To determine the 

appropriate value of these parameters, it was necessary to deter

mine the DBE and the OBE induced free-field strains. These 

strains were evaluated .on the basis of finite element analyses 

as presented in Fig. 12.  

4.2 Static Analyses Parameters 

The denseness of the San Mateo Sand material indicates 

that a static spring model analysis is appropriate for the 

consideration of static deflections of the base mat. Further, 

by comparing dynamic modulus values for dense sands (Seed and 

Idriss, 1970) and static reloading modulus values for the same 

material (Kulhawy, Duncan and Seed, 1969) for the same strain 

level, it is found that there is essentially no difference.  

For this reason, it is concluded that the static analyses can 

be performed using the same stiffness parameters as calculated 

for dynamic analyses. Strain compatibility should be attained 

in performing the analysis as described in the following steps: 
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1. Choose initial value of modulus for the spring con
stant equation in Table I as appropriate.  

2. Complete analysis calculating the maximum deflection 
of the foundation.  

3. Calculate strain by dividing the deflection from 

Step 2 by the radius of the foundation.  

4. Compare modulus from Fig. 2 corresponding-to the 

strain from Step 3 to the modulus chosen in Step 1.  

5. If the values of modulus are different, repeat Steps 
1 

through 4 until compatibility is attained.  

It is important that the net bearing pressure be used as the 

applied load in calculating strain (i.e., total pressure at 

the structure subgrade minus pressure due to soil removed be

tween adjacent grade and the structure subgrade). If the net 

pressure is zero or negative use Km= 590 (see Fig. 2). For 

net pressures greater than 10 ksf (approximately equal to the 

initial overburden removed to attain plant grade at el. +30 ft) 

the amount of.net pressure over 10 ksf should not be included 

in the calculation of am. Parametric studies using these pro

cedures yielded results for the evaluation of settlement 
of 

isolated footings for net loads of up to 10,000 kips and bearing 

pressures of up to 20 ksf as presented graphically 
on Fig. 13.  

These can be used in conjunction with the equation 
for net allow

able bearing capacity as given on Fig. 13 for design of isolated 

footings. Evaluation of structures should be done by an acceptable 

mat deflection criterion using the techniques presented 
above.  

5.0 REVIEW OF THE USE OF RECOMMENDED PARAMETERS 

Due to the complexity of structures and of the soil structure 

interaction concepts, interpretation and simplifying assumptions 

must be made to utilize the general rules for design parameters.  
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For this reason it is imperative that a detailed review be made 

by this firm of how all parameters are calculated and used in 

the analyses completed by Bechtel Corporation. By mutual agree

ment between Southern California Edison Company, Bechtel Corpora

tion, and Woodward-McNeill & Associates, this review is to con

sist of at least one working meeting for each major structural 

analysis with appropriate representation of each company, and 

should be ultimately followed up witfh written documentation.  

0 
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TABLE I 

DESIGN PARAMETERS 

Mbde of Motion 

Parameters VERTICAL HORIZONTAL 
TRANSLATION TRANSLATION ROCKING TWISTING 

Inertia m, mass of m, mass of Ir, mass moment It, mass moment of 
foundation foundation and r t 

and machine machine of inertia about inertia about twist 
rocking axis axis 

Radius r = - r B - BL
3  

r= BL(B
2

+L
2

) 
rNroITr 3n 61 

Inertia B (1-v)m Bh = (7-8v)m Br = 3(1-v)I Bt = it 
Ratio v 4pr 32(-v 8

pr pr 

Effective 
Inertia for m m r rr  
Design See Appendix E 

for value of or 

Stiffness 4GrC 32(1-v) GrC 8GrlC 16Gr 3
C 

Coefficient k = - --r - kh = 3(-8v) rCkr T- 8 vG kt = 

Geometric 0.425 0.288 0.15 0.50 
Damping DV = -Dh= ,--I-- Dr +r rDt = 172 

General Case Cl= 0.81 C1 = 1.0 C1 = 0.66 C = 0.41 
C= 1 C 2  C =See Fig. 8 C2 = See Fig. 8 C - See Fig. 8 C 2 = See Fig. 8 

Containment 
Structure 1.08 1.09 0.60 insufficient data 
Value of C 

* For rectangular shaped foundations, calculation should Note: for square or rectangular footing

be based on equations of pgs. 350 and 351, Richart, Hall 

and Woods, "Vibrations of Soil and Foundation." B = width of foundation in plan 
(parallel to axis of rotation) 

L = length of foundation in plan 

re = 0.8r for rotational modes (perpendicular to axis of rotation)
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TABLE II 

SUMMARY OF DETERMINATION OF STRES SES ON WALLS 

1) Active Pressure on Structure Walls (aA) (at-rest condition 
assumed as a minimum condition) 

Equivalent Fluid Pressure Equivalent Fluid Pressure 
Case Above Water Table (pcf) Below Water Table (pcf) 

Static 45 23* 
(at rest) 

Seismic** 75 39* 
DBE 

Seismic** 45 23* 
OBE or lower 

Note: * Hydrostatic head should be added.  
** These values include static stresses.  

Seismic lateral stresses should be 
checked by the inertial load method, 
presented in 2 below.  

2) Passive Pressure Developed on Structure Walls Due to 
Inertial Loads. (uniform stress assumed) 

For Horizontal Translation: ap C -1 ( 
p 2 --- " 

C2 A 

For Rocking Rotation :a = C -1 /4M 
P 2 

C A 

where: aP = Stress against wall 

P = 70% of the maximum total horizontal inertial load 

M = 70% of the maximum total inertial moment 

A = Area of side of structure 

h = Depth of embedment 

C2 = Embedment correction factor (See Fig. 8) 

3) Stresses Due to Adjacent Structures (GL); See Fig. 9 

4) Lateral Stress for Design (aT); GT = 9A U jiLh Use Whichever 

aY = P + L is Larger 
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TABLE III 

0 CASES STUDIED FOR 
STRUCTURE SLIDING ANALYSES 

Input Motion Condition 

H & V H & V Mass Figure Location 
Case H in out of Mass plus Nos. for of 
No. only phase phase only Inertia Embedment Results Output 

1 / / G-3 L, C,R 
2 / / G-4 LC,R 
3 / / G-5 L, C,R 
4 / / G-6 L,C,R 
5 / / G-7 L,C,R 
6 / V / G-8 L, C 
7 / V V G-9 L, C,R 

Where: H = Horizontal 
V = Vertical 
L = Left end of slab 
C = Center of slab 
R = Right end of slab 

NOTE: Check is for item included; blank is for item 
not included.  
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(a) INSTRUMENTATION LAYOUT FOR 
FOUNDATION RESPONSE TESTS 

(b) WEAK LINKS USED IN TESTS 
(3 TO 16 KIPS TENSILE STRENGTH) 
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(a) VERTICAL RESPONSE TEST 

(b) HORIZONTAL RESPONSE TEST 
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INTERACTION TESTS IN PROGRESS 
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STEP 1 

EVALUATE GEOMETRIC DAMPING 
FROM APPROPRIATE EQUATIONS 
OF TABLE-1 r 

USE EFFECTIVE RADIUS IN 
CALCULATION AS INDICATED 
ON CURVES TO RIGHT 

Translational 

re = Effective Radius Modes 

r = Structure Radius 
Geometric 

Damping 
(%) 

Use re=.8r for Rotational 
Modes 

Rotational 
wris Modes 

00 

I I 

.5 o .6 .7 .8 .9 1.0 

er 

w In 10 '0j 

STEP 3 

ADD GEOMETRIC AND HYSTERETIC 
DAMPING TO OBTAIN CONSERVATIVE 
ESTIMATE (LOW) OF DAMPING FOR 
DESIGN 

Project: SONGS SOIL STRUCTURE SOIL DAMPING FOR STRUCTURES Fig 
INTERACTION ( 

Job Number : B2211 (SCHEMATIC) 6 
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P 0 

SHEAR MODULUS G 

BASE OF 
FOUNDATION 

d 

EFFECTIVE MODULUS FOR 
DESIGN CALCULATED AT 

0.5 - THIS DEPTH 

d/r 

*1.0

WHERE: 
d = Depth below base of foundation 

r = Radius of foundation 

G = Shear modulus 

2 (T d + 0.9 Po) /3 

P = Total bearing pressure 

Project: SONGS SOIL STRUCTURE SHEAR MODULUS DETERMINATION Fig.  INTERACTION 
Job Number: B221I (SCHEMATIC) 7 
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LATERAL PRESSURE DUE TO ADJACENT STRUCTURES 

Adjacent 
Structure net bearing load P 

acting over area A 
wall to consider of rectangular 
for design structure (A=BL) 

or of circular 
structure (A=7r) 

/X, 

450 

net stress at this elevation acts 
over area A= (B+2x: ) (L+2x ) 11 

or A'- = (r+x )2 
1 

additional lateral A 
pressure on wall T (uniform) 

(applied below point .0) 

where: M - 0.34 for Static and OBE condition 

M * 0.57 for DBE condition 

Notes: 1) The example presented is for a rectangular-structure.  
For circular structures adjust the radius by x, to 
calculate A'.  

2) The lateral pressure calculated here should be added 
to either the active earth pressure or the inertial 
load for design.  

Project: SONGS SOIL STRUCTURE LATERAL PRESSURES DUE ,TO ADJACENT STRUCTURES Fig.  
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BASE OF CONTAINMENT STRUCTURE 

0 

20 
RANGE OF MAXIMUM OBE 

INDUCED STRAINS 

40 

r/2 
RANGE OF MAXIMUM DBE 
INDUCED STRAINS 

60 

80 

Use 0.2% 
Use .08% as high 
strain for avrg 
ORE average, 

100 
about .7 

100 of max.  
for DBE 

120 | 
.1 .2 .3 .4 .5 

MAX. STRAIN () 
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NET LOAD, KIPS 

0 2,000 4,000 6,000 8,000 10,000 
0 

0.2 

.1-3 ksf 

0.6 3-10 ksf 

0.8-1 

10-20 ksf 

1.0 

NOTES: THE ABOVE VALUES ASSUME THAT.  
FOOTINGS ARE LOCATED IN CUT OR IN COMPACTED.FILL, 
rINIMUM 95% COMPACTION ASTM 1557-70.  

1.2 NET ALLOWABLE BEARING CAPACITY = 25 + 1 (b-3) ksf, WHERE b WIDTH 
OF FOOTING IN FT.  

NET LOAD = TOTAL LOAD-Wt. OF SOIL DISPLACED BETWEEN THE FOOTING 
BASE AND ADJACENT GRADE OR.TOP OF ADJACENT FLOOR SLAB (WHICH EVER 
IS LESS) 

MINIMUM WIDTH OF FOOTING =3 

DIFFERENTIAL SETTLENENTS COULD BE UP TO THE VALUE INDICATED 
ABOVE.  

Proiect: SONGS SOIL STRUCTURE ESTIMATED SETTLEMENT FOR FOUNDATIONS F INTERACTION .BEARING ON SAN MATEO FM. SANDS Job Number: 'B221T 
131 
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APPENDIX 3.7C-A 

APPENDIX A 

SLAB RESPONSE TESTS 

Five test slabs were constructed in the laydown area of 

Unit 1 between 5 September and 12 September 1972. The various 

slab configurations are shown on Figs. A-1 and A-2. Slab 

Nos. 1 and 2 are of similar construction, geometry, and dimen

sions. Slab No. 1 was constructed above the existing ground 

surface, while slab No. 2 was fully embedded in the ground.  

Slab No. 3, shown on Fig. A-2, was constructed below the ground 

surface. The configuration of this slab was designed to model 

the basic shape of the proposed containment structure founda

tion. Slab Nos. 4 and 5 were of smaller dimensions then the 

other slabs, and were constructed primarily to evaluate scaling 

and shape effects.on slab response.  

Test Procedures 

It was desired to measure slab response in the horizontal, 

vertical, twisting, and rocking modes for each slab under 

various embedment conditions after a transient vibration was 

input to each slab. Each slab was set into motion by attaching 

it with a cable to a loader or crane by means of a weak link, 

as illustrated on Fig. A-3. Vibrations with various amplitudes 

were induced in the slabs.by tensioning a cable between the 

slab and tractor until it broke at the weak link. The re

sponse of the slab to the transient load was measured with 

horizontally and vertically oriented velocity-sensitive geo

phones used in conjunction with a CEC 124 Oscillograph recorder.  

From the response frequency and attenuation characteristics 

3.7C-Al
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of the slab vibrations it is possible to calculate soil stiff

ness and damping factors, knowing the mass of the slab, its 

geometry, and the mode of vibration.  

Previous research has indicated that embedment character

istics, i.e., depth of slab embedment and the nature of the 

surrounding soil, affect the slab response. For this reason, 

slabs Nos. 2 and 3 were tested under various conditions of 

embedment. Slab No. 2 was first tested with complete embed

ment below the existing ground surface (in undisturbed soil).  

The soil around one-half of the slab was then excavated, and 

the slab was tested again. The remainder of the soil around 

the slab was then excavated, and the slab was again tested.  

As it was desired to determine if there were any differences 

between slab response due to embedment in undisturbed native 

soils versus compacted backfill native soils, the soil which 

had been excavated from around slab No. 2 was then backfilled 

in thin lifts and compacted with hand-held mechanical vibrators.  

A final set of response tests was then made on this slab.  

Slab No. 3 was tested with two embedment conditions; (1) .non

embedment, and (2) full embedment in compacted backfill of native 

soils. The various embedment conditions for these slabs are 

illustrated on Fig. A-4.  

Examples of the recorded field test traces for various 

slabs are presented on Figs. A-5, A-6, A-7 and A-8.  

3.7C-A2



APPENDIX 3.7C-A 

Appendix A . Page 3 

It can be noted .in Fig. A-5, which is a record for hori

zontal input motion, that some vertical motion occurred during 

this test, i.e., there was some rocking. This occurred to 

some extent in all horizontal tests. Although coupling did 

occur between the horizontal and rocking modes, careful inter

pretation was done in order to determine the dominant form 

of motion.  

Fig. A-8 presents the test record for twisting input 

motion of slab No. 5. It can be noted on this figure that 

geophone H2 registered motion. This is due to the fact that 

because of the size of the geophone with respect to the slab, 

it was not possible to center the geophone, as can be seen 

on the schematic test setup plan shown on Fig. A-8.  

A summary of representative frequency response data deter

mined for each mode of motion for each slab is presented in 

Table A-1.  

3.7C-A3



APPENDIX 3.7C-A 

TABLE A-1 

SUMMARY OF SLAB RESPONSE MEASUREMENTS 

Representative 
Frequency Response (cps) 

Slab No. Embedment Condition Fv Fh . Fr Ft 

1 Non-embedment 21 20 20 19 

2 Full Embedment in 27 50 39 52 
Natural Ground 

2 1800 Embedment, 23 30 27 29 
Natural Ground 

2 'Non-embedment 23 18 17 14 
(slightly undercut) 1 

2 Full Embedment in -- 24 25 36 
Backfill 

3 Below Ground Surface, 32 29 32 29 
but non-embedded 

3 Full Embedment in2 (19-24) (33-37) 39 39 
Backfill 

4 Full Embedment (40-49) -- (59-67) (80-90) 

5 Full Embedment (36-48) -- (59-65) 90 

Notes: 

1 During full perimeter excavation, the slab was accidently 
undercut locally. Therefore results were likely low and 
were not utilized.  

2 Because of close working conditions and time constraints 
neither a high nor a uniform degree of compaction was 
achieved. Therefore results were likely low and were 
not utilized.  
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Pull upward with crane 
using a"weak link attached 
to crane cable 

VERTICAL MODE X 

(ELEVATION) 

Pull horizontally with cat 
YAusing "weak link attached 

<OI A : to slab with a cable 

(ELEVATION) 

X Pull as indicated for the 

ROCKING MODE horizontal mode 

(ELEVATION) 

A- Pull as indicated for the 

horizontal mode 

TWISTING MODE 

(PLAN) 

ProjeCt: SONGS I METHODS OF DYNAMIC EXCITATION OF TEST SLABS Fig.  
Job Number : 82211 A-3 
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SLAB NO 2 

SLAB NO. 3 

Case 1: Full embedment 

in natural ground 

Case I Soil around 

Case 2: Half embedment slab excavated 

in natural ground 

0a 

Case 3: Soil around 

slab excavated 

Case 2: Soil backfilled 

and compacted around slab 

Case 4: Soil backfilled 

and compacted around slab 

0 
Project: SONGS EMBEDMENT CONDITIONS Fig.  
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APPENDIX B 

RAYLEIGH WAVE TESTS 

Rayleigh wave traverses were conducted in the laydown 

area at the site at the locations shown on Fig. B-1. The 

purpose of performing these traverses was to provide data for 

the calculation of the Rayleigh wave velocity for the near

surface soil at the site.  

Two 5-ft deep trenches were excavated in order to improve 

coupling between the input source and the subsurface soils and 

to insure that tests would be made in undisturbed native soil 

(San Mateo .Formation Sand). The first trench was dug parallel 

to the beach, and the other perpendicular.  

For the first two traverses conducted, Rayleigh waves 

were created by allowing a small electromechanical vibrator 

to vibrate in the vertical mode in the bottom of the trench.  

The third traverse utilized a vibrating sheepsfoot roller as 

the source of the Rayleigh waves. This vibrator produced large 

amplitude motions which also provided data for the attenuation 

measurements, described in Appendix C.  

The Rayleigh wave motions were sensed with a pair of 

vertically oriented geophones. The procedure involved two 

steps: first, setting the two geophones at the same distance 

from the vibrator, and checking that they are exactly in phase; 

and second, moving one geophone to a progressively larger dis

tance from the vibrator and measuring the time phase changes 

at several vibrator frequencies at each new location. An ex

amples of the data recorded in the field is presented in Fig. B-2.  

3.7C-B1
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The data are analyzed by using the simple relationship: 

D 
V = -r t.  

Where: Vr = Rayleigh-wave velocity 

D = distance between geophones 

t = time phase change 

The wave length corresponding to each frequency can then be 

determined by the relationship: 
D 

tF 
Where: X = wave length 

F = frequency 

The Rayleigh wave velocity Vr is a property of the near-surface 

material, and is, for practical purposes, equal to the shear 

wave velocity for material in this zone. The test averages the 

soil property to a depth of about 0.5 times the wave length.  

Thus the high frequencies (short wave lengths) provide properties 

of only the surface materials; and the low frequencies integrate 

the properties of surface, near-surface, 
and deeper materials.  

For this site, the Rayleigh wave velocity was found 
to 

range from 850 to 1200 fps, with a velocity of 930 fps as a 

representative average for the near-surface 
(upper 15 ft) soils.  

This value was confirmed by direct measurement of surface 
wave 

velocity from attenuation tests as discussed in Appendix C.  

3.7C-B2
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APPENDIX 3.7C-C 

APPENDIX C 

ATTENUATION TEST 

Of the three Rayleigh wave traverses described in Appendix B, 

the third traverse, which utilized a vibrating sheepsfoot roller 

as the source of motion, also provided data for wave attenuation 

measurements. The test was carried out by inducing a large am

plitude vibration in the ground and measuring the resulting vibra

tion levels simultaneously with two geophones located on a straight 

line at different distances from the source. For uniform soils 

the attenuation of vibrations can be described by the following 

equation: 

A 

where the terms are defined on Fig. C-1.  

The part of the equation under the radical indicates the 

portion of attenuation due to geometric energy dispersion with 

distance. The a term in the exponential part of the equation 

indicates the portion of attenuation due to the frequency-dependent 

internal damping or hysteresis of the soil.  

Since the San Mateo Formation Sand at the site is fairly 

uniform, this equation should yield an adequate description of 

the soil damping properties. The results of the evaluation of 

"Oaf are presented graphically on Fig. C-2 for the test data 

shown on Fig. C-1 as well as another test performed with V 2 

moved to a distance r2 = 100 ft from the vibration source, 

Damping values can be calculated for the range of "a" indicated 

on Fig. C-2 by the following equation: 

3.7C-Cl
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D Va 

1-D2  2rF 

where D = damping 
V = wave velocity 
F = frequency of vibration 
a = attenuation constant 

This calculation yields a hysteretic damping of 4-1/2 to 7% of 

critical. These values are comparable to those determined by 

laboratory tests as outlined in the report entitled EZastic and 

Damping Properties, Laydown Area, San Onofre Nuclear Generating 

Station, Fig. F-2 and F-3 (Ref. 4).  
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APPENDIX D 

DAMPING 

D-1 General 

Both hysteretic and spatial damping are of importance for 

design. Hysteretic damping refers to that portion of the damp

ing influenced by the internal behavior of a soil mass. It is 

a function of the stress-strain hysteresis of the soil. Spatial, 

or geometric damping refers to the decay of vibrations with dis

tance from the source of motion. The determination of these 

quantities is discussed below.  

D-2 Hysteretic Damping 

The hysteretic damping of the site soils has been calcu

lated from attenuation test results as described in Appendix C, 

and has been previously studied and reported on in Ref. 4. The 

data presented in that report were based on dynamic strain

control triaxial test results. A summary plot of the results 

of those tests is presented on Fig. D-1.  

The field tests performed-provided supportive data for the 

laboratory results. The range of results of attenuation tests 

calculated in Appendix C is indicated on Fig. D-1. These values 

show general agreement with the laboratory determined curve.  

D-3 Spatial Damping 

For most dynamic design conditions spatial (geometric) 

damping is more significant than hysteretic damping. The design 

equations for the calculation of damping values are presented 

in Table D-1 (Ref. 16). The effective radius, re, in these 

equations depends on the stress distribution below the slab 
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(Ref. 16). Therefore, it is necessary to know the stress dis

tribution beneath the slab. The values of effective radius for 

the assumed stress distributions are given below (Ref. 16): 

Distribution of Values of 
Contact Pressures Effective Radius (re) 

Rigid re T 
Uniform re = .808 r 
Parabolic re = .606 r 

Figures D-2, D-3, and D-4 present the calculated damping 

curves for geometric damping for the range of effective radius 

values listed above, as well as the field test results. It 

should be noted that the field results are for total damping 

Chysteretic plus geometric). Therefore, the data points could 

be about 4-1/2 to 7% lower than shown on Figs. D-2, D-3, and 

D-4. From these results, it can be seen that there is a fairly 

wide.range of results for the translational modes, while the 

range is relatively narrow for the rotational modes. Based on 

these results, it is concluded that an effective radius of 0.6 

and 0.8 of the actual foundation radius results is a conserva

tive estimate of damping for the translational and rotational 

modes, respectively.  

The scatter in the test-results indicates there is no 

grouping of test-results according to embedment conditions; 

therefore, it is concluded that embedment conditions do not 

appreciably affect damping for this site.  

3.7C-D2



TABLE D-1 

DESIGN PARAMETERS 

Mode of Motion 

VERTICAL HORIZONTAL 
Parameters TRANSLATION TRANSLATION IOCKING TWISTING 

Inertia m, mass of m, mass of Ir. mass moment It, mass moment of 
foundation foundation and of inertia about inertia about twist 
and machine machine rocking axis axis 

Radius r = rr =- r = L(B 2 + L2 ) 

Inertia B Bh (78vm Br = Bt it 
R~atio Bv =r 32(1v) 3r 4Vre3Pe 

Effective m m I t  rr I r r r 
Inertia for 
Design 

D ami Vc Tfr) ch 18. -v8 c Go 2.31r4 
Geometric c 3.~4r 2 j 2 Gp14 [ Cr = ct 

Coefficient (Bv >0.36) (Bh >0.17) 

Geometric _ 0.425 0.288 Dr 0.1 Dt 0.50 
Damping T - Iffh~ L-= Dr 1p;-y) 1T27 

Note for square or rectangular foundation - B = width of foundation in plan (parallel to axis 
of rotation) 

Ref. 16 L = length of foundation in plan (perpendicular 
to axis of rotation)
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APPENDIX 3.7C-E 

APPENDIX E 

EVALUATION OF SPRING CONSTANTS 

E-1 Introduction 

The choice of an appropriate soil stiffness (of spring 

constant K), is fundamentally important to dynamic foundation 

design because its value is the most significant unknown in 

the determination of fundamental frequency, and it governs the 

static displacement of the foundation and the maximum ampli

tude of dynamic motion. The field tests performed on the 

Laydown Area at the site (Unit 1) provided information required 

to evaluate the compatibility of structural response calcula

tions with data previously presented in the materials report 

(Ref. 4). In addition, because of the unique geometry of some 

of the proposed structure foundations, for which analytical 

solutions are not available, these tests were performed to 

develop adjustment factors for existing solutions and to deter

mine the effects of various embedment conditions on structural 

response.  

Whereas damping values were determined by analysis of the 

attenuation of vibrations after each slab was set into motion 

(as described in Appendix D), the evaluation of spring con

stants was made by analyzing frequency response of each slab.  

The previous values given for spring constants (see Appen

dix H, Ref. 4) have been further studied and refined and are 

reported on in this report. Figure E-4 of that report has been 

* included in this report as Fig. E-1, for ease of reference, 
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because it has been used for the determination of effective 

Shear Modulus.  

E-2 Shear Modulus Determination 

In order to evaluate spring constants for the soil-structure 

systems at the site, it is necessary to determine shear modulus 

values (G) for each test pad. Since G varies with strain (see 

Fig. E-1), it is necessary to determine the strain developed 

in the soil during dynamic loadings. In the field tests performed 

for this study, the slabs were set into transient motion, which 

produced a displacement and corresponding strain in the support

ing soils. Based on our experience, we have assumed that the 

strain is accommodated within a depth of one radius below the 

slab, and that an average shear modulus can be calculated at a 

depth of half the radius below the base of the slab. Based on 

our previous work at this site, we have determined that for the 

San Mateo Formation Sand, the shear modulus should be calculated 

according to the following equation: 

G = 100 KM (am) 3 

where am = 2/3 (xy + mp) 

where Km = strain dependent parameter as determined 
from Fig. E-1 

x = depth below base 
y' = effective unit weight 
m = stress reduction factor 
p = net bearing pressure 
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Figure E-2 presents the relationship between confinement 

(am), strain (c), and shear modulus (G) for the soils at the 

site. The values determined for each test slab are also shown 

on the figure.  

E-3 Basic Equations 

Analytical solutions have been developed for the calcula

tion of spring constants for the vertical, horizontal, rocking, 

and .twisting modes of motion of a rigid circular footing resting 

on an elastic half space (Ref. 16). These relations are pre

sented in Table E-1.  

In terms of frequency response, the basic relationship 

between undamped natural frequency (Fn) and stiffness is given 

by: 
1 Pstiffness 

21T inertia 

Where stiffness = kv, kh, kr, or kt 

inertia = my, mh, Jr, or It 

The undamped natural frequency (Fn) and damped natural 

frequency (Fd), which is measured in our field tests, are 

related as given below: 

Fd = Fn 

Where D = damping factor 

It can be seen by review of the damping factors determined 

from the field tests (Appendix D) that Fn and Fd are approxi

3.7C-E3



TABLE E-1 

DESIGN PARAMETERS 

Mode of Motion 

VERTICAL HORI ZONTAL 
Parameters TRANSLATION TRANSLATION ROCKING TWISTING 

Inertia m, mass of m, mass of Ira mass moment It, mass moment of 
foandation fotndation and of inertia about inertia about twist 
and machine machine rocking axis axis 

JBL 41 -- 4 2 

Radius r = r = r L' r = + L2 

Incrtia 1- = 7-8v)m r v r B = t 
RIatio V4= 3 (1-v~pr3 prs rs 

Effecttive m m Ir' = rr t 
Inertia for 
Design 

Stress 
Distribution rigid uniform rigid rigid 

z 

Note: for square or rectangular foundation - B = width of foundation in plan (parallel to axis 
of rotation) 

L = length of foundation in plan (perpendicular to 
axis of rotation) 
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Figure E-2 presents the relationship between 
confinement 

(am), strain (e), and shear modulus (G) for the soils at the 

site. The values determined for each test slab are also shown 

on the figure.  

E-3 Basic Equations 

Analytical solutions have been developed for the calcula

tion of spring constants for the vertical, horizontal, rocking, 

and twisting modes of motion of a rigid circular footing resting 

on an elastic half space (Ref. 16). These relations are pre

sented in Table E-1.  

In terms of frequency response, the basic relationship 

between undamped natural frequency (Fn) and stiffness is given 

by: 
1 m, stiffness 

Fn = 
2 7r inertia 

Where stiffness = kv, kh, kr, or kt 

inertia = my, mh, Jr, or It 

The undamped natural frequency (Fn) and damped natural 

frequency (Fd), which is measured in our field tests, are 

related as given below: 

Fd = Fn 1D2 

Where D = damping factor 

It can be seen by review of the damping factors determined 

from the field tests (Appendix D) that Fn and Fd are approxi
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TABLE E-1 

DESIGN PARAMETERS 

Nbde of Motion 

VERTICAL HORI ZONIAL 
Parameters TRANSLATION TRANSLATION ROCKING TWISTING 

Inertia m, mass of m, mass of I mass moment It, mass moment of 
foundation foundation and of inertia about. inertia about twist 
and machine machine rocking axis axis 

Radius r Lr r = r BL(B 2 + L 2 ) 

3____ It 

_nri vv m(-~ Bh (78= 3(l-v) 
[netiaB_ L~2 ~ h~A*i~vrBr 8 p~ r Bt Pr Ratio 4pr!--T- Sr r 

Effective m m I' =1.1I I 
Inertia for 
Design 

Stiffness 4Gr 32 (1-v) Grk= 8Gr' kt = 16Gr' 
Coefficient =4Gr kh ( 3 V) 3(1-v) 

Stress 
Distribution rigid uniform rigid rigid 

Note: for square or rectangular foundation - B = width of foundation in plan (parallel to axis 
of rotation) 

L = length of foundation in plan (perpendicular to 
axis of rotation)
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mately equal. Table E-2, below, presents equations for spring 

constants as a function of frequency.  

TABLE E-2 

Motion Spring Constant 

Vertical and kyh= 4rr2F2m 
Horizontal 

Rocking kr = 4Tr 2F2 Ir 

Twisting kt = 4rr2 F2 It 

Where m = mass of slab 

lr = moment of inertia in Rocking Mode 

It = moment of inertia in Twisting Mode 

From the equations of Tables E-1 and E-2, spring constants 

can be calculated for each slab as a function of G and F, re

spectively. These relationships are presented in Table E-3 

below: 
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TABLE E-3 
k=f (G, F) 

SLABS 1 & 2 SLAB 3 SLABS45 
Motion Spring Constant k Spring Constant k Spring Constant k 

k=XGC k=YF2 k=XGC k-YF 2  k=XGC k-YF2 

Vertical kY30.8GC k,=72.4F2  kV=30.8GC ky=42.4F 2  k.=12.lGC kv=4.65F2 

Horizontal kh=25GC kh=72.4F2  kh=25GC kh=42.4F2  kh79.7GC kh=4.65F2 

Rocking kr=512GC kr=1040F2  kr=512GC kr=390F 2  kr32.4GC k=1O.9F2 

Twisting kt=665GC kt=905F2  kt=665GC kt=330F kt42.7GC kt4.3F 

where C = C x C2X C3X C4 = correction factor 

C1 = Enpitical Correction Factor 
C2 = Embedment Correction Factor 
C3 = Scaling Correction Factor 
C4 = Shape Correction Factor 

These correction factors are discussed in the sections 

which follow.  

E-4 Empirical Correction Factor-4C5 

The value of CS is determined bypcomparing the theoretical 

value of k (based on k = XGC, Table E-3) with the value of k 

determined from actual frequency response measurements obtained 

in the field (k = YF 2 ) from a circular slab on the ground sur

face (slab - 1). From this comparison, values for the empiri

cal correction factor, C1, were calculated for each mode.  

These values are presented below: 
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Mode Empirical Correction Factor - C1 

Vertical 0.81 

Horizontal 1.0 

Rocking 0.66 

Twisting 0.41 

The values for C1 presented above are probably due to the 

actual stress distributions. For the vertical mode, theoretical 

values are consistent to a rigid base stress distribution 

(Table E-1). Field tests indicated that a correction factor of 

.81 should be applied, which is consistent to a uniform stress 

distribution (re = .808r).  

For the horizontal mode field tests, the values calculated 

from measured frequency agreed with the theoretical values; 

therefore C, equals 1.0. For this mode, uniform stress distri

bution is consistent to the theoretical equation (Table E-1).  

For-the rotational modes, stiffness is proportional to 

radius to the third power, therefore for uniform stress distri

bution where re = .81r, re = 0.53r. The values determined for 

C1 for the rocking and twisting modes were 0.66 and 0.41, respec

tively, which are reasonably close to the calculated values of 

0.53 

E-5 Embedment Correction Factor -C2 

Because there is relatively little data available which 

describe the effect of embedment on stiffness, field tests were 
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performed for this purpose. Test-results for Slab No. 2 (em

bedded) were compared with those for Slab No. 1 (non-embedded), 

and the results plotted as a graph of slab embedment 
to radius 

. kembeddedTh 
ratio (h/r) versus spring constant ratio k non-embedded 

(h/r) (constan ratiodk p Th 

values of k were calculated from frequency response data according 

to the equations of Table E-3. These graphs are presented on 

Figs. E-3, E-4, E-5 and E-6. It should be noted that these 

curves are based on one set of data points (at h/r=1.0), and 

the shape of the curves has been estimated from previous work 

by Kaldjian (1968). From the data of Figs. E-3 through E-6 

an embedment correction factor, C2 , is determined as a 
function 

of the degree of embedment.  

E-6 Scaling Correction Factor-C3 

To evaluate the effects of scaling, tests were made on 

circular slabs 4 to 10 ft in diameter as shown in Appendix A 

(Slabs 4 and 2, respectively). The ratio of frequency responses 

for two slabs of similar geometry but different size is given 

by: 

Where m = mass or inertia 
k = stiffness 

For the two slabs tested to evaluate the effects of scaling, 

a calculation was made of the theoretical frequency response 
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ratio for each mode of vibration. Taking into account the dif

ference in shear modulus for the two slabs, these calculations 

indicate that the response of the 10 ft diameter slab (No. 2) 

should have a frequency of 65 to 70% of that of the 4 ft diameter 

slab (No. 4) for all modes, A review of the .frequency response 

test-results presented in.Appendix A indicates that the ratio of 

the measured responses for these slabs did not deviate appreciably 

from the theoretical ratio calculated for each case. This indi

cates that a scaling correction factor (C 3 ) of 1.0 can be used 

for engineering analysis.  

E-7 Shape Correction Factor - C4 

A number of tests were made on slabs with various shape

characteristics in order to determine differences in responses.  

Two of the slabs (Nos. 4 and 5) had approximately the same mass, 

thickness, inertia, and embedment conditions. The significant 

difference between the two was in their shapes. One was circular 

(No. 4) while the other was square (No. 5). A review of the 

test-results presented in Appendix A, Table A-1, indicates that 

there was no appreciable difference in measured frequency re

sponse; therefore, it is concluded that a correction factor 

(C 4 ) of 1.0 for foundation shape can be utilized for engineering 

design for normal shaped foundations (i.e., circular, square, 

rectangular).  
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Tests were also made on slabs to evaluate the effects on 

response of the special foundation shape of the proposed contain

ment structures for Units 2 and 3. Slab No. 3, shown in Appen

dix A, was constructed for this purpose. Tests were made on 

this slab and compared to the theoretical calculation for a 

slab with the same overall dimensions, but of uniform geometry 

(cylindrical). For the shape of the containment structure, 

the overall correction factors presented on the following table 

were determined: 

Mode 'Correction Factor-C 

Vertical 1.075 

Horizontal 1.09 

Rocking 0.60 

Twisting N.A.  

It should be noted that the correction factors presented 

above take into account not only the correction for the complex 

shape of the foundation, but also the unique embedment condi

tions of the containment structure (see Appendix A, Fig. A-4) 

and the empirical correction factor. The scaling correction 

factor was assumed to be 1.0 as discussed in Section E-6 above.  

E-8 Special Consideration for Rocking Mode Inertia 

Table E-4 presents design equations for stiffness calcu

lations. For the rocking mode, the effective inertia for the 

rocking mode is given as a function of nr and Br' For the 
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slabs tested in this study n r was not significantly greater 

than 1.0; however for design, the value of nr should be cal

culated and the moment of inertia adjusted by nr as indicated 

from Fig. E-7.  
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APPENDIX F 

LATERAL PRESSURES ON STRUCTURE WALLS 

F-1 General 

Structures at the site will be constructed in the San 

Mateo Formation Sand. Field measurements indicate that the 

in-situ density of this material is on the order of 100% relative 

compaction as determined by ASTM D1557-70, and a dry density 

of about 120 pcf. Backfill will be compacted to a minimum of 

95% relative compaction above the water table and 100% compaction 

below the water table. Laboratory tests indicate the soil has 

an angle of internal friction of 41.50 and an effective cohesion 

of 750 psf, however in the spirit of conservatism the cohesion 

has been neglected for this analysis.  

Three conditions causing lateral stresses on walls are 

discussed. The first, described by Seed and Whitman (1970), is 

a force-equilibrium analysis for which the critical angle of 

slope of the base of the wedge is determined to obtain 
maximum 

(active) earth pressure on walls. The second involves the calcu

lation of lateral (passive) pressures mobilized due to inertial 

loads. The third involves the calculation of additional lateral 

pressures due to nearby structures. It is expected that during 

an earthquake the structure would be acted upon by both the 

active stress component on the side of the ,structure that at 

an instant in time was tending to move away from the soil, and 

by the passive stress component on the opposite 
side of the 

structure which was tending .to move into the soil. Both conditions 
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should be analyzed to evaluate the most critical stress for 

each wall element. The lateral stress caused by a nearby 

structure should then be added to the larger of these two 

stresses for design. Details of these techniques of analysis 

are presented in the following sections of this appendix.  

F-2 Lateral Earth Pressures 

The at-rest earth-pressure coefficient is considered 

applicable for evaluation of static stresses in the San Mateo 

Formation Sand against rigid side walls of.structures. This 

coefficient (ko) is obtained from the expression: ko = 1-sin 4 

(Jaky, 1944). For the San Mateo Formation Sand this calculation 

yields ko = 0.34. For the dynamic DBE and OBE loading conditions 

a wedge analysis approach was used to determine seismic earth 

pressure coefficients. The steps involved in this procedure 

are presented in Attachment F-1. The equivalent fluid pressures 

determined from these analyses are presented in Table F-1 below.  

It should be noted that for static calculation, the at-rest 

earth-pressure coefficient was used, because of the assumption 

that the structures will be essentially rigid.  

F-3 Lateral Stresses Due to Inertial Loading 

The equivalent fluid pressures presented in the preceding 

section will act on one side of the structure during earthquake 

loading while stresses due to inertial loads will act on the 

opposite side, as the structure moves differentially with.respect 
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to the soil. Calculations should be made of both stresses, and 

the larger value used for design for each element of the wall.  

The stress due to inertial loading can be determined as 

follows: 

For Horizontal Translation, 

a p (C2-1) P (uniform stress distribution).  
C A 

For Rocking Rotation, 

- (C2 -1) 4M 
C hA 

where ap = Stress against wall 

P = 70% of the maximum total horizontal inertial 
load 

M = 70% of the maximum total inertial moment 

A = Area of side of structure 

h = Depth of embedment 

C2 = Embedment correction factor (see Appendix E) 

In the spirit of conservatism it has been assumed that walls 

parallel to the direction of earthquake induced pressures do not 

contribute to the resistance to the induced motion, i.e., all the 

stress is concentrated on the wall perpendicular to the direction 

of motion. An explanation of the equations presented above is 

given in Attachment F-2.  

F-4 Lateral Loads Due to Adjacent Structures 

For the special case of walls close to adjacent structures, 
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additional load should be considered in design to take into 

account the pressure caused by the bearing load of the adjacent 

structure. Our recommendations for determination of how much 

additional load to consider for this circumstance is presented 

on Fig. F-1.  

TABLE F-1 

Lateral Earth Pressures 
San Mateo Sand 

Equivalent Fluid Pressure Equivalent Fluid Pressure 
Case. Above Water Table (pcf) Below Water Table (pcf) 

Static 45 23* 
(at-rest) 

Seismic** 75 39* 
DBE 

Seismic** 45 23* 
OBE or lower 

Note: * Hydrostatic head should be'added.  
** These values include static stresses. Seismic 

lateral stresses should be checked by the inertial 
load method, presented in Section F-3.  

S 
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ATTACHMENT F-1 

Wedge Analysis -- Active Earthpressures due to Earthquake Loading.  

Horizontal Acceleration = Kh 
Vertical Acceleration = Kg 

KW 

h 

KvW 

P 
EV=0 P 

EH = o 

(1) W + W K= F cos (0-4) F 

F = W(1+Kv) w 
cos (e-q) 

(2) P = WKh + F sin ((-D) 

W(1+Kv) sin (6-P) 
= W~hKv cos (6-p ) 

'Vh 
= W [Kh + (1+K ) tan(9 -(p 

= yh2 cot 9 [Kh + (1+K ) tan (0 -.  
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P =1/2 yh 2 K 

Where, K = cot [Kh + (1+Kv) tan (E-) 

KAE is the maxinum value at E = 0 critical 

K = cot Ocr [Kh+(l+K ) tan (6cr 4 

The values of K pcalculated for upward and downward assumed vertical seismic 

coefficients for DBE and OBE conditions, are presented below. The resulting 

equivalent fluid pressures are presented in Table 
F-1.  

Earthquake KAE r ( KAE ) 
Loading (duetoKV)due to + K) cr 

DBE 0.57 27 0.56 49 

Kh = .47g 

K = .31g 

OBE 0.29 56 0.33 59 

Kh = .2g 

K = .13g 
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ATTACHMENT F-2 

Explanation of inertial Loading Equations 
Presented in Section F-3 

For a structure on the gound surface: 

KBASE = K C (See Appendix E) 

For an embedded structure: 

KT =AK^ C C (See Appendix E) 
TOTAL .1 2 

. .K =-K - K =KC( 1 SIDES TOTAL BASE C1 (C2-l) 

PTOTAL = KTOTAL 6 

PSIDES = SIDES 6 

- KC 1 (C2-1) 6 

SK'C 1 (C -1) PTOTAL 

2 TOTAL 
2 TOTAL 

= K 1 (C2-1) PTOTAL 

KC1 C2 

PSIDES = (C2-1) PTOTAL 
C
2 

aSIDES SIDES 

ASIDES 

. SIDES (C2-1) PTOTAL (horizontal translation) 
C2  ASIDES 
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P=M 
TOTAL 

IDEaS= (C2 -1) M (Rocking Rotation) 
SIDES - ATY 

C 2 

Definition of Terms: 

K = Soillstiffness along base of structure 
BASE 

K = Uncorrected stiffness 

K SIDES= Soil stiffness on sides of structure 

KTOTAL= Overall soil stiffness 

C1 = Empirical correction factor (See Appendix E) 

C2  = Embedment correction factor (See Appendix E) 

P SIDES= Horizontal inertial load on sides of structure 

PTOTAL= Total horizontal inertial load 

6 = Deflection of structure 

A = Area of Wall 
SIDES 

M = Total inertial moment 

X = Distance from center of base mat to center of gravity 
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LATERAL PRESSURE DUE TO ADJACENT STRUCTURES 

ADJACENT NET BEARING LOAD P 
STRUCTURE ACTING OVER AREA A 

OF RECTANGULAR 
STRUCTURE (A=BL) 
OR OF CIRCULAR 

WALL TO CONSIDER STRUCTURE (A=1Tr 2 ) 
FOR DESIGN 

/X 

*0 
45 

NET STRESS AT THIS ELEVATION ACTS 
OVER AREA A! = (B+2x 1 ) (L+2x 1 ) 

OR A' = 1T (r+x 1)2 

ADDITIONAL LATERAL A 
PRESSURE ON WALL PM (UNIFORM) 

(APPLIED BELOW POINT .0) 

WHERE: M = 0.34 FOR STATIC AND OBE CONDITION 

M = 0.57 FOR DBE CONDITION 

NOTES: 1. THE EXAMPLE PRESENTED IS FOR A RECTANGULAR STRUCTURE.  
FOR CIRCULAR STRUCTURES ADJUST THE RADIUS BY xi, TO 
CALCULATE A'.  

2. THE LATERAL PRESSURE CALCULATED HERE SHOULD BE ADDED 
TO EITHER THE ACTIVE EARTH PRESSURE OR THE INERTIAL 
LOAD FOR DESIGN.  

Project: SONGS SOIL STRUCTURE LATERAL PRESSURES DUE Fig.  
INTERACTION TO ADJACENT STRUCTURES F-1 Job Number: 52211 

WOODWARO-McNEILL 5 ASSOCIATES
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APPENDIX G 

STRUCTURE SLIDING 

G-1 Introduction 

During an earthquake horizontal forces are developed 

between a slab and the supporting soil which may cause the 

slab to slide with respect to the soil. Normally, if the 

slab is supporting building loads and the earthquake motion 

is not large, the frictional resistance mobilized between 

the slab and the soil is enough to prevent sliding. However, 

if a large earthquake input is considered, the possibility of 

potential sliding should be investigated. The auxiliary 

building has a proposed mat-foundation which has a fairly 

large flat area in contact with soil with little or no embed

ment. As the design base motion for the structure is a very 

strong motion, it is considered essential that a study of 

. potential sliding between mat foundation and the supporting 

soil be made.  

Though the analyses presented here were done for the 

specific case of the auxiliary building, some general con

clusions can be drawn from the results of these analyses.  

G-2 Evaluation of Potential Sliding Ratio 

Consider a soil-element just below a slab. In the static 

condition, a vertical stress ays, due to the load from the slab, 

is acting on this element. Normal and shear stresses would 

be induced in this soil element due to the effect of the imposed 
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base motion on the slab-soil system. These stress conditions 

can be represented as shown below: 

/Slab7 
/d I /Iys 

*.:: Thin Soil element 

Thus, the shear stress, T, acting at the contact between 

the slab and the soil, can be taken as the dynamically induced 

shear stress in the thin soil element just below the slab and 

the net normal stress can be obtained by evaluating an=(Oyd-cys).  

The ratio of T/Cn can-then be easily evaluated. This ratio 

can be taken as a measure of friction mobilized during the im

posed base motion. So long as this friction is smaller than the 

available angle of friction between the concrete and soil, no 

sliding would be anticipated. A time-history of'T/an would 

indicate if the mobilized friction exceeds the available fric

tion at any time, and if so, for how long.  

G-3 Analyses for Auxiliary Building 

In order to study potential sliding of the mat-foundation 

of the auxiliary building during the ground motions, a two

dimensional finite-element model was prepared to incorporate 

interaction between foundation and the underlying soil. The 

soil deposit was assumed to be 120 ft thick and to be resting 

on a rigid base. This layer extended far enough horizontally 
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from the edges of the foundation so as to minimize the influence 

of restrained vertical boundaries. The finite-element represen

tation of the soil-foundation system is shown on Fig. G-1.  

The mat foundation for the auxiliary building is 230' X 220' 

in size as shown on Fig. G-2 from Bechtel. The total normal 

load on the soil is about 3500 psf. In representing this founda

tion in the finite-element mesh, a concrete block was assumed -to 

have appropriate thickness to represent this normal pressure.  

In order to obtain the base motion which would yield a 

response time-history, at 30 ft depth below the ground surface 

which was the same as the DBE, a top-down analysis using wave 

propagation techniques was conducted. From this analysis, an 

acceleration time-history of 80 sec. duration at a depth of 

120 ft was obtained. Because of core limitation of the available 

computer storage, appropriate sections, which govern the response 

spectral characteristics, were selected from this time-history to 

give a 22 sec. duration acceleration time-history. This 22 sec.  

motion was used as the base motion.  

To study sliding at the contact between the foundation 

and the soil, normal and shear stresses were obtained in thin 

layers close to the contact. We feel that these stresses reason

ably represent the stresses at the contact between the soil 

and the foundation. The ratio of the dynamic shear stress 

and the total normal stress at any instant was considered to 
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be a measure of the potential sliding. If this ratio exceeded 

the value 6=2/tan 0 where 6 is the angle of friction between 

soil and concrete, sliding is indicated. Thus, a time-history 

of the ratio T/an was obtained at three different locations 

in the foundation. A study ,of the time-history of Tr/an ratio 

at these three locations would indicate not only the potential 

sliding but also the phase differences between these points; 

i.e., whether these points would slide simultaneously or at 

different times. These time-histories were obtained for all 

cases studied, and are presented in this report.  

Similar analyses were done using a finite-element model 

in which the vertical dimension of the slab was selected to 

give the same rotational inertia as that of the actual struc

ture. In addition to the above, influences of a nominal em

bedment of 5 ft as well as of combined horizontal and vertical 

base motions were studied. Table G-1 presents a tabulation 

of the various cases studied. The resulting time-histories 

of T/an are presented on Figs. G-3 through G-9.  

G-4 Results of Analyses 

On the basis of the results of the cases studied, the 

following observations are made.  

a) The maximum potential sliding develops at the center 
of the slab. (Fig. G-3, (a), (b), and (c) ) 

b) The effect of embedment is to reduce the potential sliding, 
i.e., the maximum value of the stress ratio is smaller for 
embedded slabs than for slabs with no-embedment. (Figs. G-4 
(a) and G-9 (a) ) 
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c) The influence of prescribed vertical motion (i.e., 2/3 the 
horizontal motion) with the horizontal motion was to in
crease the potential sliding. (Fig. G-3 (b) and G-4 (b) ) 

d) The maximum potential for sliding was not significantly 
influenced when the horizontal and vertical motions were 
out of phase. (Figs. G-4 (b) and G-5 (b) ) 

e) Inclusion of the rotational inertia in modeling the slab 
for the analysis did not increase the sliding potential.  
(Figs. G-4 (b) and G-6 (b) ) 

f) From all the cases studied, the maximum potential for 
sliding was obtained for non-embedded slabs subjected to 
horizontal and vertical inphase motions simultaneously.  
The corresponding stress ratio (T/an) was found to be 0.57.  
The time-history for this case is presented on Fig. G-10.  

g) The available friction between the slab and soil is 2/3 
(tan 41.50) = 0.59. As this is larger than the mobilized 
friction (0.57) no sliding is anticipated. Furthermore, 
the peak value of 0.57 occurs only for a short duration 
during the time-history of stress ratio. The average value 
of stress ratio is about 2/3 of the peak value. Thus the 
average mobilized friction is considerably smaller than the 
available friction.  
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TABLE G-1 

CASES STUDIED FOR 
STRUCTURE SLIDING ANALYSES 

Input Motion Condition 

H & V H & V Mass Figure Location 
Case H in out of Mass plus Nos. for of 

No. only phase phase only Inertia Embedment Results Output 

1 / / G-3 L, C, R 

2 / G-4 L,C,R 

3 / / G-5 L,C,R 

4 / / G-6 L,C,R 

5/ G-7 L,C,R 

6 / / / G-8 L, C 
7 / / / G-9 L,C,R 

Where: H = Horizontal 
V = Vertical 
L = Left end of slab 
C = Center of slab 
R = Right end of slab 

NOTE: Check is for item included; blank is for item 
not included.  
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APPENDIX H 

EVALUATION OF CRITICAL INSTANTANEOUS 
DISPLACEMENT PROFILE 

H-1 General 

Determination of the DBE induced critical instantaneous 

displacement profile was done so that a pseudo-static calcu

lation of stresses in a structure could be facilitated. This 

was done for structures grouped into either of two categories: 

(1) Structures with complicated geometry and difficult 
to model.  

(2) Structures below ground with the same mass or in
ertia as the displaced soil, for which response 
modeling is not appropriate for dynamic analysis.  

The method of analysis is outlined in the following five 

(5) steps: 

(1) Select appropriate section(s) of structure for modeling.  

(2) Make suitable finite-element model(s) to represent 
actual soil-structure configuration(s).  

(3) Determine dynamic properties of soil and structure 
for computer program input.  

(4) Input the DBE time-history to the model and obtain 
and plot displacement time-history output at selected 

- nodal points.  

(5) Input the output from Step 4 into another computer 
program to obtain the critical instantaneous dis
placement profile(s) based on a maximum differential 
slope criteria.  

These steps will be discussed in more detail in the section 

that follows.  

H-2 Analysis 

The computer program to study dynamic response of earth 

structures subjected to single travelling wave inputs was developed 
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at the University of California, Berkeley in 1967. DBE earth

quake wave motions were input, propagating along the base of 

the finite-element model. A schematic diagram of the analysis 

is shown in Fig. H-l(a) through (c).  

Procedures involved for this analysis are described below: 

(1) Determine a representative cross-section of the 
structure to be studied. This is shown schemati
cally by the shaded elements presented in Fig. H-la.  

(2) The configuration is then divided into suitable num
ber of finite-elements. The mesh- consisting of 
these elements is extended to a sufficient distance 
to eliminate the influence of fixed vertical boundari'es 
on the response value in the vicinity of the location 
of interest. Nodal points 1 through 5 represent five 
select points, at which displacement time-histories 
are desired at the base of the structure.  

(3) Dynamic properties of soil are obtained as well as 
properties of concrete. These properties include 
Young's modulus of the soil at the strain level of 
interest and the equivalent modulus of structural 
elements, assuming a solid structure. The structural 
element modulus values are chosen by consideration 
of section modulus of the structure and/or judgment.  
Then properties are input to the computer program.  

(4) Output from the computer program consists of vertical 
and horizontal displacement time-histories of the 
five selected nodal points at interface of the soil
structure system. Typical displacement-time histories 
of the five points are shown in Fig. H-lb. Delay 
time, ti, is time required for wave front movement 
from one point to the next, and is expressed by the 
equation: 

X.  ti t y , i = l, 2, 3, 4.  

Where Xi= distance between two adjacent points.  

ti = time required for wave front movement from 
one point to the next point.  

Vs = shear wave velocity.  
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(5) To determine the most critical bending conditions 
of the system during DBE earthquake motion, the dis
placement time-histories are input into another com
puter program in the sequence described in Step 4 
and Fig. H-lb to obtain instantaneous displacement 
profiles corresponding to maximum slope change of 
any two adjacent points. The typical result of the 
computer output for horizontal displacement is pre
sented schematically in Fig. H-1c.  

3.7C-H3
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San Onofre 2&3 FSAR 

3.8 DESIGN OF CATEGORY I STRUCTURES 

3.8.1 CONCRETE CONTAINMENT 

The containment structure is designed to house the reactor coolant system 

and is referred to as the containment in the following paragraphs. The 

containment is part of the containment system whose functional require

ments are summarized by the following criteria: 

A. The containment must withstand the peak pressure and time-varying 
thermal gradient resulting from a hypothetical failure of the 
reactor coolant system or main steam system as discussed in 
subsection 6.2.1.  

B. The containment must provide biological shielding during normal 
operation and following a postulated loss-of-coolant accident 
(LOCA) to minimize radiation exposure.  

C. The containment must also be leaktight in order to minimize leakage 
of airborne radioactive materials.  

D. The containment must provide approximately 150 penetrations for 
piping and electrical cabling, as well as personnel and equipment 
access and provides rigid anchor points for all piping entering 
or leaving the containment.  

This section describes the structural design considerations for the contain

ment. Further information relative to the containment is covered in 

Topical Report BC-TOP-5(l) which provides the bases for design, construc

tion, testing, and surveillance for the prestressed concrete containment.  

3.8.1.1 Description of the Containment 

3.8.1.1.1 General 

The basic configuration of each containment structure consists of a pre
stressed, reinforced concrete cylindrical structure with a hemispherical 

dome and a conventionally reinforced concrete basemat with a reactor cavity 
approximately at its center. Figure 3.8-1 illustrates this configuration 

and also shows the relationship between the external shell and the internal 
floors and walls. The internal structure is separated from the shell by a 
peripheral gap of 6 inches at each floor to avoid any interaction between 
the floors and the shell during a seismic event. The walls are connected 
to the basemat by means of reinforcing steel and cadwelds welded to the 

liner plate. The arrangement of the containment in relation to its' 

surrounding buildings is illustrated in figures .1.2-4, 1.2-11, and 1.2-12.  

As indicated in these figures, the containment is separated from the 

surrounding buildings by means of a 12-inch gap to avoid any interaction 

with the surrounding building during a seismic event.  

3.8-1



San Onofre 2&3 FSAR 

DESIGN OF CATEGORY I STRUCTURES 

The dome and cylinder are reinforced with bonded reinforcing steel as 
required by the design loading conditions. The quantity of reinforcing 
steel provided, always satisfied the minimum requirement specified for 
crack control (refer to figures 3.8-3 and 3.8-4 for typical details).  
Additional bonded reinforcing is provided at discontinuities and around 
openings in the shell. A continuous tendon access gallery below the 
basemat is provided for installation and inspection of the vertical post
tensioning system (refer to figure 3.8-2). A welded carbon steel liner 
plate is provided on the inside surface of the basemat, shell wall, and 
dome (refer to figures 3.8-8, 3.8-9, and 3.8-10 respectively). The basemat 
liner plate system is covered with concrete for protection. Typical 
basemat, shell wall, and dome reinforcing steel details are shown in 
figures 3.8-2 through 3.8-4.  

Principal nominal dimensions of the containment are as follows: 

Interior diameter 150 ft 

Interior height (above filler 170 ft 
slab) 

Cylindrical wall thickness 4 ft - 4 in. (nominal) 

Dome thickness Varies from 4 ft - 4 in. (nominal) at 
the springline to 3 ft - 9 in.  
(minimum) at the top of the dome 

Basemat thickness 9 ft 

Liner plate thickness 1/4 in.  

Internal free volume 2,305,000 ft3 minimum 

3.8.1.1.2 Post-Tensioning System (Figures 3.8-5 through 3.8-7) 

The tendon system employed in each of the two containment structures is 
shown in figures 3.8-5 and 3.8-6. The system uses VSL's E5-55 tendons each 
consisting of 55, 1/2-inch diameter, high-strength seven-wire strands and 
VSL anchorage components consisting of wedges and wedge blocks (refer to 
figure 3.8-7). The tendons transfer load to the structure through bearing 
plates.  

The unbonded tendons are installed in tendon sheathing, which form ducts 
through the concrete between anchorage points. The tendon sheathing is a 
galvanized, spiral-wrapped, semi-rigid corrugated steel tubing. It is 
designed to retain its shape and resist construction loads. Trumpets, 
which are enlarged ducts attached to the bearing plate, allow the strands 
to spread out at the anchorage to suit wedge block spacing requirements.  
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Tendon sheathing provides an enclosed space surrounding each tendon. A 

valved vent at the highest points of curvature permits release of entrapped 
air during greasing operations. Drains are provided at the lowest points 
of curvature to remove accumulated water prior to installing tendons.  
After the greasing operation, the vents and drains are closed and sealed.  

The prestressing tendons are protected against atmospheric corrosion during 

shipment and installation, and during the life of the containment. Prior 

to shipment, the tendons are coated with a thin film of petrolatum con

taining rust inhibitors. The interior surface of the sheathing is coated 

with a suitable material during manufacture to minimize removal of the 

petrolatum from the tendon wires during pulling through the sheathing. -The 

sheathing-filler material used for permanent corrosion protection is a 

modified, refined petroleum-base product. The material is pumped into the 
sheathing after stressing. Details of the corrosion protection are given 
in paragraph 3.8.1.6.3.4.  

3.8.1.1.2.1 Cylindrical Wall Prestressing. The vertical tendons are 

comprised of 90 inverted U-shaped tendons, which extend through the full 

height of the containment shell wall and over the dome, and are anchored 

at the bottom of the basemat. Eighty-four horizontal tendons are anchored 

at three buttresses equally spaced around the cylinder. Each horizontal 

tendon is anchored at buttresses located 2400 apart. The successive hori

zontal tendons are anchored at alternate buttresses, resulting in two 

complete hoops for three consecutive horizontal tendons. Refer to fig

ure 3.8-5, sheet 1, for buttress arrangements and to figure 3.8-5, sheet 2, 
for schematic arrangements of hoop tendons.  

3.8.1.1.2.2 Dome Prestressing. Prestressing of the hemispherical dome 

is achieved by a two-way pattern of tendons, which are an extension of the 

continuous vertical U-shaped tendons and 30 hoop tendons which start at 

the springline and continue up to the 900 solid angle of the dome. Refer 

to figure 3.8-6 for schematic arrangements of dome tendons.  

3.8.1.1.3 Liner Plate System (Figures 3.8-9 through 3.8-11) 

3.8.1.1.3.1 Liner Plate and Anchors. A welded steel liner plate covers 

the entire inside surface of the containment (excluding penetrations) to 

satisfy the leaktight criteria. The liner is typically 1/4-inch thick and 

is thickened locally around penetration sleeves, large brackets, and 

attachments to the basemat and shell wall. The stability of the liner 

plate, including the thickened plate, is controlled by anchoring it to the 

concrete structure. The shellwall and dome liner plate system is also used 

as a form for construction. Typical details of the liner plate system and 

anchors are shown in figures 3.8-9 and 3.8-10.  
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3.8.1.1.3.2 Equipment and Personnel Penetration Assemblies. Penetration 

assemblies consist of steel penetration sleeves, reinforcing plates, and 
anchors. A circular equipment hatch and two personnel airlock assemblies 

penetrate the concrete cylinder walls.. They are anchored to the concrete 

walls and are weldedito the steel liner. Hatch and lock doors are provided 

with double-gasketed flanges with provisions for leak testing the flange

gasket combinations. Details are shown in figure 3.8-11.  

One of two personnel locks is for emergency access only. Each personnel 

lock has a door at each end and is an ASME coded steel pressure vessel.  

A quick-acting equalizing valve connects the personnel lock with the 

interior and exterior of the containment to equalize pressure in the two 

systems.  

During plant operation, the two doors of each personnel lock are inter
locked to prevent both being opened simultaneously. Remote indicating 
lights and annunciators in the control room indicate the doors operational 
status. Provision is made to bypass the interlock system during plant 
cold shutdown.  

3.8.1.1.3.3 Process Pipe Penetration Assemblies. Single barrier piping 
penetrations are provided for all piping passing through the containment 
walls. The closure for process piping to the liner plate is accomplished 
with a special flued head welded into the piping system and to the penetra
tion sleeve which is, in turn, welded to a reinforced section of the liner 
plate. In the case of piping carrying hot fluid, the pipe is insulated to 

prevent excessive concrete temperatures and to prevent excessive heat loss 
from the fluid. Closures to these penetration assemblies are provided by 
the piping systems that are served by the penetrations. For typical 
details of the cold and hot pipe penetration assemblies used in the shell 
wall, refer to figure 3.8-11, sheet 2.  

3.8.1.1.3.4 Electrical Penetration Assemblies. The two electrical pene
tration assembly configurations used for all electrical conductors passing 
through the shell wall are the canister-type and the modular (pancake) type 
assemblies. The canister-type assemblies are used for the medium-voltage 
power circuits, 6900 volts.. The modular-type assemblies are used for the 
low-voltage power circuits, 600 volts and below.  

The penetration canister is a hollow cylinder bolted at one end to the 
steel penetration sleeve flange and closed at both ends with sealed header 
plate assemblies. The canister is-provided with a test plug on the out
side of the containment to allow test pressurization of the penetration 
assembly.  

The modular-type assemblies consist of a header plate in which a group of 
small, interchangeable, modular penetrations are fitted. The header plate 
mates with the flange welded to the nozzle, which is bolted to the pene
tration sleeve flange. Dougle silicone O-rings provide a monitorable seal 
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between the header plate and the flange. The header plate is provided 
with a monitoring hole on the outside of the containment to allow test 
pressurization of the penetration assembly. The method of sealing the 
electrical penetration assemblies depends upon the type of cable and 
connector assembly involved. In general, three types are used: 

* Type 1 - Medium-voltage power, 6900 volts (canister-type assembly) 

* Type 2 - Low-voltage power and control, 600 volts and below 
(modular-type assembly) 

0 Type 3 - Instrumentation, thermocouple leads, coaxial, and other 
special wires (modular-type assembly) 

Type 1 penetrations consist of insulated conductors that are passed through 
the header plates and potted to effect a pressure seal. Mechanical splices 
within the potting compound provide gas stops. High-voltage insulating 
bushings and seals are also used to provide the barrier.  

Type 2 and 3 penetrations have conductors that are passed through the 
modules and potted to effect a pressure seal. Epoxy-encapsulated splices 
within the potting compound provide gas stops. The module is fitted into 
the header plate with the 0-rings in each pressure barrier acting to make 
the necessary pressure seal.  

For typical details of an electrical penetration assembly, refer to fig
ure 3.8-11, sheet 1.  

3.8.1.1.3.5 Fuel Transfer Tube. A fuel transfer tube penetration is 
provided for refueling. An inner pipe acts as the refueling tube with an 
outer pipe as the housing. The tube is fitted with a double-gasketed blind 
flange in the refueling canal and a standard gate valve in the spent fuel 
pool. This arrangement prevents leakage through the refueling tube. Outer 
sleeves permit the transfer tube to penetrate the secondary shield wall, 
the containment shell, and the exterior wall of the fuel handling building, 
while maintaining .a pressure-tight boundary at each wall. The sleeves are 
anchored into each wall respectively and welded to each wall's liner plate.  
Sleeve bellows at the interior face of both the containment shell and the 
exterior wall of the fuel handling building permit thermal expansion of the 
transfer tube. The same-expansion bellows permit differential movement 
between structures. Details are shown in figure 3.8-12.  

3.8.1.1.3.6 Attachments and Brackets. Attachments to the shell wall are 
brackets for support of the service polar crane, electrical conduit and 
cable tray, spray piping, dome lighting, dome ventilation, and safety 
injection valves. The polar crane support brackets consist of built-up 
steel plate, the top flange penetrating the thickened liner plate, and are 
anchored in the concrete of the shell wall. For details, see figure 3.8-13.  
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Attachments to the base slab include anchor bolts for equipment support and 

reinforcing steel for internal structures support. Attachment is accom

plished by connectors welded to both.top and bottom of thickened liner 

plate.  

3.8.1.1.4 Shell Discontinuities 

Significant discontinuities in the shell structure are at the wall-to-base

slab connection, the buttresses, and the large penetration openings.  

3.8.1.1.4.1 Wall-to-Base-Slab Connection. The shell wall interface at 

the base slab incorporates a haunched design in order to accommodate large 
moments due to horizontal seismic excitation. Refer to figures 3.8-2, and 

3.8-3, sheet 2, for details of the lower wall configuration.  

3.8.1.1.4.2 Buttresses. Buttresses project out from the shell wall and 

dome surface to provide adequate space for hoop tendon anchorage and tendon 
stressing equipment. The anchorage surfaces of the buttress are normal to 

the tangent line of hoop tendons anchored. Details are shown in fig

ure 3.8-5, sheet 1.  

3.8.1.1.4.3 Large Penetration Openings. The concrete shell around the 
equipment hatch opening is thickened by the method shown in figure 3.8-3, 
sheet 2.  

3.8.1.2 . Applicable Codes, Standards and Specifications 

The following codes, standards, and regulations, specifications, design 
criteria, and NRC Regulatory Guides constitute the basis for the design, 
fabrication, construction, testing, and inservice inspection of both con

tainment structures. Modifications to these codes, standards, etc. are 
made when necessary, to meet the specific requirements of the structure.  
These modifications are indicated in the sections where references to the 
codes, standards, etc. are made.  

3.8.1.2.1 Codes 

A. Uniform Building Code (UBC), 1970 Edition.  

B. American Institute of Steel Construction (AISC), Manual of Steel 
Construction, 1970 Edition.  

C. American Concrete Institute (ACI) 318-71, Building Code 
Requirements for Reinforced Concrete.  
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D. American Society of Mechanical Engineers (ASME), Boiler and 
Pressure Vessel Code, 1971 Edition and Addenda through Winter 1972.  

1. Section II,,Material Specifications - Part A - Ferrous 

2. Section III, Nuclear Power Plant Components, Division 1 

3. Section V, Nondestructive Examination 

4. Section VIII, Pressure Vessels - Division 1 

5. Section IX, Welding and Brazing Qualifications 

E. American Welding Society (AWS), AWSD1.1-72, Structural Welding 
Code.  

3.8.1.2.2 Standards and Regulations 

A. Occupational Safety and Health Act (OSHA) 

B. State of California, Division of Industrial Safety, General 
Industry Safety Orders 

C. Property Loss Prevention Standard for Nuclear Generating Stations, 
Nuclear Mutual Limited (NML), June 1974 Edition.  

D. National Fire Protection Association (NFPA), NFPA No. 24, 1973 
Edition, Outside Protection.  

3.8.1.2.3 Specifications 

A. Industry Specifications 

1. American Society for Testing and Materials (ASTM) 

ASTM standard specifications are used whenever possible to 
describe material properties, testing procedures, and fabri
cation and construction methods. The standards used and the 
exception to these standards, if any, are identified in the 
applicable sections 

2. American Concrete Institute (ACI), ACI 301, Specification for 
Structural Concrete for Buildings, May 1972 

3. American Iron and Steel Institute (AISI), Specification for 
the Design of Light Gage, Cold-Formed Steel Structural 
Members, 1968 Edition 
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4. Crane Manufacturers Association of America (CMAA), CMAA 
Specification No. 70, 1971 

B. Project Design and Construction Specifications 

Project design and construction specifications are prepared to 

cover the areas related to design and construction of the contain
ment. These specifications, prepared specifically for the 

San Onofre Nuclear Generating Station, Units 2 and 3, emphasize 

important points of the industry standards for the design'and 
construction of the containment, and reduce options that otherwise 
would be permitted by the industry standards. Unless specifically 
noted otherwise, these specifications do not deviate from the 
applicable industry standards. They cover the following subject 

headings.  

1. Excavation and Backfill 

2. Concrete Placement 

3. Inspection of Concrete Production 

4. Reinforcement Steel Placement 

5. Structural Steel Erection 

6. Miscellaneous Metalwork Installation 

7. Stainless Steel Liner Plate System Installation 

8. Post-Tensioning System Embedded Items Installation 

9. Concrete and Concrete Products 

10. Reinforcing Steel and Associated Products 

11. Prestressing Steel and Related Accessories 

12. Structural Steel 

13. Miscellaneous Steel and Embedded Materials 

14. Stainless Steel Liner Plate 

15. Containment Polar Cranes 

16. Containment Liner Plate System including Locks and Hatches 

17. Fuel transfer tube.  
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3.8.1.2.4 Design Criteria 

A. Project Design Criteria 

Project design criteria are prepared to include comprehensive 
design requirements of the containment, and contain specific 
references to prescribed Bechtel internal design guides, applicable 
industry standards, and pertinent technical texts, journals, and 
published reports.  

B. Bechtel Topical Reports 

1. BC-TOP-1, Containment Building Liner Plate Design Report, 
Revision 1, December 1972 with additional information dated 
September 1973.  

2. BC-TOP-4, Seismic Analysis of Structures and Equipment for 
Nuclear Power Plants, Revision 1, September 1972 

3. BC-TOP-5, Prestressed Concrete Nuclear Reactor Containment 
Structures, Revision 1, December 1972 

4. BC-TOP-7, Full-Scale Buttress Test for Prestressed Nuclear 
Containment Structures, August 1971 (reprinted September 1972) 

5. BC-TOP-8, Tendon End Anchor Reinforcement Test, November 1971 

6. BC-TOP-9A, Design of Structures for Missile Impact, Revision 2, 
September 1974 

7. BN-TOP-1, Testing Criteria for Integrated Leakage Rate Testing 
of Primary Containment Structures for Nuclear Power Plants, 
Revision 1, November 1972 

8. BN-TOP-2, Design for Pipe Break Effects, Revision 1, 
September 1973 

9. BP-TOP-1, Seismic Analysis of Piping Systems, Revision 0, 
April 1973 

C. Project Reports 

1. Seismic and Foundation Studies, April 15, 1970, Dames and 
Moore.  

2. Methods of Direct Application of Element Damping - San Onofre 

Units 2 and 3, January 1972, Bechtel Power Corporation, 
Los Angeles office.  
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3. Development of Soil-Structure Interaction Parameters, 
Proposed Units 2 and 3 San Onofre Generating Station, 

January 31, 1974, Woodward-McNeil & Associates.  

4. Elastic and Damping Properties, Laydown Area, San Onofre 

Nuclear Generating Station, Woodward-McNeil & Associates, 
Orange, CA, October 14, 1971.  

5. Preliminary Safety Analysis Report - San Onofre Units 2 and 3.  

3.8.1.2.5 NRC Regulatory Guides 

A. Regulatory Guide 1.10, Mechanical (Cadweld) Splices for Reinforcing 

Bars of Category 1 Concrete Structures, Revision 1, January 1973 

B. Regulatory Guide 1.15, Testing of Reinforcing Bars for Category I 

Concrete Structures, Revision 1, December 1972 

C. Regulatory Guide 1.18, Structural Acceptance Test for Concrete 
Primary Reactor Containments, Revision 1, December 1972 

D. Regulatory Guide 1.19, Nondestructive Examination of Primary 
Containment Liner Welds, Revision 1, August 1972 

E. Regulatory Guide 1.55, Concrete Placement in Category I Structures, 
June 1973.  

3.8.1.3 Loads and Load Combinations 

3.8.1.3.1 Load Definitions 

The containment is designed for all credible loading conditions. The 

design load categories are identified as preoperational pressure test loads, 

normal loads, severe environmental loads, extreme environmental loads, and 

abnormal loads.  

3.8.1.3.1.1 Preoperational Pressure Test Load. Upon completion of con

struction, the containment and its penetrations are tested at 115% of the 

design LOCA pressure as discussed in subsection 6.2.6. This pressure is 

considered in the design.  

3.8.1.3.1.2 Normal Loads. Normal loads are those loads to be encountered 

during normal plant operation and shutdown. They include the following: 

A. Dead Loads 

Dead load consists of the weight of the concrete wall, dome, base 

slab, steel, and permanently attached equipment, and in addition 0 
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includes hydrostatic loads that consist of lateral hydrostatic 
pressure resulting from ground or flood water, as well as buoyant 
forces resulting from the displacement of ground or flood water by 
the structure.  

B. Live Loads 

Live loads consist of any movable equipment loads and other loads 
with variable intensity and occurrence, such as soil pressures.  

C. Prestressing Loads 

Prestressing loads consist of the compressive forces due to pre
stressing tendons.  

D. Normal Thermal Loads 

Normal thermal loads are produced due to the temperature distribu
tion through the wall during normal operating or shutdown condi
tions, based on the most critical transient or steady-state 
condition.  

E. Normal Pipe Expansion Loads 

Normal pipe expansion loads consist of local forces on the struc
ture caused by thermal expansion of piping during normal operating 
or shutdown conditions, based on the most critical transient or 
steady-state condition.  

3.8.1.3.1.3 Severe Environmental Loads. Severe environmental loads are 
those loads that could infrequently be encountered during the plant life.  
Included in this category are: 

A. Operating Basis Earthquake (OBE) 

The OBE consists of a static equivalent seismic load for which the 
dynamic effects have been included in its determination. A more 
detailed discussion is presented in subsection 3.7.1.  

B. Wind Loads 

Refer to subsection 3.3.1 for a detailed description of wind loads.  

3.8.1.3.1.4 Extreme Environmental Loads. Extreme environmental loads are 
those loads that are credible but are highly improbable. They include the 

following.  
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A. Design Bases Earthquake (DBE) 

The DBE consists of a static.equivalent seismic load for which the 

dynamic effects have been included in its determination. A more 

detailed discussion is presented in subsection 3.7.1.  

B. Tornado 'Loads 

Tornado loads consist of the combined effects of tornado wind 

pressure, pressure differential, and missile impingement. Refer 

to subsection' 3.3.2 for a detailed description.  

3.8.1.3.1.5 Abnormal Loads. Abnormal loads are those loads generated by 

a postulated high-energy pipe break accident within a building and/or com

partment thereof. Included in this category are the following: 

A. Pipe Rupture and Miscellaneous Missile Loads 

Pipe rupture loads consist of local loads on the structure genera

ted by either jet impingement from, or the reaction of, a ruptured 

high-energy pipe, and missile impact due to or during a postulated 

pipe break (e.g. pipe whipping), all of which are applied as a .  
static equivalent load that includes an appropriate dynamic factor.  

Pipe rupture effects are further discussed in section 3.6.  

Miscellaneous missile loads are described in detail in section 3.5.  

B. Design Pressure Load 

The design pressure load of the containment is greater than the 

calculated peak pressure occurring as the result of any rupture 

of the reactor coolant system or main steam system. The basis for 

the containment design pressure of 60 lb/in.
2g is presented in 

subsection 6.2.1.  

C. Abnormal Thermal Loads 

Abnormal thermal loads are produced due to the temperature gradient 

through the wall and expansion of the liner during a LOCA or main 

steam line break. (MSLB).  

D. Abnormal Pipe Expansion Loads 

Abnormal pipe expansion loads consist of local forces on the 

structure-caused by thermal expansion of piping during a LOCA or 

MSLB, based on the most critical transient or steady-state 

condition.  
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3.8.1.3.2 Load Combinations 

Two types of loading cases are considered in the design of the containment 

A. The service load conditions for which the working stress method 
is used.  

B. The factored load conditions for which the strength design method 
is used.  

The following nomenclature is used in the loading combination equations: 

C = required capacity of the containment to resist factored loads.  

= capacity reduction factor (defined in paragraph 3.8.1.3.2.4) 

D = dead loads 

L = appropriate live load 

FT = prestress at transfer load 

F = sustained prestress load 

T = normal thermal loads 
0 

H = normal pipe expansion load 
o 

E = operating basis earthquake load 

W = wind load 

E' = design basis earthquake load 

W = tornado load 

R = pipe rupture and miscellaneous missile loads 

P = LOCA or MSLB pressure load 

PT = preoperational pressure test load 

TA = abnormal thermal loads 

HA = abnormal pipe expansion load 
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3.8.1.3.2.1 Service Load Conditions 

A. Preoperational Pressure Test .Case 

D + F + PT 

B. Normal Case 

D + F +L + T 
0 

C. Abnormal Case 

D + F + L + P + TA 

3.8.1.3.2.2 Factored Load Conditions 

A. Abnormal Case 

1.0 D + 1.5 P + 1.0"T + 1.0 F 
A 

B. Abnormal/Severe Environmental Case 

1.0 D + 1.25 P + 1.0 T + 1.0 H + 1.25 E + 1.0 F 
A A 

C. Abnormal/Severe Environmental Case 

1.0 D + 1.25 P + 1.0 T + 1.25 H + 1.25 E + 1.0 F 
0 0 

D. Abnormal/Severe Environmental Case 

1.0 D + 1.0 H + 1.0 R + 1.0 F + 1.25 E + 1.0 TA 
AA .  

E. Abnormal/Severe Environmental Case 

1.0 D + 1.25 H + 1.0 R + 1.0 F + 1.25 E + 1.0 T 
0 0 

F. Abnormal/Extreme Environmental Case 

1.0 D + 1.0 P + 1.0 TA + 1.0 H A + 1.0 E' + 1.0 F 

G. Abnormal/Extreme Environmental Case 

1.0 D + 1.0 P + 1.0 T + 1.25 H + 1.0 E' + 1.0 F 0 o 

H. Abnormal/Extreme Environmental Case 

1.0 D + 1.0 HA + 1.0 R + 1.0 E' + 1.0 F + 1.0 TA 
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I. Abnormal/Extreme Environmental Case 

1.0 D + 1.25 H + 1.0 R + 1.0 E' + 1.0 F + 1.0 T o 0 

J. Extreme Environmental Case 

1.0 D + 1.25 H + 1.0 F + 1.0 T + 1.0 W o o T 

3.8.1.3.2.3 Capacity Reduction Factors. The capacity reduction factor 
provides for the possibility that small adverse variations in material 
strengths, workmanship, dimensions, control, and degree of supervision, 
while individually within required tolerances and the limits of good 
practice, occasionally may combine to result in undercapacity. It is 
applied to the ultimate strength capacity of the section being designed 
and to the allowable stresses. Capacity reduction factors are: 

= 0.90 for concrete in flexure with or without axial tension 

= 0.85 for shear and torsion 

= 0.75 for spirally reinforced concrete compression members 

= 0.70 for tied compression members 

= 0.90 for reinforcing steel in direct tension 

= 0.90 for mechanical splices of reinforcing steel 

= 0.95 for prestressed tendons in direct tension 

For members subject to flexure and axial compression, the provisions of 
ACI 318-71 apply.  

3.8.1.4 Design and.Analysis Procedures 

The containment is analyzed for various loading combinations, considering 
the values of individual loads that generate the most significant stress 
condition for each component and member of the structure.  

The critical areas for analysis are the basemat, the intersection between 

cylinder wall and basemat, the liner plate system, the tendon anchorage 
zones, and the penetration openings.  

Computer programs are relied upon to perform many of the computations 
required for the containment analysis. However, classical theory, empiri

cal equations, and numberical methods are applied as necessary for analysis 

of localized areas and for preliminary proportioning. They are described 

in Section 7 of BC-TOP-5.(1 ) 
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The design methods incorporate several phases as described in Section 6 

of BC-TOP-5. Improved assumptions as to material properties, including 

the effects of creep, shrinkage, and.cracking on concrete, are used in 

design. Analysis and design of tendon anchorage zones and reinforcement 

in buttresses are discussed in BC-TOP-5, BC-TOP-7,(
2) and BC-TOP-8.( 3) 

The method of analyzing the effects of penetrations, the thickening of 

walls, reinforcements, and embedments, etc., is discussed in Section 7 of 

BC-TOP-5. The design of the liner and its anchorage system is covered in 

BC-TOP-l 4 and BC-TOP-5. Information .on analyses for computation of 

seismic loads is provided in section 3.7.  

3.8.1.4.1 Analytical Techniques 

The analysis of the containment consists of two parts: the overall 

analysis of the containment and the local analysis. The overall analysis, 
given axisymmetric loads, is performed by utilizing the FINEL finite

element computer program for.combinations of the individual loading cases 

of dead, live, thermal, pressures, and prestress loads. In the case of 

nonaxisymmetric loads (i.e., Seismic Loads), the analysis is performed 

using the ASHSD finite-element computer program.  

The axisymmetric finite-element representation of the containment assumes 

that the structure is axisymmetric. This does not account for the 

buttresses, penetrations, brackets, and liner plate anchors. These items 

are considered in the local analysis using either computer programs (e.g., 

equipment hatch analysis), or principles of structural analysis (e.g., 
polar crane bracket analysis). In addition, some of the design (e.g., 

buttresses) is based on test results.  

3.8.1.4.1.1 Overall Analysis. The containment is considered an axisym

metric structure for the overall analysis. Although there are deviations 

from this ideal shape, the deviations are usually localized and can be 

handled by special analyses; hence, axisymmetric analyses are considered 

acceptable.  

The overall analysis of the containment, given the application of 

axisymmetric loads, is performed by Bechtel's nonlinear FINEL finite

element computer program. A detailed description of this program is pro

vided in appendix 3C, section 3C.l. The entire containment is modeled 

with one finite-element mesh consisting of the shellwall, basemat, internal 

structure and soil.  

The entire concrete structure is modeled by continuously interconnected 

elements. The geometry of the mesh allows the representation of reinforc

ing steel superimposed on the corresponding concrete elements.  

The liner plate is simulated by a layer of elements attached to the interior 

surfaces of the concrete structure.  
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The finite-element mesh of the structure is extended into the soil to 
account for the elastic nature of the soil material and its effect on the 
behavior of the basemat. The tendon access gallery is analyzed as a 
separate structure.  

The use of the nonlinear finite-element analysis permits accurate deter
mination of the stress pattern at any location of the structure.  

The FINEL finite-element mathematical model for axisymmetric loads is 
shown on figure 3.8-14.  

The overall analysis of the containment, given the application of non
axisymmetric loads, is performed by Bechtel's linear elastic ASHSD 
finite-element computer program. A detailed description of this program 
is provided in appendix 3C, subsection 3C.2. Details of the seismic 
analysis are described in section 3.7. Wind and tornado loadings are 
discussed in subsections 3.3.1 and 3.3.2.  

3.8.1.4.1.2 Local Analysis. The local analyses of the containment 
include the following: 

A. Buttress and Tendon Anchorage Zones 

The containment has three buttresses. At each buttress, two out 
of any group of three hoop tendons are anchored on the opposite 
faces of the buttress, with the third tendon continuous through 
the buttress.  

Between the opposite anchorages in the buttress, the compressive 
forces exerted by the anchored tendons are larger than elsewhere 
in the shell wall. This value, combined with the effect of the 
tendon, which is continuous throughout the buttress, is 1.5 times 
the prestressing forces acting outside the buttress. The thickness 
of the buttress is approximately 1.5 times the thickness of the 
wall. Hence, the hoop stresses and strains, as well as the radial 
displacements, may be considered as being nearly constant all 
around the structure.  

The design of the tendon anchorage zones is based on two test 
programs conducted by Bechtel to demonstrate the adequacy of 
several reinforcing patterns for use in anchorage-zone concrete 
in the basemat and buttresses. These tests have been undertaken 
to develop a more efficient design to reduce reinforcement con
gestion, and thereby facilitate the placement of high quality 
concrete around the tendon anchorages. The test programs are as 
follows: 

1. A full-scale model of a simulated containment buttress 
containing several patterns of reinforcement and types of 
tendon anchorages was constructed and tested. A detailed 
description of the test is presented in BC-TOP-7.( 2) 
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2. Two large concrete test blocks containing two patterns of 
reinforcement with different proportions of reinforcing bars 
were constructed and tested. A detailed description of the 

test is presented in BC-TOP-8.( 3) 

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.  

B. Large Penetration Openings 

Large penetrations are defined as those having an inside diameter 

equal to or greater than 2.5 times the containment nominal shell 
wall .thickness. The equipment hatch falls into this category.  

The stresses at the opening are predicted by an analysis performed 

using Bechtel's computer program SAP, described in appendix 3C, 

subsection 3C.5, which is capable of performing a static analysis 
of linear elastic three-dimensional structures utilizing the 

finite-element method. The points delineating the outermost 
boundaries of the analytical model are located at approximately 
two penetration diameters beyond the center of the opening, so 

that the behavior of the model along the boundaries is compatible 
with that of the undisturbed cylindrical wall.  

Typical details of the equipment hatch are shown in figure 3.8-3, 
sheets 1 and 2. Figure 3.8-15 shows the equipment hatch boundary 
conditions. Figure 3.8-16 shows the finite-element model geometry.  
Figure 3.8-17 through 3.8-34 show the finite-element mesh for 
truss elements and brick elements, respectively, used for the 
analyses of the equipment hatch. The brick elements are used to 
model the concrete, and the truss elements are used to represent 
the post-tensioning system. Figure 3.8-18 shows a section through 
the equipment hatch wall showing the layered elements.  

C. Small Penetration Openings 

Small penetration openings are defined as those having an inside 

diameter less than 2.5 times the.containment nominal shell wall 

thickness. The stresses at the openings due to applied moments 
and forces are determined using the methods outlined in 
reference 5.  

Results of these analyses show the stresses to be well within the 

allowable limits. Typical details of small penetrations are shown 
in figure 3.8-11.  

3.8.1.4.1.3 Variation in Analytical Assumptions and Material Properties.  

The treatment of the effects of expected variation in assumptions and 

material properties on the analysis results is discussed in para

graphs 3.7.2.1.9 and 3.8.1.3.2.4.  
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3.8.1.4.2 Steel Liner Plate and Penetrations 

The analytical techniques and procedures used in the design of the liner 
plate are outlined in detail in reference 4. The steel liner plate and 
penetrations are designed to serve as the leakage barrier for the contain
ment. Typical details for the liner plate and penetrations are shown in 
figure 3.8-11.  

The design of the liner plate considers the composite action of the liner 
and the concrete structure, and includes the transient effects on the 
liner due to temperature changes during construction, normal operation, 
and the postulated LOCA. The changes in strains to be experienced by the 
liner due to these effects, and those at the pressure testing of the con
tainment, are considered.  

The stability of the liner is achieved by anchoring it to the concrete 
structure. At all penetrations, the liner is thickened to reduce stress 
concentration.. The thickened plate is also anchored to the concrete.  

Insert plates and/or bracket embeds are provided in the liner to transfer 
concentrated loads to the wall, slab, and dome of the containment. The 
polar crane brackets are an example of these concentrated loads. A 
typical bracket detail is shown in figure 3.8-13.  

3.8.1.4.3 Description of Computer Programs 

Computer programs used in the design and analysis of the containment are 
described in appendix 3C.  

3.8.1.5 Structural Acceptance Criteria 

The fundamental acceptance criterion for the containment as a prototype 
is the successful completion of the structural integrity test, with meas
ured responses within the allowable limits, including strain measurements 
in the concrete sufficient to permit a complete evaluation of strain dis
tribution at prescribed locations. Strain measurements are taken in 
accordance with NRC Regulatory Guide 1.18 with the exception that no meas
urement is taken under a vertical tendon anchor, since full-scale tests on 
the size of tendon used have shown the adequacy of the anchorage system as 
discussed in BC-TOP-7( 2) and -8.(3) The limits for allowable values for 
stress and strain are given in table 3.8-1. In this way, the margins of 
safety associated with the design and construction of the containment are, 
as a minimum, the accepted margins associated with nationally recognized 
codes of practice. The accepted margins will be compatible with the pro
visions of ASME Section III, Division I, and the ACI-318-71 codes. In 
addition, the measured responses are compared to those predicted by the 
analyses.  
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Table 3.8-1 
ALLOWABLE STRESSES AND STRAINS 

Allowables 

Concrete Reinforcement Liner 

f = 24k/n 
Loading 2 k/in. 2 

Condition (f ' = 6 k/in. f = 60 k/in. and 38 k/in.2 
c 90 y 

Mem. = 0.3 f 
At transfer of c 

prestress Mem. + Bend. = -0.6 f ' f = ±0.5 f f = 0.5 f (ten.) 
c s y s y 

Memb. Ten. = qf s = 0.004 (Comp.) 

Mem. + Bend. = -0.6 f ' f = ±0.5 f f = 0.5 f (Ten.) 

*Design loadsc s sy 

Mem. Ten. = 0 E = 0.004 (Comp.) 

Mem. + Bend. = -0.9 f 
Factored c 
loads(a) Comp. Strain = -0.003 . f = ±0.9 f y = ±0.005 

s y s 

a. In the San Onofre Units 2 and 3 PSAR, the capacity reduction factors 

were applied to the loading combinations. In this table, .the 
capacity reduction factors are applied to the allowable stresses.  

The structural integrity test is planned to yield information on both the 

overall response of the containment and the response of localized areas, 

such as major penetrations and buttresses, which are important to the 

design functions, of the containment.  

The design and analysis methods, as well as the type of construction and 

construction materials, are chosen to allow assessment of the capability 
of the structure throughout its service life. Additionally, surveillance 

testing provides further.assurances of the continuing ability of the struc

ture to meet its design functions.  

Table 3.8-2 shows the calculated stresses and strains, respectively, as 

well as the allowables, taken from critical sections of the containment 

structure. The ratios of the allowable stresses and strains to the calcu

lated stresses and the strains yield the margins of safety at selected 

critical sections.  
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* ~~Table3.2 ANALYSIS PERFORMEDTal 380 (A) (A) STRESS ANALYSIS RES 
LOADING CONDITIONS LOADING COMBINATIONS (YES OR NO) 

FINAL ANALYSIS LOADING COMBINATIONS 
AT TRANSFER OF D + FT YES 

PRESTRESS OF CONTAINMENT SHELL 

LOAD UNUER SUSTAINED D+ F NO(B) 
PRESTRESS 

PREOPERATIONAL 0 + F + PT YES 

PRESSURE TEST 

SERVICE LOADS D + F + TO YES 

D+ F+TA+P YES 

FACTORED LOADS D+ F+TA+ 1.5P YES 

D+F+TA+1.25P+1.25E YES 

D+F+To+1.25P+1.25E NO(C) 

D+ F +TA+ 1.25E YES 

0 + F.+ To + 1.25E NO(C) 

D+ F+TA+P+ E' YES 

D+ F + To + P + E' NO(C) 

0 + F + TA + E' YES 

0+ F + To + E' NO(C) 

D+ F+TO+WT NO(D) 

NOTATIONATIO 
NOTAION EFERENCE SECTIONS) 

D = DEAD LOAD P = LOCA/MSLBPRESSURE LOAD 

E = OPERATING BASIS EARTHQUAKE PT = PREOPERATIONAL PRESSURE TEST LOAD 

E' = DESIGN BASIS EARTHQUAKE TA = ABNORMAL THERMAL LOAD THE FOLLOWING NOTES ARE COMMON TO ALL TABULAR MATERIAL ON SHEETS 2 
1. RESULTS GIV EN IN TABLES ARE FROM THE NONLINEAR FINITE ELEMENT ANALSSECP O TESIMCLAS 

F = PRESTRESS LOAD To = NORMAL THERMAL LOADS 2. SEISMIC ANALYSIS RESULTS ARE TAKEN FROM SAN ONOFRE 2 AND 3 PRELII 

F PRESTRESS AT TRANSFER W = TORNADO LOAD SUPERIMPOSED ON FINITE ELEMENT ANALYSIS RESULTS.  
FT =T 3. ONLY THE COMPRESSIVE CONCRETE STRESSES ARE INCLUDED.  

4. FULLY CRACKED SECTIONS ARE SHOWN THUS ('I. PARTIALLY CRACKED SECTIN- R OTIDCTD 

A. LOADING CONDITIONS AND CORRESPONDING LOADING COMBINATIONS ARE TAKEN FROM PARAGRAPHS 5. DEFLECTIONS FOR THE BASEMAT ARE VERTICAL; FOR THE WALL RADIAL. DEF 

3.8.1.3.2.1 AND 3.8.1.3.2.2 AND SINCE THEY ARE INTENDED TO REFLECT AN OVERALL STRESS AND STRAIN ARE NORMALTOTHESURFACE.  

DISTRIBUTION, THEY EXCLUDE THE LOCAL EFFECTS OF LIVE LOAD (L), NORMAL AND ABNORMAL PIPE 6. RADIAL SHEARS AND DEFLECTIONSIDO NOT INCLUDE THE EFFECTS OF SEISICLD 
REACTIO.N LOADS I 'R' 7. ALLOWABLE STRESSES ARE BASED ON SONGS 2 AND 3 PSAR EXCEPT FOR THE LIEALOAECMPSIV REACTION LOADS (HO AND HA), AND PIPE RUPTURE AND MISCELLANEOUS MISSILE LOADS R.STRAINS SHOWN IN THE TABLES, WHICH ARE BASED ON ASME CODE, SECTION DI 

B. THE CASE OF LOADING UNDER SUSTAINED PRESTRESS WAS NOT ANALYZED SINCE CONCRETE STRESSES WILL B. MATERIAL PROPERTIES ARE: 

BE LOWER THAN THE PRECEDING CASE. REINFORCEMENT STRESSES WILL BE HIGHER HOWEVER, BUT THEY tc 6 ksi COMPRESSIVESTRENGTHOFCONCRETE(900AYS) 

ARE MAINLY COMPRESSIVE AND ARE WELL WITHIN THE ALLOWABLE LIMITS. LINER PLATE STRESSES ALSO fy 24ksi REINCEENT YIELD TRNT 

WILL BE HIGHER (IN COMPRESSION); HOWEVER, LINER STRESSES AND STRAINS UNDER SUSTAINED PRESTRESS fy 3 ksi YIELDPOINTOP LINERPLATEGREATERTHAN 1/4INCH 

(INCLUDING CREEP AND SHRINKAGE EFFECTS) HAVE ALREADY BEEN EVALUATED AND TAKEN INTO 9 SIGN CONVENTIONS ARE: 

ACCOUNT PER BECHTEL TOPICAL REPORT (BC-TOP-1) STRESSES AND STRAINS.(+) TENSILE. (-) COMPRESSIVE 
DEFLECTIONS...........................(j+) OUTWARD... INWARD 

C. EACH OF THESE LOADING CASES IS LESS CRITICAL THAN THE PRECEDING ONE SINCE ACCIDENT THERMAL SECTION AXIAL FORCES. +) TENSILE.(-. COMPRESSIVE 

EFFECTS ARE MORE SIGNIFICANT. MOMENTS ................... TENSION... COMPRESSION 
ON THE ON THE 

D. THE EFFECTS OF TORNADO LOADS WERE PREVIOUSLY EVALUATED AND WERE FOUND TO BE LESS CRITICAL OTIE OTIE 

THAN THE SEISMIC FORCES. THUS, THIS LOADING CASE IS, FOR EXAMPLE, LESS CRITICAL THAN THAT OF 
THE LAST CASE ANALYZED.  
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Table 3.8-2 
STRESS ANALYSIS RESULTS '(Sheet 2 of 10) 

DEAD LOAD + PRESTRESS AT TRANSFER LOAD 
(D + F ) 

CONCRETE LINER REINFORCING STRESS SECTION RESULTANTS DEFLEC
STRESS STRAINS TION 

MER HOOP MER HOOP INSIDE OUTSIDE MER HOOP MER HOOP RADIAL 
oP PSI X 10 6 X 10 MER HOOP MER HOOP FORCE FORCE MOMENT MOMENT SHEAR INCHES 

IN./IN. IN./IN. KSI KSI KSI KSI K/FT K/FT K/FT/FT K/FT/FT K/FT 

ALLOWABLE -3600 -3600 +400 4 30 30 30 30 

1 -893 -890 -210 -200 -4.6 -4.5 -4.7 -4.7 -504 -500 15 22 -2 -0.60 

Q 2 -1190 -1050 -270 -250 -6.1 -5.3 -6.5 -5.0 -662 -585 13 49 13 -0.46 

3 -1270 -1070 -310 -260 -6.5 -5.3 -5.1 -5.0 -641 -590 95 57 6 -0.21 

4 -1070 -1211 -250 -290 -5.3 -6.5 -5.0 -6.2 -652 -769 116 95 24 -0.20 

5 -1090 -1542 -240 -360 -4.5 -8.7 -5.2 -8.3 -687 -1004 -19 80 6 -0.27 

* ~ 6 -1100 -775 -220 -190 -5.2 -3.8 -6.2 -3.6 -709 -521 -47 33 -38 -0.13 

7 -1550 -495 -450 -180 -5.9 -0.7 -0.7 -0.1 -698 -288 1110 302 13 -0.03 

8 -253 -140 -30 -50 -1.4 -0.5 5.1 0.5 -20 -55 643 264 47 0.20 

n < 9 -192 -101 -30 -60 -1.0 -0.3 0.7 0.2 -28 -33 410 188 -34 0.26 

10 -44 -39 -10 -10 -0.2 -0.2 0.2 0 -20 -28 95 52 2 0.27 

> 11 -83 -24 -10 -10 -0.4 0 -0.5 0 -70 -21 -12 2 18 0.27 

8 12 -4 5 0- 0 0 0.1 0.2 0.1 9 7 20 -2 21 0.27 
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Table 3.8-2 
STRESS ANALYSIS RESULTS (Sheet 3 of 10) 

DEAD LOAD + PRESTRESS LOAD + PREOPERATIONAL PRESSURE TEST LOAD 
(D + F +PT 

CONCRETE LINER REINFOfRCING STRESS SECTION RESULTANTS DEFLEC
STRESS STRAIN TION 

co~ 
ME H MER HOOP INSIDE OUTSIDE MER HOOP MER HOOP RADIAL 

PS ME OP x 6  X 1o_ 6 
ME MER X 10-6 HOOP6FORCE FORCE MOMENT MOMENT SHEAR INCHES 
PSI PSI IN/IN. IN./IN. KR HOOP M HOOP K/FT K/FT K/FT/FT K/FT/FT K/FT 

ALLOWABLE .3600 -3600 -200 -200 ±30 ±30 ±30 ±30 -

1 -154 -151 -19 0 -0.5 -0.5 -0.8 -0.8 -74 -71 -9 -8 -1 -0.20 

Lu 

2 -405 -269 -73 -62 -1.9 -2.0 -2.4 -1.1 -212 -147 -9 15 11 -0.13 

3 -378 -139 -85 -34 -2.1 -0.3 -1.8 -0.3 -196 -72 25 12 2 -0.01 

4 -358 -128 -80 -32 -2.1 -0.3 -1.8 -0.3 -208 -73 49 20 4 -0.01 

5 -404 -177 -91 -43 -2.3 -0.5 -1.9 -0.5 -242 -105 32 19 0 -0.02 

6 -785 -309 18 -30 -0.5 -1.0 -4.7 -1.0 -264 -160 -260 -33 25 -0.03 

7 -527 -156 343 151 0.9 0.1 -3.4 0.5 -284 21 -509 -48 104 0.01 

8 -353 -62 563 128 13.9 -0.3 -2.3 2.8 9 48 -1082 55 -197 0.10 

9 -702 -374 -242 -124 -3.6 -1.0 8.7 3.0 -75 -11 1277 616 -123 0.47 

10 -331 -161 -94 -47 -1.9 -0.5 4.1 0.7 -25 -28 687 279 39 0.57 

11 -199 -7 -32 0 -1.0 0.3 -1.3 0.2 -165 0 -38 -7 42 0.58 

12 101 95 25 25 0.5 0.5 0.7 0.6 98 98 3 -6 6 0.58 

3.8-24



San Onofre 2&3 FSAR 

DESIGN OF CATEGORY I STRUCTURES 

Table 3.8-2 
STRESS ANALYSIS RESULTS (Sheet 4 of 10) 

DEAD LOAD + PRESTRESS LOAD + NORMAL THERMAL LOAD 
(D + F + T ) 

CONCRETE LINER DEFLEC
STRESS STRAINS REINFORCING STRESS SECTION RESULTANTS TION 

SMER HOOP MER HOOP INSIDE OUTSIDE MER HOOP MER HOOP RADIAL o a PSI PSI X 10 X 10 MER HOOP MER HOOP FORCE FORCE MOMENT MOMENT SHEAR INCHES IN./IN. IN./IN. KSI KSI KSI KSI K/FT K/FT K/FT/FT K/FT/FT K/FT 

ALLOWABLE -3600 -3600 400 +400 30 30 30 ±30 ____ _____ -2000 -2000 ±0 ±0 z0 ±0 

1 -1490 -1488 -450 -450 -6.7 -6.7 0.2 0.3 -438 -440 371 378 -2 -0.40 

2 -1720 -1656 -510 -500 -8.0 -7.3 -1.3 0 -576 -514 369 401 11 -0.29 

3 -1880 -1639 -550 -500 -8.5 -7.0 0 0.3 -559 -491 456 418 3 -0.10 

4 -1650 -1817 -490 -530 -7.7 -8.9 -1.5 -2.6 -570 -671 526 554 15 -0.10 

5 -1610 -2119 -480 -600 -7.3 -11.0 -0.2 -2.4 -604 -873 467 562 8 -0.17 

6 -1600 -1345 -480 -420 -8.4 -7.0 -0.9 -3.0 -626 -594 513 343 -41 0.02 

7 -1830 -829 -590 -320 -7.1 -2.7 0.4 0.5 -614 -277 1512 807 26 0.10 

8 -651 -388 -210 -160 -4.6 -2.5 5.2 3.4 -217 -120 1256 518 25 0.22 

9 -923 -548 -340 -230 -6.3 -3.3 3.5 2.6 -307 -162 1462 926 -60 0.23 

10 -680 -418 -240 -180 -5.2 -3.1 0.8 2.3 -333 -144 1202 754 -11 0.22 

- 11 34 () 20 80 -0.1 2.3 0.4 4.2 22 38 -16 -28 39 0.23 

12 89 85 -100 -90 -0.3 -0.3 8.8 7.6 40 34 101 85 22 0.25 
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Table 3.8-2 
STRESS ANALYSIS RESULTS (Sheet 5 of 10) 

DEAD LOAD + PRESTRESS LOAD + .LOCA/MSLB PRESSURE LOAD + ABNORMAL THERMAL LOAD 

(D + F + P + TA) 

CONCRETE LINER REINFORCING STRESS SECTION RESULTANTS DEFLEC

a 2 STRESS STRAINS TION 
co 

Ho MER HOOP INSIDE OUTSIDE MER HOOP MER HOOP RADIAL 
MER HOOP X 10 XP10-6PFORCE FORCE MOMENT MOMENT SHEAR INCHES 

a-PSI PSI IN./IN. IN./IN. MER HOP M HOOP K/FT K/FT K/FT/FT K/FT/FT K/FT 

ALLOWABLE -3600 -3600 0 0 130 1 ±30 ±30 ±30 

1 -845 -830 -380 -380 -1.8 -1.7 8.5 8.6 -115 -114 211 212 -1 0.13 

2 -1370 -1364 -500 -510 -5.4 -4.1 1.3 7.4 -257 -216 377 355 8 0.14 

3 -1510 -905 -550 -420 -5.3 -1.0 7.3 10.0 -242 -113 384 248 -1 0.22 

4 -1400 -1012 -510 -430 -5.8 -2.3 0.7 7.7 -255 -157 469 313 2 0.21 

5 -1620 -.1256 -570 -490 -6.3 -3.6 6.7 8.4 -289 -189 535 397 -3 0.17 

6 -1150 -1620 -430 -540 -5.2 -7.9 -0.4 -0.5 -311 -451 410 546 25 0.11 

7 -404 -504 -90 170 -1.8 -2.0 -2.4 1.4 -322 -71 47 425 138 0.13 

8 -251 -206 -180 -60 4.8 -2.2 -1.7 5.7 -124 -32 -556 262 -191 0.12 

9 -1240 -690 -470 -300 -7.8 -3.5 9.7 5.7 -267 -118 2054 1157 -140 0.40 

10 -870 -446 -310 -210 -6.3 -3.0 6.0 3.7 -241 -97 1560 796 15 0.42 

11 -38 () 20 130 -0.5 -0.5 -0.7 4.9 -59 57 -64 -57 66 0.50 

U ~ 12 -3 () 30 50 3.0 3.0 10.0 9.9 51 60 54 42 10 0.52 
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Table 3.8-2 
STRESS ANALYSIS RESULTS (Sheet 6 of 10) 

DEAD LOAD + PRESTRESS LOAD + ABNORMAL THERMAL LOAD + 150% LOCA/MSLB PRESSURE LOAD 
(D + F + TA + 1.5P) 

2 C CRETE SIN REINFORCING STRESS SECTION RESULTANTS OEFLEC

C. M MER HOOP INSIDE OUTSIDE MER HOOP MER HOOP RADIAL 
o a PSI PSI X 10 X 10 MER HOOP MER HOOP FORCE FORCE MOMENT MOMENT SHEAR INCHES 

IN/IN. IN/IN. KSI KSI KSI KSI K/FT K/FT K/FT/FT K/FT/FT K/FT 

ALLOWABLE -5400 -5400 ±5000 ±5000 ±54 ±54 ±54 ±54 -- -- -- -- -- -

1 () () 290 330 11.4 11.8 18.2 17.5 55 59 -16 -26 0 0.48 

o 2 -656 -511 -310 -300 -2.9 0.6 0.9 12.5 -100 -60 192 150 9 0.43 

3 -660 (*) -250 90 -1.8 11.5 7.6 22.0 -85 75 161 46 -2 0.62 

4 -758 (*) -200 290 -3.5 16.7 0.8 26.1 -98 93 244 -45 -6 0.81 

5 -1100 () -320 300 -3.7 25.0 14.6 36.0 -132 146 365 -55 -3 1.08 

6 -453 -880 -200 -380 -1.7 -4.3 -3.5 2.8 -154 -166 -46 306 47 0.22 

7 -800 -296 370 30 4.8 -1.1 -5.6 2.8 -182 32 -826 82 156 0.17 

8 -465 -124 590 50 16.3 -1.7 -2.4 7.4 -113 22 -1404 120 -302 -0.01 

C 9 -1410 -841 -540 -340 -8.6 -4.1 11.9 7.2 -272 -127 2346 1399 -169 0.48 

10 -1050 -531 -370 -240 -7.4 -3.3 9.2 4.5 -248 -104 1911 931 36 0.63 

o 11 -203 (*) 20 140 -0.8 4.2 -1.2 5.3 -117 63 -93 -66 76 0.65 
C.> 

w i 12 () (* 80 90 3.6 3.9 10.8 10.8 73 75 23 16 6 0.68 
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Table 3.8-2 
STRESS ANALYSIS RESULTS (Sheet 7 of 10) 

DEAD LOAD + PRESTRESS LOAD + ABNORMAL THERMAL LOAD 
+ 125% LOCA/MSLB PRESSURE LOAD + 125% OPERATING BASIS EARTHQUAKE 

(D + F + TA + 1.25P + 1.25E) 

CONCRETE LINER REINFORCING STRESS SECTION RESULTANTS DEFLEC
2 STRESS STRAINS TION 

MER HOOP INSIDE OUTSIDE MER HOOP MER HOOP RADIAL 
PMER HOOP MER-HOOP6FORCE FORCE MOMENT MOMENT SHEAR INCHES 

SPSI S IN./IN. IN./IN. R K HOOP K/FT K/FT K/FT/FT K/FT/FT K/FT 

ALLOWABLE -5400 -5400 ±5000 ±5000 ±54 ±54 ±54 ±54 

1 -260 -230 -230 -230 1.3 1.5 11.1 10.9 -40 -1-2 0.02 

w-14 -38 94 90 -2 02 

2 -1120 -1090 -430 -440 -4.5 -2.6 1.6 1.3 8 00.26 

3 -1270 -500 -480 -310 -4.1 3.0 9.9 14.0 -231 56 298 143 -1 0.33 
-95 -104 1 262 133 -1 03 

-231 45 372 127 03 
4 -1160 -440 -430 -5.3 2.6 1.4 12.6 -121 511 354 117 -1 

-I -405 -1 480 161 
5 -1720 -410 -580 -300 -7.2 3.0 10.6 14.9 -17 -7 422 -4 0.37 -17 -67 422 145 

-513 -578 -67 442 

6 -1940 -1910 -390 -400 -4.0 -8.9 5.0 3.9 +47 -70 553 572 37 0.14 
-525 -240 5536 572 

7 -1520 -790 30 -90 2.1 -2.3 2.8 4.1 -525 -240 -1269 79 151 0.14 
____ ____ I - 1 -23 180 559 45 1 1 01 

8 -600 -340 420 -130 - 11.1 -3.0 -3.3 6.8 -137 -227 -501 472 
8 -60 4 4 3 1 -79 -151 -1317 -10 -244 0.07 

ui cc-297 -166 2714 1783 
S 9 -1620 -1070 -560 -390 -9.7 -4.5 11.8 7.6 -297 -6 276140.44 

-207 -64 1548 767 -149 

10 -600 -540 -240 -8.1 -3.7 9.5 4.5 -204 -115 2249 1037 28 0.56 
1___ -270 -67 1Z137 65 ___ __ 

cc -67 86 -137 -75 
11 -260 () 40 120 -1.1 4.3 -1.1 5.3 -67 86 -29 - 71 0.58 

-119 36 -- 29 -49 ___ ___ 

97 115 77 65 
12 () () 50 65 3.2 3.5 10.6 10.6 2 115 5 65 0.61 

3 229 15 5 -1 
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Table 3.8-2 
STRESS ANALYSIS RESULTS (Sheet 8 of 10) 

DEAD LOAD + PRESTRESS LOAD + ABNORMAL THERMAL LOAD 
+ 125% OPERATING BASIS EARTHQUAKE 

(D + F + TA + 1.25E) 

CONCETE SRAINS REINFORCING STRESS SECTION RESULTANTS DEFC

MER HOOP MER HOOP INSIDE OUTSIDE MER HOOP MER HOOP RADIAL 
S " PSI PSI X10 X 10 MER HOOP MER HOOP FORCE FORCE MOMENT MOMENT SHEAR INCHES 

IN./IN. IN./IN. KSI KSI KSI KSI K/FT K/FT K/FT/FT K/FT/FT K/FT 

ALLOWABLE -5400 -5400 ±5000 ±5000 ±54 ±54 ±54 ±54 -- -- -- -- -- -

1 -2075 -2061 -680 -680 -8.0 -8.0 3.1 3.0 -449 -427 533 543 -2 -0.28 
-423 -453 541 549 

2 -2378 -2345 -750 -750 -10.1 -9.3 1.0 3.1 -603 -483 599 598 10 -0.18 
_ 1__ 1_ _-545 -571 597 596 

3 -2736 -2354 -840 -750 -11.0 -9.0 4.3 4.2 -627 -400 685 603 1 0.02 
_ _ _ 1_ _ --491 -560 649 593 

4 -2350 -2575 -750 -800 -10.0 -11.3 0.5 0.6 -625 -577 776 821 14 -0.04 
______ - _ 1__-515 -733 758 811 _ 

5 -2700 -2899 -820 -820 -11.6 -13.3 4.5 3.2 -798 -838 812 885 4 -0.12 
-410 -904 754 869 
-906 -972 460 566 -3270 -2670 -730 -730 -10.0 -12.1 6.0 0.9 -346 -466 1080 696 -26 0.03 

7 -3050 -1390 -810 -440 -8.8 -3.2 6.0 2.9 -887 -484 638 423 51 0.11 
1_ -339 -64 2466 1101 

-840 540 -250 -190 -5.6 -3.2 5.5 3.9 -229 -143 1556 735 23 0.22 8 -.- 171 -67 840 253 1 LCc-332 -193 2021 1423 S -1244 -840 -410 -300 -8.0 -4.9 4.6 3.7 1 -61 0.23 < -_ _-242 -91 855 409 

10 -940 -430 -340 -230. -6.5 -3.7 3.5 2.8 -283 -144 1708 941 -12 0.21 
-349 -96 696 589 1 

11 50 (*) 50 100 0.5 Eg 0.3 4.1 59 67 -82 -48 39 0.23 
t- 7 17 26 -22 0 

W 12 190 -200 -120 -100 -0.4 0.4 9.1 8.8 77 108 120 7 23 0.25 cc 9 8 48 5 
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Table 3.8-2 
STRESS ANALYSIS RESULTS (Sheet 9 of 10) 

DEAD LOAD + PRESTRESS LOAD + ABNORMAL THERMAL LOAD 
+ LOCA/MSLB PRESSURE LOAD + DESIGN BASIS EARTHQUAKE LOAD 

(D + F + TA + P + E') 

CONCRETE LINER REINFORCING STRESS SECTION RESULTANTS DEFLEC

a a STRESS STRAINS TION 
C o 2 

MER HOOP INSIDE OUTSIDE MER HOOP MER HOOP RADIAL 
CMER PSI X 106 X 10 MER HOOP MER HOOP FORCE FORCE MOMENT MOMENT SHEAR INCHES 

IN./IN. IN./IN. KSI KSI KSI KSI K/FT K/FT K/FT/FT K/FT/FT K/FT 

ALLOWABLE -5400 -5400 ±5000 ±5000 ±54 ±54 ±54 ±54 -- - - - - - - -- -

1 -896 -869 -390 -390 -1.9 -1.9 8.8 8.8 -131 -99 204 207 -1 0.13 
1---99 -129 218 217 -1 03 

S --- 295 -159 379 357 
o 2 -1446 -1476 -510 -530 -5.8 -4.8 1.7 8.1 8 0.14 

-329 -8 407 255 
3 -1739 -1116 -600 -450 -6.6 0.2 8.0 11.3 -329 -8 407 255 -1 0.22 

_____ _____ ~-155 -218 361 241 ___ ___ 

-327 -55 480 320 2 02 
4 -1539 -1194 -540 -460 -6.6 -3.3 1.3 8.8 -3 -59 48 30 2 0.21 

______ ______-183 -259 458 306 ________ 

-542 -145 573 406 
5 -2110 -1347 -680 -500 -9.3 -4.0 8.9 9.0 -36 -145 57 4 -3 0.17 

____ ____ __________-36 -233 497 388 ____ 

-678 -784 1 460 
6 -2646 -2345 -500 -620 -5.7 -10.8 8.2 4.0 56 -118 819 632 25 .11 

_____ _____-6 -118 19 63177.1 
7 -1782 -988 -230 -180 0.8 -2.8 5.8 4.4 -682 -346 -1154 177 138 0.13 

S--1 48 -204 1248 673 

8 -525 -407 -240 -100 6.1 -3.3 -2.5 6.2 -160 -81 -78 580 -191 0.12 
_____~~~ 1___ ___ ___ __ _ 88 17 -1034 -56 1___ 

Sc -324 -184 2797 1801 
C 9 -1666 -1072 -560 -380 -10.1 -5.6 11.2 6.9 -140 0.40 

CO -210 -52 1311 513 

10 -1230 -586 -380 -230 -7.8 -3.8 7.7 4.1 -200 -130 1198 1020 15 0.42 
10 __ ___ ____1____ _ -282 -64 -78 572 ~ 04 

-24 92 -138 -73 
> 11 -164 () 50 150 0.1 -0.9 -0.9 5.1 4 2 10 -41 66 0.50 

-0.9 5.1 -94 22 10 -1_ __ 

S 12 -106 139 116 91 
ui 12 -7 30 30 2.4 3.3 10.6 10.6 10 0.52 

8- 0 8 -19 -8 -7 
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Table 3.8-2 
STRESS ANALYSIS RESULTS (Sheet 10 of 10) 

DEAD LOAD + PRESTRESS LOAD + ABNORMAL THERMAL LOAD 
+ DESIGN BASIS EARTHQUAKE LOAD 

(D + F + TA + E') 

CONCRETE LINER REINFORCING STRESS SECTION RESULTANTS DEFLEC
2 2 STRESS STRAIUNS TI ON 

c MER HOOP MER HOOP INSIDE OUTSIDE MER HOOP MER HOOP RADIAL 
oPSI PSI X 10 X 10 MER HOOP MER HOOP FORCE FORCE MOMENT MOMENT SHEAR INCHES 

IN./IN. IN./IN. KSI KSI KSI KSI K/FT K/FT K/FT/FT K/FT/FT K/FT 

ALLOWABLE -5400 -5400 ±5000 ±5000 ±54 ±54 ±54 ±54 

1 -2091 -2067 -680 -680 -8.0 -8.1 3.2 3.0 -452 -424 530 541 -2 -0.28 
-420 -455 544 551 
-612 470 60 599 1 01 

2 -2396 -2372 -750 -750 -10.2 -9.5 1.1 3.3 -6 -70 6 595 10 -0.18 
11 111 -536 -584 596 595 

3 789 -2405 -850 -760 -11.4 -9.3 4.5 4.5 -646 -375 690 605 1 0.02 - -472 -585 644 591 

4 2379 -2630 -750 -800 -10.2 -11.6 0.6 0.8 -642 -553 778 823 14 -0.04 
-- -498 -757 756 809 

5 -2820 -2921 -850 -820 -12.3 -13.4 5.0 3.4 -857 -827 821 886 4 -0.12 
- _ _-351 -915 745 868 

6 -3626 -2835 -750 -750 -10.1 -12.8 9.1 2.0 -9 -1052 361 545 -26 0.03 
______ ______-259 -386 1179 717 ___ 

7 -3378 -1604 -840 -440 -9.4 -3.4 8.4 3.6 -973 -549 351 663 51 0.11 
1_ 1 -253 1 2753 1159 

8 -906 -580 -270 -210 -6.0 -3.6 5.7 4.0 -236 -154 1676 812 23 0.22 -164 -56 720 176 2 0 
ClCc 

-34-28 281 16 S -1335 -924 -440 -310 -8.5 -5.4 5.0 4.0 -61 0.23 cm . - -230 -76 695 273 

10 -564 -350 -230 -6.8 -3.8 3.8 2.9 -275 -153 1840 989 -12 0.21 -357 -87 564 541 
a-68 77 -102 -41 0 11 170 (*) 50 100 0.7 3.0 0.4 4.2 39 0.23 

- 1_ -2 7 46 -19 0 2 
92 137 146 87 c 12 (*) '* -120 -110 -0.1 0.5 9.3 9.0 23 0.25 -6 -21 22 -11 
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In addition, interaction diagrams for each critical section identified in 

table 3.8-2, sheet 1, together with a graphical plot of the actual axial 

load with its accompanying moment for each principal load combination are 

furnished in figure 3.8-19, sheet 1 through 18 inclusive.  

The effect of three-dimensional stress/strain fields on the behavior of 

the structure has been considered in the FINEL computer program described 

in appendix 3C, subsection 3C.l.  

3.8.1.6 Materials, Quality Control, and Special Construction Techniques 

The following basic materials are used in the construction of the contain
ment structure.  

A. Concrete 

2 
Tendon access gallery f (lb/in. ) = 6,000 at 90 days c 

Base slab f'c (lb/in.2) = 6,000 at 90 days 

Cylindrical wall and fc (lb/in.2) = 6,000 at 90 days 

dome 

B. Reinforcing Steel 

2 
Deformed bars ASTM A-615 f (lb/in.2) = 60,000 

Grade 60 

C. Structural and 
Miscellaneous Steel 

2 
Structural steel ASTM A-36 f (lb/in. ) 36,000 

shapes, plates, 
and bars 

High-strength ASTM A-572 f (lb/in.2) = 42,000 to 65,000 

structural steel (varies depending 

shapes, plates, and on grade of the 

bars material) 

2 

Pipe used as ASTM A-53 f (lb/in. ) = 25,000 to 35,000 

structural members y (varies depending 
on grade used) 

2 
Forgings ASTM A-237 f (lb/in. ) = 58,000 to 60,000 

Class C (varies depending 
on material 
thickness) 
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Pins ASTM A-307 ft (lb/in.2 ) = 60,000 minimum 

2 
ASTM A-325 f (lb/in. ) = 81,000 to 92,000 

(varies depending 
on diameter of 

pins) 

2 
ASTM A-449 f (lb/in. ) = 58,000 to 92,000 

(varies depending 
on diameter of 
material) 

ASTM A-490 f (lb/in.2 ) = 130,000 (varies 

depending on 
diameter of pins) 

2 
ASTM A-540 f (lb/in. ) = 105,000 to 150,000 

(varies depending 
on diameter, class, 
and grade of 
material) 

Polar crane rail AISI 175 lb/yd 

Refueling machine Stainless steel 
rail 

CEA change mechanism Stainless steel 
rail 

2 Anchor bolts ASTM A-36 f y(lb/in. 2) = 36,000 minimum 

ASTM A-307 f (lb/in. ) = 60,000 minimum 

2 
ASTM A-325 f (lb/in. ) = 81,000 to 92,000 

(varies depending 
on diameter of 
bolts) 

2 
ASTM A-449 f (lb/in. ) = 58,000 to 42,000 

(varies depending 
on diameter of 
bolts) 

2 
ASTM A-490 f (lb/in. ) = 130,000 minimum 

(varies depending 
on diameter of 
bolts) 
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2 
ASTM A-540 f (lb/in. ) = 105,000 to 

150,000 (varies 

depending on 
diameter, class, 
and grade of 
material) 

Bolts ASTM A-307 ft (lb/in.2) = 60,000 minimum 

High strength ASTM A-325 f (lb/in.2) 81,000 to 92,000 

bolts (varies depending 
on diameter of 
bolts) 

ASTM A-490 f (lb/in.2 ) = 130,000 minimum 
(varies depending 
on diameter of 
bolts) 

2 
ASTM A-540 f (lb/in. ) = 105,000 to 

150,000 (varies 
depending on 
diameter, class, 
and grade of 
material) 

Nelson shear studs ASTM A-108 f (lb/in. 2) =f = 50,000 
yy 

D. Containment Steel Liner Plate and Penetration Sleeves 

2 
1/4-in. Liner Plate ASME-SA-285 f (lb/in. ) = 24,000 

Grade A 

2 
Greater than 1/4-in. ASME-SA-516 f (lb/in. ) = 38,000 

Liner Plate Grade 70 

Embedded Items ASME-SA-36 f (lb/in. ) = 36,000 

2 
ASME-SA-285 f (lb/in. ) = 24,000 
Grade A 

2 
ASME-SA-516 f (lb/in. ) = 38,000 
Grade 70 

2 
ASME-SA-106 f (lb/in. ) = 35,000 

Grade B 

Cadweld Connectors AISI C1026 f (lb/in.2) = 72,000 
y2 

AISI C1018 f (lb/in. 2) = 72,000 
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Nelson Shear Studs ASTM A-108 f (lb/in.2) = 50,000 
y 

Penetration Sleeves 

Seamless pipes ASME-SA-333 2 
Grade 1 f (lb/in. 2 = 30,000 
Grade 6 fY (lb/in. ) = 35,000 

y 

Welded pipes ASME-SA-516 f (lb/in.2) = 38,000 
Grade 70 

2 
ASME-SA-155 f (lb/in. ) = 38,000 
Grade-KCF-70 
Class 1 

E. Post-Tensioning System 

Prestressing strands ASTM A-416-74 f' (lb/in. ) = 270,000 
Grade 270 

Bearing plates ASTM A-537-67a f (lb/in.2) = 45,000 
Grade A 

Sheathing ASTM A-527 

Anchor heads AISI 1026 

Materials and their quality control requirements are described in the 
following paragraphs.  

3.8.1.6.1 Reinforced Concrete 

3.8.1.6.1.1 Concrete. All concrete work is done in accordance with 
ACI 318-71, Building Code Requirements for Reinforced Concrete, and 
ACI-301-66, Specifications for Structural Concrete for Buildings, except 
as otherwise stated herein.  

The concrete is a dense, durable mixture of sound coarse aggregates, fine 
aggregates, cement, and water. In all areas, pozzolan is substituted for 
portions of cement used in the concrete. Admixtures are added to improve 
the quality and workability of the plastic concrete during placement and, 
in some areas to retard the set of concrete. The sizes of aggregates, 
water-reducing additives, and slumps are selected to maintain low limits 
on shrinkage and creep.  

3.8.1.6.1.2 Cement. Cement isType II, low alkali, moderate heat of 
hydration conforming to the Specification for Portland Cement (ASTM 150-70) 
including Table 1A for moderate heat of hydration. Certified copies of 
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mill test reports showing the chemical composition and physical properties 

are obtained for each load of cement delivered. The limitation of the 

alkali content of the cement may be waived provided that the aggregates 

pass required laboratory tests and have no history of alkali-aggregate 

incompatibility.  

In addition to the tests required by the cement manufacturers, the follow

ing tests are performed: 

ASTM C109 - Compressive Strength 

ASTM C114 - Chemical Analysis 

ASTM C115 or C204 - Fineness of Portland Cement 

ASTM C151 - Autoclave Expansion 

ASTM C191 or C266 - Time of Set 

The purpose of the above tests is to ascertain conformance with ASTM 

Specification C 150. In addition, tests ASTM C 191 or ASTM C266, 

ASTM C 109, and ASTM C 451 are repeated periodically during construction 

to check storage environmental effects on cement characteristics. The 

tests supplement visual inspection of material storage procedures.  

3.8.1.6.1.3 Aggregates. All aggregates conform to the Standard Specifi

cations for Concrete Aggregate (ASTM C 33-69). In addition to the speci

fied gradation, the fine aggregate (sand) has a fineness modulus of not 

less than 2.3 or more than 3.1 during normal operations; at least 9 of 10 

test samples should not vary in fineness modulus more than 0.20 from the 

average. Coarse aggregate may be rejected, if the loss when subjected to 

the Los Angeles abrasion test, ASTM C131-69 using grading A, exceeds 40% 

by weight at 500 revolutions.  

Acceptance of aggregates is based on the following tests: 

ASTM Test No. Name of Test 

C 131 Los Angeles Abrasion 

C 142 Clay Lumps and Friable Particles 

C 117 Material Finer than No. 200 Sieve 

C 87 Mortar Making Properties 

C 40 Organic Impurities 
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ASTM Test No. Name of Test 

C289 Potential Reactivity (Chemical) 

C 136 Sieve Analysis 

C 88 Soundness 

C 127 Specific Gravity and Absorption 

C 128 Specific Gravity and Absorption 

C 295 Petrographic 

In addition to the foregoing initial tests, a daily inspection control 
program will be carried on during construction to ascertain consistency in 

potentially variable characteristics such as gradation and organic content.  

3.8.1.6.1.4 Water. Water and ice used in mixing concrete is free of 

injurious amounts of oil, acid, alkali, organic matter, or other deleterious 

substances as determined by American Association of State Highway Officials 

(AASHO) Methods of Sampling and Testing, Designation T26. Water shall not 

contain impurities in amounts that will cause either a change in the time 

of setting of Portland cement of more than 25% or, a reduction in the 

compressive strength of mortar of more than 5% compared with results 
obtained with distilled water. The water shall not contain more than 
250 ppm of chlorides as C1, nor more than 800 ppm of sulfates as S04, nor 
more than 2000 ppm total dissolved solids. The pH range shall be within 

6.0 to 8.5.  

3.8.1.6.1.5 Admixtures. The concrete also contains an air entraining 

admixture, a water reducing admixture, and a pozzolan. The air entraining 
admixture is in accordance with the Specification for Air Entraining 
Admixtures for Concrete (ASTM C-260). It is capable of entraining 3 to 6% 
air, is completely water soluble, and is completely dissolved when it 
enters the batch. The water reducing admixture may be a type that retards 
the set of the concrete and that conforms to the Standard Specification 
for Chemical Admixtures for Concrete (ASTM C 494-68), Types A and D.  

Pozzolans conform to Specifications for Fly Ash and Raw or Calcined Natural 

Pozzolans for Use in Portland Cement Concrete (ASTM C 618) except that 
ignition loss shall not exceed 6%.  

3.8.1.6.1.6 Concrete Mix Design. Concrete mixes are designed in 

accordance with the American Concrete Institute Standard (ACI) 211.1.70.  

Only concrete mixes meeting the design requirements specified for the 

structures are used.  
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Trial mixes are tested in accordance with the applicable ASTM specifications 

as indicated below: 

ASTM Test 

C-39-66 Compressive strength of molded concrete cylinders 

C-143-69 Slump of Portland cement concrete 

C-192-69 Making and curing concrete test specimens, in the 

laboratory 

C-231-68 Air content of freshly mixed concrete by the pressure 

method 

C-232-58 Bleeding of concrete 

Concrete test cylinders are cast from the mix proportions selected for use 

in the prestressed concrete for the containment, to determine the following 

properties: 

A. Compressive strength 

B. Thermal diffusivity 

C. Autogenous shrinkage 

D. Thermal coefficient of expansion 

E. Modulus of elasticity and Poisson's ratio 

F. Uniaxial creep 

3.8.1.6.1.7 Concrete Testing. During construction, concrete is sampled 

and tested for slump, air content, temperature, and unit weight prior to 

casting compressive strength cylinders.  

Compressive strength cylinders are cast from representative samples taken 

in accordance with Sampling Fresh Concrete (ASTM C 172-68), Paragraph 3.  

Cylinders are made, cured, and tested in'accordance with the Standard 

Method for Making and Curing Compression and Flexure Tests in the Field 

(ASTM C 31-69) and the Standard Test for Compressive Strength of Molded 

Concrete Cylinders (ASTM C 39-66).  

The requirements for taking cylinders are as follows: 

A. One set of test specimens is made not less than once a day or less 

than once for each 100 cubic yards of concrete placed, or fraction 

thereof, for each mix design. For large concrete placements 

exceeding 500 cubic yards, one set of test specimens is made not 
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less than once for each 250 cubic yards of concrete placed, or 
fraction thereof, for each design mix.  

B. The procedures for.securing strength test samples and molding test 
specimens comply with the above mentioned standards. A set of test 
specimens consists of six 6-inch diameter by 12-inch cylinders.  

C. Two cylinders from each set of test specimens are tested at the 
designated test intervals. Tests are performed at 3, 7, 28, and 
90 days. The 3-day test is only made on occasion to correlate 
3-day strength. When these tests are made, the 90-day tests are 
not made.  

D. When a correlation of test data is established for each mix, the 
90-day test cylinders are discontinued except for-prestressed 
concrete.  

Concrete cylinders are maintained at a temperature of 60F to 80F prior to 
stripping, stripped within 24 hours after casting, marked and stored in 
the curing room until the designated date for testing.  

Standards of concrete control are in accordance with the criteria 
established in ACI 214 for "excellent" concrete. An acceptable correlation 
is based upon test results from at least the first 10,000 cubic yards of 
concrete placed for each mix design.  

The average of all of the compressive strength tests representing each 
class of concrete, as well as the average of any five consecutive strength 
tests representing each class of concrete, is required to be equal to or 
greater than the specified strength, and no more than one strength test in 
ten has an average value less than the specified strength. The strength 
of an individual test is the average of the strengths of the two specimens.  

3.8.1.6.1.8 Concrete Placement.  

A. General 

- Conveying and placing of concrete is performed in accordance with 
ACI 301, ACI 318, ACI 304, ACI SP2, ASTM C-94 and as specified 
herein. No aluminum pipe or other conveying equipment containing 
aluminum that would be in contact with the fresh concrete is used 
for conveying concrete to point of placement. Steel pipe is used 
for concrete pumps or pneumatic placers. Pipe sizes are limited 
to 5 inches minimum diameter for 3/4- to 1-1/2-inch maximum size 
aggregate mixes and may be reduced to smaller pipe sizes for 
aggregate mix size less than 3/4-inch maximum.  
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B. Clean-Up Preparation 

Before depositing concrete, all equipment is cleaned. Debris is 

removed from spaces to receive concrete. Reinforcement and other 

metal to be embedded is thoroughly cleaned of all loose rust, 
scale, and/or coatings that might impair the bond. All compacted 

soil, rock, or concrete surfaces to receive concrete are thoroughly.  

wetted before placement.  

C. Construction Joint Placement 

To the maximum extent possible, concrete is deposited continuously 

to provide monolithic units in the construction as shown on the 

approved engineering design drawings. Construction joints are 

provided in accordance with details as shown on the approved 

engineering design drawings where the size of large slabs or lengths 

of continuous strips so dictate. Adjacent vertical placements have 

a minimum curing time of 3 days. In all cases, concrete is 

deposited in such a way as to prevent water from collecting at the 

ends and corners of forms and along form faces during placement.  

All contiguous vertical concrete construction joints to receive 

additional lifts or concrete are moist cured. Moist curing of 

newly placed concrete is kept wet by continuous application of 

water for the first 7 days after the concrete has been placed. As 

soon as unformed surfaces of concrete have hardened sufficiently to 

prevent surface damage through application of curing procedures, 
an intermittent fine spray of water is applied as necessary to keep 

such surfaces continually moist for not less than 7 days.  

D. Placement Limitations 

Concrete is deposited in horizontal layers between 12 to 24 inches, 

and is not allowed to flow a distance of more than 5 feet from 

point of deposition.  

E. Segregation 

Concrete is not dropped through dense reinforcing steel, which 

might cause segregation of the coarse aggregate. Concrete is.not 

dropped free from a height of more than 6 feet.  

F. Concrete Temperature Control 

The target temperature of concrete is as close to 50F as possible 

and not to exceed 55F for placements which exceed 6 feet in 

thickness; i.e., the least dimension in any direction.  
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The target temperature for all other placements is less than 70F 
for the following conditions: 

1. Placement of 6 feet, or less, in thickness.  

2. Consecutive placements that do not exceed a total of 6 feet 
in thickness.  

3. Consecutive placements which exceed a total of 6 feet in 
thickness where the elapsed time between placements is 14 days 
or more.  

For consecutive placements that exceed a total of 6 feet in 
thickness, and for which the elapsed time between placements is 
less than 14 days, the target temperature for the contiguous place
ment shall be as close to 50F as possible and not to exceed 55F.  

G. Weather Precautions 

During cold weather, if the air temperature drops below freezing 
at night, or if the mean daily temperature falls below 40F for 
more than one day during.the period when concrete is being placed, 
concreting is placed in accordance with the Recommended Practice 
for Cold Weather Concreting, ACI 306. The concrete shall be main
tained at a temperature no lower than 50F for at least 72 hours 
after it is placed. No additional protection from freezing will 
be required if that temperature is maintained for that length of 
time by means of insulation in contact with the form or concrete 
surfaces. Foundation forms can be stripped 24 hours after concrete 
is placed.  

Concrete, when deposited in the forms during cold weather, is 
required to have a temperature of not less than the following: 

Less than Mass Concrete 
2-1/2 feet in In excess of 2-1/2 feet 

Air Temperature Least Dimension Least Dimension 
(0F) (OF) (OF) 

30 to 45 60 50 

0 to 30 65 55 

During hot weather, when the ambient temperature is greater than 
80F, concrete is placed in accordance with ACI 305, Recommended 
Practice for Hot Weather Concreting.  

Before depositing concrete in any form or on any surface, cool 
water is sprinkled on all surfaces and reinforcement steel. Wind 
breakers are used to prevent wind from blowing over the concrete 
surface prior to the initiation of curing.  
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Curing is started as soon as the concrete has hardened to withstand 

surface damage.  

H. Consolidation of Concrete 

Concrete is placed with the aid of mechanical vibrating equipment 

and supplemented by hand spading and tamping. The vibrating equip

ment is of the internal type. The frequency of vibration is not 

less than 7000 cycles per minute. Vibration is not allowed to 

cause segregation. In consolidating each layer of concrete, the 

vibrator is operated in a near vertical position. The vibrating 

head is allowed to penetrate under the action of its own weight 

and to revibrate the concrete in the upper portion of the under

lying layer. Neither form nor surface vibrators are used without 

specific approval from the Bechtel Project Engineer.  

Vibrators are not used to move or spread concrete. A ratio of 

not less than one spare vibrator in good working condition to each 

three vibrators required for vibration of the concrete being placed 

is kept available for immediate use at the placement location.  

Vibration commences within 15 minutes following time of placement.  

I. Bonding of Concrete Between Lifts 

Horizontal construction joints are prepared for receiving the next 

lift by either sandblasting or water blasting. Sandblasting or 

water blasting will be performed before placing forms. The opera
tion shall be continued until all laitance, coatings, stains, and 

other foreign materials are removed. The surface of the concrete 

is washed thoroughly to remove all loose materials. The horizontal 

surface is wet immediately before the concrete is placed.  

Surface set retardant compounds are not used.  

3.8.1.6.2 Reinforcing Steel 

Reinforcing steel is deformed billet steel, conforming to ASTM 

Designation A-615-68. This steel has a minimum yield strength of 

60,000 lb/in. 2 , a minimum tensile strength of 90,000 lb/in.
2 , and a minimum 

elongation of 7% in an 8-inch specimen. Grade 60 is used throughout the 

project.  

Mill test results are obtained from the reinforcing steel supplier for each 

heat of steel to show proof that the reinforcing steel has the specified 

composition, strength, and ductility. Splices in reinforcing bar sizes 

No. 11 and smaller are lapped in accordance with ACI 318-71 and, for bars 

larger than No. 11, Cadweld splices are made in strict accordance with 

the manufacturer's instructions as presented in Erico Products Bulletin, 

RB 1OM-670, 1970, Cadweld Rebar Splicing.  
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3.8.1.6.3 Post-Tensioning System 

The prestressed, post-tensioning system selected for the containment is 
the VSL Post-Tensioning System using ES-55 tendons. Each hoop tendon wraps 
approximately 2400 around the containment. Vertical tendons are placed in 
layers, consisting of alternates of two tendons and one tendon spaced 
equally along the containment wall.  

3.8.1.6.3.1 Tendon Strands. The strands are of the seven-wire, 
low-relaxation type having a guaranteed minimum ultimate tensile strength 
(f's) of 270,000 lb/in.2 based on the nominal steel area of strand and the 
minimum yield strength is required to be not less than 0.90 f's. All 
strands conform to the Standard Specifications for Uncoated Seven-Wire 
Stress Relieved Strand for Prestressed Concrete, ASTM A 416, Weldless 
Grade.  

Elongation at ultimate failure is not less than that given in ASTM A 416.  

3.8.1.6.3.2 Anchorages. The basic performance requirements for the end 
anchors of the tendons are stated qualitatively by the Seismic Committee of 
the Prestressed Concrete Institute and published in their Journal of 
June 1966, as follows: 

"All anchors of unbonded tendons should develop at least 100 percent 
of the guaranteed ultimate strength of the tendons. The anchorage 
gripping should function in such a way that no harmful notching would 
occur on the tendons. Any such anchorage system used in earthquake 
areas must be capable of maintaining the prestressing force under sus
tained and fluctuating loads and the effect of shock. Anchors should 
also possess adequate reserve strength to withstand any overstress to 
which they may be subjected during the most severe probable earthquake.  
Particular care should be directed to accurate positioning and align
ment of end anchors." 

The'end anchors used are capable of developing 100% of the minimum tensile 
strength of the tendons. Furthermore, the end anchors are capable of 
maintaining integrity for 500 cycles of loads corresponding to an average 
axial stress variation between 0.7 and 0.75 f's, at a repetition rate of 
one cycle of 0.1 second. This requirement sets the minimum acceptable 
limits on fatigue effects due to notching by the end anchor, and tendon 
performance in response to earthquake loads. To provide an adequate factor 
of safety, the number of cycles has been increased to 500 from the 100 
generated from earthquake, wind, and accident loadings. The stress 
variation has been increased from a conservatively predicted 0.6 f's to 
0.64 f's and the 0.7 f's to 0.75 f's. Further, the number of cycles caused 
by earthquake loads is predicted as only 30 of the total of 100, by using 
all those strong ground motions that exceed one-half of the peak ground 
motion for the earthquake.  
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The anchorage assemblies, including the bearing plates, are capable of 

transmitting the ultimate loads of the tendons into the structure without 

brittle fracture at an anticipated lowest service temperature of 20F.  

3.8.1.6.3.3 Tendon Sheathing and Trumpet Extensions. Trumpet extensions 

fo'r all tendons are fabricated from rigid tubing. Extensions for the 

vertical-dome tendons, except in the area of the equipment hatch, extend 

from the trumpet to a point 1 foot above the top of the basemat; exten

sions for the vertical dome tendons in the area of the equipment hatch 

extend to the point of tangency of the vertical transition curve. Exten

sions for the horizontal-hoop tendons extend from the trumpet to the edge 

of the buttress. The trumpet extension supplied has a rigid coupler to 

the trumpet capable of maintaining the required alignment. Material 

conforms to the Standard Specification for Electric-Resistance-Welded 

Carbon and Alloy Steel Mechanical Tubing, ASTM A513, and has a wall thick

ness not less than 0.065 inch..  

Sheaths for post-tensioning tendons are galvanized spiral-wrapped, 

semi-rigid, corrugated tubing and material conforms to the Standard 

Specification for Steel Sheet, Zinc-coated (Galvanized) by the Hot-Dip 

Process, Lock-Forming Quality, ASTM A 527, 24-gage cold-rolled carbon 

steel.  

Vertical sheaths are installed in 10-foot lengths.  

The hoop sheaths have a field splice at each trumpet extension and at 

six points in between. This results in hoop sheath lengths of approxi

mately 45-foot lengths.  

The dome radial sheaths are spliced at approximately the spring line and at 

such intermediate points as expedient. The dome hoop sheaths are installed 

in approximately 45-foot lengths.  

Coupling devices are provided at all field splices inherent in the erection.  

The coupler provides for a field splice that is easily and quickly sealed 

against leakage and that maintains the alignment of the parent sheath.  

The coupler is detailed such that a segment of sheathing may be spliced 

between two other segments which may be rigidly fixed in concrete.  

Field welding of sheathing to form a splice is not permitted.  

Protective devices are provided to prevent damage to the ends of the 

sheaths and couplings during handling operations and to prevent damage or 

entry of sand, rain, etc., during storage and construction.  

3.8.1.6.3.4 Corrosion Protection. Suitable atmospheric corrosion 

protection is maintained for the tendons from the point of manufacture to.  

the installed locations. The atmospheric corrosion protection provides 

assurance that the tendon integrity is not impaired due to exposure to the 

environment.  
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* Prior to shipment, a thin film of rust inhibitor, Visconorust 1601 Amber, 
manufactured by the Viscosity Oil Company, is applied to the tendons in 
accordance with the manufacturer's instructions. After the tendons are 
installed and stressed, the interior of the sheathing is pumped full of a 
modified, thixotropic, refined petroleum-based product, Visconorust 2090P-4, 
to provide corrosion protection. The tendon end anchors are also encap
sulated by gasketed end caps that are filled with the corrosion protection 
material and sealed against the bearing plates.  

Testing of the permanent corrosion-protection material confirms that there 
are no significant amounts of chlorides, sulfides, or nitrates present.  
However, to further verify the chemical composition of the filler material, 
test samples are obtained from each shipment and analyzed as follows: 

A. Water-soluble chlorides (Cl) are determined in accordance with 
ASTM D512-67 with a limit of accuracy of 0.5 ppm.  

B. Water-soluble nitrates (NO3) are determined by the Water and 
Sewage Analysis Procedure of the Hach Chemical Company, Ames, Iowa, 
or by ASTM D-992 Brucine Method with a limit of accuracy of 
0.5 ppm.  

C. Water-soluble sulfides (S) are determined in accordance with 
American Public Health Association (APHA) standards with a limit of 
accuracy of 1 ppm. The APHA Standard methods (Methylene Blue 
procedure) or the Hach Chemical Company method are used.  

Acceptance criteria of the corrosion-protection materials are as follows: 

* Chlorides - 5 ppm maximum 

* Nitrates - 5 ppm maximum 

* Sulfides - 5 ppm maximum 

3.8.1.6.3.5 Prestressing Sequences. The criteria of the prestressing 
sequence are based on the design requirements to limit the membrane tension 
in concrete to 1.0 /f and to minimize unbalanced loads or differential 
stresses in the structure. Prestressing begins after the concrete in the 
wall and the dome has reached the specified f' (6000 lb/in.2 at 90 days).  
The construction opening will be closed prior to prestressing. All tendons 
are tensioned from both ends.  

The procedure for prestressing is carefully worked out with the vendor so 
that all the tendons proceed in such a manner that the containment structure 
will not be eccentrically loaded at any phase.  
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3.8.1.6.4 Containment Liner 

The containment structure is lined with 1/4 in. thick welded steel plate, 

except in limited areas where thickened plate is utilized, conforming to 

the requirements of ASME-SA-285, Low and Intermediate Tensile Strength 

Carbon Steel Plates for Pressure Vessels, Grade A, to ensure a leaktight 

membrane. This steel has a minimum yield strength of 24,000 lb/in.
2 and a 

minimum elongations in an 8-inch specimen of 27%. The ASME-SA-285, material 

was chosen because it has sufficient strength, low yield point, and 

ductility to resist the expected stresses from design criteria loading, 
limit forces due to thermal differentials and, at the same time, to 

preserve all required leaktightness of the containment. It is readily 

weldable by all of the commercially available arc and gas welding processes.  

All thickened steel plate conforms to the requirements of ASME-SA-516, 

Grade 70.  

Design of the liner plate is subject to the provisions of Reference 4.  

Construction, inspection, and testing of the liner plate were performed 

using the applicable sections of the ASME Boiler and Pressure Vessel Code 

Section III, Division 1 as a guide only.  

The equipment hatch and personnel and escape locks must resist the full 

design pressure and are designed in accordance with the ASME Boiler and 

Pressure Vessel Code, Section III, Subsection NE, Class MC Components.  

The interior projections of all penetration assemblies must resist the 

full design pressure. The design of all penetration assemblies is con

trolled by the provisions of Reference 4.  

The liner plate is designed to function only as a leaktight membrane. It 

is not designed to resist the tension stresses from internally applied 

pressure, which may result from any credible accident conditions. Struc

tural integrity of the containment is maintained by the prestressed, post

tensioned concrete. Since the principal applied stress to the liner plate 
membrane is in compression from shrinkage and creep of the concrete, there 

is no need to apply special nil ductility transition temperature criteria 

to the liner plate material. On the other hand, all material for contain

ment parts that resists applied internal pressure stresses, such as pene

trations, is impact tested in accordance with the requirements of 

Article NE-2320 of Section III, Division I of the ASME Boiler and Pressure 

Vessel Code.  

All welding procedures and welding operators are qualified bytests, as 

specified in Section IX of the ASME Boiler and Pressure Vessel Code. This 

code requires testing of welded transverse root and face bend samples in 

order to verify adequate weld metal ductility. Specifically, Section IX of 

the Code requires that the transverse root and face bend samples be capable 

of being bent cold 1800 to an inside radius equal to twice the thickness of 

the test sample. Satisfactory completion of these bend tests is accepted 

as adequate evidence of required weld metal and plate material compatibility.  
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3.8.1.6.5 Containment Liner Plate Attachments and Associated Hardware 

Material for penetration sleeves conforms to the requirements of the three 
specifications listed below. The lowest service metal temperature is 20F 
and the maximum test temperature is OF.  

A. Penetration Sleeves - Seamless and Welded Steel Pipe for 
Low-Temperature Service, ASME SA-333, Grade 1 or 6, ASME SA-155, 
Grade KCF 70, and ASME SA-516, Grade 70.  

B. Penetration Sleeve Reinforcing - ASME SA-516, Grade 70 

C. Anchor Rings and Plates - ASME SA-516, Grade 70 

Material for bolts, nuts, studs, Cadwelds, and Unistruts conforms to the 
requirements of the five specifications listed below.  

A. Anchor and machine bolts - ASME SA-307, Low-Carbon Steel Externally 
and Internally Threaded Standard Fasteners 

B. Nelson studs.- ASTM A 108, Cold-Finished Carbon Steel Bars and 
Shafting 

C. Cadweld connectors - AISI C 1026 or AISI C 1018 

D. Unistruts - Flat-Rolled Carbon Steel Sheets of Structural Quality, 
ASTM A 570-72, Grade E or C.  

E. High strength bolts - ASME SA-325, High Strength Bolts for 
Structural Steel Joints Including Suitable Nuts and Plane Hardened 
Washers.  

3.8.1.6.6 Structural and Miscellaneous Steel 

Mill test reports of all structural and miscellaneous steel are obtained 
for all materials used with the exceptions of hand rails, toe plates, kick 
plates, stairs and ladders.  

Detailing, fabrication, and erection of the structural and miscellaneous 
steel are in accordance with the AISC Manual of Steel Construction, 1969 
edition.  

Welding is done in accordance with AWS D 1.1-72, Structural Welding Code.  

3.8.1.6.7 Quality Control 

Quality control procedures are established and implemented during construc
tion and inspection. The quality control procedures are specified in the.  
technical specifications covering the fabrication, furnishing, and instal

lation of each structural component and provide inspection and documentation 
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to assure that the codes and construction practices are met. Table 3.8-3 
provides a listing of all pertinent concrete related tests.  

3.8.1.6.7.1 Control Tests for Concrete. Concrete for the containment 
structure is tested in accordance with ACI 214, Recommended Practice for 
Evaluation of Compressive Test Results of Field Concrete.  

3.8.1.6.7.2 Control Tests for Reinforcing Steel. Full diameter specimens 
of each size of reinforcing steel are taken for tests. Frequency of tests 
conform to NRC Regulatory Guide 1.15.  

Placement tolerances used for reinforcing steel conforms to the following 
allowable variances: 

A. Concrete cover, No. 3 through No. 11: +1/2 inch 

B. Concrete cover, No. 14 and No. 18: + inch; 1/2 inch 

C. Spacing between bars, No. 3 through No. 11: + inch 

D. Spacing between bars, No. 14 and No.. 18: +3 inches 

E. Lengthwise of bars:. +2 inches 

F. Allowable movement of bars for other embedments were maintained to 
the following: 

1. Bottoms of beams and elevated slabs: + 2 inches (horizontally) 

2. All other walls, slabs on grade, columns, etc.: +4 inches 

G. Stirrups, hairpins, and ties were uniformly sloped up to 1 in 4, 
with the requirement that the spacing on one place be maintained 
within +1 1/2 inches of the specified location.  

3.8.1.6.7.3 Control of Mechanical Splices of Reinforcing. Control of 
mechanical splices utilizing filler metal and an enclosing sleeve 
(Cadweld-type splices) are in accordance with NRC Regulatory Guide 1.10.  

3.8.1.6.7.4 Quality Control Procedures for the Liner Plate. The 
nondestructive examination of the liner plate system meets or exceeds all 
of the requirements of Guide 1.19. Spot examination by each welder at 
each position is required at each 25 feet and a minimum of 4% of the total 
feet of weld is required to be examined.  
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Table 3.8-3.  
CONTROL TESTS FOR CONCRETE (Sheet 1 of 3) 

Onsite Testing 

Material Test Procedure Frequency 

Cement Time of Setting ASTM C-191 Monthly 
False Set ASTM C-451 Monthly 
Compressive Strength ASTM C-109 Monthly 

Coarse Gradation ASTM C-136 1 test per shift 
aggregate Flat and .Elongated CRD C-119 1 test per week 

Particle 
Clay Lumps ASTM C-142 If required 

Fine Gradation ASTM C-136 2 tests per shift 
aggregate Organic Impurities ASTM C-40 1 test per shift 

Fineness Modulus ASTM C-136 2 tests per shift 
Material finer than ASTM C-117 1 test per shift 

No. 200 Sieve 

Concrete Slump 
Temperature ASTM C-143 1 each 100 yd3 

per placement 
per mix 

Air Content ASTM C-138/C-231 
Unit Weight ASTM C-138 
Compressive ASTM C-39 1 each 100 yd3 or 

Strength fraction 
thereof per 
mix or I each 
250 yd3 or 
fraction 
thereof per 
mix for pours 
over 500 yd3.  

Capping Cylindrical ASTM C-617 Not applicable 
Concrete Specimens 

Accelerated Curing ASTM C-684 Testing program.  
of Concrete to be deter
Specimens mined upon 

request of the 
engineer.  

Standard Method of ASTM C-172-71 Not applicable 
Sampling Fresh 
Concrete 
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Table 3.8-3 
CONTROL TESTS FOR CONCRETE (Sheet 2 of 3) 

Onsite Testing 

Material Test Procedure Frequency 

Cement Chemical Analysis ASTM C-114 
Strength ASTM C-109 
False Set ASTM C-451 
Fineness ASTM C-204 or 

C-115 
Heat of Hydration ASTM C-186 1 set of tests 

per source 
Soundness by ASTM C-151 
Autoclave Expansion 

Time of Setting ASTM C-191 or 
C-266 

Sulfate Expansion ASTM C-452 
Tensile Strength ASTM C-190 

Pozzolan Fly Ash and Pozzolan ASTM C-618 1 test for every 
1,000 tons used 

Admixtures Water Reducing ASTM C-494 1 physical test 
per source and 
a chemical test 
with each 1,000 
ton pozzolan 
test.  

Air Entraining ASTM C-260 1 physical test 
per source and 
a chemical test 
with each 1,000 
ton pozzolan 
test.  

Aggregates L.A. Abrasion ASTM C-131 Once every 3 
10,000 yd of 
concrete.  

Mortar Making Prop. ASTM C-87 Once every 
10,000 yd of 
concrete.  

Pot. Reactivity ASTM C-289 Once every 3 
(Chem.) 10,000 yd of 

concrete.  

Pot. Reactivity ASTM C-227 Once every 
(Mortar Bar) 40,000 yd of 

concrete 

produced.  
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Table 3.8-3 

CONTROL TESTS FOR CONCRETE (Sheet 3 of 3) 

Onsite Testing 

Material Test Procedure Frequency 

Aggregates Soundness ASTM C-88 Once every 3 
(Cont) 10,000 yd of 

concrete 
Sp. Cr. and Absorp. ASTM C-127 Once every 

(Coarse) 10,000 yd of 
concrete 

Sp. Cr. and Absorp. ASTM C-128 Once every 3 
(Fine) 10,000 yd of 

concrete 
Petrographic ASTM C-295 When aggregate 

tests indicate 
a significant 
change has 
occurred in the 
characteristics 
of the aggregate 

Concrete Radiation Shielding ASTM C-637 1 test per design 
Properties mix 

Water and Chloride Ion ASTM D-512 Initially and 

Ice Sulfates ASTM D-516 monthly there
Time of Set ASTM C-191 after until 
False Set ASTM C-451 reliability 
Compressive Strength ASTM C-109 is established 
pH ASTM D-1293 then semi
Total Dissolved AASHO T-26 annually 

Solids thereafter, or 
as directed by 
the engineer 
contractor 

Concrete Design ACI 211.1 
Mixes Making and Testing ASTM C-192 

Specimens 
Air Content ASTM C-231 Upon mix 
Slump ASTM C-143 adjustment 
Bleeding ASTM C-232 
Compressive Strength ASTM C-39 
Bond Developed with ASTM C-234 

Reinforcing 
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Erection tolerances used for the liner plate system are as follows: 

A. Liner Plate 

1. The radial location of any point on the liner plate is not 

allowed to vary from the design radius by more than +3 inches.  

At any given elevation the maximum diameter minus the minimum 

diameter was not allowed to exceed 6 inches, with a 3-inch 

allowance for local out-of-roundness. Measurements were made 

at 30 degree spacings for each 10 feet of height.  

2. Plates to be joined by butt welding are matched accurately 

and retained in position during the welding operation. Mis

alignment in completed joints is not allowed to exceed 10% of 

the plate thickness or 1/16-inch, whichever was greater.  

3. A 15-foot long template curved to the required radius is not 

allowed to show deviations of more than 1-inch when placed 

against the completed surface of the shell within a single 

plate section and not closer than 12 inches to a welded seam.  

When the template is placed across one or more welded seams, 
the deviation is not allowed to exceed 1-1/2 inches. The 

effect of change in plate thickness or of weld reinforcement 

is excluded when determining deviations.  

4. A 15-inch long template curved to the required radius is not 

allowed to show deviations of more than 1/8-inch inward and 

3/8-inch outward when placed against the completed surface of 

the shell within a single plate section. Where the deviation 

exceeded these limits, remedial action is taken by the 

Contractor as directed by Bechtel to correct the deficiency.  

5. The slope of any 10-foot section of cylindrical liner plate, 

referred to true vertical, is not allowed to exceed 1:180.  

The overall out of plumbness of the shell is not allowed to 

exceed 3 inches.  

6. A 10-foot straight edge is not allowed to show deviations 

greater than +3/4-inch in the vertical direction between seam 

welds.  

7. Sharp bends are not permitted unless provision is made for 

them in the design., A sharp bend is defined as any local bend 

that deviated from the design radius or a vertical straight 

edge by an offset of.more than.1/2-inch in 1 foot. The template 
used to measure the local deviations is only 1 to 2 feet longer 

than. the area of the deviation itself.  
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B. Penetrations 

1. Paragraphs 3.8.1.6.1.4 .(A-1) through.(A-7) also control the 
tolerance requirements for penetrations.  

2. A 30-inch long template curved to the required radius is not 
allowed to show deviations of more than 3/4-inch when placed 
against the completed surface of the shell within a single 
plate section.  

3. Alignments of the axis of penetrations (for 12-inch or 
smaller, nominal pipe size) as erected are not allowed to 
vary by more than 2 degrees from the alignment shown. Align
ments of the axis of penetrations (for larger than 12 inch 
nominal pipe) as erected are not allowed to vary by more than 
1 degree. Individual penetrations (except main steam and 
feedwater) and penetrations in common reinforcing plates are 
located within +1 inch of their design elevations and circum
ferential locations. Main steam and feedwater penetrations 
are located within +1/2 inch of their design elevations and 
circumferential locations.  

4. The location of penetrations at the shell in a common 
reinforcing plate are maintained within +1/4-inch of the 
dimensions shown on the design drawings.  

5. Rolled and welded pipe penetration sleeves whose nominal wall 
thickness is 3/8 inches or less are maintained inside circum
ferential dimensions equal to pi times the nominal inside 
diameter, plus or.minus pi/32 inches for a minimum distance of 
3 inches from the end which extends into the containment 
structure.  

6. Rolled and welded pipe penetration sleeves whose nominal wall 
thickness is greater than 3/8 inch maintained their ID bored 
for a minimum distance of 1/2 inch from the end which extends 
into the containment structure in accordance with the following 
equations: 

C = A - 0.041 - 1.75 t 

C = A - 0.041 - 2.0 t 
m 

where: 

A = nominal pipe OD (inches) 

C = machined pipe ID (inches) 

* t = nominal wall thickness (inches) 
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t = minimum wall thickness (inches) 

t = 8/7 t 
m 

C. Dome Liner Plate 

Tolerance allowances for the dome liner plate are maintained in 

accordance with paragraphs 3.8.1.6.7.4 (A-2 and A-3), and para

graph 3.8.1.6.7.4 (B-2). The radius of curvature of the dome liner 

plate is maintained within plus 9 inches and minus 13-1/2 inches 

of the design radius shown.  

D. Crane Support and Pipe Support Brackets 

Crane support bracket locations shown on the engineering design 

drawings are maintained within +1/2 inch of the design elevation 

and circumferential locations. Pipe support brackets are located 

within +1 inch of their design elevation and circumferential 

locations.  

E. Miscellaneous Brackets Located on Penetration Sleeves and Liner 

Plate Stiffeners 

The brackets are located within +1 inch of their design elevation 

and circumferential location.  

F. Embedded Floor Beams, Thickened Floor Liner Plate, and 

Miscellaneous Embedments 

1. The field placement of the embedded floor beams and thickened 

floor liner plate within +1/2 inch of the design location is 

maintained.  

2. The locations of Cadwelds and threaded sleeves on the thickened 

floor liner plate are maintained +1/8 inch of the design 

location. The thickened plate dimensions are maintained within 

+1/8 inch of dimensions given on the engineering design 

drawings.  

3.8.1.6.7.5 Control Tests and Inspection of Prestressing System. The 

following quality control procedures are used: 

A. Prestressing Strands 

1. Each tendon is individually identified and traceable to the 

heat numbers of the wire utilized in its buildup. All chemical 

and physical test reports supporting the integrity of each heat 

of material are reviewed as a condition of acceptance.  
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2. Specimens are cut from each reel of strand and tension tested 
to assure compliance to specifications.  

3. Strands are examined for workmanship and quality prior to 
fabrication of the tendon.  

B. Bearing Plates and Trumpets 

1. Verify that the bearing plate material complies with that 
specified on the drawings. Compliance is evidenced by mill 
test reports traceable to the heat number by serial numbers 
permanently marked on each bearing plate.  

2. Charpy V-notch tests are conducted to provide.assurance that 
the bearing plates are not susceptible to brittle fracture.  

3. All plates are examined for workmanship and quality. Cracks, 
burrs, corrosion, and other defects are not acceptable.  

C. Anchor Head 

1. All raw material is accompanied by mill certificates and 
subjected to receiving inspection.  

2. After Blanchard grinding, a first article inspection is 
conducted to check proper surface finish.  

3. After drilling of tapered holes, a first article inspection 
is made and on each 51st piece thereafter.  

4. After forming 0.12-inch radius at bottom of strand holes, a 
first article dimensional inspection is made, followed by a 
check of every 100th piece.  

5. Parts are coated with a preservative prior to shipment.  

D. Erection Tolerances 

1. Sheathing was wired to mild steel reinforcing or other 
sheathing with a 16-gage tie wire. These ties were made at 
intervals of 5 to 7 feet to assure that the duct would not be 
displaced.during concrete placing.  

.2. Around penetration areas, tolerances were maintained at 
+6 inches in the vertical and +4 inches in the horizontal.  

3. Alignment of vertical sheathing was maintained within 3/4-inch 
per 10 feet.  
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4. Alignment of horizontal and curved sheathing was maintained 

within +3/4 inch.  

5. The minimum clearance between a penetration edge and the 

centerline of the sheathing was restricted to 1 foot 0 inches.  

6. The minimum radius of bend for all deflected tendons was 

maintained at 25 feet 0 inches.  

3.8.1.7 Testing and Inservice Inspection Requirements 

3.8.1.7.1 Structural Integrity Pressure Test 

Following construction, the containment is proof-tested at 115% of the 

design pressure. During this test, deflection measurements and concrete 

crack inspections are made to determine that the actual structural response 

is within the limits predicted by the design analyses.  

The test procedure complies with the requirements of NRC Regulatory 

Guide 1.18.  

3.8.1.7.2 Long-Term Surveillance 

The long-term surveillance program consists of evaluating the general 

condition of the post-tensioning system. Data on strand corrosion level 

and tendon lift-off forces are obtained and analyzed. The surveillance 

tendons and surveillance frequency are designated by the engineer as 

explained in Section 9.3 of BC-TOP-5.(1) The surveillance program provides 

assurances of the continuing ability of the structure to meet the design 

functions as stated in paragraph 3.8.1.5.  

3.8.2 STEEL CONTAINMENT 

As described in subsection 3.8.1, the containment is a prestressed, 
reinforced concrete structure; therefore this subsection does not apply.  

3.8.3. CONCRETE AND STEEL INTERNAL STRUCTURES OF STEEL OR CONCRETE 

CONTAINMENTS 

3.8.3.1 Description of the Internal Structures 

The internal structures located in the containment consist of the reactor 

supports, steam generator supports, reactor coolant pump supports, reactor 

coolant pipe restraints, primary shield wall and reactor cavity, secondary 

shield walls, pressurizer supports, refueling canal walls, and the operating 

and intermediate floors.  
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3.8.3.1.1 Reactor Vessel Supports 

The reactor vessel is supported by four columns under the cold leg nozzles 
discussed in subsection 5.4.14 which interface with structural steel 
built-up members that are almost entirely embedded in the primary shield.  
The built-up members transmit the vertical loads to the reactor cavity 
basemat. Lateral supports are provided for the reactor vessel to resist 
the horizontal loads. These lateral supports transmit the loads to the 
reactor cavity wall, which houses the reactor. In addition, shear keys at 
the lower part of the reactor vessel fit into the keyways, located in the 
base plate, of the column supports. These keyways which are described in 
subsection 5.4.14 transmit the horizontal loads to the cavity wall through 
horizontal members attached to the base plate. Both the lateral supports 
and shear keys are designed to allow movement due to thermal growth, of the 
reactor vessel in the radial and vertical directions. Details of both the 
lateral and vertical reactor vessel supports are shown in figure 3.8-20.  

3.8.3.1.2 Steam Generator Supports 

The steam generator is mounted on a thick, heavily reinforced, concrete 
pedestal. The loads are transmitted to the pedestal by means of high
strength bolts, bearing plates, and shear keys (Refer to figure 3.8-21, 
sheet 1). The pedestal, in turn, transmits these loads to the containment 
base slab. The upper part of the steam generator is restrained by means of 
shear keys and snubbers that are attached to the refueling canal walls and 
secondary shield walls. The steam generator pedestal is shown on 
figure 3.8-21, sheet 2.  

3.8.3.1.3 Reactor Coolant Pump Supports and Stops 

The reactor coolant pumps are supported by four vertical columns and four 
horizontal columns. The horizontal columns and a portion of the vertical 
columns are considered to be part of the NSSS as discussed in 
subsection 5.4.14. The vertical columns transmit the vertical loads to 
the containment basemat. The horizontal columns transmit the lateral loads 
to the refueling canal walls and to the secondary shield walls. All of the 
columns are hinged to permit radial (defined as an axis passing through 
the center of the reactor and the pump) movement of the pumps due to 
thermal growth.  

Additionally, three stops are provided for each reactor coolant pump.  
These stops consist of A-frames designed to resist lateral loads in 
the radial direction due to a postulated LOCA. The resisted loads are 
transmitted to the secondary shield walls. Details of the reactor pump 
supports and stops are shown in figure 3.8-22, sheets 1 and 2, 
respectively.  
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3.8.3.1.4 Pressurizer Supports 

The pressurizer is supported by a structural steel frame at elevation 45 ft.  

The main members of the frame are attached to the secondary shield walls by 

means of moment connections. This frame is supported at one corner by a 

column which is supported by the basemat. The pressurizer support skirt, 
which is described in subsection 5.4.14, is attached to the frame using a 

bolted connection. Both the frame and the connections are designed for 

vertical and lateral loads as well as for moments due to dead loads, thermal 

loads, seismic loads, and loads due to surge line and other pipeline breaks.  

In addition, the pressurizer is restrained at the top by means of keys 

which fit into keyways. Four keyway supports are located 900 apart and are 

designed to transmit the.lateral loads due to seismic excitation and due to 

subcompartment pressures by pipe breaks to the secondary shield walls.  

These keyways are also designed to permit vertical and radial movement of 

the pressurizer due to thermal growth. Details of the pressurizer supports 
are shown in figure 3.8-23.  

3.8.3.1.5 Reactor Coolant System Pipe Restraints 

The reactor coolant system restraints are provided to restrict the 

displacement of the reactor coolant piping during a postulated LOCA. These 

restraints are designed to resist the pipe rupture loads, assuming elastic

plastic behavior. The reactions from the restraints are transmitted to the 

basemat or various heavily reinforced members which transmit the loads to 

the basemat.  

The restraints are also designed to resist lateral loads during a 

postulated LOCA. The lateral loads considered are equal to 5% of the 

axial loads applied laterally.  

All.the restraints are provided with a gap to permit movement of the pipes 
due to thermal growth and seismic displacements. Details of the reactor 

coolant pipe restraints are shown in figure 3.8-24.  

'3.8.3.1.6 Primary Shield Wall and Reactor Cavity 

The primary shield is a heavily reinforced concrete structure that houses 

the reactor, provides the primary radiation shielding and pressure barrier, 
and is an integral part of the internal structures.  

The massive primary shield walls, which are anchored into the containment 

base slab, provide a support for the refueling canal walls above the reactor 

cavity. In plan, the primary shield walls form a monolithical ring, housing 

the reactor vessel. Large penetrations in the primary shield walls are 

provided for the primary loop piping and cavity ventilation system.  

Details of the primary shield walls are shown in figure 3.8-25.  
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3.8.3.1.7 Refueling Canal 

The refueling canal is a reinforced concrete structure that is flooded 
during the reactor refueling operation. The canal walls are partially 
supported by the primary shield and partially by the containment basemat.  

The refueling canal is lined with stainless steel plate, and is connected 
with the spent fuel pool, in the fuel handling building, through the fuel 
transfer tube.  

3.8.3.1.8 Fuel Transfer Tube 

A detailed description of the fuel transfer tube is provided in 
paragraph 3.8.1.1.3.5.  

3.8.3.1.9 Secondary Shield Walls 

The secondary shield is a heavily reinforced concrete structure enclosing 
(together with the refueling canal walls) the steam generator compartments.  
The massive secondary shield walls are anchored into the base slab of the 
containment in a manner similar to the primary shield walls, in order to 
allow for load transfer to the foundation. Each of the two enclosed 
secondary shield compartments houses a steam generator and two reactor 
coolant pumps. In addition, one of the compartments also houses the 
pressurizer.  

Steel embedments in the secondary shield walls transmit loads from various 
equipment, pipe supports, platforms to the walls, and from the operating 
and intermediate floors.  

Details of the secondary shield walls are shown in figure 3.8-26.  

3.8.3.1.10 Operating and Intermediate Floors 

The floors inside the containment consist of both composite construction 
and steel grating supported by structural steel framing. The steel framing 
is supported by perimeter steel columns just inside the exterior shell by 
means of a 6-inch gap between the floors and the shell.  

Details of the operating floor are shown in figure 3.8-27.  

3.8.3.2 Applicable Codes, Standards, and Specifications 

The applicable codes, standards, specifications, regulatory guides, and 
other documents used in the structural design, fabrication, and construc
tion of the internal structures are provided in paragraph 3.8.1.2.  
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3.8.3.3 Loads and Load Combinations 

3.8.3.3.1 Load Definitions 

The internal structures are designed for all credible loading conditions.  

The design load categories are identified as normal loads, severe environ

mental loads, extreme environmental loads, and abnormal loads.  

3.8.3.3.1.1 Normal Loads. Normal loads are those loads to be encountered 

during normal plant operation and shutdown. They include the following: 

A. Dead Loads 

Dead loads are those produced by the weight of the structures, 

including hydrostatic effects, and permanent equipment loads.  

B. Live Loads 

Live loads consist of any movable equipment ioads and other loads 

with variable intensity and occurrence.  

C. Normal Thermal Loads 

Normal thermal loads are produced due to the temperature 

distribution through the wall during normal operating or shutdown 

conditions, based on the most critical transient or steady-state 

condition.  

D. Normal Pipe Expansion Loads 

Normal pipe expansion loads consist of local forces on the 

structure caused by thermal expansion of piping during normal 

operating or shutdown conditions based on the most critical tran

sient or steady-state condition.  

3.8.3.3.1.2 Severe Environmental Loads. Severe environmental loads are 

those loads that could infrequently be encountered during the plant life.  

Included in this category is the operating basis earthquake (OBE). The 

OBE loading consists of a static equivalent seismic load for which the 

dynamic effects have been included in its determination. A more detailed 

discussion is presented in subsection 3.7.1.  

3.8.3.3.1.3 Extreme Environmental Loads. Extreme environmental loads are 

those loads which are credible, but are highly improbable. They include 

the design basis earthquake (DBE). The DBE loading consists of a static 

equivalent seismic load for which the dynamic effects have been included 

in its determination. A more detailed discussion is presented in 

subsection 3.7.1.  
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3.8.3.3.1.4 Abnormal Loads. Abnormal loads are those loads generated by 
a postulated hypothetical high-energy pipe break accident inside the 
containment and/or a compartment of the interior structure. Included in 
this category are the following: 

A. Pipe Rupture and Miscellaneous Missile Loads 

Pipe rupture loads consist of local loads on a structure which are 
generated by either the jet impingement from a ruptured high-energy 
pipe. or from the impact of a whipping ruptured pipe generated by a 
postulated break. These loads can also be generated by the reaction 
of the ruptured pipe on its supports. All of these loads are 
applied as a static equivalent load that includes an appropriate 
dynamic factor. Pipe rupture effects are discussed in section 3.6.  

Miscellaneous missile loads are described in detail in section 3.5.  

B. Loss-of-Coolant Accident (LOCA) Pressure Load 

The design differential pressure of the interior structure 
compartments is greater than the calculated peak pressure occurring 
as the result of any postulated LOCA. The steam generator compart
ment design pressure is given in paragraph 3.8.3.4.3.  

C. Abnormal Thermal Loads 

Abnormal thermal loads are produced due to the temperature 
distribution through the wall and expansion of the liner during the 
loss-of-coolant accident.  

D. Abnormal Pipe Expansion Loads 

Abnormal pipe expansion loads consist of local forces on the 
structure caused by thermal expansion of piping during loss-of
coolant accident based on the most critical transient or steady
state condition.  

3.8.3.3.2 Load Combinations 

The following nomenclature is used in the load combinations.  

D = Dead load 

L = Appropriate live load 

T = Normal thermal loads 
0 

H = Normal pipe expansion load 
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E = Operating basis earthquake load 

E' = Design basis earthquake load 

R = Pipe rupture and miscellaneous missile loads 

P = LOCA pressure load 

TA = Abnormal thermal load 

H A = Abnormal pipe expansion load 

The load combinations and load factors for which the strength method is 

used are as follows: 

A. Concrete 

1. Normal Case 

1.4D + 1.7L 

2. Severe Environmental Case 

1.25D + 1.25L + 1.25E + 1.0 H 
- 0 

3. Severe Environmental Case 

1.25D + 1.25L + 1.25E + 1.0 T 

4. Abnormal/Severe Environmental Case 

1.OD + 1.OL + 1.25E + 1.OT + 1.0P + 1.OR + 1.0H 
_ A A 

5. Abnormal/Severe Environmental Case 

1.0D + 1.25E + 1.OT + 1.OP + 1.OR + 1.0H 
-A A 

6. Abnormal/Extreme Environmental Case 

1.OD + 1.OL + 1.0E' + 1.OT + 1.0P + 1.OR + 1.25H 

7. Abnormal/Extreme EnvironmentaliCase 

1.OD + 1.OL + 1.0E' + 1.0T + 1.OP + 1.OR + 1.0HA 

8. Abnormal Case 

1.OD + 1.OL + 1.OT + 1.25H 
0 0 
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B. Structural Steel 

Steel structures shall satisfy the following loading combinations 
without exceeding the allowable working stress for equations 
1 and 3, and 33-1/3% increase in allowable working stress for 
equation 2, and 90% of the ultimate capacity (with full regard to 
elastic stability) for equations 4 through 6.  

1. Normal Case 

D + L 

2. Severe Environmental Case 

D + L + T + H + E 
0 0 

3. Severe Environmental Case 

(a)D + L + H + E 
0 

4. Abnormal/Extreme Environmental Case 

D + L + R + P + T + H + E' 
o 0 

5. Abnormal/Extreme Environmental Case 

D + L + R + P + TA + HA + E' 

6. Abnormal Case 

D + L + R + P + T + H 
O 0 

The stress levels reflected in the above loading combinations are based 
upon the specific nature of the loading condition and the actual function 
of the structure. In general, for the operating basis seismic design, the 
structure is designed for elastic behavior using load factors. In the case 
of concrete, based upon stresses significantly below the ultimate strength 
capacity, and working stress levels in the case of structural steel. For 
the accident basis design, stress analysis is based-upon stresses at or 
just below the ultimate strength capacity for concrete, and just below the 
ultimate elastic capacity for structural steel.  

3.8.3.4 Design and Analysis Procedures 

The basic techniques of analyzing the internal structures can be classified 
into two groups: conventional methods involving simplifying assumptions, 
such as those found in beam theory, and those based on plate and shell 

a. For structural elements carrying mainly earthquake forces only; e.g., 
struts and bracing.  
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theories of different degrees of approximation. The strength design methods 

given in the ACI-318-71 code are used for concrete and the 
AISC code is used 

for steel. The internal structures are provided with connections capable of 

transmitting axial and lateral loads to the containment base slab.  

The SAP computer program, referenced in appendix 3C, section 3C.5, is used 

to perform all static and dynamic stress analyses. The RESCOS .and OPTCON 

computer programs, referenced in appendix 3C, section 3C.8, 
are used in 

design to proportion principal steel reinforcement.  

Seismic analyses for the interior structures conform to the appropriate 

procedures outlined in section 3.7.  

The mathematical model used includes equipment of significant mass values 

as discrete masses at the appropriate elevation. The seismic loads are 

determined using the procedures of the design response spectrum technique 

of analysis. Bending moments and shears resulting from appropriate earth

quake loads are combined according to the load combinations 
described in 

paragraph 3.8.3.3. The equipment seismic shear is resisted by the anchorage 

system, anchor bolts, and by additional shear 
studs.  

Design of the interior structure evolves around four 
basic systems: the 

reactor coolant system, the main steam system, the engineered safeguards 

system, and the fuel handling system supply.  

The structures that house or support the basic systems are designed to 

sustain the factored loads described in paragraph 3.8.3.3.  

The design bases to be applied are given as follows: 

A. All operating loads, seismic loads, and thermal deformations at 

the levels indicated in paragraph 3.8.3.3.  

B. Loads and deformations resulting from a LOCA and its associated 

effects..  

C. Environmental effects .resulting from a postulated high-energy 

line break such as temperature, pressure, humidity, or flooding.  

The magnitude of thrust forces and pressure buildup resulting 

from a pipe break is determined from appropriate blowdown values.  

D. Jet impingement equivalent static loads on a structure generated 

by a postulated.high energy line break.  

E. Missile impact equivalent static loads on a structure generated 

by or during a postulated high-energy line break, like pipe 

whipping.  

F. Missiles as described in section 3.5.  

3.8-64



San Onofre 2&3 FSAR 

DESIGN OF CATEGORY I STRUCTURES 

The containment interior structure is designed to provide structural 
supporting elements for the entire NSSS, as well as required shielding.  
Basic supporting components are designed using both reinforced concrete 
and structural steel as appropriate. All design aspects are integrated 
with the design criteria of the nuclear steam supply system vendor and 
include particular attention to the combined thermal and dynamic effects 
particularly evident during earthquake conditions. Thrusts are taken by 
rigid members and by shock suppressors. Design loads and loading combina
tions for the interior structure are listed and described in 
paragraph 3.8.3.3.  

The main considerations in establishing the structural design criteria for 
the internal structures are to provide a structure that will withstand the 
differential pressure within the reactor cavity and across the secondary 
shield walls in the event of an accident, and to minimize the effects of 
the pipe rupture force and seismic loadings utilizing supports and 
restraints. Loads and deformations resulting fr~m a LOCA and its asso
ciated effects on any one of the basic systems are restricted so that 
propagation of the failure to any other system is prevented. In addition, 
a failure in one loop of the NSSS is restricted, so that propagation of the 
failure to the other loop is prevented. Localized concrete yielding is 
permitted, when it is demonstrated that the yield capacity of the component 
is not affected, and that this small localized yielding does not generate 
missiles that could damage the structure. Full recognition is given to the 
time increments associated with these postulated failure conditions, and 
yield capacities are appropriately increased, when a transient analysis 
demonstrates that the rapid strain rate justifies this approach. The walls 
are also designed to provide adequate protection for potential missile 
generation that could damage the containment liner.  

The effect of radiation-generated heat on the internal structures was 
considered in the design of the primary and secondary shield walls. The 
shield wall thicknesses were determined on the basis of the radiation 
shielding requirements and, therefore, are greater than those required for 
structural purposes. This additional thickness provides a reserve strength 
greater than required to offset minor damages to the structures due to a 
LOCA. Since high temperatures are damaging to concrete, a thorough ventila
tion at a constant temperature is maintained within the containment to cool 
the area surrounding the shield walls and to prevent any appreciable loss 
of structural strength due to gamma and neutron heating.  

The final design of the interior structure and equipment supports are 
reviewed to assure that they can withstand applicable pressure loads, jet 
impingement forces, pipe reactions, and earthquake loads without loss of 
function. The deflections or deformations of the structures and supports 
are checked to ensure that the functions of the containment and safety 
feature systems are not impaired.  
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3.8.3.4.1 Reactor Coolant System Equipment Supports 

The steel and concrete supports for the reactor, the reactor coolant pumps, 

the steam generators, safety injection tanks, the pressurizer and the 

quench tanks are designed for dead loads, seismic lads, and nozzle 

reaction loads. These loads include the maximum forces on a support due to 

accident loads (e.g., pipe rupture) with a dynamic load factor, operating 

loads, and seismic loads. The directions of the seismic forces are chosen 

to give the largest load at each support.  

The loads are combined using the maximum seismic forces and the maximum 

accident forces simultaneously. This combination ensures the worst possible 

design condition that could occur for each support.  

All the reactor coolant system equipment supports are designed using 

conventional design techniques.  

A combination of hot gaps, keyways, and snubbers are provided between the 

above mentioned equipment and their supports to ensure that minimal thermal 

loads from the expansion of the equipment are transmitted to the supports.  

3.8.3.4.2 Primary Shield Wall and Reactor Cavity 

For the hypothetical LOCA condition, the cavity wall is designed to 

withstand jet impingement forces and internal pressurization combined with 

seismic and LOCA loads on the reactor vessel and coolant pipeline without 

gross damage to the cavity structure. Local damage to the cavity in the 

immediate vicinity of the NSSS component failure is inevitable. However, 

vital parts of the containment are protected from this failure to ensure 

a post-accident leaktight containment structure.  

The reactor cavity is designed to withstand a static equivalent internal 

pressure of 228.9 lb/in.
2 due to the LOCA. This pressure acts on the entire 

cavity for a duration of 1 second. The maximum stress level in the rebar 

under the worst loading combination is limited to 90% of yield stress of 

the rebar.  

For the normal operating condition, the reactor cavity 
is designed'to 

withstand the stresses due to dead loads, live loads, and seismic 
loads.  

Under this condition, the stresses in the concrete and the reinforcing 

steel are significantly below working stress levels. In the stress 

analysis, flexure tensile cracking is permitted but is controlled by the 

bonded reinforcing steel.  

3.8.3.4.3 Secondary Shield Wall and Steam Generator Compartments 

The secondary shield wall, the refueling canal walls, and the walls 

enclosing steam generator compartments are designed for an 
internal pressure 

of 28.8 lb/in.2 due to a LOCA resulting from any of the postulated pipe 
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breaks listed in table 6.2-1. The compartments are also designed for jet 
forces on localized areas of the walls resulting from the impingement of 
escaping fluid. In addition, the affect of pipe rupture loadings at various 
restraints on the walls has been considered with local analysis of the 
walls.  

3.8.3.4.4 Refueling Canal 

For the refueling condition, the walls are designed for the hydrostatic 
head due to 41.5 feet of water. The steam.generator compartment pressure 
loads due to postulated pipe rupture and hydrostatic head are not con
sidered to occur simultaneously.  

3.8.3.5 Structural Acceptance Criteria 

The limiting values of stress, strain, and gross deformations are 
established by the following criteria.  

A. To maintain the structural integrity when subjected to the worst 
load combinations 

B. To prevent structural deformations from displacing the equipment 
to the extent that the equipment suffers a loss of function 

The allowable stresses are those specified in the applicable codes. The 
stress contributions due to earthquakes are included in the load combina
tions described in paragraph 3.8.3.3.  

Table 3.8-4 summarizes the governing load interactions and maximum capacity 
of principal reinforced concrete members. The ratio of the maximum 
capacity to the required capacity yields the safety margin. Table 3.8-5 
summarizes the governing combined stress ratios from the beam/column 
interaction equation for principal structural steel members. Table 3.8-6 
summarizes the ductility ratios for RCS pipe stops and other pipe whip 
restraints.  

3.8.3.6 Materials, Quality Control, and Special Construction Techniques 

The following basic materials are used in the construction of internal 
structures: 

A. Concrete f' (lb/in.2) = 6,000 c 
(at 90 days) 

B. Reinforcing Steel 

Deformed bars ASTM A-615 f (lb/in. ) = 60,000 
Grade 60 *y minimum 
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Table 3.8-4 
CONTAINMENT INTERNAL STRUCTURES SUMMARY OF GOVERNING LOAD INTERACTIONS FOR 

PRINCIPAL REINFORCED CONCRETE MEMBERS (Sheet 1 of 3) 

Maximum Flexural 
Calculated Axial Interaction Capacity 

Description Governing Load (Pu) and (Mu), Given 
of Load Flexural Load (Mu) Axial Load P 

Principal Combination 
Members. Location of Principal Members Number(a) pu (b) Mu (c) Mu (c) 

Wall Secondary shield wall 7 .173 465 620 

Vertical From El 15'-0" to El 36'-6" 
reinforcement 

Wall Secondary shield wall 6 33.1 72.4 650 
Vertical From El 36'-6" to El 48'-0" 
reinforcement 

Wall Secondary shield wall 6 37.6 73.5 379 
Vertical From El 48'-0" to El 63'-6" 
reinforcement U) 

Wall . Secondary shield wall 6 94.8 68.5 201 
Vertical From El 63'-6" and above a 
reinforcement 

Wall Secondary shield wall - 6 92.7 50.3 235 

Horizontal From El 15'-0" to El 45'-0" 
reinforcement 

a. Refer to paragraph 3.8.3.3.2.A for description of load combination number.  

b. Pu is in kips.  
c. Mu is in ft-k/ft.  
d. Actual maximum and allowable stresses, respectively.  
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Table 3.8-4 
CONTAINMENT INTERNAL STRUCTURES SUMMARY OF GOVERNING LOAD INTERACTIONS FOR 

PRINCIPAL REINFORCED CONCRETE MEMBERS (Sheet 2 of 3) 

Maximum Flexural 

Description Governing Calculated Axial Interaction Capacity 

of Load Load (Pu) and (Mu), Given 

Principal Combination Flexural Load (Mu) Axial Load Pu 

Members Location of Principal Members Number(a) Pu(b) M1 (c) Mu(c) 

Wall Secondary shield wall 6 14.7 4.8 151 
Horizontal From El 45'-0" to El 63'-6" 
reinforcement 

Wall Secondary shield wall 6 77.6 154.9 203 
Horizontal From El 63'-6" and above O 

00 reinforcement 

01 
Wall Canal wall 7 50 401 626 
Vertical From El 15'-0" to El 50'-0" 
reinforcement 

Wall Canal wall 6 7.70 437.20 447 
Vertical From El 45'-0" to El 63'-6" 
reinforcement 0 

Wall Canal wall 6 391 89 748 
Horizontal From El 15'-0" to El 45'-0" 
reinforcement 0 

Wall Canal wall 6 88.2 122.8 259 
Horizontal From El 45'-0" to El 63'-6" 
reinforcement 

Slab 1"-3" slab at El 30'-0" 3 0.0 61 61



Table 3.8-4 
CONTAINMENT INTERNAL STRUCTURES SUMMARY OF GOVERNING LOAD INTERACTIONS FOR 

PRINCIPAL REINFORCED CONCRETE MEMBERS (Sheet 3 of 3) 

Maximum Flexural 
. Calculated Axial Interaction Capacity Description Governing La E)ad-( ie 

of Load Load (Pu) and (Mu), Given 

Principal Combination Flexural Load (Mu) Axial -Load P 

Members Location of Principal Members Number(a) P u(b) Mu(c) Mu(c) 

Slab l'-3" slab at El 30'-0" 3 0.0 31.9 37 

Slab 3'-0" slab at El 45'-0" 3 0.0 248 304 

Slab l'-3" slab at El 45'-0" 3 0.0 27.4 38 

0 
Slab l'-3" slab at El 45'-0" 3 0.0 54.7 88 

oaD 

0 Slab Slab at 63'-6" (reactor head 3 0.0 75 99 
laydown area) 

Slab Slab at 63'-6" (reactor head 3 0.0 160 210 
laydown area) 

Slab l'-6" slab at El 63'-6" 3 0.0 17.10 37 0 

Wall Primary shield hoop bar 4 47 ksi(d) 54 ksi(d) 

0 
Column Steam generator pedestal 6 1,412 65,600 94,700 0 
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Table 3.8-5 
CONTAINMENT INTERNAL STRUCTURES SUMMARY OF GOVERNING COMBINED STRESS 

RATIOS FROM THE BEAM/COLUMN INTERACTION EQUATION FOR 

PRINCIPAL STRUCTURAL STEEL MEMBERS (Sheet 1 of 3) 

Description Governing 
of Load 

Principal Combinain Combined Stress 

Members Location of Principal Members Number a Ratio (<1.0) 

Bolts Steam generator upper support 5 0.74 and 0.68 
(14" p and bolts for snubber and link 
2" ) assembly 

Bolts Steam generator upper support 5 0.9 
bolts for shear keys 

Bolts Reactor coolant pumps 4 0.57 

(3" ) vertical column bolts 

Bolts Reactor coolant pumps 4 0.40 

(3" #) horizontal column bolts 

Bolts Reactor coolant pumps 4 0.91 

(3-1/2" #) horizontal column bolts 

Bolts Reactor coolant pumps 4 0.34 

(3" ) snubber bolts 

Beam Reactor coolant pumps stop 4 0.92 

Column Pressurizer vertical support 4 0.48 

column 

Beam Pressurizer lower support 4 0.92 
member 

Beam Pressurizer upper support (b) (b) 
member 

Bolts Pressurizer upper support (b) (b) 
shear key bolts 

Bolts Safety injection tank upper 4 0.92 

(1-1/8" 4) lateral support bolts 

Beam Safety injection tank upper 4 0.95 

lateral support bracket 

a. Refer to paragraph 3.8.3.3.2.B for description of load combination 

number.  
b. Values to be provided in an amendment to this FSAR by approxi

mately February 1977.  
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Table 3.8"5 
CD CONTAINMENT INTERNAL.STRUCTURES SUMMARY OF GOVERNING COMBINED STRESS 

RATIOS FROM THE BEAM/COLUMN INTERACTIONEQUATION FOR 
PRINCIPAL STRUCTURAL STEEL MEMBERS (Sheet 2 of 3) 

Description Governing 
of Load 

Principal ombination Combined Stress 
Members Location of Principal Members Number(a) Ratio (<1.0) 

Column Interior structure columns 3 0.92 
from El 15'-0" to El 47'-0" 

Column Interior structure columns 3 0.50 
from El 47'-0" and above 

Beam Interior structure main girder 3 0.85 
at El 30'-O" (composite 
members) 

Beam Interior structure main girders 3 0.55 
at El 30'-0" (non-composite 
members) 

Beam Interior structure main girders 3 0.97 
at El 45'-0" (composite 
members) 

Beam Interior structure-main girders 3 0.77 
at El 63'-6" (composite 
members) 

Beam Interior structure main girders 3 0.99 
at El 63'-6" (ASTM A-572 Gr.50) 

Plate Polar crane bracket 4 0.98 

Girders Polar crane girders between 4 0.51 
bracket 

Girders Polar crane main box girders 4 0.93 

Column Reactor vessel vertical support 4 0.85 
columns 

Bolts Reactor vessel anchor bolts 4 0.58 
(3-1/2" #) (Bechtel/CE interface) 

Forged Reactor vessel lateral 4 0.99 
members support axial member 
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Table 3.8-5 
CONTAINMENT INTERNAL STRUCTURES SUMMARY OF GOVERNING COMBINED STRESS 

RATIOS FROM THE BEAM/COLUMN INTERACTION EQUATION FOR 
PRINCIPAL STRUCTURAL STEEL MEMBERS (Sheet 3 of 3) 

Description Governing 
of Load 

Principal Combination Combined Stress 
Members Location of Principal Members Number(a) Ratio (<1.0) 

Bolts Steam generator lower support 4 0.94 
(4" p) anchor bolts 

Bolts Steam generator lower support 4 0.77 

(3-1/2" 4) anchor bolts 

C. Structural and 
miscellaneous steel 

2 
Rolled shapes, bars, ASTM A-36 f (lb/in. ) 36,000 

and plates minimum 

ASTM A-572 f (lb/in. 2) = 50,000 
Grade 50 

2 
Forgings ASTM A-237 f (lb/in. ) = 58,000 and 

Class C 60,000 
(varies 
depending on 
material 
thickness) 

Crane rails ASCE 175 lb/yd 

2 
High-strength bolts ASTM A-325 f (lb/in. ) = 81,000 to 

92,000 
(varies 
depending on 
diameter of 
bolts) 

2 
ASTM A-490 f (lb/in. ) = 130,000 

minimum 
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Table 3.8-6 
CONTAINMENT INTERNAL STRUCTURES SUMMARY OF DUCTILITY RATIOS FOR 

RCS PIPE STOPS AND OTHER PIPE WHIP RESTRAINTS 

Description Governing 
of Load Ductility Ratios 

Principal Location of Combination 
Members Principal Members Number (a) Actual Allowable Remark 

RCS Reactor coolant outlet line 4 5.6 6 Compression 
pipe stop restraints 

RCS Reactor coolant inlet line 4 5.6 6 Compression 
pipe stop restraints 

o 
RCS Reactor coolant pump suction 4 6 6 Compression 0 

00 pipe stop line restraints (vertical) 

RCS Reactor coolant pump suction 4 6 6 Compression 
pipe stop line restraints (horizontal) 

Pipe whip Main steam line restraints 4 27 100 Tension 
restraint 

Pipe whip Feedwater line restraints 4 86 100 - Tension 
restraint 

Pipe whip Safety injection line 4 76 100 Tension 
restraint restraints (12" C) 

Pipe whip Surge line restraints 4 41 100 Tension 
restraint 

a. Refer to paragraph 3.8.4.3.2.B for description of load combination number.
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A-449, f (lb/in.2) = 58,000 to 
92,000 

(varies 

depending on 
diameter of 
bolts) 

2 
A-540 f (lb/in. ) = 105,000 to 

y 150,000 
(varies 
depending on 
the diameter, 
grade, and 
class of 
material) 

2 
Other bolts ASTM A-307 ft (lb/in. ) = 60,000 

minimum 

Stainless steel plate, ASTM A-240, 
sheet and strip Type 304L f = 25,000 

Sy 
2 

Stainless steel bars ASTM A-276, f (lb/in. ) = 25,000 
and shapes or A-479 f (lb/in. 2 ) = 25,000 

Type 304L 

Stainless steel bolts ASTM A-320 f (lb/in. 2) = 30,000 
Grade C 

2 
Unistrut ASTM A-570 f (lb/in. ) = 33,000 

Grade C 

2 
Shear studs ASTM A-108 f (lb/in. ) = 50,000 

y 

D. Interior coating system 

Carbon steel surface 

Primer - Mobil 78W300 epoxy 

Finish coat - Mobil 78W300 epoxy 

Concrete and masonry surfaces 

First coat - Mobil 46 x 2900 

Second coat - Mobil 46 x 2900 

Third coat - Mobil 89W900 

Concrete floor 

First coat - Mobil 84V-200 

Second coat - Mobil 89W-900 

Third coat - Mobil 89W-900 
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The materials and the quality control procedures are described in 

paragraph 3.8.1.6.  

3.8.3.7 Testing and Inservice Inspection Requirements 

A formal program of testing and inservice surveillance is not planned for 

the internal structures. The internal structures are not directly related 

to the functioning of the containment concept, hence, no testing or 

surveillance is required.  

3.8.4 OTHER SEISMIC CATEGORY I STRUCTURES 

3.8.4.1 Description of the Structures 

Seismic Category I structures other than the containment and its internal 

structure are listed below: 

A. Auxiliary building 

B. Fuel handling building 

C. Safety equipment building 

D. Intake structure 

E. Electrical/piping junction structure 

F. Diesel generator building 

G. Condensate and refueling tank enclosure structure 

3.8.4.1.1 Auxiliary Building 

The auxiliary building is a conventional reinforced concrete structure 

containing the control area, radwaste area, primary plant makeup, and 

radwaste storage tank area, and two pipe-penetration areas. The plan 

dimension of the structure is approximately 220 x 280 feet with a maximum 

height of approximately 94 feet. Several typical plans and sections are 

shown in figures 3.8-28 through 3.8-30.  

The diverse functional requirements of the various entities housed within 

the auxiliary building have resulted in structural systems with corres

pondingly diverse physical characteristics. The control area is a 

relatively open, steel-framed, beam-column system supporting the floor 

slabs with a perimeter shear wall and light interior partition walls. The 

radwaste area consists of heavy shear walls to satisfy the compartmentaliza

tion and biological shielding requirements associated with its functional 

characteristics. The tankage area also incorporates a shear wall design 
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concept. However, the story heights within this area are greatly 
increased over those in the adjoining sectors of the building, and the east 
perimeter wall is partially embedded. Finally, the penetration areas con
sist of a steel-framed, beam-column system supporting the cantilevered floor 
slabs and a partial perimeter shear wall.  

3.8.4.1.2 Fuel Handling Building 

The fuel-handling building is a conventional reinforced concrete structure 
containing the new- and spent-fuel handling, storage, and shipment facili
ties, fuel pool water cooling equipment, and decontamination area. The 
overall plan dimension of the structure is approximately 134 x 86 feet, 
with a maximum height of 110 feet. Several typical plans and sections 
are shown in figures 3.8-31 through 318-34. The structure is.of heavy shear 
wall construction with a concrete-slab, steel-frame, composite-action roof 
system. Partial soil embedment of about 20 feet is present on three sides 
of the structure with no embedment on the fourth side.  

3.8.4.1.3 Safety-Equipment Building 

The safety-equipment building is an unsymmetrical, conventionally rein
forced concrete structure that houses the safety-injection system, contain
ment spray system, component cooling water system, and engineered safety 
features (ESF) electrical gallery. The safety-injection area and component 
cooling water area are located in the below-grade portion of the structure 
with the ESF electrical gallery occupying the roof elevation. The maximum 
plan dimension of the structure is 174 x 74 feet with an overall height of 
70 feet. The minimum dimension of the structure is 48 feet in width.  
Several typical plans and sections are shown in figures 3.8-35 and 3.8-36.  
The safety-injection area consists of a uniform distribution of heavy shear 
walls to satisfy the separation and shielding requirements. The component 
cooling water area consists of large, open rooms with a minimum amount of 
shear walls. The one exception is in the lower elevation, where a more 
uniform distribution of shear walls is required to satisfy compartmentiza
tion and to provide structural support for the component cooling water heat 
exchangers. The ESF electrical gallery consists of an open tunnelway with 
longitudinal shear walls and a heavy roof diaphram. The basemat elevations 
of the safety-injection portion is not coplanar with the component cooling 
water portion, and the embedment characteristics vary on all four sides of 
the structure. The safety injection system piping is located in a tunnel 
attached to, and below, the basemat of the component cooling water area.  
The interfaces of the safety equipment building with the emergency sump 
tunnel of the containment, penetration area, and tunnel under the auxiliary 
building, are connected by a flexible stainless steel and Inconel bellows 
to allow movement in any direction due to seismic excitation.  

3.8.4.1.4 Intake Structure 

The intake structure is a conventional reinforced concrete buried structure 
that houses the major components of the circulating water system and the 
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pumps associated with the saltwater cooling system (component cooling water 

system). The structure is quite irregular in shape with numerous piers, 

partition walls, and localized slab elevations (see figures 3.8-38). The 

maximum plan dimension is approximately 110 by 280 feet with a maximum 

height of approximately 60 -feet. It is situated adjacent to the auxiliary 

building and the turbine building and is embedded in the soil to a varying 

degree, with the major portion of the structure completely below grade.  

Figure 3.8-37 also represents an isometric of the Unit 2 intake structure.  

The Unit 3 structure is symmetrical about an east-west axis along the south 

edge of the Unit 2 facility. Plant grade is at elevation +30 feet.  

3.8.4.1.5 Electrical and Piping Gallery Structure 

The electrical and piping gallery structure is a partially buried 

conventional reinforced concrete shear-wall structure. The structure pro

vides a transition area for Seismic Category I piping and electrical cable 

from the underground tunnels and duct runs into the safety-equipment 

building. The overall plan dimension of the structure is 85 x 67 feet with 

a maximum height of 54 feet. Several typical plans and sections are shown 

in figures 3.8-39 through 3.8-40. The interior of the structure consists 

of numerous partial floor slabs, partition walls and vertical risers. Due 

to the physical proximity to other structures, the embedment characteristics 

vary on each side of the structure.  

3.8.4.1.6 Diesel Generator Building 

The diesel generator buildings are conventional reinforced concrete 

shear-wall structures with steel-frames and concrete-slabs. Each genera

tor is situated in a separate compartment, and the foundations are located 

at grade. The resulting structures are regular in shape and exhibit little 

or no geometric eccentricities.  

Typical plans and sections will be furnished in an amendment to this FSAR 

by approximately November 1977.  

3.8.4.1.7 Condensate and Refueling Tank Enclosure Structure 

This structure is a conventional reinforced concrete shear-wall structure 

that contains two steel-plate condensate storage tanks, two steel-plate 

refueling water storage tanks, one steel plate nuclear service water storage 

tank, and all of the associated piping valves and pumps. Each tank is 

installed in a separate compartment, and the foundations are located at 

grade. The resulting structure is fairly regular in shape but does exhibit 

some geometric eccentricities between the center of mass and the center of 

rigidity, due to the difference in size between the condensate storage 

tanks and the refueling water tanks.  
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The refueling water storage tanks are each 40 feet in diameter with a 
height of 38 feet. One condensate storage tank is 50 feet in diameter by 
38 feet high, while the second tank.is 30 feet in diameter by 31 feet high.  

Typical plans and sections will be furnished in an amendment to this FSAR 
by approximately March 1977.  

3.8.4.2 Applicable Codes, Standards and Specifications 

The following codes, standards and regulations, specifications, design 
criteria, and NRC Regulatory Guides constitute the basis for the design, 
fabrication, and construction of other Seismic Category I structures.  
Modifications to these codes, standards, etc. are made when necessary to 
meet the specific requirements of the structure. These modifications are 
indicated in the sections where references to the codes, standards, etc.  
are made.  

3.8.4.2.1 Codes 

A. Uniform Building Code (UBC), 1970 Edition.  

B. American Institute of Steel Construction (AISC), Manual of Steel 
Construction, 1969 Edition.  

C. American Concrete Institute (ACI) 318-71, Building Code 
Requirements for Reinforced Concrete 

D. American Welding Society (AWS), AWSD1.1-72, Structural Welding Code 

3.8.4.2.2 Standards and Regulations 

A. Occupational Safety and Health Act (OSHA) 

B. State of California, Division of Industrial Safety General Industry 
Safety Orders 

C. Nuclear Property Insurance Association-Mutual Atomic Energy 
Reinsurance Pool (NEPIA-MAERP), Basic Fire Protection for Nuclear 
Plants 

D. National Fire Protection Association (NFPA), NFPA No. 24, Outside 
Protection 

E. Hydraulic Institute (HI) Standards 
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3.8.4.2.3 Specifications 

A. Industry Specifications 

1. American Society for Testing and Materials (ASTM) 

ASTM standard specifications are used whenever possible to 
describe material properties, testing procedures, and fabrica
tion and construction methods. The standards used, and the 
exceptions to these standards, if any, are identified in the 
applicable sections.  

2. American Concrete Institute (ACI), ACI 301, Specification for 
Structural Concrete for Buildings, May 1972.  

3. American Iron and Steel Institute (AISI), Specification for 
the Design of Light Gage, Cold-Formed Steel Structural 
Members, 1968 Edition 

4. Crane Manufacturers Association of America (CMAA), CMAA 
Specification No. 70, 1971.  

B. Project Design and Construction Specifications 

Project design and construction specifications are prepared to 
cover the areas related to design and construction of other Seismic 
Category I structures. These specifications, prepared specifically 
for the San Onofre Nuclear Generating Station, Units 2 and 3, 

emphasize important points of the industry standards for the design 
and construction of the Seismic Category I structures, and reduce 
options that otherwise would be permitted by the industry standards.  
Unless specifically noted otherwise, these specifications do not 
deviate from the applicable industry standards. They cover the 
following subject headings: 

1. Excavation and Backfill 

2. Concrete Placement 

3. Inspection of Concrete Production 

4. Reinforcement Steel Placement 

5. Structural Steel Erection 

6. Miscellaneous Metalwork Installation 

7. Stainless Steel Liner Plate System Installation 

8. Concrete and Conrete Products 

9. Reinforcing Steel and Associated Products 

10. Structural Steel 
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11. Miscellaneous Steel and Embedded Materials 

12. Stainless Steel Liner Plate 

3.8.4.2.4 Design Criteria 

A. Project Design Criteria 

Project design criteria are prepared to include comprehensive 

design requirements of the other Seismic Category I structures, and 

contain specific references to prescribed Bechtel internal design 
guides, applicable industry standards, and pertinent technical 

texts, journals, and reports used in preparing the criteria.  

B. Bechtel Topical Reports 

1. BC-TOP-4, Seismic Analyses of Structures and Equipment for 

Nuclear Power Plants, Rev. 1, September 1972 

2. BC-TOP-9A, Design of Structures for Missile Impact, Revi

sion 2, September 1974 

3. BN-TOP-2, Design for Pipe Break Effects, Revision 1, 

September 1973 

C. Project Reports 

1. Seismic and Foundation Studies, Dames and Moore, April 15, 
1970.  

2. Methods of Direct Application of Element Damping - San Onofre 

Units 2 and 3, Bechtel Power Corporation, Los Angeles Office, 

January 1972.  

3. Development of Soil-Structure Interaction Parameters, Proposed 

Units 2 and 3 San Onofre Generating Station. Woodward-McNeil 
& Associates, Orange, California, January 31, 1974.  

4. Elastic and Damping Properties, Laydown Area, San Onofre 

Nuclear Generating Station, Woodward-McNeill and Associates, 

Orange, California, October 14, 1971.  

5. Preliminary Safety Analysis Report - San Onofre Units 2 and 3.  

3.8.4.2.5 NRC Regulatory Guides 

A. Regulatory Guide 1.10, Mechanical (Cadweld) Splices in Reinforcing 

Bars of Category I Concrete Structures 

B. Regulatory Guide 1.15, Testing of Reinforcing Bars for Category I 

Concrete Structures 
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C. Regulatory Guide 1.55, Concrete Placement in Category I 
Structures 

3.8.4.3 Loads and Load Combinations 

3.8.4.3.1 Load Definitions 

The other Seismic Category I structures are designed for all credible 
conditions of loading. The design load categories are identified as normal 
loads, severe environmental loads, extreme environmental loads, and abnormal 
loads.  

3.8.4.3.1.1 Normal Loads. Normal loads are those loads to be encountered 
during normal plant operation and shutdown. They include the following: 

A. Dead Loads 

Dead load consists of the weight of the conrete wall,.roof, base 
slab, steel, and permanently attached equipment, and in addition 
includes hydrostatic loads which consist of lateral hydrostatic 
pressure resulting from ground or flood water, as well as buoyant 
forces resulting from the displacement of ground or flood water by 
the structure.  

B. Live Loads 

Live loads consist of any movable equipment loads and other loads 
which vary with intensity and occurrence, such as floor occupancies 
and soil pressures.  

C. Normal Thermal Loads 

Normal thermal loads are produced due to the temperature 
distribution through the wall during normal operating or shutdown 
conditions, based on the most critical transient or steady-state 
condition.  

D. Normal Pipe Expansion Loads 

Normal pipe expansion loads consist of forces on the structure 
caused by thermal expansion of piping during normal operating or 
shutdown conditions based on the most critical transient or steady
state condition.  
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3.8.4.3.1.2 Severe Environmental Loads. Severe environmental loads are 
those loads that could infrequently be encountered during the plant life.  
Included in this category are: 

A. Operating Basis Earthquake (OBE) 

The OBE consists of a static equivalent seismic load for which the 
dynamic effects have been included in its determination. A more 
detailed discussion is presented in subsection 3.7.1.  

B. Wind Loads 

Refer to subsection 3.3.1 for a detailed description of wind loads.  

3.8.4.3.1.3 Extreme Environmental Loads. Extreme environmental loads are 
those loads that are credible, but are highly improbable. They include: 

A. Design Basis Earthquake (DBE) 

The DBE consists of a static equivalent seismic load for which the 
dynamic effects have been included in its determination. A more 
detailed discussion is presented in subsection 3.7.1.  

B. Tornado Loads 

Tornado loads consist of the combined effects of tornado wind 
pressure, pressure differential, and missile impingement. Refer 
to subsection 3.3.2 for a detailed description.  

3.8.4.3.1.4 Abnormal Loads. Abnormal loads are those loads generated by 
a postulated high-energy pipe break accident within a building and/or 
compartment thereof. Included in this category are the following: 

A. Pipe Rupture and Miscellaneous Missile Loads 

Pipe rupture loads consist of local loads on the structure generated 
by either jet impingement from, or the reaction of, a ruptured 
high-energy pipe, and missile impact due to or during a postulated 
pipe break (e.g., pipe whipping), all of which are applied as a 
static equivalent load that includes an appropriate dynamic factor.  
Pipe rupture effects are further discussed in section 3.6.  

Miscellaneous missile loads are described in detail in section 3.5.  

B. Abnormal Thermal Loads 

Abnormal thermal loads are produced due to the temperature 
distribution through the wall and expansion of the liner during the 
loss-of-coolant accident.  
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C. Abnormal Pipe Expansion Loads 

Abnormal pipe expansion loads consist of local forces on the 
structure caused by thermal expansion of piping during loss-of
coolant accident based on the most critical transient of steady
state condition.  

3.8.4.3.2 Load Combinations 

The following nomenclature is used in the load combinations.  

D = Dead load 

L = Appropriate live load 

T = Normal thermal loads 
0 

H0 = Normal pipe expansion load 
o 

E = Operating basis earthquake load 

W = Wind loads 

E' = Design basis earthquake load 

Wt = Tornado loads 

R = Pipe rupture and miscellaneous missile loads 

TA = Abnormal thermal load 

HA = Abnormal pipe expansion load 

The load combinations and factors for which the strength method is used 
are as follows: 

A. Concrete 

1. Normal Case 

1.4D + 1.7L 

2. Severe Environmental Case 

1.25D + 1.25L + 1.25E/W + 1.0H 
-_ 0 

3. Severe Environmental Case 

1.25D + 1.25L + 1.25E/W + 1.OT 
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4. Abnormal/Severe Environmental Case 

1.OD + 1.0L + 1.25E + l.OT + 1.OR + 1.OH 
A A 

5. Abnormal/Severe Environmental Case 

1.OD + 1.25E + 1.OTA + 1.OR + l.0HA 

6. Abnormal/Extreme Environmental Case 

1.OD + l.OL + 1.OE' + 1.OT + 1.OR + 1.25H 

7. Abnormal/Extreme Environmental Case 

1.OD + l.OL + l.OE' + L.OT + 1.OR + 1.OH 
A A 

8. Abnormal Case 

1.OD + 1.OL + L.OW + 1.OT + 1.25H 
t 0 0 

B. Structural Steel 

Steel structures shall satisfy the following loading combinations 
without exceeding the allowable working stress for equations 1 
and 3, a 33-1/3% increase in allowable working stress for equation 2, 
and 90% of the elastic yield capacity with full regard to elastic 
stability) for equations 4 through 7.  

1. Normal Case 

D + L 

2. Severe Environmental Case 

D + L + T + H + E or W 
O 0 

3. Severe Environmental Case.  

(a) 
D + L + H + E 

-0 

4. Abnormal/Extreme Environmental Case 

D + L + R + T + H + E' 
o o 

5. Abnormal/Extreme Environmental Case 

D + L + R + T + H + E' 
A A.  

6. Abnormal Case 

D + L + R + T + H 
0 0 

a. For structural elements carrying mainly earthquake forces only; e.g., 
struts and bracing.  
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.7. Extreme Environmental Case 

D + L + T + H + W 
0 0 t 

The stress levels reflected in the above load combinations are based upon 
the specific nature of the loading condition and the actual function of the 
structure. In general, for the operating basis seismic design, the 
structure is designed for elastic behavior using load factors based upon 
stresses significantly below the strength capacity in the case of concrete, 
and using working stress levels in the case of structural steel. For the 
accident basis design, stress analysis is based upon load levels at or 
just below the strength capacity for concrete, and just below the elastic 
capacity for structural steel.  

3.8.4.4 Design and Analysis Procedures 

The analysis procedures, including assumptions of load distribution and 
boundary conditions for other Seismic Category I structures, listed in 
paragraph 3.8.4.1, are based on conventional methods. The basic analytical 
techniques may be classified in two groups: methods involving simplifying 
assumptions, such.as those found in beam theory, and those based on plate 
theories of different degree of approximation. The structures are designed 
to behave under loading as structural units, and are provided with connec
tions capable of transmitting vertical and lateral loads by axial and 
diaphragm action to their foundations.  

The structures are, in general, proportioned to maintain elastic behavior 
when subject to various combinations of dead, live, thermal, seismic, 
tornado, and accident loads. The upper limit of elastic behavior is con
sidered to be the yield strength of the effective load-carrying structural 
material. The yield strength, Fy, for steel (including reinforcing steel) 
is considered to be the guaranteed minimum in appropriate ASTM specifica
tions. The yield strength for reinforced concrete structures is considered 
to be the ultimate resisting capacity as calculated from the ACI-318-71 code.  
Reinforced concrete structures are designed for ductile behavior.  

Under seismic loading, no plastic analysis is considered. Local yielding 
or erosion of barriers is considered permissible due to pipe rupture loading 
or missile impact, krovided there is no general failure.  

Structural steel is designed in accordance with basic working stress design 
methods as outlined in the 1970 AISC manual of steel construction.  
Increased allowable stresses are used for the accident condition.  

The range of design variables that influence the results of the analyses 
is considered as follows: 

A. .Accuracy of design loads 

B. Variation from assumed load distributions 

C. Future changes in type or magnitude of loads 
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D. - Frequency of loading and impact 

E. Accuracy of analysis 

F. Design accuracy of member sizing and proportioning 

G. Reliability of specified material strengths 

H. Construction dimensional variations 

I. Function of structure 

For the working stress design methods, the effects of the design variables 
are included in the values of the allowable stresses. For the strength 
design method, the effects of the design variables are accounted through 
load factors and capacity reduction factors.  

Computer programs used in the analysis and design of reinforcing steel of 
the other seismic Category I structures are as follows: 

Computer Program 

A. Auxiliary and Fuel Handling 
Building 

1. Compute Equivalent COPK (refer to subsection 3C.7.) 
Stiffness Matrix 

2. Dynamic Analysis SUPER SMIS (refer to subsection 3C.3) 

3. Static Stress Analysis SAP (refer to subsection 3C.5) 

4. Design Reinforcing RESCOS (refer to subsection 3C.8) 
Steel 

B. Safety Equipment Building 

1. Dynamic and Static SAP 
Stress Analyses 

2. Design Reinforcing RESCOS 
Steel 

C. Intake Structure 

1. Static Stress Analysis ICES STRUDL-II (refer to 
subsection 3C.6) 

D. Electrical and Piping Gallery Structure 

1. Dynamic and Static SAP 
Stress Analyses 

2. Design Reinforcing OPTCON (refer to subsection 3C.9) 
Steel 
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E. Diesel Generator Building 
and Condensate and Refueling 
Tank Enclosure Structure 

1. Dynamic and Static SAP 
Stress Analyses 

2. Design Reinforcing OPTCON 

Steel 

3.8.4.5 Structural Acceptance Criteria 

The limiting values of stress, strain, and gross deformations are established 

by the following criteria: 

A. To maintain the structural integrity when subjected to the worst 

load combinations 

B. To prevent structural deformations from disturbing the Seismic 

Category I equipment to the extent that it suffers a loss of 

function 

The allowable stresses are those specified in the applicable codes. The 

stress contributions due to earthquake loading are included in the load 

combinations described in paragraph 3.8.4.3.  

Structural deformations were not found to be a controlling criterion in the 

design of other Seismic Category I structures, listed in paragraph 3.8.4.1.  

The tables listed below summarize (1) the governing load interactions and 
maximum capacity of principal reinforced concrete members (see category A) 

and, where applicable, (2) the governing combined stress ratios from the 
beam/column interaction equation for principal structural steel members 
(see category B).  

Reference Table Number 

Category(a) Category 

Structure A B 

Auxiliary building 3.8-7 3.8-8 

Fuel handling building 3.8-9 

Safety-equipment building 3.8-10 3.8-11 
3.8-12 

Intake structure 3.8-13 

Electrical and piping gallery structure 3.8-14 

a. The ratio of the maximum capacity to the required capacity yields the 

safety margin.  
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Table 3.8-7 
AUXILIARY BUILDING SUMMARY OF GOVERNING LOAD INTERACT IONS FOR PRINCIPAL 

REINFORCED CONCRETE MEMBERS (Sheet 1 of 5) 

Maximum 
Flexural 

Calculated Axial Interaction 
Governing Load (Pu) and Capacity Calculated Maximum 

Load Flexural Load (Mu) (Mu), Given Shear Shear 
Location of Combination Axial Load Load Capacity 

Description of Member Principal Member Number(a) pu(b) Mu(c) (pu)(b)(c) (Vu)(b) (Vu)(b) 

Radwaste Area 

2'-6" thick wall - vertical Exterior south wall 6 -36 161 278 -- -
reinforcement @ El 9'-0" 

4 4 l 
2'6" x 73'6" wall - vertical Exterior south wall 6 +2,929 8.31 x 10 33.2 x 10 -- -
reinforcement @ El 9'-0" 

O 
2'-6" x 73'6" wall - vertical Exterior south wall 6 -10,388 9.41 x 10 60.2 x 10 10,975 11,719 0 

0 and horizontal reinforcement @ El 9'-0" 

0 3'-0" thick wall - vertical Interior wall 6 -43 260 291 -- -
reinforcement @ El 9'-0" 

4 4 
3'-0" x 28'-6" wall - vertical Interior wall 6 -4,477 1.21 x 10 9.7 x 10 5,709 6,387 
and horizontal reinforcement @ El 9'-0" 

4 4 Cl) 
3'-0" x 28'-6" wall - vertical Interior wall 6 +685 1.07 x 10 5.5 x 10 -- -
reinforcement @ El 9'-0" 

l'-0" thick wall - vertical Interior wall 6 -15 12 48 -- 

reinforcement @ El 9'-0" 

'-0" x ll'-2" wall - vertical Interior wall 6 -655 161 4,645 408 615 H 
and horizontal reinforcement @ El 9'-0" 

1-0" x l1'-2" wall - vertical Interior wall 6 +229 142 1,606 -- -

reinforcement @ El 9'-0" 

a. Refer to paragraph 3.8.4.3.2.A for description of load combination number. 
b. Pu and Vu are in kips; Sign convention for Pu: Compression (-), Tension (+).  
c. Mu is in ft-k/ft 

H~



Table 3.8-7 
AUXILIARY BUILDING SUMMARY OF GOVERNING LOAD INTERACTIONS FOR PRINCIPAL 

REINFORCED CONCRETE MEMBERS (Sheet 2 of 5) 

Maximum 
Flexural 

Calculated Axial Interaction 
Governing Load (Pu) and Capacity Calculated Maximum 

Load Flexural Load (Mu) (Mu), Given Shear Shear 
Location of Combination Axial Load Load Capacity 

Description of Member Principal Member Number(a) pu(b) Mu(c) (pu)(b)(c) (Vu)(b) (Vu)(b) 

2'-0" thick wall - vertical Interior wall 6 -29 67 81 

reinforcement @ El 9'-0" 

2'-0" thick wall - vertical Exterior south wall 6 -16 93 98 -- -

reinforcement @ El 50'-0" 

2'-0" x 153'-6" wall - vertical Exterior south wall 6 -7,797 139,937 1,393,770 7,758 20,030 
and horizontal reinforcement @ El 50'-0" 

0 
w0 

2'-0" x 153'-6" wall - vertical Exterior south wall 6 +962 139,937 969,222 -- -- 0 
00 reinforcement @ El 50'-0" 

0 2'-6" thick wall - vertical Interior wall 6 -19 121 183 -- -

reinforcement @ El 50'-0" i, 

2'-6" x 218'-6" wall - vertical Interior wall 6 -10,569 454,826 3,282,980 9,674 29,229 C= 
and horizontal reinforcement @ El 50'-0" M 

F-4 

2'-6" x 218'-6" wall - vertical Interior wall 6 -822 454,826 2,605,940 -- -

reinforcement @ El 50'-0" 
0 

8'-0" thick basemat - E-W reinforcement El 9'-0" 3 -- 1,936 2,343 -- -

2'-0" thick slab - E-W reinforcement El 24'-0" 3 -- 60 73 -- --

Radwaste Storage 

Tank Area 

2'-6" thick wall - vertical Exterior south wall 6 -14 185 217 -- -

reinforcement @ El 9'-0" CO 

4 d 
2'-6" x 32'-6" wall - vertical Exterior south wall 6 -3,802 4,568 11.18 x 10 1,499 4,699 
and horizontal reinforcement @ El 9'-0" Cj



Table 3.8-7 
AUXILIARY BUILDING SUMMARY OF GOVERNING LOAD INTERACTIONS FOR PRINCIPAL 

REINFORCED CONCRETE MEMBERS (Sheet 3 of 5) 

Maximum 
Flexural 

Calculated Axial Interaction 
Governing Load (Pu) and Capacity Calculated Maximum 

Load Flexural Load (Mu) (Mu), Given Shear Shear 
Location of Combination Axial Load Load Capacity 

Description of Member Principal Member Number Pu(b) Mu(c) (pu)(b)(c) (vu)(b) (Vu)(b) 

2'-6" x 32'-6" wall - vertical Exterior south wall 6 +2,477 4,568 5.18 x 10 -- -
reinforcement @ El 9'-0" 

4'-0" thick wall - vertical Exterior east wall 6 -- 907 1,044 -- -
reinforcement @ El 9'-0" 

2'-0" thick wall - vertical Exterior east wall 6 -10 60 89 -- -
reinforcement @ El 37'-0" 

0 00 2'-0" x 60'-0" wall - vertical Exterior east wall 6 -2,133 14,629 168,267 4,470 6,639 
and horizontal reinforcement @ El 37'-0" 

2'-0" x .60'-0" wall - vertical Exterior east wall 6 +863 732 107,052 -- -
reinforcement @ El 37'-0" 

2'-6" thick wall - vertical Interior wall 6 -12 103 142 -- 
reinforcement @ El 37'-0" t 

2'-6" x 42'-0" wall - vertical Interior wall 6 -3,427 7,526 110,556 3,072 4,353 
and horizontal reinforcement @ El 37'-0" 

2'-6" x 42'-0" wall - vertical Interior wall +2,002 7,526 30,637 -- -
reinforcement @ El 37'-0" 

8'-0" thick basemat - E-W reinforcement El 9'-0" 3 -- 991 1,167 -- -

0 
2'-0" thick slab - N-S reinforcement El 37'-0" 3 -- 75 96 -- -

Control Area 

2'-6" thick wall - vertical Exterior west wall 6 -239 450 458 -- -
reinforcement @ El 9'-0" 

2'-6" x 218'-6" wall - vertical Exterior west wall 6 -23,700 901,000 4.13 x 106 27,979 27,973 
and hbrizontal reinforcement @ El 9'-0"



Table 3.8-7 
AUXILIARY BUILDING SUMlfARY OF GOVERNING LOAD INTERACTIONS FOR PRINCIPAL 

REINFORCED CONCRETE MEMBERS (Sheet 4 of 5) 

Maximum 
Flexural 

Calculated Axial Interaction 

Governing Load (Pu) and Capacity Calculated Maximum 

Load Flexural Load (Mu) (Mu), Given Shear Shear 

Location of Combination Axial Load Load Capacity 

Description of Member Principal Member Number(a) pu(b) Mu(c) (pu (b)(c) (vu)(b) (Vu)(b) 

2'-6" x 218'-6" wall - vertical Exterior west wall 6 -1,198 879,750 2.78 x 106 -- -

reinforcement @ El 9'-0" 

2'-0" x 60'-6" wall - vertical Interior wall 6 -7,890 14,730 268,223 3,324 5,072 

and horizontal reinforcement @ El 9'-0" Cn 

2'-0" x 60'-6" wall - vertical Interior wall 6 +3,310 14,730 52,982 -- -

reinforcement @ El 9'-0" 
0 

2'-0" thick wall - vertical Exterior west wall 6 -24 61 107 -- -

reinforcement @ El 50'-0" 

6 
2'-0" x 2'3'-0" wall - vertical Exterior west wall 6 -13,058 306,431 2.6 x 10 13,241 19,852 21 

and horizontal reinforcement @ 50'-0" 

6 t 
2'-0" x 219'-0" wall - vertical Exterior west wall 6 -742 306,431 1.73 x 10 -- -

reinforcement @ El 50'-0" U 

2'-0" thick wall - vertical Exterior south wall 6 -24 52 127 -- -- Z 
reinforcement @ El 50'-0" C 

2'-0" x 74'-6" wall - vertical Exterior south wall 6 -7,430 26,315 363,666 3,503 6,982 

and horizontal reinforcement @ El 50'-0" 

2'-0" x 74'-6" wall - vertical Exterior south wall 6 +2,653 26,315 121,403 -- -

reinforcement @ El 50'-0" 0 

8'-0" thick basemat - E-W reinforcement El 9'-0" 3 -- 5,736 5,765 -- -

l'-0" thick slab - E-W reinforcement El 30'-0" 3 -- 33 38 -- -

l'-0" thick slab - E-W reinforcement El 50'-0" 3 -- 41 41 -- -

3 

CjO



Table 3.8-7 
AUXILIARY BUILDING. SUMMARY OF GOVERNING LOAD INTERACTIONS FOR PRINCIPAL 

REINFORCED CONCRETE MEMBERS (Sheet 5 of 5) 

Maximum 
Flexural 

Calculated Axial Interaction 
Governing Load (Pu) and Capacity Calculated Maximum 

Load Flexural Load (Mu) (Mu), Given Shear Shear 
Location of Combination Axial Load Load Capacity 

Description of Member Principal Member Number(a) pu(b) Mu(c) (pu)(b)(c) (Vu)(b) (Vu)(b) 

Penetration Area 

2'-0" x 45'-6" wall - vertical Exterior west wall 6 -6,730 9,140 173,522 3,426 . 6,127 
and horizontal reinforcement @ El 9'-0" 

2'-0" x 45'-6" wall - vertical Exterior west wall 6 . +2,360 8,924 51,464 -- -
reinforcement @ El 9'-0" 

8'-0" thick basemat - N-S reinforcement El 9'-0" 3 -- 3,927 4,181 -- -
0 

l'-0" thick slab -E-W reinforcement El 30'-0" 3 -- 44 48--

M 

-4 

Id



Table 3.8-8 

AUXILIARY BUILDING SUMMARY OF GOVERNING COMBINED STRESS RATIOS FROM THE BEAM/COLUMN INTERACTION 
EQUATION FOR PRINCIPAL STRUCTURAL STEEL MEMBERS (Sheet 1 of 2) 

Governing Load Combined 

Description of Combination Stress 

Principal Members Location of PrincipalMembers Number(a) Ratio (<1.0) 

Penetration Area - Fuel Handling 
Building Site 

W 24 x 68 Main girder @ El 30'-0" 2 0.89 

W 12 x 65 with 3/4 x 10 plate Knee brace @ El 30'-0" 2 0.89 

W 24 x 110 Main girder @ El 45'-.0" 2 0.96 

w 24 x 84 Main girder @ El 6e'-6" 2 0.83 c 
W 12 x 58 Knee brace @ El 45'-0" 2 0.76 

Column @ El 63'-6" 2 0.74 
Column @ El 9'-0" 2 0.99 

Penetration Area - Radwaste Side 

W 30 x 116 with 1-1/2 x 9 plate Girder @ El 30'-0" 2 0.83 

W 12 x 65 Knee brace @ El 30'-0" 2 0.92 

W 30 x 116 with 1-1/2 x 9 plate Girder @ El 45'-0" 2 0.95 

W 12 x 65 Knee brace @ El 45'-0" 2 0.80 
W 14 x 127 Column @ El 63'-6" 2 0.82 
W 14 x 228 Column @ El 45'-0" 2 0.65 

Radwaste Storage Tank Area 

W 27 x 145 with 12 x 1/2 plate Girder @ El 37'-0" 1 0.77 

W 36 x 194 with 10 x.1-1/2 plate Girder @ El 63'-6" 2 0.85 H 

a. Refer to paragraph 3.8.3.3.2.B for description of load combination number.



Table 3.8-8 
AUXILIARY BUILDING SUMMARY OF GOVERNING COMBINED STRESS RATIOS FROM.THE BEAM/COLUMN INTERACTION 

EQUATION FOR PRINCIPAL STRUCTURAL STEEL MEMBERS (Sheet 2 of 2) 

Governing Load Combined 
Description of Combination Stress 
Principal Members Location of Principal Members Number(a) Ratio (<1.0) 

Radwaste Area 

W 16 x 64 Girder @ El 24'-0" 2 0.5 
C 10 x 15.3 Staircase stringer 2 0.91 

Control Area 

W 30 x 190 with 13 x 3/4 plate Main girder @ El 30'-0" 2 0.75 
W 21 x 55 with 7 x 3/4 plate Floor beam @ El 30'-0" 2 0.67 
S W33 x 220 Main girder @tEl 70'-0" 2 0.99 
W 36 x 245 Top chord of truss @ El 70'-0" 2 0.90 
W 36 x 300 Bottom chord of truss @ El 50'-0" 2 1.00 
W 14 x 287 Diagonal of truss @ El 50'-0" 2 0.95 
W 14 x 605 Column supporting truss @ El 9'-0" 2 0.86 
W 14 x 426 Column supporting truss @ El 70-0" 2 0.91 
* 14 x 426 Column @ El 9'-0" 2 0.93 0 
* 14 x 119 Column @ El 85'-0" 2 0.96 a 

O 

-34 

0 

Hn



Table 3.8-9 
FUEL HANDLING BUILDING SUMMARY OF GOVERNING LOAD INTERACTIONS 
FOR PRINCIPAL REINFORCED CONCRETE MEMBERS (Sheet 1 of 2) 

Maximum 
Flexural 

Interaction 
Capacity 

Calculated Axial (Mu), Given Calculated Maximum 
Governing Load Pu and Axial Shear Shear 

Load Flexural Load (Mu) Load (Pu) Load Capacity 
Location of Combination 

Description of Member Principal Member Number(a) p (b) M (c) M (c) (V )(b) (V )(b) 

2'-6" x 103'-0" wall - vertical Exterior east wall 6 -7,413 12.44 x 104 83.43 x 104 5,437 12,840 
and horizontal reinforcement @ El 171-6" 

2'-6" x 103'-0" wall - vertical Exterior east wall 6 -1,362 10.08 x 10 66.21 x 10 -- -

reinforcement @ El 17'-6" 
O 14 .14 0 

5'-0" x 79'-6" wall - vertical West wall @ 17'-6" 6 -11,181 19.4 x 10 110.37x10 8,743 29,958 0 
0o and horizontal reinforcement 

4 4 
5'-0" x 79'-6" wall - vertical West wall @ El 17'-6" 6 -1,463 15.72 x 10 87.9 x 104 
reinforcement 

5 5 5'-0" x 36'-10" wall - vertical Interior wall 6 -6,962 1.61 x 10 2.54 x 10 5,410 16,856 
and horizontal reinforcement @ El 17'-6" t CA 

5 5tEn P 
5'-0" x 36'-10" wall - vertical Interior wall 6 -1,247 1.49 x 10 1.95 x 10 -- -
reinforcement @ El 17'-6" 

2'-6" x 49'-6" wall - vertical Exterior south wall 6 -5,586 45,294 204,673 2,102 5,154 
and horizontal reinforcement @ El 30'-0" 

2'-6" x 49'-6" wall - vertical Exterior south wall 6 +3,013 45,294 70,271 -- -

reinforcement @ El 30'-0" 
0 

2'-6" x 103'-6" wall - vertical West wall @ El 63'-6" 6 -3,457 56,885 602,355 3,043 10,216 
and horizontal reinforcement 

a. Refer to paragraph 3.8.4.3.2.A for description of load combination number 
b. Pu and Vu are in kips; sign convention for Pu: Compression (-), Tension (+) 

c. Mu is in ft-k/ft



Table 3.8-9 
FUEL HANDLING BUILDING SUMMARY OF GOVERNING LOAD INTERACTIONS 
FOR PRINCIPAL REINFORCED CONCRETE MEMBERS (Sheet 2 of 2) 

Maximum 
Flexural 
Interaction 
Capacity 

Calculated Axial (Mu), Given Calculated Maximum 
Governing Load Pu and Axial Shear Shear 

Load Flexural Load (Mu) Load (Pu) Load Capacity 
Location of Combination 

Description of Member Principal Member Number(a) Pu (b) Mu(c) Mu(c) (VU)(b) (VU)(b) 

2'-6" x 103'-6" wall - vertical West wall @ El 63'-6" 6 +75 56,885 473,948 
reinforcement 

2'-6" thick wall - vertical Exterior south wall 6 -122 158 332 
reinforcement (crane location) 

7'-0" thick basemat - E-W reinforcement Basemat in pool area 7 -599 2,277 2,716 O 

7'-0" thick basemat - E-W reinforcement Basemat in pool area 7 -527 2,604 2,660 

8'-0" thick basemat - E-W reinforcement Basemat in penetra- 6 -- 3,533 5,500 224 304 
tion area 

5'-0" thick wall - vertical Spent fuel pool 7 -589 952 1,322 
reinforcement west wall 

4'-0" thick wall - vertical Spent fuel pool 7 -404 445 947 
reinforcement south wall 

O 
5'-0" thick wall - vertical Spent fuel pool 7 -- 666 674 
reinforcement west wall 

2'-6" thick wall - vertical Exterior east wall 6 -24 158 223 
reinforcement @ El 17'-6" 0 

1 

HA 

H-



Table 3.8-10 
SAFETY EQUIPMENT BUILDING SUMMARY OF GOVERNING LOAD INTERACTIONS 

FOR PRINCIPAL REINFORCED CONCRETE MEMBERS (Sheet 1 of 2) 

Calculated Maximum Flexural 
Axial Load (Pu) Interaction Capacity 

Governing and Flexural (Mu), Given Axial 
Load Load (Mu) Load Pu 

Description of Combination 

Principal Members Location of Principal Members Number(a) u u Mu 

Basemat slab - Pump rooms 7 9 307 442 

E-W reinforcement El (-) 17'-6: 
Safety injection area 

Basemat slab - Pump rooms 7 9 196 442 

E-W reinforcement El (-) 5'-3" 
Component cooling water area 0 

West wall - vertical Pump room 4 21 131 160 

reinforcement Between El (-) 15'-6" & (+) 8'-0" 

West wall - vertical Piping room 7 49 70 86 E 
reinforcement Between El (-) 5'-3" & (+) 8'-0" 

Center wall - vertical Shutdown heat exchanger room walls 4 10 100 118 Z 

reinforcement Between El (-) 5'-6" & (+) 8'-0" 

East wall - vertical Pump rooms 7 117 68 95 

reinforcement Between El (-) 15'-6" & (+) 8'-0" 
0 

North wall - vertical Shutdown heat exchanger room 4 25 83 108 

reinforcement Between El (-) 15'-6" & (+) 8'-0" 

a. Refer to paragraph 3.8.4.3.2.A for description of load combination number.  

b. Pu is in kips.  
c. Mu is ft-k/ft.  

en



Table 3.8-10 
SAFETY EQUIPMENT BUILDING SUMMARY OF GOVERNING LOAD INTERACTIONS 

FOR PRINCIPAL REINFORCED CONCRETE MEMBERS (Sheet 2 of 2) 

Calculated Maximum Flexural 
Axial Load (Pu) Interaction Capacity 

Governing and Flexural (Mu), Given Axial 
Load Load (Mu) Load Pu Description of Combination 

Principal Members Location of Principal Members Number(a) pu(b) Mu(c) Mu(c) 

South wall - vertical Piping room 7 30 88 101 
reinforcement Between El (-) 17'-6" & (+) 8'-0" 

Slab - Piping room 4 21 104 115 
E-W reinforcement El (+) 8'-0" 

0 
East wall - vertical Chemical storage tank room 4 117 176 284 

00 reinforcement Between (+) 8'-0" & (+) 30'-6" 

Slab - Electrical cable tray tunnel 7 12 88 117 
E-W reinforcement (+) 30'-6" 

West wall - vertical Cable tray tunnel room 2 19 36 86 
reinforcement Between (+) 30'-6" & (+) 50'-6" 

z Slab - Main steam line & feedwater 4 25 225 268 
E-W reinforcement line support slab 

(+) 50'-6" 

Slab - Main steam line and feedwater 4 12 158 284 
N-S reinforcement line support slab 

(+) 50'-6" 

_ _ _ _ __ _ _ _ _I _ _ _ _ _ _ _



Table 3.8-11 

SAFETY EQUIPMENT BUILDING SUMMARY OF GOVERNING COMBINED STRESS RATIOS 

FROM THE BEAM/COLUMN INTERACTION EQUATION 

FOR PRINCIPAL STRUCTURAL STEEL MEMBERS 

Governing 

Description of Load Combination Combined Stress 

Principal Members Location of Principal Members Number(a) Ratio (<1.0) 

Low pressure safety injection El (-) 23'-6" Pump rooms - 4 0.245 

pump support columns 

Containment spray pump El (-) 17'-6" Pump rooms 4 0.245 

support columns 

o 
Shutdown heat exchanger El 8'-0" Heat exchanger rooms 4 0.432 

(~) 0 
support beams 

a. Refer to paragraph 3.8.4.3.2.B for description of load combination number.  

0O 17J 

C-,



Table 3.8-12 
SAFETY EQUIPMENT BUILDING SUMMARY OF DUCTILITY RATIOS 

FOR PIPE WHIP RESTRAINTS 

Description of Governing Load Ductility Ratios 
Principal Location of Principal Combination 
Members Members Number (a) Actual Allowable Remark 

Pipe whip Main steam.line 4 71 100 Tension 
restraint restraint 

Pipe whip Feedwater line 4 41 100 Tension 
restraint restraint 

o 
a. Refer to paragraph 3.8.4.3.2.B for description of load combination number. 0 

CO 

HW 
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Table 3.8-13 
INTAKE STRUCTURE SUMMARY OF GOVERNING LOAD INTERACTIONS FOR 

PRINCIPAL REINFORCED CONCRETE MEMBERS (Sheet 1 of 5) 

Calculated Axial Maximum Flexural 
Governing Load (Pu) and Interaction 

Description of Load Flexural Load (Mu) Capacity (Mu) 
Principal Combination Given Axial 
Members Location of Principal Members Number(a) Pu (b) Mu(c) Load(c) Remarks 

Base slab Recirculation system: crossover box 7 16 169 230 

North wall Recirculation system; crossover box 7 46 131 157 

South wall Recirculation system: crossover box 7 29 471 548 

Roof slab Recirculation system: crossover box 7 29 115 151 

0 Base slab Recirculation system: seal well 7 97 491 516 
0 

00 Walls: north Recirculation system: seal well 7 18 220 257 
H above (+)10'-0" M 

Walls: north Recirculation system: seal well 7 29 471 548 
below (+)10'-0" 

Id 
Walls: south Recirculation system: seal well 1 26 330 361 
*above (-)6'-0" 

Walls: south Recirculation system: seal well 1 139 467 651 0 
below (-)6'-0" 

Roof slab Recirculation system: seal well 7 49 248 264 

Base slab Intake conduit 7 97 491 516 

Walls: north Intake conduit 1 139 467 651 

a. Refer to paragraph 3.8.4.3.2.A for description of load combination number.  
b. Pu is in kips. C, 
c. Mu is in ft-k/ft except as noted.  

@0-



Table 3.8-13 
INTAKE STRUCTURE SUMMARY OF GOVERNING LOAD INTERACTIONS FOR 

PRINCIPAL REINFORCED CONCRETE MEMBERS (Sheet 2 of 5) 

Calculated Axial Maximum Flexural 
Governing Load (Pu) and Interaction 

Description of Load Flexural Load (Mu) Capacity (Mu) 
Principal Combination Given Axial 
Members Location of Principal Members Number(a) pu(b) g (c) Load(c) Remarks 

Walls south Intake conduit 1 84 262 423 

Roof slab Intake conduit 7 35 224 257 

Base slab Discharge conduit 7 97 491 516 

Walls Discharge conduit 1 84 262 639 

0 Roof slab Discharge conduit 7 35 224 257 0 

0 Base slab Transition 7 1 350 389 

Walls: north Transition 7 47 358 544 

Walls: center Transition 7 123 78 582 

Walls: south Transition 7 79 378 592 

Roof slab Transition 7 69 335 396 Z 

Crane column Salt water tunnel area 7 1,640K 5,667 Ft-K 5,857 Ft-K 
supports El (-)9'-0" to El (+)7'-0" 

Crane column Salt water tunnel area 7 513K 2,802 Ft-K 3,240 Ft-K Axial 
supports El (+)7'-0" to (+)30'-0" tension 0 

Crane column Tsunami wall area 7 426K 302 Ft-K 843 Ft-K Axial 
supports 

tension 

Walls Stop-gate structure 7 0 650 1,049 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ C 

M



Table 3.8-13 

INTAKE STRUCTURE SUMMARY OF GOVERNING LOAD INTERACTIONS FOR 

PRINCIPAL REINFORCED CONCRETE MEMBERS (Sheet 3 of 5) 

Calculated Axial Maximum Flexural 

Governing Load (Pu) and Interaction 

Description Load Flexural Load (Mu) Capacity (Mu) 

Principal Combination Given Axial 

Members Location of Principal Members Number(a) Pu(b) Mu(c) Load(c) Remarks 

Walls Recirculating gate structures 7 14 117 117 

Slab Slab El (-)26'-0", thickness = 4' 1 5 310 313 

screen well area 

Slab Slab El (-)26'-0", thickness = 5' 7 29 68 333 Axial 

screen well area tension 0 
0 

*>Slab Slab El (-)26'-0", thickness = 7'-3" 7 30 177 1,127 

0o screen well area 

0 Slab Slab El (+)9'-0" 7 38 30 90 Axial 

screen well area 
tension .  

171 

Slab Slab El (+)35'-0" 7 11 74 83 

screen well area 

Slab (+)16'-0" deck 1 0 43 147 

screen well area 

Beams (+)16'-0" deck - traveling water 7 49 1,252 2,088 Axial 

screen area 
tension 

O 

Beams (+)16'-0" deck - fish elevator area 1 351 661 4,797 Axial 
tension 

Walls Center wall 1 40 360 421 Axial 
tension H 

Walls Baffle walls 7 38 31 95



Table 3.8-13 
INTAKE STRUCTURE SUMMARY OF GOVERNING LOAD INTERACTIONS FOR 

PRINCIPAL REINFORCED CONCRETE MEMBERS (Sheet 4 of 5) 

Calculated Axial Maximm Flexural 
Governing Load (Pu) and Interaction 

Description of Load Flexural Load (Mu) Capacity (Mu) 
Principal Combination Given Axial 
Members Location of Principal Members Number(a) Pu(b) Mu(c) Load(c) Remarks 

Slab Pump slab El (-)7'-5" 7 90 253 347 

Slab Pump well slab El (-)22'-9" 7 14 243 335 Axial 
tension 

Walls - Pump well area 7 52 250 269 
interior 

Walls - west Pump well area 7 24 348 544 0 
exterior 0 

Walls - east Pump well area 7 36 53 313 
exterior 

Walls Tsunami walls 7 0 190 235 

Base slab Salt-water tunnel area 7 100 263 446 t 

Slab at El (-)9'-0" 

Walls Salt-water tunnel area 7 23 434 514 0 
West walls El (-)9' to El (+)4' 

Walls Salt-water tunnel area 7 64 228 270 Axial > 
East walls El (-)9' to El (+)4' tension 

0 
Walls Salt-water tunnel area 7 2 38 337 Axial 

West walls El (+)7'-0" to (+)27'-6" tension 

Walls Salt-water tunnel area 7 90 20 238 Axial 
East walls El (+)7'-0" to (+)27'-6". tension H 

____ __ ___ ___ ___C_



Table 3.8-13 
INTAKE STRUCTURE SUMMARY OF GOVERNING LOAD INTERACTIONS FOR 

PRINCIPAL REINFORCED CONCRETE MEMBERS (Sheet 5 of 5) 

Calculated Axial Maximum Flexural 

Governing Load (Pu) and Interaction 

Description of Load Flexural Load (Mu) Capacity (Mu) 

Principal Combination Given Axial 

Members Location of Principal Members Number(a) pu(b) (c) Load(c) Remarks 

Slab Salt-water tunnel area 7 25 283 375 

Slab El (+)7'-0" 

Slab Salt-water tunnel area 7 17 172 207 

Slab El (+)30'-0" 

Cn 

0 

H0 

O 

O 
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San Onofre 2&3 FSAR 

DESIGN OF CATEGORY I STRUCTURES 

Table 3.8-14 
ELECTRICAL AND PIPING GALLERY STRUCTURE SUMMARY OF GOVERNING 
LOAD INTERACTIONS FOR PRINCIPAL REINFORCED CONCRETE MEMBERS 

Calculated 
Axial Load (Pu) Maximum Flexural 

Governing and Flexural Interaction 
Load Load (Mu) Capacity (Mu), 

Description of Location of Combination Given Axial 
Principal Members Principal Members Number(a) pu(b) Mu(c) Load Pu(c) 

3'-0" thick basemat Basemat at 4 87.56 138.78 177.56 
N-S reinforcement El (-) 2'-6" 

3'-0" thick basemat Basemat at 4 70.06 177.18 200.50 
E-W reinforcement El (-) 2'-6" 

2'-0" thick slab Slab at El 9'-6" 2 23.92 61.53 118.62 
E-W reinforcement 

l'-6" thick slab Floor at El 30'-6" 5 142.01 35.39 46.22 
N-S reinforcement 

l'-6" thick slab Floor at El 30'-6" 4 51.71 41.00 64.84 
E-W reinforcement 

1'-8" thick slab Floor at El 48'-6" 5 81.87 43.98 91.11 
N-S reinforcement 

l'-6" thick wall North end exterior 7 81.41 39.49 74.99 
horizontal reinforcement wall 

l'-6" thick wall North end exterior 6 79.75 38.66 68.57 
vertical reinforcement wall 

l'-6" thick wall Mid-north exterior 5 115.32 38.20 69.47 
vertical reinforcement wall 

l'-6" thick wall Mid-south exterior 4 79.77 50.95 60.99 
vertical reinforcement wall 

2'-6" thick wall South.end exterior 3 77.81 139.11 162.61 
horizontal reinforcement wall 

2'-6" thick wall South end exterior 7 114.18 76.27 153.03 
vertical reinforcement wall 

2'-0" thick wall West end exterior 5 115.20 56.17 152.10 
horizontal reinforcement wall 

2'-0" thick wall West end exterior 5 42.43 53.26 152.96 
vertical reinforcement wall 

l'-6" thick wall Mid-east exterior 4 58.43 42.59 81.39 
horizontal reinforcement wall 

l'-6" thick wall Mid-east exterior 5 62.79 43.85 77.23 
vertical reinforcement wall 

1'-6" thick wall Interior wall running 2 19.65 20.58 58.63 
vertical reinforcement N-S direction 

a. Refer to paragraph 3.8.4.3.2.A for description of load combination number.  
b. Pu is in kips. ! 
c. Mu is in ft-k/ft.  
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3.8.4.6 Materials, Quality Control, and Special Construction Techniques 

The following basic materials are used in the construction of the Seismic 

Category I structures listed in paragraph 3.8.4.1.  

2 
A. Concrete f'c (lb/in. )= 4,000 

B. Reinforcing ASTM A-615 f (lb/in. ) = 60,000 

steel deformed Grade 60 y 

bars 

2 
C. Structural and ASTM A-36 f (lb/in.2) = 36,000 

miscellaneous y 

steel rolled 
shapes, bars, 
and plates 

2 
High-strength ASTM A-325 f (lb/in. ) = 81,000 to 92,000 

bolts (Varies 
depending on 
diameter of 
bolts) 

2 
ASTM A-449 f (lb/in. ) = 58,000 to 92,000 

y (Varies depend

ing on diameter 
of bolts) 

ASTM A-490 f (lb/in.2) = 130,000 minimum 
y 

2 
Anchor bolts ASTM A-307 f (lb/in. ) = 60,000 

t minimum 

Stainless steel ASTM A-167 f (lb/in.2) = 30,000 
Type 304 y 

STM A-240 f (lb/in.2) = 25,000 

Type 304L 

Stainless steel ASTM A-276 f (lb/in. 2 ) 30,000 
y 

Bars and Shapes Type 304 

2 
Stainless steel ASTM A-554 f (lb/in. ) 30,000 

y 

Tubing Type 304 

2 
Stainless steel ASTM A-193 f (lb/in. ) = 30,000 

y 

Bolts, nuts and Grade B8 
threaded studs 

Insert plates ASTM A-36 f (lb/in. 2 36,000 
y 
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The materials and quality control procedures are described in 
paragraph 3.8.1.6.  

The other Seismic Category I structures.listed in paragraph 3.8.4.1 are 
built of reinforced concrete and structural steel, using proven methods 
common to heavy industrial construction. No special construction techniques 
have been employed in the construction of these structures.  

3.8.4.7 Testing and Inservice Inspection Requirements 

Testing and inservice surveillance are not required for Seismic Category I 
structures other than containment, and no formal program of testing and 
inservice surveillance is planned.  

3.8.5 FOUNDATIONS 

3.8.5.1 Description of the Foundations 

3.8.5.1.1 Containment 

The containment foundation is a conventionally reinforced, circular 
concrete mat, 9 feet thick with a diameter of 184 feet, bearing directly on 
the San Mateo formation. The reactor cavity is located near the center of 
the mat and forms an integral part of the foundation. Figure 3.8-1 shows 
the relative position of the two containment foundations.  

Figure 3.8-2 shows cross-sections of the containment base slab.  

The internal structures that support the large equipment, such as steam 
generators and reactor coolant pumps, are anchored to the base slab in 
order to transfer the loads. Figure 3.8-21 and 3.8-22 show a typical detail 
of anchorage to the base slab for the steam generator and reactor coolant 
pumps.  

Figure 3.8-2 shows the reinforcing pattern at the junction of the base slab 
and containment wall.  

3.8.5.1.2 Auxiliary Building 

The auxiliary building foundation is a reinforced concrete slab 8 feet 
thick, 280 feet long, and approximately 221 feet wide, bearing directly on 
the .San Mateo formation. A piping gallery extending 11 feet below the 
bottom of the basemat in the control area is an integral part of the 
foundation.  

Refer to figure 3.8-28 for location of auxiliary building foundation in 
relation to other Seismic Category I structures.  

Figures 3.8-29 and 3.8-30 show typical base slab sections and foundation 
details.  
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3.8.5.1.3 Fuel Handling Building 

The fuel handling foundation is a reinforced concrete slab which varies 

in thickness from 4 feet 6 inches to .8 feet, and is 134 feet 6 inches long 

by 87 feet - 6 inches wide, bearing directly on the San Mateo formation.  

Refer to figures 3.8-31, 3.8-32 and 3.8-33 for location of the fuel 

handling foundation in relation to other Seismic Category I structures.  

Figure 3.8-34 shows typical base slab and foundation details.  

3.8.5.1.4 Safety Equipment Building 

The safety equipment building foundation is a stepped reinforced concrete 

slab which is 4 feet thick, 174 feet long, and 74 feet wide, bearing 

directly on the San Mateo formation.  

Refer to figure 3.8-35 for location of the safety equipment building in 

relation to other Seismic Category I structures.  

Figure 3.8-36 shows typical base slab and foundation details.  

3.8.5.1.5 Intake Structure 

The intake structure foundation is a reinforced concrete slab, which is 

4 feet thick, 119 feet 6 inches long, and 109 feet 10 inches wide, bearing 

directly on the San Mateo formation.  

Refer to figure 3.8-37 for location of the intake structure foundation in 

relation to other Seismic Category I structures.  

Figure 3.8-38 shows typical base slab and foundation details.  

3.8.5.1.6 Electrical and Piping Gallery Structure 

The electrical/piping junction structure is a partially buried conventional 

reinforced concrete shear-wall structure. The structure provides a 

transition area for Seismic Category I piping and electrical cable from the 

underground tunnels and duct runs into the safety-equipment building. The 

overall plan dimension of the structure is 85 x 67 feet with a maximum 

height of 54 feet. The interior of the structure is a maze of partial 

floor slabs, partition walls, and vertical risers. Due to the physical 

proximity to other structures, the embedment characteristics vary on each 

side of the structure. The resulting structure exhibits geometric eccen

tricity between the center of mass and the center of rigidity at the various 

elevations within the structure and at the soil-structure interface.  
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Refer to figure 3.8-39 for location of the electrical and piping gallery 
structure foundation in relation to other Seismic Category I structures.  

Figure 3.8-40 shows typical base slab and foundation details.  

3.8.5.1.7 Condensate and Refueling Tank Enclosure Structure 

A description of this foundation will be provided in an Amendment to the 
FSAR by approximately March 1977.  

3.8.5.1.8 Diesel Generator Building 

A description of this foundation will be provided in an Amendment to the 
FSAR by approximately November 1977.  

3.8.5.2 Applicable Codes, Standards, and Specifications 

The applicable codes, standards, specifications, regulatory guides, and 
other documents used in the structural design, fabrication, and construction 
of foundations are covered in the following paragraphs.  

Containment,paragraph 3.8..1.2 

Internal Structures, paragraph 3.8.3.2 

Other Seismic Category I Structures, paragraph 3.8.4.2 

3.8.5.3 Loads and Load Combinations 

Containment foundation loads and loading combinations are discussed in 
paragraph 3.8.1.3.  

Foundation loads and loading combinations for other Seismic Category I 
structures are discussed in paragraph 3.8.4.3.  

3.8.5.4 Design and Analysis Procedures 

Design and analysis procedures used, including the computer programs 
employed, in the design of foundations are discussed in paragraph 3.8.1.4 
for the containment, in paragraph 3.8.3.4 for the internal structures, which 
include the major concrete support structures, and in paragraph 3.8.4.4 
for the other Seismic Category I structures.  
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0 

3.8.5.5 Structural Acceptance Criteria 

The foundations of all Seismic Category I structures are designed to meet 

the same structural acceptance criteria as the structures themselves.  

These criteria are discussed in paragraphs 3.8.1.5, 3.8.3.5, and 3.8.4.5.  

A minimum factor of safety of 1.5 against overturning is maintained for 

all structures and supports as shown in table 3.8-15. The procedure used 

to determine the stability ratio against structural overturning is dis

cussed in detail in section 4.4 of BC-TOP-4-A.(
6) 

The foundation bearing pressures shown in table 3.8-15, when compared with 

the allowable bearing pressures, show that the foundation medium can safely 

support the pressures caused by overturning moments. The ratio of the 

allowable bearing pressure to the actual bearing pressure yields the safety 

margin.  

3.8.5.6 Materials, Quality Control, and Special Construction Techniques 

The foundations and equipment supports are built of reinforced concrete 

using conventional methods for heavy industrial construction. The descrip

tion of the materials, and the quality control procedures, as well as 

special construction techniques for foundations, are the same as those 

discussed in paragraphs 3.8.1.6, 3.8.3.6, and 3.8.4.6,-and chapter 17.0.  

3.8.5.7 Testing and Inservice Inspection Requirements 

Testing and inservice surveillance are not required and are not planned for 

foundations of structures or for concrete supports. A discussion of the 

test program that serves as the basis for the Soils Investigations and 

Foundation Report may be found in section 2.5, Geology, Seismology and 

Geotechnical Engineering.  
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Table 3.8-15 
SUMMARY OF ACTUAL AND ALLOWABLE FOUNDATION BEARING PRESSURES, SETTLEMENTS, 
AND FACTORS OF SAFETY AGAINST OVERTURNING FOR SEISMIC CATEGORY I STRUCTURES 

Foundation Foundation Estimated Short- Estimated Long

Bearing Pressure Allowable Term Settlements Term Settlements Minimum Factor 

Foundation (D+L+Seismic) Bearing Pressure of Structure of Structure of Safety ( 1.5) 

Structure Medium (k/ft
2
) (k/ft

2
) (in.) (in.) Against Overturning Remarks 

Containment Undistrubed 18 60 0.21 0.3 40 

natural San 
Mateo sand 

Auxiliary Undisturbed 15 25 See paragraph See paragraph 150 Foundation allowable 

Building natural San (See Remarks) 2.5.4.10 2.5.4.10 value is lower bound 

Mateo sand dictated by shear 
capacity of soil, 

neglecting actual CO 
horizontal extent of 
basemats.  

O 
Fuel Undisturbed 21 (See Remarks) See paragraph See paragraph 10 Foundation allowable ; 
Handling natural San 2.5.4.10 2.5.4.10 value is lower bound 0 

Building Mateo sand dictated by shear 

I- capacity of soil, 
neglecting actual 

horitontal extent of 
basemats.  

Safety Undisturbed (DBE) 9.022 47.5 0.28 0.40 Not applicable More than 2/3 of O 

Equipment natural San (OBE) 7.326 (See Remarks) structure is embedded tn 

Building Mateo sand in soil Pd 

Intake Undisturbed 7.0 25+ - - Not applicable 

Structure natural San 0 

Mateo sand 

Electrical and Undisturbed (DBE) 11.154 56.26 0.28 0.40 Not applicable Approximately 2/3 of 

Piping Gallery natural San (OBE) 10.497 (See Remarks) structure is embedded 

Structure Mateo sand 

Diesel 
Generator 
Building 

Condensate Oj 
Refueling H 

Tank 
Closure 
Structure ___
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SECTION NUMBER IDENTIFICATION INTERACTION DIAGRAMS 

0 "PLUS" AND "MINUS" LOAD PRINCIPAL LOAD COMBINATIONS 
COMBINATIONS RESPECTIVELY. (Sheet 1 of 18) 
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2. D+F±T A+1.25P+1.25 E 
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COMBINATIONS RESPECTIVELY.PRNIA LODCMNTOS 
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Figure 3. 8-19 
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Figure 3.8-19 

1 0079-1 10D-281 
11MY6



-P 

GOVERNING LOADING COMBINATIONS: -1500 -1:0650050 + 

1. D+ F+T A +1.5P 

2. D +F +T A +1.25P± 1.25E 
3. D+F+T A1025E 

4. D+F+T A+P± E' 

5. D+F+T A____E'___ 

1 0079-1 

1500 

S O 3 Bnit4B&A 

2.ODE+:FCONTAINMEN25PTRUCT25E 

1. REFER TO TABLE 3.8-1, SHEET 1, FOR INTERACTION DIAGRAMS 
SECTION NUMBER IDENTIFICATION. WITH ACTUAL RESULTS OF 

"PLUS" AND "MINUS" LOAD 
COMBINATIONS RESPECTIVELY. (Sheet 6 of 18) 

Figure 3. 8-19 
10079-11D0-282



000 

-1500 

1. D + +8. 
A 

15 

3A  -500 3B ___ 

4A 

-Me -150 00 0501001500 + 

GOVERNING LOADING COMBINATIONS: 50(TK 

1. D + F + TA + 1.5P 

2. D + F + TA + 1.25P ± 1.25E 

3. D +F +TA±11.25E 

4. D+F+TA+P±E'+0

5. D+ F+T~±E' 

SECTION 4 - MERIDIONAL 

NOTES:COTIMNSTUUR 

1. REFER TO TABLE 3.8-1, SHEET 1, FOR ITRCINDARM 
SECTION NUMBER IDENTIFICATION. WT CULRSLSO 

2. NOTATIONS "A" AND "B" IDENTIFYPRNIA LODCMNTOS 
"PLUS" AND "MINUS" LOAD 

COMINAION REPECIEYINSERTIO 7IAGRAMS 
WIT iACUre RESU-S1 O



_________ -000 

5 3B 

A5 

0 _ _4B 

1500 2000 +M 

-M -1500 -1000 -500 (FT-K)10 130200 + 

GOVERNING LOADING COMBINATIONS: 

1. D+F+T A + 1.5P 

2. D + F+TA + 1.25P±11.25E +5000 

3. D++TA±.25ESAN ONOFRE 
4. D+F+T A+P±E' 
5.D+F+TA +NUCLEAR GENERATING STATION 
5. D+ F +TA±E' . SECTION 4 -HOOP UnitS 2& 3 

NOTES: CONTAINMENT STRUCTURE 

1. REFER TO TABLE 3.8-1SHEET 1, FOR INTERACTION DIAGRAMS 
SECTION NUMBER IDENTIFICATION.  

2. NOTATIONS "A" AND "B" IDENTIFY WT CULRSLSO 
"PLUS" AND "MINUS" LOAD PRINCIPAL LOAD COMBINATIONS 
COMBINATIONS RESPECTIVELY. (Sheet 8 of 18) 

iFigure 3. 8-19 

11 MY6



-2000-2000 

1A 0 
0 3A 

0 4A 

5G2A 03B 
05B 

2B60 4B 

-2000 -1500 500 1000 1500 2000 (M 

GOVERNING LOADING COIBINATIONS: 

1. D +F +TA + 1.5P 

2. D +F +TA + 1.25P±11.25E --_______+500_______ 

3. D+F +TA 1125E 

4. D+F+TA +P±E' + 
5. D+FT +E'SAN ONOFRE 

5.D+F+T 'SECTIONS5- MERIDIONAL NUCLEAR GENERATING STATION 

NOTES: CONTAINMENT STRUCTURE 

1. REFER TO TABLE 3.8-1, SHEET 1, FOR INTERACTION DIAGRAM4S 
SECTION NUMBER IDENTIFICATION. WITH ACTUAL RESULTS OF 

2. NOTATIONS "A' AND "B" IDENTIFY PRINCIPAL LOAD COMBINATIONS 
"PLUS" AND "MINUS" LOAD 

COMBNATONSRESPCTIELY(Sheet 9 of 18) 

Figure 3.8-19



(K) 

NOTES 

0 SECTION 6 HOOP 

-150f0 - -T

5A 

-10 00F A 3A 58 

&3B 

4. D5A A+P E 

4A 

A 3B 
A5B 

1B 2AB4A 

0-150 -1000 -500 1 2A 50 1000 1500 20T 

GOVERNING LOADING COMBINATIONS: 
1. D+ F+ TA +1.5P 

2. D+ F +TA +1.25P±11.25E +0 

3. D + F+TA±11.25E 

4. D+ F+TA+PiE' SAN ONOFRE 
5. D+ F +TA±&E' SECTION 5SAND 6 - HOOP NUCLEAR GENERATING STATION 

Units 2 & 3 

NOTES: CONTAINMENT STRUCTURE 

1. REFER TO TABLE 3.8-1,.SHEET 1, FOR INTERACTION DIIAGRAMS 

2. NOTATIONS "A" AND "B" IDENTIFY PRINCIPAL LOAD COMBINATIONS 
"PLUS" AND 'MINUS" LOAD (he 0o 8 COMBINATIONS RESPECTIVELY. (he 0o 8 

Figure 3. 8-19 

10079-il1D-286 

11 MY6



-1000 

5A 

* 4A 

\. 2A A+0 
® -- 500 

-M -2000-1 0-10-505 02B0 1C1002 0 
4B +M 

(FT-K) 

1. D+F+TA +1.5PSAN ONOFRE 
2. D +F +TA + 1.25P 11.25E NUCLEAR GENERATING STATION 
3. D+F+T A ±1.25E Units 2 & 3 
4. D+F+T A +P±E' NOTES: CONTAINMENT STRUCTURE 
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