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RESPONSE SPECTRA INDEX

. Q ectrasp Sheet
Number Elevation Number

'

1-A N-S, O.B.E. 503'-6" Reactor Building Slab 1
1-B E-W, O.B.E. 503'-6" Reactor Building Slab 2
1-C N-S, D.B.E. 503'-6" Reactor Building Slab 3
1-D E-W , 'D . B . E. 503'-6" Reactor Building Slab 4
2-A N-S, 0.B.E. 525'-7" Reactor, Auxiliary, Turbine 5

Building Slab
2-B E-W, O.B.E. 525'-7" Reactor, Auxiliary, Turbine 6

Building Slab
2-C N-S, D.B.E. 525'-7" Reactor, Auxiliary, Turbine 7

Building Slab
2-D E-W, D.B.E. 525'-7" Reactor, Auxiliary, Turbine 8

Building Slab
3-A N-S, 0.B.E. 546'-0" Reactor, Auxiliary, Turbine 9

,

Building Slab '

3-B E-W, O.B.E. 546'-0" Reactor, Auxiliary, Turbine 10
Building Slab

3-C N-S, D.B.E. 546'-0" Reactor, Auxiliary, Turbine 11 -
Building Slab

3-D E-W, D.B.E. 546'-0" Reactor, Auxiliary, Turbine 12-
Building Slab

1-E VERT., 0.B.E. 503'-6" Reactor Building Slab 13
2-E VERT., 0.B.E. 525'-7' Reactor Building Slab 13O 3-E VERT., O.B.E. 546'-0" Reactor Building Slab 13
1-F VERT., D.B.E. 503'-6" Reactor Building Slab 14
2-F VERT., D.B.E. 525'-7" Reactor Building Slab 14
3-F VERT., D.B.E. 546 '-0" - Reactor Building Slab 14
2-E VERT., O.B.E. 525'-7" '

Auxiliary Building Slab 15
3-E VERT., 0.B.E. 546'-0" Auxiliary Building Slab 15-
2-F VERT., D.B.E. 525'-7"i Auxiliary Building Slab 16
3-F VERT., D.B.E. 5465-0". Auxiliary Building Slab 16
4-A N-S, 0.B.E. 570'-6" Reactor Building Slab ~171

'

4-B E-W, 0.B.E. 570'-6" Reactor Building Slab 18 1
4-C N-S, D.B.E. 570'-6" Reactor Building Slab 19
4-D E-W, D.B.E. 570'-6" Reactor Building Slab 20
5-A N-S, 0.B.E. 593'-6"- Reactor Building Slab ' 21-
5-B E-W, O.B.E. 593'-6"- Reactor Building Slab 22 -
5-C N-S, D.B.E. 593'-6" Reactor Building Slab 23
5-D E-W, D.B.E. 593'-6" Reactor Building Slab 2_46-A N-S, 0.B.E. 627'-9" Reactor Building Slab 25
6-B E-W, 0.B.E. 627'-9" Reactor Building Slab 26
6-C N-S, D.B.E. 627 '-9 " - Reactor Building Slab 27
6-D E-W, D.B.E. 627'-9" Reactor Bcilding Slab 28
4-E VERT., 0.B.E. 570'-6" Reactor Building Slab 29
5-E VERT., 0.B.E. 593'-6" Reactor Building Slab 29
6-E VERT., 0.B.E. 627'-9" Reactor Building Slab 29
4-F VERT., D.B.E. 570'-6" Reactor Building Slab 30
5-F VERT., D.B.E. 593'-6" Reactor Building Slab 30

C 6-F VERT., D.B.E. 627'-9" Reactor Building Slab 30

.4.



RESPONSE SPECTRA INDEX
(Continued)

n
- Spectra Sheet

Number Elevation Number

7-A N-S, 0.B.E. 473'-5" Reactor, Auxiliary, Turbine 31
Building Slabs

7-A N-S, 0.B.E. 496'-0" - Reactor, Auxiliary, Turbine 31 -
Building Slabs

7-B E-W, 0.B.E. 473'-5" Reactor, Auxiliary, Turbine 31
Building Slabs

7-B E-W, 0.B.E. 496'-0" Reactor, Auxiliary, Turbine 31 --

Building Slabs
7-C N-S, D.B.E. 473'-5" Reactor, Auxiliary, Turbine 32

Building Slabs
7-C N-S, D.B.E. 496'-0" Reactor,' Auxiliary, Turbine 32 -

Building Slabs
7-D E-W, D.B.E. 473'-5" Reactor, Auxiliary, Turbine 32

Building Slabs
7-D E-W, D.B.E. 496'-0" t Reactor, Auxiliary, Turbine 32 -

Building Slabs

7-E VERT., O.B.E. 473'-5" Reactor, Auxiliary, Turbine 32A
Building Slabs

7-E VERT., 0.B.E. 496'-0" Reactor, Auxiliary, Turbine 32A -
Building Slabs

7-F VkRT.,D.B.E. 473'-5" Reactor, Auxiliary, Turbine 32B
/"N Building Slabs

'

7-F V8HT., D.B.E. 496'-0" Reactor, Auxiliary, Turbine 32B-
Building Slabs

8-A N-S, 0.B.E. 567'' -5" Auxiliary Building Slab 33
8-B E-W, 0.B.E. 567'-5" Auxiliary Building Slab 34
8-C N-S, D.B.E. 567'-5" Auxiliary Building Slab 35
8-D E-W, D.B.E. 567'-5" Auxiliary Building Slt.b 36
9-A N-S, 0.B.E. 591'-7" Auxiliary Building Slab 37
9-B E-W, 0.B.E. 591'-7" Auxiliary Building Slab 38
9-C N-S, D.B.E. 591'-7" Auxiliary Building Slab 39
9-D E-W, D.B.E. 591'-7" Auxiliary Building Slab 40
8-E VERT., 0.B.E. 567'-5" Auxiliary Building Slab 41
9-E VERT., 0.B.E. 591'-7" Auxiliary Building Slab 41

; 8-F VERT., D.B.E. 567'-5" Auxiliary Building Slab 42
9-F VERT., D.B.E. 591'-7" Auxiliary Building Slab 42

| 10-E VERT., 0.B.E. 503'-6" Reactor & Auxiliary Building 43 -

Wall
10-E VERT., 0.B.E. 525'-7" Reactor & Auxiliary Building 43

Wall
10-E VERT., 0.B.E. 546'-0" Reactor & Auxiliary Building 43

i Wall
| 10-F VERT., D.B.E. 503'-6" Reactor & Auxiliary Building 44 -
l Wall
! 10-F VERT., D.B.E. 525'-7" Reactor & Auxiliary Building 44
! Wall

fm '0-F VERT., D.B.E. 546'-0" Reactor & Auxiliary Building 44
V Wall

i
!

!



RESPONSE SPECTRA INDEX
(Continued)

O
Spectra :n w.r t.
Number Elevation guainr r-

11-E VERT., 0.B.E. 570'-6" ' Wac~ tor & Auxiliary Building 45
Wall

11-E VERT., 0.B.E. 593'-6" Reactor & Auxiliary Building 45
Wall

11-E VERT., 0.B.E. 627'-9" Reactor & Auxiliary Building 45
Wall

11-F VERT., D.B.E. 570'-6" Reactor & Auxilie.ry Building 46
Wall

11-F VERT., D.B.E. 593'-6" Reactor & Auxiliary Building 46
Wall

11-F VERT., D.B.E. 627'-9" Reactor & Auxiliary Building 46 /Wall
12-A N-S, 0.B.E. 503'-6" Reactor Containment 47
12-B E-W, 0.B.E. 503'-6" Reactor Containment 48
12-C N-S, D.B.E. 503'-6" Reactor Containment 49
12-D E-W, D.B.E. 503'-6" Reactor Containment 50
13-A N-S, 0.B.E. 525'-7" Reactor Containment 51
13-D E-W, 0.B.E. 525'-7" Reactor Containment 52
13-C N-S, D.B.E. 525'-7" Reactor Containment 53
13-D E-W, D.B.E. 525'-7" Reactor Containment 54
14-A N-S, 0.B.E. 546'-0" Reactor Containment 55

O '4-C
4-8 s-w 546'-o" aeactor contein=ent 56N-S,'

n s E-
D.B.E. 546'-0" Reactor Containment 571

14-D E-W, D.B.E. 546'-0" Reactor Containment 58
12-E VERT., 0.B.E. 503'-6" Reactor Containment 59
13-E VFRT., O.B.E. 525'-?" Reactor Containment 59 -

14-E VERT., 0.B.E. 546'-0" Reactor Containment 59
12-F VERT., D.B.E. 503'-6" Reactor Containment 60
13-F VERT., D.B.E. 525'-7" Reactor Containment 60
14-F VERT., D.B.E. 546'-0" Reactor Containment 60
15-A N-S, 0.B.E. 570'-6" Reactor Containment 61
15-B E-W, O.B.E. 570'-6" Reactor Containment 62
15-C N-S, D.B.E. 570'-6" Reactor Containment 6315-D E-W. D.B.E. 570'-6" Reactor Containment 64
16-A N-S, 0.B.E. 593'-6" Reactor Containment 64A
16-B E-W, 0.B.E. 593'-6" Reactor Containment 64B
16-c N-S, D.B.E. 593'-6" Reactor Containment 64C
16-D E-W, D.B.E. 593'-6"
15-E VERT. 0.B.E. 570'-6"~

Reactor Containment 64D
Reactor Containment

~

65
16-E VERT., 0.B.E. 593'-6" Reactor Containment 6516-3 VERT., O.B.E. 627'-9" Reactor Containment 65
15-F VERT., D.B.E. 570'-6" Reactor Containment 66
16-F VERT., D.B.E. 593'-6" Reactor Containment 66
16-F VERT., D.B.E. 627'-9" Reactor Containment 66
17-A N-S, 0.B.E. 543'-U" Biological Shield 67
17-B E-W, O.B.E. 543'-0" Biological Shield 66

C'17-D
7-C N-S, D.B.E. 543'-0" Biological Shield 69

E-W, D.B.E. 543'-0" Biological Shield 70

-



RESPONSE SPECTRA INDEX
(Continued)

f] Number
pectra

v Sheet
Elevation Number

17-E VERT., 0.B.E. 543'-0" Biological Shield 7117-F VERT., D.B.E. 543'-0" Biological Shield 7218-A N-S, O.B.E. 565'-0" Biological Shield 7318-B E-W, 0.B.E. 565'-0" Biological Shield 7418-C N-S, D.B.E. 565'-0" Biological Shield 7518-D E-W, D.B.E. 565'-0" Biological Shield 7618-E VERT., 0.B.E. 565'-0" Biological Shield 7719-E VERT., 0.B.E. 593'-6" Biological Shield 7718-F VERT., D.B.E. 565'-0" Biological Shield 7819-F VERT., D.B.E. 565'-0" Biological Shield 7820-A N-S, O.B.E. 615'-3" Reactor Pressure Vessel 7920-B E-W, O.B.E. 615'-3" Reactor Pressure Vessel 80
20-C N-S, D.B.E. 615'-3" Reactor Pressure Vessel 8120-D E-W, D.B.E. 615'-3" Reactor Pressure Vessel 8221-A N-S, 0.B.E. 596'-10" Reactor Pressure Vessel 8321-B E-W, 0.B.E. 596'-10" Reactor Pressure Vessel 84
21-C N-S, D.B.E. 596'-10" Reactor Pressure Vessel 8521-D E-W, D.B.E. 596'-10" Reactor Pressure Vessel 8622-A N-S, 0.B.E. 584'-Oh" Reactor Pressure Vessel 8722-A N-S, 0.B.E. 582'-6" Reactor Pressure Vessel 87
22-B E-W, O.B.E. 584'-0i" Reactor Pressure Vessel 88
22-B E-W, O.B.E. 582'-6" Reactor Pressure Vessel 88

\ q 22-C N-S, D.B.E. 584'-0 " Reactor Pressure Vessel 89V 22-C N-S, D.B.E. 582'-6" Reactor Pressure Vessel 8922-D E-W, D.B.E. 584'-Oi" Reactor Pressure Vessel 9022-D E-W, D.B.E. 582'-6" Reactor Pressure Vessel 90
23-A N-S, O.B.E. 574'-1 14" Reactor Presare Vessel 91
23-B E-W, O.B.E. 574'-l 14" Reactor Pressure Vessel 92
23-C N-S, D.B.E. 574'-l 14" Reactor Pressure Vessel 93
23-D E-W, D.B.E. 574'-l 74" Reactor Pressure Vessel 9420-E VERT., O.B.E. 615'-3" Reactor Pressure Vessel 94A21-E VERT., O.B.E. 596'-10" Reactor Pressure Vessel 94A22-E VERT . , O . B . E . 584'-01/2" Reactor Pressure Vessel 94A22-E VERT., 0.B.E. 582'-6" Reactor Pressure Vessel 94A
23-E VERT., 0.B.E. 574'-1-3/4" Reactor Pressure Vessel 94A
N-P VERT., D.B.E. 615'-3" Reactor Pressure Vessel 94P
't-F VKHT., D.P.E. 596'-10" Reactor Pressure Vessel 94E
..-F VKHT., P.H.E. 584'-01/2" Reactor Pressure Vessel 94E
''

22-F VERT., D.B.E. 582'-6" Reactor Pressure Vessel 94B
23-F VERT., D.B.E. 574'-1-3/4" Reactor Pressure Vessel 94B

;
_ . d
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RESPONSE SPECTRA INDEX
(Continued)

' [ Spectra SheetNumber Elevation Number
24-A N-S, O.B.E. 654'-9" Reactor Building Crane 9524-B E-W, 0.B.L 654'-9" Reactor Building Crane 9624-C N-S, D.B.E. 654'-9" Reactor Building Crane 9724-D E-W, D.B.E. 654'-9" Reactor Building Crane 9824-E VERT., 0.B.E. 654'-9" Reactor Building Crane 9924-F VERT., D.B.E. M4'-9" Reactor Building Crane 10025-A N-S, 0 B.E. 546'-0" Turbine Foundation 10125-B E-W, 0.B.E. 546'-0" Turbine Foundation 10225-C N-S, D.B.E. 546'-0" Turbine Foundation 10325-D E-W, D.B.E. 546'-0" Turbine Foundation 10425-E VERT., 0 B.E. 546'-0" Turbine Foundation 10525-F VERT., D.B.E. 546'-O" Turbine Foundation 20626-A N-S, O.B.E. 435'-0" Service Water Pump Structure 10726-A N-S, 0.B.E. 450'-0" Service Water Pump Structure 10726-B E-W, 0 B.E. 435'-0" Service Water Pump Structure 107x26-B E-W, O.B.E. 450'-0" Service Water Pump Structure 10726-C N-S, D.B.E. 435'-0" Service Water Pump Structure 108/26-C N-S, D.B.E. 450'-0" Service Water Fump Structure 10826-D E-W, D.B.E. 435'-0" Service Water Pump Structure 108N26-D E-W, D.B.E. 450'-0" Service Water Pump Structure 10826-E VERT., 0.B.E. 435'-0" Service Water Pump Structure 109+26-E VERT., 0.B.E. 450'-0" Service Water Pump Structure 10926-F VERT., D.B.E. 435'-0" Service Water Pump Structure 110m

( 'T 26-F VERT , D.B.E. 450'-0" Service Water Pump Structure 110v 27-A N-S, 0.B.E. 465'-0" - Service Water Pump Structure 11127-A N-S, 0.B.E. 490'-0" Service Water Pump Structure 11127-B E-W, 0.B.E. 465 '--0" Service Water Pump Structure 112
--

27-B E-W, 0.B.E. 490'-0" Service Water Pump Structure 11227-C N-S, D.B.E. 465'-0" Service Water Pump Structure 11327-C N-S, D.B.E. 490'-0" Service Water Pump Structure 11327-D E-W, D.B.E. 465'-0" Service Water Pump Structure 114
27-D E-W, D.B.E. 490'-0" - SERVICE WATER PUMP STRUCTURE 114-28-A N-S, 0.B.E. 521'-0" SERVICE WATER PUMP STRUCTURE 11528-B E-W, O.B.E. 521'-0" SERVICE WATER PUMP STRUCTURE 11628-C N-S, D.B.E. 521'-0" SERVICE WATER PUMP STRUCTURE 11728-D E-W, D.B.E. 521'-0" SERVICE WATER PUMP STRUCTURE 11827-E VERT., O.B.E. 465'-0" - SERVICE WATER PUMP STRUCTURE 11927-E VERT., 0.B.E. 490'-0" SERVICE WATER PUMP STRUCTURE 11928-E .. VERT., O.B.E. 521'-0" SERVICE WATER PUMP STRUCTURE 11927-F VERT., D.B.E. 465'-0" SERVICE WATER PUMP STRUCTURE 12027-F VERT., D.B.E. 490'-0" SERVICE WATER PUMP STRUCTUTG 120?8-F VERT., D.B.E. 521'-0" S E VICE WATER PUMP STRUCTUPE 126

. c
-

%J

,
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-

I. INTRODUCTION

This report contains the seismic response spectra of
Wh. H. Zimmer Station Unit 1 building complex for
Operating Basis Earthquake (OBE) and Design Basis
Earthquake (DBE) . In the calculations.of these
spectra the soil-structure interaction has been con-
sidered, as opposed to the fixed base analysis
originally used wherein the effect of the soil-struc-
ture interaction was conservatively neglected.

I -

;

II. ANALYTICAL MODEL
|

Minor modifications were made in the original analytical
models used in Sargent &'Lundy Report "Scismic Analysis

| of the Reactor-Auxiliary-Turbine Building Complex", by
G. S. Baloch et al., August 1972 to account for the con-i

| creto plug in the reactor pedestal cavity. For vertical
seismic analysis three models have been used to genarate-

| {'/) the spectra at elevations 627'-9", 593'-6" and 546'-0".

| The time history method of analysis is used to generate
the floor and wall response spectra. The horizontalt

| and a typical vertical seismic model are shown in Figures
1 and 2 respectively.

III. DYNAMIC FORCING FUNCTION
.

The procedure used to derive the foundation time histories
Kakes into account the dynamic interaction between soil

.

and structure, the strain dependent soil properties,|
'

and the variability of earthquake motion spectra. The
general procedure used is as follows:

- - - . - -.

1. An earthquake time history is developed to fit the
NRC wide band spectrum.

,

2 The above time history is specified at the free field
foundation level and the corresponding rock motion is
derived with a one-dimensional wave analysis.

-:.%
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III. DYNAMIC FORCING FUNCTION (cont'd)i

.

; 3. The rock motion thus obtained is applied to a two-
dimensional, plane strain, finite element model con-
sisting of the soil and the structure to obtain the-

time history at the foundation.
,

The above procedure is carried out for the North-South,,_

East-West and Vertical components of both earthquakes
OBE and DBE. Strain dependent soil properties are ob-

i tained in steps two and three for the analysis of
North-South component and, for compatibility, the

8 same properties are used in the East-West and Vertical
. p - analysis. The input foundation time histories for
| North-South, East-West and Vertical components are

; shown on Figures 3 through 8.
f

?
.

.

IV. RESPONSE SPECTRA INDEXING SCHEME
&~() The response spectra identification numbers used are

identical to those used in the original report. The. ._

response spectra presented cover a range of frequencies
-t - ---from 0.5 HZ to 50 HZ and damping values of 1/2, 1, 2, and,

; 5 percent of critical damping for OBE and 1, 2, 5, and 10,

~~ ~~"~~ percent of critical damping for DBE. Damping values
associated with each set of curves are noted on the top
of the page. The largest damping value corresponds tot

I the lowest curve plotted, and the smallest damping value
corresponds to the highest curve plotted, as shown on
the first sets of response spectra on pages 18 and 20 for

| OBE and DBE respectively.
l
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RESPONSE SPECTRA INDEX"

Spectra Sheet
Number Elevation Number

1-A N-S, O.B.E. 503'-6" Reactor Building Slab 18
1-B E-W, O.B.E. 503'-6" Reactor Building Slab 19
l-C N-S, D.B.E. 503'-6" Reactor Building Slab 20
1-D E-W, D.B.E, 503'-6" Reactor Building Slab .21
2-A N-S, O.B.E. 525'-7"~ Reactor, Auxiliary, Turbine 22 -

Building Slab
2-B E-W, O.B.E. 5 2 5 ' -7 '' - Reactor, Auxiliary, Turbine 23 '

Building Slab
2-C N-S, D.B.E. 525'-7"- Reactor, Auxiliary, Turbine 24 '

Building Slab
2-D E-W, b.B.E. 52S'-7"- Reactor, Auxiliary, Turbine 25 '

Building Slab
3-A N-S, O.B.E. 546*-0"- Reactor, Auxiliary, Turbine 26 '

- Building Slab
3-B E-W, O.B.E. 546'-0"- Reactor, Auxiliary, Turbine 27 '

Building Slab
3-C N-S, D.B.E. 546'-0"- Reactor, Auxiliary, Turbine 28 '

Building Slab

Q'-.
I-D E-W,~ D.B.E. 546'-0"- Reactor, Auxiliary, Turbine 29 ,

"

Building Slab
l-E VERT., O.B.E. 503'-6" Reactor Building Slab 30;

l 2-E VERT., O.B.E. 525'-7" Reactor Building Slab - 30
3-E VERT., O.B.E. 546'-0" Reactor Building Slab 30

. 1-F. VERT., D.B.E. 503'-6" Reactor Building Slab 31
2-F VERT., D.B.E. 525'-7" Reactor Building Slab 31
3-F VERT., D.B.E. 546'-0" Reactor Building Slab 31
2-E VERT., O.B.E. 525'-7" Auxiliary Building Slab - 32 -
3-E VERT., O.B.E. 546'-0" Auxiliary Building Slab 32
2-F VERT., D.B.E. 525'-7" Auxiliary Building Slab 33
3-F VERT., D.B.E. 546'-0" Auxiliary Building Slab 33

,4-A N-S, O.B.E. 570'-6' Reactor Building Slab 34
; 4-B E-W, O.B.E. 570'-6" Reactor Building Slab 35
| 4-C N-S,'D.B.E. 570'-6" Reactor Building Slab 36

4-D E-W, D.B.E. 570'-6" Reactor Building Slab 37
5-A N-S, O.B.E. 593'-6" Reactor Building Slab 38

| 5-B E-W, O.B.E. 593'-6" Reactor Building Slab 39
' 5-C N-S, D.B.E. 593'-6" Reactor Building Slab 40

5-D E-W, D.B.E. 593'-6" Reactor Building Slab 41
| 6-A N-S, O.B.E. 627'-9" React 6r Building Slab 42
| 6-B E-W, O.B.E. 627'-9" Reactor Building Slab 43

6-C N-S, D.B.E. 627'-9" Reactor Building Slab 44
6-D E-W, D.B.E. 627'-9" Reactor Building Slab 45

-r- 4-E VERT., O.B.E. 570'-6" Reactor Building Slab 46
.( ) -E VERT., O.B.E. 593'-G" Reactor Building Slab 46

-E VERT., O.B.E. 627'-9" Reactor Building Slab 47
4-F VERT., D.B.E. 570'-6" Reactor Building Slab 48
S-P VERT., D.B.E. 593'-6" Reactor Building Slab

~

48
6-F VERT., D.B.E. 627'-9" Reactor Duilding Slab 49

_

.

- - ,
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RESPONSE SPECTRA INDEXg)(- (cont 'd)

Spectra Sheet
Number Elevation Number

-

7-A N-S, O.B.E. 473'-5" Reactor, Auxiliary, Turbine 50
Building Slabs

7-A N-S, O.B.E. 496'-0" ' Reactor, Auxiliary, Turbine 50 6 '"
Building Slabs

7-B E-W, O.B.E. 473'-5" Reactor, Auxiliary, Turbine 51 e-

Building Slabs
7-B E-W, O.B.E. 496'-0" ' Reactor, Auxiliary, Turbine _51_

Building Slabs
7-C N-S, D.B.E. 473'-5" Reactor, Auxiliary, Turbine 52-

Building Slabs
7-C N-S, D.B.E. 496'-0" '' Reactor, Auxiliary, Turbine 52

Building Slabs
7-D E-W, D.B.E. 473'-5" Reactor, Auxiliary, Turbine 53

Building Slabs
7-D E-W, D.B.E. 496'-0"'' Reactor, Auxiliary, Turbine 53 -

Building Slabs '

7-E VERT., O.B.E. 473'-5" Reactor, Auxiliary, Turbine 54 '

Building Slabs
3 7-E VERT., O.B.E. 496'-0"" Reactor, Auxiliary, Turbine(J ~54

Building SlabsN

7-F VERT., D.B.E. 473'-5" Reactor, Auxiliary, Turbine 55
Building Slabs

7-F VERT., D.B.E. 496'-0" - Reactor, Auxiliary, Turbine 55 -
Building Slabs

8-A N-S, O.B.E. 567'-5" Auxiliary Building Slab 56
8-B E-W, O.B.E. 567'-5" . Auxiliary Building Slab 57
8-C N-S, D.B.E. 567'-5" Auxiliary Building Slab 58
8-D E-W, D.B.E. 567'-5," Auxiliary Building Slab 59
9-A N-S, O.B.E. 591'-7" Auxiliary Building Slab 60-
9-B E-W, O.B.E. 591'-7" Auxiliary Building Slab 61-
9-C N-S, D.B.E. 591'-7" Auxiliary Building Slab 62
9-D E-W, D.B.E. 591'-7" Auxiliary Building Slab 63
8-E VERT., O.B.E. 567'-5" Auxiliary Building Slab- 64
9-E VERT., O.B.E. 591'-7" Auxiliary Building Slab 64

,

8-F VERT., D.B.E. 567'-5" Auxiliary Building slab 65
9-F VERT., D.B.E. 591'-7" Auxiliary, Building Slab 65-

10-E VERT., O.B.E. 503'-6" Reactor & Auxiliary Building 66
Wall

10-E VERT., O.B.E. 525'-7"- Reactor & Auxiliary Building 66
Wall

10-E VERT., O.B.E. 546'-0" ' Reactor & Auxiliary Building 66
Wall

10-b VERT., D.B.E. 503'-6" Reactor &, Auxiliary Building 67

f) 0-F
Wall

'' VERT., D.B.E. 525'-7"' Recctor & Auxiliary Building 6?
Walls

10-F VERT., D.B.E. 546'-0" ' . Reactor & Auxiliary Building 67
Wall

.

6
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q RESPONSE SPECTRA INDEX
(co n t 'd ) ,

Spectra Sheet
Number Elevation Number

ll-E VERT., O.B.E. 570'-6" Reactor & Auxiliary Building 68
Wall

11-E VERT., O.B.E. 593'-6" Reactor & Auxiliary Building 68
Wall

ll-E VERT., O.B.E. 627'-9" Reactor & Auxiliary Building 68
Wall

ll-F VERT., D.B.E. 570'-6" Reactor & Auxiliary Building 69
Wall

ll-F VERT., D.B.E. 593'-6" Reactor & Auxiliary Building 69
Wall

11-F VERT., D.B.E. 627'-9" Reactor & Auxiliary Building 69
Wall

12-A N-S, O.B.E. 503'-6" Reactor Containment 70 -
12-B E-W, 0.B.E. 503'-6" Reactor Containment 71 -
12-C N-S. '.B.E. 503'-6" Reactor containment 72-. -

12-D E-U, J.B.E. 503'-6" Reactor Containment 73
13-A N-S, O.B.E. 525'-7" Reactor Containment 74 -
13-B E-W, O.B.E. 525'-7" Renctor Containment 75 _
13-C N-S, D.B.E. 525'-7"' Reactor Containment 76
13-D E-W, D.B.E. 525'-7" ______penctor containment 77,.

?' 14-A N-S, O.B.E. - 546'-0" Reacter contain=cnt 78
'

i 14-B E-W, O.B.E. 546'-0" Reactor Containment 79
14-C N-S, D.B.E. 546'-0" Reactor Centainment 80
14-D E-W, D.B.E. 546'-0" Reactor Containment 81

"' 12-E VERT., O.B.E. 503'-6" Reactor' Containment 82-
13-E VERT., O.B.E. 525'-7" kcactor Containment 82 -14-E VERT., O.B.E. 546'-0" Reactor Containment 82 -
12-F VERT., D.B.E. 503'-6" Reacter Containment 8313-F VERT., D.B.E. 525'-7" Reactor containment 83

'

14-F VERT., D.B.E. 545'-0" Reactor Containment 83
15-A N-S, O.B.E. 570'-6" Reactor Containment 84 -15-B E-W, O.B.E. 570'-6" Reactor containment 85 _15-C N-S, D.B.E. 570'-6" Reactor containment 8615-D E-W,-D.B.E. 570'-G" Reactor Containment 8716-A N-S, O.B.E. 593'-6" Reactor Containment 88;

16-B E-W, O.B.E. 593'-6" Reactor Containment 89 -
'

16-C N-S, D.B.E. 593'-6" Reactor Contninnent 9016-D E-W, D.B.E. 593'-6" Reactor Containment 91
! 15-E VERT., O.B.E. 570'-6" Reactor Containment 92 -16-E VERT., O.B.E. 593'-6" Ecacto'r Containment 9316-E VERT., O.B.E. 627'-9" neactor Costainment 9315-F VERT., D.B.E. 570'-6" R> actor Containment 9416-F VERT., D.B.E. 593'-6" 9.aactor Containment 95

,p 16-P VERT., D.B.E. 627'-9" P <:for Centainnern 95() 7-A N-S, O.B.E. 543'-0" P ' .J ogic:> l 6hi eld 96'B E-W, O.B.E. 543'-0" ciolLgic21 Snleld 97
-

.7-C N-S, D B.E. 543'-0" Biological Shield 98
'

'
17-D -E-W, D.B.E. 543'-0" Biological shield -

99

-
.

. :
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(/ RESPONSE SPECTRA INDEX
(cont'd)

Spectra Sheet
Number Elevation Number

17-E VERT., O.B.E. 543'-0" Biological Shield 100 --
17-F VERT., D.B.E. 543'-0"_ Biologi,al Shield 101
18-A N-S, O.B.E. 565'-0" Biological Shield 102-

18-B. E-W, O.B.E. 565'-0" Biological Shield 103,

18-C N-S, D.B.E. 565'-0" Biological Shield 104
'

18-D E-W, D.B.E. 565'-0" Biological Shield 105
18-E VERT., O.B.E. 565'-0" Biological Shield 106
19-E VERT., O.B.E. 593'-6"; Biological Shield' 106
18-F VERT., D.B.E. 565'-0" ' Biological Shield 107.

19-F VERT., D.B.E. 565'-0" '546 6 Biological Shield
_ 108

107
20-A N-S, O.B.E. 615'-3" Reactor Pressure vessel
20-B E-W, O.B.E. 615'-3" Reactor Pressure Vessel 109
20-C N-S, D.B.E. 615'-3" Reactor Pressure Vessel 110
20-D E-W, D.B.E. 615'-3" Reactor Pressure Vessel 111.

21-A N-S, O.B.E. 596'-10" Reactor Pressure vessel 112
21-B E-W, O.B.E. 596'-10" Reactor Pressure Vessel 113
21-C N-S, D.B.E. 596'-10" Reactor Pressure Veasel 114
21-D E-W, D.B.E. 596'-10" Reactor Pressure Vessel 13 5

(~}--22-A N-S, O.B.E. 584 '-0 1/2" Reactor Pressurc Vessel 116
\~- 22-A N-S, O.B.E. 582'-6" Reactor Pressure Vessel 116
--- 2 2-B E-W, O.B.E. 584'-0 1/2" Reactor Pressure Vessel 117

22-B E-W, O.B.E. 582'-6" Reactor Pressure Vessel 117
- - - --- 2 2 - C N-S, D.B.E. 584'-0 1/2" Reactor Pressure Vessel 118

22-C N-S, D.B.E. 582'-6" Reactor Pressure Vessel 118
~~~~~'22-D E-W, D.B.E. 584'-0 1/2" Reactor Pressure vessel 119

22-D E-W, D.B.E. 582'-6" Reactor Pressure vousel 119
23-A N-S, O.B.E. 574'-l 3/4" Reactor Pressure vessel 120
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80242s2Calc. No. EMD-:
Rev: 0I Date: 7/8/po
Proj. No: afl3o-$A File No: EMDT024252k/ INTRODUCTION:
Page / of 86'-

,_

The purpose of this report is to document the generation of the

T-Quencher Pool Dynamic SRV/LOCA Load Combination Response Spectra

required within EMD division for usage in the process of equipment

qualification. As agreed upon via an adaptation of the specifi-

cations in EMD File #021339; 1/30/80, the T- Quencher spectra

combinations have now been limited to five with the omission

of the Cp2-7Hz(Condensation Oscillation) load. T.hese five

combinations are intended to satisfy existing NRC regulations

while also satisfying Sargent & Lundy SRV/LOCA seismic load

design criteria. The T-Quencher combinations have been abbreviated

C thru C to specify the exact type of combinations that existy 5

I) on any one graph.s_

-

PROCEDURE:

The process of producing the T-Quencher spectra involved four

steps in general. A few excpetions needed to be considered before

the final curve combinations could be performed.

The first step involved the coding of the Soil-Structure Inter-

action spectra of the Operating Basis Earthquake (QBE) type at

2% damping for both Reactor Building and Containment Building,

and also 1% damping for the Containment Building. All other

required SSI spectra were previously coded by EMD division for

( ); prior T-Quencher curve combinations.

_

-_.w.. _ , . . . _ .
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Page 1 of 66p) Secondly, the SRV/LOCA seismic response spectra, supplied byi._

'~
SDD division, that were required for the final combinations had

to be selected. This resulted in the s election and usage of

five SDD response spectra. A list of the SDD response spectra

utilized is supplied with their corresponding filenames.

The latest revision to the SRV/LOCA response spectra has incorporated

spectra supplied by General Electric Company. The G.E. spectra

are intended for use at the supplied locations within the

Containment Building at the RPV locations. Subsequently the G.E.

spectra shall not be used for any of the Reactor Building T-Quen;her

curve combinations.

Also the latest revision to the Annulus Pressurization (AP)
(, _.)
'#

spectra have individual curves for only Containment Building

locations, only in the horizontal direction. Thus, the final

(SSE) + (AP) is notT-Quencher curve combination, C =
5 ,

considered for Reactor Building locations.

The third step involved the insertion of data points into the

enveloped spectra combinations. These points are intersection

points between two curves, having been considered to be significant

in the cnvelope of the two spectra. At present, EMD divisions

envelope program (ENV22615504D) does not account for these

intersection points. In order to achieve a true set of enveloped

spectra, the individual curves were first overlapped on the graph

_
and then the intersection selected. The enveloped spectra are

( '' then put on file with the UNIVAC.1100.
-
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(m A few instances existed where deviations occured from the general'~
~ ~ '

_j

''

procedure. The first instance involved the establishing of final

curvecombinationsfor1%and2%dampkngatelevation475'-6".
No spectra had been provided for the SSI vertical wall location.

Thus, the vertical slab SSI curve at 475'-6" was used twice,

once in place of the aforementioned missing curve (telephone

memo 1/30/80).

The second instance involved the absence of horizontal chugging

spectra for elevation 570'-6" at 2% damping. As per telephone

memo on 6/13/80, the 1% damping spectra was utilized for the 2%

T-Quencher curve combinations instead of the 2% spectra, simply

because no 2% damping spectra existed on file with the computer.

O
s''/

The fourth step consisted of generating the final T-Quencher
,

curve combinations and putting all output data on disk file with

the UNIVAC 1100. At present the final combinations (labeled C y

thru C ) have been stored as these individual combinations. The5

curve combination C is stored on file with a corresponding filey

name; ZIM-BML-REVl*TQ-SPECT-QBE. The other four SSE T-Quencher

combinations are called up from the computer by the file name;

'

ZIM-BML-REVl*TQ-SPECT-SSE. Each individual combination (EW,

NS,VW or VS direction) at one particular elevation is denoted by

the file elements as follows:
i
'

475-6/NS = T-Quencher Curve C at 475'-6", North-South direction
1

475-6/VW = T-Quencher Curve C at 475'-6", Vertical Wall direction
1

} 475-6/VS = T-Quencher Curve C at 475'-6", Vertical Slab directiony

-

|
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(j 475-6/NS2 = T-Quencher Curve C at 475'-6", North-South direction
2

*

475-6/EW3 = T-Quencher Curve C at 475'-6", East-West direction
3

525-7/VW4 = T-Quencher Curve C at 525'-7" Vertical Wall direction4

The final T-Quencher Pool Dynamic Response Spectra combinations

are specified in this EMD File in the following pages of this

report. It should be noted that the one OBE combination was

generated at 1% damping while the other four SSE combinations

were generated at 2% damping.

CONCLUSION:

Once all final T-Quencher spectra combinations had been performed,

certain characteristics developed within the components of each

major curve combination (Cy,C2, C3 or Cg). The enveloping

of the Soil-Seismic Interaction spectra at 2% damping, upon

examination; revealed the dominant behavior of the Emergency

condition (SSE) spectra in the horizontal North-South direction

from elevation 525'-7" on up to the 627'-9" level. The SSE

spectra also enveloped their respective OBE spectra at elevation

475'-6" in all four modes. In almost all other cases the two

SSE curves intersected and therefore, required the envelope of

the two spectra.

The enveloping at 2% damping of SRV-ADS-TQ with SRV-ASY3-TQ

(3 valve) yielded only four enveloped spectra to be sotred on

the UNIVAC 1100. These four enveloped spectra happen to be the

horizontal and vertical slab directions at elevations 475'-6"
~

and 503'-6".
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L) The spectra saved for the envelope of 0.6xSRV-ALL (ADS)-TQ with
*

SRV-ASY3-TQ (3 valve) amounted to eighteen individual file

elements. The two lowest elevations in the Reactor Building

accounted for eight of these enveloped spectra and for the

other five elevations the vertical spectra accounted for the

remaining ten enveloped spectra. It was also evident that only

the SRV-ASY3-TQ horizontal spectra existed at these five elevations

while the horizontal spectra for SRV-ADS-TQ was considered by

SDD division to be insignificant in its acceleration "g"

values.
.

These T-Quencher Pool Dynamic Load Combinations have incorporated

the latest revisions of the selected SDD-supplied SRV/LOCA

( ,) response spectra. This set of Reactor Building T-Quencher

spectra are of revision 01 status and are safety-related in-

its content.

1
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Calc. No. EMD *oM3M
Riv:Of Date: 7A%e
Proj. No: 40o-1S
File No: EMG F xVMo

"E ' IO() INTRODUCTION:

The purpose of this report is to document the generation of

the combined seismic response spectra for the Containment Du11 ding.

The loading combinations are based upon the equipment qualification

load combinations defined in Table V.C.2 of Design Criteria A51-70,

Rev. 01.

PROCEDURE:

Step 1: Generate digitized data for the seismic SSI (Soil Seismic
Interaction) spectra. This was required as seismic SSI
was the only spectra not digitized and stored on the
UNIVAC 1100/81 computer system-by SDDD.

Step 2: Enveloping of the $BE and SSE seismic SSI spect ra. (In
order to eliminate error in the mathematical method used
by the program to envelope, it was necessary to determine
the intersection points between the curves being enveloped.
Refer to the original validation report, EMD#021349 for

/~'v) further explanation).

Step 3: Enveloping of the SAV-ASY (3 valve), & SRV-ADS (ALL)
\s spect ra.

Step 4: Enveloping 0.6 x SRV-ADS with SRV-ASY (3 valve) spectra.

Step 5: Applying the appropriate multiplication factors to the
A.P. ( Annu1us Pressurization) response spectra, EMD
File @ l7896.

Step 6: Combine SSE and AP using SRSS method.

Step 7: Combine remaining combinations using ABS method.

j Step 8: Storing of combined spectra UNIVAC 1100/81 and plotting.

COMMENTS:
,

1. The generation of seismic spectra combination C5 was limited

to the following three locations in the horizontal direction
,

only:

('%
\_) a. 521'-11" - RPV pedestal at the drywell floor

b. 542'-9" - top of RPV pedestal
s-

c. 590'-l" - biological shield wall



This is because the model utilized for the selection of the

_
A.P. loads only contains three hode points applicable, -

(the pedestal / biological shield wall).''

Calc. No. E M D JFO24ffs
Rav: ol Date: 7/Wro"

2. As specified in SDD-GE-410 Rev. 02 Proj. No:'H30-16
SDD-GE-411 Rev. 02 file No: EMD #b>V7ki
SDD-GE-426-V Rev. 01 Page 2- ofjoy
SDD-GE-426-H Rev. 01

the GE spectra was used for the SRV and LOCA loads at the

biological shield wall elev. 590'-h".

3 The G.E. response spectra for the biological shield wall at

590' had provided no horizontal SRV-ADS spectra. The SRV-ASY

horizontal spectra was considered equivalent to the SRV-ADS

and hence was used in lieu of the SRV-ADS absence.

4 The G.E. spectra also did not provide any SRV-ASY response

{) spectra in the vertical direction at the biological shield

wall elev. 590'-i". Therefore the SRV ADS vertical spectra was
b-

assumed equivalent with the vertical SRV-ASY and was 'Ised in

lieu of SRV ASY.

5. Since no horizontal C0 spectra are provided at the biological

shield wall this load is assumeo to be zero.

6 Per phone conversation with P. K. Dalal, 2/7/80 the seismic

spectra at 565'-0" was used for elev. 590'-h" at the biological

shield wall.

7. Per phone conversation with A. N. Gandhi, 6/26/80, for the

seismic spectra (Report #SDD-EMD-030 Rev. 01) spectra numbers

13A thru 13F were used for elev. 521'-11" at the RPV pedestal
(fl
''' at the drywell floor and spectra numbers 17A thru 17F were

\' used for elev. 542'-9" at the top of the RPV pedestal.

-2-

. - _.



Cric. No. EMD #02'tM
OBSERVATIONS: Rev: of Date: 7/gso

1. The SSE vertical spectra enveloped the vert b (b 1 o28WF

bs) Page 3 of104
locations.

v

2. The SSE horizontal North-South spectra always enveloped the

horizontal North-South $BE spectra.

3 The SSE horizontal Eart-West enveloped the WBE horizontal

East-West at only 4748-10" and 504' 4".

4. The horizontal SRV-ASY enveloped the horizontal SRV-ADS

spectra except at 474'-10", 504' 4" and 526'-9".

5 The vertical SRV-ADS enveloped the SRV-ASY vertical spectra

except at 474'-10", 504'-9, 523'-9" and 526'-9".

6.' The vertical 0.6 x SRV-ADS was enveloped by SRV-ASY at only

ON/ 521'-11", and 542'-9".

v i

7 The affect of T-Quencher curve combination C5 (/(SSE)9+(AP)g)

at elevations 521'-11", 542'-9" and 590'-h" was primarily in the

range of 20 to 65 H . In this range the acceleration values

were typically as high as 1.4g at 521'-11" and 2.8g at 542'-9".I

SPECTRA FILE RECORD:

The digitized data for the combined spectra has been stored on

the in-house UNIVAC 1100/81 system under the following file

names:
| ZIM-BML-C$NT*'IQ-RSP-gBERl.

( ZIM-BML-C$NT*TQ-RSP-SSERl.

I

r.
k'l

-3-

J
|

L



The following scheme is used for naming the elements:
.

ZIM-BML-C$NT*TQ-RSP-SSER1,504 4/ lipex.
p b h hElevation

" See pages 8 and 9 in Calc. N o. EMD-%y3s4
'

report for elevations Rev: el Date: 7//ptok
# Pro). NJ: 400-15
Direction File No EMD #o2+3N'

NS = Horizontal, North-South ? age si of /0LJ3, EW = Horizon ,al, East-West
VW = Vertical Wall

--

4

Loading Combination Key

blank = NigBE+ Envelope (SRV-ALL-TQ+SRV-ASY3-TQ)

2 = N+ Envelope (g$BE+SSE)+ Envelope (SRV-ADS =TQ+SRV-ASY3-TQ)+{ ) Chugging, 2 damping

3 y N+ Envelope ($3E+SSE)+ Envelope (0.6xSRV-ADS 'IQ) + SRV-ASY3v

,
- -TQ)+ C$-1, 2/ damping,

(1-50Hz)
.

4 = N+ Envelope (6BE+SSE)+ Envelope (SRV-ADS-TQ+SRbASY3-TQ)+
C%-2, 2g damping
(1-50Hz)

5=Y(SSE) + (A.P.)2
CONC 1USIONS:

!

There is a need for a more complete definition of the signi-
| ficance that the A.P. loads have on the Containment Building.

Presently there are only three locations within the Containment

Building where A.P. spectra could be considered. More node points

are necessary in the A.P. model before other locations in the

Containment Building can include the A.P. loads.
cy
N --- > -4-

V
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Calc. N: EMD- . c27Jg ,
Rey: _QQ. _ Data:ISdV38

,Proj. No: . hl3a.-II....-. -m
Page J....... Of_75.._.._. _. ,INTRODUCTION:

-

The purpose of this report is to document the generation
.

of the T-Quencher Pool Dynamic Load Response Spectra Combina-

tions for the Reactor' Building. The loading combinations are

based upon the equipment qualification load combinations

defined in Table V.C.Z. of Design Criteria A51-70; rev. 01,

dated 6/5/80.

PROCEDURE:

Step 1: Generate digitized data for the SSI (Soil-Structure
Interaction) seismic response spectra. This had
previously been done for the prior combinations
which involved the combination method by absolute

Step 2: Enveloping of the $BE (1% damp.) and SSE (2% damp.)
SSI response spectra. To eliminate possible slight

(~)N mathematical errors in this program, it was necessary.L.
to determine intersection points and insert these
data points into the enveloped spectra.'"

Step 3: Envelopingof SRV-ASY-TQ (3 valve) & SRV-ADS (ALL) -TQ
spectra at-l% and 2% damping.

Step 4: Enveloping 0. 6 x SRV-ADS (ALL)-TQ & SRV-ASY-TQ (3 valve)

Step 5: Combining of the enveloped spectra with the appro-
priate SLl;D spectra using the combining method of'

SRSS (square root of the sum of the squares). The
combinations have been performed using the Design
Criteria A51-70 and the resultant spectra output
stored onto the in-house UNIVAC 1100/81 computer.;

COMMENTS:

1. The latest revis6n to the A.P. (Annulus Pressurization)
response spectra has spectra at only the RPV locations
within the Containment building. Consequently the
T-Quencher response spectra combination labeled C5 for
the reactor building locations cannot be considered

_
(combination C5 = / (A.P. ) Z + (SSE)2 at 2% damp.).

(/

_

--L.- v -r - - y .r w--. ., , ~ _,
~ r -



. . -

Calc. No. EMD- 0 2 73/6
Rev. 60 Date:

T/ 3(> W'I >
/ Wo

Proj. No:
File No: EM D- ba'7 3/6
Page 2 of 7gO 2. no SS reevoese seecere has been provided hv SDDD the

vertical wall location, 475'-6". Consequently the'"

vertical slab SSI spectra was used twice for the ver-
tical mode combinations at elevation.475'-6".

OBSERVATIONS:

1. Enveloping of the SSI spectra yielded the fact that the
SSE response upectra totally enveloped the corresponding
OBE response spectra for the horizontal North-South
direction fron. elevation 525'-7" up to 627 '-9" . Other-
wise the two types of plant operating seismic conditions
overlapped each other.

2. Enveloping at 2% damping of SRV-ADS-TQ with SRV-ASY3-TQ'

yielded only four sets of enveloped spectra which happened
to be corresponding to only the two lowest reactor build-,

'

ing elevations.

3. The horizontal SRV-ADS-TQ response spectra generated by
SDDD was insignificant in its accelerati~n values for theo
upper'Eive elevations.
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