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1. INTRODUCTION

The Unit 1 Containment Structural Integrity Test was conducted

in conjunction with the initial Integrated Leak Rate Test during the

time period 2-9, Feb.1974. The primary purpose of the structural

integrity test was to verify the design and the structural integrity of
the containment by imposing an internal pressure of 115 percent

design pressure for a period of not less than one hour.

In order to accomplish the intended test purpose, specialized

measuring devices were employed on and in the containment to provide

,the data needed to evaluate structural response during pressurization
and depressurization. The test was conducted in accordance with a

written procedure detailing test requirements and instructions for
acquiring test data.

|
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2. SUMMARY AND CONCLUSIONS

The structural integrity test consisted of (1) proof of containment

ability to contain 115 percent of design pressure and (2) measurement

of structural response to changes in internal pressure. Test mea-

surements included gross structural deformations and concrete crack

g rowth. Measurement points were located along typical sections of
the structure, at thickened sections and at discontinuties. Test

measurements were recorded at specified stages during the pressuriza-

tion cycle.

The containment withstood 115 percent of design pressure with no

observable indications of structural distress. All measured deform-
ations were less than allowable values.

Concrete cracksobserved in the various surveillance areas did not

change in measured width by more than . 01 inches. This is considered

to be within reasonable expectations based on the results of previous

tests (Reference 2) and does not adversely affect the structural integrity
of the containment.

The results of the structural integrity test provide direct experimemal
evidence that the containment can contain the design internal pressure

with a sufficient margin of safety and that the gross response to pressure
is predic+1ble. Further, the test measurements indicate that structural

behavior near discontinuities is reasonable.

The initial tendon end anchorage and liner surveillances were carried

out concurrently with the structural integrity test. An interim report
on surveillance findings is contained in Appendix 2.

2-1
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3. CONTAINMENT STRUCTURE AND PRESSURIZATION

The containment is a reinforced and post-tensioned concrete

structure designed to contain any accidental release of radioactivity

from the reactor coolant system as defined in the Final Safety

Analysis Report (Reference 1).

The structure consists of a post-tensioned, reinforced concrete

cylinder and dome connected to and supported by a massive reinforced

concrete foundation slab as shown in Figure 3-1. The cylinder wall

thickness is increased at three equally spaced locations to form vertical

buttresses for prestressing tendon end anchorage. Reinforced openings

in the cylinder wall are provided for equipment and personnel access

as well as for electrical and mechanical system feed through. The

entire interior surface of the structure is lined with a 1/4 inch thick
welded ASTM 285 steel plate which serves as a leak tight membrane.

Principal dimensions of the containment are:

Inside Diameter 1?O ft.

Inside Height (including Dome) 185 ft.

Vertien1 Wall Thickness 3 ft. 9 in.
Dome Thickness 3 ft. 6 in.

Foundation Slab Thickness 8 ft.

The containment was pressurized pneumatically to verify the

required structural integrity and leak tightness. The pressure cycle

is shown in Figure 3-2. The proof pressure of 68 psig, equal to

1.15 times design pressure (Reference 1), was specified to assure that

3-1
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the containment has sufficient reserve strength. Proof pressure

was held for a period of 16 hours to record structural data.
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4. TEST PLAN AND PROCEDURES

Test measurements were made at points on the containment

!which represented both the regular areas and the regions of dis-

continuity to provide data on structural deformations, and concrete

crack growth.

Gross structural deformations were measured by taut wire

extensometers which spanned opposite points at the same elevations

on the cylinder and between other measurement points and fixed points

within the building. The extensometers were located to measure radial

displacements along typical wall sections, buttress sections and around

the equipment hatch and vertical displacements along typical wall

sections and over the dome. The layout of the extensometer system

is shown in Figures 4-1 through 4-4. Descriptions of the extensometer
' system and calibration procedures are included in Appendix 1. The

deformation measuring devices were wired to a scanning digital data

acquisition system located adjacent to the containment.

Concrete crack patterns were mapped in the areas shown in Figure

4-5. The lengths and widths (measured by optical comparator) of all

visible cracks within the areas were recorded at specified pressure

levels.

The structural integrity test was conducted in accordance with the

procedures in Appendix 3.

4-1
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5. TEST RESULTS

The intent of the basic design criteria, as stated in Reference 1,

is to provide a containment structure of unquestionable integrity that

will meet the postulated design loading with a predictable elastic

response.

The results of the structural containment integrity test provide

direct experimental evidence that the containment can withstand

the design internal pressure with an ample margin of safety. Furthe r,
the test data confirm the validity of the analytical methods employed

to determine the structural effects of loading combinations and to

predict the resulting deformations. These conclusions are derived
from an evaluated comparison of the predicted and measured structural

response for the hancho Seco Unit I containment and previously tested

containments (Reference 2).

5.1 Containment Building Deformations

The 68 psig measured and predicted outward deformations of the

containment dome, wall and buttress are shown in Figure 5-1.

Predicted and measured values for dome deformation are in good

agreement 1 is expected for a doubly curved surface which exhibits

little tendancy to round out the small deviations from true axisymmetry.

The measured deformations of the wall and buttress exhibit some

scatter. This behavior is typical (see Reference 2) and reflects the

5-1
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e

h,tendancy of t e singly curved surface to round out the minor

deviations from a true cylindrical shape. The measured buttress

deformations shown are actual single data points for the 140 a zimuth.

The measured values shown for the wall section are averages of

measurements at 50 and 330 .

Measured outward deformations in the equipment hatch area are

shown in Figure 5-2. The measurements confirm expected behavior

showing that the thickened, stiff central portion of the hatch area moves

less than the adjacent more flexible part of the wall.

All measured deformations are less than the allowable values

stipulated in Appendix 3.

Figures 5-3 through 5-7 show typical time histories of deforniation

over the pressure cycle. Measured deformations are essentially

linear functions of pressure. Deviations from linearity are due to

both thermal growth of the containment and a small hysteresis effect

in the measuring devices as is discussed in Appendix 1.

5. 2 Surface Concrete Cracks

The patterns of surface concrete cracks on the wall of the contain-

ment at various internal pressure are shown in Figures 5-8 through
5-23. Most of the observed cracks were present prior to the start

of pressurization and result from thermal and shrinkage stresses

at the concrete surface. Increases in crack width during pressurization

did not exceed . 01 inches and were, for the most part, . 005 in. or less.

Figure 5-17 indicates a .020 in, closure of a crack observed at the

edge of the dome. This area was sandblasted to remove a mastic

a m



coating and expose the concrete for crack observations. The sand-

blasting produced very pronounced rounded edges at existing hairline

cracks; a condition which made accurate width measurement difficult.

Since adjacent cracks indicate no measurable change in width, it is
concluded that the recorded . 020 in. closure represents an error in

mea surement.

In no case did crack width increase exceed the allovsble value

stipulated in Appendix 3.
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' CRACK WIDTH, IN. (TYP.) .002

'

88

GRID ON WALL @ 195C 30' EL 3'-0" PRESSURE STAGE (TYP.)

SCALE 1%" = 2'

NO CHANGE IN INDICATED
CRACK WIDTH UNLESS NOTED

INT. TEMP.,OF EXT. PRESS
PR E S.T., DATE TIME INITIALS IN HG / INT.

PSIG INT. EXT. HUM., % HUM., %

0 2/1#4 9:30 AM 77 49 SAJ 30 / 83 43

15 2/2#4 10:30 PM 80 49 SAJ 30 / 88 43

30 2/3#4 7:40 AM 82 45 SAJ 30 / 93 47

45 2/5#4 7:12 AM 81 40 SAJ 30 / 94 57

80 2/5#4 1:50 PM 84 54 SAJ 30 / 77 53

88 * 2/5#4 8:10 PM 83 48 SAJ 30 / 71 55

,

o 2/9#4 8:10 AM 78 41 SAJ 30 / 100 28

!

FIGURE 5 - 8

CONCRETE CRACK PATTERNS

LOCATION 1
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80.004

PRESSURE STAGE (TYP.)

NO CHANGE IN INDICATED
CRACK WIDTH UNLESS NOTED

INT. TEMP., OF EXT. PRESS,
PRE DATE TIME INITIALS NH H ,' %.,

UM,

0 2/1#4 5:00 PM 80 55 R LE 30 / 90 39

15 2/2#4 11:40 PM 80 40 RLE 30 / 89 43

30 2/3/74 7:30 AM 83 44 RLE 30 / 94 46

46 2/5/74 8:46 AM 83 40 RLE 30 / 92 53

60 2/5/74 2:30 PM 82 54 RLE 30 / 77 57

68 2/5#4 9:20 PM 81 48 RLE 30 / 67 59

0 2/9/74 10:25 AM 77 54 RLE 30 / 67 29

FIGURE 5 9

| CONCRETE CRACK PATTERNS
'

LOCATION 2

-- .- __ . - _ _ _ - - _ _ - . _ _ - - _ _ _ _ _ - -
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. 02

NO CHANGE iN INDICATED
CRACK WID1H UNLESS NOTED

INT. TEMP.,OF EXT. PR ESS- INT.
PR DATE TIME INITIALS N

IT m U HUM., %.,

0 2/1/74 5:50 PM 90 55 CMT 30 / 90 39

15 2/2/74 11:25 PM 79 49 CMT 30 / 89 43
30 2/3/74 8:46 AM 83 45 CMT 30 / 94 47
46 2/5/74 7:35 AM 81 40 CMT 30 / 92 57

|60 *

88 2/6/74 10:05 AM 79 42 KS 30 / 91 61 |

0 2/9/74 11:50 AM 80 54 CMT 30 / 09 29 |
* CANCELLED DUE TO

WIND CONDITIONS FIGURE 5 - 10
CONCRETE CRACK PATTERNS

_. _

LOCATION 3
_ _ . _ _ _ _ . _ _ _ _ _
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#.002 ,004 0 .002 .002

68 .004

5' 5'

NO CHANGES IN INDICATED CRACK WIDTH, IN. (TYP.)
CRACK WIDTH UNLESS NOTED

PRESSURE STAGE (TYP.)

INT. TEMP., OF EXT. PRESS,
INT.PR ESS., DATE TIME INITIALS IN HG /

HUM., %PSIG INT EXT HUM., %

0 2/1/74 10:00 AM 77 49 SAJ 30 / 83 43

15 2/2/74 11:00 AM 80 49 SAJ 30 / 86 43

30 2/3/74 8:00 AM 82 45 SAJ 30 / 93 47

45 2/5/74 7:45 AM 81 40 SAJ 30 / 94 57

60 2/5/74 2:25 PM 84 54 SAJ 30 / 77 53

68 2/5/74 8:45 PM 83 48 SAJ 30 / 86 55

t 0 2/9/74 8:25 PM 78 41 SAJ 30 / 100 28

( FIGURE 5 - 11

| CONCRETE CRACK PATTERNS
LOCATION 4
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.004 PRESSURE STAGE (TYP.)

CRACK WlDTH, IN. (TYP.)

|

NO CHANGE IN INDICATED-

CRACK WIDTH UNLESS NOTED

INT. TEMP.,OF EXT. PRESS. INT.
PR ESS., DATE TIME INITIALS IN HG /

HUM., %PSIG INT EXT HUM., %

0 2/1/74 10:15 AM 77 49 SAJ 30 / 83 43

15 2/2/74 11:15 PM 81 49 SAJ 30 / 86 43
:

30 2/3/74 8:15 AM 82 45 SAJ 30 / 93 47

; 46 2/5/74 8:00 AM 81 40 SAJ 30 / 94 57

60 2/5/74 2:35 AM 84 54 SAJ 30 / 77 53

68 2/5/74 9:00 AM 83 48 SAJ 30 / 86 56

| 30 /100| ~ 280 2/9/74 8:30 AM 78 41 SAJ !

FIGURE 5 - 12

CONCRETE CRACK PATTERNS

LOCATION 4A
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CRID ON 7.*ALL O BUTTRESS NO.1 EL-24'0" (NO. 5)

{ CRACK WIDTH, IN. (TYP.)
,004 WALL .004 .002

PRESSURE STAGE (TYP.)
0 FACE

5' .- 3'
'

"" BEARING PLATE-

/ \
-

5'

TENDON
BEARING PLATE

E L-24'0"

MAT

S'
NO CHANGE IN INDICATED
CRACK WIDTH UNLESS NOTED

* .008

) (/

L
/

.0o4@
INT. TEMP.,OF EXT. PRESS '

|NT*PR ESS., DATE TIME INITIALS IN HG /
PSIG INT EXT HUM., % HUM., %

0 2/1/74 11:20 AM 78 51 SAJ 30 / 88 41

15 2/2/74 11:30 PM 78 51 SAJ 30 / 88 46

30 2/3/74 8:25 AM 82 45 SAJ 30 / 93 47
'45 2/5/74 8:1? AM 81 40 SAJ 30 / 94 57

60 2/5/74 2:50 PM 85 54 SAJ 30 / 77 53

68 2/5/74 8:10 PM 83 48 SAJ 30 / 86 55

0 2/9/7A 11:00 AM 77 56 SAJ 30 / 72 29

FIGURE 5 - 13
CONCRETE CRACK PATTERNS. ..

LOCATION 5
_ _ _
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GRID ON WALL 9 BUTTRESS NO 1 EL 48'0" (NO 6)

mo CRACK WIDTH, IN. (TYP.) '

E |
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. TENDON l.002

h BEARING

PLATE*

5'

A s

1
a

.002.cos

&S i

N,

oos.002
08 0

I
L . 2SSURE STAGE (TYP.)

'
NO CHANGE IN INDICATED
CRACK WlDTH UNLESS NOTED

INT. TEMP.,OF ' EXT PRESI. INT.'

PR ESS., DATE TIMF INITIALS IN HG /
HUM., %

PSIG INT EXT HUM., %

0 2/1/74 3:30 PM 80 56 CMT 30 / 87 39

15 2/2/74 11:08 PM 80 49 CMT 30 / 86 43'

30 2/3/74 8:30 AM 82 45 CMT 30 / 93 47

45 2/5/74 7:25 AM 81 40 CMT 30 / 94 57

80 +

68 2/6/74 10:15 AM 80 42 KS 30 / 91 61

0 2/9/14 12:10 PM 77 CMT 30 / 77 29

* CANCELLED DUE TO WIND CONDITIONS

FIGURE 5 - 14

|
CONCRETE CRACK PATTERNS
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CRID ON CALL O SUTTRESS NO.1
EL 120' 71/8" (NO.7)

[ CR ACK WlDTH, IN. (TYP.).002

0 .004 .004 .003

RING GIRDER 3

N | NT / h
.002 m | ( / /

t- / .002G '

' ' Mm'@
$ b /004
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,004 .002 6''
-

/ .006 .004
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5' O O 30 0

15
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.004 .002 .004*

PRESSURE STAGE (TYP.)

NO CHANGE IN INDICATED BUTTRESS FACE

CRACK WIDTH UNLESS NOTED 3'

INT. TEMP.,OF EXT. PRESS. INT *
PR ESS., DATE TIME INITIALS IN HG /
PSIG INT EXT HUM., % HUM., %

0 2/1/74 4:00 PM 80 56 CMT 30 / 90 38

15 2/2/74 10:30 PM 80 49 CMT 30 / 86 43
6

30 2/3/74 8:35 AM 82 45 CMT 30 / 93 47

46 2/5/74 7:15 AM 81 40 CMT 30 / 94 57

60 .

88 2/6/74 8:50 AM 80 37 KS 30 / 100 61

0 2/9/74 10:40 AM 78 55 CMT 30 / 69 28

* CANCELLED DUE TO WIND CONDITIONSi

FIGURE 5 - 15
,

CONCRETE CRACK PATTERNS
; LOCATION 7
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CRID ON DOME (RING GIRDER) AT SUTTRESS NO 3 (2800)
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PRESSURE STAGE (TYP.)
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_ -. -

NO CHANGE IN INDICATED
CRACK WIDTH UNLESS NOTED

WALL
5'

INT. TEMP.,OF EXT, PRESS INT *
PR ESS., DATE TIME INITIALS IN HG /

PSIG INT EXT HUM., % HUM., %

0 2/1'/74 3:20 PM 80 56 RLE 30 / 87 39

15 2/2/74 11:00 PM 80 49 RLE 30 / 86 43

30 2/3n4 8:10 AM 82 45 RLE 30 / 93 47

45 2/5/74 7:56 AM 81 40 RLE 30 / 94 57

80 2/5/74 2:15 AM 84 54 RLE 30 / 77 53

88 2/5/74 8:05 PM 83 48 RLE 30 / 88 56

| 0 2/9/74 9:40 AM 80 43 RLE 30 / 100 28

| FIGURE 5 16
CONCRETE CRACK PATTERNS

LOCATION 8
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CRIG ON DOME (RING GIRDER) AT BUTTRESS NO 1 (208)
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.014

0
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- s
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N .004

/- - __

\ ' .010

CRACK WIDTH, IN. (TYP.) __

_...
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N.014 y

r_
0 - -

-

PRESSURE STAGE (TYP.) NO 1 NO 126
6'2"__

|

NO CHANGE IN INDICATED
CRACK WIDTH UNLESS NOTEDN

.ois . azo

WALL

EXT. PRESS,
INT. TEMP.,OF

INITIALS IN HG /
'

PR ESS.. DATE TIME HUM., %
PSIG INT EXT HUM., %

0 2/1/74 2:45 PM 80 56 RLE 30 / 87 39

15 2/2#4 10:36 PM 80 49 RLE 30 / 86 43

30 2/3/74 7:55AM 82 45 RLE 30 / 93 47

46 2/5/74 7:56 AM 81 40 RLE 30 / 94 57

80 *

88 2/5/74 8:15 PM 83 48 RLE 30 / 71 56*

0 2/9/74 | 9:06 AM 78 41 RLE 30 / 100 28

* CANCELLED DUE TO FIGURE 5 - 17
'" ' ' "
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NO CHANGE IN INDICATED
CRACK WlDTH UNLESS NOTED

WALL
5'

INT. TEMP., OF phT q*
PR ESS., DATE TIME INITIALS IN HG '/ HUM., %PSIG INT EXT HUM., %

0 2/In4 4:00 PM 80 55 RLE 30 / 90 39

15 2/2#4 11:15 PM 80 49 RLE 30 / 86 43

30 2/3#4 8:20 AM 82 45 RLE 30 / 93 47

45 2/5n4 7:20 AM 81 40 RLE 30 / a4 57

60 .

| 68 2/5#4 8:35 PM 83 48 RLE 30 / 71 55

0 2/9/74 9:20 AM 79 42 RLE 30 / 100 28

* CANCELLED DUE TO
WIND CONDITIONS FIGURE 5 - 18

( CONCRETE CRACK PATTERNS
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DOME CENTER

GRID ON DOME 9 CENTERLINE,

BUTTRESS NO.1,30' OFF DOME CENTER CL 200

5'

.

8'

CRACK WIDTH, IN. (TYP.)
,,

.c.

,

a

Y

30'
\

.020

0

PRESSURE STAGE (TYP.)

NO CHANGE IN INDICATED
CRACK WIDTH UNLESS NOTED

INT. TEMP., OF EXT.

PR ESS., DATE TIME INITIALS PRESS. -

( HUM., %I
PSIG INT EXT HU

0 2/104 2:15 PM 80 58 RLE 30 / 85 39

15 2/2R4 11:30 PM 79 48 RLE 30 / 88 43

30 2/3n4 8:00 AM 82 45 RLE 30 / 93 47

46 2/5n4 7:40 AM 81 40 RLE 30 / 94 57

80 .

88 2/5n4 8:20 PM 83 48 RLE 30 / 88 55

0 2/904 8:50 AM 78 41 RLE 30 / 100 28

* CANCELLED DUE TO WIND CONDITIONS

FIGURE 5 - 19,

CONCRETE CRACK PATTERNS
i

i LOCATION 11
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CRACK WIDTH, IN. (TYP.) N

.020 d
( GRID AT 9' NORTH AND 6* EAST

0 OF ( CONTAINMENTSTRUCTURE
7'PRESSURE STAGE (TYP.) 1

.060

- .
3

7'

NO CHANGE IN INDICATED
CRACK WIDTH UNLESS NOTED

INT. TEMP., OF pgT
PR ESS., DATE TIME INITIALS *

IN HG / HUM., %PSIG INT EXT HUM., %

0 2/104 2:20 PM 80 56 RLE 30 / 86 30

16 2/2/74 11:36 PM 79 49 RLE 30 / 88 43

30 2/3U4 8:06 AM 82 45 RLE 30 / 93 47
,

46 2/5#4 7:46 AM 81 40 RLE 30 / 94 57
)
' n e

68 2/5/74 8:25 PM 83 48 RLE 30 / 86 56

0 2/9/74 8:46 AM 78 41 RLE 30 / 100 28

* CANCELLED DUE TO .

wiwo Conomous FIGURE 5 - 20
CONCRETE CRACK PATTERNS
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GRID ABOVE TENDON ACCESS GALLERY O 200 (G4)
|

I

}* i
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M s

% 1
o N l

.006
'#

PRESSURE STAGE (TYP.)

CRACK WIDTH, IN. (TYP.)

NO CHANGE IN INDICATED
CRACK WIDTH UNLESS NOTED

l

l

INT. TEMP., OF p ss, INT.
PR ESS., DATE TIME INITIALS IN HG / HUM., %

PSIG INT EXT HUM., %

0 2/1#4 11:46 79 51 SAJ ?O / 87 40

15 2/2/74 12:00 PM 80 50 SAJ 30 / 89 43

30 2/3#4 9:00 AM 82 42 SAJ 30 / 100 47

46 2/5#4 8:38 AM 83 40 SAJ 30 / 92 61
|

80 2/5#4 3:18 PM 83 54 SAJ 30 / 75 56

88 2/5#4 9:36 PM 83 53 SAJ 30 / 71 56

0 2/9/74 11:25 AM 77 57 SAJ 30 / 75 29

FIGURE 5 - 21

CONCRETE CRACK PATTERNS

LOCATION G8 |
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GRID ABOVE TENDON ACCESS GALLERY @ 1400

Q 1400
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g 0
.008 .M o .010.010

.008

PRESSURE STAGE (TYP.)
NO CHANGE IN INDICATED
CRACK WIDTH UNLESS NOTED CRACK WIDTH, IN. (TYP.)

TEMP EXT
PSI DATE TIME INIT PRESS / INT HUM

INT EXT HUM

0 2/1/74 3:40 PM 80 56 SAJ 30 / 87 39

15 2/2/74 12:20 AM 79 55 SAJ 30 / 73 46 ,

30 2/3/74 9:20 AM 83 43 SAJ 30 / 100 46

46 2/5/74 8:25 AM 83 40 JAJ 30 / 92 53 |
|

80 2/5/74 3:35 PM 83 53 SAJ 30 / 74 56

88 2/5/74 8:25 PM 83 48 SAJ 30 / 72 56
'

0 2/9/74 11:40 AM 78 57 SAJ 30 / 76 28

FIGURE 5 '22

CONCRETE CRACK PATTERNS

LOCATION G9
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GRID ABOVE TENDON ACCESS GALLERY @ 2600
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C 2600 I

.004 - o 1.
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N y 00s !
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N ,
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'
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0 .004

NO CHANGE IN INDICATED CRACK es .m
WIDTH UNLESS NOTED { )

INT. TEMP.*OF EXT.
PRESS. INT. 1

PR ESS.. DATE TIME INITIALS dN,ff HUM., %PSIG INT | EXT

0 2/1/74 2:30 PM 80 56 SAJ 30 / 85 39

15 2/2/74 11:50 PM 80 50 SAJ 30 / 89 43

30 2/3/74 8:45 AM 82 43 SAJ 30 / 100 47

46 2/5/74 8:56 AM 83 40 SAJ 30 / 92 53 j

80 2/5/74 3:10 PM 83 54 SAJ 30 / 75 56
*

|
88 2/5/74 9:43 PM 84 43 SAJ 30 / 93 54

0 2/9/74 11:20 AM 78 57 SAJ 30 / 74 28 !

l

FIGURE 5 - 2", I
CONCRETE CRACK PATTERNS |

LOCATION G10
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APPENDIX 1

Report Submitted by Wiss, Janney, Elstner

and Associates, " Deformation Meas' rementsu

During Containment Pressure Test of the Rancho

Seco Nuclear Generating Station Unit No.1. "
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DEFORMATION MEASUREMENTS DURING

COffrAINMENT PRESSURE TEST OF THEw
i
I, RANCHO SECO NUCLEAR GENERATING STATION

J
& UNIT NO. 1
n

SACREMENTO MUNICIPAL UTILITY DISTRICTy,

f FOR
s

BECHTEL POWER CORPORATIONn
e
r

a February 28, 1974
g

A
a
s
@

Invar wire extensometers were used for measurement of displacements

i
I of the secondary containment structure during the air pressure test.

I
The same type of instrumentation had been used previously on eleven con-

tainment structures under conditions comparable to those of Rancho Seco

Unit One. The measuring instruments were located entirely inside the

structure, and were connected to an external power supply and read-out

equipment by wiring extending throuah penetrations in the cylinder wall.

Each extensometer consisted of an invar wire spanning between selected

points, with one end (the " dead" end) fixed in position and the " live"

end attached to a spring-loaded frame incorporating a linear potentio-

meter, the entire system spanning the distance to be measured.

The springs used were the so-called " Negator" type that apply an

essentially constant force independent of extension. The springs selected

applied a force of approximately 15 lbs. each, and they used in matched

pairs with a back-to-back mounting to avoid eccentricity. The invar wiro
|
' diameter was .088 in and the corresponding stress in the wire was about

! 5,000 psi.
|
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The dead end of each wire was secured to a U-bolt fitted into a

small steel plate that was rigidly secured either by welding or by

concrete anchor bolts. The live end, containing the springs and
VV

instrumentation, waa fitted with a swivel to allow directionale
s,

y adjustment, and was likewise secured by welding or en:er means. The
a
E swivel was tightened against movement after alignment, but the framee
Y.

contained a rod-end bearing (in effect another swivel) to avoidE
I
s eccentric force on the potentiometer. The wire was attached to the
t
n
y frame through a turnbuckle that was adjusted to position the

potentiometer at the desired zero setting.

jg The potentiometers were the infinite resolution type with a totala
e

@ travel of about 1.3 in. The turnbuckles on each frame were adjusted
i
" to provide for about 0.3 in, of shortening and the remainder of the
!

range for elongation. Current was supplied to the potentiometers by a

constant-voltage power supply delivering 1.332 volts through No. 18 2/c

cable. The output from the potentiometers was through a separate circuit
~

of No. 22 3/c cable and this output was monitored by a Digitec data
,

acquisition system, incorporating a digital display millivoltmeter and

a printing millivolt recorder. In some of the previous installations,

readings were taken on both resistance arms of the potentiometers, that is,

from the wiper to each of the two ends. These readings invariably showed

that the sum of the two voltages is constant within a few millivolts. In

other words, the reading of a single arm may be accepted as accurate within

a few thousandths of an inch, so the single-arm procedure was adopted in

the present case.
1
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Each instrument was calibrated in the laboratory against a pair of

0.001-in. dial gages, using an input voltage to the potentiometers of
;

VV approximately 1.25-volts. Circuitry in the field installation permitted
i
!. continuous monitoring of the supply voltage and the initial voltage at
J Calibration factors, corrected from those in thea each potentiometer.
n

' n laboratory, were then developed. The data have been reduced on the
4 y,

{ basis of 0.001 in. per millivolt, which is within a few per cent of the
s

{ best-fit data established from the calibration records.
e

Prior to the structural integrity test and immediately uponr

a
instrumentation at F2, H4 and H13 was field checked.completing the test,

}L .

Calibration of the three instruments consisted of comparing the measure-s
8.

ments obtained on a pair of dial gages wi.h measurements read at the datac
t i

a

f acquisition panel. Hovement of the pote..tiometer was obtained by placing

shims between the front and rear e .num c annels of the frames. Theh

results of the calibration are presented below.

FIELD CALIBRATIONS

Pre-Test Calibration
'

Location Dial Gage Readings DAS Readings Diff.

(At Frame)
Inches Inches

F2 0.309 0.298 0.011

H4 0.228 0.221 0.007

H13 0.307 0.305 0.002
,

I Post Test Calibration

F2 0.296 0.292 0.004

H4 0.214 0.213 0.001

H13 0.316 0.318 0.002

Each recording consisted of a print-out by the recording millivolt-

Suchmeter for each instrument, which required less than two minutes.
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readings were repeated at each data col 3.ection time and repetitive

print-outs and manual readings agreed within one or two millivolts.
NV
i During hold periods, only a single set of readings were obtained at
s.

each data collection time.
J
a
n
S LOCATION OF INSTRUMENTS
v.

E
{ Instrument locations conformed in general with those indicated on
t

S Bechtel Drawing No. 6292 SKC-210, Sheets 1, 2, 3 and 4. Some minor
r

deviations were necessary because of interference of piping or othera

2
equipment. The actual locations are noted in the text and in Tables I

j
s
8 through VI which record the measured displacements.
c
i Gages H1, H2, H3, :14, H5 (140* Azimuth) and H19A (20* Azimuth)a
t
e

spanned from the buttress to the internal concrete structure, with wirea

lengths of 6 to 32 feet.

Gages H8, H9, H10, Hil, H5A (320* Azimuth) , H16 (228*-30' ) ,

H19 (205* Azimuth) also spanned from the cylinder wall to the internal

concrete structure, with invar wire lengths of 5 to 36 feet.

Gages H6, H7 (Azimuth 140*/320*), H17, H18 (Azimuth 48*-30'/

228*-30') spanned the full diameter between buttresses and walls. Due

to equipment interference, it was necessary to relocate some gages. The

actual location of these gages are shown in Table I through Ila. The

uppermost gages in each case, H7 and H18, were approximately at the spring

line. In all cases the measurements reported represent charges in radiu-
'

,

|

rather than in diameter. I

I

Four vertical gage lines were installed as follows:
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V1 - Cylinder wall at elev. 114'-O"
(Spring line) to elev. -16'-6" Azimuth 47*-30' .

V2 - Cylinder wall at elev. 115'- 1 1/8"

Ny to elev. -16'-4" Azimuth 242'
i
I, V3 - Operating floor elev. 598-4" to

Cylinder wall elev. -16'-4" Azimuth 239*y
a
g V4 - Cylinder wall elev. 115'-1 1/8" to
e Operating floor elev. 60'-0" Azimuth 239*-47'
y,

E
The data from Gage No. V2 was used to convert the dome displacements,

t

e from the measured values to a reference at the spring line elevation.
r

a Dome displacements were measured at Azimuth 225* at four locations,
2

spaced at equal horizontal increments of 15 feet. Gage D4 was locatedj
a

S 3'-0" from the apex of the dome. The invar wires terminated at the
c
i
a operating floor (Elev. 69 0") at distances of O'-0" (Plumb) to
e
s 12'-l 1/2" right or left of the dome attachments. Angular corrections

have been applied to convert the measurements to vertical displacements

at the point of measurement on the dome. The total vertical displace-

ments were then reduced by the vertical wall movement shown by

Gagq No. V2, so that the reported values are vertical displacements of

the dome referenced to the spring line.

7ne equiput:nt hatch gages, No. E2 tF.ot 'h E9 s inned from the

cylinier wall to rigid internal membe.S of th, vess, or to the shield

wall. Invar wire lengths were 2 to 43 feet. Be.ause of obstructions

Gage El spanned from the cylinder wall to the floor (Elev. l'-6") .

Angular corrections have been applied to Gage El and the reported

displacements are radial movements.
,

Two gage lines (Nos. F1 and F2) were installed on the Floor.
,
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Th purpose was to investigate possible effects of pressure and

temperature on the measuring instrumentation. In addition, these

gages provided an overall check on the entire measuring and
W
{ recording system so that corrections could be made, if necessary,
s,

to the data from the major installation. The maximum changey
a
g recorded for those control gages during the entire test was 0.010 in.
O
I* Because of the small magnitude of these changes, the data have not
E
d been tabulated and have not been used as correction factors.
t

e
DISCUSSION OF INSTRUMENTATION

a
n
d

As mentioned earlier, the intent was to maintain the invar wiresjg
s

S under a constant tension by the use of a flat-coil spring known as a
c
i
A " negator". Laboratory tests show that the negator spring does indeed
e
a exert an essentially constant force regardless of amount of elongation.

However, in earlier previous installations these springs showed hysteresis

when the direction of movement changed from elongation to retraction.

Several extensometers were tested under different load-displacement

arrangements, some of which reproduced actual field measurements, with

a true time scale of seven days of cortinuous nonitoring introduced in

one test. It was found that the change of load in changing from elonga-

tion to retraction, or the reverse, was 1.9 lbs. It was also noted

that when elongation was resumed following retraction '(or the reverse) ,

the original force was again indicated. As noted previously, diameter

of the invar was 0.088. Corresponding hysteresis correction for a force

change of 1.9 lbs was 0.019 in. per 100 ft. of wire length.

This hysteresis, although of minor magnitude and subject to reason-

able correction factors, has been a troublesome factor in previous

-6-
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installations. In consequence, in May of 1973, all potentiometer frames

were remodeled to reduce hysteresis and to minknize friction effects. All

1[ frar.es were completely dismantled and all of the negator springs were
:* i ,dividually calibrated and were then matched in pairs to provide uniform
J
" pull on each side of the potentiometer frame. The negator springs were
S
y, then pinned to the rear drum to avoid any coiling or uncolling at that
E
I drum. The rollers that supported the front drum were removed and the
s
t previously used roller bearings were replaced by stainless steel balln
r

bearings located at both top and bottom of the drum. The guide red holesa

2
in the front channel were enlarged and teflon bushings were pressed into

A
S
g the guide holes. Along with this, the guide rods were cut off at the
c

[ front channel, and cap screws having a teflon sleeve were jnstalled.
J

t

s Each extensometer frame was then calibrated in a lathe bed against e. pair

of 0.001-in. dial gages.

The input voltage for the field instruments was selected so that

the "best fit" ratio was one-to-one between voltage change and displace-

ment; that is, 1 millivolt equals 0.001 in. The laboratory calibrations

showed that hysteresis had been reduced very substantially, and individual

plots of the response of all field instruments indicated that this effect

could be neglected without significant loss in accuracy. Consequently,

the data recorded in Tables 1 through VI do not include a hysteresis

adjustment.

TEST RESULTS

Overall, the pressure test involved pressurization from 0 to 68.2

psig and down to O psig. The integrated leak rate was performed at 30 psig

-7-



during pressurization and at 58 psig during depressurization. In addition

to the major hold periods required to conduct the integrated lead rate

W test, a major hold period of 16 hours was required at 68.2 psig (peak
i
s. pressure). The extended hold period at peak pressure resulted when high

( winds pr(vented test personnel from performing crack surveillance and ten-
n
n
e don inspections.
Y.

E Measured data are presented in the following tables:
I
s
t TABLE I Radial Displacement 20* and 140* Azimuths
E
r TABLE II Radial Displacement 320' Azimuth
a

k TABLE III Radial Displacement 48*-30'/228*-30' Azimuth

A
s TABLE IV Vertical Displacements
8
o
y Table V Dome Displacement - Reftrenced to Springline Elevation
a 115'-l 1/8"
t
e
s TABLE VI Radial Displacement - Equipment Hatch

Respectfully submitted,

WISS, JANNEY, ELSTNER AND ASSOCIATES, INC.

W ##
.}
Robert Krause
Assistant Director of Power Services
Reg. Prof. Engr., Illinois - 22449

. c7. 7W
J. A. Hanson ,

Director of Materials Engineering Services
Reg. Struc. Engr., Illinois - 3651
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TABLE I

BUTTRESS SECTION - RADIAL DISPLACEMENT (INCHES)

ON AZIMUTHS 20' and 140'

o

GAGE NO. H1 H2 H3 H4 H5 H19A H6 H7

ELEVATION -6'-6" 3'-6" 13'-6" 43'-6" 67'-0" 67'-O" 107'-0" 114'-0"

AZIMUTH 141* 139' 140* 140' 140* 20 *. 140* 140'

,

DATE TIME PSIG

2/2/74 1011 0 .00 .00 .00 .00 .00 .00 .00 .00

1234 5 .00 .00 .00 .00 .00 .00 .00 .00

1515 10 .00 .00 .00 .01 .00 .0) .01 .00

1620 12 .00 .01 .01 .01 .00 .02 .01 .00

2114* 12 .00 .01 .01 .01 .00 .02 .01 .00

. 2310 15 .00 .01 .01 .01 .00 .02 .01 .00

2/3/74 0330 25 .01 .02 .02 .01 .01 .04 .02 .01

0630 30 .01 .03 .03 .02 .01 .04 .03 .01

0730 30 .01 .03 .03 .02 .01 .04 .03 .01
!

1730 30 .01 .03 . 03 .02 .03 .05 .04 .02
'

.

J

2/4/74 0330 30 .01 .03 .03 .02 .03 .05 .04 .02

1530 30 .01 .03 .03 .03 .04 .05 .05 .03 .'

i 2/5/74 0130* 30 .01 .03 . 03 .03 .04 .05 .05 .03
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TABLE I
(Continued)

BUTTRESS SECTION - RADIAL DISPLACEMENT (INCHES)

ON AZIMUTHS 20* and 140'

GAGE NO. H1 H2 H3 H4 H5 H19A H6 H7
ELEVATION -6'-6" 3'-6" 13'-6" 43'-6" 67'-0" 67'-0" 107'-0" 114'-0"
AZIMUTH 141' 139' 140* 140* 140* 20* 140* 140'

DATE TIME PSIG

2/5/74 0250** 35(34.2) .01 .03 .03 .03 .04 .06 .05 .03

0500** 40(39.1) .01 .03 .04 .03 .04 .06 .05 .03

0723** 45(44.1) .01 .04 .05 .04 .04 .07 .06 .04

0934** 50(48.9) .02 .04 .06 .04 .05 .08 .07 .04

1156** 55(53.8) .02 .05 .07 .05 .06 .09 .08 .05

1407 60 .03 .06 .07 .06 .07 .10 .09 .05

1706 65 .03 .07 .09 .07 .08 .11 .10 .06

1844 68.2 .03 .08 .10 .07 .08 .12 .10 .07

1944 68.2 .03 .08 .10 .07 .08 .12 .10 .07

2/6/74 0344 68.2 .03 .08 .10 .07 .08 .12 .10 .07

1047* Gos2 .03 .08 .10 .07 .08 .12 .10 .07

; 1216 65 .03 .06 .09 .07 .08 .12 .10 .07

1444 60 .03 .07 .08 .07 .08 .12 .10 .07

1527 59.2 .03 .07 .08 .07 .08 .12 .10 .07

1630 59.2 .03 .07 .08 .07 .08 .12 .10 .07
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TABLE I

(Continued)

BUTTRESS SECTION - RADIAL DISPLACEMENT (INCHES)

ON AZIMUTHS 20* and 140'

H1 H2 H3 H4 HS H19A H6 H7

GAGE NO. -6'-6" 3'-6" 13'-6" 43'-6" 67'-0" 67'-0" 107'-0" 114'-0"

ELEVATION 141* 139* 140* 140*- 140* 20* 140* 140*
AZIMUTH

DATE TIME PSIG

2/7/74 0030 59.2 .03 .07 .08 .07 .08 .12 .10 .07

0630 59.2 .03 .07 .08 .06 .08 .12 .10 .07

1430 59.2 .03 .07 .08 .06 .08 .12 .10 .07
.

2100* 59.2 .03 .07 .08 .06 .08 .12 .10 .07

2304 55 .03 .07 .08 .06 .08 .11 .10 .07

2/8/74 0105 50 .02 .06 .07 .05 .08 .10 .10 .07

0255 45 .02 .05 .06 .05 .07 .30 .09 .07

0445 40 .02 .04 .05 .04 .06 .09 .09 .07

0630 35 .01 .04 .04 .03 .06 .08 .08 .06

0830 30 .01 .03 .03 .03 .05 .07 .07 .05

0930* 30 .01 .03 .03 .03 .05 .07 .07 .05

1124 25 .00 .02 .03 .03 .05 .06 .06 .05

1206 23 .00 .02 .03 .03 .05 .06 .06 .05 <

,

1306 23 .00 .02 .03 .03 .05 .06 .06 .05

..
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TABLE I

(Continued)

BUTTRESS SECTICN - RADIAL DISPLACEMENT (INCHES)

ON AZIMUTHS 20* and 140'

GAGE NO. H1 H2 H3 H4 H5 H19A H6 H7

ELEVATION -6'-6" 3'-6" 13'-6" 43'-6" 67'-0" 67'-0" 107'-0" 114'-0"

AZIMUTH 141* 139* 140* 140* 140* 20* 140 140'

DATE TIME PSIG
.

2/8/74 1659* 23 .00 .02 .03 .03 .05 .06 .06 .05

1757 20 .00 .01 .02 .02 .05 .06 .06 .05

1937 15 .00 .01 .02 .02 .04 .05 .06 .05

2130 10 .01 .00 .01 .02 .04 .04 .05 .04

2323 5 .01 .01 .00 .01 .03 .03 .04 .03

2/9/74 0300 0 .02 .01 .01 .01 .03 .02 .03 .03

0800 0 .02 .01 .01 .00 .02 .02 .03 .02

* END OF HOLD PERIOD

** ACTUAL PRESSURE SHOWN IN PARENTHESIS

.
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320* AZIMUTH - RADIAL DISPLACEMENT (INCHES)

WALL SECTION

GAGE NO. H8 H9 H10 Hll H5A H6*** H7***

ELEVATION -6'-6" 3'-6" 13'-6" 42'-6" 67'-0" 107'-0" 114'-0"

AZIMUTH 330* 330* 330* 330* 320*-30'

DATE TIME PSIG

2/2/74 1011 0 .00 .00 .00 .00 .00'

1234 5 .00 .01 .01 .01 .02
.

1515 10 .01 .02 .02 .02 .04

1620 12 .01 .02 .03 .03 .05

2114* 12 .01 .03 .03 .03 .05

2310 15 .01 .03 .03 .03 .06

2/3/74 0330 25 .03 .05 .06 .05 .09

_

0630 30 .04 .06 .07 .07 .11

0730 30 .04 .06 .07 .07 .11

1730 30 .04 .07 .07 .07 .12

2/4/74 0330 30 .04 .07 .07 .07 .13

1530 30 .04 .07 .07 .08 .13

2/5/74 0130* 30 .04 .07 .08 .08 .13

0250** 35(34.2) .05 .08 .09 .09 .14

0500** 40(39.1) .06 .09 .10 .10 .16

,

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



TABLE II

(Continued)

320' AZIMUTH - RADIAL DISPLACEMENT (INCHES)

WALL SDCTION

GAGE NO. H8 H9 H10 Hll HSA H6*** H7***
ELEVATION -6'-6" 3'-6" 13'-6" 42'-6" 67'-0" 107'-0" 114*-0"

AZIMUTH 330* 330* 330* 330' 320*-30'

DATE TIME PSIG

2/5/74 0723** 45(44.1) .06 .10 .11 .11 .18

0934** 50(48.9) .07 .lT .12 .12 .20

1156** 55(53.8) .08 .13 .13 .14 .22

1407 60 .09 .14 .15 .15 .24

1706 65 ."10 .16 .17 .17 .27
'

,

1844 68.2 .11 .17 .18 .18 .28

1944 68.2 .11 .17 .18 .18 .28

2/6/74 0344 68.2 .11 .17 .18 .18 .28

1047* 68.2 .11 .17 .18 .18 .28

1216 65 .11 .16 .18 .18 .27

1444 60 .10 .15 .17 .17 .26

1527 59.2 .10 .15 .16 .17 .26

1630 59.2 .10 .15 .16 .17 .26

2/7/74 0030 59.2 .10 .15 .16 .17 .26
,

I

4
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TABLE II
(Continued)

320' AZLMUTH - RADIAL DISPLACEMENT (INCHES)

WALL SECTION

GAGE NO. H8 H9 H10 Hll HSA H6*** H7 ***

ELEVATION -6'-6" 3'-6" 13'-6" 42'-6" 67'-0" 107'-0" 114'-O"

AZIMUTH 330' 330' 330* 330* 320*-30'

DATE TIME PSIG

2/7/74 0630 59.2 .10 .15 .16 .16 .25'

1430 59.2 .10 .15 .16 .16 .25

2100* 59.2 .10 .15 .16 .16 .25

2304 55 .09- .14 .16 .15 .24
-

.

2/8/74 0105 50 .08 .13 .14 .14 .22

0255 45 .08 .12 .13 .13 .20

0:445 40 .07 .11 .12 .12 .18

0630 35 .06 .09 .10 .10 .16

0830 30 .05 .08 .09 .09 .14

0930* 30 .05 .08 .09 .09 .14

1124 25 .05 .07 .08 .08 .13

1206 23 .04 .07 .07 .07 .12 ,

1306 23 .04 .06 .07 .07 .12

1659* 23 .04 .06 .07 .07 .12 ,

1757 20 .04 .06 .07 .07 .11
.
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(Continued)

320' AZIMUTH - RADIAL DISPLACEMENT (INCHES)

WALL SECTION

GAGE NO. HB H9 H10 Hll HSA H6*** H7***

ELEVATION -6'-6" 3'-6" 13'-6" 42'-6" 67'-0" 1C7'-0" 114'-0"

. AZIMUTH 330' 330* 330* 330' 320*-30'

DATE TIME PSIG

2/8/74 1937 15 .03 .05 .06 .06 .09

2130 10 .02 .04 .04 .04 .07

2323 5 .01 .03 .03 .03 .05

2/9/74 0300 0 .01 .01 .01 .01 .03

0800 0 .00 .00 .01 .01 .02

,
END OF HOLD PERIOD*

ACTUAL PRESSURE SHOWN IN PARENTHESIS**

*** REPORTED ON TABLE I
;

.

k
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48*-30'/228*-30' AZIMUTH - RADIAL DISPLACEMENT (INCHES)

WALL SECTION

GAGE NO. H12 H13 H14 HIS H16 H16A H19 H17 H18
ELEVATION -6'-6" 3'-6" 13'-6" 43'-6" 67'-0" 67'-0" 67'-0" 102'-1" 116'-0"

AZIMUTH 54*-30' 54*-30' 54*-30' 48*-20' 228*-30' 48*-30' 205* 48*-30' to 228*-30'

DATE TIME PSIG

2/2/74 1011 0 .00 .00 .00 .00 .00 .00 .00 .00 .00

1234 5 .00 .01 .00 .00 .01 .00 .01 .00 .00

1515 10 .01 .02 .02 .01 .04 .01 .03 .00 .00

1620 12 .01 .03 .02 .02 .05 .02 .06 .01 .01 e

2114* 12* .01 .03 .03 .02 .06 .02 .06 .01 .01
.

2310 15 .02 .04 .04 .03 .07 .03 .07 .01 .02

-

2/3/74 0330 25 .03 .06 .06 .05 .11 .05 .11 .03 .03

0630 30 .04 .07 .08 .06 .14 .06 .13 .04 .03

0730 30 .04 .07 .08 .06 .14 .06 .13 .04 .03

1730 30 .04 .07 .08 .06 .16 .06 .16 .06 .03

2/4/74 0330 30 .04 .07 .08 .07 .16 .06 .16 .06 .03 ,

1530 30 .03 .07 .09 .07 .17 .07 .16 .06 .04

2/5/74 0130* 30 .03 .07 .09 .07 .17 .07 .17 .07 .04

0250** 35(34.2) .04 .08 .10 .08 .18 .07 .17 .07 .04

0500** 40(39.1) .05 .10 .12 .09 .20 .08 .19 .08 .04
,

,

1
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(Continued)
48*-30'/228*-30' AZIMUTH - RADIAL DISPLACEMENT (INCHES)

WALL SECTION

GAGE NO. H12 H13 H14 H15 H16 H16A 'H19 H17 HIS

ELEVATION -6'-6" 3'-6" 13'-6" 43'-6" 67'-0" 67'-0" 67'-0" 102'-1" 116'-0" -

AZIMUTH 54*-30' 54*-30' 54*-30' 48*-30' 228*-30' 48*-30' 205* 48*-30' to 228*-30'

DATE TIME PSIG
,

2/5/74 0723** 45(44.1) .05 .11 .13 .10 .22 .09 .20 .08 .04

0934** 50(48.9) .06 .12 .15 .11 .24 .10 .22 .10 .04

1156** 55(53.8) .06 .14 .16 .12 .27 .10 .24 .11 .04

1407 60 .07 .15 .18 .13 .29 .11 .27 .12 .04

1706 65 .08 .17 .20 .15 .33 .12 .30 .13 .06

1844 68.2 .09 .19 .22 .16 .35 .13 .32 .14 .06

1944 68.2 .09 .19 .22 .16 .35 .13 .32 .14 .06

2/6/74 0344 68.2 .09 .19 .22 .16 .35 .13 .32 .14 .06

1047* 68.2 .09 .19 .22 .16 .35 .13 .32 .14 .06

1216 65 .09 .18 .22 .15 .35 .12 .32 .14 .06

1444 60 .08 .17 .20 .14 .39 .11 .31 .14 .06

1527 59.2 .08 .16 .20 .14 .32 .11 .31 .14 .06

1630 59.2 .08 .16 .20 .14 .32 .11 .31 .14 .06

2/7/74 0030 59.2 .08 .16 .20 .14 .32 .11 .31 .14 .06

0630 59.2 .08 .16 .20 .14 .32 .11 .30 .14 .06

1430 59.2 .08 .16 .19 .14 .32 .11 .30 .14 .06

>

_ _ _ _ _ _ _ _ _ _ _



TABLE IIX
(Continued)

48*-30'/228*-30' AZIMUTH - RADIAL DISPLACEMENT (INCHES)

WALL SECTION

GAGE NO. H12 H13 H14 H15 H16 H16A H19 H17 H18
ELEVATION -6'-6" 3'-6" 13'-6" 43'-6" 67'-0" 67'-0" 67'-0" 102'-1" 116'-0"

AZIMUTH 54*-30' 54*-30' 54*-30' 48*-30' 228*-30' 48*-30' 205* 48*-30' to 228*-30'

DATE TIME PSIG

2/7/74 2100* 59.2 .08 .16 .19 .14 .32 .11 .30 .14 .06

2304 55 .07 .15 .18 .13 .32 .10 .29 .13 .06

2/8/74 0105 50 .06 .14 .17 .12 .29 .10 .27 .12 .06
.

0255 45 .06 .12 .15 .11 .27 .09 .25 .11 .06

0445 40 .05 .11 .13 .10 .24 .08 .23 .10 .05

0630 35 .04 .09 .12 .08 .22 .07 .21 .10 .05

0830 30 .03 .08 .10 .07 .19 .06 .18 .08 .04

0930* 30 .03 .08 .10 .07 .19 .06 .18 .08 .04

1124 25 .02 .06 .08 e .05 .17 .05 .16 .07 .04

1206 23 .02 .05 .07 .05 .16 .04 .15 .04
.

1306 23 .02 .05 .07 .05 .16 .04 .15 .04

1659* 23 .02 .05 .07 .05 .16 .04 .15 .04 |

1757 20 .02 .05 .06 .04 .16 .04 .15 .03

1937 15 .01 .03 .05 .03 .14 .03 .14 . .05 .03

2130 10 .00 .02 .04 .02 .11 .03 .11 .04 .03

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ -
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TABLE III

(Continued)

48*-3C'/229*-30' AZIMUTH - RADIAL DISPLACEMENT (INCHES)

WALL SECTION

GAGE NO. H12 H13 H14 H15 H16 H16A H19 H17 H18
ELEVATION -6'-6" 3'-6" 13'-6" 43'-6" 67'-0" 67'-0" 67'-0" 102'-1" 116'-0"

AZIMUTH 54*-30' 54*-30' 54*-30' 48*-30' 228*-30' 48*-30' 205* 48*-30' to 228*-30'

DATE, TIME PSIG

2/8/74 2323 5 ,01 .01 .02 .01 .08 .02 .09 .03 .02

2/9/74 0300 0 .01 .01 .00 .00 .06 .01 .06 .02 .02

0800 0 .01 .01 .00 .00 .05 .01 .05 .01 .01

* END OF HOLD PERIOD1

** ACTUAL PRESSURE SHOWN IN PARENTHESIS

i

e
*

<

6



- .

.

TABLE IV

VERTICAL WALL GAGES - DISPLACEMENT (INCllES)

.

GAGE NO. V1 V2 V3 V4

ELEVATION TOP 114'-0" 115'-1 1/8" 59'-4" 115'-l 1/8"

ELEVATION BOTIOM -16'-6" -16'-4" -16'-4" 60'-0"

AZIMUTH 47*-30' 242* 239' 239*-47'

DATE TIME PSIG

2/2/74 1011 0 .00 .00 .00 .00

1234 5 .00 .00 .00 .00

1515 10 .01 .01 .00 .00
.

1620 12 .01 .01 .00 .01

2114* 12 .01 .01 .00 .01

2310 15 .01 .01 .00 .01

2/3/74 0330 25 .02 .03 .01 .02

0630 30 .03 .03 .01 .02

0730 30 .03 .03 '.01 .02

1730 30 .04 .04 .02 .03

2/4/74 0330 30 .05 .05 .02 .03

1530 30 .06 .05 .03 .03

2/5/74 0130* 30 .06 .06 .03 .03

0250** 3S(34.2) .06 .06 .03 .03

0500** 40(39.1) .06 .06 .03 .04

0723** 45(44.1) .07 .07 .03 .04

0934** 50(48.9) .07 .07 .03 .05

1156** 55(53.8) .08 .08 .03 .05

1407 60 .08 .08 .03 .06

1706 65 .09 .09 .03 .07

.

- ,- -- - - - . - - , , -
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TABLE IV
(Continued)

.

VERTICAL WALL GAGES - DISPLACEMENT (INCHES)

GAGE NO. V1 V2 V3 V4
ELEVATION TOP 114'-0" 115'-l 1/8" 59'-4" 115'-1 1/8"

ELEVATION BOTTOM -16'-6" -16'-4" -16'-4" 60'-0"

AZIMUTH 47*-30' 242' 239' 239'-47'

DATE TIME PSIG

2/5/74 1844 68.2 .10 .10 .03 .08

1944 68.2 .10 .10 .03 .08

2/6/74 0344 68.2 .10 .10 .03 .'08

1047* 68.2 .10 .10 .03 .08 '

1216 65 .09 .09 .02 .08

1444 60 .09 .09 .02 .08

1527 59.2 .09 .09 .02 .08

1630 59.2 .09 .09 .02 .08

' 2/7/74 0030 59.'2 .09 .09 .02 .08

0630 59.2 .09 .09 .02 .07

1430 59.2 .09 .09 .02 .07

2100* 59.2 .09 .09 .02 .07

2304 55 .09 .09 .02 .07

2/8/74 0105 50 .08 .08 .02 .07

0255 45 .07 .08 .02 .07

0445 40 .07 .07 .02 .06

0630 35 .06 .06 .02 .06

0830 30 .05 .06 .01 .05
.

0930* 30 .05 .06 .01 .05

1124 25 .05 .05 .01 .04

1206 23 .05 .05 .01 .04

. _ -
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TABLE IV

(Continued)

VERTICAL WALL GAGES - DISPLACEMENT (INCHES)

GAGE NO. V1 V2 V3 V4
ELEVATION TOP 114'-0" 115'-l 1/8" 59'-4" 115'-l 1/8"

ELEVATION BOTTOM -16'-6" -16'-4" -16'-4" 60'-0"
AZIMUTH 47*-30' 242' 239' 239'-47'

DATE TIME PSIG

2/8/74 1306 23 .05 .05 .01 .04

1659* 23 .05 .05 .01 .04

1757 20 .05 .05 .01 .04 .

1937 15 .04 .04 .01 .04

2130 10 .04 .04 .01 .03
.

2323 5 .03 .03 .01 .03

2/9/74 0300 0 .03 .03 .01 - .02

0800 0 .03 .02 .01 .01

* END OF HOLD PERIOD

** ACTUAL PRESSURE SHOWN IN PARENTHESIS

.

..-_ ,_
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TABLE V

DOME GAGES - VERTICAL DISPLACEMENT (INCHES)

REFERENCES AT AZIMUTII 225* TO ELEVATION 115'-l 1/8"

GAGE NO. D1 D2 D3 D4
ELEVATION 144'-3 5/8" 152'-3 3/4" 156'-7 7/8" 157'-11 3/4"

DIST. FROM APEX 48'-0" 33'-0" 18'-0" 3'-0"
_ _ _

DATE TIME PSIG

2/2/74 1011 0 .00 .00 .00 .00

1234 5 .02 .01 .02 .03

1515 10 .03 .04 .05 .06

1620 12 .04 .05 .06 .07

2114* 12 .04 .05 .06 .07

2310 15 .04 .06 .08 .09

2/3/74 0330 25 .06 .10 .12 .14

0630 30 .07 .12 .16 .17

0730 30 .07 .12 .16 .17

1730 30 .07 .13 .16 .17

2/4/74 0330 30 .07 .13 .16 .17

1530 30 .07 .13 .16 .17

2/5/74 0130* 30 .07 .13 .16 .17

0250** 35(34.2) .07 .14 .18 .19

0500** 40(39.1) .08 .17 .21 .23

0723** 45(44.1) .09 .19 .23 .25

0934** 50(48.9) .11 .21 .26 .28

1156** 55(53.8) .12 .23 .29 .31

1407 60 .14 .26 .33 .34

1706 65 . t6 .29 .36 .38

1844 68.2 .17 .31 .38 .40

i 1944 68.2 .17 .31 .38 .40
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ITABLE V
;

,

'(Continued)
l

DOME GAGES - VERTICAL DISPLACEMENT (INCHES)

REFERENCES AT AZIMUTH 225* TO ELEVATION 115'-l 1/8"

GAGE NO. D1 D2 D3 D4
ELEVATION 144'-3 5/8" 152'-3 3/4" 156'-7 7/8" 157'-11 3/4"

DIST. FROM APEX 48'-0" 33'-O" 18'-0" 3'-Gd

DATE TIME PSIG

2/6/74 0344 68.2 .17 .31 .38 .40
'

1047* 68.2 .17 .31 .38 '.40

1216 65 .17 .31 .37 .40

1444 60 .15 .29 .34 .36

1527 59.2 .15 .29 .34 .36

1630 59.2 .15 .29 .34 .36

2/7/74 0030 59.2 .15 .29 .34 .36

0630 59.2 .15 .29 .34 .36

1430 59.2 .15 .29 .34 .36

2100* 59.2 .15 .29 .34 .36

2304 55 .13 .26 .32 .33

2/8/74 0105 50 .12 .25 .29 .31

0255 45 .10 .22 .26 .28

0445 40 .10 .20 .24 .55

0630 35 .09 .18 .21 .23

0830 30 .06 .15 .17 .18

0930* 30 .06 .15 .17 .18

1124 25 .06 .13 .15 .16

1206 23 .05 .12 .14 .15

1306 23 .05 .12 .14 .15

1659* 23 .05 .12 .14_ .15
_ _ . __
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TABLE V

(Continued)

DOME GAGES - VERTICAL DISPLACEMENT (INCHES)

REFERENCES AT AZIMUTH 225' TO ELEVATION 115'-l 1/8"

GAGE NO. D1 D2 D3 D4
ELEVATION 144'-3 5/8" 152'-3 3/4" 156'-7 7/8" 157'-11 3/4"

DIST. FROM APEX 48'-0" 33'-0" 18'-0" 3'-0"
.

DATE TIME PSIG

2/8/74 1757 20 .04 .11 .13 .13

1937 15 .04 .09 .11 .11

2130 10 .02 .06 .07 .08

'

2323 5 .01 .03 .05 .05

2/9/74 0300 0 .00 .01 .01 .01

0800 0 .00 .01 .01 .01
.

* END OF HOLD PERIOD

** ACTUAL PRESSURE SHOWN IN PARENTHESIS

|

I

.



TABLE VI

EQUIPMENT HATCH GAGES - RADIAL DISPLACEMENT (INCHES)

GAGE NO. El E2 E3 E4 E5 E6 E7 E8 E9

ELEVATION 9*-6" 9'-6" 10'-6" 10'-6" 9'-6* 9'-6" 21'-4" 26'-6" 33'-6"

AZIMUTH 68*-19' 74*-50' 81*-09' 98*-51' 105*-10' 111*-41' 90*-O' 90*-O' 90*-O'

DATE TIME PSIG

2/2/74 1011 0 .00 .00 .00 .00 .00 .00 .00 .00 .00

1234 5 .C0 .00 .00 .00 .01 .02 .00 .00 .00

1515 10 .01 .01 .00 .00 .01 .03 .00 .00 .00

1620 12 .02 .01 .00 .00 .01 .03 .00 .00 .00

2114* 12 .02 .01 .00 .00 .01 .03 .00 .00 .00

2310 15 .03 .02 .00 .00 .01 .03 .00 .00 .00

2/3/74 0330 25 .05 .03 .00' .00 .01 .04 .00 .00 .00

0630 30 .06 .04 .00 .01 .01 .05 .00 .00 .00

0730 30 .06 .04 .00 .01 .01 .05 .00 .00 .00

1730 30 .06 .04 .00 .01 .02 .05 .00 .00 .01

1

2/4/74 0330 30 .06 .04 .00 .01 .01 .05 .00 .01 .01

1530 30 .06 .04 .00 .01 .01 .05 .00 .01 .01

2/5/74 0130* 30 .06 .04 .00 .01 .01 .05 .00 .01 .01

0250** 35(34.2) .07 .04 .00 .01 .01 .05 .00 .01 .01 g

0500** 40(39.1) .08 .05 .01 .01 .01 .06 .00 .01 .01

.
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(Continued)

EQUIPMENT IIATCII J'.GES - RADIAL DISPLACEMENT (INCHES)

GAGE NO. El E2 E3 E4 ES E6 E7 E8 E9

ELEVATION 9'-6" 9'-6" 10'-6" 10'-6" 9'-6" 9'-6" 21'-4" 26'-6" 33'-6"

AZIMUTH 68 *-l? , 74*-50' 81*-09' 98*-51' 105*-10' 111*-41' 90*-O' 90*-O' 90*-O'

DATE TIME PSIG

2/5/74 0723** 45(44.1) .09 .06 .01 .01 .01 .06 .00 .01 .01
.

0934** 50(48.9) .11 .07 .01 .02 .01 .07 .00 .01 .01

1156** 55(53.6) .12 .07 .02 .02 .02 .08 .00 .01 .01

1407 60 .14 .08 .02 .03 .03 .09 .00 .01 .00

1706 65 .16 .10 .03 .03 .03 .10 .00 .00 .00

1844 68.2 .18 .10 .04 .03 .04 .11 .00 .00 .00

1944 68.2 .18 .10 .04 .03 .04 .11 .00 .00 .00 -

i -

2/6/74 0344 68.2 .18 .10 .04 .03 .04 .11 .00 .00 .00
.

1047* 68.2 .18 .10 .04 .03 .04 .11 .00 .01 .01

1216 65 .17 .10 .04 .03 .04 .11 .00 .01 .01
<

1444 60 .16 .09 .04 .03 .04 .11 .00 .01 .01

1527 59.2 .15 .09 .04 .03 .03 .10 .00 .01 .01

i 1630 59.2 .15 .09 .04 .03 .03 .10 .00 .01 .01

i

2/7/74 0030 59.2 .15 .09 .04 .03 .03 .10 .00 .01 .01
,

&"

; 0630 59.2 .15 .09 .04 .03 .03 .10 .00 .01 .01

1430 59.2 .15 .09 .04 .03 .03 .10 .00 .01 .01
.

__. _
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TABLE VI

(Continued)

EQUIPMENT HATCH GAGES - RADIAL DISPLACEMENT (INCHES)

GAGE NO. El E2 E3 E4 ES E6 E7 E8 E9

ELEVATION 9'-6" 9'-6" 10'-6" 10'-6" 9'-6" 9'-6" 21'-4" 26'-6" 33'-6"

AZIMUTH 68*-19' 74*-50' 81*-09' 98*-51' 105*-10' 111*-41' 90*-O' 90*-O' 90*-O'

DATE TIME PSIG

2/7/74 2100* 59.2 .15 .09 .04 .03 .03 .10 .00 .01 .01

2304 55 .14 .08 .04 .03 .03 .09 .00 .01 .01

2/8/74 0105 50 .13 .07 .03 .02 .02 .08 .00 .01 .01

0255 45 .11 .06 .03 .02 .02 .07 .01 .01 .014

0445 40 .10 .05 .02 .01 .01 .06 .01 .01 .01

0630 35 .09 .04 .02 .01 .00 .05 .01 .01 .01

0830 30 .07 .04 .01 .00 .00 .04 .01 .01 .01

0930 30 .07 .04 .01 00 .00 .04 .01 .01 .01

1124 25 .05 .03 .00 .00 .00 .04 .01 .01 .01

1206 23 .05 .02 .00 .00 .00 .04 .01 .01 .01

1306 23 .05 .02 .00 .00 .00 .04 .01 .01 .01
1

1659* 23 .05 .02 .00 .00 .00 .04 .01 .01 .01
1

1757 20 .04 .02 .00 .00 .00 .03 01 .01 .01 g

1937 15 .03 .01 .00 .00 .01 .02 .01 .01 .00*

k2130 10 .02 .01 .01 .00 .01 .01 .01 .01 .00'

2323 5 .00 .00 .01 .01 .02 .00 .01 .01 .00
'

i*

______________- _ _
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TABLE VI

(Continued)

EQUIPMENT HATCH GAGES - RADIAL DISPLACEMENT (INCIES)

GAGE NO. El E2 E3 E4 ES E6 E7 E8 E9

ELEVATION 9'-6" 9'-6" 10'-6" 10'-6" 9'-6" 9'-6" 21'-4" 26'-6" 33'-6"

AZIMUTH 68*-19' 74*-50' 81*-09' 98*-51' 105*-10' 111*-41' 90*-O' 90*-O' 90*-O'
,

| DATE TIME PSIG .
w

2/9/74 0300 0 .01 .01 .02 .02 .02 .01 .01 .01 .00

0800 0 .01 .01 .02 .02 .02 .01 .01 .01 .00

* END OF HOLD PERIOD
,

** ACTUAL PRESSURE SHOWN IN PARENTHESIS

.

S.
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APPENDIX 2

Interim Report

Tendon End Anchorage Surveillance

Liner PJate Surveillance
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Interim Report-

Tendon End Anchorage Surveillance

Liner Plate Surveillance

Tendon end anchorage and liner plate surveillance are continuing

programs prescribed in the Final Safety Analysis Report. The results of the

initial phase of these programs, conducted during the containment structural

integrity test, are reported below.

1. Tendon End Anchorage Surveillance

Tendon end anchorage surveillance comprises the measurement of

bearing plate movement and the mapping of concrete cracks in the anchorage

zones at both ends of nine tendons. The hoop, dome and vertical groups each

contain three anchorage surveillance tendons. These are: H29, H53, H112, D18

D30, D74, V14, V60 and V100.

Offsets between three prong frames (illustrated in Figure A 2-1) anchored

into concrete and the tendon bearing plates were measured with a dial depth

gage prior to the start of containment pressurization, at 115% of design pressure

and following the completion of depressurization. Concrete crack patterns in the

anchorage zones were mapped at the same pressure levels. Test procedure
details are given in Appendix 3.

Table A 2-1 lists the indicated movements at all measurement points for

the 68 psig and 0 p;ig (following depressurization) pressure stages. The net

(average of the three measurements) movements of the bearing plates at 68 psig

are distributed between . 006 in and +. 005 in. and average approximately
. 001 in.

.

a

,
- - - - - -
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Since the negative figures, which represent outward movement of the bearing

plate, are inconsistent with structural loading conditions, it is ccncluded that

the measured values represent primarily a combination of thermal effects

on the measuring system and measurement error. Actual movements of the
4

bearing plates are probably small compared to the measured values and, in

any case, are well below the . 050 in. stipulated in the acceptance criteria (see

Appendix 3). The same conclusions apply to bearing plate movement measured

at 0 psig following containment depressurization.

Concrete cracks observed in the anchorage zones are illustrated in Figures

A 2-2 through A 2-4. The observed cracks generally radiate from the corners

of the bearing plates as is expected for cracks which result from shrinkage

and/or surface thermal stresses in the concrete. No significant changes in

the original mapped crack patterns were noted at115% design pressure or

following the completion of depressurization.'

2. Liner Plate Surveillance
!

Liner plate surveillance comprises observation for strain concentrations

and measurement of offsets between the liner and fixed chords. Observations

and measurements were made prior to containment pressurization and
,

following the completion of depressurization. The surveillance locations are:
|

--Observation Only

o 3 ft. above and below the horizontal center line extending 10 ft.

east of the east edge of the personnel lock.

o 2 ft. radius around electrical penetration No. 7.

Upper half of mechanical penetration No. 40 (main steam)o

extending from edge of penetration to 6ift. out from edge.

o 2 ft. radius about mechanical penetration No. 20 (HP injection).

. .-
- - - - , - - -- -- ,, - - , - , - . ,- r - -- --m- g
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--Offset Measurement

o Horizontal chords centered at:

o El. 18 ' 6" / Az.187 30'
o E1, 65 ' 6" / Az. 351 30'

o El. 65'0" / Az. 225 10'

o Vertical chords centered at:

o El. 3' 6" / Az. 23 30'
o El. 63'6" / Az. 355 0'

o Chord centered at apex of dome.

The configuration of the fixed chords is illustrated in Figure A 2-5.

Offsets to the liner are measured with a dial depth gages as described

in Appendix 3.'

.

The four observation areas showed no evidence of strain concentration

before or after pressurization.
:

Changes in chord offsets at the completion of depressurization are listed

in Table A 2-2. All changes except one are . 009 in. or less. Point 7 on the

chord at 65ft/225 10' shows an offset change of .121 in. (movement away from

the concrete). This movement is the result of a shift in the location of a
known liner bulge as is illustrated in Figure A 2-6. Since this measurement,

represents an elastic readjustment of a liner irregularity rather than an i

inelastic permanent set,. it is, not governed by the . 050 in acceptance criterion.
,

; stipulated in Appendix 3. All other measured changes are well below the
;

'

lacceptance value.
|
1

I

|

|

. ,_ _ __ _ _ .
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Tendon / RB Internal Indicated Movement In. .iverage & erage
End Pressure PSIG Left Middle Right 68 PSIG 0 PSIG

H29 W 68 .004 .001 .003 .003
0 .004 .000 .001 .002

H29 S 68 .005 .005 .003 .004-
0 .004 .006 .001 . 004

H53 W 68 .002 0 .002 .001
0 .003 .001 .004 .003

H53 SW 68 0 0 .003 .001
0 .003 .001 .001 .001

H112 N 68 .001 .003 .006 .003
0 .004 .001 .001 .002

H112 SE 68 0 .004 .002 .002
0 .001 .003 0 .001

D18 S 68 .001 .001 .002 .001
0 .008 .004 .002 .005

D18 N 68 .004 .002 .001 0

0 .003 0 .001 .001
D30 NW 68 .002 .001 .002 .001

0 .001 .007 .001 .003
D30 S 68 .004 .007 .005 .005

0 .004 .007 .003 .005
D74 NE 68 .008 .004 . .001 .001

0 .006 .005 .002 0

D74 W 68 .003 .002 .004 .001
0 .001 .001 .004 .001

V14 B 68 .001 .001 .003 .002
0 .001 .002 .002 .002

V14 T 68 .004 .002 .001 .002

0 .002 .003 .001 .001
V60 B 68 .003 .003 .005 .004

0 .004 .002 .004 .003

V60 T 68 .006 .003 .009 .006
0 .006 .004 .009 .006

V100 B 68 .003 .004 .004 .004
0 .004 .004 .004 .004

V100 T 68 .001 0 .001 . 0 01

0 .006 .001 .003 .003

(Positive values indicate movemen : of bearino plate into cor crete.)

TABLE A 2-1

TENDON END ANCHORAGE MOVEMENT



. .

(CHANGES IN CHORD OFFSETS)

Chord Elevation / Azimuth' '

Point 18'6"/ 65'6" 6 5' 0" / Dome 3' 6" 63'6"
_

187030' 351030' 22500' Apex 23 30' 355 0'

1 .005 .002 .009 0 .002 .003

2 .004 .001 0 0 .003 .001

3 .003 .005 0 0 .003 .002

4 .005 .005 .004 .001 .003 .002

5 .003 .002 .001 . 0 01 .004 .002

6 .004 .002 .001 .001 .005 .003

7 .003 .004 . 11 5 . 0 01 .006 .004

8 .005 .003 .004 .004

9 .002 7 Point 7 Point 0 .005 .004
Chord Chord

10 .006 .001 .004 .004

11 .005 0 .005 .002

12 .002 .001 .003 .003

13 .004 .002 .001 .003

(All values in inches - positive values indicate movement of liner into

concrete ends).

TABLE A 2-2

Liner Plate Deformations
,
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STP-006-

' SPECIAL TEST PROCEDURE

FOR
STRUCTURAL INTEGRITY TEST

FOR
RANCHO SECO NUCLEAR GENERATING STATION

~

UNIT 1
SACRAMENTO MUNICIPAL ITIILITY DISTRICT

| 1.0 Purpose

To verify the structural integrity of the Containment Structure under
..

115% of the design pressure. This will be accomplished by:

.1 Detecting, measuring and documenting exterior concrete cracks in
,

the containment structure at various pressures up to 115% of the

design pressure. *

.2 Measurina containment structure deformation? at varinus pre =aures up

to 1154 of the design pressu .

.3 Detecting and measuring concrete cracking or end anchor movement of

tendon anchorages (surveillance),

.4 Measuring liner plate and liner plate anchor movement and possible

strain concentration.

2.0 Reference

.1 Administrative Procedure AP 302

.2 Technical Specifications (4.4.2)
O

** .3 AEC Regulatory Guide 1.18

| 3.0 Procedure: See attachments

Titles as follows:

.1 Procedure for Inspecting, Measuring and documenting Exterior

Concrete Cracks During the Structural Integrity Test.
l

,

I
_ - - _- _ _ - _. . la -- .__ __-- -_- . - _ _ ._
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}
.2 Procedure for Measurement of Containment Structure Deformations !;

s

During the structural Integrity Test.! .

.3 Procedure for Post-tensioning System End Anchor Concrete Surveilance.

.4 Procedure for Liner Plate S.trveillance.*
i

.

*

?

)
*

I
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e
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4.0 PREREQUISITES INITIAL
_

.1 Prerequisites for concrete crack inspection
'

.1 Crack inspection '.ds layed out (survey crew)
Dome coating must ., 2 removed and grids layed out. g(O

#d.2 Sketch forms prepared for mapping
.

.3 Optical comparators, rules and crayons available >

for incpectors (3) / 4 /6,

.4 Inspectors assigned, scheduled and briefed (/f[

.5 Lighting rigged for night observation dr6[

.6 Access to grids provided (rCh *

.7 Conduct base line inspection ad document all
grids one to three days prior co test (all
inspectors) 6[h

-

.2 Prerequisites for Containment Deformation Measurement

.1 Layout locations for attachments (extensometers) C S#h- a

g} d.2 Install attachments (extensometers) /

.3 Run instrumentation wiring

.1 From SPGR Room to penetration ([
'

.2 Make connections at penetrations d'['

.3 From R.B. interior to instrument location M

.4 Makeup interior connection at penetrations I (d['

.. f [6
.4 Install Data Acquisition System M4

c
.5 Install extensometers and taut wires f.# 08
.6 Connect control wire to extensometers I g8

Y -
i

.7 Checkout system operation
1

.8 Calibrate extensometers (
|., -
|

,

y acc;.ueone

my Ham Y/Ai
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INITIAL

.3 Prerequisites for Post Tensioning System End Anchor

Surveillance

.1 Fabricate measurement frames d kh
7 "r

.2 Locate frame attachment points // _ r'd7
'

/%.3 Install frames
./.

.4 Dial depth gage availabic for inspection x;@
'

.5 Inspe6. ion date form prepared g

/[s'

.6 Access to measurement frames provided //
.a .

.7 Conduct baseline inspection one to three days
prior to test / /

/

.4 Prerequisites for Liner Plate Surveillance

.1 Fabricate measurement frames
7

.2 Locate trame attacnment points AN

.3 Inspection data forms prepared [
g $).4 Locate areas for strain surveillance and clean

.5 Dial- Depth Gage available for inspection r
i' Rng"?N

.6 Conduct baseline inspection for liner //

5.0 Test Plan During Pressurization

.1 During pressurization data is to be collected for the

concrete crack surveillance and the containment deforma-

tica .ncasurement program at the following pressures.

.01 at 0 psig Deformation Measurements

.02 at 5 psig Deformation Measurements 4[

.03 at 10 psig Deformation Measurements
aO b | G / It l')ii o ey.na.ny / qmc/a f 4, fg/ Q,, f,,.;, , f, ,,, 99,
.04 at 15 poig p#{,

v. v.s

Defornaltion Measurements .3

Concrete Cracks Mapped Jh
7

! 4A
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INITIAL
5.0 Test P'lan During Pressurization (continued) -

/
/h.05 at 20 psig Deformation Measurements

s'j
/.06 at 25 psig Deformation Measurements 9 /

.07 at 3d psig

Deformation Measurements /

Concrete Cracks Mapped [

.08 at 35 psig Deformation Measurements [ /
,

.09 at 40 psig Deformation Measurements W -

/
.10 at 45 psig -

Deformation Measurements /

Concrete Cracks Mapped ([
.11 at 50 psig Deformation Measurements [M
.12 at 55 psig Deformation Measurements M-

/

.13 at 60 psig

Deformation Measurements

ConcreteCracksMappedh / '''

.14 at 65 psig Deformation Measurements ,

. g-
1, .15 at 68 psig,

b N- Verify this pressure held minimum 1-hour (f./h
' ' 2/r/ ,,

Deformation Measurements

,y Concrete Cracks Mapped .g @'

/

Tendon End Anchorage Surveillance N
TA. b , ,, j, ,)p , y pyg,,,,, ,, ,4 |

NOTE: Deformation Measurements are to be taken aty...,41 east one f ,,f.y
hour after initiating pressure hold periods and on two

hour intervals throughout pressure hold period , and at
'

65 psi and succeeding 5 psi increments during depress-

Deprenue;za be e-* We to ba h m.'Y W Ye futization.

T p r.' pc .- An,- ,,, v. . . v.-r Pi'o ekp w.se aN#1 sh/Q'' W*U i'

temb',"|:,'%.'"jZ,,, '_' 1
'

~ 4~ /+ r c.s . ., ,,c. s., a Y q 5A ,, ,,,-
^_--_^-__a_____n _______ _ _ _ __ _ _ _ _ ___-_______________________3__h

c ., a

1$
_ ___
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6.0 Test Completion Af ter Depressurization
?.

.1 Requirements to corplete crack inspections

.1 Make final crack inspection within one day of
h4I 6 M,-,depressurization

(/
.2 Complete report detailing crack inspection

results within one month of test completion

.2 Requirements to complete Containment Deformation
Measurements

,/.1 Make a final calibration check on extensometers M

.2 Complete report on data and results within one*

month of test completion

.3 Requirements to complete Post-Tensioning System End
,

Anchor Concrete Surveillance -

.1 Conduct surveillance one to three days af ter 4
the structural integrity test / ct / 48

-

,r
.2 Complete report within one month of test

ea pleri.an
,_

NOTE: This inspection is included in the Surveillance
Program.

.4 Requirements to complete liner plate surveillance

.1 Conduct surveillance one to three days after
the structural integrity testpO*" , zf '/

J'
.2 Complete report within one month of test

completion

NOTE: Follow-up liner plate inspections must be made
6 months after test completion and 1 year after
initial Start-Up.

|
.

6A
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7.0 Acceptance Criteria

.1 Exterior Concrete Crack width shall not increase more than 60 mils
throughout the building pressurizati7n.

.2 Deformation measurements shall indicate radial building growth less
than 500 mils and vertical growth less than 1000 mils.

.3 Tendon End Anchor movement shall in no case exceed 50 mils.

.4 Liner Plate movement shall in no case exceed 50 mils.

8.0 Limite and Precautions
.

.1 Criteria
~

.1 All limits and precautions of TP150-1 shall apply to this pro-
cedure.

.2 Limit of crack width increase shall not exceed 60 mils.
.

.3 Deformation measurements shall not exceed 500 mils in radial
growth or 1000 mils in vertical growth.

.2 Necessary Action
.

.1 Stop pressurization if any of above criteria are exceeded.

.2 Depressurize using normal depressurization piping if any of
the above criteria continue to be exceeded after pressurization
is stopped..

.3 Do not conduct test under conditions of extreme cold, heavy,.
'

rains or strong winds.

.4 If test pressure drops to or below the next lower pressure
level the entire sequence must be repeated. All conditions rmust be documented. '"dat h' /M/ M/(. / De f*'" '" ,,,,, ,, . 8 h MM a f- fde, 3 /1. /* G,Is 9f:c~ ,,.,,, ,, a.,. da.e d o c 4-., , .><<<.a.-r a

s . i t re a. e **t<<u c, , , .g, ,, ,j s apj,g ; g,, i s, , f. , ,,, ,,,,
'''f7,-' ;''''',. ,*,'::,'.'y9 f,e ,g,,,,

,_

|9.O Retest Criteria . , ..

eo, s c ~* *** ' ./~v <./<rm ,. . t . (,.,,, p.. ,,,,,p, ,,g/./. ,> .,sai /* * c.r . rs
&,,,,,,,,,,,,,, ..

s , < o+.~.1 < . , s < < c. ..1 If any significant modifications or repairs are made to the ,,,,,.p .,.,<,,

containment following this test the s truc tural tes t mus t be 'a'"~'~r -~c.
repeated. #' "4-we re.A

S. } c * f:sc*r| ,, 2 De ' *,, fis. cd f* w:ll le e-,l. * t'#c) * l' -/4 e../'of-f.,,

' '' e s :,. As f'I en :cd. /9 (A,,e ;, ,,,. g ,,,. g '<v ,c,s a. U: /..' s
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Bechtel Corporation ;

e
Interoffice Memorandum

.

To SIT File om January 30, 1974

suoini Exception to Containment SIT DirectorFrom

Pressurization Requirements
0: SDper AEC Regulatory Guide 1.18

comesso 4: 50/21/ B13

Exception is taken to the regulatory position, stated in Regulatory
Guide 1.18, stipulating that containment pressure be held for onc '

hour prior to recording deformation data. This exception is based
on the resultu of prior containment tests which show that no
change in measurable deformation can be expected over a one 1;our
period.

.

.The Rancho Seco test procedure requires deformation measurements
at 5 psig increments, at the beginning and end of all hold periods and 2

2W,,-
., at two hour intervals during hold periods. This requirement greatly

:.::::.cd the minimum requirement cutlined in Regul:tery Guide 1.19.
The writer concludes that the validity of the structural test data
cannot be increased by pressure hold periods in addition to those
currently specified for Icak rate determination and structural integrity
verification at 115 percent of design pressure.

! P

/IN. T. Hill'"

SIT Director

HTH:cmg

S Mvp c. ~ ,,*

bjh8 y
e

-

s., . : c:. . e y. . -

caos tio.ra



SACRAME21TO MUNICIPAL LTrlLITY DISTRICT
RANClio SECO NUCLEAR GENERATING STATION #1

REACTOR __ BUILDING

r.

1. REGISTERED PROFESSIONAL ENGINEER CERTIFICATION

The Sacramento Municipal Utility District has constructed the
reinforced concrete reactor building in accordance uith the District
specification C1.1.

Construction inspection has been performed routinely during the
construction to insure that the wor k meets all the specified require-

ments. Sign off forms are available for audit in the Quality Assur-
ance Vault.

- LY | .t--
'

e

CerpfledbyJ.P.Hltz ,

State of California # / ~? 7 ? 8

2!//~1s/Date-

26;.

2. STRUCTURAL INTEGRITY TEST
AITril0RI7.ED CODE INSPECTION - PNEUltATIC TEST CERTIFICATION h
I have witnessed L'.c non-Asme Pressure Test of Rancho Seco #1.

Reactor Containment Building. My certification covers only that
the R.B. Pressure was brought to 68 psig and held for one hour to

demonstrate the structural integrity of the building).
-

,h.. y [ ' ) ,- ! -'

z.w /1u b.~[ .: /.

Witnessed by C. Pemberton

D. 1. S. 0 & ~'|555

<%wM r# wd
George Dren
SMUD Test Coordinator

Professional Engr.-California

0 20G 2/

Date- ] ~ $- lY

,
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(.)*!\- 'i'] RANCllO .C0 tiillT 1,

i

, , , .o s. .. ..
.

*SAclu,MENTO MUNICll'AL UTILITY DISTrilCT p.., o,
__.,

- -~

SuuJ L C T DATL

STRUCTURAL lt!T!:GINTY TEST *

,,

CONCRETE CRACK SURVEY D E P T.

Cenerneini Fnginanv4--
gy REFERENCE

STP 006

.

. . .

*
. . . . . . . _ - .

CRID ON k'ALL @ 195 30' El 3'0" (#1)

.g 195*30'

'

8' .

.

5'
I

reme
r>i a n r / 7*i m e' ! ixr q ext /N/7* $Xf Agggg/har, /pf punt

O
_

fr

30
-

15-
-

So

G8
i ,

|
I

l

I
l'

SCALE I"-2! |

suuoer.ts sn2 gg*
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RANC SECO UNIT 1a%. (M ' ' Q g 9
.g . .' mmm.) e. e .8 sw .. 4

SArl(AMi te lt i MtifJICil'AL UlittlY Di'.II4ICT p., ..,

___ .

buesu s: s DAIE.

STI(UCTIIRAl. lilTL",RITY TEST

CoriCRETE CRA'.l. SU tVEY ocer.
Cencration Engineerf.:

cy nEFFHENCE
\

.

.

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

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

CRID 0:1 WALL 0192 30' El 65'0"(#2) , g f32,yo.
.

.

e.

Q

ci
.

me

PS / DA TE/ r/M." |Nr EAT /N/r ext PRfSS/ HOM. hv7: /(UM
_ _

O

IS*
_

30
-

60

60

S C A l. E l''c L*
m v
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RANCHO SECO IT 1,
,

SACRAMENTO MUNICIPAL UTILITY DISTRICT % g
_

SUSJECT DATE
*

STRUCTURAL INTEGRITY TEST
'

CONCRETE CRACK SURVEY [e#neration Engineeri:,

gy REFERENCE
STP 006

'
. .- . . . . .. ...

.: ..... - .

,.

4191* Jo!
I

GRID ON t/ALL 0 192 30' El 115' 1-1/8" (#3)

I'

n '' - RikG GIRDER THICKENING
i

e

!

|

; -

|

|
.

* YEMM f *
OATffrinif C INT' sftf. ( IM/T'

|

- IS* [L / / f *= l '/g
,

fi T Pet.rs
oe Nom

IN T Hues

SCAL f /"# 2'
~

sasuD re.is sn2 og.
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SACRAMENTO MUNICIPAL UTILITY DISTRICT p.,. ,,
*

SUSJECT DATE

STRUCTURAL INTEGRITY TEST *

'
CONCRETE CRACK SURVEY DEPT.

Generation Engineeri..c

gy REFERENCE
STP 006

..

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

*
. . . . . . . . . . . . . . .

CRID ON WALL @ EQUIPMENT HATCH EL 3'0" (#4)

.

5

'
-

_

S' l' <

S'$ELYO- -

I

.

TEM Pps o n rr/ ri. vie o u r. evr | IN/r Ex r//r / Hun in7 //c/ns

a : .

Is"

30 .

+r
60

69

|

SCAlf l''- / *
.-. .___
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l;,.fd . g]Q']; RANCHO SECO L _I 1

SACRAMENTO MUNICIPAL UTILITY DISTRICT - -
,

p., o,

_-

SUBJECT DATE

STRUCTURAL INTEGRITY TEST
dONCRETE CRACK SURVEY DEPT.

Generation Engineerine
SY REFERENCE

STP 006

.

,
. ~. ..

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

GRID ON WALL @ BUTTRESS #1 EL-24 '0" (#5)

WALL FACE
gi 3

3-

,

. , . -

'

BEAR /NG /t
.

....
I

-

. g.

| TENDON
I , . . . .

ocsmon e
.-

|
.

.. f~f 2 *f L C-
'

.

!

.

'

MAT
s'

/
.

!

I

remo
PS/ Do97C/ T/MF /N r ExTil /N/ T: f A ~f PAf0///VM* | N T* d'f o/14

i 8

| tr

| 30

| 4r

[ 60
.

-.

68
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'!, f); h[|M3 RANClio SECO JNIT 1
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SACRAMENTO MUNICIPAL UTILITY OtSTRICT p ,i

DATEsusJact
,

$ STRUCTURAL INTEGRITY TEST
""'

COUCRETE CRACK SUS.VEY
Generation Eneineerire

Cy REFERENCE
STP 006

'
*

..

..
,

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

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

GRID ON WALL 0 B y ESS #1 EL 48'0" (#6)

.

'

WA LL FACE BurTRESS WALL
f' 3' l' -

TENDON
BEAR /NCr

/18

$' d. f7. 4 9.?c-

I

.

?r 7~ !Ns y CXY PRfss/ Hum _ /NT* Huntps; op 7f/7/Mr Int '

o
1.7 _.

_ - . .
- - .

so
w
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68
_=

..

'

\
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s.i RANCi!O SECO UNIT 1
~

SACRAMENTO MU'llCIPAL UTILITY DISTRICT r*

p, ,,

SU5 JECT DATE

STRUCTURAL INTEGRITY TEST *

CONCRETE CRACK SURVEY o Err.

Cencration Engineeri.x

CY REFERENCE
STP 006

.

-- . . . . . . .

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

*
e

GRID ON WALL @ BITITRESS #1 EL 120' 7-1/8" (#7)

.

-

.

*"c .

f a%g.
'

x| |
[

_

f

|

b'1

l
i

!

!
E4. /es' r kg

,

s'
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o
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w
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SACRAMENTO MUNICIPAL UTILITY DISTRICT p .e
-

SUBJECT DATE

ST'RUCTURAL INTEGRITY TEST
DEPT

CONCRETE CRACK SURVEY eneration Engineeris,

Cy REFERENCE
STP 006

. . ..
.

. .. . .. . . . -

~ ~~ ~ GRID NEAR CENTER OF DOME

N8 $_ GRID AT 9 FEE 7MORTH
g AMD (orTET CAST,

OF $ COMTALNMEMT STRVcTJRE,'-

7, -

.

G

7'

I .

psi osrer-, iJ"'s.r im r ex r: per ss/num wr. m
O
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30
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Go
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SACRAMENTO MUNICIPAL UTILITY DISTRICT p. , ce -
'

DATESUBJECT

STRUCTURAL INTEGRITY TEST -

CONCRETE CRACK SURVEY o E Pr.
Generation Engineeri..;

by HEFERENCE
STP 006 -

. . .. .. . . - -

. . . .

GRID ON DOME @ CENTERLINE BUTTRESS #1, 30' off DOME CENTER
.

A
$ 2. 00

.

0061E
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SUSJECT DATE
*

STRUCTURAL INTEGRITY TEST
CONCRETE CRACK SURVEY DEPT.

Cencration En2ir.ecrin
BY REFERENCE

STP 006

, . . . . . . . . . . . _ . . . _._

. . . . . . . . . . . . - _ . .. .. . . . - . . - -
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J
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EACRAMENTO MUNICIPAL UTILITY Dl5TRICT p., oe
*

-

sueJr.cr DATE

STRUCTURAL I!!TEGRITY TEST
CONCRETE CRACK SURVEY

,
""' Generation Engina-

*
gy REFERENCE

STP 006

. . . . . . . . . -

- ... . . . . .

GRID ON dol'E (RING GIRDER) AT BUTTRESS #2 (140 )

G' TO
OOAit

CEN kg
h

.

$140*
-

.
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SACRAMENTO MUNICIPAL UTILITY DISTRICT :-p, ,,

susJECT DATE
STRUCTURAL INTEGRITY TEST *

OEPT.

Generation Engineerine
SY REFERENCE

STP 006

- - . . . . . . - - . . ...
. . . ' T. . .

. . .. .. .. . . . . . . .

GRID ON DCHE (RING GIRDER) AT BUTTRESS #3(2600)

A | o
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SACRAMENTO MUNICIPAL UTILITY DISTRICT - -p., ., e

STRUCTURAL INTECRITY TEST -

'
CONCRETE 'MCK SURVEY o E rr.

Generation Engineeri.t-
SY REFERENCE

STP 006

..

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

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

CRID ABOVE TENDON ACCESS CALLERY @ 20 (G-8)

S
*

.

..

O

eum

. . . . ...

;
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SUBJECT DATE
e STRUCTt!RAL INTEGRITY TEST

CONCRETE CRACK SURVEY DEPT.
Generation Engineerinz-

SY REFERENCE

STP 006

.

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

. . . . . . . .

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

GRID ABOVE TENDON ACCESS CALLERY 0140 (G-9)

.
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3SACRAMENTO MUNICIPAL UTILITY DISTRICT p, ,,

SUBJECT DATE
STRUCTURAL INTEGRIIT TEST *

, CONCRETE CRACK SUR'/EY o s py,
Generation Engir.aering

SY REFERENCE
STP 006

,-

. <

.
*

. . . . . . . . . . . .
,

" - . - - - . . . . . . . . .. . . . . ..

.

.

GRID ABOVE TENDON ACCESS CALLERY @ 260 (G-10)

,
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11.0 Data Form For End Anchor Surveillance
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o RANCHO SECO UNTT 1> <% .
.

-

'
.

SACRAMENTO MUNICIPAL UTILITY DISTRICT pm et

SU8JECr DATE
STRUCTURAL INTEGRITY TEST

'

End Anchor Surveillance o Err.

Generation Engineeri.:
SY REFERENCE

STP 006
_

.

IIorizontal -

TENDON TYPE Vertical Tendon No.
Dome

1. Baseline inspection Data -- - -

0$ SERVED CRACKS 2. Peak pressure inspection Date
3. One to three days after stru-

cture test Date
4. Surveillance Date

-

s

1 Time Exterior Concrete Temp Interior Temp

2 Time Exterior Concrete Temp Interior Temp

3 Time Exterior Concrete Temp Interior Temp

4 Time Exterior Concrete Temp Interior Temp

All Reference Bar Measurements Taken According to Sketch

.

REFERENCE BAR MEASURDIENTS

Left Middle Right
1 Base Line

| 2 Peak Pressure -

! 3 1 to 3 days after S.T.
4 Surveillance

! Crack Sketch
|

-

r ___ ; _,

* C
.

-. _=
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12.0 Data Forms For Liner Plate Surveillance '
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i T ] RANCHO SECO Uh. 1

SACRAMENTO MUNICIPAL UTILITY DISTRICT p.g. of

SUBJE CT DATE
*

STRUCTURAL INTEGRITY TESTi

Liner Plate Surveillance DEPT.
Generation Engineering

BY REFERENCE
STP 006

Fixed Cord Displacement Measurement ,

LOCATION:
.

TYPE:
7~f M A,

TE 7TS 7" TIME 1 2 3 4 5 6 7 8 9 fg7- c ye

Baseline
.1 day after S.T. -

6 Mo. after S.T. -

1 Yr after initial Oper.

NOTE: Cord length numbered from lef t to right, or from top to bottom
depending on orientation of fixed cord

COENTS

.
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RANClio SECO UNIT 1-
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SACRAMENTO MUNICIPAL UTILITY DISTRICT p, av

susJEc7 DATE
,

,

STRUCTURAL INTEGRITY TEST
Liner Plate Surveillance ' ' ' *

.-

Generation Engineeri.;,

sy REFERENCE

SURVEY FOR STRAIN CONCENTRATION
,

LOCATION:

Sketch & Coc: ment as Appropriate

BASEL/NE

.

.

-

1 day after S.T.

.

6 months after S.T.

1

l

| 1 year after initial operatica

.
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PROCEDURE FOR

INSPECTING, MEASURING AND DOCUMENTING

EXTERIOR CONCRETE CRACKS

DURING THE

STRUCTURAL INTEGRITY TEST

FOR

THE SACRAMENTO MUNICIPAL UTILITY DISTRICT
-

.

RANCHO SECO NUCLEAR GENERATING STA!10N

UNIT NO. 1

1.0 SCOPE

This procedure specifies the items to be performed and the equipment
necessary to visually detect, measure and document concrete cracks
during the structural integrity test.

2.0 METHOD

At various pressure levels during the structural integrity test,
several selected locations on the exterior of the containment struc-
ture shall be visually inspected for cracks. If cracks are found,
their length and typical width shall be measured. Only typical
cracks av- the largest cracks will be recorded.

2.1 Sketches: Sketches shall be made of each location inspected.
These sketches shall indicate:

2.1.1 Date and hour of inspection.

2.1.2 Pressure level stage with respect to the structural
integrity test.

2.1.3 Location of cracks.

2.1.4 Width and length of cracks.

i

2.1.5 Estimated total nunbcr of cracks if only typical 4
,

cracks have been shown. l
1

2.1.6 Initials of person making observations.

2.1.7 General observations.

.

S

1F -1-
_
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These sketches shall be made on forms previously prepared
*
and including a reduced scale grid of the area observed and
a table for data encry.

3.0 LOCATIONS OF INSPECTION

The selected locations and their respective dimensions are shown in
Figure 1.

4.0 SCHEDULE OF INSPECTIONS

The selected locations shall be inspected at the following times:

a) One to three days bef ore the structural integrity test.

*

b) During pressurization at approximately 15 psig, 30 psig,
45 psig, and 60 psig. Pressurization need not be stopped

grcoycretecrackinspection.e r ooc v,<4 s o p<d/,- -- e 4 7f< te ,t w e. rser ec-a r... , c/ea.. u w y 9,,. cr g q g
c) At the peak pressure. ''' " a*' . j 3.fy,j

'

d) Within one day after depressurization is completed.

5.0 REPORTS

Sketch 2: 05:11 ic ::mpl:ted during c:ch inspa:Slon; they shall i-
available for inspection and use by the test director at all times
during the structural integrity test.

A final report shall be submitted to The Sacramento Utility District
within one month'of completion of the initial integrated leak rate
test and containment pressure test.

6.0 EQUIPMENT

The following equipment and supplies are required:

a) Scaffolding as required for access to inspection locations.
.

b) Two Peak Model No. 5 optical comparators or other suitable
devices for measuring crack width.

c) Lighting equipment as required for night observations.

d) One yellow, one blue and one red crayon f or marking cracks
and grids on the containment.

.
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{ e) ,Two rules for use as a straightedge and to determine crack
length.

.

7.0 INSPECTORS

Two inspectors will be required during each concrete inspection
period.

.
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PROCEDURE FOR

MEASUREMENT OF CONTAINMENT STRUCTURE

DEFORMATIONS DURING THE STRUCTURAL INTEGRITY TEST

FOR

SACRAMENTO MUNICIPAL UTILITY DISTRICT

RANCHO SECO NUCLEAR GENERATING STATION

UNIT NO. 1
.

-

(

1.0 SCOPE'

This procedure specifies the items to be performed and the equipment
and labor necessary to determine radial and vertical deformations
of selected locations inside the containment structure during the
structural integrity test.

2.0 METHOD

Deformations shall be determined using taut wire extensometers
. attached to the liner plate at liner plate anchore and either the
internal concrete structure or another location on the liner plate.
Daformation measurements shall be corrected for the effects of
tempe ratu re. The signals from the taut wire extensometers shall be
monitored at a location outside the containment; the location shall
permit audible communication with the pressurization control panel.

2.1 Calib ration : Each extensometer shall be calibrated prior to the
structural integrity test. Calibration shall include:
2.1.1 Determine relationship by applying known displacements

and observing resulting potentiometer voltage changes. .

2.1.2 The potentiometer measured displacements differ from
those applied by no more than 0.025 inches in 1/2 inch
of movement.

2.1.3 The forces exerted by the negator spring during
extension and contraction differ by no more than 0.20
pounds.

2.1.4 Determining ef fect of extensometer hysteresis.

2.1.5 Determining repeatability of measurements.

2.1.6 A final calibration check shall be conducted at the
end of the test.

2F -1- ~
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The results of extensometer calibration shall be included in
c the test report. These results shall include raw data,

calculations and reduced data.

3.0 LOCATIONS OF MEASUREME]

Deformations shall be measured as indicated in Figures 1 to 4.
The location of deformation measurements shall be changed only with
the approval of the test director.

4.0 SCHEDULE OF MEASUREMENT

Deformations shall be measured at the following pressures, during
both pressurization and depressurization:

.

O psig ~ 30 psig
5 psig 35 psig i
10 psig 40 psig '

15 psig 45 psig
20 psig 50 psig
25 psig 55 psig

60 psig
65 psig
68 psig

In addition, def ormations shall be measured at the start, end and
at 2 hour intervals during all pressure hold periods.

5.0 REPORTS
.

All deformation data shall be tabulated, analyzed and graphed on a
preliminary basis within one hour af ter being taken. The graphs of
data shall be available for inspection and use by the test director
at all times during the structural integrity test.

An original certified final report and twelve (12) additional copies
shall be submitted to the Sacramento Municipal Utility District one
month af ter completion of the Structural Integrity Test. The report
shall include test procedures, rac data, sample data, data reduction
calculations, reduced data, pertinent graphs and calibration results.

6.0 EQUlPMENT AND L\B0R

The following equipment and supplies are required:

a) 36 taut wire extensometers.,

b) Equipment and supplies required to install extensometers and
connect to a data acquisition system near the pressurization
control panel.

2F -2-
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c) Data acquisition sys tem suitable for recording all deformation
' readings within 5 minutes.

,

d) Supervision of Equipment installation, technician for data
acquisition m:rstem operation and data recording.

e) Technician for data reduction and analysis during test.

7.0 LABOR NOT INCLUDED

Craf t labor required f or installation and maintenance of equipment
shall not be provided by the equipment supplier.
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- RANCIIO SECO
;

e.

REACTOR BUILDING STRUCTURAL INTEGRITY TEST

*

EXTENSOMETER ANCHOR POINT LOCATIONS

(Extensometer Connected to Stud)

IASURE- TYPE ANC110 RED AZIMUTH DISTANCE ELEVATION STRAIGHILINE REMARKS |

ENT OF TO FROMI DISTANCE
OINT Na ANCHOR CONTAINMENT BETWEEN POINTS

H1 Stud Liner 1410 65' (-)6'-6"
H1 Eye Stair Housing 1410 58'-8" 3'-6" 6'-4"

H2 Stud Liner 4 139
~

65' 3'-6"
H2 Eye Stair Housing 139 59' 3'-6" 6'-0"

H3 Stud Liner M 1400 65' 13'-6"
H3 Eye Stair Housing 1400 55' 9-3/8" 13'-6" 9' 2-5/8"

H4 Stud Liner 8 1400 65' 43'-6"
'

H4 Eye Stair Housing 1400 55' 9-3/8" 4 3 '-6" 9 ' 2 -5/8"

H5 Stud Liner 4 1400 65' 67'-0"

( Eye Secondary Shield 140" 32' 11-3/8" 67'-0" 32 0-5/8"
,

H5A Stud Liner M '320 30' 65' 67'-0"
HSA Eye Secondary Shicid320030' 48'-11" 67'-0" 16'-1"

H6 Stud Liner M 1400 65' 107'-0" 130'-0"
H6 Eye Liner S 3200 65' 107'-0" (Computed)

H7 Stud Liner 8 1400 65' 114'-0" 130'-0"
H7 Eye Liner /P1 320 65' 114'-0" (Computed)

H8 Stud Liner M 3300 65' (-)6'-6" 4'9-7/8"
H8 Eye Steel Column 330 60'2-1/8(-)6'-6"

H9 Stud Liner 8 330 65' 3'-6"
H9 Eyc Steel Column 330 60'l-1/4" 3'-6" 4'10-3/4"

H10 Stud Liner M 3300 65' 13'-6" 4'9-7/8"
H10 Eye Steel Column 3300 60'2-1/8" 13'-6"

H11 Stud Liner M 3300 65' 42'-6"
H11 Eye Steel Column 330 60'2-3/8" 42'6" 4'9-5/8"

H12 Stud Liner Plate 54 30' 65' (-)6'-6" 14'l-3/8"
H12 Eye Secondary Shield 54030' 50'10-5/8"(-)6'-6"

t. Stud Liner Plate 54030' 65' 3'-6".

111 3 Eye Steel Column 54030' 49'3-5/8" 3'-6" 15'6 :/8"

H14 Stud Liner 54 30' 65' 13'-6"
'

H14 Eye Steel Column 54030' 49'3-5/8" 13 ' -6,, 15'8-3/8"
._
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REACTOR EUILDING STRUCTURAL INTEGRITY TEST'

* EXTENSOMETER ANCHOR POINT LOCATIONS

' (Extensometer Connected to Stud)

LSURE- TYPE ANCHORED AZIMUTH DISTANCE ELEVATION STRAIGHTLINE REMARKS
IT OF TO FROMd DISTANCE
.NT No. ANCHOR CONTAINMENT EETWEEN POINTS

S Stud Liner Plate 48030' 65' 43'6"
5* Eye Secondary. Shield 48030' 29'7-1/4" 43'6" 35'4-3/4"

6A Stud Liner 48030' 65' 67'0"
6A Eye Secondary Shield 48030' 28'2-3/8" 67'0" 36'9-5/8"
6 Stud Liner Plate 228030' 65' 67'0" 18'0-1/4"
6 Eye Secondary Shield 228030' 46'11-3/4" 67'0"

7 S?.ud Liner Plate 48030' 65' 102'1" 130'0"
7 Eya Liner Plate 228030 65' 102'1"

B Stud Liner Plate 48 30' 65' 116'0" 130'0"
9 Sya Liner olara 22A01n' 65' 116'n"

9A Stud Liner Plate 200 65' 67'0" 21'3-5/8"
3A Eye Secondary Shield 200 43'8-3/8" 67'0"(ace below)

Eye Dome Liner 2250 48'0" 144'3-5/8" 77'3-5/8" Vertical
Stud Top of Secondary 2250 48'0" 67''0"

Shield Wall
Eye Dome Liner a 225 33'0" 152'3-3/4" 92'6-3/8" 6'4"
Stud Concrete Deck 233055' 28'10-1/2" 60'0" Out of Plumb

Eye Dome Liner /$ 2250 18'0" 156'i-7/8" l'6-1/4"
Stud Concrete Deck 221047' 19'l-3/8" 60'0" 96'8" Out of Plumb '

Eye Dome Liner 225 3'0" 157'11-3/4" 12'l-1I2"0

Stud Concrete Deck 1880-28' 14'4-7/8" 60'0" 98'8-3/4" Out of Plumb

Eye Liner Plate 47030' 64'6" 114'0"
Stud Liner Plate 47030' 64'6" (-)16'6" 130'6"

Eye Liner Plate 2420 64'7" 115'l-1/8" 131'7-1/8"
Stud Liner Plate 2420 64'7" (-)16'6" 1

Eye Bottom of Con-
crete Deck 239 64'7" 59'4"

| Stud Liner Plate 239 64'7" (-)i6'6" 75'10"0

Eye Liner Plate 239 47' 64'6" *115'l-1/8"
Stud Top of Concrete 239 47' 64'6" 60'0" 55'l-1/8"Deck

1

Stud. Liner Plate 2050 65' 67'0" 14'2-5/8" i

Eye Secondary !6hield 2050 50'9-3/8" 67'0" jrwut
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RANCHO SECO
.

*
REACTOR BUILDING STRUCTURAL INTEGRITY TEST

EXTENSOMETER ANCHOR POINT LOCATIONS

(Extensometer Connected to Stud)

ASURE- TYPE ANCHORED AZIMUTH DISTANCE ELEVATION STRAIGHTLINE REMARKS
NT of TO FROM( DISTANCE
INT No ANCHOR CONTAINMENT BETWEEN POINTS

1 Stud Liner Plate 68019' 65' 9'6"
1 Eye Concrete Deck 68019' 41' l'7-3/4" 25'2" Horizontal

Distance = 24
.-

2 Stud Liner Plate 74 50' 65' 9'6" 23'10-3/4"
2 Eye Steel Column 74 50" 41'l-1/4" 9'6"

.

3 Stud Liner Plate 81 09' 65' 10 ' 6",, 6,2-3 /4,,3 Eye Steel Column 81009' 58'9-1/4" 10'6
i Stud Liner Plate 98 51' 65' 10'6" 6'2-3/4"
i Eye Steel Column 98 51' 58'9-1/4" 10'6"

5 cud Liner Flace 105^10' e5' y'6"
i Eye ELEVATOR Housing 105 10' 62'8-5/8" 9'6" 2'3-3/8"
i Stud Liner Plate 111 41' 65' 9'6"
i Eye Elevator Housing 111041' 60'8-1/2" 9'6" 4'3-1/2"
' Stud Liner Plate 90 0' 65' 21'4" 43'
' Eye Secondary Shield 9000' 22' 21'4"

: Stud Liner Plate 90 0' 65' 26'6" 43'
: Eye Secondary Shield 90 0' 22' 26'6"

' Stud Liner Plate 90 0' 65' 33'6" 43'
Eye Secondary Shield 9000' 22' 33'6"'

.

2F-10-
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e PROCEDURE FOR

POST-TENSIONING SYSTEM END ANCHOR CONCRETE,

SURVEILLANCE .

FOR

SACRAMENTO MUNICIPAL UTILITY DISTRICT. ,

RANCHO SECO NUCLEAR GENERATING STATION

UNIT NO. 1

l'.0 SCOPE -

c

This procedure specifies the items to be performed and the equipment
necessary to detect and measure any concrete cracking or end anchor-

movement at the surveillance tendon end anchorages.
4

2.0 METHOD

The surveillance tendon end anchorages and adjacent concrete surface
shall be inspected at five year intervals.

2.1 Inspection: Each inspection shall include the following:

2.1.1 Visual inspection of the end anchorage concrete
exterior surfaces.

2.1.2 Measurement of interior and exterior concrete
temperature.

2.1.3 Sketching each location inspected. These sketches
shall include:

a) Date and hour of inspection
,

b) Location of cracks.

c) Width and length of cracks

d) Estimated total number of cracks if only typical
cracks are shown

e) Initials of person making observations

f) Distance from reference bars to bearing plate
(See Section 2.2)

.

.

3F -1-
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2.2 , End Anchor Movements : End anchor movements shall be
measured using ref erence bars and a dial depth gage.
The reference bars are shown on sketch SK-6292-188
sheets 1 thru 4.

3.0 SURVEILLANCE TENDONS

The su'rveillance tendons shall be as follows:

a) The two end anchorages of 9 tendons immediately adjacent
to lift-off surveillance tendons shall be inspected. The

tendons involved are:

Horizontal 29, 53, 112

*
Vertical 14, 60, 100

.

Dome 18, 74, 30

4.0 SCHEDULE OF SURVEILLANCE

The end anchorages shall be surveyed at the following times:

a) One to three days before the structural integrity
test.

b) At peak pressure during the structural integrity test.

c) One to three days after the structural integrity test.
'

d) At five ye'ar intervals subsequent to the structural
integrity test.

e) Before removal of f rames and af ter their replacement

as required for tendon surveillance, bearing plate move-
ment measurements shall be made.

5.0 REPORIS

A surveillance report shall be submitted af ter the struccural
integrity test and all subsequent surveillances.

6.0 EQUIPMENT

-
--

The following equipment and supplies are required: j

|
' a) Two f rames for each surveillance tendon (18 total).

b) One dial depth gage range 0" to 6" (Mitutoyo Mfg. Co.
Ltd. Code No. 7217 or equal).

c) Scaff olding for access to surveillance tendons.
,h.-

.

*

.
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e PROCEDURE FOR
.

LINEh PLATE SURVEILLANCE

FOR

SACRAMENTO MUNICIPAL UTILITY DISTRICT

PANCHO SECO NUCLEAR GENERATING STATION

UNIT NO. 1

1.0 SCOPE
.

This procedure specifies the items to be performed and the equipment e

necessary to observe liner plate and liner plate ancher movements
at various selected locations and possible strain concentrations
at other selected locations.

.

2.0 ' METHOD

2.1 Displacement: Liner plate and liner plate anchor movements
shall be measured with a dial depth gage and a short fixed
chord at four locations on the liner plate. The fixed chord
shall be approximately 3 feet long and span four ancnor spaces
at each location. Measurements shall be made and recorded as
follows:

2.1.1 Select the locations for measurement and permanently
mark them.

2.1.2 Install the fixed chord.

2.1.3 Record time, date and exterior and interior tempera-
ture when measurements are made.

2.1.4 Record all dial depth gage readings.

The fixed chord and dial depth gage measurement system is shown
in Figure 1 and Figure 2.

2.2 Strain: Four locations shall be surveyed for any indication of
strain concentrations. Surveillance consists of removing any
grease or foreign material and determining if any evidence of
strain concentrations are present. Strain concentrations will
be indicated by large deformations, liner cracking and pos-
sibly paint cracking. Any indication of strain concentration
shall be shown on a sketch of the area surveyed.

d
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3.0 LOCATIONS OF SURVEILLANCE

Thir procedure involves the survey of ten areas on the liner plate:
six for displacement and four for strain. These areas shall be
selected at the jobsite based on the as-built configuration of the
liner plate and case of accessibility.

Four of the areas for displacement measurement shall have an initial
inward curvature between the liner anchors (i.e. two horizontal and
two vertical) while the other two shall have a typical outward
curvature.

The four areas for streta concentration survey shall be where dis-
continuities occur such as the penetration reinforcing plates and.

*

nozzle to reinforcing plate connections.
<

4.0 SCHEDULE OF SURVEILLANCE

The selected locations shall be surveyed at the following times.

a) One to three days before the structural integrity test,

b) Within one day af ter depressurization is completed.

c) Six e.onths sfrer enmpletion of tha * * *ue e n r.91 integri ty
test.

d) Approximately one year af ter initial start-up.

Surveillance of the liner plate shall not continue beyond one year
af ter initial start-up provided evidence of strains exceeding design
limits is not found.

5.0 REPORTS
-

All findings shall be documented in reports and submitted to The
Sacramento Municipal Utility District as follows:

a) Af ter completion of the integrated leak rate test.

b) Af ter completion of periodic surveillances.

The report prepared af ter the last scheduled surveillance shall
document all findings and recommend a schedule for f uture surveys,
if any.

.

6.0 EQUlPMENT
.

The following equipment and supplies are required:

a) Four short fixed chord measurement devices as shown in Figure
1.

t
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b) Two short fixed chord measurement devices as shown in~

s Figure 2.

c) One dial depth gage range 0" to 6" (Mitutoyo Mfg. Co. Ltd.
Code No. 7212 or equal).

d) Lighting equipment as required.

e) Supplies and equipment ~ to permanently mark the location
measured by the dial depth gage.

4
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RANCHO SECO |

/N'

NONCONFORMING REPORT go,,

Q Class 1 1

:
,

Rancho Seco Unit No. 1l. DrawingHnstallation No. Inspecto, John Jewett
Drawing / installation Name _ ILRT Location Rancho Seco
P. OJContract No. Special Date Feb. 1, 1974

Supplier / Contractor Name Bechtel
.

Bl. Description of Nonconformance

Model 269 Multimeter Digital Gage Scristal No. 57185 is presently installed for
use in the Data Acquisition Syst.cm. No calibration data is available on this
item.

E
.

NOT * A certification is available for gage S/N 59185.
<

.e=. wee

Ill. DISPOSITION
I!(Check One) Accept Reject Hepair Rework

IV. Disposition instructions and Technical Justification

f pro , C J fa:n C ee-hfic ait est o 'f * Nb'"Ver;fy S/// ti,eos.r :rfoscy ;.r y

$a 5/ T 7 / ii') ', ~
r

.

hs) A L, G $ c) LT

0 0 4'.a' G c TG.O @ f' 4.gG h ,.y
/dAs /34*EaJ 6 < E'M O ( /7p Fiefd Engineer

"

V. ENGINEERING REVIEW BOARD (Reauired on all accept / repair dispositions) .g
WW Ozw 2 d-74-
'

Bechtet OA E DATE Bechtel PE DATE SMUD PE DATE

VI. Repair /Rewerk Compicte and Acceptable , g eiet
, fg g

4Sf \ 1.Jinsaector/ Engineer Date

i efil. Cause and Corrective Action

j Typ o ei co e .n c op in, S4V. . Cnir-ch ca bence / ,% a b.r ne 9,. L.e

''Cor c e

)lSTRIBUTION This chaege af fect functional test.
" w.//n rr ppe

echtel Field [4' if Electrical, give fenction of circuit changed'

echtel horwalk .' => -

2hMUD i

echtel QAE I;1/ orig.)
Change incorporated in test procedure enc' ratested, when required.

Test Coordinator



u 2 . . . , o .. T
,

I

s...>......, . . . . . , , . . , . . = _ . . , . .

.. .m . . . .
~ l '{. * ., "'. , '

..m.

. .- $ .. ;'s<,'.'fz..J * .*g:file.'i ,:. d},'.Q * ;,...dA | Te . $f. g " Pjf,*?e
4. ,, . ~2.. . . .s, ., .. . , . . . .- ... .. .. ... .. . .s '. ... ; .. , ,~.... .. . . . .,

|;'''"r- !;*it, i : y .t , . - f.,
.

= > ., ";y i * h g o g.a ;:r:.;p_ ',s.,. ;;y'
1, s.

-
.

.
,, d:,E

r 3 p..,*, . ' t,, .,W. .|:., . *. *.-..v.
.

.f. j;,1 r y. .. y. ? r .,';s n g *g *. . o - . n.,. . . %
* t ;

s t * ,s .9 *> . , w. ,. .mi ;r -

\7.* =
- * .p. . .... ,

? **=v .. n- io,.. -

_ _ .
, 1, -- , .;.

l' t .2
\

.
- ......V<

' * . .:
i,

- *

., ' . s
, . y...L

.
. . i

>s...

I 37. -(.
.;

[: . . . . ~. ' -] !-%w4
'

I c. .r.
-

| L. .i. ;::p . .. , . . . . ~ , . - - .8
'. . .

n.. !.. . .
. . .

. -. , .,, . .. . . . . . . . . .

I.1 8.c,. 4 ** e. . 3 t:.;i. .'.."'>>.. e :::.)
,

.g , -

,. .-a.
'. L __ U r*. . %~

j

C'!,4(i$g
-ge

..1 1001 EAST TCUHY AVENUE. DES PLAINES, ILLINOIS 60018 .

-

h r.%.k.

i MIDWEST REGloNAl. OFFICE &: - 4,s. .

,

.t. .

?,: . ill.' 1
. . .

.

-0
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We certify that the instrument listed below was- duly tested . QQ$.
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6|
and inspected prior to shipment and that it met oil of the published . d"9.'

*

w. R.ts ..

,

s.n:2
v..

, -. .
.d| physical and operating specifications for this instrument. !

% o,m$i * :
p- : s. ,* -

. , j. . .{.:ji$b.: Electro Rent's primary and secondary stonderds are traceable ~
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Bureou's calibration facilities. Q ' ;.ty
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SACRAMENTO MUNICIPAL UTILITY Dif.TRICT C G201 S Street, Box 15830, Socramer to, Califomia 95813; (916) 452 3211

RANCHO SECO NUCLEAR GENERATING STATION UNIT NO.1

PHOCEDURE CHAUGE APPHOVAL FORM

Procedure Number T 79 006 / ,g ,J
Titfe 5 7 g g ; v g A c. fy 75Gp/ i V T*gf7"-e

py G6-v-g+Originator _ 6_ ec,,. , ,, pft.y Date 2-9 yy.

Approved Date
Group Sc> ervisor

Recommend Approval by Plant Review Committee: Yes[ ] No ( )

Requested Change /7c4/ 4. ,j, . 49 g,,_ ,,,,,4 $ j, o y,( -

a f f2 PS/G b s,. . ir ,, , n , Y emd s E A,./c/ &-for / a,

,,, ,- _ . . 4 x \ \ x \

_ \ \ \ \ \
\ \ \ \ \

Reason for Changa ffEC ife onsf }o ,Gdd e c,? So b .5- r
<m . s > u e / he A s le/7 \ \ \ \

s s \ \ \ \
\._ \ \ \ \
i \ \ \. \

s

Apuroved j h[/ Feto. /% l97Y3 Date
Plant Review Commettde /

R6 amend Review by Management Safety Review Committea: Yes[ ] No [.X)

Approved (b.I_/)E2,./i> Date 2 ' > 7 74
* '' Plant jiuperstitendent

Forward to Management Safety Review Committee: Yes [ ] No [.Y]
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SACRAfACNTO MUNICIPAL UTILITY DISTRICT O 6201 S Street, Box 15?30, Sacramento. California 95813; (31 0 452 3211

RANCHO SECO NUCLEAR GENERATING STATION UNIT NO.1

PROCEDURE CHANGE APPROVAL FORT.1
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