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Jocassee Development
Report on the August 25, 1979
Earthquake and its effect on the
Jocassee Structures
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1.0 * "INTRODUCTION

On August 25, 1979 a local magnitude 3.6 earthquake was recorded in the
vicinity of Jocassee Deve1opment of the Keowee-Toxaway Project. The
purpose of this report is to present information on the seismic. event and
to discuss the effect of the event on the Jocassee Dam and appurtenant
structures.

For additional details on the Jocassee Development and a discussion of
previous seismic activity refer to "Duke Power Company, Jocassee Development,
Jocassee Dam, Seismic Investigation, October 1975 - May 31, 1977, Summary
Report" submitted to the Nuclear Regulatory Commission (NRC on July 19, 1977
and to the Federal Energy Regulatory Commission (FERC) on August 2, 1977.
Also refer to "A Report on the Seismic Activity at Lake Jocassee between
October 1975 and December 31, 1978" prepared by Dr. Pradeep Talwani of the

University of South Carolina submitted to the NRC on February 15, 1979 and
to the FERC on March 7, 1979. :

Presently Duke has an agreement with the University of South Carolina (USC)
to monitor seismicity using three semi-permanent stations Duke has previously
installed in the Jocassee area. USC maintains the three field stations and
Duke maintains the recording equipment located in the Jocassee Powerhouse.
Duke provides the seismograph charts to USC and USC reports unusual activity
to Duke and provides Duke with research reports.

2.0 'AUGUST 25, "1979 EARTHQUAKE

At 9:31 p.m., on August 25, 1979, a local magnitude 3.6 earthquake was re-
corded in the Jocassee area. The earthquake was located about 2 miles
southwest of the Jocassee Dam and was followed by a series of much smaller
aftershocks.

Available particulars for these events are given below:

Mag. Location Depth

Date Time (1ocal) Lat/Long (km)
8/25/79 9:31 pm 3.6 34° 56.84' N/82° 56.69'W 2 to 3

8/25/79 9:45 pm <0 34° 56.56' N/82° 56.38'W 2.4
8/26/79 5:48 pm <0 34° 56.25' N/82° 56.21'W 4.05
8/27/79 1:07 am 2.0 34° 55.95' N/82° 56.15'W 1.74

From August 27, 1979 to September 4, 1979, 16 events had been recorded with
a maximum magnitude of about 0.50.

The magnitude 3.6 event on August 25 was recorded by the three semi-
permanent seismograph stations in the Jocassee area. After the event, USC
deployed a series of 4 portable stations in the Jocassee area to monitor
aftershocks.
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The event did not trigger the strong motion instrument, located in the Qconee
Nuclear Station which is set to be triggered by .01g acceleration. The
Oconee Station is approximately 12 miles from Jocassee.

3.0 EFFECTS OF EARTHQUAKE ' ON'JOCASSEE STRUCTURES

3.1 ~ GENERAL

Immediately following the August 25, 1979 earthquake, the Jocassee Dam and
appurtenant structures were inspected by plant personnel to detect any
detrimental effects caused by the event. No significant changes were .
observed in the instrumentation or the structures themselves. On‘August
31, 1979, the plant structures were again inspected by plant personnel,
engineers from Duke's Design Engineering Department and Professor George F.
Sowers and Mr. C. E. Sams of Law Engineering Testing Company. '

3.2 POWERHQOUSE

Some minor cracking was observed for the first time in the Jocassee Power-
house. In the Powerhouse Control Room, hairline cracks were observed in the
glazed tile north wall. In the Cable Room, cracks were observed in the
concrete block partition wall. These cracks formed a zig-zag pattern in

the mortar joints of the non-structural walls-and extended to several.blocks on
each wall. They have no significantly adverse effect on the powerhouse
structure.

Four hairline cracks were also observed, for the first time, across the pipe
gallery floor near the west end of the powerhouse. They may have been
caused by the event, but could have -existed prior to the event. These
cracks are not considered to present any safety problems.

3.3 SEEPAGE

As reported in previous referenced reports, seepage through both abutments
is collected and monitored. Some minor increases in the seepage readings
were observed after the seismic event of August 25, but such variations

are within the normal changes caused by rainfall and reservoir fluctuations.
Almost three and one half inches of rainfall were recorded in the Jocassee
area for the period August 22 through August 26, 1979. The Jocassee -
Reservoir level was increased from Elevation 1106.7 at midnight on August -
24 to Elevation 1109.0 at midnight on August 26.

‘A Parshall Flume is used to measure cummulative seepage on the west abutment.
A recording chart is used to monitor the flow instantaneously. Attached as
Figure A is a copy of the chart for the day of August 25, 1979 showing an
almost indiscernable increase in the seepage following the seismic event.
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3.4 'SURFACE MONUMENTS

There are thirteen monuments on the crest of the Jocassee Dam, nine monu-
ments on the downstream side of the crest and four monuments on the upstream
side. The monuments are monitored twice yearly for horizontal deflection
and vertical settlement.

Readings of the monuments had been made on August 23, 1979 and were taken
again, following the event, on August 27, 1979. The maximum vertical
settlement recorded was 06 ft. However, the closure error for the vertical
measurement was .08 ft. which is considered excessive. A resurvey on
September 5, 1979 showed a maximum vertical settlement of .01 ft. with the
closure error of .03 ft.,which is within the usual accuracy. The movement
due to the earthquake, if any, is very small, when compared to the total

- settlement recorded to date.

Graphs showing settlement versus time are attached as Figures B-1 for 1973-77
and B-2 for 1978-79. The graphs were plotted using data taken on August 23,
1979 and September 5, 1979.

The readings showed a maximum horizontal deflection of .03 ft. which is very
small when compared to the readings to date. Graphs showing horizontal
deflection versus time are attached as Figures C-1(a) through C-9(a) for
1973-77 and C-1(b) through C-9(b) for 1978-79. Measurements taken on August
23, 1979 and August 27, 1979 were incorporated in the above plots.

3.5 'SLOPE INDICATORS

As discussed in the referenced reports,a 1ong1tud1na1 crack had been noted
along the upstream edge of the Jocassee Dam crest in 1973. Two slope in-
dicator tubes were installed at station 14+46 and 14+92 to monitor movement
of the crack. The tubes were installed just upstream of the crack and
extended through the rock and filter material and into the core.

Prior to the August 25, 1979 earthquake, the slope indicator tubes had shown
a maximum deflection in the upstream direction of about 6.5 inches, recorded
on July 12, 1979. This deflection was measured at the 10 ft. depth of the
tube which is about four feet into the embankment slope.

Readings taken on August 27 and September 4, 1979 show the movement of the
tubes at 10 ft. depth to be about 1 inch in the downstream direction, re-
lative to the July 12, 1979 reading,indicating that the shell material
moved downstream and c]osed the crack to some degree.

There appeared to be no significant changes in the lower partion of tube
extending into the core material.

Figure D-1(a) and (b) and D-2(a) and (b) are plots of Slope Indicator Tube
#1 and #2 respectively. and show deflection versus t1me for selected depths
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below the top of the slope indicatar tube. Readings of July 12, August 27
and September 4, 1979 were plotted.

The report of Law Engineering Testing Company, the independent consultant
attached as Appendix 1 concludes that there were no significant changes as
a result of the August 25, 1979 event which could affect the safety of
structures. '

4.0 CONCLUSION

Based on a thorough inspection of the structures and an evaluation of the
dam instrumentation, no detrimental effect of the August 25, 1972 earthquake
has been noted on the Jocassee Dam and the appurtenant structures.

Attachments



12 Mldnnth 5/24/7«4
- 15 ‘inches ra-nFall)

B AM 8/25/751_-

E ( 4 -richee ra-n{’all)

: ; ;
i N i .
. - ; i
. !
. ! ) o !
; 1 ; : ' *
: - : i S ; y
: _= i ; B ’
; ; : : y
! g ; :
, ! 3 g ;
H : ! o h N
. i i ' ‘ 5
- : ; Seepaqe o
‘1 % T Ce—- N
' o X £ < .
0 (o)
BV o - 9
) © . O j
i
; i :
1 l !

3W|.L T

S
¢ .
e e s

[N

. v A
! P

T 6/2.5/71

T .’-;"?:'(EAQTuaUAkE)

l
- f

(lO richés ramfa(()
I? 00 MiAnight ghr g

1 ao PM 3/25/7«1, o

Fiaupe A

_,.;.N,_Wee‘r Abutment See
- Parehall Flume Tapf?eq

Ty @[ 19




.
<
-
3
z
-
a
<
=

47 3653

% YEARS BY MONTHS

;H"E X 100 DIVISIONS -

(Feez‘)

¥

é £le };:-7‘

[

Horizantal,
-

KEUFFEL & ESSER CO.

100 -

1.8

I

|
-~
[P

—
e

/0N

',
L
-0

i A

0

>
|

90

80

70

60

50

30

»
wi

20

10

Jan,
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.
Jan.

" |Feb.
Mar.
Apr.
May
June

“uly
Aug.
Sept.
Oct.
Nov.
Dec.
May
fune
Aug.
Sept.
Oct.
Nov.
Dec.
Jan.
Feb.
Mar.
Apr.
May
June
July
Avg.
Sept.
Oct.

Nov.
Dec.
Jan.
fFeb.
Mar.

Sept.

Nov.

Dec.

LJt July

L YEAR
a? SFHarron

. . 3700  (Jocassee U Fe

gy S

RO

Ur

clie -

~e

S




XY

n
&

1” T e .:I.Nﬂwuﬁl...,

.9

.G

1.5

1.4

o

N

-~
-
~—

0

!

47 3653
MADE N U.B.A: ®

i
i

HORIZONTAL DEFLECTION (Feet)

KEUFFEL & ESSER CO.

’

H’“‘E % YEARS BY MONTHS
. X 100 DIVISIONS

v i

e e e g e b i

1

100
:

- 90

80

: 70

60

50

40

30

20

10

.AIH. * BN 14
- v [T Py
M 0
. . L . . . . . - - . o P - . o - . ) . . S . . o - P P -
s 8§ £ 5 3% 3 £33 % 858 5 FE 2 25 g : gls§ EEEPE oz 2R ZE s E §F:EFEz234: ElsFEzEE:Zazoiod
1978 1979 19 .50 19 81 19.82
w _ YEAR . o . \
. | | FiGURE C- (b
../_Onbmmm“mm_ DAM MONUMENT ¥ “at w.i.:oz 3+00- GL
e e e e e R . m . — ] e

R R




: ’ : v \ ! : : P ; ’ )
N SEREEE R PO S A PR 2 ‘ ,
\‘ ¥ i i : : : . . p R X 2
_ ‘ i ; i
) Lf" T i
C -
{0 8 YEARS BY MONTHS 47 3653 P _
. A : HOE X 100 DIVISIONS | WADKIN U.8.A. @ \\_// i
i - ) S o - kEuFFEL 8 ggsERCcO, T T T o i . o 3
N | Horizontal Deflection (Feet)
* ' \ : Lo
i . 1. L B » I N ! +
. e e e e s e o s m
. ) - . ) . . - . ‘e ) - 0 .
N > Y-S SNEL N L L W - S IO SO SRR > SR SN S S N ) BN D~ S
3 .
' o : Jan,
v Fab.
" ; Mar.
‘ ( : Apr.
B o [
e ©
o June
Ii . July
il
p Aug.
.
l; { . Sept.
iy
i : ; Oct.
i Nov.
12
Dec.
‘ Jan.
{ |reb.
; i Mar.
; .
| Apr.
i
[ .
i May
X 3
il g N June
, g -1 July \\
¢ Aug.
RS
N Sept.
J . :#\ Oct. \
N ) Nov. \
'
. Dec.
i
: Q Jan.
- N N
Feb.
("\ Mar.
\* -
P Q Apr. \
3
' ~. S May
T 0O
\\hﬁ ]h!n.e iRt i a ARAREAR g 1 i i |
b Uy July
’ Q] :D Aug.
A 3
OQ Sept.
: Q oct,
Nov.
b ~
] K Dec.
© Jan.
0
R Feb.
(Ij .
(0 Mar.
g Apf.
! [ g May
s ! w
B b June
: Q
. R o July
9 Aug.
Sept.
Oct.
Nov.
Dec.
Jan. \
Feb.
Mar. \
Apr. \
- May \
w N
- June
July \
Aug.
Sept.
Oct.
Nov.
Dec o wn ~ (-3 3
: o ] S 8 8 S 8 S =3
i | .
| ! [ j




9355VO0r

00+SG NOLUWLS 4°

-
a
ot

L LNINNNOK. Nvel.

pA

A73A

H

.

L RE

% YEARS BY MONTHS
X 100 DIVISIONS

47 3653

MADE SN U.B.A. »

0 KEUFFEL & ESSER €O ...

N

.

AW\l

K|

3

)

-0

=

—

HORIZONTAL PEFLECTION  (Feet) ..~

o

w

~

Sl

9]

Ll

g&'l

b

0'z

61

Jan.

Feb.

Apr.

May

1 |June

July

Aug.

Oct.
Nov.

Dec.

Sept.

'l

5%

7S
4

K]

bl

61

© - Dan.

Feb.

Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.

Dec.

Jan.

Feb.

Mah

Apr.
May
June
July
Aug.
Sept.
Qct.
Nov.

Dec.

61

Jan.
Feb
Mar.
Apr.
M;y
fun?
July

Aug.

Nov.

Dec.

Sept.

Oct.

61

Jan,

Feb.
Mar.
Apr.
May
June
July

Aug.

Oct.

| Nov.

Dec.

Sept.

o1

14

(41

oy

0S

09

0L

08

06

001




L

SR

s T, AA..A‘,.x.»(‘Il..Mu.o . , . . | .. | . . . . . .. _ 100

.\..,% - — - - . 90

1i6 ; : T . 8

L5

LY : : . . 70

R - _fﬁ\.w

60

—~
~N)

(Fee?)

50

—_—
-
)]

../m
N
!

1

De f/ééf/b/;

‘47 3683
MADK IN U.B.A. o

|
L 3
 ~

Horiz onta /
"
\
\
\

,$ 30

', KEUFFEL & ESSER CO. -

77 S B T
N 770747

(A

o5 B YEARS BY MONTHS
1) X 100 DIVISIONS © .

Jan
Feb
Mar,
Apr.
May
June
July
Aug
Sept.
Oct
Nov.
Dec
Jan
Feb
Mar
Apr.
May
June
July N
Aug
Sept
Oct
Nov
Dec.
Jan
Feb
Mar,
Apr
May
luna
Oct.
Nov.
Dec

sury
Aug.
Sept.
Oct
Nov
Dec
Jan
Feb
Mar.
Apr
May
June
July
Aug.
Sept.
Oct
Nov.
Dec
Jan
Feb.
Mar
Apr.
May
June
July
Aug
Sept

19 _ 19_7% 19 = 1976 _ , . 1977

N Sonumern \1 s JF 34 ot Sta. /00 ?\anummm_ Dam ) R P .sﬂw_ﬂsmu,DNw,,m‘-wgs u
g ) rx,-.wz:,, el T T —y S : e I St e - T e e T e T T T e . : R ——y ;

1 ) m ; . e . ) ! w - vx”,: T A mhwm ,_‘;.“ d ) o " THWW“ﬁ. w




X 100 DIVISIONS MADE IN U.5.A, ® l\._/-’/
KEUFFEL & ESSER CO. B .

f . o Hﬂ,E B YEARS BY MONTHS 47 3653 o

el _HORIZOMTAL = DEFLECTION (Feet)

—_— ———

71
s
21
Lol
8l
.A'/
lez .

I
?
Feb. X ]

——

e
C

Mar.

,l
(

=

Apr.

I
H
‘ﬁ

May

61

June

T
CTaNI

July

Aug.

Sept.

Oct.

Nov.

Dec.

Jan,

Feb. l

Apr.

May . \

61

e

J June

July

i
Pt
7

Aug.

Sept.

Qct.

Nov.

Dec.

Jan.

Feb.

Apr.

avV3A

May

fune

.= 61

July

Aug.

Sept.

Oct.

Nov.

Dec.

Jan.

Feb.

OC+L MOILYAS 2 WE 5 € S LN3INANOW ~Wyd 33SSVv20r

Apr.

May

June

> 6l

July

i Aug.

Sept.

Oct.

Nov.

Dec.

Jan.

Féb

Mar.

Apr.

May

61

June

™ Lty

A,

Sept.

Oct.

Nov.

Dec.

01
0z
0€
oY
0s
09

[@)e- TN

1

i
i

08
06
001

0L



-~ e

Vb 4 & SH. Lvawnvoly

LD

A

DL
¥
6l

Q0+ b6

aassvoop)

( o7

o

"D, 3909

-t

47 3653 Sy

MADE IK U.8.A ® \J

HoE B YEARS BY MONTHS
X 100 DIVISIONS

KEUFFEL & ESSER CO.

Horizontal = Derlec #ion

. * - . -

S
VIR YR - R . S - S -

1

#/

57

9y

L

87

b7

G ;z—‘—-—“.- : .

61

Apr.
May
June

July

Oct.
Nov.

Dec.

Aug..

Sept.

61

Jan.

Feb.

Apr.
May
June
Suly

Aug.

Oct.
Nov.

Dec

Sept.

Jan,

Feb.

Apr.
May
June
July

Aug.

Oct.
Nov.

Dec.

Z
/
{

/,

N

IV I3 TV
1

1
-~
i
/4

.

37

Sept.

L “:"/[’ 2Ly

<+

3Z

Vy. WP IV
=4

7 onl ot
ot

61

Jan.

Feb.
Mar.
Apr.
May
Sune
July

Aug.

Oct.
Nov.

Dec.

LY ok
P

P el

77

.l

Sept.

S TV TAZE

—

61

lan.

Feb.

Apr.
May
June
July

Aug.

Oct.
Nov.

Dec.

==

Sept.

o1

0z
0t
oy
05

0L

08

06

oot 1=

e 2



;)
-4

o o KeS § YEARS BY MONTHS 47 3653 O , - . o
I o X 100 DIVISIONS MADE IN U.5.A. @ N ; —

vt KEUFFEL & ESSER CO. S

- HORIZONTAL DEFLECTION (Feet)

R N N N

.

gl
2
L
gl
bl

- A A .

Jan.

Fab.

W
1

Mar. N

Apr. |

Y TN
-+
F4

' May

61

oo June

L1

July

b Aug.

L Sept.

Oct.

Nov.

Dec.

[ T P el bt

Jan.

S v—

Feb.

Mar.

Apr.

=

May e

61

June
~1

July

Aug. B

Sept.

Oct.

‘{Nov.

Dec. !

Jan.

Feb.

Apr.

INONOW - Whd F3SSVI0N

May

61

June

j
ATIA
o

July

Aug.

Sept.

Oct.

Nov.

Dec.

Jan,

Feb.

Mar.

Apr.

May

61

June

July

O0+b NOILVLS +° yh b 752

Aug.

Sept.

{oct.

Nov.

Dec.

Jan.

Feb.

Mar.

Apr.

May

61

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

0
1) 4
02
(413
of
0S
09
0L
08
06
001

g
-4

Ay 2209014

PRES P

IO PRSI




RUPPYESSRRE S

100

A R _

D 7

. > : 80
It .

L5

: 70
1.4 . :

(Fee?)
%
)

>
W

—~

~—
-
—

v
<

50

\
\
\

AN
’0.
LN
~
]
. e s
i} NS - —
: % \.\\.\
S v g ®
0 Q -
© s i~
M= —
N ~ <
i B Y | et
@ . N _
Zg g - 4
N oz , N =
20 7 N 7
na \ i
- o ok <Q .-m —
233 ”
HOK H - L\
. >»2 ; 20
R B T Y. el i
o8 " :
. H -
- R N — — - cw \\
S V4
. v 10 - -
- ] _
\\\ T ”
Vi ] _
g 7 , ‘
~ - [
\_\
.2 VA - . @ - - : > @ oo a S > Cc .
- 15 & 5 538 &8z 5353 % 8/ 5§85 538 535538 ¢ | s§EF:§F°5 5558 & k8§ 2 2 £ 535 5 52 &858 2 &2 82 258 2 &
e - Y 19 Nm Hmb i
2 T 9 19.7% 19 = I Rty _ : v
\ | | | _ YEAR | | 1 o R
¥ . i ’ . ' : . ' B T e .\. 7. 4
; - . : s flonumen # :# 5 at Stat/on //+00 (Jocassee  Dam / o SR e T TFIGLRE c-%z) b
, | Lo 3 .,’IH»J.A. ,‘.;14. S . . e - x!.{.:.,,..!..,ltim PR A, — S— . s TR RIS : ¥ r - _ + e e {i..u!u..“,... K
. i - - - d ) ) . . 1 i ) : I AT I I it




KEUFFEL & ESSER CO.

P [P :'.'.éwzm.'un.w 1ot At shis i l l
oo ,‘ ) : t i
i ! Fo : ;
) B i [ .
Eid Lo
ERER P .
gt b H’"’E 8 YEARS BY MONTHS 47 3653 ;
t i | {1 - IN"& x 100 DIvVISIONS KADE IN U.B.A. & L
i RS X
[
o

HORI ZONTAL - VéFCECT: ON (Feet)

.
. PR R | . - N

N T T o T

—
—

-~ ~ N
N w

gl
oy

Ll
-4

b
B~ /B

Jan.

Feb,

Apr.

May

61

June

July

'Aug. \

. Sept.

Oct. : ! o]

. {9
Nov. L2

Dec. tl

Jan, ] / ‘“}K

Feb.

Apr.

May ‘ 3

61

June

Suly \

Aug.

Sept. ] -

Oct.

Nov.

Dec.

Jan,

Feb.

Apr.

May

61

jupe | | |

B

>"73N

July

Aug.

Sept.

Oct.

Nov.

Dec.

Jan.

Feb.

Apr.

OO +Il NOILVLS % G4 LNIWNNOKW  HWvd 3355v20 -

May

61

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

Jan.

Feb.

Mar.

Apr.

May

61

3 June

4

Suly

Aug

Sept.

Oct.

Nov.

Dec.

o1
0z
o€
oy
0§
09
0L

)S "2 330914

e

/
{
\

¥
£
3

08
06

001




zif

S ,zc)awr/(/ow

} (wna aasspjop)

1

33NN

o A

‘DL 4D

&/
& FA

00+ :

.

= 9.

H
i
H
§

S AU S

X 300 DIVISIONS *
KEUFFEL & ESSER CO.

H“"E 5 YEARS BY MONTHS

' 47 3653

T MADE IN U.S.A. @ '

Hor/'zozgfa/é ﬂef/e&f/éx; | ‘(Feef):-j -

-

-0

g

t

o
—~—

>~ ~ o~
) W - Uy

9%

L

87

6

61

Jan,

Feb.

Mar.

Apr. |

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

61

| Fen.

Jan.

Apr.

May

June

July

Aug.

WL [T

Sept.

Oct.

~A-

Nov.

Dec.

61

Jan.

Feb.

Mar,

Apr..

D7/ 7

May

Jupe

July

/A

Aug.

Sept.

Oct.

Nov.

P

Dec.

61

“josct.

fan,

Feb.

Mar.

Apr.

May

A p— [—A

June

July

/,

Aug.

Sept.

P

=

Nov.

Dec.

61

. |Nov.

Jan,

Feb.

Mar.

P el

Apr.

May

June

July

-

Aug.

Sept.

— el

Oct.

i iy

Dec.

o1

0z

(41

of

05

09
0L

08

06

001

402
€

Lne N e



H N = ‘ M .
' . - :
S AR , : ' _

L H"‘E 8 YEARS BY MONTHS 47 3653 i
i | : X 100 DIVISIONS MADE IN U.S.A, ® \.\//
! . KEUFFEL & ESSER CO. '

HORIZOWTAL DEFLECTION (Feeb)

L

v ¢ - . . . '

O ~ BN w Va9

!

. 1= 2

5l
21
't
8l

Jan. . ) \

Feb.’

T
\

2 Do

—_——

Apr.

1-_‘;) ¢ )A

May

61

June

! ; 2 (P July

Aug. \

Sept.

E Oct.. ’ / \

Nov. \

Dec. ]

| \

o

Apr.

1
=
©
<
o
for "

June k

T

July

Aug. . ) T

Sept.

Oct.

Nov.

Dec.

Jan.

avrerrd

Feb.

2K

a2y

May

61

lune

July

Aug.

Sept.|-

Oct.

Nov.

Dec.

Jan,

Feb.

Mar.

Apr.

May

61

June

OO0+C| HOILVLS +2 ¥ b D s.4 LNINONOW -Wvd FRSSYI01 -

July

Aug.

i Sept. il

Hoct.

Nov.

Dec. - I % IO I [ B

Jan. !

Feb.

Mar.

Apr.

May

61

June

o July

Aug.

" |Sept.

Oct.

Nov.

Dec.

0
01
(74
0€
[1)4
0S
09
0L

A Y

@2 - FA09\4

08
06
001



1M bgee 1 AT b e o

%

Coy

oA

/ #1 LUSWNUOYY

ot it

DO+G/ UOLLELS [P
& v IK

S9sSpI0oN)

( wea

%4

@L-D 30

L

KoE

¥
! . i
[ . [

5 YEARS BY MONTHS
X 100 DIVISIONS

f |
47 3653

MADE IN U.8.A. @

KEUFFEL & ESSER CO.
FEL &

VTV g

i

L

Horizontal Deflection (Feet)

-+ O o~

NN

o

N

el

Y/
G

/)

LJ

9

L
$7 .
b

61

Jan.

Feb.

Apr.
May
June
July

Aug.

Oct.
Nov.

Dec.

Sept.

61

Jan.

Feb.

Apr.
May
June
July

Aug.

Oct.

Dec.

Sept.

Nova

P

61

Y

Jan.
Feb.
Mar.
Apr.
May

fune

July

Aug.

Oct.
Nov.

Dec.

P4

A7

Sepl.

61

Jan.
Feb.
Mar.
Apr.
May
June
July

Aug.

Oct.
Nov.

Dec.

Sept.

61 -

Jan.

Feb.
Mar.
Apr.
May
Jung
July

Aug.

“10ct.

Nov.

Dec.

Sept.

o1

0z
0g

114

0§

09

0L

. 08

06

001

£ i ind eiataget




..’ H#E 8 YEARS BY MONTHS
X 100 DIVISIONS

KEUFFEL & ESSER CO.

47 3653 X

MADE IN U.S.A. i\ /:’

N

\R

!

X

m

5

—

0o

- _ HORIZONTAL VEFLECTION (Feet)

—
—

=

0

Pl

41

._,9-,

L

'.'9"

Lol

2

61

Jan,

Feb.

Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.

Dec.

"

1AV

Y7L

61

Jan.

Feb.

Apr.
May
June
July

Aug

. Sept.

Oct.
Nov.

Dec.

S

i
|
!

61

A 73A

Jan.

June

July
Aug.
Sept.
Oct.
Nov.

Dec.

00+5! NQOILY.LS 2. L,# ...LHIEHHHOW w4 BQ_GGVDO[‘__“.

61

Jan.

Feb.

Apr.
May
June
Suly
Aug.
Sept.

Oct.

|Nov.

Dec.

61

“|Jan.

Feb.

Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.

Dec.

LD 320914

P

01

.02

113

ot |-

0s

09

0L

08

06

001

e {9




[

S . . _ . s
,/ ' f H‘“‘E 8 YEARS BY MONTHS 47 3653 [ : ;
Lo X 100 DIVISIONS  MADE 1N U, 8. A @ NP _ ‘ Vo e
— KEUFFEL & ESSER CO. L ’

g’; Horizontal Deflection  (Feel)
I - . . B : - B o N S
R, L W e & B e XS O® L T LW & 5 & b
; Jan.
|
i Feb.
l;
. Mar.
Apr.

._.May

m N
" June

' July

Aug.

i : Sept.

Oct.

Nov.

Dec.

Jan.

Feb.

‘, _ Mar,
{; § Apr.
,‘ § 2 May
‘:l P \1 June
HI ELay N
T 4
% Aug. | | T
. i w Sept. *?\;
1 - CO Oct. \ S
ii g
i Nov. b
i X ™ N
i % Dec. \
1 :_]ﬁ
i k Jan. N
- N

Feb. \

!
'

'
=
2

|
\
s
-

Apr.

P
el
i

May

""""\_ IL‘ < B 0 U 0 O U O O A A A A A T R

U\ July

Aug.

Sept. AN
N

SN
Oct. N
N

LL) i a )

& Y7L
61

P
| S I
i -
=

D04l) ©0I2PLS

Nov. N

Dec.

Jan.

Feb. \

Mar.

S

Apr. N
!ﬁ‘ay i
June \ \

July \

5555030/

P” o

57 61

Aug.

]

Sept. !
Qct. ‘ \

1

\

Nov.

( WUO; o

Dec.

Jan, \ "

Feb.

—
o wr

Mar, \
Apr.
w |May | \
,~ tD‘ June “ \
{ July f \
" \
’ Sept.
‘D ' : ."f‘. Oct. . \} »
g u e Nov. {
| Dec. |
NAERE s 3 N g 5 3 3 3 ) g 5
7 R
]
9\\ .’“ . .

'

{

PUDSEPUR e e - .. - . ER R ]

P SO



H**E 8 YEARS BY MONTHS 47 3653 g
M X 100 DIVISIONS MADE IN U.5.A. & - N,

. ' » . . . 4) e
— R KEUFFEL & ESSER CO. ~
Rt - *

HORIZONTAL = DEFLECTION (Feet). . -

® 5 9

—
—

A ow b N

2
Lo
gl
b
o

f;g~.3

QO+LI NOILYLS 1° y84 8§ Sua LNINONOW KV, 335SVION. - .

8-> 220912

S

73N

61

Jan,

Feb.

|

b1

!
I
\

Apr.

May

| e ME
Yo

June

July

Aug.
Sept.

Oct.

Nov.

Dec.

—

61

Jan.

Feb.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

61

Jan.

Feb.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

61

Jan.

Feb.

Apr.

May

June

July

Aug.

Sept.

oct.

Dec.

61

Jan,

Feb.

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.’

Dec.

ot

0z

0t

ov

0¢

09

0L

08

06



R 7 _ : - ; - _ .
\\.‘ .,\ ../v \OQ . : ,
. _ : - . - - — 90
7:8 : . i : _ ;

D /7

: — : 80
/:6 . . -

i nkh .

1.5

: . 70
A ”

-
w

60

(Fee’).

>~
-
—

KEUFFEL & ESBSER CO.

. M / w . 50
S ) :
Y I\ :
(VR ;
.. L= .. m\ . .& : _
) "z QY 2 : ! uo
03 N m :
M= ' u
) | R N7 M
oy w
- /‘/i [
Q-
- Q
N
N
N
Q

|
K‘,E 5 YEARS BY MONTHS
X 100 DIVISIONS

. 10 o
- > < -

1

June
lune
}
UHuly
Nov.
Dec.
Jan
Feb.
Mar.
Apr
May
June
July
Avg
Sept
Oct
Nov.
Dec

Sept.
Oct..

=]
3
<L

19 19-76 N 1977 |
BN | | | - YEAR . - A

Aug.
Sept.
Nov.
Dec
Jan
Feb
Mar.
Apr
May
June
July

Oct.

>
£y
=

July
Aug.
Sept
May
Aug
Sept.
Oct.
Nov
Dec
Jan
Feb.
Mar,
Apr

2
E]
=

Jan,
Feb
Mar.
Apr.
May
QOct.

Nov.
Dec
lan
‘| Feb.
Mar
Apr

-
Yo}
June
N

Zr © 19

\QQZSRS\ mw 9 at Srarsc.o /9+00 xﬁ\,omnm_.,,wm% Dam ). : o w;.,ﬂ__mcmlm mo‘ﬁm@«_\

T e

P ISP

E N T L - [ - e b e e
g mee mem e e wew mas mms s mamsesmnmeeen = e s e . s -

w e o
U o B SO O PUOH VSV~ -1 SUOH: AR . S S e

PR -




3 n

v

(ﬂ)b 2 -32094

OO+bl NOILYLS +° b & LMNIWONOW

- WvaQ 3355Vo0n

K

S YEARS BY MONTHS

X 100 DIVISIONS

KEUFFEL & ESSER CO.

HORIZON TAL DEFLEC TION (Feet)

47 3653

MADE IN U.5.A, &

d

Lo
S

¢

—_—
—

N

W

PN

N

2

Lol
-8
bl

.‘-.’.;’.?'

61

Jan,
Feb.
Mar,
Apr.
May

Jun

Dec.

ol 61

"an.

Feb.

Apr.
May
June
July

Aug.

Oct.
Nov.

Dec.

Sept.

Jan.

Feb.

Apr.,

May

y | lune

July

Aug.

Oct.
Nov.

Dec.

Sept.

— et

Jan.,

Mar.
Apr.
May
June
July

Aug.

Oct.
Nov.

Dec.

Feb. |

Sept.

& 61

Jan.

Feb.
Mar.
Apr.
May
June
July

Aug.

[oct.

Nov.

Dec.

Sept.

01

0z

o€

oy

0S

09

0L

08

06

001



@

RO

MADEINU,S. A,

DEFLECTION (inches)

H‘"‘E 8 YEARS BY MONTHS 359-192L
X 100 DIVISIONS

XEUFFEL & £SSER CO,

PR
\
"
1Ol 1T NN
L2\~ 4 I S T & v g 1 ¢
\‘\
e
o
——
[t
"
——
o
14 NEDTIW
Tor == B A |
e
g
>
<[
Ll
as
3
o
UJ
a
)
=
<t
< =
P i by W\ ol B Y ol Yo o B |
tt S e [SAv /B 143 o LA
o e . b
= — 4= —
(7] - on Ao T
b= [49) o
\Iﬂm
Iy
v
| j—lg=
! T AW ENDINEERIN EAUTNGS
i
i UUR CAWINDGDS
i
. . 0 . s - . . . . . . . © - . . @ - . . @ - - . ) <
2 o H . > 2 > 23 a o« > o & a ~ o > 2 > ] a e > o P o = o > = > [ B e = o Py o = o b 2 > ) Qe > [ = a 5 = P c > ] 2 e > <
=9 3 @ o o b < a «© o o -y ) = 1<) © © = a3 ) 171 o &
5 2 £ 2 £ 5 3 2 &8 2 &g s 2 2 22 3 3 2 &8 & &5 ¢ 5 & 2 3 3 3 3 8 2 & =@ 2 22 3 3 2 8 82 &l & & s & = 3 3 & A S =z o
=
7 19 74 19 75 19 76 19 77

'

| W, . o r | ‘Fieuze 0@}
o ;OODm,wwmm DAM SLOPE INDICATOR ¥#| STATION 14+46 : AR mxmm._, |
s e e+ ! ‘ _g . 1 L . SR SRR } SV S PO , e e




47 3653
MADE IN U.8.A, @

H‘._E 5 YEARS BY MONTHS
" X 100 DIVISIONS

KEUFFEL & ESSER CO.

- DEFLECTION (inches) :

<7 90

G 8o

4

3 s0

2 40

| 30

) i)
1
1
7
i
_ 4
N — A
Y e \
/ 1 -
- N i
P Dl erTineoTy A\ ]
T LWV 1] /
, ;
i
i
7
7
1
=X 0
- == S ”
W H
"1 Al mereerils AV :
— i ogri i
M ]
j
;
i
]
7
IO FN DEPT
N
e
asnleT DEDT >
[+ 41 B | [ A 'Syl It I |
e LA MBI EC KN KAV TS
ZURE KELIPTRERS
. . . . @ ~ . . . . . . @ . o . . . @ . - . . . © . - . . . © e .
< a H [ 2 e > = a e H o = F- H e > c 2> ] o - > o < o 5 = el =3 > ©a =Y P > o e a8 = — > =4 > ™ a. - > o P a = [ f =3 > = a - > <
m&mhmmmu&mnmmﬁmhmm.mmammmmnmﬂwmmmmummmn&m%mmmmwmmmm&mMmmmM&.mNom
1978 1979 L1952 1950 1982 ,

100

90

80

70

60

50

40

30

20

10

| \ | | T 7 Flouke D-1()
JOCASSEE DAM SLOPE IN'ZICATOR ¥ STATION 14446 | SHEET 2

¢ ek 31 i



p—

¢

1

N
Nt

DEFLECTION (inches)

e

J <
N =
o s
- =z
o 3
N =
4]
T
- 0O
N%m
o
=00n
>0
D a2
mom
ke (<]
i wo L
3 >=2
w X x
X

e,
- N e

: ¢
i
B t
1
- - -
gt :
) .,:% g e
.
{
H
. -
A .
\
AT S

=
-~ , .
T I DEPTI
—
v
—;
L]
P
Pk i
7
I
— 7
\\. \.\
£ e ET
i A ‘
7 i 3
y4 y — ”
e A e !
= —
<
-
|84 -~
= ] .
[7p) 1 r
o = :
= :
; 7
7
=
4
IS
M ! 4
~<f 4 _ ;
— — : POlrer A o
== —5 7 AL KA 4]
= e -
w == )
= = L
z ——PO FT DEPTH
AW ENGINEERINGIREADINGS
UKE READINGS
{
r . [
o R . - N - . . . . < . pei . - o - - - o © . - - : . . N - R} o > . - - . S
§ § 5 58 %2 3% i3 858 & 5385z 2558 85§85 58§ 325832 s8££ 35853355 %5 835 £ 25 % 25z Gk
7 74 197 7 ) 1907
" e e _ LRE D-
JOCASSEE DAM SLOPE INDICATOR 2 STATION 14+92. ! N

d

i e T S R

USSR RIEPI SR T



., MADE IN U.S.A. o

- .47 3653

KEUFFEL & ESSER CO.

a5 B YEARS BY MONTHS
X 100 DIVISIONS

- .

[PPSR SR St

T8 - v o

T = ‘ ; v , . ] 90

I LY

-5 70 . , .

A.S.‘ \ _ : . 60

A — : : 40

PEFLE C.‘T/ON " "(_in¢17e?s') .

,.\l! , 30

O 2 ,_ : : : , No

u 20 £1T DERT
C”A" B T | = g =4 L) L )
..\...._S ” - _ ) ; . 1
SAET IDEPTH i s - T AW s oo gl |2 EA S
=5 a0 o S =2 == [N S I " — Y t— +F A Saatay ey et  d
- AUEE ATAIINSS
\N 0 = > 2 > w & = : o » 2 > w . .. = oo o xn 2 > W B = o H > e a H . » g 5 3 °
mmmmmmmmammmmmmmmmm_mmmmmmmm,memmmmmmmmmmmmWMMmmmmmmmmmmmmmmm :
ey 1928 : o 1979 : 1922 1981 - . 1982 o o
. 5 . . ) -t
! ) i ) . - - - . - . — . - \\) ,.rA4 . v——
i o . | _ 3 | FiGDRE D-2()
oo R S . Lom LI : Ao . p o - : . . PR e
| R . JOCASSEE DAM SLOPE INDICATOR #72° STATION 14492 s SHEET 2 e
s e v fe gy T TR 4w atwis g wvesas Soew et ! P e R oS ot L F I R e e v - o roarer e i e e e merr - - . . {




APPENDIX 1

Law Engineering Testing Company -

Report on Effect of Earthquake
of August 25, 1979 on Integrity of
: Jocassee Dam :



September 17, 19765

Mr. S. B, Hager, Chief Engineer
Civil-Environmental Division
Duke Power Company

422 South Church Street
Charlotte, North Carolina 28242

Subject: Effect of Earthquake of August 25, 1979 on
Integrity of Jocassee Dam

Dear Mr . Hager:

At your request Professor George Sowers and Mr. Clay Sams,
accompanied by engineers from the Duke Power Company, Charlotte,
made an inspection of Jocassee Dam on Friday afternoon and
evening of August 31. An earthquake of local magnitude 3.6
occurred Saturday evening, August 25, 1979, As with other
earthquakes in the region where shocks are very infrequent,
people were alarmed by the sound and motion associated with the
event. Their accounts were magnified in person-to-person
transmission to persons outside the area into alarming rumors
that questioned the safety of the dam.

Three high magnification seismometers continue to monitor
ground motion. These have been maintained by the University of
South Carolina and are the subject of separate reports. According
to Dr. Talwani, the epicenter was downstream and southwest of the
dam about 2-3 km.

_ There were two objJectives in our inspection: 1) to make an

independent inspection of the dam including a review of the data
already collected by Duke Power as a part of their regular mon-
itoring program and, 2) to examine specific phenomena that had
been objects of rumored public concern.



‘Mr. S. B. Hager, Chief Engineer

Civil-Environmental Division

Jocassee Dam

September 17, 1979 : -2-

Rumored Damage

In addition to specious reports regarding abutment leaks,

. there were rumors regarding damage to a school and movement of a

boat.

Dr. Talwani's team examined the school at Salem where cracks
had been reported. They found that there were no cracks caused
by the earthquake.

At the time of the earthquake, Mr. Clyde Pelfrey was fishing
in a boat about 1/4 mile downstream and somewhat west of the dam.
He was probably within a mile of the epicenter. He told us that
he felt a sharp upward force or thump on the bottom of the boat.
The sensation was like the boat bottom rising one inch. This
sensation is consistent with the sensation of the bottom of one's
foot being "slapped" when standing directly above a tunnel in
which blasting occurs.

Unfortunately his account became distorted by person to
person transmission. The story that reached us was that his boat
rose 1 inch above the water surface.

Evaluation of Instrumentation

The on-going instrumentation and data gathering provide
quantitative data on the continuing performance of the dam. The
records through the years have shown slow settlement and
deflection of the dam as well as continuous seepage from the
abutments. All are influenced by reservoir fluctuation. - The
abutment seepage is also influenced by rainfall.

In the two week period commencing one week before the
earthquake, the reservoir fluctuations were only a few feet.
Rainfall, however, was heavy throughout the period; nearly 6
inches total with about half the first week and half the second.

In general the instrumentation has disclosed some small

changes following the earthquake. Most of the changes that have

been measured are small compared to the long-term changes--so
small that they probably would not have been subject to special
scrutiny except for the earthquake.

LAY ENGINEERING TESTING COMPANY




Mr. S. B. Hager, Chief Engineer

Civil-Environmental Division

Jocassee Dam

September 17, 1979 -3-

The observation wells have exhibited no changes except for
W-4. The level in W-4 dropped about 5 feet following the earth-
quake and has remained at that lower level since. The well is on
the right abutment downstream of the dam axis in the area in
which the greatest abutment seepage occurs. A drop in piezo-
metric level downstream of the axis is not an indication of
impending trouble.  We conclude that the piezometric data reveal
nothing hazardous to the dam.

The weirs either indicate no flow change or a very slight
increase following the earthquake. The chart recording for flow
through the Parshall flume on the right abutment showed practi-
cally no increase in flow - less than the width of the recorder
pentip, if any, which would correspond to less than 10 gpm out of
~a total between 700 and 800 gpm. The fluctuations are well
within the range previously observed. There is nothing in the
weir records to suggest any significant change in the abutment
seepage patterns. According to Duke's technician who monitors
these readings, there has been no show of silt in any of the
weirs. We conclude that there has been no significant change in
abutment seepage caused by the earthquake.

Surface Monuments

Observations of crest settlement and horizontal movement are
made at regular intervals by theodolite and precise levels. Such
readings had been made on August 23, 2 days before the earth-
quake. New measurements were ordered by Duke immediately after
the event. They were made on August 27 and indicate small set-
tlement of the crest, negligible on the right or west abutment
and increasing toward the left abutment. The greatest indicated
settlement was 0.7 inches adjacent to the left abutment in the
same area the greatest crest settlement has occurred since the
dam was constructed. There was also an indicated slight movement
of the crest in a downstream direction, amounting to 0.36 inches
near mid-length of the dam.

The closing. error *in .the August 27 level traverse was 0.96
inches, greater than the usual 0.36 inches or less. A re-survey
- of ‘elevation was made on September 5, and indicated settlement
‘since Augqust 23 of 0.12 inches at practically all points along
the crest. The September 5 survey had a closing error within the
usual range, and is thus believed to be more representative of
actual settlement than the August 27 survey. Thus, this suggests
the crest settlements were even less than indicated by the August
27 level traverse. In either case, both the settlement and the

S
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. _Mr. S. B. Hager, Chief Engineer __

Civil-Environmental Division

Jocassee Dam

September 17, 1979 -4-

" deflection are very small compared to the continuing small dam

movements. Interestingly enough, the area on the upstream face
that previously exhibited surficial movement showed no abnormal
movement., We conclude that the observed movements are only what
should be expected and that they indicate no unusual behavior nor
distress.

Examination

The dam had already been examined by Mr. Raleigh Martin, the
technician who is responsible for the continuing weir and piezo-
meter records. He noted no changes in areas of previous surface

_rock movement: the right abutment berm and the upstream surface

near the left abutment., He did feel that there might have been a
slight subsidence of the dumped rock on the right abutment bench
near well W-4; however, he could point to no specific change.

We examined the right abutment, its rock-covered bench, the
crest of the dam, the left abutment and made a traverse down the
downstream face and along the berm at elevation 925 on the
downstream face. We could find no evidence of any movement of
rock or change in the rock fill surface on the west abutment
bench, the crest, or the toe. Some rocks loosely piled on one-
another at angles approaching the rock friction angle were not
displaced. Surprisingly the surficial rock slides previously
_observed had not been re-activated. We did find 3 scattered
rocks weighing 20 to 75 pounds on the downstream berm that had
fresh impact spalls, suggesting that these had rolled downward 2
to 5 feet. Considering the millions of rocks loosely dumped on
the dam surface at a slope approaching the angle of repose, it is
surprising that more had not been dislodged. Although there were
several large rocks on the berm, an examination disclosed intact
moss and other evidence that these rocks had been in their pres-
ent locations for a long time., Moreover, Mr. Martin specifically
remembered seeing them previously.

Two inclinometers spaced 46 ft apart, extending 40-45 ft
below the crest of the dam and located at the top of the upstream
slope were installed in November, 1973, to evaluate the depth of
movement causing longitudinal cracking along the upstream edge of
the dam crest. These inclinometers have verified the Consulting
Board's conclusion that the movements causing the crack were sur-
ficial in nature, and involved only the upstream shell material.
(The Consulting Board concluded that the longitudinal tension
crack was the result of unequal strains between the core and up-
stream shell produced by the normal deflection and settlement of
the dam.) These inclinometers were read on July 12, 1979, and

LAY ENGINEERING TESTING COMPANY




Mr. S. B. Hager, Chief Engineer

Civil-Environmental Division

Jocassee Dam : 4
September 17, 1979 . -5-

again on August 27, 2 days after the earthquake.. They indicated
the upper 12 to 14 ft of upstream slope shell material in the
vicinity of the inclinometers moved "downstream" by up to about
an inch. We interpret this to simply be the shell material
"settling" back into the tension crack. The inclinometers showed
no appreciable change in readings in the casing length within the
core. We conclude that the inclinometer readings are perfectly
consistent with previous data concerning this longitudinal crack,
and are of no consequence to the integrity of the dam.

We conclude that the embankment exhibits no change as a
result of the earthquake and that the few surface rock movements
that occurred are of no significance.

Reservoir

Mr. Martin examined the reservoir rim adjacent to the dam by
.boat. The rim appears unchanged. He did note a few loose rock
in the rim of the o0ld quarry that might have rolled or slid down-
ward. It is our opinion that such loose rock movements are to

~ be expected either from earth tremors or severe weather.

Power House

After the earthquake, the Duke Power operating staff made a
thorough examination of the power house <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>