¥,

AD=AD43 849 ARMY ENGINEER DISTRICT SAVANNAH 6A F/6 8/11
GEOLOGICAL AND SEISMOLOGICAL EVALUATION OF EARTHQUAKE HAZARDS A==ETC(U).
MAR 7T W E HANCOCK, E F TITCOMB

UNCLASSIFIED




-y

e TN ) T
§PY AVAILITLE T0 [0 DUES
%ERET FULLT Lesink Fm,wu..}ii

DESIGN EARTHQUAKE REPORT

GEOLOGICAL AND SEISMOLOGICAL
EVALUATION OF EARTHQUAKE HAZARDS

o AT
~ THE RICHARD B. RUSSELL PROJECT
(1%
"\f
/-\
S
e’
o
<C
" e >-t ﬁ\.\ A ;/'/?#:WT‘THB\] 1 N Sm }-r“. NT A
Q- o . S for public releasey
%ﬁ S X i Buinand
d ,, L_J_JJ u. s. (RMY"ENGINEER DISTRICT, SAVANNAH
c’ = CORPS OF ENGINEERS
= SAVANNAH, GEORGIA :
D eh
E g ORIGINAL CONTAINS COLOR PLATES: ALL DDC

REPRODUCTIONS WILL BE IN BLACK AND WHITE,




INSTRUCTIONS FOR PREPARATION OF REPORT DOCUMENTATION PAGE

RESPONSIBILITY. The controlling DoD office will be responsible for completion of the Report Documentation Page, DD Form 1473, in
all technical reports prepared by or for DoD organizations.

CLASSIFICATION. Since this Report Documentation Page, DD Form 1473, is used in preparing announcements, bibliographies, and data
banks, it should be unclassified if possible. If a classification is required, identify the classified items on the page by the appropriate
symbol.

COMPLETION GUIDE

General. Make Blocks 1, 4, 5, 6, 7, 11, 13, 15, and 16 agree with the corresponding information on the report cover. Leave
Biocks 2 and 3 blank.

Block 1. Report Number. Enter the unique alphanumeric report number shown on the cover,
Block 2. Government Accession No. Leave Blank. This space is for use by the Defense Documentation Center.

Block 3. Recipient’s Catalog Number. Leave blank. This space is for the use of the report recipient to assist in future
retrieval of the document.

Block 4. Title and Subtitle. Enter the title in all capital letters exactly as it appears on the publication. Titles should be
unclassified whenever possible. Write out the English equivalent for Greek fetters and mathematical symbols in the title (see
““Abstracting Scientific and Technical Reports o(%efense-sponsored RDT/E,"’AD-667 000). If the report has a subtitle, this subtitle
should follow the main title, be separated by a comma or semicolon if appropriate, and be initially capitalized. If a publication has a
title in a foreign language, translate the title into English and follow the English translation with the title in the original language.
Make every effort to simplify the title before publication.

Block 5. Type of Report and Period Covered. Indicate here whether report is interim, final, etc., and, if applicable, inclusive
dates of period covered, such as the life of a contract covered in a final contractor report.

Block 6. Performing Organization Report Number. Only numbers other than the official report number shown in Block 1, such
as series numbers for in-house reports or a contractor/grantee number assigned by him, will be placed in this space. If no such numbers
are used, leave this space blank.

Block 7. Author(s). Include corresponding information from the report cover. Give the name(s) of the author(s) in conventional
order (for example, John R. Doe or, if author prefers, . Robert Doe). In addition, list the affiliation of an author if it differs from that
of the performing organization.

Block 8. Contract or Grant Number(s). For a contractor or grantee report, enter the complete contract or grant number(s) under
which the work reported was accomplished. Leave blank in in-house reports.

Block 9. Performing Organization Name and Address, For in-house reports enter the name and address, including office symbol,
of the performing activity. For contractor or grantee reports enter the name and address of the contractor or grantee who prepared the
report and identify the appropriate corporate division, school, laboratory, etc., of the authar. List city, state, and ZIP Code.

Block 10. Program Element, Project, Task Area, and Work Unit Numbers. Enter here the number code from the applicable
Department of Defense form, such as the DD Form 1498, ‘<Research and Technology Work Unit Summary’’ or the DD Form 1634.
‘‘Research and Development Planning Summary,’”’ which identifies the program element, project, task area, and work unit or equivalent
under which the work was authorizad.

Block 11. Controlling Office Name and Address. Enter the full, official name and address, including office symbol, of the
controlling office. (Egquates to funding/sponsoring agency. For definition see DoD Directive 5200.20, ‘‘Distribution Statements on
Technical Documents.’’)

Block 12. Report Date. Enter here the day, month, and year or month and year as shown on the cover.
Block 13. Number of Pages. Enter the total number of pages.

Block 14. Monitoring Agency Name and Address (if different from Controlling Office). For use when the controlling or funding
office does not directly administer a project, contract, or grant, but delegates the administrative responsibiftty to another organization.

Blocks 15 & 15a. Security Classification of the Report: Declassification/Downgrading Schedule of the Report. Enter in 15
the highest classification of the report. If appropriate, enter in 15a the declassification/downgrading schedule of the report, using the
abbreviations for declassification/downgrading schedules listed in paragraph 4-207 of DoD 5200.1-R.

Block 16, Distribution Statement of the Report. Insert here the applicable distribution statement of the report from DoD
Directive 5200.20, **Distribution Statements on Technical Documents.”

Block 17. Distribution Statement (of the abstract entered in Block 20, if different from the distribution statement of the report).
Insert here the applicable distribution statement of the abstract from DoD Directive 5200.20, ‘‘Distribution Statements on Technical Doc-
uments.”’’

Block 18. Supplementary Notes. Enter information not included elsewhere but useful, such as: Prepared in cooperation with

... Translation of (or by) . . . Presented at conference of . . . To be published in . . .

Block 19. Key Words. Select terms or short phrases that identify the principal subjects coveretl:l in the report, and ?re
sufficiently specific and precise to be used as index entries for cataloging, conforming to standard terminology. The DoD ‘‘Thesaurus
of Engineering and Scientific Terms' (TEST), AD-672 000, can be helpful.

Block 20. Abstract. The abstract should be a brief (not to exceed 200 words) faclual' summary of the most significant mfo_rml-
tion contained in the report. If possible, the abstract of a classified report should pe pqclassxﬁe@ and the ab;lract to an unclassxfxgd
report should consist of publicly- releasable information. If the report contains a sxgnffxcam bibliography or literature survey, me?'non
it here. For information on preparing abstracts see ‘‘Abstracting Scientific and Technical Reports of Defense-Sponsored RDT&E,

AD-667 000.

™




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

2. S0VT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

t. REPORT NUMBER i

.

o T 2 o ED

,‘,\ TITLE (and Subtitle) mmm
Design Earthquake Report ... ,4;, Flnal,PEOJect Xepaxt \

Geological and Seismological Evaluatlon o f TS
r,Earthquake Hazards at Richard B. Russell PrOJect Aprll m76 ‘nﬂApril !’77'
5 PERFORMING ORG. REPORT NUMBER

\ﬁ\x

7. AUTHOR(s) ==
Messrs.’ WII’iam E. Hancock Earl F.,Tltcomb Jr.,]
Drs.ﬁEllis L. /Krinltzsky agd Richard J. lLutton |/

-~

—— L\B. CONTRACT OR GRANT NUMBER(s)

e ————
s s S et

. DRESS 10. PROGRAM ELEMENT, PROJECT, TASK
9. PERFORMING ORGANIZATION NAME AND AD R M ORK UNIT NUMBERS

U.S. Army Engineer District, Savannah
P. 0. Box 889, ATTN: SASEN-FG

Savannah, GA 31402 901 EN-FG
11. CONTROLLING OFFICE NAME AND ADDRESS ~1-12. . REPQRT DATE
U.S. Army Engineers Office, Chief of Engineers \//;_Eéggﬁ 1977
U.S. Army, Washington, DC 20314 13. NUMBER OF PAGES'
wsg< g AL
15. SECURITY CLASS. (of Thtareport)

14. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office)

Unclassified
15a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

None

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

Unlimited (to be cataloged and distributed by Department of Commerce, NTIS)

18. SUPPLEMENTARY NOTES

19. é( Y WORDS (Continue on reverse side if necessary and identify by block number)
eismic Risk, Zonation,

Design Earthquake, Microearthquakes, Reservoir,
Seismicity, Recurrence Rate, Savannah River, Piedmont

{
i. ABSTRACT (Continue on reverse side if necessary and identify by block number)

No evidence of active faults is present in the general area of the damsite.

It is concluded that the faults which are present are all ancient ones and

are inactive. Present day tectonism indicates that moderate earthquakes

occur in the Piedmont and adjacent regions. Severe earthquakes are restricted

to a narrow band along the Summerville to Charleston, South Carolina area.

Motions attenuated from Summerville—charleston band to the damsite are low.
4 7

{*‘ . - -

FORM
DD ,jan 73 1473  EDITION OF ! NOV 65 1S OBSOLETE UNCLASS IFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

< -
o orw et

. 'f‘?“‘-'"'-‘;i > A




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20. Four seismic risk zones were assigned. These are the Blue Ridge,
Piedmont, Coastal Plain  apnd Charleston-Summerville Zones. The most

severe condition is an earthquake at the damsite with a peak velocity of

30 to 45 cm/sec, 0.4 to 0.5g for acceleration, 20 cm approximate maximum

for displacement, and 5 sec duration. For purposes of design, the maximum
earthquake will occur under the dam. A group of time histories were selected
for rescaling.

A probability of recurrence study showed that the operating earthquake has

an acceleration of 0.075g (0.01 annual risk). The operating basis earthquake
is generally more moderate than the maximum earthquake. It is selected on a
probabilistic basis from regional and local geology and seismology studies

as being the largest expected to occur during the life of the project; in this
case, 100 years.§§;‘ .

This peak ground accéleration is considerably smaller than the design value of
the Richard B. Russell Dam. The dam is designed to withstand an earthquake
several times stronger than would be expected to occur during its useful life.

The lake impounded by Russell Dam will not itself produce a damaging earthquake.
Any earthquake or one that could conseivably be produced by the lake will not
exceed the natural maximum earthquake for the region.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




(v

THE DESIGN EARTHQUAKE

GEOLOGICAL AND SEISMOLOGICAL
EVALUATION OF EARTHQUAKE HAZARDS

AT

THE RICHARD B. RUSSELL PROJECT

MARCH 1977

U. S. ENGINEER DISTRICT, SAVANNAH
CORPS OF ENGINEERS
SAVANNAH, GEORGIA

[ DIETRIB0TION STATENENT A |

ORIGINAL CONTAINS COLOR PLATES: ALL DDC
REPRODUCTIONS WiLL BE IN RLACK AND WHITE.




FOREWORD

le The U. S. Army Engineer District, Savannah (SAS) and the Waterways Ex-—
periment Station (WES) were authorized to conduct this study by the Direc-
torate of Civil Works, Chief of Engineers, U. S. Army, Washington, DC.

2. This report was prepared in response to rapidly changing earthquake
technology. This changing technology has prompted a proposed engineering
regulation which will require assessment of earthquake hazards, including
static and dynamic stability, in the design of certain new dams and exist-
ing dams.

g8 The report was prepared by Drs. E. L. Krinitzsky and Richard J. Lutton
(WES) and Mesrs. Earl F. Titcomb, Jr., and William E. Hancock (SAS). Con-
sultants for this study were Rev. Louis Eisele, S.J., Spring Hill College,
Dr. David T. Snow, Colorado School of Mines, Dr. Leland Timothy Long,
Georgia Institute of Technology, Dr. Otto W. Nuttli, Saint Louis Univer-
sity, Dr. David B. Slemmons, University of Nevada, and Dr. Pradeep Talwani,
University of South Carolina. The report dealing with analyses of earth-
quake recurrence in the region was prepared by Dr. C. Allin Cornell,
Massachusetts Institute of Technology, a theoretical analysis of induced
seismicity was prepared by Dr. David T. Snow, the upper bounds magnitude of
the maximum "induced" earthquake, Clark Hill Lake area was prepared by
Dr. L. Timothy Long. Thanks are extended to the numerous geologists who
contributed ideas and resources to aid this study, 1in particular, Sam
Pickering, Georgia State Geologist and Norman Olsen, South Carolina State
Geologist, Dr. Villard S. Griffin, Jr., Dr. Robert D. Hatcher, Jr., Clemson
University, David E. Howell, South Carolina State Development Board,
Dr. Donald Secor, University of South Carolina, Drs. B. J. O'Connor and
D. C. Prowell, U.S.G.S.

4. Also cooperating in the study was Mr. William K. Thompson, Chief,
Foundation and Materials Branch, Savannah District, Dr. James Erwin, Divi-
sion Geologist, South Atlantic Division, and Mr. Norman Dixon, Directorate
of Civil Works Office, Chief of Engineers, U. S. Army, Washington, ©DC,
Colonel G. H. Hilt, CE, and Mr. F. R. Brown were Director and Technical

Director, WES, respectively.
—Lrenk Wil

FRANK WALTER
Colonel, Corps of Engineers
District Engineer




REPORT SUMMARY AND
STATEMENT FROM THE
CONSULTANTS

17 March 1977

i SUMMARY

No cvidence of active faults is present in the general arca of the Richard
B. Russell damsite. It is concluded that the faults which are present

are all ancient and inactive. Present day tectonism indicates that
moderate earthquakes occur in the Piedmont and adjacent regions. Scvere
carthquakec have been restricted to the vicinity of Charleston, South
Carolina. The faults are obhscured by Coastal Plain sediments. Motions
attenuated from Charleston to the Richard B. Russell damsite are low with
the distance being about 170 miles.

Four seismic risk zones were assigned. These arc the Blue Ridge, Piedmont,
Coastal Plain, and Charleston-Summerville zones. The peak motions for
bedrock were determined by the panel to be accelerations of 0.4 to 0.5g,
velocities of 30 to 45 cm/sec and displacements up to approximately 20 cm,
with a 5 sec duration. At the Richard B. Russcll site, this corresponds

to a magnitude of 5.5 on the Richter scale. (Design earthquakes define

the ground motion at the site of the structure and form the bases for
dynamic response analyses. Generally, several design carthquakes are
investigated, for both the maximum earthquake and the operating basis
schedule,) A group of time histories were sclected for rescaling.

For purposes of design, the most conscrvative (the safest) approach assumes
that the maximum earthquake (the severcst earthquake believed to be

possible at a site on the basis of geological and seismological data)

will occur under the dam. Though a maximum induced ecarthquake can be
postulated, equal to the maximum seen in the historic seismicity over
comparable portions of castern United States, there are no reliable and
proven methods within the present state-of-the-art to predict whether or

not an induced carthquake will occur. The study by Dr. Snow shows that

the geologic stress field at the project site is compatable with initiating
activity. The historic record for the large number of rescervoirs in castern
United States shows that only a small percentage of the rescrvoirs (4 of 59
in the Piedmont) may have induced activity and those carthquakes have a
maximum magnitude of 4.5. The analysis of Dr. Long suggests that a maximum
induced earthquake for the Piedmont is about magnitude 5.6. If scismicity 1
werce induced near the reservoir, the cxperience shown in 4 of 59 Picdmont
rescrvoir areas, indicates the maximum magnitude would be much lower than
5.5, probably in the 3.5 to 4.5 range. Conscquently, for the purpose of
dam safety and design, a conservative analysis is to assume that an induced
earthquake will occur, and it will have a maximum magnitude of 5.5, with

a shallow hypocenter at the damsite.

Page 1 of 2
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A probability of recurrence study showed that the operating earthquake
has an acceleration of 0.075g (0.01 annual risk). The operating basis

1 earthquake is generally more moderate than the maximum earthquake. It
is selected on a probabilistic basis from regional and local geology
and seismology studies as being likely to occur during the life of the
proiect; in this case, 100 years. In this instance, this peak ground
acceleration is considerably smaller than the des1gn ‘?lue of the
Richard B. Russell Dam. In other words, the dam 45t J%SLgned to with-
stand an earthquake several times stronger than would be likely to occur
during its useful life.

Absentia

See statement of consultant
Dr. C. Allen Cornell in lieu of attendance
Dr. David [Snow ﬁéij21_-/’ .A/V 17 Mar 77
Dr. Otto W. Nuttli (s L1 it 17 Mar 77

Dr. David B. Slemmons .2 17 Mar 77

’17 Mar 77
/
{5 /'LIILL(/\ 77

Dr. Leland Timothy Long

Dr. Pradeep Talwani

17 Mar 77

Fr. Louis Eisele, g, J, (X é} éié¢€4€}_ <J 9
Q747

March 22, 1977

I approve of the summary with respect to its accuracy in reflecting the
material on seismic risk analysis which I contributed as a consultant to

the U.S. Army Corps of Engineers.

‘\‘, L'L(’\ (("‘; (/

C. Allin Cornell
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PART 1 - INTRODUCTION

General

155 The Richard B. Russell Damsite is 170 miles from the intense
earthquake which occurred in 1886 at Charleston, South Carolina, and
approximately 19 miles from the nearest sizable local earthquake which
occurred in 1875 near Lincolnton, Georgia. The historic record,
dating back to 1698, includes seventeen moderate earthquakes within
the Savannah River Basin above the Fall Line. Approximately 16 earth-
quakes of intensity greater than Modified Mercalli V (MM- Scale) have
occurred in the Piedmont and Blue Ridge seismotectonic provinces as
defined by Hadley and Devine (1974). Although the seismicity of a 50-
mile radius area around the damsite has been very moderate, the two
most severe events only produced damage to the most poorly built and
badly designed structures. The Richard B. Russell Damsite was care-
fully evaluated for seismic risk because it falls within Seismic Zone
2 of Algermissen (1969) and the great severity of the Charleston
earthquake.

Objectives

2. This study undertook to provide a review of the tectonism, fault-
ing and present activity of faults, earthquake recurrence, question of
induced seismicity, and the significance of the seismic history in the
region. Design Earthquakes were determined along with their appropri-
ate ground mction for bedrock at the damsite.




PART 11 - GENERAL GEOLOGY

Physiography
3« The Richard B. Russell Dam and Lake 1is sited in the Piedmont
Physiographic Province. The general relation of the site to the Pied-

mont, Coastal Plain and Appalachian Mountains is shown in Figure I.
The terrain is broadly rolling but generally the surface decends
gently towards the south and southeastward with the wvalley of the
Savannah River. This upland surface 1is the Washington Plateau in
Georgia (LaForge 1925), the Laurens slope of South Carolina, or the
Winder Slope (Clark and Ziza, 1977). Rounded stream divides have
approximate elevations of 700 to 1,000 feet m.s.l. and narrow, shallow
valley bottoms have elevations of 350 to 500 feet m.<.l. A few monad-
nock hills have relief approaching 100 to 200 feet above the general
terrain (e.g. Parsons Mtn., Little Mtn.). Such knobs have been ex-
plained by greater resistance to erosion.

4. The Savannah River and its tributaries, Broad River and Rocky
River, make up the major drainage system (Figure 2). The Savannah
drainage is bordered by the headwater tributaries of the Oconee River
on the southwest and the Saluda River on the northeast.

56 The overall pattern of the network 1is apparently a result of
superimposed drainage. Major streams southeast of the Brevard Zone
(Figure 1) are dendritic, while along and northwest of the Chauga
belt, steams have a trellis drainage related to underlying geological
structure. Staheli (1976) believes that in the southeastern Piedmont,
consequent streams developed a dendritic drainage on a Coastal Plain
surface of Oligocene time. Since this time, they have been superposi-
tioned across Piedmont rocks. Many believe there is little wvalidity
in the concept of peneplanation in the development of the Piedmont
upland surface. Crustal instability in the southern Appalachian Moun-
tains has prevented peneplanation from occurring. It should remain an
open possibility that the land has responded to other unexplored fac-—
tors in developing the accordant ridges and drainage patterns.

6. A few small stream terraces found in this study along Clark Hill
Lake and the riparian Savannah River indicate through the presence of
kaolin clayey gravel and sand overlain by manganese nodular saprolite
that the terrace material may have been of greater antiquity than
Pliestocene. Manganese nodular saprolite has been though to be as old
as Cretaceous and as young as early Pliestocene.

Regional Stratigraphy

i Stratigraphy in this area is poorly understood due largely to
intense metamorphism, lack of marker beds, complex folding and fault-
ing and saprolization. (See Figures 3, 4, and 6 for the stratigra-
phy.) Accordingly, this review has relied principally upon work

P T T




E
f SCALE 1:5,000,000
50 0 50 100 150 200 MILES
e " t ' ' e -y

LOCATION OF RICHARD B. RUSSELL
DAM AND LAKE

ADAPTED FROM SEISMOIECTONIC MAP OF THE EASTERN UNITED STATES F'GURE ‘

3




S\t i el

[ RICHARD B, RUSSELL DA

TR o
P

vk G
.m e wronirabs ‘»
AT MO TA

b e ‘

GRAVES [
A

9 10 15

SCALE IN MILES

TOPOGRAPHY

ADAPTED FROM USGS 2 DEGREE SHEETS ATHENS GA & GREENVILLE, SC 2

_" - .
. s S IASLS S e T R -t - ‘




v’l
.\:—\""

HARTWELL DAM
\/’“ )

) V-\>

LY

[
¥

B i ;
3/ e 2 &
: R
g 4 : NATIONAL — 1"
E ’:‘ " \ ¥ \ i |
1 \ 3 ; i . |
> - : * , 4
[ , X + FOREST |
% ) - - 7 N \ |
’ " | l e \*
s
\ ‘\
‘, 3 .
5 10 ‘ \
e

CALE IN MILES v \\\\, CLARK Hl
TOPOGRAPHY an T




—

ANTREVILLE SEIDE INNER l‘||l\M()N|\
FLANK C ORE BOUNDARY !

KINGS MOUNTAIN TOWALIGA ——47—“015\
LOWNDESVILLE ZONE %

/
FISHING ¢ REEK

PATTERSON BRANCH AREA

MODOC GOAT ROCK /ONI

[ 4

k Ni

GEOLOGIC MAP AND LOCATION OF SECTION A - A'

J

FIGURE 3.

SEE FIGURE 4 FOR LEGEND

5




v

SIXV 3I%0IN  pue

SHJ0Y ILI0THVHY
30VHS HIIH

I1INVHS

SINIWIOIS |
| NIV1d TViSV02

(€ 34N9I4 33S NOILIIS 40 NOILVIO0T HO4) .V - V NOILIIS SSOUD JAILIYAYILNI

fe

A w.x
Ay

1138
LILAEL]

O31VILNIYILHIONN
NV
SJINVIT0A 214V

SH204
Jisvaveiin

SILITTAHd HIV1I8

SISSIING B
S1SIHIS 211SVI2VIVD

__

1138 IDo

INOZ 17nV4 J000W

|
NH 1119VOV1IW
J NOLN102NI

o, 30N3INdIS |

leLef 9ILSV120HAd 21ST34 |
v \\ 30NIN03S
2 \h AUVINIWIOIS H3ddN

1138 33H2N

1738 H3AIE 311N

_\II.II‘
INOZ HVIHS | et 30175 2INOLD3L
) 1S1HIS
ok SISINS 1LINVWITTIS ONV SSIINS
i1 V2IW 1INUVS IHLV4S1340248VN0
oeber] SISIHDS VOIW SSIING 2ILINVES
= LSIH2S Y2IW
e e JOVHIHIIH B
e ssiNs 1 3| SSIING 3111018
= Yoy 7 30W310NHOH
- SSIING
= oNndIs ool J0VHIHIIN
— aloussys - - ¥ SISIHIS
= 2INVT0A D1V == | ILNVWITIS

_:um uhgm_

NNV
3402

1138 311074VHI 1738 INOWO3id Y3INNI

-
E
=
=]
m
(%)
=
-
|~
~
-]
~
-
-

[LELER]

FIGURE 4.




listed in Table 1. Stratigraphy is presented in terms of lithology as
opposed to formational names because of the lack of detailed strati-
graphic information. Additional stratigraphy was developed in field
studies and 1s used 1n this report.

8. Figure 5 and Maps 1 and 2 (maps | and 2 are missing from insert
pocket) illustrate the general geology. The section consists of
approximately 124 km. (412,000 feet) of metamorphosed sedimentary and
volcanic rocks intruded by granite, gabbro, and serpentine and posses-
sing highly mobilized cores of gneiss with migmatitic flanks. Meta-
volcanic rocks intruded by gabbro and 1injected by gneiss are the
predominant rocks in the immediate vicinity of the damsite. The geo-
logic ages range from Precambrian to Permian.

9. The age relationships of the parent rocks in the various recogn-
ized belts are shown in Figure 6. Overstreet (1970) states that the
metamorphosed sedimentary and volcanic rocks in the Carolina Slate,
(Figure 4) Charlotte, Kings Mountain-Lowndesville, and Inner Piedmont
belts consist of three stratigraphic sequences separated by two un-
conformities. These sequences mainly contain graywacke, shale, tuff
and lava.

Each sequence was considered to have been deposited in a subsiding
basin with the western parts of all three sequences superimposed. Near
the Brevard zone and extending more or less southeastward, these se-
quences persist to at least the continental shelf. Sundelius (1970)
feels that rocks of the Carolina Slate belt, were derived from nearby
volcanic islands and tectonic ridges by deposition in intervening
basins. A synopsis of time relationships of various strata and events
is given in Figure 7.

10. Proceeding northwest from the Coastal Plain, the youngest perti-
nent stratum is the Late Cretaceous Tuscaloosa Formation. This
clastic unit is comprised of kaolin-bearing, crossbedded sands and
gravel.

l1l. Occurring as discontinuous erosional remnants, below the Tusca-
loosa Formation at the edge of the Piedmont (near Augusta) is the
phyllite of the Belair belt. Saprolite developed on the surface 1in
the Belair belt has been preserved by the Cretaceous burial. The Bel-
air belt is composed of metavolcanic tuff and argillite and is thought
to be equivalent to the Little River Series occurring further north-
west (paragraph 13). The Belair belt is probably Cambrian in age.

12. The Kiokee belt, exposed west of the Fall Line (Figure 1), is the
oldest in the study area. The age is thought to be late Precambrian
or early Paleozoic. In South Carolina, rocks of the Kiokee belt are
amphibolites and granitic gneiss, whereas in Georgia, the rocks are
felsic gneiss derived from igneous rocks, quartzites, and other
gneisses. During Ordovician time, a younger adamellite locally in-
truded into the belt. Two periods of metamorphism are recognized 1in




TABLE 1 - REFERENCES IN STUDY OF STRATIGRAPHY

Area Author

! Hart County, GA Grant (1958); Baker (1933); Corps of Engi-
neers (1960)

Anderson County, SC & Griffin (1974a, b, 1972b; 1971a, b; 1970,

Pickens County, SC 1969)
Abbeville County, SC Griffin (1972a)
Elbert County, GA Austin (1968, 1965); Chandler (1972); Penley

and Sandrock (1973)

McCormick County, SC Medlen (1968); Griffin (1972a); Secor (1977);
Johnson (1970a); Bell (1966); Overstreet &
Bell (1965a)

Lincoln County, GA Crawford (1968a); Crickmay (1952); Fouts
(1966); Paris (1976); Peyton & Cofer (1950);
Hurst, Crawford & Sandy (1966)

Wilkes County, GA Peyton and Cofer (1950); Fouts (1966); Craw-
ford (1968a); Cook (1966)

Columbia County, GA McLemore (1965); 0'Connor & Prowell (1976);
Daniels (1974)

Edgefield Johnson (1970b); Daniels (1974); Pirkle (per.
com 1976)

General Region Overstreet & Bell (1965a); Crickmay (1952);

Georgia Geol. Survey (1976)
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the Kiokee belt. A scvere event during the Precambrian affected the

Kiokee belt only. There was a less intense event, probably during
late Ordovician to Silurian time.

13. Northwest of the Kiokee belt and overlying it are the Paleozoi
rocks of the Carolina Slate belt, and its equivalent in Georgia, the
Little River Series. Radiometric dates as old as 560-570 million
years have been obtained in the Little River Series (Carpenter, 1976).
This sequence is metadacite whose parent was a series of volcani
flows and tuffs. Two main bodies of metadacite lie in the study area,
one centered around Lincolnton, Georgia, and the second around the
Russell Damsite. Overlying the metadacite is an pyroclastic sequence
of tuffs, agglomerates, welded tuffs, felsic and mafic flows inter-
fingered with volcanic graywacke and argillite. Overlying the pyro-
clastic sequence is an upper sedimentary sequence consisting of banded
argillite and volcanics. The youngest sequence is well exposed north-
west of the Modoc fault zone in South Carolina. Granitic Intrusions
in the Little River Series, such as Goshen Granite, is 365 million
years old (Paris, 1976).

l4. The Little River Series overlies the Charlotte belt to the north-
west., The Charlotte belt in South Carolina consists of gneiss and
schist derived from older igneous rocks, graywacke, shale, tuff, and
volcanics. In Georgia, the Charlotte belt includes large areas of
granitoid gneiss, high-grade schist and amphibolite derived from sedi-
mentary rocks and igneous plutons. The Charlotte belt is Precambrian
to Cambrian in age. The exact stratigraphic relationship between the
Charlotte and Slate belt in the study area is wuncertain because the
boundary is poorly defined. Certain relationships indicate that meta-
morphic grade is the only distinction. Locally, the Charlotte belt
rocks form the centers of regional anticlines, and they are believed
to be older than the tlanking Slate belt; however, units unrelated by
simple stratigraphy exist along shear zones and faults.

15. The relationship of the Charlotte belt and Inner Piedmont belt
(Figure 4) to the Kings Mountain-Lowndesville belt is also not clear.
In South Carolina, the Kings Mountain belt separates the Inner Pied-
mont from the Charlotte belt and is thought to be younger, perhaps 1in
the nature of a detachment zone squeezed between adjacent older
blocks. Accordingly, the Kings Mountain belt overlies the Inner Picd-
mont, and the adjacent Charlotte belt. The Lowndesville belt does not
extend into Georgia. As the Lowndesville belt crosses the Savannah
River, foliation and bedding wrap around the nose of the syncline and
the belt pinches out (Griffin, 1976, personal communication). The
Inner Piedmont mica schist, gneiss, quartzite, and amphibolite of
South Carolina do not display any clear significance in Georgia and
may be obscured by faults (Hurst, 1970).

l6. A minor event occurred also within the region 380-386 M.Y.B.P.
with the intrusion of gabbro and associated chloritization of the
complexes in the Slate, Charlotte and Inner Piedmont belts. Medlin
(1968) finds alteration, cataclastic deformation and tilting in such
complexes.

13
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Lithology Near the Site:

17. The rocks in the study area have been subjected to various de-
grees of metamorphism. Adjacent to the damsite, they are intermediate
in metamorphic grade. Both regional and contact types o! metamorphism
are evident. The metadacite adjacent to the dam is upper greenschist
grade. Contact hornfels most probably surrounds the Calhoun Falls
gabbro complex, buc little evidence is found of contact metamorphism
near the damsite. Pervasive gabbroic dikes, however, are hydrother-
mally altered to chlorite schisc.

18. Downstream of the damsite, along Clark Hill Lake, the Slate bhel*®
rocks are generally greenschist grade and exhibit less metamorphic
alteration. Upstream of the damsite, metamorphic grade increases, al-
though the Lowndesville belt also shows retrogprade metamorphism.

19. The fine-grained rocks exhibit well-developed foliation and slaty
cleavage. They have been metamorphosed 1nto slates and phyllites.
Coarser clastics and mafic flows have been transformed into granitoid
gneiss and amphibolite. The Inner Piedmont is separated by a discon-
tinuity between quartzofeldspathic gneiss and the higher grade silli-
manite schist, gneiss and amphibolite. In cataclastic zones, all
rocks are crenulated and broken with some evidence of retrogression.

Depositional History:

20. The rocks in the region resulted from deposition in a eugeosyn-
clinal basin. The source area undergoing erosion supplied clastic
material to a marginal basin much as present-day sources supply embay-
ments (Figure 8). During early to mid-Precambrian time, and intense
metamorphic and compressional event transformed the eugeosyncline iato
the present late Precambrian basement of the Appalachians. In late
Precambrian time, a second clastic source area appeared. This source
contributed volcanic rocks and volcanoclastic sediments and is identi-
fied as an island arch-trench subduction system by Carpenter (1976),
Hatcher (1972), and others.
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PART 111 - PRECAMBRIAN AND PALEOZOIC TECTONIC HISTORY

Orogenies.

2l. Ancient orogenic events have occurred as follows.

22. Post Grenville-Adirondack History. During the Precambrian, there
was deposition in eugeosynclinal basins with clastics derived from a
source land represented by Greaville-Adirondack Mountains (Fisher
1970). Also, clastic sediments were derived from a late Precambrian
seaward source representing a geanticlinal welt or volcanic islands.

23. Pretaconic and Taconic Cycle. During the Precambrian to middle
Ordovician deformation and metamorphism of the eugeosynclinal track
occurred. Following uplift, erosion occurred during the Ordovician
and intrusion of magma accompanied the Paleozoic compressional phase.
By the late Ordovician or Silurian, large overthrust sheets moved
slices of deformed geosynclinal sediments toward the northwest.
Southern Appalachian rocks remained high while marine transgression
occurred in the interior.

24. Acadian Cycle. The Acadian cycle was a late Devonian to Permian
phase of compression accompanied by continued deposition from the
rising mountain source. The Towaliga, Brevard and Coat Rock faults
were generated during this phase, as were the folds and faults in the
Valley and Ridge and Cumberland Plateau (Hatcher, 1972).

25. Triassic Events. After the Acadian orogeny, considerable erosion
followed uplift of the southern Appalachian region. During the Tri-
assic, this region was subjected to tensional forces which resulted in
normal faulting and development of grabens. These fault-bounded
structures received clastic sediments from adjacent highlands. Asso-
ciated with sedimentation in the grabens were basalt intrusions and
flows. In some basins, normal faulting shows greater displacement
along the southeast than the northwest boundaries.

Fold Deformation.

26. Structural deformation in the study area involved both folding
and faulting. The axis of the folds generally run southwest-northeast
as do the strikes of major faults. The dip of the foliation and bed-
ding is quite steep, and it is uncommon to find bedding and foliation
planes dipping less than 50 degrees.

27. The folding style observed in the study area or reported by
others is as follows:

a. In the Belair belt, the style is one of shallow northeast
plunging folds with steep 1isoclinal limbs. Generally, limbs are
steeply dipping to the southeast.
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b. In the Little River Series, the predominate fold style is a

series of vertical isoclinal folds with gentle plunge to the north-

east, in some cases with evidence of polyphase folding, as, for exam-
ple, on the Modoc fault zone.

c. The fold style in the Kiokee belt is determined by a broad
anticline. However, at the mesoscopic level, rocks have been tightly
folded with steep to moderately steep dips. Along the northwestern

limb, the rocks have undergone polyphase folding. Multiple phases of
folding dominate contacts of both Slate and Kiokee belt rocks.

d. 1In the Carolina Slate belt (Howell and Pirkle, 1977), top-
bottom criteria indicate a regional syncline, with its axis northwest
of Parksville, South Carolina, in the argillite. The axis trends
N 50°E and plunges 10°N. Fold styles within the bounding fault zone
at Modoc include isoclinal folds and drag folds. Fold style from
Parksville, South Carolina, to the northwest flank are cylindroidal.

Charlotte Belt.

e, The Charlotte belt consists of southwest plunging assymetri-
cal folds overturned to the west-northwest. Also present are tight
northeast striking isoclinal folds. Griffin (1972a) states that, 1in
South Carolina, the fold style in the Charlotte belt is problematical
because of poor exposure. The style appears to be one of upright
folded isoclines.

Lowndesville Belt.

f. Criffin (1972a) believes the pattern in the Lowndesville belt
folds is suggestive of a general syncline including many small, tight,
upright isoclines. The belt ends near the Savannah River, where the
folds plunge to the northeast at 10 degrees. The belt suggests cylin-
droidal folding.

Inner Piedmont.

g. GCriffin (1972a) shows the attitude of foliation within the
Inner Piedmont core to steepen toward the boundary separating it from
the southeastern flank. Moderate to steep dips predominate along the
core while moderate dips are on the flanks. The core also has locally
steeper northwest dips.

Jointing.

28. Measured patterns in the study area suggest that jointing 1is
geometrically related to folding. Figure 9 summarizes joint orienta-
tions within the study area. Field examination and correlation of
joints with foliation show maxima of joint trends that correspond to
foliation maxima. Two clear maxima of joints lie at N 35°W and N 50-
55°E. After extracting the joint maxima corresponding to folding, the
remaining pattern suggests compressional and extensional axes oriented
N 80-85°W and N 8-10°E, respectively.
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Jointing in the Savannah River Study Area
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Faulting.
29. Table 3, Figures 10 and 11 list mapped faults in the study area.
The three major fault zones are the Brevard, Towaliga-Lowndesville-
Kings Mountain, and Goat Rock-Modoc. These fault zones are shown on
Figure 10 with Table 2 listing their field characteristics, In addi-
tion to the above faults, there are other significant features identi-
fied by Griffin (1972a) as tectonic slides., These slides are observed
to mark boundaries or discontinuities in the stratigraphy and litho-
logy. Evidence for their existence includes silicified breccia zones,
abrupt changes in attitude of foliation, and discontinuity in metamor-
phic and lithologic facies. Their inferred locations and boundaries
are shown in Figure 11.

30. The Belair fault located near Augusta, Georgia, 1is a reverse
fault on which metavolcanics have been carried up against the younger
Tuscaloosa Formation.

31. The Patterson Branch fault is interpreted to be a normal fault.
Although an earthquake of moderate magnitude occurred near this fault,
it has shown no surface offset along its 7-1/4 km length. The cri-
teria for classification include stratigraphic field relationship,
trenching and geophysical investigation.

32, The faults in the Lincolnton metadacite and associated rocks are
normal faults. Geophysical and field evidence used to classify these
faults showed they are not active.

33. The Geologic Map of Georgia (1976) shows the Towaliga Fault to
splay into branches with one branch positioned northwest of the Rus-
sell Damsite (Figure 5). Field investigation failed to confirm the
location as mapped by Penley and Sandrock (1973). It is suggested
that in the Elbert County area, the Towaliga Fault is obscured by the
Elbert Granite body and the Charlotte-Slate belt boundary (Figure 11).
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Sketch tectonic map of the Greenville 1:250,000 U.S. Geol. Sur. two degree
sheet The Brevard Zone in Georgia is adapted from SMITH & GREEN (1968)
| and in South Carolina from HATCHER (1969 b). The position of the Carolina
slate belt outliers is modified from OVERSTREET & BELL (1965, Pl. 2), slides
are from GRIFFIN (1971 d) and additional boundaries are by HANCOCK.

FAULTS IN THE STUDY AREA
SKETCH TECTONIC MAP OF GA. & S.C.
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TABLE 2 - BREVARD, MODOC, AND LOWNDESVILLE
DUCTILE MYLONITIC ZONE CHARACTERISTICS

Topographic Lineament
Straight with Slightly Curved Segments
SE to Vertical Dip - Lowndesville Dips NW

Rocks Within the Zone Subjected to the Same Deformational History
as Those on Either Side

Multiple Stratigraphic Units
Contain Cataclastic or Mylonitic Features
Cataclasis in Differing Units

Barrovian Metamorphism Retrograded to Green Schist-Facies Assem-
blages

Fundamental Structures of the Southern Appalachian Orogen

Zones Change Character by Splaying

22
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TABLE 3 - FAULTS IN THE STUDY AREA

MINIMUM
MAPPED
LENGTH PROBABLE AGE
FAULT (MI1) FAULT TYPE (MAX) oMIN)
Modoc 79 1. Thrust Paleozoic Late Devonian
2. Strike-slip to Permian
Loundesville 160 Questionable Paleozoic Late Devonian
Right Lateral to Permian
Strike-Slip
Brevard 450 l. Right Lateral Paleozoic Late Devonian
Strike-Slip to Permian
2. Dominantly
Dip-Slip
Belair Fault 13 Reverse 50 M.Y.B.P. Quaternary
Patterson
Branch 4-1/2 Normal or Thrust Mesozoic
Diversion
Channel Fault 4/10 Thrust 355 M. ¥ eBuPs 270 M, Y. B.P.
Lincolnton
Type
Metadacite i Normal 598 M.Y.B.Ps

l. Howell and Perkle (1976)
2. Hatcher (1972)

3. Hatcher (1974)

4. USGS (1976)

5. Secor (1977)

6. Paris (1976)
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PART IV - POST-PALEOZOIC STRESS HISTORY

34. Indicators of post-Paleozoic stress included the following: Tri-
assic basin faulting, Jurassic diabase dikes and flows, siliceous
altramylonite dikes (flinty crushed rocks), joints, and isostatic re-
bound. A change from a compressive field at the end of the Paleozoic
to an extensional field during the Mesozoic is suggested by the first
three indicators. The Cenozoic record indicates a later return to
compressive tectonics in at least some portions of the Appalachians.
However, conflicting data in the southern Appalachians cloud a clear
reconstruction of stress. The Tertiary seems to be transitional be-
tween types of stress fields.

Fault Basin Development.

35. Triassic tensional forces resulted in normal faulting and devel-
opment of grabens from Georgia to Canada (Figure 8). Grabens received
clastic sediments from the adjacent highlands. Rasalt intrusions and
flows occur also in these basins. Known Triassic basins include Laur-
ens Conty basin, Dunbarton basin, and Florence basin. Since the
bounding normal faults parallel to the Appalachian trend, the axis of
extension 1is thought to have been perpendicular to the Appalachians.

Dike Formation.

36. The extensional field continued throughout the Mesozoic. The
pattern of Appalachian diabase dikes has been cited (May 1971) as
evidence of extension during the break-up of North America, West
Africa and South America. Accordingly, the dikes represent lines of
tension in the stress field imposed on the continental crust at the
onset of North American seafloor spreading.

Flinty Crushed Rock Zones.

37. Post-diabase dike age siliceous ultramylonite breccia dikes (FCR)
occur throughout the Piedmont and Blue Ridge provinces of the southern
Appalachian. These FCR dikes have been the subject of 1inconclusive
writings by White (1950), Conley and Drummon (1965), Hatcher (1974),
Haselton (1974), Birkhead (1973), and others, who, despite many
differences, mostly agreed that these features are:

a. Post-orogenic and post-diabase in age;

b. Are extensional in origin;

c. Do not seem to offset contacts horizontally, but do verti-
cally.

Examples include the Blue Ridge front on a grand scale and the Patter-
son Branch fault on a smaller scale. Presently, these FCR dikes are
taken to indicate late Mesozoic to early Tertiary extension.




.

Cenozoic Uplift.,

38. White (1950) has suggested the Blue Ridge front to be a border
fault of a Triassic basin reactivated during the Tertiary by normal
faulting, but presently extensively modified by erosion. Haselton
(1974) agrees that the geological setting of the Blue Ridge front
suggests it is a fault scarp. He supplements White's original argu-
ment with nine additional points. Some objection to the evidence has
been raised by Hatcher (1974), chiefly because detailed mapping in
some areas where the front passes does not indicatc faulting.

39. Meyerhoff (1972) indicates that although late Triassic faulting
was a factor in determining the boundary between the Blue Ridge and
Piedmont provinces, it did not alter the general direction or pattern
of the drainage. This pattern is believed to have been set by the
Permian deformation with western flowing streams in the south (Tennes-
see River system) and southeast flowing streams in the north (Susque-
hanna River). The local superposition of the eastern flowing streams
has taken place with a western shift in the Mesozoic drainage divide
initiated by late Triassic faulting which lowered the base elevation
of the Piedmont. Sapping of the Blue Ridge front effected an ever in-
creasing northwestern migration of the divide by stream capture. In-
termittent uplift and tilting centered around the presistently high
Blue Ridge constantly keeps the eastern gradients higher than the wes-
tern. Although this conclusion is not established as fact, it does
suggesL a continued extensional field in the Mesozoic, Tertiary and
possibly into the Quaternary.

40. A partial return to compressional tectonics in the southern Appa-
lachians during the Quaternary may be supported by overthrust features
such as the Belair fault. The most recent statement released by the
Department of Interior Geological Survey* indicates activity along the
fault in the past 50 M.Y.B.P., but disavows claims for Quaternary
movement. Two other such features have been 1identified by Drennen
(1950) and by Howell and Zupan (1974).

Jointing.

41. Systematic measurements of jointing in the crystalline rocks of
the Savannah River drainage confirm two major trends (Figure 9) with
one probably related to extensional stress. Maxima between N 10°W to
N 10°E are suggested to indicate shear, but of pre-Quaternary age. As
in most joint studies, however, the exact age of jointing is difficult
to determine, and jointing may represent remnant stress rather than
contemporary pattern.

*Her&yg{;;j'ﬂﬂ:]i;pi{{déﬁgi;{"fﬁfé;f5;:47ﬂﬂ;l5gf€51 Sdrvoy will be
shown as USGS.
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Contemporary Stresses.

42. Contemporary compressive stress for the Appalachian region has
been suggested by Sbar and Sykes (i973). They infer that eastern
North America is under high horizoutal stress. Principal stress is
oriented north to northeasterly, as seen in hydrofraction overcoring
and focal plane solutions. However, the results in the Appalachians
south of the middle Atlantic states show considerable scatter and
hence may not be reliable. The nearest measurements to the study area
are at Lithonia, Georgia, and Bad Creek pump storage site in South
Carolina. Hooker and Johnson (1969) and Hooker and Duval (1966) found
in Georgia the following data:

Location Bars Ratio Trend of Rock Type
o o, 4O o

R S e D L it S8 s s B it o ot

l.ithonia 102 5] N 8° E Granite

Lithonia 111 L7 N49° E Gneiss

Douglasville 35 1.8 N64° E Gneiss

Haimson (1976) hydrofracting at Bad Creek Pump Storage Site in a near
surface hole on moderate to steep slopes found <1 to be northeasterly
and <3 vertical. Recent fault plane solutions for earthquakes indi-
cate the fnllowing:

Location ~~ Mechanism  Compression / Dilation

Charleston, SC Thrust Fault NE NW Lie

Willington, SC Normal Ambiguous Pites
Strike-Slip E-W N-S

1. Tar (1976); 2. Talwani (1976).

The preceding data allows Snow (1977, this volume) to deduce the
southeast to be a region of high horizontal stress; however, other
authors (Sbar & Svkes, 1973, 1974, and Hooker, 1966, 1967) find that
total available information suggests that south of eastern middle
Atlantic states stress field indicators and measurements inconsis-
tently demonstrate high horizontal stress.

Isostatic Rebound.

43, Isostatic rebound of the southern Appalachians has to be con-
sidered in analysis of current stress. At the end of mountain build-
ing, the southern Appalachians are believed to have stood over a
corsiderably thickened crust. Mathur (19/1) considers the crustal
mantle boundary to be at 41 km depth under the Piedmont. Conserva-
tively, from the end of the tectonic compressional phase during the
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Paleozoic, the Appalachian system has lost 3 km elevation and shed 20
km from its root through rebound. The i1mmense volume of clastics

(over 21 km) now lies in the Coastal Plan and continental margin.

44, Late tectonic movements within the Appalachians probably are
recorded best in the sediment record (Owens, 1970; Meyerhoff, 1972).
Uplift in the source land is recorded in the depositional basin in
quantities of clastics that depend upon the intensity of the uplift
and basin warping. Owens (1970) finds the carbonate facies reaching
its maximum onlap in Florida, Ceorgia, and South Carolina in the Oli-
gocene overlap. This 1s a period of quiescence in the source region.
During the Miocene, the Coastal Plain record shows the Cape Fear arch
(Figure 1) barring the northward transgression. Ciastic units are
thickest in old troughs such as the Suwannee straits, indicating
reactivation during a period of renewed uplift in the south Appala-
chians.

45. The last recorded major tectonic uplift was the epierogenic up-
lift of the whole Atlantic Coastal Plain and Piedmont, probably start-
ing in the late Pliocene. Although large scale eustatic rise and fall
of sea level continued through the Pleistocene, a continued emergence
is recorded in older coarse clastics, standing higher than the vyoung
Pleistocene deposits. The Pliocene to Quaternary deposits of coarse
clastics derived from the southern Appalachians are thin, which sug-
gests waning intensity to the uplift.

46. Staheli (1976) utilizes xhe absence of clastic facies among O0li-
gocene sediments to indicate that sedimentation must have extended
inland as far as the Brevard zone during a major Oligiocene transgres-
sion. Coastal facies have evidently been eroded away during renewed
uplift. Cramer (1974) and Eames (1962) also bring out the same rela-
tionship in the Cenozoic rocks of Georgia and the Gulf Coast. Mather
and Applin (1971) find evidence for increasing seaward ¢tilt of the
margin and coastal plain in the sediment thickness and depositional
record preserved in the basins and flanks of the Atlantic arches and
rises. Isostatic uplift of the Appalachians accompanied by erosion
and subsequent deposition on the margins has apparently been of suffi-
cient intensity to shift mass centers towards the margins and to cause
tilting and down warping of the Coastal Plain. Uplift and tilting of
the southeastern flank can be a possible mechanism for continued con-
temporary extension centered around the Blue Ridge, while the signifi-
cantly high horizontal stress reported by Sbar and Sykes (1973)
continue to deform the Coastal Plain. The western underflow of the
mant le combined with isostatic rebound of the Appalachian mass could
be responsible for buckling of the margins and shear failure of local
rigid bodies, such as reported by Long (1976) under the Coastal Plain.




PART V -EARTHQUAKE ACTIVITY

Historic Earthquakes

47. The distribution of historic earthquakes in the general region of
the Richard B. Russell site is shown in Figure 12. The earthquakes
are listed by state of origin in Table 4 along with their dates, coor-
dinates, intensity, source of data, and other information. Intensity
is in Modified Mercalli (MM) wunits for the severest shaking. An
abridged statement of the MM scale is contained in Figure 13.

Relation of Earthquakes to Geologic Structures

48. Historic earthquakes in the area of Figure 12 have not been re-
lated to specific geological structures or to known faults. None of
the earthquakes has had recognizable surface displacement. Despite
the considerable study, particularly in the Charleston-Summerville
area, relationships between earthquakes and subsurface to basement
geology have not been developed.

Principal Earthquake Zones

49. Figure 12 shows earthquake ¢picenter and seismic zones 1in the
region. The Richard B. Russell project, as well as the Clark Hill and
Hartwell Lakes, are in the Piedmont zone. Adjacent zones are Blue
Ridge and Coastal Plain. The Charleston-Summerville (South Carolina)
zone encompasses the small area of intense seismicity that is local-
ized in this small portion of the Coastal Plain. The earthquakes are
those in Table 4 for Charleston and Summerville, Soucth Carolina.

50. The Piedmont is largely a region of metamorphosed rocks. The
Blue Ridge, with its felded sedimentary series, bounds the Piedmont
along the Brevard fault zone in the Savannah River basin. The Coastal
Plain represents young, gently dipping sedimentary rocks. Its bound-
ary with the Piedmont is somewhat inexact. The Fall Line, usually
taken as the boundary, is not directly tectonic. The boundary chosen
for this study is along a zero gravity line which was mapped passing
through the area below Augusta, Georgia. Choosing this boundary was
somewhat arbitrary yet more relatable to tectonism in terms of bring
to an end the influence of the Piedmont crystalline rocks rather than
Cretaceous-Tertiary deposition and subsequent erosion. Coastal Plain
sediments formerly onlapped into what is now the Piedmont.

51. Thus, the principal zones, in a general way, are related to phys-
iographic provinces. The Charleston-Summerville area, however, is
unique. At Charleston-Summerville, there is a concentration of seilsmic
activity which is not observed anywhere e¢lse in the Coastal Plain.

52. Earthquakes in the Blue Ridge, Piedmont, Coastal Plain, and
Charleston-Summerville zones, because they cannot be related to speci-
fic faults, are assumed to occur anywhere in their respective zones.
Thus, the zones are interpreted as carrying '"floating" earthquakes.
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Table 4 Historic Earthquakes in the Gereral Region of the
Richard B. Russell Project Sit:

North West
Time lLatitude Longitude Intensity® Source of Data%*
Year ate Locality EST deg dey MM VPISU EHUS Other

GEORGIA

Jun 17 Milledgeville 1500 33.1 83 V' X X
Jul 28 Milledgeville 1805 33.1 83.3 08 X

Nov 01 GA-5C border 2155 33.8 82.5 VI X X
Mar 31 Milledgeville 0500 331 83.3 LIT X
Oct 1T Sandersville 1730 33 83 v X

Oct 18 SE TN-NW GA 1300 & 1700 35.0 85.3 v X X

1603 Jan 23 GA-CC 2015 81.1 VI X X
1909 Oct 08 NW GA 0500 85 IvV-v X
1912 Jun 20 Savannah 81 v 5
Oct 22 Dublin 2015 83.9 Iv X
1913 Mar 13 Calhoun-Gordon 0000 S v X

Counties

191h Mar 05 Atlanta 1505 33.5 83.5 VI X X
1933 Jun 09 Eatonton 0630 330 83.3 LS
1935 Jan 01 NC-GA border 0315 35.1 83.6
1936 Jan 01 NC-GA border 0300 35 8k.2 111 {
1940 Oct 19 TN-GA border 0055 35 85 IV
1943 Jul 28 Augusta 2330 33.4 82.0 (seismic?) X
1947 TN-GA border 1900 35 oy X
1958 Tift County 1200 3.5 i
1963 GA-SC border 0601:43. 4 34.2 X
196k GA-AL border 0432:11.6 34.8 V/kh X
flberton 1803:00.1 3h.1 (Blast?) X
Macon 2020:18 33.2 V/k. b X
1965 GA-SC border 2119 34,0 X
GA-SC border 07h1:10.2 33.8 X
Sandersville 2355:33.3 33 X
Canton 1258:01.0 3.2
Canton 1304:11.5 34.2 X
1969 Greensboro 1858:23 4.6 X
i 35 33.6 83.3 ¥
2052 33.6 83.3 X
1974 )852:09.8 33.9 892.5 X

* Magnitude indicated as appropriate.

lytechnic Institute and State University, 1975.
f the United States, Pub. Llh, NCAA, 1973.

il = Virginia Pc
- "Barthquake His
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Table 4

Historic Earthquakes in the General Region of the
Richard B. Russell Project Site

North
Time Latitude
Tear Date Locality EST deg
SOUTH CAROLINA
Feb
May 19 Charleston (May 127) 32.8 X
Apr 04 Charleston 32.8 X
Apr 11 Camden 0320 34.3 X
Apr 11 Camden 1655 34,3 X
18 Feb 07 Charleston 1000 32. X
Dec 19 Charleston 090k 32. X
Oct Charleston 32.8
Summer
Dec 12 Charleston PM 32.8
Oct 26 Winnsboro 3k, k
Spring
Jun Charleston 32.8 79.8
Aug 27 Summerville 0130 33.0 80.2
Summerville 0830 33.¢ 80.2
Aug 28 Summerville 0530 33.0 8
Aug 2 Summerville 33.0 &
Aug 31 Charleston 2151 32.9 8
Oct 2 Charleston 0520
Oct 22 Charleston 14Ls 2.9
Nov 05 Charleston 1220 9
1906 Aug 095 Summerville 0102 0
1907 Apr 19 Charleston 330 32.8
1908 Jan 15 Summerville 1k00 33.0
(Another shock one minute later)
Mar 03 Summerville 1606 33.0
908 Summerville 0150 X
Summerville 2310 X
Summerville 0624 X
Summerville 062k X
9 Summerville 2300 X
Summerville 0836 p.3
Summerville 1800 X
310 Summerville Qk15 X
ummerville 0218 X
rville 1529 X
1911 border 2200-2300 X
0717 X
*

e

J -

urce data:

Virg
- “Parthqumke History of the United States, Pub.

Mignitude indicated ac appropriate.

EN - Earthquake Notes,

‘-t‘:, 197

nia Polytechnic Institute and tate ‘I:ive:-.:;ty, 1975.
4ll, NOAA, 1973.
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Table 4 Historic Earthquakes in the General Region of the
Richard B. Russell Project Site
North West
Mime Latitude Longitude Intensity* Source of Data*#
locality EST deg deg MM VPISU EHUS Other
SOUTH CAROLINA (continued)

Charleston 1525 32.8 9.8 X

Summerville 0530 32.9 80.0 VI-VIII(VII) X EN(1975)
Summerville — 2.9 80.0 X
Summerville 1152 32.9 80.0 »
Summerville 0306 32.9 80.0 p 3
Summerville 0730 32.9 0.0 X
Surmerville 2232 32.9 80.0 X
Union County 1410 3.7 81.7 I1I-1V X
Summerville 1154 32.9 80.2 5 X
Union County 1328 34T 81..7 VII-V1Il (1) X
Summerville 1937 32.9 80.2 X
Summerville 1606 32.9 8 X
Summerville 1130 2.9 80.2 X:
Sunmerville 1320 2.9 80.2 X
Darlington & Florence 2020 3k.2 79.8 III-1IV X
Chester 1530 34,7 81.3 II1 X
Walterboro 2303 32.8 80.7 11T X
Summerville 0303 33.0 80.: IIT X
Summervil le 2053 33.0 80.1 v %
merville 0300 33.0 80.2 11 X
Summerville 0204 33.0 80.2 v X
Summerville 0655 33.0 80.2 11 X
Charleston 1955 32.8 79.8 I1I-1V X
Anderson 0002 34.5 82.7 1V-v X

(f, shocks)
Summerville 0656 33.0 80.2 Il X
Summerville QLls 33.0 80.2 11 X
jummerville 0705 33.0 8o0.2 111 X
mmerville 1318 33.0 80.2 X
immerville okL2 33.0 80.2 1t X
Summerville 1401 33.0 80.2 I-11 X
Summerville 0653 33.0 80.2 11-111 X
Summerville 1845 33.0 80.2 It b 4
1848 33.0 80.2 111 X
£ Qkh25 33.0 50.2 II-111 X
Summerville 2325 33,0 30.. 2 111 X
Summerville 0555 33.0 80,2 111 . X
ireenvil le 2006 34.8 82.5 V-V SN X
Summerville 1106 13.0 80.2 111 N
Summerville 1043 33.0 80.2 111 EiS
Pickens County 0320 35.0 82.6 v X
(Two moderate shucks telt)
Summerville 33.0 X
Gumter 0705 33.9 X
Mue West 2115 k.3 B ¥
indicated as appropriate,
i lytechnic Institute and State Universfty, 1975,
FifUS - "Enrthquake History of the United States, Pubt. Uilb, KOAA, 19 S
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(1) ERUS - Int

asity VI-VIT

VPISU - Intensity VII-VITI
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Table 4

Summerville

1lle
lle
8 e lle
Summerville
“harleston

Summerville
Summerville
Summerville

Winnsboro
Summervil
Summerville
erville

Wappoo Heirhts
“olumbia
Summerville

Summerville
Summerville
Summerville
Summerville
mmerville
Summerville
Summerville

Charleston
Due West
Due West

Due West

Historic Earthquakes in the General Region of the
Richard B. Russell Project Site

Latitude

West

indicated as appropriate.

- Virginia Polytechnic Institute and State University, 1975.
- "Iarthquake History of the United States, Pub. 4llL, NOAA, 1973.
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Longitude Intensity* urce of Data¥*#*
5 iep leg MM \ ius
SOUTH CAROLINA (continued)
2030 33.0 80.2 X
1902 3L.3 2.4 ¥
(Aftershocks between 03 and O4 hours on Dec 10)
nty 2 3.5 80.3 X
0718 4.3 82,4 X X
(T could be Alabama shock of
0735 3.0 80 X
0740 .0 80.2 X
213k 3.0 80.2 II1 X
0912 33.0 80.2 v-v X X
okLo 33.0 80.2 X
(Aftershock 15 minutes later)
0500 33.0 80.2 IV X
0736 33.0 80.2
1120 33.0 8o0.2 X
401 33.0 80.2 X
1401 33.0 80.2 X
1914 2.8 80.0 b3
0845 33.0 80.2 b
2220 33.0 80.2 X
okzz 33.0 80.2 X
2220 341 61.1 X
1025 33.0 80.2 v X
1330 33.0 80 X
1620 33.0 8o X
0820 & 08Lo 32.8 8¢ (Blast possibility) ¥
32.8 8 X
0632 3.3 51 V-VI X X
1309 33.0 30.. 2 X
2330 33.0 80.: X
0552 33.0 80.2 X
0153 33.0 2 X
2155 33.0 é X
1920 33.0 X
0255 33.0 *
0732 33.0 X
(ielt by one vbserver) X
——— 2. 8 80.¢ v X X
0300 & 033 3 82.u v X X
1L00 3 gz, 4 Iv X
1825 3 82,4 v X
Sheet 4 of 5
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Table 4 Historic Earthquakes in the General Region of the
Richard B. Russell Project Site
North West
Time Latitude Longitude Intensity* Source of Data%*#®
it Locality EST deg deg MM VPISU EHUS Other
SOUTH CAROLINA (continued)
t m 0116 3L.5 82.8 v X X
A ville (near) 0108:30 33 80 VI X X
t (near) 2107:28 3L.5 80.2 Vi X X
Mar P SC 12k7:ko 33.0 79 v X X
3 2237F;:30 2.8 19.8 N X X
May 1ok3 33.0 80.2 TTE X
*t 1935 33.0 80.2 i X
i 12:45 34.8 82.3 v X
ay “he 2101:36 32.2 9.7 v 2
15
‘olumbia 1303:46.6 3k.0 81.0 v X X
‘hester 2337:16 34,7 81.3 X
) “hester 0942:20 34,7 81.3 X
) 0232:00 34,7 81.3 X
1325:02 347 81.3 (N. Central SC) X
090k:10 33.4 80.7 v/3.8 X
) 2324 32.8 9.8 Felt by one cbserver %
0546 32.8 79.8 X
1 A 2012 2.8 19.7 Felt by two residents X
o 2141:18.5 3L.0 81.5 IV/3.T X
Felt in Richland and Lexington counties
' West of McCormick 12:14 GMT 33.95 82.58 3 Long (1974)
We t McCormick 10:54 GMT 3.5 Long (1974)
3,3 80.6 IV/b.1 X
Ju 34.8 83.0 Iv/3.8 X
Aus 33. 4 80.7 3.5 X
Fe 33.9 80.4 /oS X
(aftershocks )
A I11/3.0 X
Mar 2.3-3.0? X
: 33.0 80.3 X X
0852:09.8 33.9 82.5 VI/b, X
N 0525:55 32.9 80.0 VI/4.3-L.7 X 5
11:31 EST 2.8 X
) 19:59 GMT 3.0 19
itude indicated as appropriate.
-V inia Polytechnic Institute and State University, 1975.
- "Earthquake History the United States, Pub. L1k, NOAA, 1973.
Sheet 5 of 5
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Figure 13

i MODIFIED MERCALLT INTENSITY SCALE OF 1931 r
| (Abridged) (from Barosh')

I. Not felt except by a very few under especially favorable circum-
stances.

I1. Felt only by a few persons at rest, expecially on upper floors of
buildings. Delicately suspended objects may swing.

III. Felt quite noticeably indoors, especially on upper floors of build-
ings, but many people do not recognize it as an earthquake.
Standing motor cars may rock slightly. Vibration like passing of
truck. Duration estimated.

IV. During the day felt indoors by many, outdoors by few. At night some :
awakened. Dishes, windows, doors disturbed; walls made cracking 4
sound. Sensation like heavy truck striking building. Standing
motor cars rocked noticeably.

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc.,
broken; a few instances of cracked plaster; unstable objects over-
turned. Disturbance of trees, poles and other tall objects some-
times noticed. Pendulum clocks may stop.

VI. Felt by all; many frightened and run outdoors. Some heavy furniture
moved; a few instances of fallen plaster or damaged chimneys.
Damage slight.

VII. Everybody runs outdoors. Damage negligible in buildings of good de-
sign and construction; slight to moderate in well-built ordinary
structures; considerable in poorly built or badly designed struc-—
tures; some chimneys broken. Noticed by persons driving motor
cars.

VIII. Damage slight in specially designed structures; considerable in
ordinary substantial buildings with partial collapse; great in
poorly built structures. Panel walls thrown out of frame struc-—
tures. Fall of chimneys, factory stacks, columns, monuments,
walls. Heavy furniture overturned. Sand and mud ejected in small
amounts. Changes in well water. Disturbed persons driving motor
cars.

IX. Damage considerable in specially designed structures, well designed _
frame structures thrown out of plumb; great in substantial build- 1
ings, with partial collapse. Buildings shifted off foundations.

Ground cracked conspicuously. Underground pipes broken.
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Figure 13 (Continued)

X. Some well-built wooden structures destroyed; most masonry and frame
structures destroyed with foundations; ground badly cracked. Rails
bent. Landslides considerable from river banks and steep slopes.

Shifted sand and mud. Waster spashed (slopped) over banks.

XI. Few, if any (masonry), structures remain standing. Bridges des-
troyed. Broad fissures in ground. Underground pipe lines com-
pletely out of service. Earth slumps and land slips 1in soft
ground. Rails bent greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and
level distorted. Objects thrown upward into the air.
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53. The severest historic earthquakes in the seismic zones are as
follows:

a. Blue Ridge Zone: Giles County, Virginia, earthquake of
31 May 1897. (The earthquake was in the Blue Ridge physiographic
province but not in the mapped region of the Richard B. Russell area.)
Epicentral MM intensity is VII (EHUS) and VII-VIII (Bollinger-VPI).
Figure 14 shows the felt area of the earthquake. A review of the
earthquake has been provided by Bollinger and Hopper (1971).

b. Piedmont Zone. Union County, Carolina, earthquake of 1 Jan-
uary 1913. Epicentral MM intensity is VI to VII (EHUS) and VII-VIII
(Bollinger- VPI). A map of isoseismals of the Union County earthquake
is provided in Figure 15.

c. Coastal Plain Zone. Wilmington, North Carolina, earthquakes
of 18 January 1884 and 5 March 1958. (Outside of Richard B. Russell
mapped area.) MM intensity V (EHUS).

d. Charleston-Summerville Zone. Charleston, South Carolina,
earthquake of 31 August 1886 had an epicentral MM intensity of IX to X
(EHUS). Isoseismals of the Charleston earthquake are shown on Figure
16. Intensity at the Russell site was MM VII. (Adapted from Bollin-
ger, 1976.) See Table 6 for additional treatment of intensity data
experienced at the Russell site from the Charleston earthquake of
1886.

Attenuation of Earthquake Motions

54. The attenuation of short-period surface waves in the Piedmont was
studied by L. T. Long and is contained in Appendix 1. Long's equa-
tion, valid for 20 to 150 km, is:

Log (A) = -1.5-2.0 Log (D) + M

L
where A is velocity in mm/sec; D is km; M is Richter magnitude de-
fined at 100 km. L

55. An alternative graphical solution, developed for this report by
E. L. Krinitzsky and Frank K. Chang, is presented in Figure 17, The
graphs were developed from seven earthquakes in central and southeas-—
tern United States. Distance from source, in kilometers, 1s related
to change in MM intensity for medium to very large earthquakes. M
(magnitude of body wave) is from 4.7 to 7.2 and M (general Richter
magnitude) is 5.5 to 7.5.

Historic Earthquakes at the Richard B. Russell Damsite

56. Historic earthquakes felt at the Richard B. Russell Site are tab-
ulated in Table 5. Intensities of earthquakes that affected the re-
gion during historic time were interpreted for their intensities at
the Richard B. Russell Damsite. The severest motions at the site were
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Isoseismal Map for the 1886 Charleston, SC Earthquake. Con- 1
toured to show the Broad Regional Pattern of the Reported
Intensities (Bollinger, 1976).
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Intensity VI for the New Madrid (1811-1812) and VII for the Charleston
(1886) earthquakes. The Union County, South Carolina, earthquake of
1 January 1913 was MM IV to V at the Russell Site. The Willington*
earthquake (1974) that occurred near the Clark Hill Lake was felt as a
MM IV to V. Thus, the worst historic earthquake shaking at the
Richard B. Russell Site was MM VII, which represents the Charleston
1886 great earthquakc. Only considerable damage in poorly built or
badly designed structures occurred. Damage from the 1886 Charleston
earthquake is described by Baker (1933).

*This earthquake occurred near the small town of Willington, South
Carolina, and is variously known as the "Clark Hill Reservoir Area" or
"McCormick County" earthquake of 2 August 1974. Two separate isoseis-
mals have been published by Talwani and Schleffer (1976) and Long
(1974).
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PART VI - EXAMINATION FOR ACTIVE FAULTS

57. Earlier sections of this report have established that mapped
faults are ancient ones which date back to orogenies during middle
Paleozoic time and to subsequent disturbances during Triassic and
Tertiary time. The predominating lithologies of metamorphosed vol-
canics and sediments do not readily show faults due to thick saprolite
and vegetative cover. Thus, faults are difficult to recognize in the
field, even though strong geophysical evidence indicates their pres-
ence. Most of the faults investigated in close proximity to the
project were exposed because of secondary cdhsi@gﬁélion, i.€., loca-

tion of the diversional channel, the presence of an earthquake in the

vicinity, economic interest, and so forth.

Association of Earthquakes with Tectonism and Faults.

58. Earthquakes are associated with faults on the basis of elastic
rebound theory. Strains build up in the rocks due to tectonism and
exceed rock strength. The rock fails by slipping along a fault, and
the strain is relieved along the plane of the fault. Thus, the
strained portions of the rock can experience a sudden rebound. The
movement occurs elastically, and vibratory motions (the earthquake)
are set up.

59. The tectonism which developed the faults 1in the project area
occurred early in geologic time. Considerable erosion has taken place
since then, but there has been no tectonism during the intervening
time and none is evident at present. Isostatic rebound is occurring.
Its contribution toward the activation of faults 1is believed to be
minor; however, many of the small earthquakes, Intensity V or less,
might be attributed to isostatic rebound.

60. From the evidence provided by historic earthquakes, present-day
tectonism appears to be geographically restricted to an irregular belt
along the coast and shelf area. This tectonism is poorly understood,
but the major earthquakes at Charleston are presumed to be the result
of fault movements along this zone of activity. The historic earth-
quakes have not caused fault movements that are seen on the ground
surface. Such movement has occurred presumably in the subsurface.
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Definition of Active Faults.

61. Faults are considered to be active if it is judged that they may
move at some time in the near future. For engineering, it means that
they have the potential for moving during the life of a structure. The
principal criterion for making this prediction is whether they have
moved in the recent past.

62. The Nuclear Regulatory Commission (formerly the Atomic Energy
Commission) uses the following criteria (1971, 1973):

a. Datable movement during the past 35,000 years.
b. Datable movement more than once in the past 500,000 years.

c. Structural interrelation whereby a fault can be shown to move
if movement occurs on a different fault with proven activity.

d. [Instrumentally determined macroseismic activity relatable to
a fault.

e. Projection of a proven active fault through or into areas
where all evidence of the fault or its activity is obscurred, as by
thick alluvium.

63. The International Atomic Energy Agency (1972) adds the following
criteria:

a. Evidence of creep movement along a fault. Creep is slow dis-—
placement, not necessarily accompanied by macroearthquakes.

b. Topographic evidence of surface rupture, surface warping, or
offset of geomorphic features.

64. It is common in engineering evaluations to call a fault active if
it disturbs any Holocene deposits (no older than 10,000 years). Dis-
placement of surficial gravels, recent swamp deposits, and Holocene
alluvium are accepted criteria. (The latter includes displacement of
A and B horizons of soil, palesol, saprolite-soil interface, and other
surface markers.)

65. All of the above criteria depend on surface manifestations of
fault movements. Faults may move in the subsurface and have no sur-
face manifestations. A lack of surface evidence is common east of the
Rocky Mountains in the United States and in Canada.

Mapped Faults.

66. Detailed studies and traverses were made across mapped faults and
lineations in order to examine the faults for evidences of movement
(Appendix D contains studies). No evidence of movement was seen.
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67. Local residents were questioned to learn if they knew of ground
breakage anywhere in the area. No one knew of any such events.

Linears and Lineaments.*

68. It is generally recognized that most earthquakes of large magni-
tude disrupt the ground surface locally. Since this disruption will
often be localized along an existing fault and will be followed by
other movements along adjacent portions of the same fault, a more or
less continuous narrow zone of surface disruption develops ove:r g olo-
gical time. These surface features provide excellent clues to the
seismic activity of a region. lLong, continuous, narrow zones indicate
a high degree of seismic activity at the present time, while the lack
of such zones may strongly suggest aseismic conditions,

69. Accordingly, a thorough study of the ground surface in the Pied-
mont Province and adjacent provinces was undertaken as a part of the
study for the Richard B. Russell Project. Inspection of aerial photo-
graph mosaics had revealed that the surface conditions were not well
exposed for the direct visual approach, and similarly, the imagery
from satellites showed little potential for the details sought here.
Instead, it was felt that a detailed examination of topographic maps
would prove most effective.

70. All available current topographic maps were examined in the
region of interest. These raw data were particularly useful 1in that
they eliminate the necessity for considerable subjectivity such as
used in the interpretation of aerial photographs. Factors such as sun
angle, season of the year, agricultural and cultural overprints, and
photographic quality and technique were completely removed. The re-
maining subjectivity arose in judging whether features evident in the
topography are actually related to geology and tectonic history or,
instead, are strictly geomorphic.

71. Topographic map coverage for the region is complete. In only a
few places is there a lack of 7-1/2-minute quadrangle coverage, and at
these places, l15-minute quadrangles are available. The contour inter-
vals are either 10 or 20 feet so that even the gentle topography of
the Piedmont Province is adequately revealed.

72. Over 175 topographic maps were examined in detail for this study.
Features or combinations of topographic features that appeared to have
a linear nature extending over a distance of at least a few miles were
located and retraced on a base map of the AMS serias of topographic

*Linears, as intended in this study, are straight features of topog-
raphy extending usually for a few miles. Lineaments are long linears
or combinations of linears. The reader may find a recent review of
terminology useful (0'leary, et al, 1976).

46




maps covering one- by two-degree areas. Portions of this series pro-
vide complete coverage for the area of interest. Lineaments mapped in
this manner had lengths averaging approximately four miles, as seen in
Figure 18. Typical features represented by linears on the map are:

a. Alignments of round knolls.
b. Alignments of broad saddles.
c. Straight portions of stream valleys.
d. Long straight embayments from lakes.

73. In the course of assembly of the data, it was found that the
style of topographic linears consists of two types of patterns evident
throughout, at least locally. However, the development of linears was
noticeably poorer in the onlapping younger formations in the southeas-
tern portion of the region, i.e., the Coastal Plain Province. The
flat-lying, softer formations in this province apparently were not
conducive to the development of linears. In fact, some of those fea-
tures shown on Figure 18 are probably geomorphic rather than structure
related.

74, Within and adjacent to the Blue Ridge Province in the northwest
corner of the region, the development of topographic linears improves,
and not all of those evident on the topographic maps are shown on the
figure. The more systematic development in this part of the region
appears to be related to the more common occurrence there of folded,
layered formations of different hardness and erodability.

75. The Brevard Fault zone (Figure 19) at the northwest of the Pied-
mont Province is expressed topographically by several lineaments in
the upper left of Figure 18.

76. Two patterns of linears stand out in Figure 18. First, there 1is
apparently an evenly dispersed pattern of linears that seem to fall
in two or more sets around any given locality. Usually, the two sets
are oriented at right angles and conform for the most part with the
structural grain of the Piedmont Province. One set trends approxi-
mately N 35°W while the other overall prefers a trend of about N 55°E.
It is concluded from the present study that the evenly dispersed
linears represent a pervasive structural grain manifested by differen-
tial erosion along dikes, bedding, and schistosity and by enlargement
of joints (Figure 9).

77. The second pattern of linears consists of narrow, concentrated
zones of lineaments extending considerable distances. These narrow
zones coincide with known shear ancient zones.

78. Figures 20, 21, and 22 show the 1lack of sharp expression in
aerial photographic mosaics of two old fault zones and the Belair
fault. Figure 21 shows the Lowndesville belt which exhibits the best
lineament expression in aerial photographs within the entire region,
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FIGURE 19




Aerial Photographic Mosaic Showing Lowndesville Belt
Southwestward to Savannah River.
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with the possible exception of the Brevard Fault zone. The Lowndes-

ville belt appears as linear features on a trend S 60°W to the Savan-

nah River. Continuation of this belt southwestward into Georgia 1is
not evident in the aerial photographs. Figure 21 indicates the posi-
tion of the Modoc zone in the Little River arm of Clark Hill Lake.
Southwest from the reservoir, very little indication of this zone 1is
found in the aerial photographs.

79. Figure 22 shows the position of the Belair fault on the outskirts
of Augusta, Georgia. The fault has been mapped from its northeast
extremity at the Savannah River in the upper part of the mosaic to its
southwestern extremity near the edge of the figure. No evidence of
this fault can be found in the aerial photographs, and systematic
examination of topographic maps (Figure 18) indicated no topographic
expression.

80. The distribution of earthquakes and general seismicity of the
region are summarized in Figure 12. Felt earthquakes for portions of
Georgia and South Carolina are summarized in Table 4 (5 sheets).

81. The geographical distribution of earthquake epicenters in the
Piedmont Province shows no obvious correlation with the pattern of
linears. This is an additional confirmation of the suggestion above
that linears and lineaments are related to geological grain rather
than ground breakage from earthquake activity.

82. Throughout that portion of the Blue Ridge Province that falls in
the region of interest, no correlation of epicentral location and
lineament pattern has been found. Epicenters appear to be distributed
more or less randomly in this province.

83. The distribution and fault mechanism deduced by Talwani (1976)
for microseismic activity following the August 1974 earthquake suggest
an active surface striking parallel to the structural grain.

84. Topography at this locality was carefully examined but revealed
no surface expression. Linear topography or even surface scarps might
be expected to be associated with long continued activity along a
fault.

85. It is concluded from the study of topography that the evenly dis-
persed linear pattern represents a pervasive structural grain mani-
fested by differential erosion along dikes, bedding, and schistosity
and by enlargement of joints. On the other hand, the narrow zones of
linears and lineaments seem to be associated with known shear zones of
ancient age. No lineaments were found in this systematic study that
resemble those along presently active fault zones in other regions of
the world. No surface features were found in the region to support
recent fault activity such as has been suggested for the Belair fault
and the Patterson Branch fault.




Activity of Faults.

86. Faults near the site show no evidence of uany recent activity.
Included below is the summation of specific investigations which
sought evidence of recent fault activity.

Modoc Fault.

87. The Modoc fault was examined in detail along the shores of Clark

Hill Lake and along South Carolina Highway 28 and Georgia Highways 4
and 78.

88. No direct evidence was found indicating recent movement. Myloni-

# tic rocks and highly cataclastic gneiss, '"button schist" and flow-
folded amphibolite within the zone have undergone a period of penetra-
tive deformation and rapid increase in metamorphic gradient. Bedding

thrusts were found and traced short distances, as were minor offsets
of strike-slip type along the north trending joint svstem. All shear
features, offset joints, and thrusts indicated movement restricted to
the remote geologic past. No evidence of movement in the past 10,000
years was found in this study. Details of this study is contained in
Appendix 3.

Faults in the Western Portions of the Proposed Lake I undment .

89. The study of this area found no evidence of active faulting. The
scope of the study is felt to be adequate when viewed in the light of
the intensive investigations of other South Carolina investigators.
The Lowndesvile belt, like the Modoc Zone, indicated no recent move-
ment. Details of this study is cowutained in Appendix 3.

Diversion Channel Fault.

90. This fault exposed in the diversion channel has been dated from
365 M.Y.B.P. to 270 M.Y.B.P. A stress history analysis, including
radiometric dating, was performed by Dr. James Neiheisal, South Atlan-
tic Division Lab, and this report is included in Appendix 3.

Patterson Branch Fault.

91. The existence of the Patterson Branch fault was first indicated
by detailed mapping conducted in connection with aftershock studies of
the 2 August 1974 earthquake at Willington. Since this fault was
oriented parallel to one possible fault plane solution for the shock,
it was further studied geologically. No movement was found to have
recently occurred along this fault. An independent evaluation of this
fault by Dr. Donaid Secor, University of South Carolina, is included
in Appendix 3.




Towaliga Fault, Projection in Elbert and Hart Counties, Georgia.

92. The Geologic Map of Georgia (1976) shows the Towaliga Fault to
possibly splay into two branches, one intersecting upstream from the
proposed Richard B. Russell Dam and the other intersecting upstream
from the existing Hartwell Dam. Detailed examination utilizing field
mapping and geophysical techniques failed to reveal evidence for the
location of the fault as it is placed on the maps. Shear zones and
FCR breccia dikes occur in the area. No evidence of recent movement
was found along these zones.

Belair Fault.

93. The Belair Fault was investigated by the Corps of Engineers and
the USGS. The Corps investigated that section in Fort Gordon military
base while the USGS investigated the portion of the fault extending
through Richmond and Columbia Counties, Georgia. In November 1976,
the USGS announced that the final results of their investigation indi-
cated that movement has not taken place within the last 2,500 years,
although movement had occurred within the 1last 50 million years.
Details of this study is contained in Appendix 3.




PART VIT - INTERPRETED MAXIMUM EARTHQUAKE

GROUND MOTIONS AT THE DAMSITE

94. Historic seismicity was used as the basis for interpreting the
maximum events that could be expected at the damsite.

Seismic Risk Zones and Maximum Earthquakes.

95. Seismic Risk Zones, from which earthquake events can be expected
to be registered at the Richard B. Russell site, are listed 1in Table
6. These zones are the Blue Ridge, Piedmont, Coastal Plain,
Charleston-Summerville and New Madrid (southeastern Missouri and ad-
jacent areas). Maximum historic intensities are given for each zone.

96. The maximum historic intensity was taken as the basis for the
maximum earthquake that will occur. The historic record for large
events 1s on the order of 200 years. The inclusive areas that have
been considered, the entire Atlantic Coastal Plain for example, are
very large. The large area should compensate for the relatively short
record in any one place. The concept of reviewing a large area can be
extended still further. East of the Rocky Mountains, there are only a
few areas of strong earthquake activity. These are New Madrid, the
St. Lawrence Valley, and Charleston. Without these active centers in
which severe earthquakes have occurred, the maximum intensity of
earthquake for the region east of the Rock Mountains 1is VII with a
corresponding order of magnitude* (M) of 5.5 (Nuttli, 1976, personal
communication). An intensity of VII to VIII is postulated by Bollin-
ger for the Union County, South Carolina, earthquake of 1 January
1913; however, VII is taken to be the value of the Law Engineering
(1972) and VI to VII is given by the EHUS (Coffman and van Hake,
1973). Though an VIII may be interpreted because of some local suscep-
tibility, a strong VII appears to be the most likely maximum intensity
for earthquake effects in this region. For the Coastal Plain, the in-
tensity is V to VI and is closer to M of 5.

97. In the zones of very strong seismicity, Charleston-Summerville
and New Madrid, again the maximum earthquakes are 1interpreted to be
equal to the maximum historic events. The New Madrid earthquakes of
1811-1812 are comparable to the largest that have occurred in North
America excluding the Alaska earthquake of 1964. The New Madrid area
clearly does not have a comparable potential 1in magnitude, but the

*Magnitude (Richter scale) is calculated from a standard earthquake,
one which provides a maximum trace amplitude of one micrometer on a
Wood- Anderson torsion seismograph at a distance of 100 km. Magnitude
is the log of the ratio of the amplitude of any earthquake at the
standard distance to that of the standard earthquake. Each, fall
numeral step in the scale (2 to 3, for example) represents an energy
increase of about 32 times.
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historic intensity of XI for New Madrid was not exceeded in the Alaska
earthquake. For the Charleston-Summerville area, a maximum intensity
of X is assumed on the basis of the 1886 event.

98. In none of these seismic risk zones is it possible to restrict
the maximum earthquakes to identifiable faults. Thus, the assumption
must be made that the earthquakes can occur anywhere in their respec-
tive zones.

99. 1In the Piedmont, the maximum earthquake, with an intensity of VII
and a corresponding magnitude of 5.5, can occur at the site. (This
premise is based upon the most severe historic seismicity and the work
of Long (1976), bound in Appendix 1). Thus, in Tabl: 6, a zero dis-
tance is shown. The focal depth is taken to be 5 to 10 km. The
faulting is reverse, or thrust, since the rocks are in compression (cf
Sbar and Sykes, 1973). Table 6 is on page 61.

100. Table 6 shows distance in km to the nearest boundaries of the
Blue Ridge, Coastal Plain, Charleston-Summerville, and New Madrid
zones. Maximum earthquakes for each of these zones have been attenu-
ated to the Richard B. Russell site, and site intensities are given.
These values represent the worst earthquake effects that can be ex-
pected at the Russell site from the specified seismic risk zones.

The Problem of Reservoir-Related Earthquakes.

101. About 30 reservoirs over the world have experienced seismicity
which may, in some cases, be related to reservoir loading and in other
cases be unrelated. Many hundreds of reservoirs have experienced no
seismicity.

102. A concern at the Russell site is the question of possible in-
duced seismicity. A connection has been made between the presence of
dams and earthquakes. USGS, Branch of Earthquake Mechanism in Wash-
ington, DC, is critical of reports that link damsites and earthquakes
by statistical inference. Dr. James Devine, USGS geophysicist, con-
tends that these reports fail to take into account background seismi-
city, or quakes that would occur regardless of dams being built.
Devine stated that the places you build dams are also places where
there are often earthquakes (San Francisco Examiner, January 1977).

103. A tabulation of 300 reservoirs around the world with heights of
over 100 meters show the following: Two hundred and sixty-eight show
no change in seismicity; twenty have shown increase in seismicity of
which five have had destructive earthquakes.

104. The record for Piedmont Province reservoirs is as follows:
Fifty-nine reservoirs exist in the Appalachians; ten of the fifty-nine
have had minor earthquake(s) after impoundment; one of the ten, Clark
Hill, has had two felt earthquakes. One occurred in 1960 at a dis-
tance from the dam which would preclude induction; the other, at
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Willington, South Carolina, 1974, is discussed in Paragraph 106. The
ten reservoirs can be further subdivided to show that six of the ten
did not experience the earthquake until seven years or more after im-
poundment, and four of the ten did not experience the earthquake until
four years after impoundment. Since reservoir-induced earthquakes
appear to occur upon reservoir filling and for five to ten years
afterwards, but are not known to have occurred 10 to 20 years after
impoundment, the record for Piedmont Province reservoirs indicates
that they have not shown induced seismicity; rather, they only reflect
the natural seismicity of the region.

Earthquakes at Clark Hill Reservoir.

105. Two felt earthquakes have occurred nearby in the Clark Hill
area. One was the MM Intensity VI earthquake at Lincolnton, Georgia,
on | November 1875, about 25 km from the Russell site. The other was
the Willington, Georgia-South Carolina, earthquake, Intensity V, of
2 August 1974, which was about 15 km from the Russell site.

106. The first earthquake, in 1875, occurred long before there was a
reservolr on the Savannah River. The second, in 1974, occurred in the
environs of the Clark Hill Lake; however, Clark Hill had been in
operation then for 21 years. The long period of time between filling
of the reservoir and the occurrence of the 1974 earthquake 1indicates
that the earthquake is independent of the reservoir.

Microearthquakes at Clark Hill Lake.

107. The 1974 earthquake was followed by a series of aftershocks in
the form of microearthquakes (events so small that they are felt only
by instruments). These microearthquakes were observed intermittantly
by Talwani (1976) during a 7-1/2-month period after the earthquake.
The reservoir level had a rise of five feet in three days during a
period when observations were being made. Talwanl noticed a corres-
ponding increase in seismic activity with a 2-day lag. This short
period of observation 1s insufficient to demonstrate a conclusive
relationship between the small reservoir rise of five feet 1in three
days and the increase in microearthquake activity. Further observa-
tions are desirable and are being made to establish background levels
of local microseismicity.

108. The microearthquakes have occurred in an elliptical zone which
trends northeast to southwest. The major axis is about five km in
length, and the minor axis 1is about two km according to Bridges
(1975). The microearthquakes are shallow. They are most numerous at
from the near surface, one-half to one km, to about five km (Long,
17 December 1976). They diminish in number with depth and die out at

about 20 km. The zone forms a seismic hotspot. Its location is
roughly along a boundary between two zones of metamorphic rocks, the
Carolina slate belt and the Charlotte belt. Composite fault plane

solutions of aftershocks show that the movements are strike slip and
dip slip (see Scheffler, 1973).
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109, Compressional and tensional forces may work together in this

portion of the Piedmont. One can visualize a situation, akin to that
of a glacier, where there is flow at depth through a process of plas-
tic deformation in which the forces are compressional. Near the

surface, the glacier is shattered with fissures and crevasses repre-
senting conditions of tension. The contrast is there because motion
is not uniform through the section. Similarly, lateral motions in
zones of rocks in the Piedmont may be taken up by a sort of plastic
flow. Adjacent rocks with dissimilar properties of deformation may
not deform in concert. The nondeforming material may then behave as a
brittle substance and shatter, producing microearthquakes within a
narrow, shallow zone akin to the crevasse areas of a glacier. At
depth, the rock may deform plastically and not be active seismically.

110. A model, similar to that described above, would explain the hot-
spot of seismicity at Clark Hill. It would explain the shallow, iso-
lated character of the hotspot and the absence of hotspots at other
areas, notably at the nearby Hartwell Lake.

111. If the above concept of a hotspot is valid, the model 1is self-
limiting with regard to the maximum earthquake that can be generated
in a hotspot. The dispersal of movement along a =zone of shallow
faults presupposes a dispersal of the energy available for earth-
quakes; therefore, there will not be a buildup to a very large earth-
quake.

Calculation of Maximum Induced Seismicity.

112. Appendix 1 contains a theoretical analysis prepared by Dr. L. T.
Long for defining the maximum value for a possible induced earthquake
in the Piedmont area of the Clark Hill and Russell Lakes. Long places
limits that define a maximum eaﬁthuake by limiting the size of activ-
ity on a fault plane to 39.5 km“ in accord with the extent of micro-
earthquake activity observed near Jocassee Lake., Microearthquakes at
Clark Hll indicate a fault plane of about 10 km . The stress drop
estimates for th%fe events is six bars. For this combination of six
bars and 39.5 km of activated fault, a maximum magnitude of 5.6 1is
calculated. The value is consistent with the maximum magnitude of 5.5
previously cited from seismic history.

Evaluation of Possible Induced Seismicity.

113. Though a maximum induced earthquake can be postulated, equal to
the maximum seen in the historic seismicity over comparable portions
of eastern United States, there is no reliable and proven method 1in
the present state-of-the-art by which to say that an induced earth-
quake will or will not occur (cf report on induced seismicity by
Dr. David T. Snow in Appendix 1 and critique by Don C. Banks, Frank
McLean and E. L. Kinitzsky). The most conservative analysis is to as-
sume that an induced earthquake wiil occur and that it will occur at
the damsite. Table 6 lists two earthquakes at the damsite. One 1is
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for a reverse fault in accord with the regional tectonics. The other

‘ is a tensional fault. The tensional fault is in accord with the in-
terpretation from aftershocks in the Clark Hill area. Both events are
magnitude 5.5, MM Intensity VII, and with focal depths of 5 to 15 km
for the thrust fault and | to 10 km for the normal fault. Maximun
Earthquake, occurring at the damsite with two possible focal plane ana
fault mechanisms, is adopted as a Design Earthquake. Therefore, bed-
rock ground motions scaled from selected earthquake records represen-—
tative of the design earthquake will be accommodated for and utilized
under the dynamic analysis.

114, Snow, when writing about induced earthquakes (cf Conclusions,
page 50 of Appendix 1), states that '"there is scant evidence (except
Koyna) that the maximum probable quake may exceed the expectation of
natural events... ." Were the Koyna area to have been studied in the
same way as Richard B. Russell, the active surface faults at Koyna
would have been recognized and a set of motions much more severe than
those felt at Koyna would have been assigned.* In fact, with a much
less hazard, the Richard B. Russell site was given motions that are as
severe as those experienced by the Koyna earthquake of Magnitude 6.5.
Table 10 lists the Koyna earthquake with a scaling factor of one for
use at the Richard B. Russell Site.

Near Field Versus Far Field.

115. Table 6 shows peak motions that were assigned for near and far
field conditions.

116. Near and far field values for MM intensity versus horizontal
acceleration are shown in Figure 23, The data are those of the 187
strong motion records from western United States that were uniformly
processed at the California Institute of Technology. Peak values in
the far field are a fifth of those in the near field for corresponding
MM intensities. The records were selected because of availability and
a noted lack of appropriate strong motion records for eastern United
States.

117. In the near field, complicated reflection and refraction of
waves occur in the subsurface with resonance effects and a large range
in the scale of ground motions. Intense ground motions and high-
frequency components of motion are present. In the far field, the
wave patterns are orderly; the oscillations in wave forms are mwore
muted and more predictable; and frequencies are lower.

*Gupta, et al (1969), notes that seismicity at Koyna was noted prior
to impoundment, and rare tremors were observed by inhabitants near the
construction site. The seismograph operating at Poonna (distance from
the site 120 km) also reveals tremors for this region prior to the
dam being built.
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118. The distance from epicenter to the limit of the near field, and
beginning of the far field, varies with the magnitude of the earth-
quake. Table 7 shows limits of the near field for various magnitudes
and intensity levels of earthquakes.

Intensities Versus Peak Ground Motions.

119. Figures 24 and 25 show the relation between MM intensity and ac-
celeration for near field and far field respectively. Figures 26 and
27 show intensity versus velocity, near and far field, and Figures 28
and 29 for displacement, near and far field. The motions are hori-
zontal. Vertical components of motion are taken to be two-thirds the
horizontal. The figures also show mean and mean plus one standard
deviation for each intensity level. The projected lines of 10 percent
increments show the spread between the mean (50 percent) and the maxi-
mum projected line or limit of observed data (100 percent). The pro-
jection of these lines is intended to compensate for the lack of data
at higher intensity levels. Note that for near field acceleration,
the mean plus one standard deviation declines from Intensity VII tc
Intensity VIit. The decline is because of a lack of data at Intensity
VIII and not because the values should decline. The curves for these
percentage increments are suitable for obtaining peak motions at
levels selected either at the maximum or at lesser levels determined
by decisions on the seismic risk that is acceptable.

120. No distinction was made between data from soil and rock since
the values overlap too greatly to provide useful comparison. The
figures are intended to provide peak components of ground motion on
bedrock at the surface.

121. Table 6 shows peak motions for acceleration, velocity, and dis-
placement that were selected for the major seismic risk zones. The
motions are for the MM intensities at the sites. The appropriate
field conditions are shown. The motions are based on the 70 to 80
percentage bands for the near field and for higher bands 1in the far
field. See Figures 24 through 29.

122. Durations on Table 6 are obtained from the peak values on
Figures 30 and 31.

Comparison With Alternative Methods.

123. At this point, comparisons can be made with other methods that
are used to obtain peak motions. Table 8 shows peak horizontal ground
motions, interpreted from various authors, for bedrock at the Richard
B. Russell site.

Intensity-Acceleration Correlations.

124, Commonly used correlations between intensity and acceleration
are shown in Figure 32. Included are correlations established by
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Neumann (1954), Gutenberg and Richter (1956), Hershberger (1956),
Medvedev, Sponheuer, Karnik (see Barosh, 1969), and Trifunac and Brady
(1975). (Trifunac and Brady also represent mean plus one standard
deviation, plus other values, discussed later.) All of these curves
in Figure 32 are either mean or average values made with various
levels of data accumulation. They do not provide for the spread in
data, and they do not distinguish between near field and far field
conditions.

125. For MM VII at the site, tne above correlations give 0.04g to
0.lg. The value used in this report is a range of 0.4 to 0.5g. For
MM VI, the curves give 0.02 to 0.07g compared with 0.18g maximum in
this report.

126. Values in this report are believed to be more realistic and are
more conservative than those which are obtained using mean values.

Nuttli's Studies for Central United States.

127. Nuttli (1973) developed ground motions for various levels of
earthquakes in central United States and for varying distances from
epicentral areas. His motions are specified for .3, 1, and 3 Herz
waves. Maximum motions from Nuttli are shown on Table 8.

128. Nuttli's motions are peak recurrent values, and they are resul-
tant motions rather than horizontal motions. Resonance effects and
the buildup of motions from combinations of spectral components were
not assessed in Nuttli's tables. Consequently, his values are much
lower, and consequently less conservative, than those used in this re-
port.

Schnabel and Seed.

129. Schnabel and Seed (1973) provided values for maximum accelera-
tion in rock for western United States. In the near field (see Figure
33), their curves show .38 to 0.52g for magnitude 5.6, equivalent to
MM intensity VII. Their upper value of 0.52g compares favorably with
the upper value of 0.5g obtained in this study.

130. For the far field, the Schnabel and Seed curves cannot be wused
for southeastern United States as the attenuation by distance 1is not
comparable.

U.S. Geological Survey: Western United States.

131. The Department of Interior Geological Survey data for selected
earthquakes of the western United States (Page, et al, 1972) are shown
in Figures 34 to 36. These relate accelerations, particle velocities,
and displacements, respectively, to magnitude of earthquake and dis-
tance from source. These data were developed for studies related to
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the Trans-Alaska Pipeline. Superimposed are lines taken from Nuttli
(1973) which represent a maximum New Madrid earthquake for the central

=

United States with a magnitude of 7.5.

132. In the epicentral area for the magnitude 5.0 to 5.9 earthquake,
the acceleration is 0.5g, directly comparable to the maximum value
selected in this study. The Geological Survey displacement of 22 cm
i1s the same as the 20 cm maximum in this study. The Geological Survey
velocity is 72 cm/sec, appreciably higher than the 30 to 45 cm/sec of
this study.

133. The 72 cm/sec is taken from the Cholame Shandon Array No. 2 of
the Parkfield earthquake located 0.08 km from the movement on the San
Andreas fault. The California Institute of Technology (1971-1975)
compilation of stroag motion records lists this motion at 77.9 cm/sec.
Figure 26 shows this peak velocity corresponding to an assumed MM In-
tensity of VII. The data point is so extraneous to all the rest of
the data for MM Intensity VII that the point has been discounted. The
70 to 80 percent band was used to arrive at 30 to 45 cm/sec. It a5
believed that the lower values accepted for in this report are still
very conservative.

134. These USGS charts have not been compared for the far field
conditions at the Russell site because the attenuations with distance
are greatly different in the southeast from those in western United
States.

135. Figure 37 shows a comparison between USGS durations (Page, et
al, 1972) and those of Krinitzsky and Chang (1977, 1in preparation),
and Bolt (1974) for the near field for various magnitudes of earth-
quakes. Durations in this report are bracketed durations of accelera-
tions greater than 0.05g. For magnitude 5.5, the USGS duration of 10
sec is double that of Krinitzsky-Chang which is 5 sec. Bolt is inter-
mediate with 8 sec. The Krinitzsky-Chang durations used in this re-
port separate soil and rock. Rock has roughly half the duration of
soil. The USGS has not used this separation and their value repre-
sents all data. Their value is unnecessarily conservative.

U.S. Geological Survey: Eastern United States.

136. For the eastern United States, the U.S. Geological Survey (1975)
uses the distance versus acceleration graph shown in Figure 38. The
curves (solid lines) are taken from Schnabel and Seed (1973) and were
modified (dashed lines) by attenuating the lines according to the
attenuations of Nuttli (1973) for the central United States.

137. The USGS peak acceleration for the near field is 0O.6g, compara-
ble to the upper value of this study. For the far field (100 km with
a magnitude of 5.6), the USCS has 0.04g compared to 0.18g maximum.
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Trifunac and Brady.

138. The values generated by Trifunac and Brady (1975) for ground
motions in relation to intensity for the western United States are
shown in Figure 39. The values do not distinguish between near field
and far field as was done in this report. Otherwise, the data used by
Trifunac and Brady and in this report are the same.

139. The values of Trifunac and Brady for one standard deviation on
the plus side for a near field Intensity VII are much less than those
used in this report. It is the same for the far field Intensity VI.
The Trifunac and Brady values are handled in a purely statistical
manner and do not reflect the interpretative handling they were given
in this report.

Ambraseys.

140. Ambraseys (see Johnson and Heller, 1974) has reasoned that there
1s no upper bound to ground acceleration, but that particle velocity
has an upper bound. Ambraseys developed an empirical equation for the
relationship between the peak particle velocity, the magnitude of an
earthquake, and the distance from the focus which was developed for
epicentral distances of 10 to 150 km and magnitudes 5 to 7. Figure 40
shows maximum values for the above relationships. Ambraseys values
both for the near field and far field closely approximate those devel-
oped in this report.

USGS: Algermissen and Perkins.

141. Algermissen and Perkins (1976) have developed a contour map of
the United States which shows acceleration as a percent of g with a 90
percent probability of not being exceeded 1in 50 years. For the
Russell site, their value is 0.llg.

Nuclear Powerplants.

142. A summary of peak accelerations used for nuclear powerplants in
the general region is shown in Table 9. A map showing locations of
nuclear powerplants is shown in Figure 41. Essentially, values used
in this report are very conservative compared to those which have been
accepted for nuclear powerplants.

Time Histories of Ground Motions.

143. A list of strong motion records selected for rescaling is tabu-
lated in Table 10. The collection of records is contained in Appen-
dix 2,

l44. The scaling factor in Table 10 is based on the peak motions
listed in Table 8. The factor is based on scaling of velocity; for
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Table 9 Nuclear Plant Seismic Designs

DBE/SSE¥* OBE*
Plant Material Accel, g Accel, g

Piedmont Province

Catawba Continuous rock 0.15 0.08
Oconee Bedrock 0.10 0.05
Overburden 0.15 ——
McGuire Jointed rock, slightly 0.15 0.08
weathered

: Anderson Y Firm bedrock 0.1k 0.07
Cherokee Closely jointed, 0.15 0.08

weathered rock
Virgil C. Summer Rock 015 0.10
Residual soil 0.25 0.15

Coastal Plain Province

Barnwell Soft sedimentary rocks 0.20 0.12
and soils -
Edwin I. Hatch Soft sedimentary rocks 0.15 0.08
i and soils
H. B. Robinson | demecatonss 0.20 0.10
Alvin W. Vogtle Soft sedimentary rocks 0.20 0.12
and soils

* DBE/SSE - Design Basis Earthquake or Safe Shutdown Earthquake
OBE - Operating Basis Earthquake
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exampie, the 30 to 45 cm/sec of the near field condition in the Pied-
mont. The "maximum" values for the accelerations and velocities
represent motions that should be obtained by the scaling. Displace-
ments are not critical for scaling.

Probabilistic Analysis of Earthquake Recurrence.

145. A report on probabilistic analysis of earthquake recurrence at
the Richard B. Russell site is contained in Appendix 1.

146. a. The peak acceleration for a 100-year return period is
0.075g. This value may be used as a basis for the operating basis
earthquake in the design of the concrete portions of the structure.

b. The Operational Earthquake, as defined by CE 1is generally
more moderate than the maximum earthquake and is selected on a proba-
bilistic basis, i.e., the probability of the what is likely to occur
during the life of the project, for use in design of noncritical
items.*

c. Owing to the uncertainty in the number, size and location of
future earthquakes, it is appropriate that an analysis of earthquake
hazard be expressed by seismic risk. The output of seismic risk anal-
ysis is a plot of annual risk versus seismic motion (MM intensity) at
the damsite (Figure 42). The annual risk associated with a given
intensity is defined as the probability that, in any given year, the
intensity will be equaled or exceeded. The annual risk is also the
reciprocal of the mean annual return period. Accordingly, in any
given year, the probability that 0.075g peak acceleration will be
equaled or exceeded is 0.01; 0.0014 is the annual risk for accelera-
tion of 0.2g (i.e., the mean return period is 700 years). Note that
Figure 42 shows that the estimate of annual probability of exceeding a
site intensity of MM VI is 3X102 and MM VII is 4.5X107%, or 350 and
2,200 years mean annual return periods, respectively. As shown (Fig-
ure 42), a large contribution to this risk is from the Charleston area
(62.5%).

d. To estimate annual risk requires the integration of relative
frequencies of possible times, locations, and sizes of important
earthquakes, plus consideration of the attenuation of intensity over
the distance between the earthquake focus and the site. The maximum
earthquake takes the worst historic event within the seismic risk zone
and assumes this event to happen under the damsite. Both the former
and latter is the practical and conservative approach. The maximum
earthquake of intensity VII can be compared with the annual probabil-
ity of exceeding a site intensity of MM VII if this earthquake occurs
in the far field.

*Judgment of noncriticality is based on the premise that failure of
the item would not lead to a catastropic flood downstream or the
failure of pool containment; such failure items which would result in
flooding are designed to withstand the maximum earthquake.
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PART VIII - SUMMARY AND CONCLUSIONS

147. No evidence of active faults is present in the general area of
the damsite. It is concluded that the faults which are present are
all ancient ones and are inactive. Present day tectonism indicates
that moderate earthquakes occur in the Piedmont and adjacent regions.
Severe earthquakes are restricted to a narrow band along the Summer-
ville to Charleston, South Carolina, area. There the faults are
obscured by Coastal Plain sediments. Motions attenuated from
Summerville-Charleston band to the damsite are low.

148. Four seismic risk zones were assigned. These are the Blue
Ridge, Piedmont, Coastal Plain, and Charleston-Summerville zones. The
most severe condition is an earthquake at the damsite with a peak ve-
locity of 30 to 45 cm/sec, 0.4 to 0.5g for acceleration, 20 cm
approximate maximum for displacement, and 5 sec duration. (The panel
determined these to be the peak motions for the design earthquake.)
For purposes of design, to be most conservative is to assume that the
maximum earthquake will occur under the dam. A group of time his-
tories were selected for rescaling.

149. A probability of recurrence study showed that the operating
earthquake has an acceleration of 0.075g (0.0l annual risk). The
operating basis earthquake is generally more moderate than the maximum
earthquake. It is selected on a probabilistic basis from regional and
local geology and seismology studies as being the largest expected to
occur during the life of the project; in this case, 100 years.

150. In this instance, this peak ground acceleration is considerably
smaller than the design value of the Richard B. Russell Dam., In cother
words, the dam is designed to withstand an earthquake several times
stronger than would be expected to occur during its useful life.

151, In all likelyhood, the lake impounded by Russell Dam will not
itself produce a damaging earthquake. Furthermore, any ecarthquake or
one that could conceivably be produced by the lake will not exceed the
natural maximum earthquake for the region.
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