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1.0 NTRODUCTION APO SUMMARY
!

l.1 -PURPOSE AND SCOPE

in this report, TERA Corporation presents the results of a detailed seismic
hazard analysis of the U.S. Department of Energy (DOE) site of Savannah River-

i Plant (SRP), South Carolina.

The scope of this study was limited to the gathering, evaluation and use of
.information of interest ovallable during the analysis. This information pertains

to geology, seismology, earthquake history, attenuation characteristics and soil
conditions at the sites. A seismicity model was developed from this information,

i ' and the model was exercised with the TERA seismic hazard computer code.

!

This study, which was performed under contract to the DOE Lawrence Livermore
'
'

Natianoi Laboratory (LLNL), was meaged by R. C. Murray, with technical
review from D. L. Bernreuter, both of the Nuclear Test Engineering Division. At

TERA Corporation, the analysis was directed by.C. P. Mortgot.
,

1.2 SUMMARY

|

To er.sure credible results, sophisticated, well-accepted technicp.es were ern-

played in the analysis of the seismic hozord. The calculatiocci method we used,'

which is based on Mortgot's work (1977), has been previously applied to seismic
'

.

exposure evaluation of diverse regions. This model has been extensively tested

and compared with those developed by Cornell, McGuire and Der KiUreghion -|

(TERA,1978). |
|

The historical seismic record was established following a review of the avalloble
!literature. The resulting seismic record, covering the period 1800-1977, was

used to identify all possible sources of seismicity that could affect the site,
inadequocles and incompleteness in this record were explicitly considered in the

definition of source regions and their activity rates.

1-1
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The acceleration attenuotion relations used, which had been developed by TERA

for previous 'tudies, proved to be opplicable in this analysis.

The results of our onelysis, which include estimates of the uncertainty, are

presented in Figure 1-1. Our best estimate curve indicates that the SRP site
will experience 4 percent g with a return period of 100 years, and 10.5 percent g

with a return period of 1,000 years. The curves on either side of our best
estimate represent lower and upper bounds confidence limits about those best

estimate.

These curves provide a basis for selecting seismic design criteria for these sites

in terms of free field peck ground occeleration. For those structures and
equipment that could experience structural emplification, we have chosen the
response spectral shape which we have determined to be most appropriate for
the focilities. This spectral shape, scaled to 100 percent g for 5 percent domping

ratio for SRP is shown in Figure 1-2.

.
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2.0 SEISMIC RISK METHOOOLOGY

A seismic risk molysis is only as credible os the input and methodology applied.

This section presents the basis for our selection of a probabilistic Poisson model

for the seismic hozord molysis at the Savonnah River Plant DOE facility.

There ore generally two, distinctly different opprooches to seismic risk analysis:
probabilistic ed deterministic. Using the deterministic approach, the analyst

judgmentally decides that on earthquake of a given mognitude or iniensity occurs
at a specific location. He then ottenuates the ground motion from the
earthquake source to the site and determines the effects of that earthquake.
The main problem with this approoch is that it is difficult to define the margin
of safety or the degree of conservatism in the resulting design parameters.
Analysts we often asked, for design purposes, to provide information on
" maximum possible" or "most probable" eo-thquakes, but the deterministic
approoch does not easily provide those mswers.

A probabilistic aporoach, on the other hand, quantifies the uncertainty in the
nurr.ber, size, and location of possible future earthquakes and allows m analyst

to present the trade-off between more costly designs or retrofits and the econ-

omic er social impoet of a failure. Because the product of a probabilistic op-
prooch is a measure of the seismic risk expressed in terms of return period, this

trade-off con easily be quantified.

Although the probabilistic approach requires significantly more effort than the
deterministic approach, it has the following odvantages:

it quantifies the risk in terms of retum period,e

it rigorously incorporates the complete historical seismice
record.

It con incorporate the judgment and experience of thee
analyst.

.

o It occounts for incomplete knowledge regarding the loco-
tion of faults.

.
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It has the flexibility to assess the risk of the site in termse
of spectral acceleration, velocity, displacement, or earth-
quake intensity.

The credibility of the probabilistic opprooch has been established through de-
toiled technical review of its application to several important projects and crecs.

Recent applications include onessments of the seismic risk in Boston (Cornell,

1974), the Son Francisco Boy Area (Vogliente,1973), the Puget Sound Area
(Stepp,1974), the country of Nicoroguo (Shoh, et al.,1975), the continental
United States (Algermissen and Perkins,1976), and the country of Costa Rico

(Mortgot, et al.,1977). Results of these studies have been opplied to, for

example:

Development of long-range earthquake engineering re-e
search goals.

Planning oecisions for urban development.e

Environmental hozords asociated with the milling of*
uranium.

Design consideraticns for radioactive waste repositories.e

This diversity of application dernonstrates the inherent flexibility of the risk

assessment approoch.

2.1 THEORY

The risk calculations con be fundamentally represented by the total probability

theorem

P A = P A/m and r f I*) I (r) dmdrM R

where P inoicotes probability, A is the event whose probability is sought, and M
and R ore continuous, independent rondom variobles which influence A. The

probability that A will occur con be calculated by multiplying the conditional
,

.

..
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probability of A, given events m ed r, times the probabilities of m and r, and
integrating overcil possible values of m and r,

in our assessment of thesa facilities, A will be taken as maximum occeleration,

and therefore

P A/m ed r
,

will be derived from data relating peak occeleration to epicentrol distance and

earthquake magnitude. Of ten known as attenuation data, these dato are usually

lognormally distributed around a mean relationship of the form (McGuire,1977c).

M
A = C; e (R+r,) 32

,

In describing the seismicity of the sources, we are hindered by having inc'omplete

historical data that are limited to a short time span. Reliance on frequency dato

alone' con result in erroneous conclusions. The inclusion of geological and

seismological opinions con increase the reliability and predictability of the
seismicity. For this reason, o Boyesian opproach for representing these opinions

is used in the model.

The distribution of earthquake mognitude, f (m), is obtained by combining ag
model for ecrthquake occurrence with a model for earthquake magnitude.

The Poisson model is used to estimate earthquake occurrence. It implies the

following assumptions:

Earthquakes are spatiolly ed temporally independent.e

The probability that two seismic events will occur at thee
some time and at the some location opprooches zero.

It has been shown (Gordner and Knopoff,1974) that those assumptions are

reasonable and applicable to situations where extremely large events are not

expec ted.

.

g23
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In short, the model gives P(n/ A) the probability of having n events in time t,

given that - A is the mean rate of occurrence per unit time.

Thus, if the r,easured rate of occurrence A is known, the probability distribu-
tion function is completely defined.

Information on magnitude is obtained using a Bernoulli process. This model aims

at estimating the number of successes given a number of trials. It is applied to

earthquakes in the following way: The mognitude scale is discretized in a finite

number of fixed mognitude bonds M; (is t,n) beginning with the smallest magni-
tude of interest (I), and up to the largest possible (n). Eoch mognitude band (M;)

is onclyzed independently of all the others.

The trials are the occurrence of any event irrespective of magnitude. Consider-'

ing a given magnitude band M;, the successes are the occurrences of earthquakes

of the given mognitude M;; the failures are the occurrences of any other mag-
nitude earthquake. Given that one earthquake has occurred (trial), pM. is the

probability that it is of mognitude M; (success); qg, = l-pg, is the probability
' '

that it is of any other mognitude (follure).

Hence, the model determines

R 'M;/"'PM;)IP

which is the probability that r events of magnitude M will occur out of a totalg y

of n events given that the probability of occurrence of M at each trial is pg.Ag

similar probability distribution function is obtained for each of the magnikude
These distributionsbonds M; to cover the whole range of possible mognitudes.

are totally defined when the number of trials n crid the probability of success

pM; cre determined.

in order to obtain the probability of any number of earthquakes of a fixed

mognitude, regardless of the total number of occurrences, one removes the*

condition on the number of occurrences (n) by taking the summation over all the
,

events:

%
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This distribution describes totally the seismicity of the source considered in

terms of two parameters: mognitude (M;) and number of occurrences (n).

The Bernoulli mcidel hos the advantage that the probability of occurrence of on

earthquake of a given mognitude con be established independently of any other

mognitude. It also offers greater flexibility in the use of historical seismicity
dato by combining them with subjective information through a Boyesian

.

opproach. ,

The distribution on distance, f (r), depends on the geometry of the problemR
under consideration. For simple geometries, the distributions con of ten be

integrated molytically. Realistic geometries, however, require numerical evol-
votion of the integral. A very versatile computer program has been developed

(Mortgot,1977) that incorporates the theory presented above with a numericci

integration scheme that allows for evoluoting very complex source-site geo-
metries.

The overall approoch to performing seismic risk assessments using this theory is

summarized below. First, the historical earthquake record and local attenuation

dato are combined with the experience of the analyst to produce the functional

relationships applicable to the area under consideration. The source regions are
divided into small rectangular segments. The total probable activity of the
segment is evoluoted in terms of magnitude and occurrences of each magnitude.

Using the transfer function from the segment to the site, the total effect of the
iactivity on the segment is calculated at the site by the number of discrete peak
!ground accelerations and the corresponding probabilities exceeding these accel-

*

erotions.

l
Assuming independence between events, the cumulative effect of odditional
segments is obtained until all the seismic sources modeled in the region have'

been covered. It follows that the retum period is simply the reciprocol of the

annual hazard.
l

.
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3.0 REGIONAL Ato SITE GEOLOGY

A study of the site geological setting is not within the scope of this analysis;
however, for completeness we present herein,o brief summary based on a study Rby D'Appolonio.

3.1 REGIONAL GEOLOGY
,

The Savannah River Plant site is located in the Upper Atlantic Coastal Plain,

opproximatively 31 miles southeast of the Fall Line and the city of Augusto,
Georgio. The At!'ontic Coastal Plain, extends southwestward from Cape Cod to

southern Georgio, Florido and Alabama where Jr continues os the Gulf Coastal

Plain. It is underlain by a wedge of sdward-dipping unconsolidated and
semiconsolidated sediments which increase" in thickness from zero, of the

contact with the Crystalline Piedmont at the Fall Line, to o thickness in excess
of 3,100 feet near the coast of South Carolino (Ronkin,1977). The upper coastal

plain slopes from o maximum elevotion of 650 feet at the Fall Line to about 250

feet on the southeastern boundary. The major physiographic divisions in the site

region are the Aiken Picteau and the Congaree Sand Hills. The surfoce of the

Aiken Plateau is highly dissected and chorocterized by broad interfluvial creas
-with narrow steep-sided volleys. The Congaree Sand Hills trend along the Fall
Line northwest and north of the Aiken Plateau and are chorocterized by gentle

slopes ed rounded summits.

West of the Atlantic Coestal Plain lies the Piedment physiographic province.
The. Piedmont province is a brood plateau sloping gently seaward which is the

easternmost physiographic ird structural province of the Appolochion Mountains.

It is camposed predo' inantly of crystalline metomorphic rocks' which werem

deformed several hundred million years ogo during the Appolochion orogeny.

The site regional geology, within 200 miles of the sites, also includes portions of

the Blue Ridge and Valley and Ridge physiographic provinces. The Blue Ridge
province extends from Pennsylvanic southwestward to northern Georgia. It is

composed predominantly of crystalline metomorphic rocks and is lithologically

.
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similar. to the Piedmont. The Valley and Ridge province is composed of a
sequence of Paleozoic sedimentary rocks which were folded and faulked during

the Late Paleozoic. In its southern portion, a long zone of thrust faults is the
predominant structural feature, and the ridge and valley topography is less
obvious.

3.2 SITE CONDITIONS

' The principal sedimentary units of the Coastal Plain in the vicinity of the
Savannah River Plant are, in the order in which they are encountered, the
Benwell, McBean, Congaree, Ellenton, and Tuscaloosa Formations.

.

The Barnwell Formation extends from the surface to a depth of approximately 80

feet. It is characterized by layers of silt and clay at the surface underlain by a
layer of sand to clayey sand (20 to 40 feet thick) and a layer of sandy sitt
recognized as the " tan clay." -The Barnwell soils are in a generally loose
condition, and D'Appolonio computed factors of safety against liquefoetion close

- to I during high intensity earthquakes.

The McBeqn Formation is primarily sed to clayey sand with lenses of sandy silt
and several calcareous zones. Its thickness is approximately 70 feet. Density

in the McBean ronges from very loose to very dense.
|

'

The McBean is separated from the Congaree Formation by a layer of sandy sitt

known as " green clay." The Congaree Formation consists of sand to silty sand in

- a very dense condition; it is approximately 70 feet thick.

The Ellenton and Tuscaloosa Formations underlie the Congaree Formation. The

| Ellenton Formation consists of dense layers of silty sand and sandy sitt. The
Tuscaloosa Formation consists primwily of fluvial and estuarine deposits of
cross-bedded sand and gravel with lenses of silt and clay. Its thickness con be

. estimated at approximately 600 feet beneath the Savannah River Plant.

3-2
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4.0 SEISMOLOGY

The detailed elements of the seismic hozord onessment are discussed in Section ,

.5.0. However, the seismic data base used to zone the region is of such
significance that it is discussed in detail in this section.- We focused on the

,

instrumental dato and felt earthquake reports, the so-called macroseismicity.

4.1 MACROSEISMICITY

A complete evoluotion of the historical macroseismic report is the keystone to,

the hozord ossessment because it contains important information on time and

spatial distribution. With respect to time, the record provides detailed historical

information on earthquake frequency. Further, the spatial distribution of
earthquakes around the site con often be used to delineate seismic source regions

within which earthquakes have common chorocteristics.

Several major earthquakes have been felt at the site during the lost century;
they are the Charleston earthquake of 1886 and the New Madrid earthquakes of

. 1811 - 1812.
.

,

.The great Charleston, South Carolino, earthquakes of August 31, 1886, caused-

the highest historical site intensity. This earthquake was felt over the entire
eastern United States and had a maximum Modified Mercolli Intensity of X. The

~

epicentrol area was approximately 145 km east-southeast of the site. There is
one report of intensity Vi for a location close to the site and several reports of

intensity Vill at different locations within 30 km from the site (Bollinger,1977).
Bollinger's isoseismal map for this earthquake places the site in on isoseismal

. zone of outersites Vil to Vill.

The New Madrid earthquakes of 1811-1812 (Igg = Xil, 36.6 N - 89.8'W) were
, the-largest earthquakes ever experienced in the centrol and eastern United

States. Af tershocks continued for two years. These earthquakes are associated,.

with the fault along the Mississippi River Valley; the epicentrol area was

.
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opproximately 850 km from the site. Judging by their effects, the mognitudes
were estimated at 7.2, 7.1 and 7.4 for the three main shocks (Nuttli,1973a).
From isoseismal maps, one con infer that the intensity at the site was
probably V, or possibly VI.

A number of other earthquakes are known or con reasonably be inferred to have

been felt at the site. They are moderate events that occurred at relatively short
distances from the site. An annotated list of the most important ones follow:

The January 13, 1811, Burke County earthquake (IMM=V, 32.2*N - 82.2W)
occurred approximately 50 km from the site which probably experienced on

. Intensity 11 to 111. The November 2,1875, Lincolnton, Georgia, earthquake

(IMM=VI, 33.8N - 82.5W) occurred 100 km northwest of the site. The
intensity at the site was lil to IV. The May 31,1897, Giles County Virginio

earthquake (IMM=Vil-Vill, 37.3N - 80.7'W) was felt over 230,000 square
miles and generated an intensity lli at the site (Hopper and Bollinger,
1971). The January 1,1913, Union County, South Carolino, earthquake

(IMM=VII,34.7N - 81.7W) was felt over on area of 43,000 square miles. The
epicentrol area was located 160 km from the site which experienced on
intensity less than IV.

F The August 2,1974, earthquake (Igg =VI, 33.9N - 82.5W) was centered near
Willington, South Carolina and was felt over on area of 14,000 square
miles. The site intensity was IV. The event was followed by a series of
microcorthquakes; this seismic activity hos been shown to be related to the
water level in the Clark Hill Reservoir (Taiwani,1976).

~

This list of earthquakes is not exhaustive, and several other earthquakes con be

inferred to nove been felt at the Savannah River site; they were all small to

moderate events which did not generate intensities greater than IV at the site.

,

j

4-2

%.

TERACORPORATION

_ _. _- __._____.1.___-_ _ , _ . . _ _ _ _ _ _ _ , _ _ _ _ _ _ _ . . . , _ _ _ . - .



*

.

..

4.2 -' MAGNITUDE AND INTENSITY RELATIONSHIP

Although most dato are already available in terms of magnitude, on important

port of the dato is described in terms of intensity. In general, the subjective
nature and the wide range of uncertainty of the Modified Mercolli intensity scale

are such that they cannot be meaningfully compared to the Richter mognitude.
This has led to the use of empirical relationships between mognitude and
intensity. We have used a widely occepted linear relationship in the form:

b= + b I,m

where

B dy Wave Mognitudem =
b

Epicentrol MM intensityI, =

with the values

l.75o =

0.50b =

This relation hos been aerived separately for Centrol U.S. by Nuttli (1974). This

relationship is used to estimate magnitudes when only intensity is given.

.

4.3 EARTHQUAKE SPATIAL DISTRIBUTION

The spatial distribution of seismic events recorded between 1800 and 1977 is

shown in Figure 4-1. Several main centers of activity con easily be identified in

the eastern United States:

e The New Madrid Seismic Zone is the most important of
the seismic regions. It is port of the Upper Mississippi
Emboyment and has been active seismically since histori-
col time. A few great earthquakes and thovsonds of light-.

to-moderate strong shocks have been centered in this
region.

4-3 eta CORpOr[ATION



.

.

.

Northeast of the New Modrid Seismic Zone, o cluster ofe
earthquakes hos been located along the Illinois-Indiono
border. These epicenters are related to the Wobosh
Valley Foult Zone. This zone is on extension of the Upper
Mississippi Emboyment creo.

. The cluster of epicenters along the lilinois-Missouri
border defines a seismic region located in the belt be-
tween the Cop ou Gres Fault and the Ste. Genevieve
Fault.

in South Carolino, o zone of seismic octivity extends frome
southeastern Charleston, South Carolino, northwestward
across the piedmont. .The large 'l886 Charleston earth-
quake and a number of minor-to-moderate events have
occurred in this region. Due to the short distance that
separates the earthquake source from the site, its contri- *

bution will be very important.

e West of the site lies the Southern Appolochian Tectonic
Province. This zone extends from south Virginio to
centrol Alabamo from the western edge of the Piedmont
ocross the Cumberland Plateau. Light to moderate shocks
occur at on overage frequency of one or two per year,
with periods of several shocks a year followed by periods -
of no perceptible shocks.

In addition to these areas, other zones of seismic activity con be distinguished in

the eastern United States. Among those are:

e Appolochion Plateau

e Centrol Virginio

e Adirondock Plateau i

e Attico

e Anno

e Northern Illinois
|

IThese regions have displayed low-to-moderate rates of activity over the lost 100 '

years. This, together with their distance to the site, makes their contribution to
'

the seismic exposure of the Savannah site negligible.

4 *
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5.0 CALCULATIONS AlO RESULTS
:

,

5.1 INPUT

As described in Section 2.0, . Seismic Hozord Methodology, the input to a ;

. probabilistic seismic hazard assessment consists of:
|
|

e A geometric specification of local seismic regions

e. A description of post seismic activity in terms of earth-'

quake occurrence frequency (possibly modified by subjec-
tive input to remove incompleteness or bios in the dato)

e An earthquake occurrence model |
i

,

e A ground motion model
,

I

.e An exposus a evaluation model to determine the prob- -
*

obility of exceedance of peak ground occeleration
i

The earthquake occurrence and exposure models used in this analysis have been

described in Section 2.0. The other components of the model are presented in - 1

.

the following subsections. )

5.1.1 SOURCE REGIONS

The definition of the source regions was based on a recent study by TERA (1979).

These source zones synthesize the available historical seismicity dato, the state
,

of knowledge of the relationship between geologic structure and historical |

seismicity, and the information provided by nine experts on the configuration of

seismic regions in the Eastern and Centrol United States. The final definition of !

the source regions' boundaries was based on a synthesis of the expert input. It

resulted in the global map in Figure 5-1 which encompasses the Eastern and j

Centrol United States. Most of the sources presented in Figure 5-1 are not-

relevant to the present molysis because they are of low seismicity and/or at a

great distance from the sites. A detailed description of the seismic zones which

are of significant importance to our study follows:

S-1
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e Sources I and 2 - New Modrid (Missouri)
.

The New Modrid region is the most highly seismic and has
been the site of several very large corthquokes in the
post, the latest of which occurred in 181I and 1812. A
continuous moderate seismicity in the region confirms its
activity and its potential danger. This study distinguishes
between the Inner New Madrid zone which encompasses
the creas of greatest activity in the lost 200 years and the
Outer New Madrid zone which has a lower activity. The
differences in activity are apparent in the epicentrol map
in Figure 4-l. The Outer New Madrid zone includes the
Wobosh Valley, Cop ou Gres and Ste. Genevieve Foult
zones.

Sources 3 and 4 - South Carolino (Georgio)e

The most destructive earthquakes in the history of the
southern United States took place in this region
(Charleston-Summerville, 1886). The oldest recorded
earthquake occurred in 1750, and this region has contin-
volly displayed a higher seismic activity than the rest of
the southern United States. Extensive studies have been
mode of the 1886 event and of the oreo in general
(Bollinger, 1973, 1975, 1977). The eastern part of South
Carolino, around the epicentrol creo of the Charleston.

earthquake, is recognized to be more active than the
western port; os o consequence, both on eastern and a
western South Carolino zone are present in our base mop.
The western zone is the host region for the Savannah site.

e Source 5 - Southern Appolochio

The Southern Appolochio region coincides with the Valley
and Ridge province of the northern Alabama and costern
Tennessee. Its activity has been moderately high and fairly
uniform in time.

e Source 6 - Centrol Virginia

This region has displayed a relatively low rate of octivity
uniformly over the lost 100 years. Its low seismicity and
its distance to the site reduce its importance consider-
ably.

S-2.
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Considering past activities of these regions and their distances to the sites, it

appears that regions 3,4 and 5 will govem the hazard at the Savannah River site. -

Due to their proximity to the site, sensitivity analysis was performed on the
boundaries of regions 3 and 4. .

..

5.1.2 EARTHGUAKE STATISTICS
.

In this section we analyze the seismicity of each of the source zones presented in

Section 5.1.1 in order to estimate the recurretice relationship for earthquakes. .
The expected activity of the zones is based on the reasonable assumption that

future earthquake occurrences will have the some general statistics as past
earthquake occurrences after introducing pertinent moaifications to eliminate
incompleteness or bias in the data.

t

The past earthquake activity varies greatly among the seismic regions presented
'

in Figure 5-l. Such differences are not due to inconsistencies in the record but

. are rather fundamental tectonic variations supported by geological evidence.

.

The basic parameters of an earthquake occurrence model are the upper magni-
.

! tude cutoff and the recurrence relationship. The recurrence relationship used in

this study is the well-known relation:

log N =a bmb

where Nc is the cumulative number of earthquakes of magnitude greater than or,

equal to m s and a and b are the parameters of the model. Ordinate a representsb
the total number of events in the area, whereas slope b is indicative of the

'
relative frequency of different magnitude earthquakes.

The recurrence relationships for sources I to 6 are presented in Figures 5-2

[ through 5-7. These curves are based on data recorded in each region after
modificatlans were made to correct the biases introduced by lock of recording

capabilities during the preinstrumental period.
.

t

?
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The upper magnitude cutoff is a rather uncertain parameter, particularly in the
less seismic areas which were considered. For each source, it was obtained from

reviews of expert opinion conducted by TERA (1979). The proposed values are

intended to maximize the agreement among experts. Recognizing that there is
no perfect consensus and that the mb scale soturates at about mb * 6*0' "
sensitivity study was performed on the upper mognitude cutoff of the most
important sources.

The values of prometers o and b and the upper mognitude cutoff are presented

= in Toble 5-1.

5.1.3 CROUtO MOTION MODEL

A keystone of a seismic molysis is the specification of decay of peak occele-
ration with respect to distance from the earthquake epicenter. Credible

attenuation relations have in the post been difficult to develop for two reasons:

first the large scatter in dato makes a deterministic evoluotion very difficult and
secondly, dato are very spese in the near-field, thus allowing f'or a variety of
interpretations.

The ground motion model used in this analysis is based on work done by TERA

(1980), modified for opplicabiltty in the southeastern United States. Given the
poucity of strong motion dato ed the ovallobility of intensity dato in the south-
eastern United States, o model for the attenuation of site intensity was first
chosen (Bollinger,1977), and then converted into a ground motion parameter

. (namely, peak ground acceleration) by using data from the western United
States. Epicentrol intensity, as a parameter in the ottenuation model, is changed

to body wave magnitude by using the correlation presented in Section 4.2. The

local mognitude con be transformed to body wave magnitude by the relation:

b = 0.98 Mg - 0.29m

i

.

% ;
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The recommended attenuotion model is considered to be oppropriate for soil

sites such as SRP. The ottenuation relation con be chorocterized by the

following expressions

inAH = 0.53 + l.122 mb - 0.783 in R - 0.00033R for R 210 km

for R S 10 kminAH = -l.28 + I.122 mb

2* '' A = PGA (em/sec )H
.

m = Body Wave Magnitude
b

R = Epicentrol Distonce (km)

#
inAH

lt is very important to consider dato dispersion mognitudes relative to the mean
recurrence relationship. The statistical properties of peak accelerotion are
usually chorocterized by the natural logarithm of occeleration, thus, dispersions

are expressed in terms of the standard deviation of In A . Typical values of this- g
parameter range from 0.51 (McGuire,1974) to I.2 (Esteva,1970). We deter-
mined that a value of 0.65 is a conservative estimate for sigma and'we associate

this value with three standard deviation dispersions on acceleration.

The attenuation relationship of several magnitudes is plotted in Figure 5-8.

,

%s-s
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TABLE S-1

RECURRENCE RELATK)NSHIP USED IN THE ANALYSIS

i NUMBER OF .
? OCCURRENCES RECURRENCE

GREATER THAN N SLOPE UPPER CUTOFF .
i .

g = 3.875 YEARS (b parameter) MAGNITUDE'

i
:

Source 1 -Iriner New Madrid 190 175 .9 7.5

Source 2 - Outer New Madrid 130 175 .9 7.0
;

i Source 3 - Eastern South Carolina - 50 175 .9 7.0

Source 4 - Western South Carolina 33 175 .9 6.0'

U Source S - South Appalachia 16S 175 .9 6.5

| Source 6 - Central Virginia 33 175 .9 6.0
4
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5.2 RESULTS

The results were obtained by computer calculations with a hozord analysis code

(Mortgat,1977). The basis for this approoch was summarized in Section 2.0.

5.2.1 PEAK GROUND ACCELERATIONS

Our estimates of the risks represent the weighted results from 27 individual
calculations. These cases represent the sensitivity analyses conducted regarding

the boundary of the sources, the upper magnitude cutoff, and the attenuation
functions. The perturbations are weighted by subjective estimates of probability

of occurrence. The variations in these parameters represent the overall

uncertainties in:

Our ability to define the strain energy limit of the seismice
sources

The correlction between earthquake mognitude and in-e
tensity

The uncertainty associated with the attenuation relation.e

The South Carolina sources contribute to more than 90 percent of the hazard at

the Savannah River site. To investigate the offeet of source zone configuration'

we have modified the Charleston sources of Figure 5-1 into two other configu-

rations.

a. The configuration in Figure S-9 reduces the size of the
eastern South Carolina source and centers it around the
epicentral area of the Charleston earthquake of 1880.
This zonation is similar to the South Carolina zone of the
Hadley and Devine seismotectonic map of the eastern
United States.

b. The configuration shown in Figure 5-10 does not distin-
guish between an eastern and a western South Carolina
source, and events of the size of the great Charleston

,

earthquake con occur at any location in this single source.
This configuration considers that there is not enough
physical information to restrict the larger events around
the Charleston epicentrol area.
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The nine base cases were as follows:

CASE 1

Bose map configuration (Figure 5-l)e

Upper magnitude cutoff of the eastern South Carolinae
zone m = 7.00

b

Upper magnitude cutoff of the western South Carolinae

b = 6.00zone m

CASE 2

Some os Case I, but with the upper magnitude cutoffe
reduced to 6.75 and 5.50, respectively

CASE 3

Some os Case I, but the upper magnitude cutoff increasede
to 7.25 and 6.50, respectively

CASES 4. 5 and 6

Some os Cases I,2, and 3, but with source configuratione
presented in Figure 5-9

CASES 7. 8 and 9

Source configuration presented in Figure 5-10e

South Carolina zone upper magnitude cutoff mb = 7.00,e
6.75 and 7.25, respectively.

For these nine cases, the uncertainty about the attenuation relationship was
Imodeled by a log-normal distribution with a standard deviation sigma (8lnA

equal to 0.65. Sensitivity sigmas of 0.55 and 0.75 were also considered. TU

resulting 27 case studies were used to estimate the hozord at the Savannah River

site. For this purpose, we assigned a weight to each of the cases described

above

'

S-16

%
TERACORPORATCN



~l,. .

,
.

1

** "" i

- m. p. m. ar. c. as. w- *- 7''

*...e-...******-***s,
},* . . . . .,_...

# ;*'s.,,,,.* ~ * ~ ~, .. .. *
l

! M PE W | n.,.| l ,'.'"
! PENNSYLVANIA

$.

*

(5
*N **"*ON20 ,,

...,

.......,.._.._.7,_.....-..,...
''
.* angaspw ;.

: 4 .,.g ,
., tr

v '. - I s ,5 #I 4
. "". . . *

b'

./ %.,A.. . WEST VInGINIA
s

}s

.. . ~ ' ' . . ' ? * . . *'(
[' j' g, e

6, . s
%

,I \ / . -. 4, '

* i ..
~

s ~. ..g .*
,. 'e * * ,

.i ,..-
..

., - /

)VIRGINIA

- 9~ 5
.
*

.b
. -,

KDrrucgy '- - ... ,... - ~.
. y .

..'.
,
p.

-----~.~..---....-..._.,__..._.._,_.,_...;..-
- - . . . . . . ,

8-.J * +

* murm. /'; - . ~v).
8'ORTE CAmo!.2 m'''

~.* nuna
".

,
. .

,,
,

~~ - - - - - . . . . ,, . .- - . ~ . . . ,
' . ~ - ,

i s.
*

t % .

: \ N v..

I ',i
'
.

' socTu cAmor. n\ -

f4.sm s,
i

\
~, , "'*

s
'

5,
SAVANNAH m g 'p $.

.'Ts
8'. *

i ,

%
.- ''

. caoacIA
FIGURE 5 9

s *
/ MOOlFIED SOUTH CAROLINA

*

-"'" SOURCE-ZONATION I

,' " -- - . ....,,,,, ,, ,u;', - w..
.

.
,

.. - ,

. * - . , .

*
"-

Tv-w.
a. m. m. m. .. .. 3

5 17 TERA CORPORATION



-

.

.

5 es. 3 g. 33 m. D #* D*
*

*

...s----*--*#***t,
\. . . . . ,,.. ..

'
:

~ ~ ~ ~ ~ + - . . - . . ' ~ . . _ . . '-

: cuvcu : ..y- ..i
Pamusrz.vanzA |r'

'
.

d. .
* mamme **ouro *

.

It . .-''
.

---- ; . -- .- p a .---- - - -- \ ,* counen /.
:I ,,*

r t .'
g v'.~ (

, ' e "'r , "##"" * '..
\'*

f',./
-

%.

F.. . ' .
unst vracruzA ).

)m ,-

t 1 ,
. . , . - - r ..' ~' *; .' , - ~ i - . . ,

,i
,

- ij_
. . . =-';- ._ . .<, .

.i ,,.-
.

/ /.,
VZac1NzA e..

. .. mg -
. .

KENTUCKY

. . , . . .
-

n%.
..-

.~,
.s , , _ , , _ _ _ , , _ , , _ , , _ _ _ , , _ , , _ , , _ , ,

-.. ...,,,~~' - - ~ ~ - - - - - . . . . . . .

.1 m..

soars camoz,xxx

* me..u,,,
. ~

* auria

, . . ~ . . '' #
,.

.,
'' - - - . . ~ . . ,

,
, , , .

----.._.,,,-i. t.-~~..,
.

,

i

.' s,
,

'g
'N. $s... \*

} s.
. *

8007s cAmoz,xxA',. ,

| *
.

\
' s, ft :un '

"'-

k% esatene .r'SAVANNAH RI\ '

;''ss

* W-
i ,

t
s'

'. GaomctA
FIGURE S-10't

[ MODIFIED SOUTH CAROLINA.

. . . . ,
SOURCE-ZONATlON 2

I- . . . . . ., ,,' * * - - . ~ . ., j., ,
w-

; .
.

.
.

.. .
. * * . . .

"'
"'n.n.

m. e.. a. ,, ,,. a. n.*

%
TERACORPORATlONS-I8

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



.

e

.

e The South Carolino zonation of Figure 5.1 was assigned a
weight of 0.50, and a weight of 0.25 was assigned to both
sensitivity zonations of Figures 5-9 and 5-10

We asigned a weight of 0.70 to the sigma = 0.65, and 0.15e
to both sigma = 0.55 and sigma = 0.75

For a given sigma value ed a given South Carolinoe
zonction, we considered the best estimate of the upper
magnitude cutoff to be 70 percent probable and each of
the reduced and increased values to be 15 percent pro-
boble.

,

The results are presented in Figure 5-11. This figure shows our best estimate,

together with our estimate of the lower and upper limits. These limits con be
'

roughly assumed to be the one standard deviation with respect to the best
estimate. According to the best estimate the expected peak ground occeleration

of the Savannah River Plant site is 4 percent g with a retum period of 100 years,

and 10.5 percent g with a return period of 1,000 years.

5.2.2 RESPONSE SPECTRUM.
;

The results, given in the previous parographs, define the peak horizontal
acceleration at the facility for various return periods. We have also determined

an oppropriate response spectrum for the site since some structures and
equipment have sufficiently low fundamental frequencies to experience spectral

amplification.

Our opproach to the definition of a response spectrum is empirical; that is, we
base our recommendation on the shape of response spectra of earthquakes of the

type the site is likely to be subjected to. While sophisticated deterministic
techniques exist which, through stress wave propogation celculations, can result

in site specific spectro, such calculations are outside the scope of this analysis.

We recognize that the hozord at the site is generated by two types of events. In

the host region, the near-field earthquakes of small to moderate magnitudes
contribute to the grectest port of the hazard. Their energy is released at the

.

%
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. site moinly in the high frequency range ano their response spectro is governed by

body . woves. On the other hand, large earthquake motion from more distant
)

sources, like Charleston, is transmitted by surfoce waves and contributes to the |

low frequency side of the spectrum. Even though their contribution to.the total

hozord is limited, these earthquakes must be considered since they are of long

&rotion and may generate substantial demoge on low frequency systems.
i

I

Unfortunately, the knowledge about earthquoke mechanisms in the eastern

United States is more qualitative than quantitative and the extent of the long
period enhancement in the response spectrum compared to western events is not

known. This, forces us to adopt a conservative approach. 1

We based our spectrum on the one recommended by D'Appolonio (1979) for SRP

together with the following selected records:

1) The El Centro earthquake of May 18,1940 (magnitude i
*

' 6.7). |

2) The Monogue earthquake of December 23,1972(magnitude
5.6).

.

3) The Melendy Ranch earthquake of April 9,1972 (mogni-
tude 4.7).

In view of the broad frequency range of excitation to be expected at SRP site,

this results in a fairly conservative spectrum envel' ope. This conservatism could

not be eliminated without detailed site-specific spectro analyses beyond the
scope of this project.

The resulting spectral shape, at five percent domping, is presented in Figure

5-12. The spectrol occelerotion, when scaled to o design peak acceleration, hos

o retum period corresponding to the peak acceleration in Figure 5-11.
.

S.3 CONCLUSIONS
,

in summary, we have combined the best available input data with the most
credible tools of seismic risk analysis to determine the return period of

h.'

5-21
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acceleration of the DOE site of SRP. The results, shown in Figure 5-11

occounts for the dispersion of the dato about the functional relationships used in

the model. The results further occount for variations in the upper mognitude
cutoff and different tectonic models. Other design response spectro con be
determined by scoling the 1.0 g response spectrum of Figure 5-12 to the desired

,

peak occelerotion.
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6, )United States Nuclear Regulatory Connission

lOffice of Nuclear Reactor R
Mr. Steven A. Varga.Sulation [[g,. 6kg , !ATTN: hief <

- Light Water Reactors Branch 4 |

Division of Project Licensing ( MQ,
Washington. D. C. 20555

.

NRC DOCKET NLMBERS 50-424. 50-425
CONSTRUCTION PERNIT NLMBERS CPPR-108.109
ALVIN W. V0GTLE NUCLEAR PLANT UNITS 1. 2

CATEGORY I BACKFILL

Gentlemen:.

This will confinn the clarification and agreements reached with your NRC
] staff at the meeting in Bethesda on July 22. 1977 in connection with the Category

'

I backfill at the A vin W. Vogtle Nuclear Plant.

More speciffc detafis concerning the words used in the PSAR in connection
with the Category I backfill were discussed. Specifically, a more detailed
definition of the meaning of the words " select sand" was given and th's manner
in which "97 percent compaction" will be tested and evaluated in the field was
defined.

.

" Select Sand"

The clarification of the terminology of " select sand" expressed in Section
2.5.1.7.3 of the PSAR is the sands and silty sands from required excavation,
stockpiles and borrow areas. The sands and silty sands, regardless of the
specific source from which they are obtained, are considered to be " select.

sands" as discussed in the PSAR and other relevant documents in connection
with the Vogtle Plant.

,

Camnaction Criteria

The average compaction shall be 97 percent of the maximum detemined by
ASTM D1557 with no tests below 93 percent and not more than 10 percent of
the tests shall be below 95 mrcent in a set of 20 tests. These in-situ
tests will be made at a depti not exceeding 24 inches.

Minisium Testins Frecuency

; In-situ density tests will be made at a minimum frequency of one test per
20.000 square feet of fill placed per foot of depth. The average compac-
tion will be evaluated for each set of 20 field density tests made after
Placement in any area in which fill is placed. .

-
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U. 5. Nuclear Regulatory Commission
,

ATTM: Mr. Steven A. Varga. Chief
Page two '

July 25.1977 -

'

All of the analyses and information presented in the PSAR are valid taking |
into account the clarifications presented above.

During the July 22, 1977 meeting, you were informed that a program is under- :

way to anasyre sofis for backfill of df fferent characteristics and different-

specifications for compaction which will conservatively meet the safety require- .

|monts for the Vogtle Nuclear Plant.

Presently it is expected to have the analyses coupleted and criteria estab-
Ilshed by November, 1977. At that time it is planned to request a meeting with
the NRC Staff to present the bases for the modified criteria.

It is emphastred that the information presented above is merely a clarification
of existing criteria and in no way represents any change in the comunitments made
in the PSAR.

Your arranging the July 22, 1977 meeting and your participation and that of
your key staff personnel is very much appreciated.

Yours very truly.

E. f# -~
W.E.Ehrensperg

EE/ JAB /nc
~

ac: Mr. D. L. McCrery .$__
Mr. I, 5. Mitchell, III N ,

Mr. R. A. Thames E 9
Mr. J. A. Bailey. 8 !. 3
Mr. D. E. Dutton' :F 6. -

Mr. Walter R. Ferrf a M __ ,

Mr. L. T. Gucwa g, e
Mr. W. R. Holland m

' g
*

Mr. 8. B. Nogers Jr. 8 "
,

Mr. V. Srintvasan O '

Mr. M. R. Thakar
George F. Troubridge. Esquire
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EFFECTS OF LATE CRETACEOUS AND CEN0 ZOIC FAULTING ON

-

THE CEOLOGY AND HYDROLOGY OF THE COASTAL PLAIN NEAR

THE SAVANMH RIVER, GEORGIA AND SOUTH CAROLINA

by

Robert E. Faye and David C. Prowell

ABSTRACT

Ceologie and hydrologic investigations by the U.S. Geological Survey

have defined stratigraphic and hydraulic anomalies suggestive of faulting<

,

within Coastal Plain sediments between the Ogeechee River in east-central

Georgia and the Edisto River in west-central South Carolina. Examination of

borehole cuttings, cores, and geophysical logs from test wells indicate

that Triassic rocks and Upper Cretaceous and lower Tertiary Coastal Plain
.

sediments near the Barnwell-Allendale County line near Millett, South
- Carolina, are offset by a northeast-trending fault downthrown to the,

northwest. The location of this suspected Coastal, Plain fault generally,

coincides with the location of an inferred fault in basement rocks as

interpreted from aeromagnetic surveys. Apparent vertical offsets range ',

from about 700 feet at the base of Upper Crecaceous sediments to about 20

feet in strata of Late Eocene age. As a result, the Upper Cretaceous

Middendorf Formation which directly overlies crystalline and Triassic
,

rocks -updip (northwest.) of this fault, is absent immediately downdip of
.

The Ihickness of Upper Cretaceous sediments is also sharplythe fault.
.

reduced from about 700 feet to about 180 feet across the fault.

.

1

.

|
-

:
l
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I

Sediments of the basal Coastal Plain aquifer are largely truncated

by uplifted Triassic rocks at the fault near Millett, South Carolina.

Lateral ground-water flow near the Savannah River is consequently dis-
.

rupted updip of the fault and ground water is transferred vertically,

into overlying sediments and possibly into the Savannah River. At

several locations, abrupt changes in potentiometric' head occur across-

this fault. Computed transmissivity of the basal Coastal Plain aquifer

is also radically reduced downdip of the fault, sharply reversing a down-

dip trend of rapidly increasing aquifer transmissivity.

Other anomalous potentiometric data along a northeast-trending line

between Sta'tesboro, Georgia, and Fairf ax, South Carolina, suggest the

possibility of similar f aulting in correlative geologic units. The
~

location of the suspected fault near Statesboro, Georgia, generally
e *

,
-

coincides-with the eastward exthnsion of the Gulf Trough, a regional
.

.

potentiometric anomaly in central Georgia.

.

-
.

. . ., .
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.

.

.
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INTRODUCTION-

Investigations undertaken- as part of the it.S. Geological Survey's

- Southeastern Atlantic Coastal Plain Regional Aquifer Systems Analysis

(RASA) have defined anomalous geologic and hydraulic data suggestive of

recurrent faulting within Coastal Plain sediments-in east-

central Ceorgia and west-central South Carolina. The general area of

study-is bordered to the west and east by the Ogeechee and Edisto Rivers,

- respectively (fig. 1). Potentiometric anomalies and radical changes in

Figure 1.--(Caption on next page) helongs near here.
, _ .

1

aquifer.transmissivity and in aquifer discharge to area streams were.

'

observed within parts of two regional Coastal Plain aquifers comprised of

sediments of Late Cretaceous and early Tertiary age. Site-specific

'

investigations of subsurface lithology were consequent'ly undertaken to
-

,,
.

-
,

,

determine the origin and nature of' the observed anomalies. Detailed *

,

1 -
.

,

analyses of borehole cuttings, geophysical logs, and palynological data
, _

at well sites adjacent to and along a line generally parallel to the
.. .

Savannah ~ River indicated the presence of faulting of Triassic rocks and<

t .

Coastal Plain sediments near Millett, S.C. Cretaceous sediments'are
t 7 ,

vertically offset approximately' 700 f t,' probably by en echelon reverse * |

faulting similar to that previously observed along the Belair f ault zone !

near Augusta, Ca., by Prowell and 'O'Connor (1978). Northeast-trending i

I

potentiometric anomalies and limited geologie data imply the presence
t

of another fault which offsets correlative Coastal Plain sediments

- between Statesboro, Ca. , 'and Fairf ax, S.C. f

i

4

3
.

,

-

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



g ,, . - - .<.

E

k

k
)

t, - 1
+ q

l
a f

(

$

). .

|
-

3
,

.

-,

s

,

e4

h Figure 1.--Location of study area.
,

1 .

) .

( -
..

, .
.

/
'

I ~

l
1

1
~

-

3
-

4

; ,.

:-

.

,

;

O

, 4 e
'

>
e

9

*
m. ..<

=

4
.

t

h. .s . . _ . . - . , - -
- - #1 -



_ _ _ . - - _ _ _ _ -

The purpose of this paper is to describe and, where possible,

quantitatively document 'the geologic, hydrologic, and hydraulic ef fects of
,

f aulting of Coastal Plain. sediments within the study area. The geology

and hydrology of regional aquifers are briefly described to provide bases

for interpretation. Data sources and interpretive methods unique to

various aspects of this study are discussed selectively in the text.
4

Methods pertinent to the map location of well-data noints are described
: . .

in the ' Supplemental Information section at the end .of the report.

,
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GEOLOGY.

. .

The emerged Coastal Plain in the vicinity of the Savannah River is a

southeastward thickening wedge of semiconsolidated to unconsolidated strata

of Cretaceous to Holocene age. The strata, in general, dip gently to the:

'
.

~

southeast; hence, "down dip" as used in this report means " southeastward".

Outcrop areas of Cretaceous through middle Eocene sediments critical

to this study are shown in figure 2. The inner margin of the Coastal,

Figure 2.-(Caption on next page) helongs near here.
f

Plain noted in figure 2 is the updip limit of Upper Cretaceous and lower.

Tertiary sediments and is defined by the exposed unconformable contact

between crystalline rocks and Coastal Plain sediments. The stratigraphic

correlation of Coastal Plain sediments within the study area to contem-,

poraneous sediments of the Atlantic and Gulf Coastal Plains is illus-
,

/

trated in table 1. Lithologic units described in table 1 pertitient to
.

.

Table 1.-(Cantion on page 8) belongs near here.
.

'

the Savannah River area refer to the geologic section of Coastal Plain

sediments shown in figure 3.
.

1

Figure 3.-(Caption on page 9) belongs near here.
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Regional Stratigraphy and Lithology

Crystalline Rocks

Paleozoic crystalline rocks that include gneiss, schist, quart-

zite, and granites of the Kiokee belt and metavolcanic rocks of the Little

River Series of Crickmay (1952) underlie Constil ' Plain sediments within
fthe updip parts of the study area (LeGrand and Furcron, 1956; Siple, 1967;

-

Prowell and O'Connor,1978; Marine,1979). The age of the Belair belt of

the Little River Series was established as Paleozoic (probably Cambrian)
The ages of the

from a trilobite found near Augusta, Ga. (Maher,~1981).

b Kiokee belt and the remaining Little River Series are also considered

Cry'stalline rocks crop out within the study area north of thePaleozoic.

inner margin of Coastal Plain sediments and downdip in the channels of

larger streams (fig. 2). ' Crystalline rocks unconformably underlie

Cretaceous Coastal Plain sediments downdip to a line extending approximately -
~

/

from Wadley in southern Jefferson County, Ga., to Williston in Barnwell

'The upper 10 to 100 ft of the crystalline rock both in the' C ounty, S .'C.

exposed Piedmont and in the subsurf ace northwest of this line is typically

Saprolite is formed by the in place weathering of crystallinesaprolite.

rock with the preservation of the relict texture of the parent rock.
lidated

, Saprolite can be distinguished from the overlying poorly conso>

Coastal Plain sands and gravels by mineralogy and texture and commonly by

abrupt changes in the trends of electrical resistivity and spontaneous
.

potential curves of bore-hole geophysical logs. ,

South of the line from Wadley to Williston, drill-hole data defining
Drill holes penetrating

the nature of the crystalline rocks are unava11'able.

the Cretaceous st rata in this region bottom in unmetamorphosed red beds.~

10

-
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4

i

* ' Triassic Rocks

Moderately to well-indurated interlayered dark-red claystones,*

siltstones, sandstones, and fanglomerates are present in the subsurface

between the crystalline basement and the Cretaceous Coastal' Plain strata

generally southeast of the line between Wadley[ Ga. , and Williston, S.C.

These rocks are interpreted as river and lake deposits formed 1n a continental

environment. The fanglomers.te layers, particularly those in the cores

from well P5 and the cuttings from well AL-66 (fig. 3), contain an assortment

of rock fragments that have been derived f rom other rock units'. Greenschist

clasts similar in lithology to the rocks labeled Pz3 on figure 3 have

been found in the samples from AL-66 and they indicate the presence' of
3

an exposed crystalline terrane during erosion and deposition. No fossils

have been recovered from these red beds but by analogy with.similar

~

rocks,in the Eastern United States, they are probably of Triaisic to .

,
/

Early Jurassic age. In this report, these red beds are referred to as *

,

' '

, Triassic rocks, or rocks of Triassic age. ,

A weathered zone typically less than 50 f t thick is commonly present

at the top of the Triassic red beds. The contact between Triassic rocks

and overlying sediments can be distinguished by lithologic changes and

is commonly characterized on electric logs by a relatively sharp reduction
.

in electrical resistivity and spontaneous potential compared to the

poorly consolidated overlying Cretaceous sands and gravels.
,

6

The geology and hydrology of Triassic rocks which underlie the

SRP (Savannah River Plant) have been extensively investigated to evaluate;

.

W

6

8 e

11,

*
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their storage potential for radioactive wastes. Results of'these studies
.

are described by Christl (1964), Marine (1973; 1979), and Marine and

Siple (1974). Lithologic and geophysical drill-hole data in U.S. Geological

Survey-files from South Carolina and Georgia were examined by the authors *

to determine the, altitude of the base of Cretaceous Coastal Plain sediments.

Individual data points with designation of pre-Cretaceous rock type in

the drill holes are shown in figure 4.
.

Figure 4.--(Caption on next page) belongs near here.

Coastal Plain Sediments

Coastal Plain sediments within the study area range in age from Late
,

Cretaceous through early Tertiary and form a seaward thickening, wedge-

shaped section of poorly consolidated lithologic units. Successively
/
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younger sequences of sediments crop out generally seaward of older sedi-'

.

ments and generally dip at a correspondingly smaller angle. Only Upper

Cretaceous through middle to upper Tertiary sediments are considered in
!

detail in this study.
I

Upper Cretaceous fluvial and marine sediments of Santonian to

Maestrichtian age unconformably and continuously overlie Paleozoic

crystalline or Triassic sedimentary rocks .throughout most of the study
|These sediments were formerly considered contemporaneous with thearea.

Tuscaloosa Fomation of Alabama and southwest Georgia (LeGrand and Furcron,
f

1956; Siple, lo67), but are now known to be younger and contemporaneous

with the Middendorf,' Black Creek, and Peedee Formations of South Carolina

.(Raymond A. Christopher, U.S. Geological Survey, written commun. , 1980.81).

Sediments of Campanian and Naestrichtian age correlative with the Black

Creek and Peedee Fernations ,are subsequently termed the Black.Creeft (?)
-

Formation in this report. Sediments of the Upper Cretaceous Middendorf

! Formation (table 1) comprise the basal part of the Coastal Plain downdip
!

to approximately the southern boundaries of Burke County, Ga. , and Barnwell

County, S.C., where they are abruptly terminated-(fig. 3). Downdip from,; y
>

'

this area, for an undetermined -distance, the basal Coastal Plain is

probably comprised of sediments correlative with those of the Black

Creek Formation of eas. tern South Carolina.

Sediments of the Middendorf and Black Creek (?) Formations are
,

difficult to differentiate updip of the SRP and are characterized by
-

,

poorly consolidated,, kaolin-rich, fine- to coarse-grained sands and
.

-

.

/

+
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~

gravels. These sediments are, irregularly crossbedded and commonly contain.

9

discrete, generally discontinuous layers of kaolin and lenses of .well-

rounded quartz gravel. A zone of oxidation and weathering marks the

' Middendorf-Black Cree (?) contact. Sediments of the Black Creekh f)
.

Formation are typically marine and are comprised of well-bedded, fi.ne-

to coarse-grained, clayey sand containing significant quantities of
!carbonaceous naterial. This unit is generally a fining-upwards sequence

of sands and silty clays the upper part of which contains thin commercial

grade kaolin deposits.

Basal sediments of the Middendorf Formation at the SRP and probably

elsewhere consist of-a semiconsolidated sandy clay overlying a tan to

buff-colored indurated silty to sandy clay (Marine and Siple, 1974).

The entire basal section of semiconsolidated clay ranges in total thickness

from about,40 to 150 f t and is characterized on electric logs as a zoner,

..
,

-

of low electrical resistivity which contrasts sharply with overlying -,

.

highly resistive, poorly consolidated coarse sands. The basal and upper

units of the Middendorf Formation and the sediments of'the Black Creek (ff
Formation are designated UK1, UK2, and UK3, respectively, in table 1 and

.i

in figure 3.
,
,

Unconfort. ably overlying the Upper Cretaceous sediments throughout

most of the study area is a continuous dark gray to black, sandy, lignitic

micaceous clay. 'The basal part of this unit consists of gray to bluish-

gray, clayey quartz sand and gravel. Downdip of the SRP, these sediments

.
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change facies to a carbonaceous marl. Siple (1967) formally named this,

.

unit the Ellenton Formation and suggested that-it is probably contempo-

raneous with youngest Upper Cretaceous or lower Paleocene sediments

observed elsewhere in South Carolina. Core samplss of what is probably

the Ellenton Formation were obtained from the site of' Georgia Power

Company's Plant Vogtle in Burke County, Ga. , near TW-1 (figs. 2 and

3). Palynological analyses of these samples establish the age of the ,

sediments as early to middle (Midwayan) Paleocene ~(Norman O.'Frederiksen,

U.S. Geological Survey, written commun. ,1980)' which is the age assignment

used for the Ellenton- Formation in this report.

Lower to middle Paleocen'e sediments occur only in the subsurface
,

within the study area, generally seaward of a line between Louisville in

Jefferson County, Ga' ., to Jackson in Aiken County, S.C. , and range in thickness.

from a few feet to more than 150 f t. The upper contact of these Pa_leocene,

.

sediments *1s di-stinguished lithologically by the generally massive,
-.

lignitic clay in the upper part of the unit and on geophysical logs as a

zone of. low | electrical resistivity and relatively high natural gamma
.

radiation. Sediments of early to middle Paleocene age are labeled P1 in
f

table 1 and in figure 3.

Sediments of late Paleocene to early Eocen (? age occur only in the
*

subsurf ace, generally seaward of a line between Perkins in Jenkins. County,

Ca. , _ and ]Barnwell in Barnwell County, S.C. These sediments are charac-

terized 'by calcareous, partially glauconitic, fine- to coarse grained

quartz sand within a matrix of light-gray to off-white calcareous clay.

.
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Downdip these sediments undergo a facies change to sandy limestone and.

limestone. The maximum thickness of this unit within the study area is

about 100 f t.. Sediments of late Paleocene and early Eocene (?) age are

designated P2 in table 1 and in figure 3 and are possib_ly contemporaneous

with the Black Mingo Formation described by Siple (1975).

Sediments of middle Eocene (Claibornian) age unconformably and dis-

continuously overlie Upper Cretaceous sediments throughout updip parts

of the study area and continuously overlie Paleocene sediments downdip in

the subsurface. These sediments are . contemporaneous with the Hatchetigbee,

-Tallahatta, and Lisbon Formations of southwest Georgia (Cederstrom and

others,1979, table 1), the Huber Formation of central Georgia (Buie,
.

.

1978), and'the "Claiborne undifferentiated" unit and the McBean Formation

in South Carolina described by Siple (1955; 1967). The McBean Formation

as defined by Herrick and Counts (1968) is contemporaneous only with the
,

,

uppermost outcropping sediments of middl2 Eocene age. Updip of McBean
.

Creek (Burke County, Ca.), sediments immediately underlying the McBean

Formation of Herrick and Counts (1968) were formerly considered part of the
.

Upper Cretaceous. They are now known to be middle Eocene and are assigned.

to the Huber Formation. Sediments of youngest middle Eocene age (McBean

Formation) crop out in eastern Georgia in the valley of McBean Creek
'

near its confluence with the Savannah River in Richmond County and

in the valley of -Brier Creek in northern Burke County. Older sediments
.

of middle Eocene age (Huber Formation) crop out within a belt extending

. from northern Jefferson County, Ca. , to northern Aiken County, S.C. (fig. 2).

Undifferentiated sedimen'ts of middle' Eocene age crop out in South
.

e

e
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Carolina in the valleys of. Holley Creek, Upper Three Runs Creek, Town,

'

Creek, Tims Branch, and Tinkers Creek in Aiken 'and Barnwell Counties
i

(fig. 2).-

Within updip parts of the study area (fig. 2)'the lowermost sediments

of middle Eocene age are lithologically similar to-the underlying Upper

' retaceous sediments and consist of fine- to medium-grained, unconsoli-C
.

dated kaolinitic quartz sand, clayey silt, and beds and lenses of commer-

cial grade kaolin. The uppermost middle Eocene sedimentg consist of

green glauconitic, sandy marl and beds of impure and silicified, fossiliferous
.

.

limes tone. Downdip in the vicinity of the SRP, sediments of middle
'

Eocene age are comprised largely of calcareous sands and sandy limestones.

Generally south of Burke and Jefferson Counties, Ga. , and Barnwell County,

S.C. , middle Eocene sediments undergo abrupt facies changes to a sandy
~

limestone and limestone, reaching a maximum thickness of about 300.ft.
.

.
.

~

Where possible, sedi'ments of middle Eocene age are subdivided lithologically
, . . -

in table 1 and in figure 3 into units El and E2, E3, and E4.

Sediments of late Eocene (Jackson) age overlie middle Eocene sediments in,

most of the study area. These upper Eocene sediments are contemporaneous
>

with the Ocala Limestone (Herrick and Counts, 1968; Siple 1955, 1967:

',Huddleston and Hetrick,1979) and the Santee Limestone (Hazel and others,

1977)' and have traditionally been called the Barnwell Formation. Upper.

Eocene sediments updip are characterized by red to tan clayey sands,

green to gray carbonaceous clay, and calcareous sands containing thin
.

fossiliferous limestone beds. Updip the calcareous sands and limestones which-

form the basal part of the upper Eocene sequence' are lithologically dis' tinct

.
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from the underlying green sandy marl of youngest middle Eocene age.
,

.

Downdip this distinction is less apparent as both middle and upper Eocene

'

sediments undergo f acies changes to sandy linestone and limestone. Upper
,

Eocene sediments are designated E5 and E6 in table 1 and in figure 3.
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Geologic Section

Borehole cuttings, cores, and geophysical logs from select,ed control

wells were anclyzed to delineate the lithologic and stratigraphic

characteristics of geologic . units along the line A-A' shown in figure 2.

The geologic section shown in figure 3 illustrates- the stratigraphic r.d

structural relationships derived from the data analyses. Contr'ol wells

not directly on the line of section were projected to the line over tha

shortest horizontal distance. Structure contour maps by Siple (1967),

and Prowell and O'Connor (1978) indicate that the Coastal Plain strata strike

northeast and the line of section is generally parallel to true dip in

the Coastal Plain strata northwest of well P5. Southeast of well AL-66,
,

however, beds strike more easterly reflecting the influence of the Cape

; Fear arch (not shown in fig. 2). This change in strike and the northward

divergence of control wells AL-19 and AL-23 from the' section line results

.in.an apparent but false flattening of sedimentary units seaward of well
.

. -

AL-66.

'

Geologic units of similar lithology, texture, and age are represented
.

*

on the section by informal letter and number designations. This method
I

.

of classification designates specific geologie units without the geologic
s

connotations of regional formation names. For purposes of comparison,

however, the names of correlative geologic formations have been included

in the geologic section explanation and in table 1. Various geophysical

logs .used in conjunction with the examination of the borehole cuttings and

in the extrapolation of geologic contacts between wells are shown with |

the control wells on the section. In the preparation of the geologic section,.

lithologic logs.of borehole cuttings were compared with the corresponding
|
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~

geophysical 1ogs to better establish the position of lithologic contacts'

and to provide information about sample contamination due to downhole

caving. The inaccuracy of the samples, however, may result in a + or -

10-foot 'arror in the position of any contact shown in figure 3. Paleontologic

control' points are shown on well columns P-1 and TV-1 in the section but

evidence of the age of other units is commonly derived by extrapolation
'

of data _from surf ace outcrops and- other drill holes.
~

.
,

Two previously reported faults and their related lithologic dis-

continuities are shown in figure 3. The Belair fault, previously
7

~ described by Prowell and O'Connor (1978), is a zone of reverse" faults
,

' which vertically of fset Santonian (Upper Cretaceous) sediments about 40

. ft near well MZ-1 (fig. 2). At this locality, Piedmont crystalline rocks
.

-are faulted over Coastal Plain strata along a high~ angle reverse fault
'

. trending to.the northeast. Subsequent erosion has removed the. Coas~tal
~ .;

*

.
__

.
Plain strata from the upthrown block exposing metavolcanic crystal- -

. .

line rocks. The crystalline roe'k - Triassic rock contact in the sub-

surf ace 'at 'the SRP was described by Christl (1964), Siple (1967), and ..

Marine and Siple (1974) as a normal fault of undetermined total displacement.~
,

; This fault forms the northwestern border of the "Dunbarton" Triassic

basin (Marine and Siple, 1974) but it' displaces only pre-Cretaceous,

ro cks. Therefore, the,line on the geologic section representing this

fault terminates at the base of the Cretaceous Coastal Plain strata.
.

The following ~section of this report contains a more detailed discussion- "

of structural features within the study area.
. .

'
The positions of correlative sedimentsrv contacts at control

' wells P5 and AL-66 (fig. 3) initially indicated anomalous dip changes

21
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cnd AL-66 is nst known, but 'its position in figure 2 was determined by

- available potentiometric data (figs. 6 to 9) and the abrupt change in

the meander pattern of the Savannah River. The proposed Millare f="lt

displaces the Triassic-Cretaceous contact approximately 700 ft vertically
*

,
.

and is shown as a reverse fault suggesting a geometric similarity to the,

' - Belair reverse ' fault at Augusta, Ga. , and the Cooke and Helena Banks reverse

. faults reported near Charleston, S.C. (Behrendt and others, 1981). The

amount of disnimeafant suggested by correlative geologic contacts has been

estimated by projecting the contacts to the fault line at the same dip

recognized in the equivalent contacts updip of well PS. As discussed -

previously, the dip of the Coastal Plain strata southeast of well AL-66 is

. not true dip and, therefore, the slope of the. contacts could not he used

in the extrapolation of units from AL-66 to the fault plane. Localized
i

changes in the dip of the Coastal Plain strata may shif t the position of

. the intersections of the geologic. contacts with the suggested ' fault plane -

.

.

and the value of any displacement measurement may vary by 10'to 20 ft.

The correlation of units between wells P5 and AL-66 suggests that

successively younger strata are displaced to a lesser degree. Unit UK1
~

,

on the geologic section (fig. 3) and probably all'of unit UK2 are not

represented in the sedimentary sequence on the southeast (upblock) side

of the Millett fault. This suggests that these units either never existed

' on the upblock or they were eroded after some stage of Cretaceous faulting.,

Similarly, subsequent movement along the fault has resulted in the thickening

of some units on the northwest (downblock) side of the fault, but the

displacements were too small to completely , exclude their upblock counter-,
, ,

parts. These conditions suggest that the Hillett fault was active spas-

modical_ly, if not continuously, from the Cretaceous through the late Eocene. '

23
.

s- - - - , -

, - - - --,,--,m,,.,m ,,e , , - - , ~ , . . , - , ,,,,n,v,,m.m.. ,n-.... . - _ . , , , . . ,,,,,w,-w-m w----,g,--->,--p,, - , , w en- y



i
'

Structure
,

Contour maps by Siple (1955, figs. 4 and 9: 1967, pls. 4 and 5) and

Prowell and O'Connor (1978, figs. 2 and 3) show the configuration of the

unconformity at the surface of " basement rocks" and the top of Upper
|

Cretaceous sediments in most of Aiken and Barnwell Counties, S.C.,

and Richmond County, Ga. The strike of the basement rock surface in this

region is about N. 66* E. and the dip is about 30 to 35 f t/mi to the

southeast. -The top'of Upper Cretaceous sediments strikes similar to the-

-basement surface but dips at a rate of about 15 to 20 ft/mi to the southeast.

Altitudes of the base of Cretaceous Coastal Plain sediments and

i designations, indicating underlying rock types are shown in figure 4. Many

of the irregularities shown in figure 4 are probably the result of erosion,

.and deposition. However, abrupt changes in the altitude of the basal

Coastal Plain unconformity provided a basis for Prowell and O' Conn 6r
..-

,

,

(1978) .to delineate the Rela'ir fault zone near Augusta, Ga. Similar -

abrupt changes in the altitude of this unconformity near the Barnwell

County-Allendale County line in South Carolina provided initial evidence.

for the existence of the Millett fault. f

Faulting (

The Belair fault zone near Augusta, Ga. (Prowell and O'Connor, 1978)

is a zone of northeast-trending, high angle, en echelon reverse faults that

displace Upper Cretaceous and younger sediments near the inner margin of
.

the Coastal Plain (fig. 2). A segment of the Belair fault zone is shown

'

on the geologic section near well MZ-1 (fig. 3). Southwest of th's
. . . '

locality, Prowell and O'Connor (1978) reported that the fault displacements

24
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reach a maximum of about 100 f t in Upper Cretaceous strata and about 40

ft in upper Eocene strata. This evidence suggests at least two episodes

of fault movement. Prowell and O'Connor (1978) also reported that the

fault plane dips about 50* to the southeast and is marked by a thick,

clayey gouge zone.

Southeast of the Belair fault zone, Marine and Siple (1974) described

the northwest contact of Triassic and crystalline rocks at the, SRP as a

Triassic basin border fault and reported seismic reflection data which

indicated no offset of the basal Cretaceous unconformity. The seismic ,

data substantiated previous examinations by Marine (1973) of lithologic

and geophysical data 'from boreholes across the fault. Seismic reflection -

data on the southeast side of the SRP, however, were reported by Maribe-

(1973) to shew some apparent discontinuities at the Cretaceous-Triassic

unconformity. -
,

,

. =. .

Siple (1967) considered the radical changes in natural gamma radiation '

levels shown on the. aeromagnetic map of Petty and others (1965) at the

southern end of the SRP to be indicative of faulting at the southeastern -

border of the buried Dunbarton Triassic basin.of Marine and Siple (1974).

Based on essentially the same aeromagnetic data supplemented with seismic

refrac, tion data, Daniels (1974) inferred the location of a basement fault

in the same general location. The fault noted by both Siple and Daniels
|

is generally coincident with the proposed Millett fault. |
|

Unlike the northwestern border fault of the Dunbarton basin, the I
|-

,

Millett fault offsets Cretaceous, Paleocene, and Eocene strata overlying '

the Triassic red beds. Evaluation of the drill-hole samples of these sub-

horizontal Coastal Plain units provides evidence related to the vertical

25
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movement of the fault but there are no critical markers to define amounts

of horizontal movement. Measurement of the vertical displacement of the

dated geologie units shown in figure 3 indicates that movement has diminished

through geologic time. The 700-foot offset at the base of the Santonian

(80 m.y. old) unit UK1 suggests a displacement rate of about 8 or 9 ft

per million years, whereas the 220-foot offset at the base of the late

Campanian (70 m.y. old) unit UK3_ suggests a displacement rate of about 3

f t per million years. Similarly, the suggested 20-foot offset of the upper

Eocene (40 m.y. old) unit E6 sugts a displacement rate of only 0.5 f t

per million years. These rates are very similar to rates calculated for

other Cretaceous and younger faults in the Southeastern United States
,

(Wentworth and Mergner-Keefer,1981).

The Cooke f ault and the Relena Bank.s fault (not shown on figures) of
'

Behrendt and others (1981) are northeast-trending reverse faults:near
,

.
~

Charleston - S.C. The Cooke fault has been recognized by seismic reflection,

,

.

profiling northwest of Charleston and the Helena Banks fault has been

recognized in of fshore seismic surveys. The geometry of these faults and

the reported characteristics of the Belair fault zone (Prowell and

O'Connor,1978) provided a basis for describing the geometry of the

Millett fault, which is shown in figure 3 as a reverse fault steeply

dip' ping to the southeast. The Millett fault strikes about N. 50' E. and

probably exceeds 40 mi in length. If the Millett fault is similar to the

Belair fault zone, the Coastal Plain strata should be drag-folded adjacent

to the fault plane, particularly in units UK , UK , UK , and P1 (fig.'3).1 2 3

. -. .
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|

By analogy, the Millett fault plane in these units is Jprobably marked by a.

clayey gouge zone 0.5 to 1.5 ft thick. The characteristics of Cretaceous

.and younger reverse f aults in carbonate rocks 'are unreported.
t

The position of the Millett fault at the southeastern margin of the |
| \

*

- Dunbarton Triassic hasin suggests that it may be a. reactivated zone of
,

weakness that formed in pre-Cretaceous time. However, the margins of

Triassic basins, such as the northwest border of the Dunbarton basin, are

characteristically normal f aults and the evidence from regional fault

studies mentioned previously would strongly suggest that the Millett

fault is a reverse fault. Reverse reactivation of a normal fault at the

southern margin of the Dunbarton basin would require that the area be

downthrown to the southeast whereas the geologic section (fig. 3) indicates

that the area is upthrown to the southeast. Therefore, simple reactivation

~

of an old normal fault seems unlikely. An alternate explanation would be
_

.

that the'Dunbarton basin was a half-graben during the early to middle
.

Mesozoic with a fault at the northwest border. Subsequent Cretaceous and

Cenozoic . reverse fault movement along the Millett fault would have resulted
_

in the present basin geometry as a fuli graben.
I

Anomalous potentiometric data in Bullock and Screven Coundies, Ga.,
\

and in Hampton County, S.C., (figs. 6 to 9) seem to be extensions of and

coincident with a northeast-trending band of potentiometric anomalies

extending across most of the Georgia Coastal Plain. This feature was

- first recognized as part of the principal artesian aquifer of Georgia b,y

. .

9
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'

Herrick and Vorbis (1963) and was referred to as the Gulf Trough. Geologic

investigations of the Gulf Trough by Gelbaum (1978) and Cramer and Arden

(1980) described the trough as a narrow, fault-bounded, excessively thick,

belt of Cretaceous and younger sediments characterized through most of

its length by abrupt, downdip changes in notentiometric head and to some

degree by downdip changes in ground-water quality (Zimmerman,1977).

Downdip projection of the base of the Coastal Plain sediments shown

in th,e geologic section (fig. 3) to the vicinity of the potentiometric

anomaly described above suggests that the top of pre-Cretaceous rocks in

the vicinity of the Screven-Effingham County line in Georgia should be

approximately 2',100 ft below sea level. Examination of borehole cuttings

from test well GGS-855 (fig. 2) in southern Screven County, Ga. , indicates

that the well was drilled to a depth of 2,547 f t below sea level but
,

did not bottom in " basement" rocks as reported. The hol bottomed
,

in. the indurated unit UK1 shown in figure 3. This increase in thickness .

.

of the Coastal Plain strata and the similarity of the potentiometric

data to that along the general strike of the Gulf Trough suggests that

at least one side of the Gulf Trough may extend as far east as Hampton

County, S.C.

Such an extension implies that geologic conditions near the Screven-
.

Effingham Co. line in Georgia are similar to those at the Millett fault and

suggests that a similar fault is present in this area with the southeast
.

block downthrown. This proposed fault is informally named the " States-

boro" f ault in this report for its proximity to the town of Statesboro.

in Bulloch County, Ga. The Millett and Statesbor'o faults thus border a

.
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relatively upthrown' block approximately 40 mi wide and of unknown-
,

'

length. The upward motion of this block from the Cretaceous through the
;

Eocene has affected both the distribution and iithology of strata over-
|

lying-the block. Such effects, in turn, should influence aquifer hy- ;

draulics ' and regional patterns of ground-water flow.

|

.
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MYDROLOGY

Aquifer Definition-

i

The sediments described previously can be subdivided into regional .

aquifers and confining zones based on lithology, areal extent, and

stratigraphic and lithologic continuity. Regional,a,quifers of interest

to this study include a basal Constal Plain aquifer comprised almost

entirely of Upoer Cretaceous sediments of the Middendorf and Black
.

Creek (?) Formations and an overlying aquifer comprised of sediments of
.

late Paleocene through middle Eocene age. The hasal Coastal Plain aquifer

is, to a large degree, spatially equivalent to the occurrence of Upper '

Cretaceous sediments and is bounded at the bottom by contact with
~

crystalline rock saprolite, the weathered Triassic rocks, or the semi-

consolidated and indurated silty clay of the basal Middendorf Formatkon.

The upper boundary of this aquifer is generally coincident with the

occurrence'"of lower Paleocene sediments. In the vicinity of the SRP,
~

basal s' ands and gravels of early. Paleocene age are considered part of the

basal Coastal Flain aquifer.

The relativel'y thick lignitic clay of early Paleocene age is an
.

areally continuous co'nfining zone which separates the basal Coastal Plain
'

aquifer from the overlying aquifer comprised of upper Paleocene through

middle Eocene sediments. This overlying aquifer is, in turn, partially
~

confined at the top by the glauconitic clay and marl of youngest middle

Eocane age (McBean For'mation).

.

J. .
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Where sediments of middle. Eocene age directly overlie Upper Cretaceous

sediments in updip parts of the study area, the basal Coastal Plain aquifer

is discontinuously confined by thick beds and lenses of kaolin and other

clays near the base of the middle Eocene sediments. The aquifer comprised'

of middle Eocene sediments in this area is locally confined by basal

clays of the upper Eocene Barnwell Formation.

For discussion purposes, the regional aquifers and confining zone

will be designated as A1, A2, and C1. Corrolation of this nomenclature
~

with defined lithologic units is listed beloa and shown in table 1.-

Lithologic correlation

"
[ Refers to table 1

Aquifer and
Confining Unit Description and figure 31

.

'A2 Regional Coastal Plain aquifer, P2, El .

*
,

'

lower Tert'iary sediments of -
,

.

late Paleocene to middle

Eocene age ..
.

.

Cl Regional confining zone, lower P1

Tertiary sediments of early
4

and middle Paleocene age
.

Al Basal, regional Coastal Plain UK2, UK3, basal P1

' aquifer, largely sediments of;

Late Cretaceous age '

. -

-6

.
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Aquifer Parameters ;

Aquifer-test data pertinent to the Al aquifer in Richmond and Burke
.

Counties, Ga. , were reported by Bechtel Corpo' ration (1973), J. E. Sirrine
. .

- . Co. (1980), and W. G. Keck an' ' Associates (1965).' Corresponding data ford
,

Aiken and Barnwell Counties, S.C. , were reported by Mayer (1972) and

Siple (1955; 1967). Hydraulic parameters pertinent to the A2 aquifer and

younger lower Tertiary sediments at the SRP are described by Siple' (1975),
.

Marine and Root (1976; 1978), and Root (1977). Additional time-drawdown

data pertinent to wells in both Georgia and South Carolina were obtained

from U.S. Geological Survey data files. Hydraulic characteristics of

Paleozoic and Triassic rocks at the SRP are described by Christl,

-
.

(1964) and Marine (1979).

Point values of transmissivity of the Al aquifer are shown in.
,

~ figure 5. -All values were computed using time-drawdown or time-recovery
.

data. Although these data are pertinent only to discrete parts of the

.

.

Figure 5.--(Cantion on next page) belongs near here.

!
aquifer they are considered representative of relative spatial changes in

"

transmissivity within the study area. In Georgia, Al aquifer transmis-

sivity increases rapidly downdip from about 3,000 ft / day in northeastern2

2Richmond County to about 30,000 f t / day in east-central Burke County..

Similarly, in South Carolina, Al mouifer transmissivity changes from
,

2 2about 12,000 f t / day in Aiken Co. to about 30,000 f t / day .at the SRP.
,

. .

5
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Figure 5.--Point tradsmissivity of the Al aquifer.
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Transmissivity of the Al aquifer seems to be greater than 20,000 f t / day2-

throughout most of the SRP. Transmissivity of the restricted Al aquifer

downdip of the Millett fault is about 6,000 ft / day based on measurements2
_

near Martin and near Millett in Allendale County. Thus an established

downdip trend of rapidly increasing aquifer transmissivity is sharply

reversed across the Millett fault; probably due, in large part, to the

observed '" fining upward" character of' the Black Creek (?) Formation and'

the 60 percent reduction in aquifer. thickness which occurs across the
,

fault (fig. 3).

Results of aquifer tests pertinent to the A2 aquifer at the SRP are

reported by Siple (1955) and by Root and Marine (1978). Transmissivity
,

'of this aquifer seems to be variable and ranges from about 8,000 f t / day2

2to about 13,000 f t / day. The larger transmissivities were observed in
.

wells open to limestone and sand. Transmissivity of the McBean Formation,
.

which comprises- the upper zone of' confinement of the A2 aquifer, is
,

2probably less than 100 ft / day.

-

Potentiometric Surfaces '

Potentiometric maps in this report are intended to portray predevelop-

ment or unstressed conditions. Potentiometric data actually used were

collected during 1945 to 1981. Where data were available for multiple time

periods, only the earl'iest data or data otherwise believed to be most
*

representative of predevelopment conditions were used in this study.

Additionally, the authors believe that, with minor exceptions caused by local
-

pumping or long-term natural stress, potentiometric heads changed little,

- #
L or not at all wit,hin the study area during 1945 to 1981. Unpublished water-

34
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'

level records'which indicate that Al aduifer potentiometric heads within
.

~ Georgia have changed little from 1945 to present (1981) support this

belief. Similarly, in South Carolina, long-term water-level hydrographs

published by Marine and Routt (1975) and Root and Marine (1978) indicate
'~

annual water-level fluctuations of about 5 to 10 f t occurred in the Al

aquifer from 1951-77 due to local pumping and seasonal stress, but no -

long-term water-level changes were observed in the vicinity of the SRP

or near Williston, S.C. These published hydrographs are considered
. --

indicative of seasonal .and long-term Al aquifer potentiometric changes

in the vicinity of the SRP in South Carolina and Georgia and are probably

indicative of Al aquifer head changes throughout most of the study
,

Local water-level changes within the Al aquifer at the SRParea.

observed in production wells or in wells near production wells ranged

only from about 5 to 30 f t and were generally less than 15 f t from 1952-60
~ ,

.
/

.(Siple , ,19 67). _ The SRP is probably the major single user of ground
.

-

. -

water within.~the study area.

Local declines in potentiometric heads related to the industrial .

use of ground water have been recognized with,in the Al aquifer. near the
.

. cities of Hampton and-Varnville in Hampton County, South Carolina. Similar

water-level declines within the Al aquifer have likely occurred near the

city of Allendale, S.C. -

Potentiometric heads pertinent to the A2 aquifer also have remained
.

generally constant with time. Continuous water-level hydrographs pub- '

lished by Siple (1967) and Root and Marine (1978) indicate that seasonal
*

. |
s
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'

water-level changes of about 10 f t occurred in sediments of middle

Eocene age at the SRP during the periods 1951-60 and 1973-77. Siple
i

|
'

(1967) indicates that local pumping and long-term natural atress from )
:

1952-60 resulted in total water-level chariges within the A2 aquifer

ranging from about 10 to 18 ft. Unpublished wateN1evel records for
(

eastern Georgia also indicate generally constant A2 aquifer potentiometric

heads. However, since 1979 local water-level declines have occurred
.

west of Waynesboro in Burke County and northwest of Louisville in
,

Jefferson County, probably in response to the use of ground water for
,

crop irrigation.

Potentiometric data for both aquifers within and immediately downdip

of their respective outcrop areas indicate that direct or nearly direc.t

hydraulic continuity exists betwe'en the aquifers and larger streams.
,

C'onseque.ntly, in these areas,. stream altitudes determined from 7 1/2-
,

,

'

minut,e topographic maps were utilized to provide additional definition
,

of the potentiometric surfaces.

.
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Al Aquifer.

,
1

The altitude of the Al aquifer potentiometric surface at individual
,

control wells is shown in figure 6. These data suggest that the Al aquifer *

regional' potentiometric surface within and proximate to the outcrop areas~

,

of aquifer sediments (fig. 2) is generally symmetrical to the axis of the
'

Savannah River and is, to a large degree, a subdued expression of surface

topography. Potentiometric heads within this area range in altitude from

about 500 ft near the inner margin of the Georgia Coastal Plain to about
.

150 f t near the Cavannah River. Corresponding values in South Carolina .

range in altitude from about 300 to 150 f t, respectively. Potentiometric

gradients are consistently toward the larger streams and are generally

greatest within the outcrop areas and proximate to the larger streams..
,

Lateral potentiometric gradients toward the Savannah River northwest of

the Millet f ault only -gradually decrease downdip toward the fault and
,

range 'from about 30 f t/mi in the outcrop area to about 5 f t/mi at the
-

*
.

'
,. .

SRP..

The configuration of the inferred predevelopment potentiometrie ..

surface sh6wn in figure 6 is based entirely on control well data and the

Figure 6.--(Caption on next page) belongs near here.
j

observed sensitivity of potentiometric altitudes to the proximity of the l

!

'

rivers and streams. Potentiometric contours were drawn disregarding
1. .

geologic evidence of faulting and aquifer truncation described previously,

and the Millett and Statesboro faults are shown on the map only for
. . . -

reference purposes.
.
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Figure 6.-Inferred predevelopment potentiomett.:.c surface of the Al aquifer

- disregarding effects of faulting on ground-water flow, based

on 1945-81 water-le' vel data.
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The potentiometric surface near the Savannah River northwest' of the

Millett fault is not well defined by point potentiometric data. Avail-

able data 'do, however, indicate a downdip narrowing of contours in the

vicinity of central Burke County, Ga. , that requires the 150-foot contour to

either cross the Savannah River near the Millett fault or closely parallel

the river channel to the southeast. Potentiometric contours less than 150

f t cross the river upstream of the Millett fault and form a distinctive "V"

pattern symmetrical to the river. Downstream, potentiometric contours

less than 150 f t cross the Savannah River and for1a an inverted "V" pattern

also generally symmetrical to the river. This distinctive contour pattern

near the Savannah River is shown diagramantically below and was first

described by Siple (1960; 1967) as a " saddle" pattern. More recently,

LeGrand and Pettyjohn (1981) utilized the same description of a potenti-
.

ometr'ic " saddle" (Siple,1960) to demonstrate a model of confined ground- ~

water flow through undisturbed, homoclinally arranged Coastal Plain-
.

sedinents and postulated the widespread existence of " saddles" within

Coastal Plain aquifers of the Southeastern United States and elsewhire.

Potentiometric maps of the principal'artesian aquifer. in Georgia

have been compiled by Mitchell-(1981) and ' Johnson and others (1980; 1981).

, Pollard and Vorhis (1980) published potentiometric maps of the Cretaceous

aquifer system in Georgia. . Unpublished potentiometric maps pertinent to
,

aquifers comprised of sediments of Late Cretaceous and early Tertiary age in

eastern Alabama, Georgia, and western South Carolina have been compiled by

ongoing Southeastern Coastal Plain RASA investigations. With the exception

of the * Savannah River area, the potentiometric contour configuration delineated*

39
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by. each of these maps near large rivers and streams is an inverted "V"

pattern, shown in a generalized form in the drawing below. These maps

and related notentiometric data suggest that the Al aquifer contour

configuration along the Savannah River valley southeast of Augusta is

atypical with respect to corresponding patterns pertinent to correlative

and lithologically similar acuifers along other large rivers within and
,

proximate to the study area. Particularly stypicai are the narrowing of
<

potentiometric contours near the Savannah River and' the resulting rela-

tively large lateral' potentiometric gradients toward the river ' northwest

of the hillett fault.

j The anomale'ous Al aquifer potentiometric contour patterns southeast

of Augusta may be associated with the suggested f aul_t dis _ placements near
~

Millett, S.C. The truncation of equifer sediments by the suggested uplif t>

of Triassic rocks (fig. 3) probably affects both the lateral aid vertical .

.

~

flow of ground water through the Al aquifer-near and updip of the fault. -
,

,

A steeply-dipping clayey souge zone in the clastic sediments along the Millett<

fault plane similar to that observed at the Belair fault zone (Prowell

t

and O'Connor,1978) could also influence the lateral and vertical movement

of ground water. Similar conditions may also exist along the proposed

Statesboro-f ault- but the geologic evidence regarding this fault is very
'

limited. .

. .
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The potentiometric data shown in figure 6 were reevaluated by the

authors to indicate the suggested ef fects of faulting on lateral ground-,

vat a flow within the study area. The authors ' interpretation of the

predevelopment Al aquifer potentiometric surface is shown in figure 7.*

'

Figure 7.-(Caption on next page) belongs near here.

Rather than extend * potentiometric contours continuously across the
.

Millett and Statesboro faults, the contours were offset at both faults.
. .

Displacement of contours across the Statesboro fault was suggested by

pairs of potentiometric data points indicating abrupt lateral changes '

of potentiometric head ranging from about 25 f t near Fairf ax, S.C. , to

about 40 ft near the Savannah River. Although disruption of the potenti-
'

omstric surf ace directly across the Millett fault is not well-defined

by puint potentiometrie data, changes in head of as~much as 30 ft are

'by the paired data northwest of Millett, S.C. ~

'Given the suggested effects of faulting on ground-water flow, the
,

steepness and pos_s_ibly the orientation of A' l aquifer potentiometric.

'

gradients ,betwe'en the Millett and Statesboro f aults are somewhat changed

from updip areas. In South Carolina, southeast cf the Millett fault,~

,

potentiometric heads y to be lowest near the' fault and toward the

Savannah River (figure 7). Potentiometric gradients near Barnwell are

about 1.0 ft/mi to the southwest and toward the river. Near the west-

centra'l part of Allendale County potentiometric gradients seem to be -

generally to the north and to the northwest, toward the Millett fault

and the Savannah River. Although data are incomplete, potentiometric

gradient's northwest 'of the Statesboro fault seem to be small and oriented

only from the southwest toward the northeast. Potentiometric data between

42

__ . _ _ _ _ ~. _ _ . _ _ _ _ _ . _ _ _ . __ _ . _ _ _ . . __ , ..____



_ _ _ . _. _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . __

.-

/
1

,

Y4 f
.

N d

. R

-
. > ;

,

4 s,>

; ,

'

.

.

-

| Y
g

t . .

11 .';
, s .

!' k
,

-
-

.

. .a-
.

| |
i |

!- )
v

<
,

i
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of the A1.squifer indicating suggested effects of faulting
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Fairf ax, S.C. , and the Savannah River are not available, however, and*

gradients may alternatively be oriented toward the Savannah River in
,

South Carolina as well as in Georgia. Potentiometric gradients southeast
I

of the Statesboro fault seem to be small and gene' rally oriented only

toward the Savannah River. "

A2 Aquifer
*

The inferred predevelopment potentiometric surface of the A2 aquifer
'

shown in figure 8'is contoured without regard to effects of faulting on I
|ground-water flow. Regional potentiometric symmetry and subdued topo-

graphic expression are also common to this surface and characterize the

potentiometric surfaces of both the Al and A2 aquifers (figs. 6 to 9).

Updip of the Millett fault in Georgia, potentiometric heads range in

altitude from about 400 f t in the most updip areas to- about 100 f t near

the Savannih River. Corresponding values in South Carolina range in ~

altitude from about.300 ft to 100 ft. Compared to the Al aquifer, A2
.

aquifer potentiometric gradients sg be somewhat lower updip of

the Millett fa61t and greater within the wedge of sediments between the '

Millett and .ctatesboro faults. The A2 acuifer pot'entiometric surface
'

within this we'dge is characterized by a subdued expression of topography

and by pronounced regional symmetry axial to the Savannah River, which

sharply contrasts vitti the corresponding Al aquifer surface.
,

.

Figure 8.-(Caption on next page) belonic near here.
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Figure 8.--Inferred predevelopment potentiometric surface of the

A2 aquifer disregarding the effects of faulting on

ground-water flow, based on 1945-81 water-5evel data.
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.' .Tha cuthors consider ground-water flow through the A2 aquifer to
-_

also be affected by faulting, although to a lesser degree than corre-

sponding flow through the Al aquifer. The authors ' interpretation of

the inferred predevelopment potentiometric surface of the A2 aquifer

indicating suggested effects of faulting on ground-water flow is shown
.

in figure 9.

_

t

Figure 9.--(caption on next page) belongs near here.

Abrupt changes in potentiometric head ranging from about 20 to 30

ft are indicated across the Millett fault near Perkins, Ga., and in

South Carolina near the Savannah River. Corresponding changes across

the Statesboro fault are about 50 ft near Statesboro, Ga. The drop in
-

.

A2 aquifer potentiometric head across the Statesboro fault between

Statesboro and Brooklet in Bulloch County, Ca., suppl'ements and reinforces
,

-

the corresponding Al aquifer pote'ntiometric data, which originally led
. .

to the suggestion of this fault.

Hydraulic differentiation between the Al and A2 aquifers is caused,
.

to a large degree, by the confining characteristics -of the carbonaceous
:

clay of Paleocene age designated previously as Cl. In updip areas, Cl is

discontinuous or nonexistent and, depending on local confinement, A2

aquifer potentiometric heads may be similar to or greater than Al aquifer

heads.-

.

Hydraulic differentiation between the aquifers generally increases

downdip with the occurrence and increasing areal extent of C1 and is

probably greatest near the Savannah River and other large streams.

.

.
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Figure 9.--Inferred predevelopment potentiometric surface of the

A2 aquifer indicating suggested effects of. faulting
,

on ground-water flow, based on 1945-81 water-leveldata[
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North of Nidville in southwest Burke County, Ga. , observed potentiometric

heads in adjacent wells screened individually in the Al and A2 aquifers are

offset 11 ft in altitude, with the Al acuifer head being greater. In east-

central Burke County, Ga., at the site of Plant Vogtle near TW-1 (fig.
~.

2), Al aquifer potentiometric heads are about 170 f t in altitude and A2

aquifer heads range from about 80 to 120 f t. Within the central part of

the SRP southeast of Jackson in Aiken County, S.C., A2 aquifer potentiometric

heads seem to be similar to or slightly less than Al aquifer heads.

Similar relations generally occur to the southeast, across the central

part of the SRP to near the Millett fault.

Generally ' southeast of the SRP, sediments of the A2 aquifer and

overlying sediments of late Eocene and younger age are comprised largely of

limestone and sandy limestone. Such lithologies _ facilitate the vertical

i movement of ground wacer and direct or nearly direct hydraulid continuity -

J

exists between the A2 aquifer and ground-water within overlying sediments.
.

Consequently, surface recharge to the A2 aquifer is direct or nearly
'

direct in interstream areas and A2 aquifer potentiometric heads in these

areas may be greater than corresponding Al aquifer heads. Relatively
'

high A2 aquifer heads at the SRP, near Sardis in southeast Burke County,

Ga. , and near Swainsboro in Emanuel County, Ga. , may be the result of inter-

stream surf ace recharge to the A2 aquifer.

Generally south of the Millett f ault in South Carolina and the.

Statesboro f ault in Georgia, reversal of vertical potentiometric gradients

seems to be everywhere complete and hydraulic' differentiation between the

aquifers is pronounced. At Statesboro in Bulloch County, Ga., measure-

ments at various depths in a single test well indicate that potentiometric

48
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*

heads in the Al and A2 aquifers are at altitudes of 201 f t and 117 f t,

respectively. Similar measurements at AL-27-(fig. 2) near Martin in

Allendale County, S.C., indicate corresponding altitudes of 171 ft and

133 ft. At Savannah, predevelopment head differe"ntials between the Al

'"and A2 aquifers probably were about 100 f t.'

,
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Ground-Water Flow

Lateral Flow

The directions of lateral flow within aquifers are indicated by

their respective potentiometric maps (figs. 7 and 9). Lateral flow

within the Al and A2 aquifers northwest of the Millett fault is down

gradient from interstream areas of recharge (fig. 2) toward large streams

and rivers. In Georgia, Brier Creek and the Ogeechee and Savannah Rivers

are shown to be major regional flow boundaries, receiving water directly

from both aquifers in updip areas and indirectly by leakance through

overlying sediments where the aquifers are deeply buried. Similar flow

conditions exist in S'outh Carolina with respect to Upper Three Runs

Creek and the Savannah River. The Al aquifer discharges directly into -

Horse Creek and Hollow Creek in Aiken County, S.C. Lateral flow in the

vicinity of- the Savannah River is generally directly toward the riYer in -

both aquifers. The Al aquifer po entiometric configuration northwest of

the Millett fault, particularly the narrowing of contours near the Savannah

River, has been previously described as a possible manifestation of faulting.

The potientiometric gradients suggested by these contours and the Al aquifer

transmissivitiss described previously (fig. 5) indicate that lateral flow

through the Al aquifer toward the Savannah River between Augusta and the

Millett fault is probably relatively large.

Although a significant component of lateral ground-water flow through .

the Al aquifer near and northwest of the Millett fault is somewhat parallel

to the fault, there is also a smaller component of lateral flow generally

toward or against the strike of the fault. As indicated in figure 3,

.

0
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the downdip continuity of seditents within the Al aquifer has been dis-

rupted at the Millett fault such that thick sections of aquifer sediments

are juxtaposed directly against relatively impermeable Triassic rocks.

Thus, lateral flow toward the fault must move vertically upward through

Cl into the A2 aquifer, or flow into the restricted part of the Al a'quifer

southeast ,of the Millett f ault. In the vicinity of the Savannah

River, about 60 percent of total Al aquifer thickness is truncated at

the Millett fault (fig. 3) and lateral flow that would otherwise move as

underflow down the potentiometric gradient must move vertically upward.

In addition, the Savannah River is a potentiometric sink and ground-water

movement toward the $ault is inc.reasingly vertical with proximity to the .

river. Thus, significant vertical as well as lateral flow components

cprobably occur within the Al aquifer northwest of the,Millett fault near

the Savannah River. As a result, any large-scale lateral transfer of -

~

/
ground , water within the Al a'quifer from the northwest to the southeast ~

1,
,

across the Millett f ault probably occurs largely in this area.
4

Consider that the transmissivity of the Al aquifer is significantly-

and immediately reduced downdip of the Millett fault (fig. 5). A complete

lateral transfer of water across the fault (no vertical discharge through
I

Cl), therefore, would require a large increase in potentiometric gradient
,

near the fault and for some distance downdip. The Al aquifer potentio-
,

,

metric gradients 'seem to increase significantly across the fault in
, ,

South Carolina in the vicinity of the Savannah River; however, this

!
i
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' ' increase is local and gene' rally reverces downdio. In addition, Al aquifer

: potentiometric _ gradients within the wedge of- sediments between the Hillett

and Statesboro faults were described previously as very small and trending

north to northwest in the west-central part of Ailendale County, directly,

opposite to the direction expected if ground water'was moving laterally

across the. fault'from the northwest. Thus, large quantities of lateral

- flow are probably not transferred across the Millett fault, near the,

Savannah River. Rather, most ground water within the Al aquifer

approaching this fault is probably discharged vertically through Cl into

the A2 aquifer and, to some ' degree, into the Savannah River. Prowell

-- and O'Connor (19781 oh=arvad 10-inch wide gouge zones in unit UK2 at the _

Belair fault (fig. 3). The likelihood that a similar gouge zone of. low
'

. lateral hydraulic conductivity has formed at the Millett fault restrieting |
_

*lateral ggound-water- flow, further v=4afare==, the argument that lateral
,

' flow through the' Al aquifer'across the Millett fault is sdnimal.

The disruption and truncation of aquifer sediments and the probable

o'ceurrence of gouge at the Millett fault indicate that ground-water flow
' E

through the Al aquifer within the wedge of sediments between the Millett
'

|

- and Statesboro- faults is probably hydraulically discontinuous from' flow

within contempc-:neous sediments undip. Thus recharge to the Al aquifer

within this wedge probably occurs largely at the northeast and southwest

'

.

e

.

'
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extremities of the Millett fau'lt and at the southwest extremity of the

.Statesboro fault.

The sediments that comprise the A2 aquifer are offset only slightly
"

at the Millett f ault relative to the Al aquifer (fig. 3) and the hydraulic

effects of this offset are consequently probably less severe. Most flow

within the A2 aquifer near the fault probably continues laterally across

. the fault, with some degree of interruption caused by fault roure and

the juxtaposition of offset limestones, sands, and clays. -

. - na a.mWithin the wedge of sediments between the Millett and Statesboro

faults, lateral flow through the A2 aquifer seems to be largely toward

Brier Creek and the Ogeechee and Savannah Rivers in Georgia and toward |
1

the . Savannah and Salkehatchie Rivers in South Carolina.
.

.

Vertical Flow --

.-
,

Vertical flow conditions within and between the Al'and A2 aquifers,

in the vicinity of the Millett fault have been described. Where faulting

does not significantly disrupt ground-water flow, the potential for -g4 '

- . g p.s
Y'vertical leakance between aquifers is largely dependent on sediment SWpA

.

.blithology and the direction and size of the vertical potentiometric g}t, W

gradi,ent. Thus, within most of the study area vertical potentiometric '

differentiation suggests that some water is transferred verticall upward
. z

from the Al aquifer, through C1, and into the A2 aquifer. Such transfers 1

1

are probably relatively large in the vicinity of potentiometric sinks,

particularly near the Savannah River northwest cf the Millett fault.
.

!
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Similarly, within updip parts of the study area, some ground water probah1v

is transferred vertically downward from the A2 aquifer, across or around

local confining zones, and into the Al aquifer. 7he replica relation of

each aquifer to ' topography has been described previously and also implies _
'~

some degree of continuity of vertical flow.

Data describing vertical hydraulic differentiation within the Al

. aquifer are available at several sites within the SRP and at AL-27 near

Martin in northeastern Allendale County, S.C. Christl (1964) reported
_,,

potentiometric heads in observation wells at the SRP where three clusters

of three wells each are individually screened across a 10-foot section of

sediments near the bottom, center, and top of the Al aquifer. Ditferences
'

! ,

in potentiometric head between the bottom and top of the aquifer (about ,

600 f t) were less than 3 f t in each cluster, indicating only a slight

vertical hydraulic gradient within the aquifer. Similarly, at.AL-27
,

. /
(fig. 2) potentiometric heads' ch,anged only about 4 f t across the lower -

two-thirds of total Al aquifer thickness (about 200 f t). Thus, flow through

the Al aquifer seems to be predominantly lateral at the two sites where .

definitive data are available. Whether these data.are regionally repre-
*

sentative presently cannot be determined. Vertical hydraulic gradients

within the Al aquifer near the Savannah River and other large streams

updip of the Millett fault probably trend uouard_and probably are rela-

tively large.
.

e
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'

Data describing vertical hydraulic gradients within the A2 aquifer
_

are_not available. Vertical flow, however, g[robably is insignificant
'is:

-

within the study area except near regional flow boundaries such as Brier

Creek or the Savannah River. This concept is reinforced by a large suite

of potentiometric data for Screven County, Ga. , whTch indicates nearly

direct hydraulic continuity between the limestones of the A2 aquifer and

overlying limestones of late Eocene age. Data reported by Warren (1945)

indicate similar continuity near Savannah in Chatham County, Ga.

Based on data from observation and pumping wells located near Four-

mile Branch and the Aiken-Barnwell Co. line, Siple (1967) reported the

possibility of downward vertical ledkance from the A2 aquife_r in response

to nearby long-term pumping from the Al aquifer. Mayer (1972) reported

little or no leakance between the aquifers as a r~esult of long-term
,

.-

. aquifer t3sts near Snelling in Barnwell County, S.C. .
:

_

. .

-
'

, Aquifer Discharge to the Savannah River

The Savannah River has previously been described as a regional
.

potentiometric sink for both the Al and A2 aquifers. The atypical Al

aquifer potentiometric contour configuration near the Savannah ' River
.

northwest of the Millett fault and the resulting, relatively large

lateral flou toward the river have been described previously as a

possible manifestation of faulting. The truncation of Al aquifer
*

,

sediments by the Millett fault at the Savannah River and the probable
'

vertical upward transfer of ground water from the Al aquifer to overlying

A2 aquifer sediments have also been described. Northwest of the Millett

.
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f ault the A2 aquifer is in direct hydraulic continuity with the Savannah '*

" River. Consequently, lateral flow from the-Al aquifer toward the Savannah

River combined with vertical upward discharge from the Al aquifer near
,.

the Millett fault and the river could contribute anomalously large

quantities of ground water to river discharge upstream of the Hillett
'

fault. The Ogeachee River, Brier Creek, and the South Fork of the Edisto
#

River are also potentiometric sinks relative to both aquifers.

Contemporaneous gaging-station data have been . routinely collected

on the Savannah River at Augusta, Ga. (station 02197000), at Burtons Ferry

Bridge, Ga. (station 02197500), and near Clyo, Ga. (station 02198500).

Corresponding data were collected on Brier Creek near Thompson, Ga.

(station 02197520), and at Millhaven, Ga. (station 02198000). Og,eeyhee

River stations of interest to this study are near Louisville, Ga. (station

; 02200500), at Scarboro, Ga. (station 0?202000), and near Eden, Ga.
.,..

.(stationr02202500). Data from! gaging stations on the South Fork of the
.

'

. ,

*

Edisto River near Montmorenci, S.C. (02172500) and near Denmark, S.C.

(02173000) were also utilized (fig. 2).
.

Table 2 lists 30-day, 2 year (30-day 0 ) low flows for each station2
I,

during the indicated period of record. Although the 30-day minimum flow
~

probably does not occur simultaneously at each of the s'tations of intr.cest,

differences in streamflow between the stations are considered indicative

of average, predevelopment rates of aquifer discharge to the given reach.-
.

S
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l

Baseflow is computed as . aquifer discharge per square mile of drainage-

.

area. Baseflow to Brier Creek and between the two most upstream stations

on the Savannah, Ogeechee, and South Fork of the Edisto Rivers is largely

contributed from drainage updip of the Millett fault.

Aquifer discharge is contributed to the Savannah River between.

3 2Augusta.and Burtons Ferry Bridge at the rate of 0.74 (ft /s)/mi , which

exceeds by a facto'r of 4 the corresponding discharge to the Ogeechee

. River between Louisville and Scarboro and exceeds by a factor of 1.6 and

2.0 the corresponding discharges to the South Fork of the Edisto River

and to Brier Creek. Within their defined reaches, each of the streams

receive discharge from contemporaneous sediments of similar lithologies.

The Savannah and Ogeechee Rivers receive discharge from about the same

2- incremental drainage areas (1,200 mi ). Although the Savannah River
~

is slightly more incised into Coastal Plain sediments than the other
.e -

streams listed in table 2, differences in incisement are probably not
.

signi.ficant where discharge to the river occurs from deeply buried

aquifers. Thus, aquifer discharge to major rivers and streams within
. .

the study area contributed largely updip of the Millett fault from

tcontemporaneous and lithologically similar sediments is shown to increase
'

both eastward and westward to a maximum at the Savannah River.

.

t
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Table 2.--Thirty-day , 2-year low flows at selected stations on the Savannah
'

River, Brier Creek, and Ogeechee River, Ga. , and the South ' Fork of
the Edisto River, S.C.

U.S. Geological Drainage
'

Period
-Survey Station name area of 30-day 02 Baseflow

2 3Station No. (mi ) ricord 3 2(ft /s) ((ft /s)/mi )
_

.02197000 Savannah River.
$ 'at Augusta, Ga. 7,508 1960-70 6,300

'

O.74
'02197500 Savannah River,

at Burtons Ferry
Bridge, Ga. 8,650 1960-70 7,150

.33
.0198500 Savannah River

near'Clyo, Ga. 9,850 1960-70 7,540

02197520 . Brier Creek
near Thomson, Ga. 55 1970-80 2.35

.37
02198000 Brier" Cree'k -

at M111 haven, Ga. 646 1960-70 260,

'

1970-80 220 :
'

, , , , .

.

. .)
.022005,00 Ogeechee River -

near'

1 937-49 170Louisville, Ga. 800 1
.17

02202000 Ogeechee River ..

. .at Scarboro, Ga. 1,940 1937-71 360

' #02202500 Ogeechee River ; .11
,

near Eden, Ga. 2,650 (1938-74 440
1

02172500 South fork of
Edisto River-

near. Montmorenci,
S.C. 198 1939-65 117

.

~.46
02173000 South fork of the-

Edisto River- -

near Denmark, S.C. '720 1931-65 358
.

1 Adjusted to 1937-71, see Carter and Putnam (1978).
.

k
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.

Aquifer discharge to the Savannah River downstream between Burtons-

,

Ferry Bridge and Clyo occurs at the rate of 0.33 (ft /s)/mi2 or about3

45 percent of the baseflow contributed between Augusta and Burtons Ferry.

Bridge. Baseflow to the corresponding reach of the Ogeechee River between

3-Scarboro and. Eden is'O.ll (ft /,)/,12'

and amounts to about 65 percent

of the flow contributed between Louisville and Scarboro. More than half

the flow contributed to the Savannah River between Burtons Ferry Bridge

' and Clyo is contributed by Brier Creek (table 2) and is derived largely,

from sediments updip of the Millett f ault (fig. 3). Baseflow to the

lower reach of the Savannah River without the contribution from Brier
3 2Creek is 0.23 (f t /s)/mi , about twice the rate of baseflow contributed

to the comparable. reach of the Ogeechee River and only 32 percent of*

the baseflow contributed to the Savannah River between Augusta and Burtons
.

Ferry Bridge. Thus, downstream trends of baseflow contributed along

similar reaches of the Savannah and Ogeechee Rivers indicate that anoma-
.

lously large aquifer discharges to the Savannah River occur generally

upstream of the Millett fault. Similar east-west trends were discusse,d

previously'. Thus both east-west and downstream trends indicate anoma-
-

. /
lously high aquifer discharges to the Savannah River upstream of the

Millett fault. Such discharges are possibly an indirect manifestation
i

of the lateral truncation of aquifer sediments by the Millett fault '

(fig. 3) and the resulting atypical ground-water flow patterns northwest.,

of the f ault as well as the suggested vertical movement of ground water
!

updip of the fault near the Savannah River.

.
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SUMMARY AND CONCLUSIONS
,

Structural, lithologic, and hydraulic data strongly indicate faulting

of Coastal Plain sediments near Mille'tt in Allendale, County, S.C. Analysis
.

of cuttings from boreholes immediately updip and downdip of the fault

indicate that Upper Cretaceous and lower Tertiary sedimentary contacts

show increasing displacement with increasing depth. Vertical offsets
.

range from about 700 f t at the base of Upper Cretaceous sediments to

about 20 ft in beds of late Eocene age. In addition, the Upper Cretaceous

Middendorf Formation which comprises the basal 500 f t of Coastal Plain
4

sediments on the downblock side of the fault seems to be entirely missing

on the adjacent upblock.

.
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'

Mydraulic discontinuities across the Millett f ault include abrupt,

large reductions in aquifer transmissivity and loc l decreases in
_

a

potentiometric head. Transmissivity of the basal Coastal Plain aquifer

is reduced about 75 percent across the fault, largely due to changes in.
-

sediment 11thol,ogy and large reductions in aquifer thickness. Linearly
,

aligned potentiometric anomalies beteen Statesboro, Ga. , and Brunson,

S.C., and the unusual thickness of Coastal Plain sediments in southern

Screven County, Ga. , are evidence of the suggested Statesboro fault.

- Ground-water flow Within the basal Coastal Plain aquifer between the '

.

- Millett and Statesboro faults is probably largely hydraulically discon-

tinuous from contemporaneous sediments updip. Ground-water flow southeast

of the Millett f ault, is largely toward the Savannah River and to the

north and northwest. Near the Statesboro fault, potentiometric gradients

small but flow seems to be from the southwest in Georgia toward the- are :
,

i -northeast to South Carolina. Lat'eral ground-water flow within the hasal

Coastal Plain aquifer is largely disrupted at the Millett fault because
,

of the juxtaposition of hundreds of feet of aquifer sediments against
,

relatively inpermeable Triassic rocks. Thus vertical flow prob'blya
!

occurs within the basal Coastal Plain acutfer updip of the fault, espe-

. cially near the Savannah River and may contribute to the anomalously

large quantities of baseflow noted in the Savannah River between Augusta,
,

Ga. , and , Burtons Ferry Bridge, Ca.
.

.

61>

1

, , - - - - - - - , w n - ,,-,--- , ,, , ,--,e ,.------,w--, ,---,---.,e.w----,,-- - - - - - - , , , - - - - , , , , , - - - - - - - , , - - - - , - - , . , - - - . ,-,--,--,,,----.-,---,,,,,.,--,.,e------ .



,.

a

SELECTED REFERENCES

Armour and Cape, Inc. ,1980, Well monitoring plan, airport well field,

Richmond County, Georgia: Unpublished report prepared for Richmond

County Water and Sewer System, Augusta, Georgie,14 p.: Report'on

'~

file at U.S. Geological Survey, Doraville, Georgia 30360.

Bechtel Corporation,1972, Applicants environmental report, volumes I and

II - Alvin W. Vogtle Nuclear Plant: Unpublished report for Georgia

~ Power Company, Atlanta, Georgia: Report on file at U.S. Geological

Survey, Doraville, Georgia 30360.

1973, Preliminary safety analysis report, volures II and III - Alvin W.
~

Vogtle Nuclear Plant: Unpublished report for Georgia Power Company,

Atlanta, Georgia: Report on file at U.S. Geological Survey, Doraville,

Georgia 30360.
,

Behrendt, |J. C. , Hamilton, R. M. , Ackermann, H. D. , and Henry, V. J. , 1981, -

~

- /
,

Cenozoic faulting in the vicinity of the Charleston, South Carolina, -

,

1886 earthquake: Geology, v. 9, p. 117-122.

Buie,JB. F.,1978, The Huber Formation of eastern central Georgia: Georgia
,

Geologic Survey Bulletin 93, p.1-7. f,

?
Carter, R. F. , 'and Putnam, S. A. ,1978, Low-flow frequency of Georgia

streams: U.S. Geological Survey Water-Resources Investigations 77-127,

104 p. .

Ceders trom, D. J. , Boswell, E. H. , and Tarver, G. R. ,1979, Summary apprais-.

als of the Nation's ground-water resources--South Atlantic-Gulf region:
.

U.S.- Geological Survey Professional Paper 813-0, 35 p.
.

|

1

-

62
.



_ - . . --.

SELECTED REFERENCES--Continued
-

.

Christl, R. J.,1964, Storage of radioactive wastes in basement rock beneath

the Savannah River Plant: E. I. duPont de Nemours and Company Report

DP-844, 103 p.

Cook, F. A. , Albaugh, D. S. , Brown, L. D. , Kaufman, S. , Oliver, J. E. , and ,

,

Hatcher, R. D. , Jr. ,1979, Thin-skinned tectonics in the crystalline

southern Appalachians; COCORP seismic-reflection profiling of the Blue+

,

.

Ridge and Piedmont: Geology, v. 7, p. 563-567.

Cook, F. A. , Brown, L. D. , Kaufman, S. , Oliver, J. E. , and Peterson, T. A. ,

1981, COCORP seismic profiling of the Appalachian Orogen beneath the
~

Coastal Plain of Georgia (in press).-

Cooke, C. W. ,1936, Geology of the Coastal Plain of South Carolina: 'J . S .
.

Geological Survey Bulletin 867, 196 p.

Cramer, H.,R. , and Arden, D. D. ,1980, Subsurface Cretaceous and Paleocene
.

Geology of the Coastal Plain of Georgia: Georgia Department of Natural

Resources Open-File Report 8 0-8, 184 p. ,

Crickmay, G. W.,1952, Geology of the crystalline rocks of Georgia: Georgia
.

. Geologic Survey Bulletin 58, 54 p.
I

Daniels, D. L.,1974, Geologic interpretation of , geophysical maps, central
,

Savannah River area, South Carolina and Georgia: U.S. Geological |

Survey Geophysical Investigations Map GP-893.

Gelbaum, .C. ,1978, The geology and ground water of the Gulf Trough: Georgia

Geologic Survey Bulletin 93, p. 38-48. !

1Georgia Department of Natural Resources,1976, Geologic map of Georgia. l

l
.

e

63

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



- - - . - ~ - ~ .

.

a

'

SELECTED REFERENCES--Continued,

Hack, J. T., -1979, Rock' control and tectonism--their importance in shaping

the Appalachian Highlands: U.S. Geological Survey Open-File Report

78-403, 38 p.e.

' Hazel, J. E. , Bybell, L. M. , Christopher, R. A. , Fredericksen, N. O. ,

May, F. E. , McLean, D. M. , Poore, R. Z. , Smith, C. C. , Sohl, N. F. ,

Valentine,- P.. C. , and Witmer, R. J. ,1977, Biostratigraphy of the

. deep corehole (Clubhouse Crossroads Corehole)'near Charleston, South
o

Carolina in Rankin, D. F. , ed. , Studies related to the Charleston,

South Carolina, earthquake of 1886--A preliminary report: U.S.

Geological: Survey Professional Paper 1028, p. 71-89.

Heron, S. D.,1959, A small basement cored anticlinal warp in the basal

Cretaceous sediments near Cheraw, South Carolina: Geologic Notes,

Division of GeoloFv, State Development Board, v. 3, no. 4, p.1-5.
.

Herrick, S. M., and Counts, H. 'B. ,1968, Late Tertiary stratigraphy of
.

'

I
eastern Georgia: Georgia Geologic Survey Guidebook for Third Annual

.

Field Trip, 88 p.
..

Herrick, S. M. and Vorhis, R. C.,1963, Subsurface geology of the Georgia
!Coastal Plain: Georgia Geologic Survey Information Circular 25, 80 p.

5

Huddleston, P. F., and Retrick,' J. H. ,1979, The stratigraphy of the Barn-
'

well Group of Georgia: Georgia Geologic Survey Open-File Report 80-1,

89 p.-

.

- J. -E. Sirrine Company, -1980, Groundwater Resource Study, Sirrine Job. No.
*

-P-1550, DCN-001: Unpublished report for Kimberly-Clark Corporati' n;o

J. E. Sirrine Company, Greenville, South Carolina, 26 p.: Report on

file at U.S. Geological Survey, Doraville, Georgia 30360.

64
.

3 ,w-s~-.- g ,-,.ym---e, -,--ps -,,-m -.m, -e--,e -->,e- , . , - _ - . _. ,e, ,,.,,y --,,-,_n,-. - , , , - ,--e --o, ,, a,-



. _ - . .. _ _ _ - .

!
l. '. 1

1

1.

SELECTED REFERENCES--Continued |
. .

Johnston, R. H., Healy, H.G., and Hayes, L..R., 1981, Potentiometric surface

of the Tertiary Limestone aquifer system, southeastern United States, |
'

|

May 1980: U.S. Geological Survey Open-File Report 81-486.-

,

Johns ton, R. H. , Krause, R. E. , Meyer, F. W. , Ryder, P. D. , Tibbals', C. H. ,..

and Hunn, J. D. ,1980, Estimated potentiometric surface for the Ter-

tiary Limestone aquifer system, southeastern United States, prior to
,

development: U.S. Geological Survey Open-File Report 80-406.

LeGrand, H. E. , and Furcron, A. S. ,1956, Geology and ground-water resources

of central-east Georgia: Georgia Geologic Survey Bulletin 64,174 p.
f

LeGrand, H. E. , and Pettyjohn, W. A. ,1981, Regional hydrogeological con-

cepts of homoclinal flanks: Groundwater, v. 19, no. 3, p. 303,-310.

Marine, I. W., 1973, Geohydrology of the buried Triassic Basin at the

Savannah River Plant: Presented at the International Symposium on
,, -

.

Underground Waste Management and Artificial Recharge at New' Orleans,

Louisiana, September 26-30,1973, 20 p.

_1979 Hydrology of buried crystalline rocks at the Savannah River Plant

near Aiken, South Carolina: U.S. Geological Survey Open-File Report
i

79-1544, 160 p. /
s

< Marine, I. W. , and Root, R. W. , Jr. ,1976, Summary of lydraulic conductivity
-

.

tests in the SRP separation area: Savannah River Laboratory Environ-,

mental Transport and Effects Researdh Annual Report. DP-1412, p. 21-1,

to 21-4.

_ 1978, Geohydrology of deposits of Claiborne age at the Savannah River

Plant: Savannah River Laboratory Environmental Transport and Effects

Research Annual Report DP-1489, p. 57-60.
.

65

i

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



__ . _ ._ _ _ _ _ _ _ _ _ _ _ ___

.

SELECTED REFERENCES--Continued,

Marine, I. W. , and Routt, K. R. ,1975, A ground-water model of the Tusca-

loosa aquifer at the Savannah River Plant: Savannah River Laboratory

Environmental- Transport and Effects Research Annual Report, DP-1374, .
'~

p. 14-1 to 14-10.
.

- Marine, I. W. , and Siple, G. E. ,1974, Buried T' iassic Basin in the centralr

. Savannah River area, South Carolina and Georgia: Geological Survey of

America Bulletin, v. 85, p. 311-320.

Mayer, L. , Prowell, D. C. , and Reinhardt, J. ,1977, The subenvelope map as a

tool for delineating linear features in the Georgia Piedmont and Coas-

tal Plain: 11.S. Geological Survey open File-Report 77-695, 19 p.

Mayer, P. C. ,1972, Impact of BNFP's pumpage from the Tuscaloosa aquifer on

the ground-water table: Unpublished report No.,EMP-104, prepared for

Allied-Gulf Nuclear Services,111 p.: Report on file at U.SJ Geologi- -

cal' Survey, Doraville, Georgia 30360. '
'

,
,

Mitchell, C'. D.,19hl, Hydrogeologic data of the Dougherty Plain and adjacent

areas, southwest Georgia: Georgia Geologic Survey Information Circular

58, 124 p.,

Petty, A. .J. , Petrafesco, F. A. , and Moore, F. C , Jr. ,1965, Aeromagnetic

map of the Savannah River Plant area, South Carolina and Georgia: U.S.
.

Geological Survey Geophysical Investigations Map GP-489.
.

Pollard, L. D. , 'and Vorhis, R. C. ,1980, The geohydrology of the Cretaceous
.

aquifer system in Georgia: Georgia Department of Natural Resources
.

Hydrologic Atlas 3.

.

J

66 *

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



'

SELECTED REFERENCES--Continued

Prowell, D. C. ,1981, Index of faults of Cretaceous and Cenozoic age in the

eastern United States: U.S. Geological Survey MF Map 1269 (in press).

Prowell, D. C. , and O'Connor, B. J. ,1978, Belair fault zones: Evidence of

Tertiary fault displacement in eastern Georgia: Geology, v. 6, p. 681-

684.
.

Rankin, D. P. , ed. ,1977, Studies related to the Charleston, South Carolina,

earthquake of 1886--A preliminary report: U.S. Geological Survey Pro- |

fessional Paper 1028, 204 p.
.

Root, R. W., Jr. ,1977, Results of pumping tests in shallow sedinents in the

separations area: Savannah River Laboratory Environmental Transport

and Effects Research Annual Report DP-1455, p. 55-58. -

1979, Subsurface hydrology of Coastal Plain sediments in the SRP sepa-

rations area: Savannah River Laboratory Environmental Transport and
.

Effects Annual Report DP-152'6, p. 207-212. -

Root, R. W. , Jr. , and Marine, I. W. ,1977, A conceptual geahydrological

model of the separations area: Savannah River Laboratory Environmental- '

Transport and Effects Research Annual Report DP-1455, p. 63-68.

1978, Water-level fluctuations in Coastal Plain sediments at SRP:

Savannah River Laboratory Environmental Transport and Effects Research
.

Annual Report DP-1489, p. 65-68.

Sandy, J. , Carver, R. F. , and Crawford, T. J. ,1966, Stratigraphy and econo-

mic geology of the coastal plain of the central Savannah River area,

Georgia: Geological Society of America, Southeastern Section Guide-

book, Field Trip 3, 25 p.
.

O

67

. _ . _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ . .__



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

.

. c SELECTED REFERENCES--Continued

Scrudato, R. 'J. ,1969, Kaolin and associated sediments of east-central

Georgia: University of North Carolina Ph.D. Thesis, 97 p.

Siple, G. E. ,1946, Ground-water investigations in South Carolina: South
'

Carolina Research, Planning, and Development Board Bulletin 15,116 p.

1955, Geology and ground water in parts of Aiken, Barnwell, and

Allendale Counties, South Carolina: Unpublished Report prepared by

the U.S. Geological Survey for the Savannah River Operations Office,

of the Atomic Energy Commission,183 p.: Report on file at U.S.

Geological Survey, Doraville, Georgia 30360.

1960, Piezometr'ic levels in the Cretaceous sand aquifer of the Savannah
,

( River basin: Georgia Mineral Newsletter, v. 13, no. 4, p. 163-166.

1967, Geology and ground water of the Savannah River Plant and vicinity,

_
South, Carolina: U.S. Geological Survey Water-Supply Paper 1841, 113 p.

,

.

.
.

- /
_

1975, Ground-water resources of Orangeburg County,' South Carolina: ~

,

. South Carolina State Development Board, Division of Geology Bulletin

c. ~36, 59 p. --

4

~

Smith, G. W., III,1979, Stratigraphy of the Aike Coun'ty Coastal Plain,
.

South Carolina: South Carolina Geological Survey Open-File Report 19,

34 p.
.

1980, Preliminary report on the geology of Lexington County, South

' outh Carolina Geological Survey Open-File Report 20, 45, p.Carolina: S

Snipes, D. S. ,1965, Stratigraphy and sedimentation of the Middendorf

Formation between Lynches River, South Carolina and the Ocmulgee River,

#Georgia: University of North Carolina Ph.D. Thesis,140 p.

.

t

68

_ ._. ._. _ _ _ _ . _ . . _ _ . _ . _ . _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



_ ___ __ _ ___ _ _ _ -___ - _-________ __-_-_-_-___-_-__ __ -___-__ - __ _ __ _ _ - _

L

.

SELECTED REFERENCES--Continued I,

Stallings, J. S.,1967, South Carolina streamflow characteristics, low-flow

frequency and flow duration: . U.S. Geological Survey Open-File Report,

83 p. -

! '

Tschudy, R. R., and Paterson, S. H. ,1975, Palynological evidence for Late
.

Cretaceous, Paleocene, and Early Middle Eocene ages for strata in the |

kaolin belt, central Georgia: U.S. Geological Survey Journal of

Research, v. 3, no. 4, p. 437-445.

U.S. Army Corps of Engineers, Savannah District, 1956, Fort Gordon water-
,

supply study: Unpublished report authorized by Directive No. 2, Fort

Gordon MCA-AdvP, 9 p.: Report on file at U.S. Geological Survey,

Doraville, Georgia 30360.
,

1967, Kaolin investigacion, Fort Gordon, Georgia: Unpublished Report,

[ 5 p.:f Report on file at U.S. Geological Survey, Doraville, Georgia
'

30360.

W. G. Keck and Associates, Inc. ,1965, Aquifer test analyses--Gracewood well

#1 and Richmond County well~ #8: Unpublished Report prepared for Rich-*

mond County Water and Sewerage System, Augusta, Georgia, 10 p.: Report,

!
on file at U.S. Geological Survey, Doraville, Georgia 30360.

Warren, M. - A. ,1945, Artesian water in southeastern Georgia: Georgia Geo-

logic Survey Bulletin 49-A, 83 p.

- Wentworth,' C. M.', and Mergner-Keefer, M. ,1981, Regenerate f aults of small

Cenozoic offset as probable earthquake sources in the southeastern

United States: U.S. Geological Survey Open-File Report 81-356, 52 p.--

.

G

69

_ _ _ _ _ _ _ _ _ _ _ _



,, , .

- - - - _ - - - ._ - ____-

SELECTED REFERENCES--Continued
! *

Winker, C. D., and Howard, J. D. ,1977, Correlation of tectonically deformed

shorelines on the southern Atlantic Coastal Plain: Geology, v. 5,

*

p. 123-127.
...

Zimmerman, E. A. ,1977, Grou'nd-water resources of Colquitt County, Georgia:
*

U.S. Geological Survey Open-File Report 77-56, 41 p. |

Zoback, M. D. , Healy, J. R. , Roller, J. C. , Gohn, G. S. , and Higgins , R. B. ,

1978, Normal faulting and in situ stress in the South Carolina Coastal

Plain near Charleston: Geology, v. 6, p. 147-152.

,

.

--
,

. . J,
.

'

. . ,

-

..

.*

!
.

.

D

#

9

e

D

70
.

4

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



___ _______________-________ - ____ - _

-

SUPPLF. MENTAL INFORMATION

Map Location of Well-Data Points
,

Potentiometric. lithologic, and structural data described in this

report pertain almo'st exclusively to well-data points. T.ocation of vell-

data points in, Georgia and South Carolina utilized ~ original source '

material, when availale, from which described locations were transferred
,

to 7 1/2-minute or 15-minute toporraphic maps. Such material, for

Georgia, consisted largely of well-location maps and well schedules and

a drawn and(or) written description of the well location. Wells listed

by_LeGrand and Furcron (1956) were located using a published well-

location map in combination with well-schedule data. A large number of

well locations for Georgia were transferred directly from correspond.ing

locations shown on county road maps, topographic maps, and municipal

street maps. Well-location maps printed in consultants' reports were
,,,

.

'
utilized extensive'ly--in Richmond ' and Burke Counties. To some degree the

.
,

accuracy of well locations in Georgia is dependent upon when the well

was dcilled. The locations of most wells drilled during 1960-81 are
,

known with a high degree of accuracy, and data pertinent to .these wells
t

| comprise the majority of the data base. The locations of many of the

wells listed by LeGrand and Furcron (1956) are known less accurately.

Field checks of a representative sample of such wells have indicated,

however,, that location transfers from the published map and well schedules
1

(. to quadrangle maps were generally accurate.
,

*
.
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'
The transfer of well-location data to quadrangle maps for South

Carolina largely paralleled corresponding efforts for Georgia. The

accuracy of well locations in South Carolina, based on U.S. Geological
,

Survey file data, is compromised to a large degree because of the nearly

total lack of suitable well-location mat,s. Consequently, written location'

descriptions and Army Map Service coordinates listed on well schedules

were utilized coniunctively to locate a large number of wells in Aiken,

Barnwell, and Allendale Counties. Army Map Service coordinates and given

land-surface altitudes were utilized almost exclusively to locate the

large number of wells within the SRP listed in Siple (1955) that could

not be found in kl.S. Geological Survey data files. Well-data points in

Orangeburg County were located using well schedules and a published

well-location map from Siple (1975). Well-data points in Bamberg and
~

Hampton Counties were located exclusively from well schedules and other -

pertinent information obtained from U.S. Geological Survey data files. ~

.

Modern (post-1960) well data pertinent to the SRP are located with a

high degree of accuracy based on reported latitudes and longitudes and

SRP grid coordin'ates. j
The accuracy of well locations in South Carolina is also somewhat

dependent upon the period of time's particular well reconnaissance was

conducted. Historical (pre-1960) data are the least accurately located.

The lack of well-location maps has been compensated for in this study,by

| carefully applying location descriptions written on well schedules or

.

72
.

. . . . . .



_ .. _ _ _ . _ _ __ _ _

'

other original source data to contemporary county maps and modern quad-

rangle maps. These efforts in conjunction with Arnry Map Service coor-

.dinates, which commonly are listed on original source materials, have

provided locations cf historical well-data pointh of sufficient accuracy

to be utilized in this or similar studies. If considered doubtful, the
, ,

|

loc &tions of critical well-data points were field checked in both Georgia '

.

and South Carolina, wherever and whenever possible. |

*

|

.

6

4

f

e

e

e

e

gf e '

-y. . , . e

.

'm.

, a *

O

' /
_. \

.

=

a

O

O

m

O

73

/

- . . - . . - . .. . . . |/-e



i
'

l

!
I

.

l
'

i
i

..

,

s ** a z* ev.
. . .

~~

~ ~ }., ' 'e.. __ ,,

\, / ['\., C
' OU H '7 - ~N l

''

O LI N A '

'
.

' '

34*- ~

s totuusi .t v +. + ,

,w,, II; A'1 *
arta wra

k, G E 0; R G I Af ..,'j,; ,)
'

g,

- s c,,,.-
. ...

- -

,, ... -' N- _ 9.p- g- ap. 4.i. ]-

,,

'l
'

--
'

..y. r. % '| - >0s

\. .:.. 0
.

( \~ .~ss ...'n
3c.. , +

..u _
*

.k
~

b
.

}p
-

'
. 4 STUDY AREA

!
. = - .

_
-. - y,

7
*

r, ..i----- ._
___

-

..

.

8#- + t <

~

T

.
O 50 10 0 150 200 MILES
I I I I s I

' ~

Figure I.-Location of study crea.

9

9

0

$

9

..



Tcble I.-Genercilzed correlaticn cf stratigrrphic, lithsi gic, end equifer units "

th.e a ,as

{ (werean Pse.incial th W N N I'''****""" I""*'''' A'*'"' Ch*"*h'***'
g 3 rage stage Cmesco Csesweeds ese eres on.e 4/ seetmas am area

-

Seeth Ceeehoe Georgia sed Sese Cseeles (see f g 33 gf Cee+g.s med Alebens.

hans had , tippe past af

Cun IP*8 *! r.' s"
Ce

y 6

e 7

6
Se'6m vdews

ten ta.
7

ta== ,mi af
. %C*'8" '*"" Ee t,

saaeam M"*" awe.eu iseneue.g,,,,,,,,,, ,* __ ___ __

t nm s, e u e e< 4
******temane

Messee formelsea fa13 ef

I ' * " ' "t==im one sh.4 a
r adw its tw .ue. E.

Tanahans Fm

1111J11|| lill
n.*+ev,.e..r.

u,.,,,,,,, ,, r-s.t
I I I I I I I I I I *

D. isch Mage p, tocahams p.

v ...i.e._ ,, . ..e

5 '**"**
| | 1 1 I 'I IIII

8
W ud sraa ""*'". s.d a= vim m

e- in... r.. ewe r, ,. ,own.g,,,,,,,- no , ,,,,,,,, .m..

IIIIIIIII ||||||||| | | | | | | | | | |
' " 5"*

,, . s
Messeslise. Nave' es. pe

9*,,,1'- ,se e f n,i.e en
_ _u==a L~*_5_ _*___ t- i

weaspanfa Slut Creek til gg, ; A, Camas.

u hame se formase Sand Meater
- - - - - - - * -twen tagniins Im

Sleet C,#eet Blut Cred 1
Cam,sms.

Wumibwr Our ,%,,,,, w
us.cheasvai, Iweeiseeg ,,,,

f.maie.

9 M e e.i C.,enew u ..e.. . C.,e re .ie,*
c 5.eaa.n Fuesiese fer.eisen formeene foemse,se unddendert formaties t ge

g,
s '

t i

s C

$
Twen 's'

-i.,ie

u .-4 ve...es ....

C
-

'.;%'e'Itti ',;;!.*.*s' fs: ' ' '--

wume.us.

._L/ Tentative age correlation Modified from Hozel and others,1977

- T. .
,

.

INYif n . - '

,
... ,

_ _ _ _ _ _ _



.
..

Cf |g. .sg United States
lg,.'}f i Department of the Interior

' '

Geological Survey, National Center gy,,

ReSton, Virginia 22092
. 3 .

.

"

,

Public Affairs Office (703)860-7444Gail Stewart

For release: UPON RECEIPT (mailed February 26, 1982)

.

FAULTING AFFECTS COASTAL PLAIN SOUTH OF AUGUSTA, GA

Faulting of Coastal Plain sediments near the Savannah River south of
Augusta, Ga. , has vertically of fset sediments by as much as 700 feet
sometime during the past 85 million years and causes the discharge of
relatively large quantities of ground water to the Savannah River, according
to a recent U.S. Geological Survey, Department of the Interior, report.

Prepared as part of the USGS Southeastern Atlantic Coastal Plain
Regional Aquifer Systems Analysis, the report describes vertical offsets of
as much as 700 feet at the base of the Coastal Plain sediments near Millett,
S.C. Intermittent vertical movement of this fault has continued through

geologic time to at least the late Eocene (about 40 million years ago).

Whether the fault has moved in the last 40 million years cannot be
determined with available data. There is no evidence of ground deformation
or recent seismicity along the fault zone that would prove that the fault is
currently active.

.
-

Truncation of the basal Coastal Plain aquifer (water-bearing rock unit)
- by the Millett fault "short circuits" regional ground-water flow and causes

~

relatively large ground-water dischayges to the Savannah River. Potential
development of the ground-water resource southeast of the Millett fault may
also have been adversely affected due to reductions in aquifer thickness.

The 73-page USGS report includes maps showing fault lo:stions and the
level to which water from the aquifer would rise in tightly cased wells
(potentiometric surface) and describes regional geologic and hydrologic
effects of suggested faulting near Millett, S.C. , and Statesboro, Ga. The

Hilleti fault is located about seven miles southeast of the Savannah River ;

plant facility near the southern boundary of the plant grounds in Barnwell |

County, S.C.

The report, " Effects of Late Cretaceous and Cenozoic Faulting on the ;

Geology and Hydrology of the Coastal Plain near the Savannah River, Georgia
'

and South Carolina," relessed as U.S. Geological Survey Open-File Report |
!82 -156 by R. E. Faye and D., C. Provell, is available for inspection at the
IU.S. Geological Survey district of fice in Doraville, Ga. (6481 Peachtree.

Industrial Boulevard, Suite B), and at the USGS library in Reston, Va. (Roon |

4A100, USGS National Center, 12201 Sunrise Valley Dr.). |
1
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