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INTRODUCTION
This interim report describes the work undertaken during the first 6
months (January - June 1988) of this cooperative project. Presented are
preliminary findings, problems encountered and proposed or implemented
solutions, and the proposed direction of work for the next 12 months.

Purpose of Investigation

The project is being undertaken, as described in detail in the Project
Proposal, Appendix 1, to evaluate ground-water exploration methods
applicable in the Piedmont. Reasonable water supplies for public supply
and industry can be obtained in the Piedmont if properly located. 1If
successful and cost-effective exploration methods can be demonstrated,
potential ground-water users could be encouraged to utilize that resource
for their primary or back-up water supply.

Objectives

The project objectives include:
- selection of a small drainage basin in which to test various

ground-water exploration techniques and make low-flow studies of
streams;

- inventory of wells in the basin;

- lithologic-geomorphic terrain analysis;

- remote sensing lineament mapping;

- surface geophysical surveys:

- analysis of the results;

- develop a ground-water availability map and test it with
well-inventory data;

- evaluation of exploration methods.

Acknowledaments

The authors acknowledge the cooperation and assistance of the
following people during this portion of the project: U.S. Geological
Survey personnell: Barry Smith, for his project coordination efforts with
the Commission; J. C. Hare, for assistance in all aspects of the surface
geophysical work; Larry Harrelson, for his work with the well inventory
and field assistance in the surface geophysical surveys; Pete Haeni, for
assistance in developing the surface geophysical applications for the
project and the extensive training provided; Glenn Patterson, for helping
shape the workplan; Sydney Poole and Ellen Satterfield for their well
inventory work; the USGS in general for it's loan of the various surface
geophysical instruments.

DESCRIPTION OF WORK

The work described below was outlined in the workplan developed in
December 1987 and listed in Appendix 2. Some of the objectives were met,
but others, for reasons described in each section below, were not. The
topics below are in the order presented in the workplan and are roughly in
the order in which they were addressed in the study.



DRAINAGE BASIN SELECTTION

The first task of the project was the selection of the drainage basin
in which to conduct the study. Since the project includes low-flow
analysis of streamflow records, the geographic polygon of choice was a
small drainage basin. Table 1 lists the 12 drainage basins considered,
located on Figure 1, and the 14 areas of comparison. Also shown are a
rating of each basin and a ranking of the top four basins.

The maximum drainage basin size considered was 25 mi? (square
miles). Anything larger would make low-flow relationship with ground
water baseflow contribution difficult to detect and make for very larg
and extensive surface geophysical surveys. As it turned out, the 8 mi
basin chosen was too large to survey completely, given the elementary
stage of the staff's competence with the surface geophysical equipment.

The mere existence of a streamflow gage with 5 to 7 years of record
did not insure good data. The U.S. Geological Survey staff responsible
for streamflow gages were interviewed concerning the gages of interest and
their records. The gage and the stream channel conditions were considered
as well as the quality of the records. A mostly rural basin was
considered to be better suited for analysis of natural streamflow response
and detection of the ground-water component. Urbanized basins have
greatly modified streamflow and thus are not acceptable for this study.

The terrain roughness and vegetative cover were important matters
affecting the geophysical surveys. Steep terrain would adversely impact
the surveys because results are best in flat terrain. Heavy vegetation
would physically impede the surveys. It was learned during the surveys
that sites clear of vegetation in January can become overgrown in June.
Because of this and the heat, humidity, insects, and poison ivy, the best
time to do surveys in South Carolina would be mid- to late fall and late
winter to mid-spring. Late-fall to late winter could be too cold and wet.

Accessibility of the basin involved both the quality roads and
distance from the office as well as access around and through the basin.
A rural basin relatively close to Interstate 85 or 26 would allow the
easiest access for a moderately distant basin. More than 15 miles of
secondary or in-town roads would lessen a basin's desirability. A basin
with little access around and through it would make it difficult to reach
potential survey sites. Conversely, a high density of roads generally
brought with it a higher degree of urbanization and its metallic and
electronic interference to the surface geophysical equipment.

Property ownership was important to the study because of the need to
access survey sites repeatedly. In the rural areas much of the open land
was probably being used for agricultural, which could limit access to
survey sites and possibly damage any survey flags set up for future
surveys. Well drilling on private property could greatly complicate the
process of conducting the study. State or federally owned property would
pose fewer problems in this regard.
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Hellers Creek in Newberry County was chosen as the basin to best fit
the needs of both cooperators in the project, Figure 2. It had a
streamflow gage with good records and acceptable channel; there was good
accessibility to, around, and through the basin, its rural nature would
pose few problems for the surface geophysical equipment sensitive to
cultural interference; and it was thought that the entire basin is in a
National Forest, which would allow much easier access to potential sites
throughout the basin. It turned out that the U. S. Forest Service owns

only a small portion of the basin, even though it is designated as a
National Forest, Fiqure 3.

SURFACE _GEOPHYSTCAL TRAINING

An important part of this first half-year's work was basic training in
surface geophysical theory and techniques. Much of the remaining years'
work will be heavily dependent upon a good understanding of the theory and
applications techniques. Three phases of training took place during the
6-month period:

- A 1 1l/2-day course in Columbia January 27-28, 1988.
- A class in Denver April 11 - 15,1988
- Use of equipment in the field March through June 1988.

Pete Haeni of the U. S. Geological Survey, Hartford, CT., conducted a
1 1/2-day course in Columbia January 27-28, 1988. This training introduced
the project staff to surface geophysics and helped plant ideas on which
equipment to try and how to experiment with the equipment, and it helped
to establish some initial expectations of results.

Much of the class content reinforced many of the ideas and plans set
forth in the project proposal the Piedmont Office staff submitted to the
U.S. Geological Survey in January 1987 in response to Announcement 7217

(call for proposals) in the fiscal year 1987 Water Resources Research
Program.

Prior to the April training course in Denver, €O, the first piece of
equipment used was the Geonics EM~16/16R, a very low frequency
electromagnetic instrument (VLF-EM). The study of the operations manuals,
the use of the equipment, and the problems and questions that were
generated prepared the two Staff attendees for the training course.
Questions answered during or between the classes added to the information

and training provided and solved or helped to solve problems encountered
earlier.

The April training course was conducted at the Denver Federal Training
Center in Lakewood, CO. The 4 days of classroom training with the 1 day
of hands-on, field demonstration of the equipment provided a well-rounded
second phase of our training. The class was taught mostly by U. S.
Geological Survey staff with much experience in their specialties.
Lectures were accompanied by references and case studies to provide

background reading on the theory and applications. The topics covered
included:

- Magnetics;

- Gravity:

- Electromagnetic methods ( VLF, Terrain conductivity, Transient
EM, and airborne EM);
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Seismic refraction and reflection;

DC resistivity:

Complex resistivity;

Ground penetrating radar;

Marine seismic reflection and refraction.

At the conclusion of the class our questions (at the time) had been
answered, and we were prepared to start with the next two pieces of
equipment, the DC resistivity unit and the terrain conductivity meter
(Geonics EM34-3). The instructors provided their phone numbers to allow
class members to contact them at a later time with questions or problems.

Field experience with the equipment added firsthand training on how
the equipment works as well as learning what problems each field situation
presented and how to deal with them. Each piece of equipment had at least
one problem not discussed in the training sessions or covered in the
manuals. Consultation by phone with Pete Haeni or other U.S.G.S.
personnel helped solve most of these problems. The problems encountered
at times were frustrating but helped to open our eyes to the concerns we
need to be aware of when planning future work.

Data interpretation in the next few months will add another phase of
training - what can be learned about the study sites from the surveys and
what we can apply to future applications of the equipment. The latter
point may be the most important lesson learned.

Initial rough~cut analysis has shown that some of our initial
expectations did not materialize. First, the saprolite is more resistive
than anticipated. This may allow conductive fractures to be more readily
"seen" at depth and may allow a greater probing depth. Second, the
analysis of the data may be more detailed and complicated, and therefore
more time consuming than first assumed. The experience of analysis itself
may help-speed up the process of future survey analysis.

WELL INVENTORY

Records for only six wells in the vicinity of the basin were in
Commission files, so a field inventory was made. Using a list prepared
from county property maps and tax records, a field inventory of the wells
was begun in March 1988. There were 291 property parcels listed in the
basin or its vicinity, and most of the owners were visited in the field
(some owners have more than one property).

The inventory was conducted by students working part-time who used an
in-house developed inventory form and handed out a supplemental
information sheet to the home owners they interviewed; both forms are
shown in Appendix 3. At the same time a News Release was submitted to
local newspapers, describing our work and its intent (Appendix 3). The

Newberry County Sheriff was also contacted concerning our work (copy of
letter in Appendix 3).

As listed in Appendix 4, 123 wells were inventoried, most of which are
along the boundaries of the basin (along S.C. 34 and Newberry County Road
44) and across the center of the basin (U.S. 176), with some in the
sparsely developed areas inside the basin. All wells that could be



seen were noted, and it is believed that very few went uninventoried.
Problems that prevented inventorying some wells were owner noncooperation
or inaccessibility to well sites.

Owners or tenants were asked for standard information on their wells,
such as well depth, casing depth, yield, name of driller, date well was
drilled. They were also asked for permission to return at a later date,
if necessary, for water level monitoring and water quality sampling. Well
locations were plotted on aerial photographs (county property maps) and on

USGS 7-1/2 minute topographic maps, and coordinates and elevations were
determined.

The major problem encountered in the inventory was complete lack or
scarcity of information on the wells. Only slightly more than half of the
owners knew the depths of their wells, and some knew yields and casing
depths (depth to bedrock is generally indicated by casing depth). Figure
4 indicates the location of all drilled, bored, and dug wells for which at

least the depths are known. Wells for which more information is known are
specially marked.

On the basis of the 75 (out of 129) wells for which we have this
information (total depth), the following statistics are listed:

Drilled wells:

total depth, casing depth, yield . 5
total depth and yield ..cceeeee.. 12
total depth and casing depth ..... 2
total depth only .eceeeeceescesse_39
TotalBdriTIed B tht o Jis dht ol ol a . s AL . e s g

Bored and dug WellS ...ceecececcccccccncseneass 10
Unknown types, depths KNOWN .c.cceececoccecscceas 5

Springs o.oo.olo-o..o...u..oonono...Q.oot...oo.l2

Grand total

® 0 ¢ 000000 050 S 00000000000 S E O COSIESIOOSPTBBE 75

Breaking these wells down by type and depth, and not including the two
springs, the following table is presented:

Depth range Number of wells Average depth
(ft) (ft)
Drilled Wells: 0 - 60 1 60
61 - 120 26 99
121 - 180 18 153
181 - 240 7 223
>240 6 388
Bored and Dug Wells: 0 - 60 10 40
Unknown Type: 0 - 60 5 42
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The largest group of drilled wells is in the 61-120 foot depth range,
followed by those ranging in depth from 121 to 180 feet. Over 75 percent
(44 of 58) of the drilled wells are between 61 and 180 feet. It is
important to note that most of these wells are domestic and that their
depths may be due more to economic factors (expense of drill hole per
foot) than hydrogeologic factors. Unfortunately, so few wells in this
inventory have yield data that it prevents analysis of the relationship
between yields and factors such as depth, topography, lithoilogy, and
distance from and orientation with respect to lineaments.

Bored and dug wells do not penetrate bedrock, and their maximum depth
of 60 feet would seem to indicate bedrock at that depth. There are
localities in the basin, however, that have much deeper bedrock (that is,
thicker saprolite), as can be seen from some casing depths (in drilled
wells) that are greater than 100 feet. The wells of unknown type, because
of their depths, are most likely bored or dug.

Future efforts should include attempts to obtain more information on
the wells inventoried, by checking back with owners and visiting local
drillers. Areas where information is especially lacking should be

targeted for direct measurement and geophysical logging of wells, if
practical.

LITHOLOGIC-GEOMORPHIC TERRAIN ANALYSIS

The lithologic-geomorphic terrain analysis, as described by
Daniel and Sharpless (1983), involves the analysis of the geomorphology,
including examination of drainage pattern and topography, well data, and
geology. Compilation of this information for this project took longer and
was more complicated than first anticipated.

Geomorphic Analysis

The geomorphic analysis of Hellers Creek basin involved
portions of the Newberry East and Pomaria 7-1/2 minute quadrangles,
Figure 5. The drainage pattern is generally dendritic but with some
rectangular characteristics. Several locations in the drainage basin
display features suggesting geologic structural control such as very

straight stream segments, abrupt 90 degree changes in channel direction,
or a stair-step shaped channel segment.

The topographic lineament analysis is shown in Figure 6. Many
linear features, or suspected ones, have been identified. Also shown is a
rose diagram summarizing the alignments of the lineaments. The
predominant alignment is N20-30°W, which is perpendicular to the general
trend of the Piedmont belts. According to Daniel and Sharpless, this
orientation of lineament is generally more favorable for locating wells.
Other orientations are N40-50°W and N10-20°E. Field mapping and

verification of these lineaments have proven difficult owing to the few
outcrops of usable size.

- 11 -
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Well Analysis

Very few wells were in the Commissions Welltab data base for this
area. The well inventory required completion before the analysis of the
well data as suggested for this portion of the work. As was pointed out
in the Well Inventory section, a low percentage of the inventoried wells
had all of the critical data supplied, due to the lack of information on
the owners' part. This may hamper the analysis, but the degree will be
evaluated. This analysis will take place shortly and could be aided by
the planned-for plotter and digitizer.

Geologic Analysis

The geology of the basin is shown in Figure 7. This was compiled from
three sources, as shown on the map. Many of the contacts are inferred or
guessed at and the map may be oversimplified. The heavy vegetation and
scarcity of outcrops mask the geology, making detailed mapping difficult.

Discussions with a local well driller indicated that in some locations
the felsic biotite gneiss was partlally weathered to depths greater than
usual. This condition of the gneiss produced rocklike drilling but
frlable, sand-like water-bearing zones. These situations requlred well
casing through this material. Thus several wells required casing of 100
feet or more, which is highly unusual. This knowledge of the deep partial

weathering could not be used to help geologic mapping, due to the lack of
wells with known casing depth.

It is speculated by the authors that the basin geology is much more
complex than mapped, with more inclusions of the felsic gnelss throughout
the Newberry complex. At various locations in the basin, pieces of the
felsic gneiss were found as float, mostly in plowed fields, as well as
pieces of quartz. The quartz ranged from massive microcrystalline
fragments to masses of euhedral crystals 1/4-inch or larger in diameter.

With such an uncertain understanding of the geology it is impractical,
for now, to assess best drilling sites on the basis of geology and its
relationship to the geomorphology. Further work with the well inventory
will be required to determine if particular areas, geology, or topographic
locations are more favorable well sites. Consultation with Mr. Charles

Daniel, USGS in North Carolina, will now be potentially useful and
fruitful.

REMOTE SENSING LINEAMENT MAPPING

According to the workplan this phase of the project was to be
completed prior to the use of the surface geophysical equipment. The
number of objectives scheduled for this first half-year of the project
created a tight scheduling of events. The arrival of the air photos and
remote-sensing images did not meet the schedule, as was suspected from the
start, owing to the lead time required for the purchase of these
products. As a result, older (February 1970), black-and-white air photos
from the Map Library of the University of South Carolina were used to make
an initial lineament map of the basin, see Figure 8.
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More lineaments were plotted on the air photos than on the topo
sheet. Many of the lineaments from the two maps overlap, potentially
confirming their existence. The rose diagram in the lower right of
Figure 8 shows roughly the same preferred orientation as the previous map,
Figure 6. The main difference being the N20-30°E orientation is the
most preferred direction on Figure 8.

Interpretation of the other images should shed more light on this
lineament plot variation. The difficult logistic accessibility of the air
photos used for the initial work inhibited cross checking.

An important lesson to be gleaned from this experience is that four to
eight weeks may be required for the arrival of ordered air photos. The
typical requests for ground-water resource development received in the
Piedmont Office have a time frame of one to two weeks. This is obviously
a much shorter time than the turnaround to order air photos. If
remote-sensing lineament mapping is to be a serious option for the
Piedmont, a set of images covering the Piedmont should reside in the
Greenville Office or at another convenient upstate location, for the
Commission staff and others. Most likely the imagery would not need
frequent updating, at least for lineament mapping, since newer imagery
would probably have more of the urbanization that detracts from lineament
mapping.

An important aspect of this objective is the evaluation of various
imagery different in scale, color, and sensing platform for their adequacy
for lineament mapping. The imagery obtained includes:

1:20,000 scale Black and White 9"x9" paper air photos, 2~-20-70;
at USC Map Library in Columbia, SC;

1:40,000 scale Black and White 9"x9" transparencies, 1-25-81;
coverage shown in Figure 9;

1:58,000 scale color IR 10"x10" NHAP transparencies, 2-15-84;
coverage shown in Figure 9;

1:100,000 scale B&W 38"x38" SPOT imagery, l0-meter resolution:
5-10-87 and 12-30-87; coverage shown in Figure 9;

1:100,000 scale false-color 38"x38" SPOT imagery, 20-meter
resolution; 5-10-87 and 11-13-87; coverage shown in Figure 9.

The coverage of the various imagery increases, obviously, with
increase in the scale. Interpretive resolution decreases with the scale
increase. It is hoped that a reasonable scale can be found that allows
good lineament identification as well as economic areal coverage.

This imagery will be interpreted following the completion of this
report. By the time the imagery arrived, the surface geophysical
equipment had also arrived and had to be used before the loan time was
up. As mentioned above, the 1:20,000-scale Black and White air photos

were lineament interpreted to help in the selection of survey sites in the
basin.
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SURFACE GEOPHYSICAL SURVEYS

The initial plan for this objective was to choose several sites
throughout the basin in which to conduct the surface geophysical surveys.
The choices were to be made on the basis of the exploration methods
described above. These exploration methods were conducted but not to the

degree nor quality initially desired, due to the problems described in the
above sections.

The site selection was further narrowed by ownership and
accessibility. Repeated access to the test sites would restrict or
prevent use of the land by the owner, especially if survey lines were
staked. Overland foot travel to test sites would reduce the volume of
survey work possible during the limited time we had the equipment.

Several sites were tentatively chosen and the most accessible would be
worked in first.

Figure 10 shows the three locations where survey work was done, as
well as four sites of minor work. The three survey sites are shown in
more detail in Figures 11A, B, and C. Covering sites A and B consumed all
of the month we had each piece of equipment. During the April 1988
training course, Pete Haeni stressed learning how to use the equipment and
interpret the data this first 6 months. Once this was accomplished, more
meaningful surface geophysical work could be pursued later.

Site 1, Figure 11A, is a grid containing 135 stations located in a
U.S. Forest Service clear-cut area and covers one and possibly two
lineaments. It consists of 9 parallel lines with 15 stations per line,
and 20 meters between stations. The lines were oriented S47°W to line
up with the VLF transmitting stations, Figure 12, and the suspected

lineament. Site 2, Figure 11B. is a traverse paralleling U.S. 176 and
crosses a prominent linear feature.

Site 3, Figure 11C, is a private homesite where we gave technical
assistance and ran 5 VLF-EM surveys. This contact was made during the
initial stages of the geophysical work in the basin.

Three pieces of surface geophysical equipment were used between March
and June 1988. 1Included were the Geonics 16/16R VLF-EM instrument, the
Bison 2390 DC Resistivity unit, and the Geonics EM34-3 terrain
conductivity meter.. A fourth instrument, the WADI, a VLF-EM instrument,
was experimented with in the grid site but the data were never analyzed or
downloaded. The WADI data was later lost due to data management error and

thus no results are available. More WADI surveys will be conducted during
the next year of the project.

VLF and Radiohm Meter

The Geonics 16/16R VLF-EM instrument was used in March 1988 and was
the first piece of surface geophysical equipment employed. Much of the
basic theory learned to date on surface geophysics was learned during this

first month, because principles of resistivity/conductivity underlie all
three methods used in this instrument.

The VLF instrument is a passive device, i.e., one that does not
transmit signals but receives signals only. It uses the broadcast energy
transmitted by very low frequency radio military stations from 14
locations around the world. The three stations used during the surveys
are listed in Table 2.
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TABLE 2

ID Location Frequency Power Day Time off
NAA Cutler, ME 17.8 kHz. 1,000 kW Mon 0600-1400
NLK Jims Creek, WA 18.6 kHz. 300 kW Thu 1000-2300
NSSs Annapolis, Md. 19.0 kHz. 100 kW Tue 0600-1400

Each of these stations have an off period every week for maintenance.
Surveys had to be planned around these off periods since no readings can
be made without the station broadcasting. As can be seen in Figure 12,
Cutler, ME, and Annapolis, Md, are nearly identical in NE orientation to
Hellers Creek. This made it possible to switch to the secondary station
during the off time of the primary. Roughly perpendicular, or NW, to
these stations is the Jims Creek, WA, station. Thursday was the only day

surveys could not be performed, since both station orientations were used
in the study.

The EM-16 can be operated in two modes:
- as a VLF instrument;
- as a radio-ohm meter, measuring apparent resistivity.

The latter mode requires an attachment that can be left attached during

VLF measurements. This results in four measurements at each station for a
particular broadcasting station.

The VLF instrument measures the horizontal magnetic component of the
VLF radio waves. It also measures the secondary magnetic field generated
by a conductive 'body' in the ground which interferes with the VLF radio
signal. The 'body' could be a metallic sulfide deposit or a water-bearlng
fracture. Some of the factors that impact the operation of this
instrument are depth to the fracture or target, resistivity of the earth
material, strength of the radio signal, and cultural interference.

VLF mode

In the VLF mode two factors will directly impact the identification of
a target, or fracture: contrast and attenuation. Sufficient contrast must
exist between the resistivity of the fracture and that of the host rock to
allow the fracture to be "seen". The resistivity contrast produces a
conductive zone in which is generated the secondary magnetic field. Both

magnetic fields are phase-shifted, the secondary field approximately twice
as much as the primary field.

The deeper the target is located the greater the distance the signal
will have to travel to the receiver. Attenuation of the signal increases
with depth which could decrease the contrast sufficiently to make the
fracture indiscernible. Less resistive (more conductive) intervening
material increases the rate of attenuation. This attenuation factor
limits the depth of penetration of the VLF unit in moderately conductive
terrains. Preliminary evaluations of the Piedmont saprolite expected
re51st1v1ty of 25 to 50 ohm-meters. Average measured resistivities were

in the 100 ohm-meter range, allowing a deeper sensing penetration than
originally anticipated.
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This deeper sensing depth, or "skin depth", does not mean that any
fracture at that depth will be detectable from the surface. Deeper
targets require greater resistivity contrast for the target to be sensed.
Water-filled fractures have only a limited contrast range with their host
rock and thus have a limited detection depth. Part of next year's work
will deal with defining that depth in the South Carolina piedmont.

In general, lower radiated energy from a VLF radio station or greater
distance from the survey site results in lower energy level available for

detecting subsurface features. Both of these factors attenuate the signal
strength and both work concurrently.

Cultural interference includes power lines, either buried or
suspended, metal fences, buried metal pipes, or other metallic objects.
These can interfere with the received radio signal or produce anomalies
that drown any naturally occurring geologic feature. Where these features
exist, surveys may prove meaningless. If possible the survey lines should

be move away from the interferring feature while still covering the
desired target.

A few examples of VLF surveys, although not completely analyzed, are
presented. Figure 13 shows the first two survey lines, oriented with
north at top of page, in the clear-cut grid, Figure 11A. The solid line
shows the "In-phase" component of the vertical magnetic field and the
dashed line shows the quadrature component of the magnetic field. Nothing
significant stands out from our limited analysis. Further analysis, such
as running the results through a numeric filter, described by Frasier,

1969, and contouring of all nine lines of these data should improve the
analysis capabilities.

Figure 14 shows the VLF profile along the southern quarter of U.S. 176
across Hellers Creek. Between stations 23 and 24 a zero-line crossover
occurs very much like the textbook example for a conductive ore body below
a conductive overburden. The assumed geologic model for the Piedmont is a
resistive rock containing conductive water-bearing fractures overlain by
conductive saprolite. This crossover coincides closely on the ground with
the lineament identified by both topographic and air photo lineament
mapping (Figure 11B).

Also of note is the asymmetry of the curves, with larger curves to the
left (southeast) of the crossover than to the right. This is tentatively
interpreted as indicating that the fracture dips to the southeast and
intercepts the land surface, or saprolite, near the crossover point. If
true the better well site would be southeast of the crossover point.

Figure 15 shows the five VLF profiles made at the homesite of Raymond
Hatcher, Jr., site 3 in Figure 10. Figure 16 shows the approximate
orientation of the profiles to the property and eventual well locations.
The successful well, number 2, was drilled near station 5 on traverse 1.
Nothing on the curve for traverse 1 suggests, so far, any fracture.
Traverses 4 and 5 show crossovers near station 4, possibly dipping to the
west. The well is located slightly to the west of the suspected
fracture. If the fracture is oriented to the northwest it would parallel

traverses 1 and 2 and would explain why they apparently show little
evidence of an anomaly.
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Well 1 at the Hatcher site was not necessarily unsuccessful. The well
was 115 feet deep and produced 30 gpm. The rock, however, was the
partially weathered felsic gneiss. The water produced carried a
significant suspended fraction which could clog the pump, thus making the
well unusable. Well 2 required 105 feet of casing before solid rock was
encountered and produced a reported 50 gpmn.

Radiohm meter mode

The radiohm meter, VLF-R, measures the resistivity of the earth volume
down to the "skin depth". The VLF-R uses the same military radio stations
as in the VLF-only mode. An attachment to the VLF instrument, with two
cable~connected electrodes, allows the resistivity measurements. These
electrodes are pressed into the ground, 5-meters in opposite directions
from the instrument, oriented parallel to the radio station being used.

The VLF-R differs from the VLF in that it measures the ratio and the
phase angle between the horizontal electric field and magnetic field of
the VLF radio wave in order to measure the apparent resistivity of the
ground. Apparent resistivity is the summed resistivity of two or more
earth materials. The VLF-R allows the user to know if the underlying
stratum is a single layer or two or more. A single-layer situation will
give a phase angle reading of 45 degrees. A phase angle less than
45 degrees indicates a less resistive layer over a more resistive layer.
A phase angle greater than 45 degrees indicates amore resistive layer over
a less resistive one. 1In Hellers Creek basin nearly all phase angle
measurements were less than 45 degrees, as expected.

The effective depth of penetration, or skin depth, depends mostly on
the measured apparent resistivity and slightly on the radio frequency.
Higher apparent resistivity allows deeper penetration whereas lower values
decrease skin depth. For example, an apparent resistivity of 100

ohm-meters measured with the Cutler, ME, station has a skin depth of 33
meters (108 feet).

The same factors affecting VLF detection of fractures at the skin
depth apply for VLF-R. Since the resistivity of the entire earth volume
below the instrument to skin depth is measured, the fracture must be of
significant contrast to be detectable. In most cases water-filled
fractures will not be detectable at skin depth. A more reasonable
expectation may be one-half skin depth.

Additional information must be available to allow reasonable
interpretation of the apparent-resistivity measurements, particularly in
the two-layer situation. The resistivities of the two layers must be
known, as well as the thickness of the upper layer. This information can
be used in the forward model computer package to interpret the VLF-R
resistivity measurements. If some of these earth values are not known,

trial-and-error can be attempted. So far our experience has not been good
in trial-and-error.

In an attempt to supply some of these unknowns, various sites of
suspected homogeneous subsurface situations were measured. Table 3 lists

four outcrop sites, plotted on Figure 9, where VLF-R measurements were
made.
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TABLE 3

Location Resistivity Phase angle Radio Station
1. 450 23° Cutler, ME.

410 28° Jims Creek, WA.

410 22° Jims Creek, WA.

21, 4250 44.5° Jims Creek, WA.
18800 26° Cutler, ME.

3. 500 29° Jims Creek, WA.
320 62.5° Cutler, ME.

4. 2000 20° Jims Creek, WA.
4500 27° Cutler, ME.

Nearly all these measurements had phase angles less than 45 degrees,
indicating more resistive material below less resistive surface layer.
This is believable for stations 1 and 3 but most likely not for station 4,
and especially not for station 2. The nearly 45 degree phase-angle
measurement at station 2 was made on a large outcrop at an abandoned
monument factory. The Jims Creek station measurement was made across a
single fracture in the outcrop. The Cutler station measurement was made
parallel to the fracture and was the highest measurement recorded. The
low phase angle associated with this high resistivity could reflect

incomplete instrument nulling, since something more resistive than 18,800
ohm-meters is unlikely.

No sites were found that were totally saprolitic to skin depth. No
borehole geophysical logs exist in the vicinity which could possibly show
saprolite resistivity values. Working against this alternative is the
fact that electrical-resistivity borehole logs require saturated
conditions. The long- and short-normal log tools require a 50-foot leader
line which also must be submerged. This results in most logs in the
Piedmont bypassing the saprolite.

At the Hatcher well site the unused well, well 1, was logged the day
after it was drilled, using the 10-foot lateral electric-log tool that
does not require the leader. Figure 17 shows the suite of logs that were
obtained from that well. As can be seen, the logs go to only 50 feet,
because of well collapse. It is interpreted that the typical saprolite
extends down to 25 feet, and below that is the partially weathered felsic
gneiss. This is based on the gamma log showing higher counts above 25
feet than below. If this is true then the partially weathered felsic
gneiss has resistivity of approximately 1,000 ohm-meters, right in
Figure 17. Above this, which is also above the water table, is the
saprolite where no measurements were obtained.

It should be kept in mind that the lateral log measures the
resistivity of a 10-foot cube of earth as the tool moves up the borehole.
In many cases it is actually recording apparent resistivity. The
Commission's geophysical logger operator is now working with using the
single~point tool in the Piedmont. 1Initial results look very promising.

Logs obtained from wells drilled into the basement in the Coastal
Plain were used to evaluate the buried-saprolite resistivity. The
resistivity values for four examples range from 25 to 200 ohm-meters. One
of the objectives for next year is to measure saprolite resistivity at
many sites throughout the Piedmont and evaluate its variation with rock
type.
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Figure 17. Borehole geophysical logs obtained from well 1, Hatcher homesite, Hellers Creek basin.



With the need for resistivity and saprolite thickness data in mind
some results of the VLF-R unit are shown in Figures 18 and 19. Figure 18
shows the apparent resistivity measured at each grid point using the
Cutler, ME, station. Resistivity highs occur in the north-northeast
corner and in the south corner. Granitic outcrops were located adjacent
to the northern high, but off the grid. The highs may indicate bedrock
close to the surface. In the middle of the grid are resistivity lows.

this could be a thicker layer of saprolite or it could be a fracture
zone.

Figure 19 shows the apparent resistivity measured in the grid, using
the Jim's Creek, WA, station. Resistivity highs are located in the
northwest corner, the southeast corner, and in the southern section. A
resistivity low is again identified in the middle. It is hoped that
further analysis and massaging of all the VLF-R data will clear up some of
the current variations in the results. Possibly the contouring of the
absolute value of the difference in apparent resistivity may be
significant. Phase-angle data will also have to be analyzed.

One persistent problem encountered throughout these surveys, primarily
in the VLF mode, involved the audible nulling. Three steps were involved
in making VLF measurements:

The instrument must be aligned with the station. This was

accomplished by nulling the audible sound as the antenna pointed
at the station:

Tilting the instrument until it further nulls the signal;

Further nulling the signal with the Quadrature knob on the
instrument.

It was our experience that the best station for the NE orientation was
the Annapolis station, NSS. This station nulled only partially in the
first step, allowing clearer and therefore easier nulling in the later
steps. The Cutler station, and the Jims Creek station to a lesser degree,
would almost completely null in the first step. The next two steps,

especially the second, were very difficult to complete. The radio-ohm
mode did not have this problem.

Consultation with the manufacturer, concerning the use of a meter
instead of a sound, did not solve the problem. According to Geonics, a
'VU! meter has an inherent delayed response which may complicate the
zeroing in on the correct alignments. They further stated that their
studies showed that the human ear was more sensitive than the meter. An
earphone was used but did not prove satisfactory. Measurements were made
as best possible in light of the situation.

Direct Current (DC) Resistivity
The Bison 2390 Signal Enhancement Earth Resistivity System was used
during May 1988 to make profiles of resistivity soundings at the two test

sites. We had it reserved for the month of April also but did not receive
it due to its use in the training course in Denver the same month.
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Figure 18. VLF-R appérent resistivity contouring at clear-cut grid,
SE corner of Hellers Creek basin, for Cutler, ME, station.
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Figure 19. VLF-R apparent resistivity contouring at clear-cut grid,
SE corner of Hellers Creek basin, for Jims Creek, WA, station.
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The 2390 system has several more features than a typical
DC Resistivity unit. The signal-enhancement feature stacks the
continually received electrical measurements, producing a better reading.
The system also includes a BOSS (Bison Offset Sounding System) unit, which
greatly simplified the potential electrode switching. A chart recorder is
also used to make sure the proper signals, square waves, are being
received. This is primarily a double-check feature to allow the user to

detect improper signal reception, and possibly erroneous data, in the
field.

This system involves much more equipment than the VLF unit (requires
three large wooden boxes weighing 450 pounds), and it takes longer to set
up, but its measurements can be analyzed by computer and stand alone,
initially. The results must be interpreted by an experienced
hydrogeologist and correlated with borehole data.

The measurements are made with two sets of electrodes, a transmitter
and a receiver. An electrical current is transmitted into the ground
through two current electrodes. These electrodes are steel stakes driven
into the ground a known distance apart. The current is received in two
other steel stakes, or potential electrodes. The receiver displays values
in millivolts which are converted by formula to apparent resistivity.

For the purposes of this study the electrodes were arranged in a
Schlumberger array. This array has two sets of electrodes spread along a
straight line, equally spaced from the center. The current electrodes are
farthest from the center and the potential electrodes are located within
one-fifth to one-tenth the distance to the current electrodes.

The current electrodes are labeled A and B and the potential
electrodes are labeled M and N. Since the electrode arrangement is
identical on either side of the center point, most workers discuss the

electrode spacings in terms of one side of, or one half, the arrangement,
such as AB/2 or MN/2.

Electrical soundings were conducted at seven locations in the
clear-cut grid and five locations along U.S. 176. A sounding is the
measuring of apparent resistivity for successively wider electrode
spacings from the center point. The wider electrode spacings measure
apparent resistivity deeper into the ground. The maximum electrode

spacing used in most cases was AB/2 = 100 meters resulting in an assumed
sensing depth of 33 meters (108 feet).

Most of the data gathered have not been analyzed, due to the fact that
as soon as we turned in the DC Resistivity unit the next equipment arrived
and we were in the field again. Figure 20 shows the computer inverse

model output for the five soundings along U.S. 176, oriented northwest on
left to southeast on right.

Below the model outputs is an interpreted section from the resistivity
data. Two features stand out. Below sounding station 2 is a deepening of
lower resistivity, indicating a potential fracture zone. This also lines
up with the VLF profile crossover in Figure 14. Below stations 4 and 5 is
a 400 ohm-meter zone, sandwiched between more resistive zones, that does
not connect with the rest of the section. One possible explanation is
that the left side is underlain by unfractured Newberry granite and the
right by the felsic gneiss, with a fracture under station 2.
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With further analysis it appears that several layers can be
discriminated from ground surface down:

Layer Resistivity range,
in ohm-meters
Dry saprolite .ccececeecscssesess 350 - 600
Saturated saprolite ...cececeeeee 80 = 200
Fractured bedroCK.:ccecseseceosees.s 400 = 600
SO0 A bedrOCK I T ereletels oftlotele olets elolsle ormu >t 151000

This is a preliminary analysis and much work is needed here, as well as
with the clear-cut grid data.

Several equipment problems were encountered during the month, which
cost field time but provided useful training also. The first was a
novice-user problem; we didn't know how to correctly connect the
equipment. No wiring diagram was provided and the manuals were not
clear. When the correct wiring scheme was determined, a wiring diagram
was drafted and added to the user manual.

One of the charging devices did not connect well, resulting in some
equipment not being charged and more lost field time. The transmitter was
not transmitting a current even though the battery check showed a
sufficient charge. Where we could drive the truck to the sounding
station, the truck battery was connected with special jumper cables.
Inaccessible sites required a deep-charge marine battery to be carried to

the sounding station. This problem further reduced the overland
transportability of the systemn.

The bulk and weight of this particular equipment would make profiling
prohibitive. Much information can be gained with soundings and making
profiles from them. For this equipment to be time effective for use in
identifying fractures it may have to be used in a profiling mode. It is
planned to estimate in the next year's work some array spacings that would
prove useful for identifying fractures, such as AB/2 of 8 and 40 meters.
Lighter and less cumbersome equipment is available and may suit profiling
well. The user, however, will need to know if poor data are being

recorded, since many of the fail-safe devices of the USGS equipment will
not be included.

Terrain Conductivity

The Geonics EM34-3L is an electromagnetic device like the VLF
instrument discussed above. A major difference between the two is that
the EM34-3L is an active device; it transmits radio signals from its
transmitter that are picked up by the receiver. This device measures
terrain conductivity (reciprocal of resistivity), using a transmitted
sinusoidally varying magnetic field to electromagnetically induce currents
in the ground. This is done in such a manner that current amplitude is
linearly proportional to the terrain conductivity. The magnitude of these

currents is determined by measuring the magnetic field that they, in turn,
generate.

This is done without ground contact, which greatly speeds up
measurements of conductivity that can easily be converted to resistivity.
Measurements are made by using two wheel shaped coils, one transmitting
and one receiving, in both a horizontal position (vertical dipole
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orientation) and a vertical position (horizontal dipole). Three cable
spacings are used, each with a specific transmitting frequency, which
allows a stepw1se estimated depth of penetration range from 7.5 to 60
meters. This is roughly the depth range covered with the DC Re51st1v1ty

unit, which took 2 hours per sounding. Only 20 minutes were required with
the EM34-3L.

The EM34-3L was used in June 1988. It is an easy device to use but it
took some time to learn how to speed up making measurements. The receiver
has two VU meters, one to indicate conductivity and one to indicate coil
spacing. Locating the coils at their required 10-, 20-, or 40-meter
spacing must be exact and is the most time consuming task. A data logger
can also be connected to the receiver to automatically record the
measurement.

only the clear-cut site was surveyed, not U.S. 176, because of
initially slow measurement. The coils, whether vertlcal or horizontal,
were required to be parallel in orientation, and accomplishing this proved
trying, especially in rolling and uneven terrain.

Two points of field technique helped to speed up the procedure. Using
the 40-meter cable, with markings at 20 and 10 meters, allowed all six
measurements to be made with one pass over the stations. Previously it
was thought that each cable had to be used for each spacing. Centerlng
the coil spacing with the coil in the vertical position was much easier
than in the horizontal position. Employing these two techniques speeded

up the surveying from 45 minutes per station to 20 and sometimes 15
minutes per station.

To date, none of the data gathered with the EM34-3L have been
analyzed. Much can be done with the data, such as to manipulate it with
the forward modeling software provided by USGS and plot the proflles of

the data from station to station. Contouring of all the data in the grid
may also prove useful.

Alkaline batteries were used in the transmitter, receiver, and data
logger. All of them seem to have been drained within 3 weeks of when they
were loaded, which is a shorter life than expected. Of particular concern
was the battery drain in the data logger. The batteries drained quickly,
and upon changing them all recorded data were lost. The downloading
software was also lost and could not be transferred from the Commission's
PC computers to the data logger. The latter could be a
communications-cable problem and will be investigated shortly. This
device will have to be checked into further before the authors trust it.

WADI

As was mentioned in the beginning of this section, the WADI, a VLF
instrument, was not used by any of the Commission staff during this first
6-month period. The WADI was purchased during this period but did not
arrive until the other surface geophysical equipment was already being
used. A USGS technician experimented with the WADI in the clear-cut grid
but the data were not downloaded. A data-management error resulted in the
neasurements being lost in the WADI.
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The WADI is a VLF instrument and works identically to the Geonics
EM-16; however, many of the functions are automated such as all the
nulling routines, the major operational problem we had with the EM-16.
The readings are stored also for downloading in various ways, for
manipulating with the WADI, and for display on its screen. Preliminary
work with the WADI have shown it to be a very rapid instrument in use.
Further work this next year should define its capabilities and
applicability to Piedmont hydrogeology.

DATA ANALYSIS OF SURFACE GEOPHYSICAL SURVEYS

To date, only initial analysis of the data has been possible because
of the tight scheduling of the equipment. The analysis work that has been
attempted has been discussed above in the appropriate sections. Further
analysis and cross correlation between results will be part of the next
year's work.

CONSULTATION WITH CHARLES DANIEL,III

Because of the problems encountered in the geologic portion of the
Lithologic-Geomorphic Terrain analysis, Charles Daniel was not consulted.
We talked with him briefly at a conference in Atlanta, Ga, in May 1988.
We intend to meet with Mr. Daniel in the fall of 1988 to discuss our
findings, as well as our problems.
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Second-Year Objectives

1. Interpret surface geophysical data obtained during the first 6
months.
Most of the data remain to be analyzed and interpreted. Because
this is the first time we have been involved in such analysis, it
will most likely take more time than future analysis.

2. Remote-sensing lineament mapping with comparison of success and
economics.
As discussed earlier in the report, the various imagery will be
lineament mapped and the results will be compared in regard to
lineament identification success, time involved, size of
lineament identified, and cost of imagery.

3. Analyze well data for geomorphic statistics.
Compile statistics concerning the wells, analyze the plotted
wells for correlations of yield, depth, and other characteristics
in relation to location and topography.

4. Establish water quality and water level monitor wells in the
Hellers Creek area.
Develop a set of wells in and around Hellers Creek basin with
which to make water level measurements and collect samples for
water analysis. These data will be used in conjunction with the
ground-water flow model being developed for the basin by USGS.

5. Conduct EM34-3L surveys throughout the Piedmont to determine
saprolite resistivity and conductivity.
Because the saprolite turned out to be more resistive than at
first anticipated, it was decided to try to determine saprolite
resistivity at many sites throughout the Piedmont. Sites will be
chosen to reflect the varyious geology of each belt. A map and
supplemental report could be developed from this work.

6. Review areomagnetic data for the Piedmont and evaluate its
usefulness for ground-water exploration. Compare with results
obtained in Objective 5.
Various scales of aeromagnetic maps have been produced, ranging
from statewide coverage to 7-1/2 minute topographic maps at
various locations. The results obtained in Objective 5 will be

compared, where possible, for any correlations that may prove
useful for fracture identification.

7. Conduct seismic, magnetometer, and WADI surveys at established test
sites.
These additional pieces of surface geophysical equipment will be

evaluated for their potential in locating water-bearing
fractures.

8. Locate and drill wells in Hellers Creek basin to add to
interpretive knowledge at test sites. Also establish ADR wells, a
rock well, and a saprolite well near it.
No monitoring well data dealing with the correlation between the
saprolite and fracture water levels exist in the Piedmont. This
will provide an excellent opportunity to start this as well as
provide data for the ground water model for the basin.
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Project Proposal
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RROJECT PROPOSAL SC87f

PROJECT TITLE AND LOCATION:

Evalua:i?n of the use of Surface Geophysics, Surface-Water data,
Geomorphic data, and Remote Sensing Methods to Predict Yields of
Ground Water from Piedwont Aquifers in South Carolina.

PROBLEM, NEED, AND HYDROLOGIC CONDITIONS

T?e n?tufe of ground wvater ocurrence in crystalline rock terrsin
makes it dxff;cult_:o assess its flow and yield potentials. This hinders
the co?reii snalysis of a crystalline rock aquifer's potential to yield
economically significant volumes of water as well as its sus ibili
pollution and contamination. R

Gfou?d vater flovws through tbe faults, fractures, joints, and bedding
or foliation planes in crystalline rock. Outside of these high porosity
zones‘ground wvater flow through the rock ie virtually nonexisteant. 1In
most instances, the rock is mantled by a layer of in-place weathered rock
called faprolite. This saprolite is the principal ground-water recharge
reservoir to the water-bearing zones. Thicker saprolite provides a larger
reservoir but also masks surface evidence of the water-bearing fracture
zoanes.

. Detection of these zones at the surface is difficult and requires the
interpretation of indirect manifestations of the subsurface features. The
ground-uater exploration methods to be investigated in this project are
intended to help overcome the hindrances to locating these water-bearing
zores. These exploration methods need to be systematically evaluated for
their success, reliability, and cost—effectiveness in locating high-yield
ground water supplies in the crystalline rock Piedmont. ’

Contaminants move along the same pathways as water. In the Piedmont
roc*s Shese pathways are the faults, fractures, joints, and bedding or
foliation planes. Successful employment of these exploration methods will
also allow the delineation of these flow pathways for the identification
?f actual or potential contaminant transport. This would be very helpful
in the siting of landfills and industries which hendle hazardous
materials.

?any towns, rural communities, and most rural domestic residents in
the Piedmont Province of the Southeastern United States depend on ground
water for their vater supplies. Many of these water users not only faced
dxffxsulties in locating their ground water supply initisglly but sowme
planning is needed for future water demands. These additional supplies
are necessary to meet short-term, peak water demand in the event of a
drought, as experienced during 1986, as well as projected increased demand
for public supply, commercial, and industrial growth.

Extremely low precipitation during the winter, spring, and most of
the summer of 1986 resulted in a severe drought in much of the
Southesstern United States. Extremely high tewmperatures exacerbated the

1

problem. Both of these factors caused an increase in demand for vater
fron municipal, industrial, and household water supply systems, which were
also being stressed by drought-lessened water supplies. Water supply
managers and homeowners were forced to reassess their water resources
situation.

It is popular belief that omly small volume users can depend on
ground watexr resources in crystalline rock areas. There are several
instances, however, in which wells in crystalline rock have proven to be
adequate for large supplies. For example, this past suemer the South
Carolins Water Resources Commission successfully located & wunicipal wvell
site, which produced a 250 gpm well in the Inner Piedmont geologic belt.
It should be noted that this site was wmot the primary choice, as the
optimum well site chosen was unavailsble for use since it had already been
designated by the town for a future sewage treatment plant. The
exploration method applied jovolved the analysis of the site geology, and
ap assessment of the topographic map for lipear features, similar to the
method described by Daniel and Sharpless (1983).

The sbove example demonstrates the successful application of improved
ground water exploration methods. It also demonstrates one of the
problems faced in the development of municipal or industrial water
supplies in crystalline rock terrain. Ground water wells cannot be
located for convenience; tbey need to be located in the water-bearing
fractures, wherever that may be in the commuaity or on the industrial or
homeowner's site. Successful exploration methods will allow existiog and
potential ground water users to assess where they will be able to develop
future supplies and make appropriate plans.

A variety of techniques, some old 2nd some new, are available to
evaluate ground-vwater resources in fractured rock overlaia by ssprolite.
The peed that will be addressed in this project is for a systematic
combination of the available techniques in an eavironment that permits
evaluation of their effectivepess. The project will make use of advences
in surface geophysics, surface-water data analysis, geomorphic and
geologic data analysis, remote semsing, and geographic information systems
to delineate the ground-water flow system in a test basin, estimate a
water budget, and evaluate well yields. Some well-yield data will be
vithheld during the evaluationm, to be used as a check on the ability to
predict yields.

A systematic approach was developed for the analysis of crystalline
rock for locating high—yield ground-water wells (Daniel and Sharpless,
1983). This procedure involves the analysis of tbe topography,
particularly the drainage pattern, as it relates to the underlying

geology.

Linear features, such as segments of stream channels and saddles io
ridges, that align in close proximity to each other are believed to be the
surface manifestation of fracture traces in the underlying rock. The
orientation of these lineaments is related to the geologic structure vwhich
may control the local drainage. This allows the assessment of recharge to
given points along the linmesment and helps in selecting the most desirable
wvell site.



An important element to include in the selection of the potential
vell site is the thickness of the overlying saprolite. The saprolite
stores the majority of the ground water that recharges fractures and the
bedrock. Areas vith thin saprolite are considered poor sites. Im
general, the thickest saprolite indicates the best recharge reservoir and
therefore the best well site.

The use of stereo air photo interpretation for mapping lineaments
(fault-, fracture-, and joint-traces) has been quite successful (Lattman,
1958, and Gold, 1977). In conjuoction with this, the techniques for
locating ground-vater vells in crystalline rock terrains by their
relationship to fracture traces (Lattman and Parizek, 1964) has been
employed successfully for some time.

These photo interpretstion techniques will be employed for locating
lineament traces in each of the test sites. Once identified, these "
lineaments will be field checked to verify their geologic charscter as
opposed to man-made features. It is the intent of this investigation to
test aod compare the applicability of this ground-water exploration method
in the igneous and metamorphic terrains of the Southeastern Piedmont.

The concept of using radio signals for mineral exploration has been
Xpown since the turn of the century, vhen measurements of attenuatiom and
polarization were cooducted by Eack in 1908 and Feldman in 1933 (Paterson
and Rooka, 1969). Electromagnetic methods using radio waves from portable
transmitters were employed as early as the 1930's for prospecting aod
geological mapping. Mapping of coal seams and exploration of base-metal
ores using radio-frequency metbods contipued in Europe, and, in the Soviet
Dnion, radio-shadow techniques in drill-holes successfully explored and
mapped sulfide ore bodies (Paterson and Ronka, 1969)

Electromagnetic techniques vere not used routinely until 1964 when
passive VLF (very lov frequency) equipment became available. This ’
technique uses sigpals from powerful naval transmitters across tbe vorld
(Paterson and Ronka, 1969). Since thep VLF and other EM systems have
gained videspresd use in geologic mapping and mineral exploration.

Earlier use of VLF techniques for geologic exploration was difficult
because of poise generated by the relatively high frequency used. Fraser
(1969) developed a data menipulation technique which filtered the noise
and rendered data suitable for contouring. This technique was
particularly successful in exploration for near-surface ore bodies because
of their high conductance (Fraser, 1969). Shallow geologic structures
were mapped near Ottava, Canasda, using VLF. The information obtained from
this survey agreed vell vith other geologic data (Telford and others,
1977). While this VLF survey was useful in locating subsurface anomalies
such as faults, it did not provide much information on the nature of the
rocks surrounding an anomaly, and had to be supplemented with apparent
resistivity data. Thus the VLF pethod was noted as a "useful qualitative
supplement to field geology mapping” in "simple structures” but also a
technique subject to errors of ioterpretation from lateral changes in
ovirburden resistivity or sbrupt changes im overburden thickness (Telford
and others, 1977).

More recently VLF techniques have been used to map fracture zomes of
a granitic pluton in the Canadian Shield at the site of a pl..anned
underground nuclear waste 1sboratory. While highly conductive overbuz:den
limited the use of VLF data in mapping deep bedrock, the trends of major
vertical fracture zomes detected with the technique agree well with mapped
fracture traces and resistivity surveys (Soonawala and Dence, 1981).

A VLF (apparent resistivity) instrument was used for wnapping a
massive sulfide prospect in the MacKenzie District of Canada's North West
Territories. The area is underlain by perpafrost aod exhibited wide
varistions in resistivity, but the data vas adequate to map the complex
geology (Scote, 1974).

Exploration for ground water using direct currest resistiv_ri.:y
techniques has been a common practice more than S0 years, and.:.s probably
the most favored method still in use. Electromagnetic surveying
techniques, however, were developed primarily for geologic mapping and
pineral exploration. Even though electromagnetic techniques for ground
water prospecting vere first demonstrated in Sweden im 1933, these methods
have not been extensively applied in the past (Paterson and Bosschart,
1987). In the last few years, hovever, electromagnetic techmiques have
been used in a wide variety of ground—water problems.

Electromsgnetic techniques were used in Pre-Cambrian rocks of Burkina
Faso in a ground water exploration and development program (Palacky and
others, 1981). The geology of this area of West Africa is characterized
dominantly by crystallime rock, overlain by & residual veathered layer,
usually 15 to 40 m thick. The veathered layer is geperally permesble but
because of the region's aridiry it is often dry. Water can be found at
its base in a transition zone, vhich, however, is usvally of insufficient
thickness to be & viable aquifer. Weathering is deeper in fracture zoves
and these generally form excellent aquifers. It is these narrov ftecmre
zones that must be drilled into for an adequate water supply. Missing
these zopes by even a few meters may produce only a dry bole (Palacky and
others, 1981).

The generally dry weathered layer contrasts with the water-bearing
fracture zones beneath it and their differences in conductivity are
detected easily by VLF techmiques. These techniques vere used very
successfully in locating these fractures. It is also important to know
which of the two dominant lithologic types (granite/gneiss suite and
metamoxrphosed volcano-sediments) underlie the weathered layer, as the
metamorphosed volcano-sediments usually weather more deeply than do the
granite/gneiss suites. HLEM responses vary for the vgathexed layer
depending on the residual litbologies, aod the tvo major rock types are
easily distipguished from each other (Palacky and others, 1981).

Combining data from VIF and EM surveys produced very good results in
ground vater exploration. During the 1980 field season, 23 out of 24
wells drilled were successful. Another major advantage in using the VLF
and EM techniques was the speed, ease, and accuracy over conventional
resistivity methods (Palacky and others, 1981).
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" Dirks and others (1983) report similar results using EM techniques in
bard rock areas in West Africs, again by locating narrow fracture zomes in
the bedrock. In southern India, a VLF survey successfully located ground
water in a geological setting similar to that of West Africa, but with a
different hydrological system (Poddar and Ratbor, 1983). The major
aquifer is a veathered rock layer which overlies a granite-gneiss basement
in one area, and overlies basalts and dolerites in another. In the
granitic area, the veasthered layer is permeable and very conductive
because of its high vater coastent, which generally masks effects on the
VLF of the underlying bedrock. Anomalies in VLF measurements are
therefore attributed to the vesthered layer itself. The data is
interpreted as thickness of the weathered layer (depth to bedrock).

The beseltic ares is similar in response but also has a thin clay
layer between the westhered layer and bedrock. This clay layer almost
completely prevents the bedrock resistivity from being measured. 1In
geoeral, therefore, for both areas the VLF instruments are used for
interpreting resistivity and thickness of the weatbered rock layer, the
major aquifer (Poddar and Rathor, 1983). Im both cases, VLF surveys
provided a fast and inexpensive tool for mapping tbe weathered layer,
after calibration of the equipment in a few resistivity soundings (Poddar
and Rathor, 1983).

Ino regional tests with tbe techniques in Sweden, pot only has the VLF
been demonstrated to be an excellent locator of fractured water-bearing
zones, but quantitative analysis can be performed from tbe data, im which
given similar geologic regimes, a stronger VLF anomaly represents a larger
amount of water available (Mullern and Eriksson, 1982).

EM techniques have been used at 8 hazardous—vaste landfill site inm
Minnesota to evaluate fluid flow through fractured bedrock (Technos,
1985). The EM techniques detected increased conductivity in the fracture
zones, and cooductivity wves increased (and EM detection enhanced) if the
water vas cootaminated.

In the Retherlands, ground-vater pollution plumes were mapped from a
waste disposal site in sedimentary rocks, using VLF and EM (Ritsema,
1983). Besides being quicker and less expensive than conventiomnal
resistivity methods, the results of the never techniques were in agreement
with resistivity and borebole data (Ritsema, 1983).

Paterson and Bosschart (1987) list several edvantages of EM methods
over standard resistivity techaniques:

1. Em methods require po contact with the surface, as do resistivity
weasurements.

2. EM methods can be done by "parametric” sounding in which readings
are made st different frequencies at one station for a complete depth
and conductivity survey, whereas conveontional resistivity methods are
"geometric", which require physically moving electrodes several times
at increasing distances for esch sounding.

3. A better profile resolution can be achieved with EM methods
because EM data readings can be spaced much closer together. This
high resolution is especially important in narrow bedrock fracture
aquifer systems.

4. EM methods combine soundirg and profiling in one operation while
conventional methods require separate and more time-consuming
operations.

5. EM messurements can be carried out from woving platforms such as
aircraft.

Electromagnetic (EM and VLF) methods have been shown to be useful in
locating fracture zones and in estimating weathered layer thickness apd
lithologies, and doing so in a time- and cost-effective manner. The
techniques are less lsbor-intensive than traditional resistivity surveys
and more ecomomical, and can therefore cover larger areas for a smaller
investment in time and finances.

While electromagnetic surveys have been conducted in many parts of
the world, no such survey is knowvn to have been done in the southeastern
Piedmont of this country. The geology of this regionm is very similar to
that described for Burkina Faso (Dirks, 1983; Palacky and others, 1981;
Paterson and Bosschart, 1987) and southern India (Poddar and Rathor,
1983), where EM and VLF techniques have been successful inm locating ground
water supplies.

However, there are major differences iz the hydrology. The West
African crystalline rock sites, being in arid and semi-arid climates, are
dependent on narrov fracture zomes for their ground water supply. The
tropical southern India sites, also ip crystalline rock, are more
dependent on their veatbered rock layers for ground water. The
Southeastern Piedmont, on the other hand, is a temperate climatic zope in
which water is found in both the veathered layer (saprolite) and fracture
zones. 1f large water supplies are nmeeded, however, only the fracture
zones will be adequate.

The difficulties in interpreting Piedmont bydrological systems lie in
differentiating between the bighly conductive weathered layer and the
highly conductive fracture zonmes. The fracture zones need to be located
without the interference on EM and VLF measurements by the weathered
layer. In the West Africa prospect sites the relatively dry weathered
layer permitted underlying fractures to be located; in the southern India
study area the saturated veatbered layer hindered fracture locsting but
this was not critical since the major water supply there is the weathered
layer.

Information on the distribution of streamflow in space and tiwme,
particularly during periods of lov flow, can be useful in understanding
ground-vater flow and availability. Low-flow duration statistics indicate
the rate of dependable flow discbarging from aquifers into a stream.
Simultaneous streamflow measuremects at different locatioms along the
stream identify ground-vater discbarge rates associated with various
geologic features in the basin. Combining streamflow dats with wvell
yields and meteorologic data permits estimation of & water budget for the
basin. .

6
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Figure 1. Map og the Eastern United States showing the orientaticn and
distribution of the Piedmont Geologic Province.

The various techniques to be applied in this project will lead to a
data base containing many different kinds of information, most of which
will be associated with specific geographic locations. A geographic
information system will be developed to store, manipulate, and display the
data in forms that will further the objectives of the project.

The Soutbeastern Piedmont therefore presents tbe challenge of
combining techniques used in other asreas to imterpret its hydrogeological
framework and enable accurate locating of important vater-beariog fracture
zones. The aquifer system of the Soutbeastern Piedmont is dependent on
both the overlying weathered layer (saprolite) and the fractured bedrock
as a whole. The development of a practical field methodology,
interpretation technique, and exploration models in the use of EM and VLF
for ground water evaluation will greatly enhance current efforts in
improving water supply and quality in the region.

PURPOSE AND OBJECTIVES

The purpose of this project is to evaluate the utility of combining a
variety of techniques for assessing availability of ground vater in the
South Carolina Piedmont. Specific objectives include:

Select a study basin based on criteria of size, land use, geology,

A.
and availability of data on streamflow and well comstruction and

yields.
Collect and apalyze data on geology, soils, topography, land use,

geomorphology, and hydrology-
Vithhold well yield data for later checking of well yield

predictions.

Perform fracture-trace analysis of air photos and otber remotely
sensed data such as LANDSAT, and SLAR of the study area.

Conduct surface geophysical surveys using electromagnetic surface
conductivity (EM), very lov frequency EM (VLF-EM) and, if possible,
other techniques such as resistivity, ground-penoetrating radar, and

B.
C.
D.

E.

seismics.
Develop a geographic information system to store, manipulate, and

display the combined data.
Use a relation between the various parameters determined for the

_basin to construct a map showing relative availability of ground

F.
G.

water in the basin.
Test the map using the withheld well-yield data.
Present an evgluation of the methods, along with results of the

investigation, inm a report.

H.
)

APPROACH

The Piedmont crystalline rock province of the Eastern United States
extends from New Jersey apd Pennsylvania in the nortbeast to Alabama in
the soutbeast, crossing through Maryland, Virginia, North and South
Carolina, and Georgis (Figure 1). This province is bordered to the
northvest, for most of its length, by tbe Blue Ridge province. To the
east and southeast, this province is bordered by and underlies the Coastal

Plain Province made up of Cretaceous age and younger sediments.

7
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The Piedmont rocks originated as sedimentary rocks, being deposited
jn the late Pre-Cambrian through Paleozoic time (Overstreet and Bell,
1965) in an island arc environméant. Folloving the deposition the plate
collision between North America and Africa subjected the sediments to
metamorphism and syn- and post-kinematic igneous plutonism.

This metamorphism produced a series of parallel rock belts, ruanning
roughly the entire leogth of the Piedmont Province. Io the Southeastern
Piedmont the major belts are, from nortbwest to southeast: Inner Piedmont
belt, Kings Mountain belt, Charlotte belt, and Carolina Slate belt
(Figure 2). Each of these belts differ by metamorphic grade and rock

assemblage.

A study basin encompassing one or more of these rock types will be
selected for the initial focus of the project. Ideally, later phases of
the project will incorporate sdditional study basins in different rock

types.

The selected basin will have some streamflow and vell-yield dats
available. It will be large enough to represent a range of geologic and
topographic features, and small enmough to permit field surveys of surface
geophysics. Land use will be predominantly rural, which will afford a
straightforvard relation between surface vater and ground water.

Four small drainage basins currently under consideration as shown in
Figure 3, are:

1. Hellers Creek nesr Pomaria, South Carolins, in Nevberry County,
containing 8.16 mi‘ of drainage area, 7 years of streamflow
records, a part of the Broad River basin, and underlain by Charlotte
belt rocks;

2. Hamilton Creek near Easley, South Carolina, in Pickens County,
containing 1.60 wi® of drainage area, 6 1/2 years of streamflow
records, a part of the Saludas River basin, and underlain by Inner
Piedmont belt rocks;

3. Lawsous Fork Creek at Dewey Plant near laoman, South Carolina, in
Spartanburg County, containing 6.46 mi® of drainage ares, 8 years
of streamflow records, a part of the Broad River basin, and underlain

. by the Inner Piedmont belt rocks;

4. Neals Creek near Carlisle, South Carolina, in Union County,
containing 12.3 mi‘ of drainage basim, 7 years of streamflow
records, a part of the Broad River basin sod underlain by Charlotte

belt rocks.

The selected basin will have a complete background data compilation

and assessment. The resulting conceptual model of each site will include:

A. Geologic model:

mapping and digitizing of site geology and structure;
analysis of existing borehole geopbysical data;
inventory of existing vells and analysis of well datz;
digitization of existing soil survey maps.



B. Hydrologic model:
. drainage basin delineation;

= - e . surface water low-flow analysis and seepage run for estimation
- of ground vater recharge and discharge;
existing ground—water level dats;
. local rainfall-runoff relationship, and
C. Climatologic model:

. annual and monthly precipitation statistics for the basin;

. assessment of current situation through the use of cumulative

departure from normal plots.

"
=
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A site selection procedure for locating bigh-yield wells in the
Piedwont terrain by Daniel and Sharpless (1983) will be pursued. This
involves a geomorphic terrain analysis of surface drainage patterns
relative to the underlying geology and recomnaissance mapping for areas of
thick regolith and high water table.

o

Stereo air photo interpretation will be conducted at scales of
1:40,000 for regional analysis and 1:9,000 for detailed site snalysis.
Photo lineaments will be transferred to a base map and digitized for later
apalysis of preferred orientation, length, and frequency of occurresce.
These photo linears will be field checked to eliminate man-made features.

NURTH CARULINA

Other remotely sensed imasges will be investigated for their
applicability to lineamept mapping. Side-Looking Airborme Radar (SLAR),
National High Altitude Photographs, and aeromagnetic surveys will be
reviewed. However, their small scale may meke them unsuitable.

YLE-EM Water evaluation,

Basically, the electrical conductivity of a substance is & measure of
the ease with which an electric current can be made to flov through it.
It is genmerally electrolytic and takes place through the moisture-filled
pores and passages which are contained within the insulating matrix. The
minerals in sand and silt soils are electrically neutral and geperaslly
excellent insulators. Completely dry clay is also an insulator, but if
moistened it changes its properties radically. Rocks becsuse of their
very small primary porosity are insulators too except where secondary
porosity has developed. ’
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Figure 3. Proposed study basin locations.
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When porevater is not particularly saline, the soil and rock
electrical properties may be stromgly influenced by the lithology and
geologic structure. If these geclogical features (joints, fissures,
fractures, etc.) are saturated, they become good cooductors and are
responsible for anomalies emcountered during resistivity surveys. The
interpretation and understanding of such irregularities could be used to
delineate and locate potential aquifers in crystalline rock, such as those
of the Southeastern Piedmont.
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surface resistivity methods mainly will be
spplied to obtain background information and to calibrace EM equipment.
To calibrate the EM instrument, the conductivity in a region of very
resistive ground is obtained from a set of resistivity soundings. The
reciprocal observed resistivity values subsequently are used to set the
instrupental zero of the EM meter. The Wenner array consisting of four
equally spaced electrodes is used for this purpose because calculation of
spparent resistivities (and therefore conductivities) is simple, and
portable, lov current instruments can be used.

For purposes of comparison, at lesst two resistivity profiles will be
conducted scross each site usifg Schlumberger arrays. Zohdy and others
(1974) present a number of arguments im favor of Schlumberger soundings,
a8 opposed to Wenner arrey soundings, including less time and manpower and
relatively less sensitivity to stray currents. Most importantly, lateral
variations in resistivity are more easily recognized, and therefore more *
effective for the identification of vertically oriented fresh-water
besring fractures zooes while profiling.

For correlation to topographic end photometric observations and VLEF
and EM surveys, Schlumberger profiles will be conducted along lipes
coincident with twvo of the profile lines of the VLF and EM surveys. The
appropriate electrode spacing is determined from soundings and use of a
tvo-layer interpretation (assuming low resistivity saprolite and high
resistivity bedrock) and the profile is obtaiped by moving the array along
lines normal to the fracture trace. If arrangements to obtain a more
poverful unit succeed, an AB array might be applied in areas where
sufficient space exists. The AB array uses current electrodes spaced at
distances of 3,000 ft or greater vhile the potential ‘electrodes are moved
along tbe middle third of the array.

The VLF-EM evaluation
methods relsy on the messurement of a secondary field generated by °
conductive bodies in the ground vhes subject to a primary EM
(electromagnetic) signal. Under certain cooditions the apparent
resistivity of these bodies can be estimated from measurable compounents of
the fields. The primary field can be generated either from a remote
station or from within the instrument. The remote statioms are powerful
military radio transmitters that operate at VLF (very lov frequency) to
communicate with submarines.

The radio waves penetrate the ground and are disturbed by
electrically conductive bodies. These bodies may be rocks containing
significant amounts of cooductive minerals (magnetite, hematite, graphite,
etc.), or vater-bearing fracture zomes (Mullern, 1982). These
perturbations can be recorded with VLF-EM instruments and analyzed to
determine the potential of these fracture zones as aquifers, or the
occurrence of ground water vith higher electrical conductivity due to
contaminstion (Dirks and others, 1983).

The principal advantages of the inductive EM technique over

corventional resistivity sre the speed and accuracy with which lateral
changes of terrsin conductivity csp be measured. This technique can also

10.

be used to messure vertical variation of conductivity by ex'panding the
intercoil spacing in a nanper analogous to that in couventional
resistivity sounding techniques. Bowvever, it is limited to only three
frequencies.

q o q

The interpretation of EM data is possible by assuming models
representing the natural system. The earth is represented h¥ bomogeneous
layers of different condoctivities and thicknesses. In reahsyf each
layer evidences inhomogeneities im both :bicknest-and conductivity
complicating the analysis of date. Several techniques havg been.develoyed
to consider the departure from borizontal uniforwity by using suitable
phasor disgrams (Poddar and Rathor, 1983, p.527).

A conceptualized profile of tbe crystalline rock consists of'the
following segments (see Figure &4, top to bottom): a crust of residual
quartz- and organic-ricb soil several incbes thick (A horizon); a zome of
completely weathered rock from 1-4 feet thick (B horizon); and a zone of
active veathering from 4-100 feet (C horizom).

1. The aquifer in thbe veatbered zome (C horizom) bas a lov‘hydr?ulic
conductivity, is subject to seasonal variations, and bgcauge of its
proximity to the surface is very susceptible to contamination.

2. The aquifer io the fractured zopes (below C horizom) is excellent
because of the high bydraulic conductivity (high secondary porosity),
and considerable ssturated thickness of tbe overlying material.
Drilled wells in tbese squifers have a substantial yield and are less
subject to seasonal variations and contamination.

An adequate physicazl model to represent the veathered profile of the
crystalline rock would be a three-layered model of wbich the upper layer
represents soil, the middle layer veatbered rock, and the lower layer
unveathered rock. Current research in igneous and sedimentary rock of
other cootinents suggests that the upper soil layer has a lov cooductivity
and could be ignored (Poddar and Rathor, 1983). The physical model could
therefore be reduced to a two-layer model comprising a weathered layer
resting on fresh bedrock (see Figure 5).

In situations where the veathered rock zonme does not behave as a
horizontal layer, Palacky apd others (1981) suggested the use of a more
reslistic model. This is the valley discootinuity wodel, in which the
fracture zone is approxinated by a valley-sbaped increase in the thicknef:
of the weathered zone. Theoretical responses and phasor diagrams for this
model have been published by Villegas-Garcia (1979).

When using the EM in its apparent resistivity mode, a layered system
also needs to be assumed. The two-layer model has three unknowns, which
are depth and resistivity of the upper layer, and resis:iv%ty of the lower
layer. One of the varizbles peeds to be knmown or assumed u:z oxder to use
phasor disgrams to solve the other two variables. An algontln? vas
developed by Grissemann and Reitmayr (1978) that givenm the re:-ussn_uty for
the upper layer, the thickness of tbe upper layer and the resistivity of
the lower layer are calculated.

11
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A three-layer model bas five varisbles, three of which are unknown
god need to be assumed before the remaining two can be determined. Phasor
diagrams vere developed for the solution of a three-layer model (Poddar

and Rathor, 1983).

While the depth of exploration using the EM can be severely re-
stricted for very conductive veathered rock, it should be adequate for the
weathered igneous snd metamorphic rock of tbe Piedmont Provinces. Common
values of resistivity for weathered rock (Engalenc, 1978, West Africa) are
used here to compute the following penetration depts for the EM:

Penetration. Depth

Resist. Conduct. Frequency
(ohm—=) (mmho/m) kHz (meters) (feet)
VWeathered granite 25-50 40-20 25 16-23 52-75
15 21-29 69-95
VWeatbered schist 10-30 100-33 25 10-17 33-56
15 13-23 43-75
Weathered amphibolite 5-15 200-67 25 7-13 23-43
15 9-16 30-52

The veathered zone of the crystalline rock of the Piedmont averages
between 30-50 feet in thickpess. These values are within the pemetration
depth range of the EMI6R, suggesting tbat despite the conductive upper
layer, valuable information could be cbtained about the weathered zone and

the bedrock.

Poddar and Rathor (1983) studied tbe weathered layer of the Pre-
Cambrian granite-gneiss of southern India using & Geonics EMI6/16R.
two-layer model, a weathered layer resting on fresh bedrock, was used
successfully to map an inhomogeneous weathered layer. They found tbhat
even though a three-layer model would more closely resemble the system, it
did not yield significant additional informationm.

A

After the field surveys, results vill be analyzed and compared.
Minimum spacing requirements necessary for tbe appropriate skin depth and
for maintaining resolution will be determined. The survey lines for the
EM vill be oriented to several VLF radio tramsmitter statioms. Eacb of
these lines will be analyzed in its capacity to detect lipear features
such as vater-bearing zones. Anomalous linear features are best detected
vhen they trend parallel to the direction of the station. There are
probably four transmitters available to reception in the Southeastern
USA. The Jim Creek station signal (Washington State) is expected to best
show the linear features striking to tbe northwest-southeast.

T
The geographic data and associated attributes will be incorporated
into a geographic information system to facilitate storage, manipulation,
comparison, superimposition, and display of the data.

12



[ An attempt will be made to use the combined data base to construct a
pap shoving the relative availability of ground water throughout the
basin. The map will be checked using the withheld well-yield data.

r3
The results of the exploration methods will be assessed individually
apd in various groupings to determine their individual or corporate degree
of field-, time-, and cost-effectiveness.

PRODUCTS
The following products are expected to result from this project:

A. A report on the effectiveness of the methods, individually and
combined, and a presentation of results,

B. A msp shoving availability of ground water in the study basin,

C. The GIS data base.

TIME FRAME

It is aoticipated that this project vill have a duration of 3-4
years, and will be expanded to encoumpass additional study basins with
different geology and land use duriog the second and third years. A
report on the first study basin will be published during the third year.

PERSONNEL

Tbe project will be a cooperative effort between the South Carolina
VWater Resources Commission and U.S. Geological Survey, im terms of both
funding and personnel. Personnel to be assigned to the project during the
first yeer include:

Geologist/geohydrologist,
Water Resources Commission, 12" months

Geohydrologist GS-12,
Geological Survey, 12 months

Supervisory geohydrologist,
Water Resources Commission, 3 mouths

Supervisory bydrologist, GS-13,
Geological Survey, 3 months

Cartographic technician GS-7,
Geological Survey, 5 months

Bydrologic technician GS-6
Geological Survey, 8 months

* Graduate students (2)
Clemson University
(Sucmer employment) 3 months

13-

The Geological Survey will have primary responsibility for surface
water hydrology and the geographic information system. The Water
Resources Commission will have primary responsibility for fracture trace
enalysis and direction of the field effort. The rest of the tasks will be
shared.

FUND ING

Funding for the first year of the project will be provided as
follows: st

5.C. Water Resources Commission $ 50,000 $ 50,000 $100,000
D.S. Geological Survey -100.000 30,000 100,000
Totals $150,000 $100,000 $200,000

It is anticipated that similar funding will be provided for
successive years.
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SCWRC-USGS PIEDMONT CO-OP PROJECT
WORK PLAN: December 11, 1987
Below are summaries of the various tasks for the surface geophysics
and other ground water exploration methods investigation. These tasks

correspond with the various elements on the two time—lines which precede
this section.

I. Data Gathering for Basin Selection

Several Piedmont drainage basins will be investigated to determine the
best basin in which to pursue the main work of the project. The
preliminary investigation will look at the following data elements:

1. Small gaged drainage basins, less than 25 mi2 area, with at
least 5 years of record; analysis of gage site and discharge
records will be provided by U.S. Geological Survey staff.

2. Available geologic mapping: Overstreet and Bell, 1965 will be
primary map but more recent and larger scale mapping will be
utilized where available.

3. Availability and usefulness of various air photo and other remote
sensing images:
= Determine and log what available;
= Make cursory lineament mapping appraisal from SLAR or NHAP
products to see if images show lineaments.

4. Topographic analysis of surrounding drainage:
Make sure ground water (water table) drainage basin reasonably
matches the surface water drainage basin (i.e., groundwater basin
divide lines up with surface water divide):
= cursory lineament analysis from topography;
= work in coordination with USGS staff.

5. Determine potential population of wells in each basin by various
methods such as analyzing census data vs. public supply
distribution lines. The well inventory will be used in the study

for:

= obtaining water levels;

= obtaining yield and construction information;

= locating unused wells for geophysical logging and possibly
ADR site;

= verifying prospecting methods as to yield vs. proximity to
lineaments, etc.

6. Proximity of weather stations with sufficient period of record.

7. Availability of soils data.



8. Drive through drainage basins to determine:
= degree of urbanization
- things that may hinder surface geophysics such as power
lines, large water tanks, etc.
—  accessibility.

g. Locate any aerial geophysical surveys of compatible coverage in
the basins of interest for possible use in this project.

OUTPUT PRODUCT — Detailed tabular summary of each data element for each
basin. Additional explanations attached as required.

Completion date: January 15, 1988

Time required: 40 days.
II. Surface Geophysical Training
1. Early in project meet with Pete Haeni, USGS, to learn how surface

geophysical equipment works, how applicable it is in the
Piedmont, how it will work with our project and how to set up
investigation sites before the equipment is leased. Meetings
dependent on his schedule.

2. Literature research on various surface geophysical methods and
applications and interpretations by other researchers.

3. Participate in whatever ongoing demonstrations that could help us
gain field application experience with the equipment and
interpretation of output.

4, Up to one week of training, total, on the various pieces of
equipment as they are leased.

OUTPUT PRODUCT — Summary report describing which pieces of equipment will
be used, when they are scheduled for use, and what results or problems may
be expected from each type of survey equipment.
Completion date: Variable, dependent on schedules of instructoers.
Time required: 20 days.

II. Well inventory:

Once the basin is selected, a detailed inventory of wells will be
needed to supply basic ground water information for several aspects of the
project. The information obtained in the ’Data Gathering for Basin
Selection’ phase will hopefully indicate how many wells are potentially in
the basin of choice. Consultation with local well drillers will also be
pursued.

Based on this, it will be decided whether to inventory all wells in
the basin or a given percentage. Since very little is known about wells
in the various basins of study, no recommendations will be made now
concerning the criteria to guide well inventory other than total number.
At this point, a sample of 100 wells throughout the basin seems
reasonable.



A. Background information:

- well construction information: depth, diameter, saprolite
thickness, pump size, etc;

== water levels;

- well yields;

= topographic location information;

= problems expressed by owners;

- water quality data (chemical analyses).

B. Data gathering sites:

= locating wells for borehole geophysical logging for correlation
with surface geophysical surveys;

= locating wells for possible pumping tests;

- possible wells for ADR or inclusion in a water level run;

= possible wells for inclusion in a water quality run.

Q

. Exploration methods testing wells:
Verifying results of various ground water exploration methods
employed in project.

OUTPUT PRODUCT - Map of basin with inventoried wells and computerized
database for each well in the Well Tab database format.

Completion date: March 15,1988
Time required: 40 days.

IV. Lithologic—Geomorphic Terrain Analysis

This procedure involves an analysis of the bedrock lithology as it
relates to the local topography and geomorphology in order to locate
ground-water yielding fractures. The bedrock lithology will be
interpreted by its type, age (as it relates to periods of deformation),
and its structure and fabric.

This interpretive information will then be used in concert with a
geomorphic analysis of the terrain. Together, these analyses will yield
information leading to a delineation of possible water-bearing fractures
and a possible prioritized list of well sites locally. This will be done
throughout the basin.

OUTPUT PRODUCT — Map showing prioritized areas of potential well yields:
low, medium, and high.

Completion date: February 12, 1988
Time required: 20 days.

V. Remote Sensing Lineament Mapping and Field Truth

Visually interpret various types of remote sensing images for locating
lineaments of ground water-yielding fractures. Black and white and/or
color aerial photographs will be the principal images used. Other images,
however, will also be employed to determine if they are as sensitive to
detection of the lineaments as air photos.



Most of these other images are at a smaller scale than the air photos
and thus may not show all of the lineaments. On the other hand, their
medium sensed, or frequency used, may be more attuned to detecting the
lineaments and thus prove to be better tools.

Side-lLooking Airborne Radar (SLAR), high altitude air photography, and
Landsat images will be investigated. It may be determined that some pre-
processing of the Landsat imagery, such as low-pass or high—pass
filtering, may enhance the lineament detection.

Finally, field checking, or ground truth, will be performed on the
results from the lithologic-geomorphic terrain analysis and the remote
sensing lineament mapping techniques. This will verify whether the
supposed lineaments are fracture-produced or a man-made artifact.

OUTPUT PRODUCT — Map of plotted lineaments with ground truth notes
added. Also a summary of notes on air photo lineament mapping and ground
truth experiences.

Completion date: March 11, 1988
Time required: 20 days.

VI. Surface Geophysical Surveys

The surface geophysical surveys will be conducted in various areas of
the selected basin after the two preceding steps are completed. First,
training with the various pieces of equipment will be necessary to help
make the actual surveys more reliable. Second, the other two ground water
exploration methods will need to be done to help locate the sites on which
to conduct the surface geophysical surveys.

Since the basins of interest range in area from 1,024 to 16,300 acres,
conducting surface geophysical surveys over an entire basin would be
impractical in both time and cost. Several sites, 5-10 acres in size,
will be selected throughout the chosen basin. Most of these will be areas
with good indication of the presence of fractures. One site will be
chosen that shows no indication of fractures.

The surface geophysical equipment to be investigated and probably used
in this project will be:

VLF - very low frequency electromagnetics

EM34 - electromagnetics (apparent resistivity)

Direct current (DC) resistivity

possibly seismic, magnetic, radar, and gravity surveys.

Borehole geophysical surveys will be run at this time for any tie—in
required.

OUTPUT PRODUCT - Detailed report on surface geophysical surveys conducted
during investigation. Will include summary of survey work, sample copies
of equipment output, and map showing survey lines marked to identify the
type of equipment used.

Completion date: May 6, 1988
Time required: 40 days.



VIII. Data Analysis of Surface Geophysical Surveys

The results obtained from the actual surveys will need to be analyzed
as the output medium dictates. These interpretations will then be
compared with the remote sensing and lithologic—geomorphic techniques for
compatibility. All three will be compared with actual well data for
reliability and success of prospecting.

No new wells are planned to be drilled. The actual comparison of the
methods may be more difficult if no wells are constructed in the
potentially high yield zones. This is a situation that will need to be
addressed after the well inventory and ground water exploration surveys.

OUTPUT PRODUCT - A detailed report to be prefaced with the preceding
reports described above. It will include a discussion of the survey
results interpretations, a map showing prioritized well locations based on
surface geophysical surveys and other methods, and a discussion of
concurrence of the results of the various methods used in this project.
Finishing the report will be recommendations concerning the ground water
exploration methods and project results.

Completion date: June 30, 1988
Time required: 40 days.

IX. Consultation with Charles Daniel, III

Charles Daniel has been inveolved in crystalline rock ground water
hydrology and exploration for several years in North Carolina. His
knowledge and experience could well benefit this project’s
investigations. Once and hopefully twice during this project Mr. Daniel
will be consulted. First in the basin selection/data gathering period and
a second time prior to the conducting of surface geophysical surveys.

The second meeting will hopefully include a survey visit of the basin
as well as review of results of the remote sensing lineament mapping and
lithologic—geomorphic analysis.

Completion date: Variable, as our need and Mr. Daniel’s schedule
dictate.

Time required: 5 days.
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10.

12.

14.

15.

16.

19.

22.

[£¥]
8]

26.

Home/Well Owner Name:

State of South Carolina
Water Resources Commission

DATE:

FIELD #:
PROPERTY #:
FIELD CHECK BY:

WATER WELL INVENTORY FORM

Phone:

Address:

Well

Well
Date

Open

Type

Pump

Pumping Rate:

How

Driller Name:

Depth: Feet " 5. Well Diameter:

Inches

Well Drilled: {m—d-y) 7.Date Pump Installed:

Interval: Top Feet B G S Bottom Feet B G S

of Pump: (Submersible, Jet, etc)

Size: (tHIZ PLY) 11. Motor Type: (Electric, gas,etc)

(GPM) 13. Pump Setting Depth: feet

Well Used:

Problems ?
Quality-

Quantity-

Drought related-

Latitude: 17. Longitude: 18.

Elevation: Ft.

Grid: 20. Topog: 21. Hydro Unit:

Water Level: Feet B MP 23. Date:

Measuring Point Description:

Any

OK to take Water Level?_Y or_ N 27. OK to take QW sample?_Y or_N

SPRINGS in area?

SKETCH HOME SITE. AND ROAD INTERSECTION MAP ON BACK.



EVALUATION OF GROUND WATER EXPLORATION METHODS
IN THE HELLERS CREEK AREA
NEWBERRY COUNTY, SOUTH CAROLINA

Various new and existing ground-water exploration methods will be
employed in the Hellers Creek area of Newberry County. This is a
cooperative effort between the USGS (U. §. Geological Survey) District
Office in Columbia and the Piedmont Regional Office of the SCWRC (South
Carolina Water Resources Commission). Work involved in this project will
include gathering ground water basic data, analyzing existing streamflow
and weather data, and evaluating the special ground water exploration
techniques and their results. The first phase of this project is
scheduled for completion in the summer of 1988.

An understanding of the local ground water resources is essential-tol
this project. Much information will be obtained from local well owners
and well drillers. Project staff will be contacting the Hellers Creek -

.area residents concerning their wells. These data will be analyzed by
computer and compared with local geology.

The USGS will evaluate the streamflow data gathered for Hellers Creek
since October 1980 to determine Lhe ground water component of the: lower
flows. Weather data from nearby stations will be analyzed to determine
the rainfall pattern and its impact on strecamflow and ground water

recharge. The streamflow and weather data will also be utilized to
develop a water budget for the basin.

Ground water exploration methods to be evaluated will include: remote
sensing lineament mapping, geomorphic terrain analysis, and surface
geophysical survey techniques such as seismic, DC resistivity, and
electromagnetic (low frequency radio wave) sensing. Each of these methods
will be investigatedlfor its effectiveness in locating ground-water
vielding fractures in the Piedmont of South Carolina.

Ground water flows through fractures in crystalline trock, and these
fractures must be intercepted by water wells for the wells to successfully
deliver water. Locating these fractures on the ground is difficult at
best. These exploration methods have been successful in other regions of
the world but have not been applied in South Carolina. The heavy
vegetative cover and extensive weathered rock mantle (saprolite),
characteristic of the Fiedmont, as well as highways, powerlines, and
Pipelines, will make ground waler exploration especially challenging. The
-methods will be evaluated for their effectiveness in terms of cost, time,

and manpower involvement, and to ascertain if any two or more will
complement one another.

Success of these new techniques will make it possible to survéy and
better understand the hydrogeology of certain areas and greatly increase
the likelihood of successful water prospecting in the Piedmont.

For further information contact the Commission’s Piedmont Regional
Office at:

,  South Carolina Water Resources Commission
¥ Green Gate Office Park, Suite 702
25 Woods Lake Road

Greenville, SC 29607. (803) 233-2982



Cmndtntm®

NEWS .
RELEASE _

SOUTH CAROLINA
WATER RESOURCES -
COMMISSION '

Louisa D. Mincey
Executlve Assistant

L A : % Ly FOR IMMEDIATE RELEASE ) .. « wo-ile.

~understanding of the Heller's 'Creek groundwatefitésources;Aﬁrojectestaff;

March'3, 1988:.acw guv ax-io mish A TEQ- Gy
GROUNDWATER STUDIES NOW UNDERWAY IN THE HELLER'S CREEK AREA

The South Carolina Water Resources Commission (Commission) is'looking
for a better way to find groundwater in the Piedmont area. :The Commissi&ﬁ
began work in the Heller's Creek area of Newberry.County-'last month and

hopes to complete the project's first ﬁhase-thisccoming summer.

- Joe Harrigan, Project Coordinator, stated, "Incorderiito.gainia béttet?

D

L i ; ;
will collect data from local-well owners and wellrdrillers.l:This willu:

involve surveying local residents to obtain iﬁforﬁatiop;on;their:wellézﬂ__
Once this information-'is gathered, it will bevc?mpared with'local-gédloé;z
by computer analysis. ' = : i
Groﬁndwat;r flows through fractures or-cracks:in’ crystalline.rockizv
below the earth's surface.’ Successful wells mustrintercept:ithese °
fractures to deliver water in useful amounts. Mr. Harrigan noted that

locating these fractures from above ground is often difficult, therefore:i. = :

Fom e

various exploration methods that have been successful elsewhere will be ﬁ;.;ﬁir'

examined. These techniduéé will be evaluated for their cost, time and

manpower involvement, and to determine if any two complement each other.

‘

« « » continued

1201 Maln Street, Sulte 1100, Ca;:ltol Center, Columbla, S.C. 29'2011(80‘3) 73-7-08_1 1

i o e e et =



Page Two

The area's heavy vegetative cover and extensive weathered rock mantle,
which is characteristic of the Piedmont, make groundwater exploration
especially challenging. This challenge is further c&mpounded by the many
highways, powerlines, and pipelines i{n the area.

The project involves four phases. First, background groundwater data

must be gathered. The next step involves analysis of existing streamflow
and weather data prior to conducting studies on various groundwater
exploration techniques. Finally, these results must be evaluated to

determine the best methods for locating the resource.

Commission staff from the Piedmont Regional Office in Greenville and
the U. S. Geological Survey's (USGS) Columbia office will conduct the
study. The USGS will look at streamflow data gathered for Heller's Creek
since October 1980 to determine groundwater's effect on streams during dry
periods. Rainfall patterns and their effects on streaﬁflow and

groundwater recharge will also be examined.

The Commission hopes that these investigations will assist in a better
understanding of the hyrogeology of such areas and result in more

successful water prospecting in the Piedmont.

For further information, contact:

S. C. Water Resources Commission . N
Piedmont Reglonal Office

Greengate Office Park, Suite 702

25 Woods Lake Road

Greenville, SC 29607

233-2982
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SCWRC
GRID#

36K-y001
37K-e001
@ 37K-1008

37K-q001
17%-4002

O 37K-q003
37%-q?

37K-r 001
37K-r 002

O 37K-ron2
-4-37k-ro04
O 37K-r005
O 37K-r00h

I7K-5001
DO 3k-5002
37K-5092
O 37K-5004
37K-5005

37K-1001
O J7KR-t002
O I7K-t00d

O ITE-u00}
O37K-u002
37¢-u003
I7K-u004
37K-u0035
O I7K-ul0b

O 37K-v001
J) 37K-v002
37K-v003
A 37K-4008
37K-v005
37K-v006

COUNTY
NUMBER

NER-0319

NEW-0278

KEE-0252
NEW-0233
NEK-0262
NEW-0322

NER-0243
HEW-0245
KEW-0246
NEW-0247
HEW-0248
KEA-0249

NEU-0Z30
NEW-0241
KEW-0742
NEW-0279
NEW-0261

NEW-0144
NEW-0237
NEW-0321

NEW-0240
KER-0280
NER-0307
NEW-0317
NEW-03i8
NEW-0320

NEW-0215
NEW-0214
NEN-0217
NEW-0293
NEW-0300
NEW-0301

OWNER

Fairview Church
Ruby Hilson
Blin & Janel Thomas

Beth Folk
Caroline Fulmer
Furman E. Epps
C. Wingard Price

C. E. Harshaw
Harold Epps
Donald Harren
Eakie McCullough
Bob Epting

Bob Epting

New Enoree Bapt. Ch.
Ben Hamilton

Richard Rooksan

¥. Rutherford

David Rutherford

#illie Elkins
Nrs. Louis Caldwell
Killie Elkins

Beachie Lyles
Yancy Dawkins
unoccupied house
Judy fraham
Wayne Ringer
Mrs. Gener

Daisy Chaplin
Daisy Chaplin
Cindy Cruepton
Sarah Blyaph
Leroy Cooper
Faye Eargle

LAT

I42055

341958

152209

342101
42103
342134

182142
82129
352142
342419
142118
342125

342125
352154
342143
342151

342101

15210-
142103
342103

342047
342058
342022
342037
152082
3420385

342014
132013
342000
342017
342008
342003

LONG ELEV U

812931 45 IS

B13416 535 DO

813142 515 0O

813345 5% D0
813307 336 DO
813323 493 DO

813214 510 D0
B1324¢ 520 G0
B13216 520 D
g13232 305 IC
813256 505 @G0
B13z44 503 UM

BI3Me 45 IS
B13136 492 OB
813121 460 DO
813103 475 D0
g3 470 M

B1305- 470 DD
813054 470 DO
813053 470 DD

813049  4e0 DD
813032 435 DO
813057 505 M
813033 473 ©0
813030 473 D0
913056 455 0D

813125 520 N
B13142 320 DO
813155 500 UM
813109 538 I
813138 520 DO
813142 500

WT TD
0 -1
] -1
1] 89
D -1
D -1
0 125
] 200
D 160
D 120
D 180
i} 140
il 110
)] 200
H -1
e 50
0 -1
] 150
D -1
D 310
i} 169
D 300
B 18
B 12
H -1
] 115
D -1
D 100
0 40
i -1
D 40
] 8
b -1
] -1

CD DIA GPM SWL

-1

-t
-1
-1

o~

LS I )

- O~ o~ B s O~

-1.00

-1.00

-1.00

-1.00
-1.00
-1.00
-1.00

-1.00
-1.00
-1.00
35,00
-1.00
-1.00

-1.00
-1.00
-1.0¢
-1.09
-1.00

27.00
35.63
-1.00

12,50
-1.00
-1.00
-1.00
-1.00
-1.00

-1.00
-1.00
-1.00
-1.00
-1.00
-1.00

SWL
DATE

10/24

08706
30388

31988

DATE DRILLER / REMARKS

COMP

1964

1973

1938
973

1987
1938
1992
1069
1963
1985

1968

1976
19468

8/86
1973
1971

1963
1970

1968
1963

1958
1987
1968
1948
1978

K. L. Norris

drijler froa Saluda
Thad Coleman

Colenan
Norris

Colesan froa Saluda
Norris

driller from Pomaria

Bowan
Toe Lenis

Hawkins froa Unicn

Norris

Dave’'s Pusp Service
Lewis ?

Tom Lewis

occas. quant. prob.

drilled 33 yrs ago?
well serves 2 houses
pusp at 160°

spring in wet weathr
has unused b. well
depth ®ay be 18077

2 b. wells not found

large dia. dug well

owner says 1304t

see NEH-0321
2 houses use well
sep NEW-0144

spall spring nearby

depth 407
froms Prosperity

depth may be > 8'?

osner not hore



SCWRC
GRID#

O J7K-u00]
3TK-w002
I7K-K003
37K-%004

O 37¥-w003
37K -wi0b

O 37K-w007

O J7¥-u00e

O 17K-u003

0 37K-w010

| 37K-x001

| 37K-2002
37K-%003
37-x004
37K-x005

O 37K-3008
17K-x007

O 37K-1008
~-37K-x009
37K-x010
0 37K-x011
O 37K-x012
7K-x013

O 37K-x014
17K-x015
17K-x016

O 3TK-x017
O 37K-x018
0 3K-x019

N
3
-
-
3

9
k
v
k

O 37K-y001
O 37K-y002
O 37K-y003

O 37L-b004
O 37L-b002
37L-b003
| 37L-b004
| 37L-b00S
0 37L-b00b
37L-b?

COUNTY
NUMBER

NEW-0219
NEW-0220
NEW-0225
NEW-0259
NEN-0272
NER-6289
NER-0294
NEW-0308
NER-0312
NEW-0313

NEW-0230
NEW-0251
NEW-0Z54
NER-0260
NEW-0261
NER-0271
NEW-0273
NEW-0274
NEN-0273
HEW-0274
NEW-0277
KEW-0278
NEW-0Z83
HEW-0292
NEW-0Z93
REW-0299
NER-0305
NER-0304
NEN-0314

NEW-0297
NEK-0302
NEW-0316

NEW-0218
NEH-0264
NEN-0263
KER-0267
NEW-0270
NEW-0288
NEW-0255

OWNER

Raymand Hatcher, Jr.
Raymond Hatcher, Ir.
unoccupied house
Freddie M. Cook
Keith Desinick

J. H. Dates

Rennie Morris
Ronald Mills
Narilyn Harris

John Leopard

Gerald Green
Carolyn Brigman
¥ell Caldwell
Robert Hill

Ann Kennerly

Jesse Johnson
Charles Price ?
Larry Creekmare
Waters Duffie

Wrs. J. 5. Matters
Mrs. J. S. Hatters
Mrs. J3. 5. Matters
Terry Breen

Thonas Bradley
Paul Schealy

James W. Johnson
Jack Losinick
Cindy Lominick
Richard Lominick

Pear] B. Ruth
Lebanon Meth., Church
Ruth Stoudenire

Plato Gray
Andrea Mathis
Lee Nozee
Diane Eigner
Charles Sisns
¥illie Ruff
J. D. Cromer

LAT

342004
152003
342051
142038
142042
342047
142037
142049
342048
342048

142019
382053
142014
332024
142030
342019
1420548
332038
2019
42018
342019
Jaz014
342023
352043
342018
342020
132012
342012
342081

342002
332011
142003

141953
341951
341947
341957
341954
341952

LONG

813235
813236
813225
813247
813257
813249
813237
813227
813218
813220

813315
813315
81330t
813140
813135
B13337
B13317
813312
613338
813341
813340
813334
813302
813302
B13345
B13350
813314
813314
B13126

B13407
813400
813419

813157
813154
813159
B13147
B13154
813157

ELEV U WT TD

445
430
323
335
330
530
525
525
529
530

560
550
520
550
350
545
5435
559
5435
545
545
330
510
540
345
515
495
495
550

355
545
360

310
303
325
315
300
510

0

A
o
UM
UN
Do
hlij
it
IR
Do
uN

oo
ne
]
bo
UK
b
g0
1y
Do
U
UN
Ls
o
Db
i
Y
0o
06
e

Db
IS
N

B0
pa
iy
0o
W]
W]
]

[~ I — B ]

[ = R~ B Y~ QY — )

[ — R I - I -~ S~ B I~ - - — T - B =~ R N

(- < — - - ]

[ = B — B — R — Y — I ]

130
150
30
=1
30
163
123
22
53
i

87
100
100

-1

25
220

Ch DIA GPM

=] s | -1
103 & 30
-1 - -1
-1 -t -1
-1 4 -1
-1 b 13
-1 b -1
-1 b -1
-1 - -1
SR S| -1
-1 b 13
101 -1
-1 b -1
-1 b -1
-1 b -4
-1 6 -1
-1 -l -1
-1 b -1
-1 & 3
S 5 -1
SIS -1
-1 b -1
-1t -1
-1 4 -1
-1 b 3
-1 24 -1
-1 b -1
-t -t -1
-1 8 -1
2 -1
-1 b -1
50 24 -1
-1 b -1
-t b -1
-1 b -1
-1 - -1
-1 - -1
-1 - -1
-1 b -1

SWL

-1.00
26.00
-1.00
-1.00
-1.00
-1.08
-1.00
-1.00
-1.00
-1.00

-1,00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1,00
999.99
-1.00
-1.00
-1.00

-1.00
-1.00
25.00

-1.00
-1.00
-1.00
-1.00
-1.00
45.00
-1.00

SWL
DATE COMP

4/88

3/23  3/88

1980
1948

1966

1980
1963
1978
1968
1987
1972
1982
1980
1963

1873

1382

1981
52088

1989

1986

1946
1963

1971
1972
1973

1974
1972
1978

Bowsn
Bokan

Coleman

driller retired
driller froa Saluda

Gowuan
Lewis

Thad LColesan
H.1. Duifie

Bould

Coleman

from Lexington
Gowan

¥ SPRING *
Calesan
Bowan

water not

Ted McDowell
lack Kinard

Lenie
driller: Prosperity

Gowan

DATE DRILLER / REMARKS

logs of uncased well

info: Marilyn Harris
ucccupied house

drilled >20 yrs ago
spring:xsoods to left

picks up sand

did not see well

clean in first well
owner says 70°?

Yox in sumser
drilled 4 heles
25-30 ft of mater

depth about 100 ft
depth about 100 ft
well next door?
spring at hill bott.
30° of water reptd.



SCWRC
GRID#

37L-¢00
37L-c002
37L-c003
37L-c004
37L-c005

O 37L-clts
37L-c007

O 37L-c008
37L-c009
37L-c010

0 37L-t0td
3I7L-c012
-$-37L-c013
ITL-c014
37L-c015
37L-cotb
37L-c017
IL-c018
37L-c019
37L-c020
O3~
3710022
37L-c023
37L-c024

0 37L-c025
37L-c026

O 37L-¢027
37L-¢028
37L-c029
O3IN-c030
O 37L-c031
O 31L-¢032
43712013
37L-c034
37L-c035
3NL-c036
37L-c037
O 37L-c038
O 37L-c039
O 37L-c040

COUNTY
NUMBER

NEW-0157
NEW-D158
NER-0159
NEW-0160
NEW-0206
NEW-0207
NEW-0208
NEW-0209
NEW-0210
NEW-0211
NE#-0214
KEW-0222
HEW-0223
NEN-0224
NEW-0226
NEW-0227
NEW-0228
NEW-0230
NEW-0231
NEW-0232
HEN-0233
NEW-023

NEW-0235
NEW-0229
NEN-0221
NEW-0263
HEN-026b
NEW-02¢8
NEW-0269
NEW-0282
NEN-0283
NEN-0284
NEW-0285
NEW-0287
NEW-0290
NER-0291
NEH-0304
NEW-0309
NEW-0310
REW-0311

OWNER

Newb'v Park Est. MHP
Bill Bhite's MHP §2
Pill Bhite's MHP %2
Bill Bhite's NP #
Carol Ann Herts
Henry Lee Brooks
Jages H, Brooks
Hillie Trapp

Douglas Trapp
Johanie L Hutcherson
Mrs. A, E. Sutphin
¥elsey Rowe

Mark Shirley Taylor
Russell Saverance
Vernon Livingston
Jean B. Frient
Charles Bowers
Patrick L. Saith
Jismie Mitchell
Brenda Suber

Eugene Johnszon
Joseph Rooknan

Ruby 5. Renwick
Shannon Hepler

Janes Hassey

David Grey

Narvis bray
Victoria Parks
Willie Lee Gladney
Calvin Counts

James Glasqom

John W. Farmer

Janes Blymph

Sharon Nelscn

Daisy Mae Chaplin
Joyce Mathis

Mai Faison

Edna Martin

Edna Martin

Edna Martin

LAT

141934
381928
141933
341927
341928
J41944
351945
341946
141948
141947
141939
141943
131944
341944
181946
341948
341946
141948
141931
341949
J41945
41922
141945
141946
181938
141944
141947
341943
141944
341940
141926
141918
141943
141949
141943
341941
341931
341945
341946
381944

LONG ELEV U WT TD

813256
813256
813238
813257
813221
813206
813203
813203
B13204
813202
813228
813245
813240
813242
B13238
813225
813224
B13224
813230
813230
813222
813240
813256
813222
813245
813201
813202
813202
813203
B13248
813242
813239
813200
813217
813204
B13244
813240
813213
813214
Bi13216

350
530
340
530
485
335
335
333
335
330
520
330
335
335
530
530
ERS)
335
300
300
340
525
530
545
350
335
930
340
945
330
535
520
375
540
540
340
343
333
345
40

LE]
HS
WS
Hs
09
i}
D
0
o0
i}
00
1]
no
0o
HlY
bo
U]
DO
i
n
oo
11
o0
i
00
00
Do
]
Do
il
i}
b0
il
i}
0B
i
00
0o
0o
00

O D O OSSN S DSOS DD oD 0D 000000k S0 00

180
22¢
610
310

CD DIA GPM

o O~ O~ O

[
O = O~ O e O O e Gl O O O~ e O~

3
i4
i2
20
-1

SWL

-1.00
-1.00
36.00
-1.00
999.99
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1,00
-1.00
-1.00
-1.¢0
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
30.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1,00

SWL
DATE

12/29

22088

1179

DATE DRILLER / REMARKS

COMP

1970

1286
1/87
*bb
¥

1969

1983
1983
1982

1981

83

1979
1975
¥

1972

1974
1976
1976
1981
1947
1956
1963

1976
1972

1968
1968
268

Ton Lewis (deceased)
Gowan

Gowan

Gowan

* SPRINE ¥

bought home in 71
well behind house in
driller fr. Colusbia
driller fr. Columbia

Lewis ldeceased)

Gowan

driller fros Saluda

Bowan
old well filled
Gowan
Bowan
Gowan

DHEC old W5 $636003
DHEC old WS #536003
DHEC new BS 43660014
DHEC new W5 3560014
HL at land surface
well already there
concrete casing
depth = yard length

W. Trapp's neighbor

otcas, soapy taste

dr. > 3 yrs agd
Use rare- puaps dry

dr. > 12 yrs ago
spring near bridge

quality probles 8 yr

well 32 yrs old

in nearby
can be pusped dry

well > 20 yrs



OWNER LAT LONG ELEV U WL TD Ch DIA GPM SWL SWL DATE DRILLER / REMARKS

SCWRC COUNTY
DATE COMP

GRID# NUMBER

37L-9001  NEW-0201 Dewey J. lcard, Jr. 341507 813334 355 D0 B -1 L -1 =100 63?  omner says depth 407 bored ab. 20 yrs ago
O 37L-d002  MEW-0202 Mrs. Marian Kunkle J41909 BI3IW 360 DO O 108 -1 b -1 -1.00 1954  Duffy (from Saluda) info from Frk.Boozer
O 3L-d003  NEW-0203  Laurie A. Fenwood 341910 B1312% 540 UM H 80 80 36 -1 -1.00 now on County water; info from Frk.Boozer
@ 37L-d00%  NEW-0208  J. Frank Boozer, Jr. 341912 813321 535 DO D 207 180 b -1 18,00 1977  Gowan
O I7L-d005  NEK-0205  Williamson Folk 341919 B13310 545 D0 O 150 - 158816 -1 20.00 1963 Duffy; °well dug in drought 25 yrs age"
37L-d006  NEW-0213  James Bill Elkins I41920 813316 550 0 -1 -1 - -1 -1.00 next to windeill
37L-d007  NEW-0239 Lyman E. Johnsan 341510 Bi3340 565 AR O -1 -1 3 -1 -1.00 1950 maybe spring nearby
O37L-e001 MNEW-0212 Pleasant Grove Ch. 331902  B13403 540 AR O 19 -1 4 -1 -L00 apparently abandoned
O 37L-e002  NEW-0244  Sease 341944 813436 555 DO D B3 -1 8 -1 -1.00 Jack Keinan
37L-e003  MEW-0303  Frank Hame 341926 813425 595 DO D 300 -t b 7 -1.00 1978 Coleman can be pusped dry
37L-e004  MEN-0315 Mt. Bethel Com. Ctr. 341958 813416 515 IS D 100 o -1 -1.00 about 100" deep
I7L-§001  MEW-00B2  Hater & Sewer Author 341846 013418 530 WS D 510 (U 170 38.C0 &/B0  Gowan maintenance shop
37L-$002 NEW-C0BG  White's Restaurant 341938 813423 530 WS D 187 10w 7 75 50.00 2/77  DPriller: Bowan Jatilong estimated
37L-$003  NEW-0CB9  Khite's Restaurant 331838 813423 530 WS B 287 115 -1 150 -1.00 Driller: Gowan lat/long estinated
37L-£004  NEW-0091  Newberry lnn 141858 B13429 533 WS D 230 -1 b 37 -1.00 DHEC WS $3670207 Jat/long estimated
I7L-§005  NEW-0092  Newberry Inn 141858 913429 533 WS D 230 -1 b 20 -1.00 DHEC HS $3670207 lat/long estimated
37L-$006  NEW-0093  Newberry Inm 341858 913429 535 K8 D 250 L) 12 -1.00 DHEC HS #3670207 lat/long estisated

SCWRC GRID# S.C. Water Resources Commission well-grid number; COUNTY NUMBER sequentially

er for this county; OWNER owner or tenant of well; LAT latitude; LONG longitude;
well use (AB abandoned; DO domestic; IR irrigation; IS institutional;
usually subdivided into following types:

CD casing depth in feet; DIA casing
evel in feet below land surface;
DRILLER / REMARKS driller if

Heading Abbreviations:
assigned well identification numb
ELEV elevation in feet above mean sea level; U
LS livestock; UN unused; WS public water supply); WT well type (O open:
B bored; D drilled; H hand-dug); * denotes a spring; TD total depth in feet;
diameter in inches; GPM well yield in gallons per minute; SWL static water 1
SWL DATE date of static water level measurement; DATE COMP drilling completion date;

known, and other remarks.

Symbols denote wells shown on location map. For meaning of symbols, see legend on map.



APPENDIX 5

Summary of Work by U.S. Geological Survey
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PROJECT STATUS REVIEW SHEET QUARTERLY REPPRT

Project Number: 88-074 Date of Review: Eoer-af 1588
Project Name: “Evaluation of Techniques to Asses’ Ground-Water Resources in the
A
Piedmont of South Carolina”
Project Chief: Barry Smith Section Chief: Glenn Patterson
Rperi/- June 3
Report Period: [Geawess——Marsh]1988 Cooperator: SCWRC

Project Completion Date: October 1990

PROJECT OBJECTIVES:

1. Evaluate the utility of a variety of techniques for assessing the
ground-water resources of a selected basin in the Piedmont.

2. Asses?the availability of grc'Jund'water in the basin using selected

techniques and, where possible, verify the availability with well
production data.

PROGRESS DURING PREVIOUS QUARTER:
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PROJECT STATUS REVIEW SHEET,.QUARTERLY REPORT—Continued
Page 2
Project Number: 88-074

Report Period: Jan.-Mar. 1988

SIGNIFICANT FINDINGS:

PLANS FOR NEXT QUARTER:
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PROJECT STATUS.REVIEW SHEET, QUARTERLY REPORT--Continued

Page 2
Project Number: 88-074

Report Period: Jan.-Mar. 1988

SIGNIFICANT FINDINGS:

PLANS FOR NEXT QUARTER:

l.

2.

STATUS

A

Gather, calibrate,. and install equipment to measure evapotranspiration.
Complete initial evaluations of EM-16R and Wadi.
Continue evaluation of other geophysical sensors.

Digitize base map, contours, well locations, geologic maps, and other
data as it becomes available.

Continue well inventory.

OF REPORTS:

report on the availability of ground water in the basin is planned.



PROJECT STATUS REVIEW SHEET, QUARTERLY REPORT

Project Number: 88-074 Date of Review: April 1988

Project Name:__"Evaluation of Techniques to Asses; Ground-Water Resources in the

Piedmont of South Carolina™

Project Chief: Barry Smith ~ Section Chief: Glenn Patterson

Report Period: January - March 1988 Cooperator: SCWRC

Project Completion Date: October 1990

PROJECT OBJECTIVES:

1. Evaluate the utility of a variety of techniques for assessing the
ground-water resources of a selected basin in the Piedmont.

2. Asses] the availability of ground water in the basin using selected

techniques and, where possible, verify the availability with well
production data.

PROGRESS DURING PREVIOUS QUARTER:
1. The upper part of Hellers Creek basin was chosen for evaluation.

2. The Survey's surface-geophysics specialist, Pete Haeni gave a two;day
synopsis of the use of geophysics in water resources.

3. High altitude photographs, radar imagery, and_aerial photoghraphs were
collected.

4. Student aids were hired and, with project personnel, a dd%-to—door,
well-inventory was begun. A

5. Radiometer, cyclometers, and data loggers were gathered for installation
of an evapotranspiration staEin.
Lo
6. GWSI-data base was searched for pertinent data.

7. Wadi, very low-frequency sensor was purchased and initial field checks
begun.

8. [M-16 R, very low-frequency sensor was recieved and is being evaluated.
9. Geologic mabs of study area were collected.
10. Literature on use of surface geophysics was collected.

11. Satellite imagery was ordered.
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