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UNITED STATES ENVIRONMENTAL _PROTECTION AGENCY

4 oot : REGION 1V

345 COURTLAND STREET. N.E. -
ATLANTA. GEORGIA 30365

()

September 29, 1994
4WD-WPB
Ms. Pat DeRosa, Head
CERCLA Branch
North Carolina Department of Environment,
Health and Natural Resources
- Division of Solid Waste Management

.P.0. Box 27687
Raleigh, North Carolina 27611-7687

Dear Ms. DeRosa:

The foilowing reports havé'recently been reviewed and
accepted by EPA - Region IV Site Assessment Section:

Site Inspections

Forbes Road Well Site , NFRAP
Spann Property - NFRAP

Site Inspection Prioritizations (SIPs)

Anilox Roll - NFRAP
Asheboro Municipal Landfill - NFRAP
Ashland Petroleum Company - NFRAP
BP 0il . : NFRAP
Carochem NFRAP
Cone Mills Corporatlon Plant NFRAP
Croft Metals NFRAP
‘Dayco Corporation NFRAP
Eaton Corporation NFRAP
Fasco Industries, Inc. : NFRAP
Gaston Co., Dyeing Machine Company NFRAP
Gaston Co., Dyeing Machine Company (Stanley) NFRAP
Greensboro City Landfill - NFRAP
. Harrisburg Park Landflll NFRAP
Henson Landfill NFRAP
Highway 801 Barber . . "* NFRAP
Holding Pond for Scrubber Waste ' NFRAP
Honeywell Micro Switch Division ~ NFRAP
Relly-Springfield Tire Company Further Action
Lee County Landfill NFRAP
Marantz Piano Company : NFRAP

0ld Western NC Fairgrounds NFRAP
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Olin Corp. Ecusta Paper & Film Group NFRAP
Pantasote, Inc. NFRAP
REA Magnet Wire Company Further Action
Rowe Corporation Property NFRAP
S&S Metals Recycling Site NFRAP
Scovill Inc. NFRAP
Stewart-Warner Site NFRAP
Superior Products Company NFRAP
Texaco, Inc. NFRAP
Torpedo Wire and Strip NFRAP

Union County Landfill

Further Action
Uniroyal, Inc.

NFRAP

EXPANDED SITE INSPECTION

Davis Park Road TCE Site Further Action

Enclosed please find the Remedial Site Assessment Decision
Forms for each report generated by the North Carolina Superfund

program and a copy of the actual report generated by the EPA
Contractor.

If you have any questions concerning these site decisions,
please call me at (404) 347-5059, Extension 6150.

Sincerely,

CL’Y"\\L\'\};@\ \( L (’l w\(&%/

Cynthia K. Gurley
North Carolina, PO

Enclosures
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BLACK & VEATCH Waste Science, Inc.
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The Curtis Center, Suite 705, 601 Walnut Street, Philadelphia, Pennsylvania 19106-3307, (215) 928-0700, Fax: '( 2‘15_‘) 928-1780

Superior Products Company Site
Work Assignment 12

Mr. Narindar Kumar

Chief, Site Assessment Section

U.S. Environmental Protection Agency
345 Courtland Street, N.E.

Atlanta, Georgia 30365

l U.S. Environmental Protection Agency

Subject:
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BVWS Project 52012.231
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July 26, 1994
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Site Inspection Prioritization
Superior Products Company Site
Greensboro, Guilford County, NC
EPA ID. NCD024600579

Dear Mr. Kumar:

BLACK & VEATCH Waste Science, Inc. (Black & Veatch) has been tasked by the U.S.
Environmental Protection Agency (EPA), to conduct a Site Inspection Prioritization at the
Superior Products Company site located on Highway 70 East, Greensboro, North Carolina
(Ref. 1, p. 3). According to the scope of work for Superior Products, a preliminary Hazard
Ranking System (HRS) score was prepared to determine the need for future activities at the
site.

The Superior Products Company site is located in a rural area, approximately 2.5 miles east
of the city of Greensboro, North Carolina. The site is located on the north side of Highway
70, and 1s approximately 12 acres in size (Refs. 2, pp. 6; 3). Superior Products Company has
been owned and operated by Seaboard Industries, Inc. since 1968. The site was owned and
operated by South Oil from the late 1950's until 1t was sold to Seaboard Industries. From the
late 1950's until 1975, the site was used as a re-refining facility for used oil. Since 1976, the
site has been used to blend and package oil into a variety of products, such as transmission
fluid, motor oil, and diesel lubricants (Ref 2, p. 9).

The site consists of a receiving office, warehouse, a worker shed and more than 20 storage
and refining vessels (Ref. 2, p. 12). Other site features include a pond located northwest of
the receiving building and a surface impoundment, on the eastern portion of the site, that was
ordered to be filled in by a consent order issued by the North Carolina Environmental
Management Commission in May 1975 (Ref. 2, pp. 6, 9, 10, 12, 13). The consent order also
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stipulated the removal of oil soaked soil from the processing area (Ref. 2, p. 10). Excavation
and backfilling in the processing area were completed in early 1976 (Ref. 2, p. 10). Between
1976 and 1988, there have been at least three spills: approximately 400 gallons of water and
N 5 fuel oil were discharged into the South Buffalo Creek; approximately 50 gallons of oil
leaked onto the ground in 1985 when a vessel was ruptured by vandals; and a spill in 1980,
but no specific details were available in the review of the file material (Ref. 2, p. 10). File
data does not indicate whether any remedial actions were implemented in response to these
spills (Ref. 2, p. 10).

There is a pond, approximately 50 feet long by 30 feet wide, located in front of the receiving
building situated between the main railroad track and a rail spur (Ref. 2, p. 13). Based on
this information, material is assumed to be transported to and from the site by railcar using
this spur. Due to the topography of the area runoff is collected in this pond (Ref. 3). For
the purposes of this report, the pond area will be considered a source area of approximately
1,178 square feet of contaminated soil (Ref. 2, p. 13).

The former surface impoundment was unlined, and had a capacity of approximately 700,000
gallons (Ref. 2, pp. 9, 12). Runoff from the processing area was collected in this
impoundment (Ref. 2, p. 9). File data indicates that wastes were deposited in the surface
impoundment (Refs. 1, p. 4; 2, pp. 12, 13). The surface impoundment was filled in 1976, but
was located on the eastern portion of the site, between the processing area and the South
Buffalo Creek (Refs. 2, pp. 9, 13; 3). Based on the topography of the site, and the proximity
of the creek, it is believed that the surface impoundment discharged into the South Buffalo
Creek (Refs. 2, p. 12; 3).

The process area, approximately 250 feet long by 250 feet wide, is located on the
northeastern portion of the site (Ref. 2, p. 13). For purposes of this report, this area will be
considered a source area of approximately 62,500 square feet of contaminated soil, due to the
large number of tanks and likelihood of spills onto the soil.

In October 1987, an EPA Field Investigation Team (FIT) contractor conducted a Site
Screening Investigation (SSI) and collected eleven environmental samples (two grab surface
soil, two composite surface soil, three sediment, two surface water, and two groundwater) to
characterize the three source areas onsite (Ref. 2, pp. 20-22). The samples were analyzed for
organic contaminants and inorganic contaminants, under EPA Contract Laboratory Program
(CLP) protocols (Ref. 2, pp. 24).

One sediment sample was collected from the pond located in front of the receiving building
during the SSI (Ref. 2, pp. 20-22). Analytical results were compared to the site background
soil sample because the pond is located in a low lying area, with no flow. This comparison
indicated the presence of aluminum, arsenic, barium, chromium, cobalt, copper, magnesium,
manganese, nickel, zinc, and xylene (Ref. 2, pp. 51-56, 77-83).



Mr. Narindar Kumar Page 3
U.S. Environmental Protection Agency .

One surface soil sample and one surface soil composite sample were collected in the former
surface impoundment area during the SSI (Ref. 2, pp. 20-22). Analytical results were
compared to the site background soil sample. This comparison indicated the presence of
arsenic, barium, beryllium, cadmium, copper, lead, magnesium, nickel, zinc, 1,2-
dichlorobenzene, naphthalene, 2-methylnaphthalene, phenanthrene, phenol, styrene,
trichloroethylene, and xylene (Ref. 2, pp. 51-63, 84-90).

One surface soil composite sample was collected from the process area (Ref. 2, pp. 20-22).
The analytical results were compared to the site background soil sample. This comparison
indicated the presence of arsenic, barium, copper, lead, magnesium, nickel, zinc, and xylene
(Ref. 2, pp. 51-56, 70-76).

No documentation exists to indicate a release of contaminants to groundwater. One onsite
groundwater sample and one offsite residential well sample were collected during the SSI
(Ref. 2, pp. 20-22). There was no background sample collected, so the inorganic analytical
results could not be compared to determine if contamination had occurred. The organic
analytical results did not indicate the presence of contaminants above the Sample Quantitation
Limit (SQL) in either sample (Ref. 2, pp. 105-108, 111-114). The samples were analyzed for
organic contaminants and inorganic contaminants, under EPA Contract Laboratory Program
(CLP) protocols (Ref. 2, pp. 24).

The site is located within the Piedmont Physiographic Province and is underlain by a sheared
granite complex (Ref. 4, pp. 2, 3). The sheared granite complex has an estimated hydraulic
conductivity of 10* cm/sec (Ref. 5). Soils in the site vicinity are comprised of weathered
granite bedrock and have an estimated hydraulic conductivity of 10”7 cm/sec (Ref. 5).

Surface water is the primary source of potable water within 4 miles of the site; however,
some of the residents within 4 miles of the site use private groundwater wells to obtain
drinking water (Ref. 6). Drinking water wells within 4 miles of the site draw groundwater
from fractures in the sheared granite complex. These wells have an average depth of 150 feet
below land surface (bls) (Ref. 4, pp. 5, 9, 13). According to well records in the site vicinity,
water levels in the wells are between 8 and 20 feet bls (Ref. 4, pp. 18, 24). The nearest
known potable well is located approximately 500 feet southeast of the former surface
impoundment source area (Ref. 3). There are approximately 3,919 people using private
groundwater wells for drinking water supplies within 4 miles of the site (0-0.25 mile, 149;
0.25-0.50 mile, 78; 0.50-1 mile, 322; 1-2 miles, 1,052; 2-3 miles, 1,142; 3-4 miles, 1,176)
(Refs. 3; 7; 8; 10). Wellhead protection areas have not yet been delineated within the state
of North Carolina (Ref. 9).

One sediment sample and one surface water sample were collected in the South Buffalo
Creek, downstream of the probable point of entry (PPE) into the creek (Ref. 2, pp. 20-22).
The surface water sample analytical results were compared to the upstream background
surface water sample. This comparison indicated the presence of copper and cyanide in the
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surface water (Ref. 2, pp. 91-102). However, the cyanide cannot be attributed to the site
[Ref. 2, pp. 9, 10, 12). The downstream sediment sample was compared to the upstream
background sediment sample. This comparison did not indicate any contaminants above the
background concentrations (Ref. 2, pp. 45-50, 64-69).

" Overland flow from the site is primarily directed approximately 350 feet to the northeast

toward South Buffalo Creek, the PPE. The pathway continues north northeast along South
Buffalo Creek for approximately 4.2 miles where it joins Buffalo Creek. The pathway then
follows Buffalo Creek northeast for approximately 9.3 miles (13.5 miles downstream of the
PPE), where it joins Reedy Fork. The 15-mile downstream pathway ends in Reedy Fork,
approximately 1.5 miles downstream of the confluence of Buffalo Creek and Reedy Fork

(Ref. 11).

The average annual flow of the waterbodies along the surface water pathway was calculated
by comparing the drainage area (131 mi®) and the average annual flow (102 cubic feet per
second (cfs)) of the Reedy Fork near Gibsonville, NC, which is located on the 15-mile
surface water pathway, to the drainage area of the waterbodies along the pathway and
calculating an estimated average annual flow (Ref. 12). South Buffalo Creek has a drainage
area of 43.5 mi® and an estimated average annual flow of 33.8 cfs (Ref. 12). Buffalo Creek
has a drainage area of 97.4 mi® and an estimated average annual flow of 75.8 cfs (Ref. 12).

There are no known drinking water intakes along the surface water pathway (Refs. 3; 11).
Fishing for human consumption and recreational use is unlikely in South Buffalo Creek,
Buffalo Creek, and Reedy Creek due to access and size constraints of these creeks (Refs. 3;
11; 13). There is no known wetland frontage on any portion of the 15-mile downstream
pathway (Ref. 11). There are no known threatened or endangered species along the surface
water pathway (Ref. 14).

Analytical results of the soil samples indicated the presence of various inorganics, volatiles,
and semivolatiles attributable to the site (Ref. 2, pp. 51-63, 70-90). The site is an active
facility with 7 employees onsite (Ref. 15). The site is accessible from all sides except the
portion of the northwestern border paralleled by tracks of the Southern Railroad (Ref. 2, pp.
12-13). A fence separates the site from the railroad and a forested ridge to the northwest

(Ref. 2, pp. 12-13).

There are no known residences, schools, day care facilities, terrestrial sensitive environments,
commercial agriculture operations, or commercial silviculture operations within 200 feet of
the source areas (Refs. 3; 14). There are approximately 788 people living within a 1-mile
radius of the Superior Products Company site (0-0.25 mile, 149; 0.25-0.50 mile, 95; 0.50-1
mile, 544) (Ref. 7).

No documentation exists to indicate a release to air has occurred (Ref. 2, pp. 19-22). There
are approximately 7,780 people living within a 4-mile radius of the site (0-0.25 mile, 149;
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0.25-0.50 mile, 95; 0.50-1 mile, 544; 1-2 miles, 1,857; 2-3 miles, 1,759; 3-4 miles, 3,376)
(Ref. 7). There are no known sensitive environments within 4 miles of the site; except for
approximately 169 acres of wetlands located 2-4 miles southwest of the site (2-3 miles, 5
acres and 3-4 miles, 164 acres)(Refs. 3; 14). The nearest known school is located
approximately 1.75 miles northeast of the site (Ref. 3). There are no known recreational
areas within 0.5 mile of the site (Ref. 3). '

The existing information, data and additional information collected were sufficient to evaluate
the Superior Products Company site. The hazardous waste quantity (HWQ) of 100 was
calculated using a 1,178 ft* area of contaminated soil (pond in front of the Receiving
building), a 700,000 gallon surface impoundment (former surface impoundment area), and
62,500 square feet of contaminated soil (process area) (Refs. 2, pp. 12-13; 3). The HRS
scoring is based on an observed release of contaminants to surface water and soil, and a
potential release of contaminants to groundwater and air. Based on the finding of this report,
further investigations are not recommended for the Superior Products Company site.

Groundwater 20.03
Surface Water 0
Soil Exposure 1.07
Air 1.00
Overall Score " 10.04

Very truly yours,

BLACK & VEATCH Waste Science, Inc.

Ah A0 7S

Robert A. Marte
Site Manager

Enclosure
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4 . GEOLOGY AND GROUND WATER IN THE GREENSBORO AREA, NORTH CAROLINA

has the least. The greatest annual precipitation averaged over the.entire area was 55.52 mches in 1929.
The least annual precipitation averaged for the entire area was 29.75 inches in 1941,

The average annual snowfall is nearly 10 inches.

Temperature.—Records of the temperature are obtained by the U. S. Weather Bureau at Greensboro,
Greensboro Airport, High Point, Reidsville, and Winston-Salem. In addition, records of temperature are
available for Oak Ridge from 1890 to 1902 and for Saxon, Stokes County, from 1891 to 1914.

The mean annual temperature during the period of record at the five stations now being maintained is
58.8° F. The coldest month is January, with a mean temperature of 40.6° F.; and the warmest month is
July with 2 mean temperature of 77.8° F. High Point is the warmest sfation, with a2 mean annual tempera-
ture of 60.2° F., and Wmston-Salem and Greensboro Airport are the coldest stations with a mean annual
temperature of 57.9° F.

The average date of the last killing frost in the spring is about Apnl 12, and the average date of the
first killing frost in the autumn is about October 25, leaving an average growing season of about 196 days.

DRAINAGE

The entire area is dramed by three major drainage systems, the Yadkin, the Dan, and the Cape Fear.
Most of the drainage of Forsyth County and the southwestern corner of Stokes County is into Yadkin River,
which forms the western boundary of Forsyth County. The remainder of Stokes County and most of
Rockingham and Caswell Counties is drained by Dan River. Most of Guilford County, all of Alamance
County, the southern pzrt of Rockingham County, and the southwestern corner of Caswell County are drain-
ed by Haw River. The southwestern corner of-Guilford County is drained by Deep River, which combines
with Haw River to form the Cape Fear. All these streams empty into the Atlantic Ocean to the southeast
and south, but the courses of the individual streams within the area are diverse. The drainage pattern is

largely controlled by the geology of the area.
’ PHYSIOGRAPHY

The Greensboro area lies entirely within the upland section of the Piedmont phvsiographic province
which is an uplifted, submaturely to maturely dissected peneplane on more or less resistant rocks.! In the
Greensboro area the upland surface, which generally slopes to the east and southeast, is interrupted by a
number of monadnock hills, some of which rise nearly 1,500 feet above the surrounding peneplane remnants.

Igneous, metamorphic, and sedimentary rocks occur in the Greensboro area. The metamorphic rocks
include gneisses, schists, slates, and quartzite; the igneous rocks include granites and dxorltes the sedi-
mentary rocks include conglomerate, ‘sandstone, and shale of Triassic age.

The quartzites, and many of the gneisses and schists, have been derived from sediments. The bedding
in these rocks, as well as the schistosity, strikes generally northeast-southwest. The ignéous rocks intruded
into them are generally elongated in the same direction.and, where'metamorphosed, the structural elements
also strike northeast-southwest. The cleavage and bedding in the slates and the bedding in the Triassic sedi-

. mentary rocks strike in the same direction. As these rocks differ considerably in resistance to erosion,

structural control of the topography is considerable.

At some time during the interval between the last part of the Triassic period and the first part of the
Cretaceous period, the area was eroded to a low-lying plain of little relief, save for a few monadnock hills.
Widely spaced trunk streams, meandering across the area, moved sluggishly in wide floodplains. There is
little doubt that this peneplane sloped to the east and southeast and that the streams discharged into the
Atlantic Ocean. Subsequently, the peneplane was uplifted and probably tilted slightly so that the south-
eastward slope was increased. The present altitude of the upland surface in the western and northwestern
part of the Greensboro area is ‘about 1,200 feet, whereas the altitude along the southeastern edge is about
500 feet, After the area was uplifted the streams began to cut down rapidly, forming narrow, steep-walled
valleys. The main streams probably followed more or less the channels of the former streams, in many
places, however, cutting off the old meanders and in general straightening and shortening the courses. Be-
tween these main streams some of the smaller streams followed parallel courses.

1 Fenneman, Nevin M., I'hyslogeaphile divislons of the Unlted States: Assoc. Am. Gengrapliers Annals, vol. IS, no, 4, po 200, 1428,

@
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GEOLOGY AND GROUND WATER IN THE GREENSBORO AREA, NORTH CAROLINA 7

Rising above the general upland surface formed by ‘the peneplane remnants are a number of monad-
nocks. A small monadnock range in central and western Stokes County is the.highest of these. This range
includes Sauratown Mountain, Moores Knob, Hanging Rock, Cooks Wall, and several lower peaks. This
group is capped by beds of highly resistant quartzite. Pilot Mountain, to the southwest in Surry County,
belongs to this group. The altitude of Moores Knob is 2,572 feet and that of Pilot Mountain is 2,415 feet.
A number of other peaks rise well above 2,000 feet, 1,000 feet or more above the general upland surface.

Although the entire area is included in the Piedmont upland section, the Triassic rocks have been
eroded more easily than the other rocks so that a partial lowland has developed on them. Along the south--
eastern edge of the Triassic belt this lowland is separated from the upland by a very prominent scarp, the
surface of the Triassic being 200 to 300 feet lower than the surface of the crystalline rocks to the southeast.
Northwestward the Triassic gradually rises 300 to 400 feet and the surface on the Triassic merges into the
surface on the crystalline gneisses and schists without any pronounced break in the topography.

The relation of the physiography and topography to the geology of the Triassic basin is shown in the
generalized cross-sectxon of figure 2. e

GEOLOGY

INTRODUCTION

Most of the time in the field was spent in obtammg hydrologic data, but': some attention was also given
to the geolog-y Before completion of the field work it became apparent that existing geologic maps were
entirely inadequate for use in arriving at any conclusions regarding the quantity and quality of water avail-

.

. able from the different rock units. Therefore, 5 additional weeks were spent in making a reconnaissance

of the geology of the area; and the reconnaissance data, together with the notes made during the collection
of the data on the wells, were used in making a geologic map of the area. Considering the large size of the
area and the short time spent in mapping, it is readily apparent that the geology was necessarily greatly
generalized and that the map can be considered only a reconnaissance map. The rock units chosen are
rather broad and often include several kinds of rock. For example, the Triassic includes sandstone, arkose,
conglomerate, shale, and mudstone. The -Triassic could easily have been dmded into three or four forma-
tions if time had perrhitted and the mapping had been done on large-scale base maps. Similarly, the gneiss
and schist unit includes several types of gneisses and schists which probably could be separated into indi-
vidual formations. The units chosen for the mapping were the broadest possible that would include rocks
of similar ages, petrolog'y, and water-bearing properties. :

. Because of the complexity of the geology, the time available did not permxt the complete separation
of even these broad units, so that some areas shown as one rock unit on the map may actually include some
small areas of rocks belonging to another unit. Furthermore, the small scale of the map does not permit the
showing of very small areas.

-

’ AREAL DISTRIBUTION AND CHARACTER OF THE ROCKS
Gneiss.—This unit includes several types of mterbedded gneisses and schists, most of which appear to

" be of sedimentary origin. Most of these rocks are identical with rocks in other sections of the State which

were mapped by Arthur Keith as Carolina gneiss?, although small areas of hornblende schist and gneiss are
included with this unit in the Greensboro area that are similar to Keith’s Roan gneiss. The-unit forms a
broad belt trending northeast-southwest. It underlies nearly one-half of the Greensboro area, occupying
most of Forsyth, Rockingham, and Caswell Counties and occurring in large areas in Stokes and Guilford
Counties.

The most abundant rock is quartz-mica-feldspar gneiss mth the proportion of quartz differing greatly
from place to place. The feldspar usually is predominantly plagioclase although nearly always some potash
feldspar is also present. At a few places the potash feldspar, either orthoclase or microcline, or both, predomi-
nates. At some places the proportion of quartz increases greatly so that the tock is actually a quartzite gneiss.
The rock has a medium to coarse texture and is usually light gray in color. However, at many places a larger
propcn tion of biotite gwes the rock a darker color. In some areas the gneiss is very fine-textured and ﬁnely

? Relth, Arthur, U. S, Geol. Sune) (u:ol Atlas, Cranberry folio, (no. 90), 1903 ¢ also Asheville rollo (no nc), 1904 ; Mount Mlitehelt folio (no. 124), 190«.
Nantahala follo (no. 143), 190G; I'isgcah fullo (no. 147), 1907; and cnﬂney l\lnts Mountnln follo (no. 222
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SUMMARY OF ROCK UNITS AND THEIR WATER-BEARING PROPERTIES

The followmg table lists the rock units shown on the map, plate 1, and gives a brief geologic and
hydrologic description of them.

. Rock UNiTs IN TuUE GREENEBORO AREA

Unit

Description

Wa!cr-lgeariﬂa Properiics

Trinssic
(Newark
group)

0

Consolidated sedimentary rocks consisting of
arkose, arkosic sandstone, sandy shale, shale,
mudstone, and conglomerate. Mostly red,
b;‘own. and yellow in color. Lenticular in many
places.

Water occurs in fractures, joints, and along bedding
planes. Entirely adequate supplies for domestic use near.
ly everywhere. Moderate to moderately large supplies for
municipal and Industrial use at many places, but yields
decrease with continuous pumping. Average yield of 50
wells is 17 gallons a minute. Water at many places {s
moderately hard to hard.

Porphyritic
granite

Commonly gray, very coarse porphyritic gran-
ite, generally massive, but gneissic at places
owing to only partial assimilation of intruded
gneisses and schists. At a few places medium-
textured, equigranular.

‘Water occurs in joints and fractures. Adequate supplies
tor domestic use obtained at most places. Limited quan-
tities for industrial and municipal supplies at most places,
larger supplies at a few places. Average yield of 47 wells
is 8 gallons a2 minute. '

Diorite

Usually fine- to medium-grained, gray to dark
greenish gray; consists chiefly of plagjoclase
and hornblende. Massive at many places but
schistose or gneissic at a few places.

Water occurs in foints and fractures. 'About 30 percent
of wells yield supplies inadequate or only partially ade-
quate for domestic use., Supplies are inadequate for mu-
nicipal and industrial use at many places. Average yield
of 26 wells is 6 gallons a minute. Water generally mod-
erately hard to hard, low in iron.

Sheared
granite

!

Light pink to gray, mostly coarse-grained bio-
tite granite. Greatly sheared, at places schist-
ose or gneissic. Cut by innumerable green
mafic schistose or slaty dikes which resemble
the greenstone schist.

Water occurs in fractures and joints. Adequate yields for
domestic supplies at most places. Moderate to moderately
large supplies for municipal and industrial’'users at some

. places, but inadequate supplies at a number of places.

Average yield of 116 wells is 14 gallons a minute. Water
moderately hard at many places, soft at other places;
usually low in iron content.

Slate

Chiefly gneissic, schistose, or slaty tuffs con-

.sisting of mineral grains and fragments in a

fine-grained matrix of volcanic ash and some
land waste. Usually tough, hard, light-color-
ed. Include some ‘clay slates.

-trial use at most places.

TWater occurs in joints, fractures, slaty cleavages, and in
quartz veins. Adequate yields for domestic use nearly
everywhere. Moderate yields for municipal and indus-
Average yield of 49 wells is 16
gallons a minute. Water generally soft to moderately
hard but at a few places is hard or very hard.

Sericite
schist

Chiefly sericite, quartz-serjcite, and chlorite-
sericite schist.. Usually fine-grained anad finely
foliated. . Schistosity strikes northeast, dip is

vertical. Very deeply weathered.
’.

Water occurs in’ foints, fractures, and planes of schistos-
ity. Yields are adequate for domestic supplies at most
places and moderate supplies can be obtained for munici-
pal and industrial use at most places. Average yield of 14
wells Is 10.5 gallons a minute. Water usually soft, in
some Dplaces contains objectionable amounts of iron.

Greenstone
schist

Green, slightly to highly schistose mafic rocks
chiefly of volcanic origin. Consist of lava flows,
tuf{s, breccias, and some intrusives. Ususally
greatly sheared and fractured. Quartz veins
at many places.

Water occurs in joints, fractures, along,planes of schist-
osity, and in fractured quartz veins. Yields adequate
domestic supplies nearly everywhere and moderate to mod-
erately large supplies’ for municipalities and industries.

.Average yield of 135 wells {s 28 gallons a minute, the

highest of all units. Water generally moderately soft and
in some places contains objectionable fron.

Quartzite
and schist

Fine- to medium-grained quartzite, gneissic ap-
pearance at places because of muscovite con-
tained; also mica schist, quartz-mica schist,
quartz-chlorite-mica schist, moderately coarse
and greatly crenulated.

. at most places.

IWater occurs in fractures, joints, along bedding planes,
and planes of schistosity. Yields small supplies of .water
Average yield of 27 wells is 5 gallons a -

minute. ‘Water usually soft and low in iron.

Gneiss

Quartz-mica-feldspar gneiss, quartz-mica schist,
hornblende plagioclase gneiss, hornblende
schist, and marble. Mostly of sedimentary
origm Bedding usually distinct, striking north-
east. Dip generally moderate.

Water occurs in joints, fractures, bedding planes, and
planes of schistosity. Yields adequate domestic supplies
practically everywhere. Moderate to moderately large
supplies for municipal and industrial use at most places.
Average yield of 350 wells.in area is 11.5 gallons a min-
ute. Water ranges from soft to extremely hard. Iron
content usually low.




-
[}

- - EE

- - SN

-

GEOLOGY AND GRGUND WATER IN THE GREENSBORO AREA, NORTH CAROLINA ) 13
)

This phase resembles chert. All these rocks are tough and hard when unweathered but in some places
upon weathering they disintegrate into their component minerals. Thus a weathered tuff containing quartz
grains and pebbles resembles a friable silty sandstone.

Most of the tuff has a slaty or schistose cleavage; in many exposures the cleavage is prominent, but at
some places it may be obscure or entirely absent. At many.exposures of the coarser phases the tuff has a
gneissic appearance caused by crude banding of the coarse feldspar or quartz grains and fragments. Clay
slate, a very fine-grained buff-colored rock with smooth cleavage planes, occurs in Guilford County south of
Big Alamance Creek and at a few other places. :

The cleavage planes of the slates usually are vertical and strike northeast. At only a few places can
the bedding be observed. ‘These rocks were formed mostly by the commingling of volcanic ash and other
ejecta with some land waste. Some of the beds are believed to have been deposited in water but many may
have been deposited directly on the land. The clay slates probably were formed by the deposition of clay
and silt in bodies of water.

The age of the slates has usually been considered to be pre-Cambrian. There is little or.no direct evi-’
dence either supporting or disproving this correlation. Probably the arguments most commonly advanced
for a pre-Cambrian age are the degree of metamorphism and the absence of any fossils. The argument
based on degree of metamorphism appears to be very weak because at many places in the United States rocks
much younger than pre-Cambrian have undergone as much or more metamorphism™than these slates. " De-
tailed studies of the slates have been made in only a few places. The most important of these, made by
Laney!, Pogue?, and Stuckey?®, all state that no evidence was found regar ding the age but place the slates in
the pre-Cambrian because that has been the accepted age.

Sheared granite.—This unit is very distinctive and can generally be readily distinguished in the field.
It is a sheared, in many places schistose or gneissic, biotite granite cut by innumerable greenish-colored mafic
dikes which have been metamorphosed to a slate or schist. The dikes have a close resemblance to the green-
stone schists, and in general appear in much greater numbers near the southeastern margin of the granite
belt, near the contacts with the greenstone schists.

The granite crops out in an irregular and interrupted belt across southeastern Guilford County, most of
Alamance County, and the southeastern corner.of Caswell County. In this belt it is very closely associated
with the greenstone schist and, in southeastern Alamance County, with the tuffaceous slates.

The granite is most commonly a light-pink coarse-grained rock consisting chiefly of orthoclase, plagio-
clase, biotite, and quartz. At a few places the granite is light gray and medium-grained, the feldspar being
chiefly plagioclase. Nearly everywhere the granite has been greatly sheared, with the development of a
schistose or gneissic structure. The biotite occurs in large smears which wrap around the surfaces of the
feldspar and quartz crystals. .

Microscopic examination of a thin-section cut from a specimen obtained 5 miles east of ngh Pomt
indicated that the granite has undergone a- considerable amount of metamorphism. Orthoclase occurred in
a few large-zoned crystals, with some microcline which showed.strain shadow. The feldspar is chiefly albite
which showed both albite and pericline twinning. The crystals are large and many of them are curved as
much as 5°. Some form an S-curve. Quartz occurs only in very small grains, as though granulated or mylo-
tinized, and occurs in stringers threading between the feldspar crystals. Nearly all the quartz grains show
prominent strain shadows. There is considerable green, very pleochroic hornblende which occurs in large
curved crystals. There are also a few scattered augite crystals. Biotite is quite plentiful and threads in
between the other minerals, curving around their margins. The small amount of chlorite is similar to the
biotite in its occurrence. '

Probably more than 90 percent of the dikes, which cut the granite in such great numbers, are of one
general type. They are generally several inches to several feet wide, a few being up to about 25 feet in
width. Some of them can be traced for hundreds of feet. The dikes occur nearly everywhere in the granite
in great numbers. Rarely does an outcrop of 200 or 300 feet of granite fail to expose at least one dike, and
at many places 10 or 12 dikes cut the granite in an outcrop of that size. The dikes appear to be more num-

-—

! Laney, F. B., The Gold Hill mining district of \nrlh Carolina: North Carolina Geol, and Econ. Survey Bull. 21, p. 74, 1910.
2 Pozue, K. dr.; Cld mining disteict of Davidson County: North Carolina Geol. and Ecunomic Survey Bull, 23, b, 83, 1910,
> Stuckey, J, I The pyrophyiilte deposits of North Carollna North Carulina Dupt. Cons. and Devel, Bull, 37, p. 23, 1925,
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Plate 7—Sheared granite with inclusions of gneiss, both cut by mafic dikes. Metamorphism has produced a gneissic strue- |
ture in the granite and has nltered_ the dikes to schist, .
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Plate §—~Close-up of sheared granite.

erous and more’ closely spaced along the margins of the granite, where it is in contact with the greenstone
schist. In fact, in some exposures near the margin of the granite the dikes- occupy more area than the
granite into which they are intruded.

The typical dike is a very fine-grained greenish-colored schist. Brownish-colored dikes are noted at a
few places and, except for the color, they are similar to the green dikes. Microscopic study shows that the
rock consists chiefly of chlorite, biotite, plagioclase, and augite. Present in minor amounts are muscovite,
apatite, and garnet. The chlorite occurs as a matrix of felted shards from which the biotite and augite de-
veloped. Both the biotite and augite occur in idimorphic crystals ranging in size from the smallest that can

. ‘ 4_
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be discerned with the microscope to crystals several hundred times that size. The plagioclase contains many
inclusions of muscovite and chlorite and some biotite. .

A few felsic dikes cut the granite at places. . Thes2 are fine-grained, hght-coloxed and appear to consist
chiefly of feldspar and quartz.

Diorite.—Diorite crops out in a number of places in Alamance, Caswell, and Guilford Counties. The
four areas of diorite shown on the map include one just north of High Point, one about 8 miles northeast
of Julian, a small area at Swepsonville, and a much larger area in south-central Caswell County. Besides
the areas shown on the map, many other outcrops of diorite were mapped with other rocks, mostly because
their small size did not permit their separation on the map scale used. Many outcrops of diorite were in-
cluded in the areas mapped as greenstone schist, and conversely, some greenstone schist may be included
with the diorite, particularly in the area near High Point and the one in Caswell County. The greenstone
schist and diorite appear to be closely associated areally, and because the soils are so similar it is difficult
to distinguish them where outcrops of fresh rock are few. Some outcrops of diorite which are not shown
on the map are as follows: between Graham and Haw River; between Graham and Swepsonville; 6 miles
west of Climax and at several other places-between -Climax and High Point; 5 miles south of Greensboro; 6
miles north of High Point; and near Buffalo Creek, absut-8 \miles northeast of Greensboro.

There is considerable variation in the diorite not only from place to place but apparently within the
same mass. It is usually fine- to medium-grained but at some places is quite coarse. The color ranges from
medium gray to dark greenish gray. Plagioclase and hornblende are the chief minerals, with a little quartz
in some places. The hornblende is a greenish-colored variety and at some places the plagioclase is par-
tially altered to epidote, thus giving the rock a greenish cast. Plagioclase commonly makes up about 65
percent of the rock but it ranges from about 50 to 75 percent. '

At many places the diorite is massive and has no apparent schistosity, but at other outerops’it is quite
schistose. It was not determined whether the diorite is all of one age or whether two or more periods of
intrusion are represented. The range in degree of metamorphism of the diorite is no greater than the
range in any of the other rock units mapped. It is quite possible that all the rock units, as mapped, include
rocks of greatly different ages. However, it seems very likely that degree of metamorphism is not a good
criterion of age in this area. Not only will different kinds of rocks react very differently to metamorphic
forces; but the environment,- particularly the depth at ivhich metamorphism occurs and the distance from
the metamorphic focal point, has a large effect on the degree of metamorphism.

Some of the diorite is definitely older than the older granite, which at a few places was observed to be
intrusive into the diorite. At other places field relations suggest that the diorite was intrusive into. the
granite. If so there must be two ages of diorite mtrusmn .

Porphyritic granite.—This unit includes those granites thought to be younger' than the sheared biotite
granite described previously. At most outcrops the granite is porphyritic, but in a few places it is not.
Most of it, svhether porphyritic or not, appears to belong to the same period of intrusion. The largest area
is in southeastern Forsyth and northwestern Guilford Counties where it crops out in irregularly shaped
masses and-elongate bodies paralleling the regional strike. It is intimately intruded into the gneisses and
schists, which makes mapping difficult. In this areaalmost every outcrop of the granite is porphyritic. The
other general area in which the granite occurs is in northern Stokes County, where many of the outerops
are of non-porphyritic granite.

The granite in southeastern Forsyth County and northw estern Guilford County is usually medium to
very coarse grained, medium gray, and contains large phenocrysts of feldspar. Orthoclase crystals 8 inches

- long were observed in an outcrop 4 miles southwest ' of Belew Creéek. The groundmass consists of feldspar,

quartz, and bijotite. At one exposure, 114 miles west of Union Cross on U. S. Highway 311, the granite is
a medium-grained, equigranular light-gray rock consisting mostly of feldspar with some quartz and a little
biotite, and containing numerous tiny clear rose-colored garnets. At many places, particularly southeast:
of Winston-Salem, dikes and fingers of granite can be seen cutting the biotite gneisses and schist. The
granites have intruded these rocks much more complexly than could be shown on the map. At places the
metamorphic rock appears to have been almost entirely digested by, the granitic magma so that only small
pods, lenses, and stringers of partially digested gneiss remain; and in many of these outcrops the granite
has assumed in part the gneissosity of the metamorphic rocks. At other places the gneiss and schist appears



18 GEOLOGY AND GROUND WATER IN THE GREENSBORO AREA, NORTH CAROLINA

4. Erosion to a peneplane so that all that remained of the Triassic basin was the southeastern part, and
in this part, too, erosion had removed much material, beveling all the strata.

5. Planation of the Triassic by the Dan River and its tributaries, forming the sloping surface that term-’
inates so abruptly against the gneisses to the southeast.

The age of these rocks has been definitely established as Triassic on the basis of fossil plants and ani-

. mals found in them.

" GROUND WATER'
SOURCE
The source of the ground water in the Greensboro area for all practical purposes is from precipitation
as rain or snow. Little or no water is derived from the interior of the earth in the area.

The average yearly precipitation in the area is nearly 45 inches. In eastern United States stream flow
carries off about one-third of the precipitation as direct run-off. Meinzer? estimates that about one-third
of the precipitation reaches the water table. The remaining third is lost by evaporation and transpiration

. before reaching the water table.

In the Greensboro area, where the surficial materials in many places are impermeable clays, the re-
charge may be somewhat less than average. Thus recharge to the ground water in this area is probably
somewhat less than 15 inches per year. Although seasonal fluctuations of the water table are considerable
and there may be a considerable change in water level between dry and wet years, over a period of many
years the net change in water level is zero, assuming no long term climatic change, so that the average an-
nual recharge to the ground water is equaled by the average annual discharge. Ground water is discharged
through springs, seeps, and wells, and by evaporation and transpiration. Most of the water discharged by
the springs and seeps enters the streams and maintains their flow during pgriods of no rainfall.

OCCURRENCE

Large quantities of water are contained below the surface in the openings or interstices in the rocks.
These interstices range in size from the minute pores in clays to large tunnels and caverns in lavas and
limestones. The interstices in unconsotlidated sedimentary rocks such as gravel, sand, and clay are the pores
or openings between the sand or clay particles. Crystalline rocks such as granite, gneiss, and schist have
little pore space between the component grains. The interstices in these rocks are the joints, fractures,
cleavage planes, planes of schistosity, bedding planes, and solution channels. Consolidated sedimentary
rocks, such as the Triassic sandstones and shales, have had their primary porosity reduced by compaction
and by the deposition of minerals between the grains. However, in these rocks jointing and fracturing has
produced secondary interstices in which water may accumulate. Several types of interstices are shown in
figure 3. . . ' . o

~ The porosity of a rock is the percentage of the total volume that is occupied by the interstices. The
porosity of rock materials covers a very wide range. The porosity of some clays is mote than 50 percent,
whereas the porosity of some crystalline rocks may be less than 1 percent. The porosity of clean sands and
gravels usuzally is between 20 and 40 percent. When sands and clays are cemented and compacted to form
sandstones and shales, the porosity is greatly decreased. '

Because of the secondary interstices in the igneous and metamorphic rocks, such as joints, fractures,
and cleavage planes, are formed or enlarged by weathering processes near the earth’s surface, they decrease
in number and size with depth. Solution and removal of minerals in the soil may result in a porosity of 50
percent or more, but the porosity decreases downward in the subsoil and in the partially decomposed and
disintegrated bedrock. The solid bedrock may have a very low porosity. '

A saturated rock or soil may have a large porosity and yet yield little water even though allowed to
drain for a long time. A clay, for example, with a porosity of 50 percent might not yield any water by
gravity because of the smallness of the pores, the water being retained because of molecular attraction.
Some water also may be retained in a rock because the interstices are isolated or poorly interconnected. Even

1 For a detailed discussion of the principles governing the ocrurrence and movement of ground water, see U. 8. Geal. Survey Water-Supply Papers

489 and 494,
* Mcinzer, O. E., lydrology, . 401, McGraw IMill, 1942,
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in clean, coarse, well-sorted sand an appreciable part of the water will be retained as a thin film on the
surface of the grains, and thicker films will be retained at the intersection of the surfaces of the grains. The
ratio of the volume of water a saturated rock will vield by gravity, to the total volume of rock, is known as
the specific yield and is stated as a percentage. e ' —
Probably the most important characteristic of an aquifer is its permeability, that is, its relative ability
to transmit water. This characteristic may have little relation to the porosity; a clay, for example, with a
porosity of 50 percent may transmit water very slowly, or not at all, whereas a sand or gravel with a poros-
ity half as great may transmit large quantities of water in a short time. Clays are impermeable because
the pores are so small that the water is held by molecular attraction. In silt and extremely fine sand the
pores are larger and the molecular attraction is less but may still be so great that water is transmitted very
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slowly. A small.amount'of clay or fine sand will greatly decrease the permeability of 2 medium or coarse
sand. The concepts of porosity, specific yield, and permeability apply particularly to more or less homo-
geneous materials such as soil, clay, sand, gravel, semiconsolidated sandstones, and some limestones. It
is more difficult to apply these concepts to rocks in which the interstices consist entirely of fractures, joints,
cleavage planes, and similar openings because the rocks are non-homogeneous.

" The movement of ground water is usually due entirely to the force of gravity, and ordinarily the veloc-
ity of flow varies directly with the hydraulic gradient; that is, the flow is laminar (non-turbulent). - Under
natural conditions the points of discharge are at a lower elevation than the points_ or areas of recharge.

In a humid region, such as the Greensboro area, recharge to the ground water is in the interstreami

arcas. The ground water discharges into the perennial streams and lakes, and the lowest points on the wat:
table are at these places. Rain water .percolates more or less vertically downward to the water table and
then moves laterally toward the point of discharge in some stream valley, lake, or swamp. The streams con-
tribute to ground-water recharge only in periods of flood, when they recharge the alluvium and bedrock
along their channels. This:water generally drains quickly back into the streams when the floods pass.

] During the winter and spring, when the water table is high, the head is greater, therefore the velocity
is higher and the volume of discharge is greater than in the autumn when the water table is low.

THE WATER TABLE

Rain falling on an area percolates downward through the soil until it reaches. the zone of saturation,
beneath which all of the pores and interstices are cqmplete]y filled with water. The surface of this zone

10
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of saturation is known as the water table. The water table is not a stationary surface but is continually
fluctuating, rising during and immediately following periods of rainfall and declining during periods of
fair weather. In humid regions such as the Greensboro area, the water table is an undulating surface,
usually reflecting, in a subdued way, the irregularities of the topography. The relief—that is, the difference
in elevation between high and low points—of the water table generally is much less than the relief of the
topography.

The depth to the water table depends principally upon the climate, the topography, and the character of
the rocks. As the climate is nearly uniform throughout the Greensboro area, and most of the rocks are con-
solidated, brittle rocks with similar types of interstices, differences in depth to the water table depends
largely upon the topography. In stream valleys the water table may be at or very near the surface. On
wide flat uplands the water table generally ranges from a few feet to a few tens of feet below the surface.
On hills and in sharply dissected areas near the larger streams the water table may be more than 100 feet
below the surface. The greatest depth to water measured in the Greensboro area was 161 feet in well 50
in Stokes County. This well was on a high hill rising above the valley of Dan River. The relation of the
water table to the topography in homogeneous materials is illustrated in figure 4.

z°®

Fig. 4.—Diagrammatic section jllustrating the relation of the water table to the topography.

wolel L/ L ot

FLUCTUATIONS OF THE WATER TABLE

Because the source of ground water is precipitation, the water table fluctuates with the rainfall. How-
ever, a number of factors complicate the correlation of ground-water level and rainfall. The intensity and
duration of the rainfall has a considerable bearing upon the proportion of water that runs off directly, evap-
orates, and reaches the water table. A heavy rainfall of short duration may result in a high percentage of
surface runoff because of the inability of the soil to transmit the water to the water table rapidly. The same
amount of rain, falling over a longer period, may result in a much larger proportion of water reaching the
water table. However, during the longer period of rainfall there might be an increase in the total amount
of water evaporated, thus reducing to that extent the amount of water that will reach the water table.

Temperature also has a considerable effect. The viscosity of water varies inversely with temperature,
so that cold water percolates through the earth more slowly than warm water. This means that water re-
charged during cold weather moves downward to the water table more slowly than water recharged when
the weather is warm. When the ground is frozen, no water can percolate downward to the water table.

The evaporation capacity of the air, which is dependent upon temperature, humidity, and the rate of

air movement, determines the rate of evaporation and thus has considerable bearing on the proportion of
rainfall that may reach the water table. Transpiration losses through vegetation may have an even greater
effect. .
During the summer evaporation and transpiration losses are high and much of the rainfall occurs in
short, heavy showers that result in high surface run-off. It is principally because of these three reasons
that the ground-water level recedes during the summer and autumn although these months have the heaviest
rainfall.

During the winter the vegetation is dormant so that little water is lost by transpiration, the evapora-
tive capacity of the air is low and little water is lost by evaporaticn, and rain is apt to fall slowly and stead-
ily. Therefore, the ground-water supplies are replenished during these months although the rainfall is less
during these months than in the summer and autumn. However, the first winter rains often do not have as
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THE ROCK UNITS AND THEIR WATER- BEARlNG PROPERTIES
INTRODUCTION ~

The areas in which the dxﬁ'erent units crop out are shown on plate 1. As was explained in the de-
scription of the geology of the area, this is only a reconnaissance map and in some places is not completely
accurate in detail. Many small areas of one type of rock occurring' within larger areas of another type are
not shown. - .

Data on 1,254 wells are tabulated and given thh ‘the county descriptions in this-report. In order to
compare the water-yielding properties of wells in the different rock units, tables were prepared showing
the average depth, average yield, and other pertinent data for all drilled wells 3 inches or more in diameter,
in each rock unit, for which there were sufficient dafa. The topographic location was noted for most wells,
and other tables give the same data tabulated according to topographlc location. These tables are given
with the descnptxon of each rock unit. .

Relative w ater-bearmg properties of the rock umts —A table showmg the relative merits of wells in dif-
ferent rock units is given below. Figure 7-A shOWS graphically the yield per foot of well for wells in the dif-

i‘erent rock umts s
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Fig. 7—A. Average yield, per foot of well, of wells in the different rock units.
B. Average yield, per foot of well, according to range in depth.
C. Average yield, per foot of well, according to topographic location.

- The 812 wells have an average depth of 151 feet, an average yield of 1414 gallons a minute, and an
average vield per foot of well of 0.097 gallons a minute. The lowest yield was zero and the highest yield was
212 gallons a minute. The number of wells yielding less than 1 gallon a minute is 103, about 1114 percent

of the total.
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TABLE l1—Avirace Yieno or WeLLs AccouniNg To Rock Tyreg
(Drilled wells 3 inches or more in diameter)

' Yield (gallons 2 minute) Pereent of We"::.
Number Average . yiclding less
Roex Usir of depth ) thau 1 gallon
Wells [ (fect) Range Average Peifoot 8 minute
. of Well
Gnelss ) 350 154 0125 14 0id 15
Quarlzile......................'.... 27 126 0~ 20 (371 042 15
Greenstone schiste.esncccaccacensces 136 166 Y~200 28 150 8
Sericite sehist u 106 16— 25 104 099 "
Slate.. - 40 125 1— 78 16 J120 24
Sbheared granite 116 120 0212 14 093 H
Diorite.... 26 07 0— 25 1 003 31
Porphyritie graniteceeeeececeeccaens &7 141 0— 30 8 ,.001 u
Triassic : 50 1M -1—-150 17 Jdoo . [ 2
Diabase dikes (Triassit)eereevecaccene 3 186 0 ’
Greenstone and graniteeeeencecerenee 3 185 26
All Wells 512 181 0—212 14 007 134

Greenstone schist has by far the highest average yield and average yield per foot of well, nearly 65
percent greater than the average yield of wells in Triassic rocks, which have the next highest average yield.
Wells in the slates and sheared granites have only slightly lower average yields than wells in the Triassic.
However, wells in the slates have a much higher average yield per foot of well than those in either the
Triassic rocks or the sheared granite. Wells in the gneiss, with an average yield of 1114 gallons a minute,
are fifth in yield but are sixth in average yield per foot of well. Average yields of wells in the other rock
units range downward to 5 gallons 2 minute and to 0.042 gallons a mmute per foot of well in'the quartzite

unit.

Certain factors make this table of comparative average yields somewhat misleading. Cities, towns, and
industries are not distributed evenly throughout the Greensboro area but'are concentrated in a few places.
Thus, municipalities and industries, which seek and obtain much larger yields than are obtained from domes-
tic wells, are concentrated on certain of the rock units, whereas few municipal and industrial wells are lo-
cated in some of the other rock units. Nearly all the industrial developments and municipalities in Ala-
mance and Guilford Counties are underlain by greenstone or sheared granite. In Forsyth County nearly
all municipal and industrial supplies are obtained from gneiss. Most of the industries in Stokes County and
tche only municipality using well water are located in the Triassic. Most of the industries and municipal-
ities using ground water in Rockingham County are also located in the Triassic. There are few industrial
and municipal wells in Caswell County and all of these are in gneiss.

The effect that this concentration of large ground-water users in certain of the rock units has on the
average yield of wells of the different units is considerable. The greenstone schist, with the highest average
}xe]d has the highest proportion of industrial and municipal wells; 41 percent of the wells used in compil-
Ing the above table were of this type. The Triassic rocks, which have the second highest average yield, are
a close second with 38 percent of municipal and industrial wells. The slate, granite, and gneiss which aver-
age third, fourth, and fifth in average yield are also third, fourth, and fifth with 20, 1514, and 1214 percent,
respectively, of industrial and municipal wells. (The porphyritic granite and biotite .granite were com-
bined to obtain the figure for granite.) The diorite, which is sixth in percent of municipz] and industrial
wells, is seventh in average yield. The chlorite-sericite schist and the quartzite and schist have no municipal
or industrial wells and are sixth and eighth (last), respectively, in average yields.

1
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The following table summarizes the data for industrial and municipal. wells drilled in six of the rock
units and probably gives 2 more accurate estimate of the relative amounts of water that can be obtained
from wells drilled in these rocks. .

TABLE 2—AVERAGE YIELD OF MUNICIPAL AND INDUSTRIAL WELLS! Aécox:mxc T0 Rock Tyrr:
(Wells 5 inches or more in diameter) .

Average Yicld (mallons a minute) Tercent of wells
Tyrr or Rocx Number of depth . . yiclding less
. wells (feet) Range Average | Perfoot of | than 10 gallons
well s minute
Cranite. - 26 361 2--212 B 003 3
(inciss.ene.. 4 256 1—-125 g 121 0
Greenstone cec..ceecensmeesesececes 56 282 3—200 55% 107 34
§hle... 8 NS 85— 32 22 071 1234
Triassic aee 10 291 §—150 35 J20 21
Diorite... . B 181 10— 25 17 002 ’ 0
Alwells.eoeeenncencceconceans 156 207 1=212 41 138 13

1 Includes colleges, nirports, county homes, hospitals, prison tamps, broadeasting stations, ete., but does not include county schools.

In table 2, as in table 1, wells in the greenstone schist are shown to have a considerably higher average
vield than wells in any other rock unit. The average yield is 60 percent greater than the average yield of

“wells in the Triassic, which have the second highest average yield. This compares closely with the 65 per-

cent advantage for 3-inch and larger wells in greenstone schist shown in table 1, and it is evident that the
large proportion of industrial and municipal wells was not responsible for the higher average yield for
wells in this particular rock unit. It seems certain that in the Greensboro area the greenstone schist will
yield, on the average, more water than any other rock. -

In table 2, as in table 1, wells in the Triassic aresecond in average yield, but the yield of wells in gl anite
and in gneiss are so close as to be almost equal to the Triassic, and in yield per foot of well the gneiss actually
is second to the greenstone schist.” The most significant changes in ratings between the two tables is the
advance of the gneiss from sixth to second place in yield per foot of well, and the drop of the slates from a
strong second to a poor fifth in both average yield and average yield per foot of well. Of considerable sig-
nificance is the column showing percent of the wells that yield less than 10 gallons a minute. Only 314 per-
cent of the wells in the greenstone schist yield less than 10 gallons a minute, whereas 34 percent of the wells
in granite yield Jess than 10 gallons a2 minute. This indicates that the range in yield of wells in greenstone
schist is not nearly so great as in granite. The tendency in granite would seem to be for some wells to yield
very little, whereas others would have large yields. Inthe greenstone schist, the wells would have more nearly
uniform yields. Wells in gneiss, slate, and in the Triassic have ranges between these two extremes. There
are too few industrial and municipal wells in the diorite to form any conclusion about them.

Effect of topographic location.—The topographic lozation was noted for 802 of the 812 wells of table 1.
The number of wells, average depth, range in yield, average yield, and percent of wells yielding less than
1 gallon a minute for wells in five different topographic locations are given in table 3a and the average yield
per foot of well for wells in the different topographic Jocations is shown graphically in figure 7-C.

TABLE 3a—AvrracE YiELn oF Wrnls AccornIiNG 70 Torocrarmic LOCATION
(Drilled wells 3 inches or more in diameter)

Average l Yield (allons a mlnulc) Pereent of wells
ToroGnarme Location Number of depth | yiclding less
wells (fect) Range Average Der foot than 1 gallon
. of well s minute
Bl e eeeeoeeeemaemmmenn. 282 145 l 0—125 i 052 ag
Tlat e 122 154 l 0—200 15 , a3 3
SI0DCemenrmnmmnemmeneneeearaennnnns 228 12| o120 | a0 ¢
]
D2 oeeeeeomnenenensaerennas | e 150 | 1322 2 | R 3
L3 [}
VBl e eeceanceeeemmcenaenesensenas [ [ 22 | o-1s0 2w | a2 | 1
1]
ANNES e ememeeeeeeseeemneeeeeaans I I e =1t g | oo | 124




42 . GEOLOGY AND GROUND WATER IN THE GREENSBORO AREA, NORTH CAROLINA

AN
! .-u-..~)'\\\.;\:\
r

-

o A
¥
)

¢
it
%]
U
4
1]
r
g
Mk

Plate 12—Slate containing quartz veins, through the fractures of which ground water circulates.

solid rock, went dry during the drought of 1941-1942, and many of these were deepened by drilling a well
6 inches in diameter in the bottom. .

Analyses were made of four samples of water from wells in slate and include wells 18, 38, 194, and 212
in Alamance County. Of the four samples, three were soft (less than 60 parts per million), and the fourth
was very hard (480 parts per million). The well yielding the very hard water is only 58 feet deep, and, in
addition to being hard, the water also has a chloride content of 165 parts per million. This water is not
characteristic of the slate. About half the users reporting on hardness reported slightly hard to hard water,
the other half reporting soft to moderately soft water. Most of the waters ‘reported soft were from wells
drilled in fine-grained sericite schist, whereas the hard waters were from wells drilled in slaty tuffs and
breccias.

Iron was determined on only two of the four samples and was only 0.01 part per million in each. Of the
users reporting, about one-third reported little to much iron and two-thirds reported no iron.

SHEARED GRANITE

The sheared biotite granite crops out in central and northeastern Guilford County; south-central, cen-
tral, and northwestern-Alamance County; and southeastern Caswell County. It is a very distinctive unit
and at most places is easily distinguished from other granites. It has been greatly sheared and at many
places has a schistose or gneissic structure. It is cut by innumerable greenish-colored basic schistose dikes
which greatly resemble the greenstone schist. In places the dikes occupy nearly as great a total area as
the granite which they intrude, and they generally are more numerous near the southeastern margin of the
granite belt.

The granite is chiefly a light-pink to gray coarse-grained rock consisting of orthoclase, plagioclase, bio-
tite, and quartz, and minor accessories. The biotite occuis in large tabular crystals which have Dbeen
smeared and wrapped around the surfaces of the feldspar crystals,

15
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The granite is about an average aquifer, drilled wells yielding at most places satisfactory amounts for
domestic users and, at favorable locations, generally yielding 25 to 50 gallons a minute for industries and
municiralities. Several exceptionally good wells yield from 100 to 212 gallons a minute.

According to table 1, the sheared granite is a close fourth in average yield and in average yield per
foot of well. The average yield of wells in granite in the Greensboro area is 14 gallons a minute.

In the Halifax area the average yield of wells in granite was only 10.6 gallons a minute!. However,
the average depth in that area was only 128 feet, so that the average yield per foot of well was 0.084, only
about 10 percent less than that of the sheared granites of the Greensboro area. -

In table 2 the average yield of industrial and municipal wells in granite, including wells in both the
sheared granite and the porphyritic granite, is nearly 214 times as much as the average yield of all wells in
granite, but the average depth is also 214 times as great so that the yie}d per foot of well is the same.

If it were not for the generally larger diameter of the industrial and municipal wells, they probably
would have a lower yield per foot of well. In table 2 the granite ranks fourth of the six units, both in

average yield and average yield ‘per foot of well. The average depth of these wells is considerably greater
than in any other unit, owing in part to several exceptionally deep wells which were contmued to excessive
depths after failure to obtain water at moderate depths. .

In table 9 the average depth, average yield, and other data for we]ls in the sheared granite are tabulated

according to range in depth and. according to topographic location. -

TABLE 9—AvERACE YIELD OF WELLS IN SNEARED BIOTITE GRAKITE
(Drilled wells 3 inches or more in diameter)

. ' ACCORDING TO DEPTH . ;
Range Yield (gallons s minute) ° Tereent of wells
in Number Average . Yielding less
depth of depth : Per foot than 1 gallon
(feet) wells (feet) Range Average of well a minute
0--100 7 71 Y- 38 9 0.128 18
101150 25 128 0-— 40 10 076 16 \
151—200 10 178 0— 26 ] 078 10 !
201--250 1 20 | aeeeee 30 128 0
251-300 2 - 268 . 4=100 i 52 188 0
Above 300 12 Lo 888 2212 a3 073 . 8
All wells 116 150 0212 ] 093 . (4]
i . N 7
ACCORDING TO TOPOGRAPHIC LOCATION : )
. Number Average Yield (gallons & minute) Percent of we!ls , ;
Torocnarric Location of depth * yiclding less \
o wlls (feet) Ter foot than 1 gallon . :
Range Average of well - 2 minute .t I.' ,
1 SO, 37 1 0-30 6 . 0.045 3% -
Flabeaenceneamnaionaannnnenas 28 156 ° 0- 60 1534 007 7
SIoPe ceeecicnceoccccccocnas 3 127 =70 13 104 3
Draw 10 251 t3-=212 39 186 0
ValltY eaeeencanmenccosnnannne 8 187 . 3—30 18 108 0 .

The average yield per foot of well in the 0-100 foot range is greater than in any other range except
the 251-300 foot range and is 37 percent greater than the average for all ranges. The average yield per foot
of depth for wells in the different depth ranges is shown graphically in figure 8. The wells in the 0-100
fuot range have an average depth of about 71 feet, but because the water table is generally 20 to 25 feet
below the surface, the average thickness of water-bearing rock penetrated by this group of wells is less

—_— .
3 Mundorg, M. J., Ground water In the Hallfas area; North Carollna; Norih €aroling Depl. Cons, and Devel. Dull. 51, p. 22, 1046,
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than 50 feet. Assuming an average depth below the water table of 50 feet; the wells in this group have a
average yield per foot of 0.183 gallon a minute, which is frearly twice the average for all wells in granite.

In the report on the ground-water resources of the Halifax area! it was concluded that much of th
water from wells in granite of that area was obtained from the fractured and jointed rock just below th
weathered mantle. This conclusion also appears tobe valid for wells in the sheared granite of the Greens
boro area. i

Topography appears to be as important a factor in the yield of wells in granite as it is in other rock:
Wells located on hills in'the granite have an average yield of only 43 percent as much as the average for a’
the wells and the average yield per foot of well is only about 47 percent of the average for all the well
Wells drilled in draws have by far the highest average yield and yvield per foot of well.” It seems probabl
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Plate 13—Granite quarry in east edge of Winston-Salem.
Dark areas are from ground-water. seeps from
joints. Most of the seeps are from the hori-
zontal joints.

that topographic location is even more important in this rock unit than in the others. The relation betwee:
topographic location and average yield per foot of well is shown graphically in figure 9.

Many dug wells are used for domestic supplies in this unit; however, the yield generally is not large
Probably a larger proportion of dug wells fail during droughts in this unit than in any other rock. A grea
many dug wells failed during the drought of 1941 and 1942. Many of these were originally dug to solic
rock so could not be deepened by digging and were deepened by drilling a 6-inch hole in the bottom of th.
well. Adequate yields were obtained in most such wells by drilling 10 to 50 feet. At some places the solit
granite is so close to the surface that the water table is close to or below the top of the rock, and dug well.
are generally unsatisfactory. At these places drilled wells are most commonly used, but springs are utilizec
also. | : . . : '
Analyses were made of samples of water from eight wells drilled in the sheared granite. These art
wells 65 and 113 in Alamance County; wells 117 and 137 in Caswell County; and wells 201, 206, 343, anc

»

1 0p. cit., p. 21,

I+




STATE DULLETIN 55. PLATE 2

N ATION
NORTH CAROLINA DEPARTMENT OF CO:!I' {:\RVATION AND DEVELODPIML

k%2 0N

LER 5] Yy

l)-i'il?!
&~

os.andy Ridqe

S1 1) S

EXPLANATION

198, wELL

Sy sSPAING

L)
)-nuOng;‘h 1 000\,
\ o' "mum.uo
pH e ) e LR
o 03] T . o CTH )

3-930 .'\ ",
"”"’ pciie 3 .' o (73
SIS Cime SO iytion

“ a1’
M Llc'ul 41

] e 0 k) o
i Y=g 1 1e_/ o3-188 %1
Ctonerllls I .“ﬁ,
52 03y/°n
of a3 fse

Wontworih

o Lllomohow

] - , Ouslpee

|

‘u}" ".l‘- m‘
e ol i
m.nJ spovifient

XSS e
n.,na
A~

- IS, Borerider
’;f ”-:'3‘7 ’mf.v:'ﬁ leh;j:“o
/sy 3 1}/ . 200

200, { ) Sf o0 tet

% vl o
g 3 P o]
drof O J;:h.rlé 1 n’;-‘-' L AR
[ /39 /ﬁo;’,\“:“ o ot ;""'. PR

= d cmgsthwn l"":."' ;'l." /

MAP OF THE
GREENSBORO AREA, NORTH CAROLINA

hewing

LOCATION OF WELLS AND SPRINGS LISTED N THE RTPORT

B008 tempiled tram Covsty meps of
189 Stete Nigheap Depettasnt

seang
[ 1 (1) T 20 ="y

————— .
]



76 GEOLOGY AND GROUND WATER IN THE GREENSBORO AREA, NORTH CAKOLINA

AXALYSES or, Grouxn Warkn Froy FonsyTir County, Nortit CanoLixa -
(Analysts: E. W, Lohr and M. S. Berry, U. S. Geological Survey. Numbers at heads of
columns correspond to numbers in table of well data)

(parts pler milll_on)

. - . ey

2 3 93 124 164
Silicia (Si0y).... 3 28 22 s 3’ 20
Tron (Fe) 02 . 02 03 . .03 «03
Caleium (Ca)... 5.7 22 ‘ol 23 6.7
Magnesium (Mg) BER 8.0 24 7.4 3.0
Sodium and P ium (Na+-X) 14 7.2 67 7.0 13
Carbonaloe (CO;) 0 0 0 0 0
Bicarbonate (HCO,) €3 112 46 092 30
Sulfate (SO,) : 3.2 9.1 10 17 3.7
Chloride (CI). ‘. 1.2 1.5 225 H 1.2
Fluoride (F)..:. R S lecercceacesane
Nitrate (NOJ) 0 0 47 2.0 2%
Dissolved 80)ids.cacccncncccencccanecccncconcnee 8 . 130 6ol 143 71
Total bardness as CaCOs 27 88 258 88 20 "
Date of eollection - May 21,1043 1 May 20,1943 | Oct. 16,1042 | Oct. 13,1942 | May 10,1943
Depth (feet).. . 130 350 T 308 110
Chicl aquiler. Gueiss Guciss Gneiss Cranite Granite

GUILFORD COUNTY
" (Area, 651 square mlles, population, 153 916)

Geography, physiography, and drainage.—Guilford County, in the south-central part of the Greensboro
area, is the largest of the six counties and has the largest population. It has four incorporated cities and
towns and about 14 unincorporated towns and villages. Greensboro, located in the center of the county, is
the largest city and county seat. High Point, the only other city, is in the extreme southwestern corner of
the county. Greensboro is an important center of textile manufacturing and High Point also has a number
of textile factories, although it is better known as a center of furniture manufacturing. There are a few

. Tactories in the smaller towns and villages, but the remainder of the county is dominantly agncultural

Guilford County has a good system of paved roads and railroads, most of which radiate from Greensboro.

Guilford County is in the Piedmont physiographic province. Its surface is formed by the uplifted and
partially dissected peneplane of that province. The land surface near the larger streams is gently rolling,
with a relief of 100 to 150 feet. The interstream areas are broad and generally quite flat. No large trunk
streams flow through or near Guilford County and therefore there are no deep valleys. Because the base-
level is higher, dissection has generally been less extensive than in other counties of the Greensboro area.
Guilford County is underlain by rocks of several different types. Because some of these differ considerably
in resistance to erosion, both the topography and the drainage pattern are greatly influenced by the geology.
However, topographic maps have not been made of any part of the county, and the geology is complex and
at many places obscure, so that the exact relation of the topography and drainage to the geology cannot al-
ways be ascertained. The outstanding feature is the northeastward trend of the ridges and streams. Ap-
parently some of the streams flow along or near the contact between different kinds of rocks, whereas others

- flow in weaker rocks, the more resistant rocks forming interstream divides. The major exception to the

northeastward trend of the streams is Deep River, which flows southeastward chiefly across diorite and

- granite, which are umformly resistant.

"Practically all of Guilford County is drained by the two main branches of the Cape Fear River system,
Haw River and Deep River. About 75 percent of the county is drained by Haw River and its tributaries,
the most important of which are Reedy Fork, Buffalo Creek, and Alamance Creek. Practically all of the

- remaining 25 percent is drained by Deep River, only a few square miles of the southwest corner of the

county draining southward into Yadkin River.
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Geology.—The geology of Guilford County apparently is more complex than that of any other county
of the Greensboro area. Seven of the nine geologic units crop out in Guilford County and the areal distri-
bution of most of them is quite irregular.

The gneiss unit crops out in several irregular belts extending northeastward across the northwestern
corner of the county. These belts are separated by-areas of porphyritic granite, which was intruded into
the gneiss. The principal rocks of the gneiss unit are banded quartz-mica-feldspar gneiss and quartz-mica
schist. They are chiefly of sedimentary origin, and although the rocks have been greatly changed by meta-
morphism at many places the bedding planes can still be distinguished. The granite has intimately intruded
the gneiss so that the boundaries between the two units necessarily are greatly generalized.

» The greenstone schist crops out in large, irregularly shaped areas in the southeastern two-thirds of the
county. These areas are separated by areas of sheared granite. The greenstone schist consists of a green
fine- to medium-grained basic schistose rocks, chiefly of volcanic origin. At most places the rock is highly
schistose but at a few places it is coarser and fairly massive. :

The sericite schist crops out in a belt extending northzastward across the county from a point near Guil-
ford College. It is closely associated with the greenstone schist and may be 2 metamorphosed tuff or possibly
a metamorphosed clay. The rock is greatly weathered, and usually the only recognizable minerals are quartz,
sericite and iron oxide, the latter apparently an oxidation product of chlorite and hornblende.

The slate unit is limited to a narrow, highly irregular belt extending across the southeastern‘corner of
the county and to a.small patch in the south edge of High Point. The rocks are mostly tuffaceous slates but

include some clay slates.

s The sheared granite is exposed over about 50 percent of the southeastern half of the county, where it
forms a fairly continuous area interrupted. by large patches of greenstone and slate. The granite is gen-
erally a moderately coarse pink schistose and gneissic rock consisting chiefly of quartz, biotite, and feldspar.
The granite has been considerably metamorphosed and intensely sheared. The outstanding feature of the
granite is the schistose and slaty dikes, which are green in color and greatly resemble the greenstoxﬁ schists.

Diorite crops out at a number of places but was mapped separately at only two places.__THe outcrops
otherwise are too small or not well enough exposed to map separately. Places where diorite crops out but
is not shown on the map include the vicinity of Sedgefield, Pleasant Garden, along State highway 62 between
Climax and High Point, and an area about 6 miles north of High Point. The diorite is a medium- to coarse.
grained, dark-gray to greenish-gray rock consisting chleﬁy of plagioclase and hornblende. It generally i=
massive but at a few places is somewhat schistose. .

The porphyritic granite outcrops in xrregular, elongated patches across the northwestern corner of the

county, where it is closely associated with the gneiss. In places the gneiss has been completely assimilated
by the granite but-in other places the gneiss has only been impregnated by emenations from the granitic mag-

ma. Because the granite has so intimately intruded the gneiss and because every gradation between true A

granite and true gneiss can be found, the map is necessarily greatly generalized.

The porphyritic granite is generally coarse-grained and medium gray, with large phenocrysts of feld-
spar. The ground mass consists of quartz, biotite, and feldspar. At most places the granite is entirely
massive, but at-some places the granite has some of the schistosity of the gneiss.

Ground water.—Nearly all domestic water supbl.ies, many industrial supplies, and one of the three muni-
cipal water supplies are obtained from wells.

Dug wells are extensively used for domestic supplies in rural districts. * Generally they are from about
15 to 50 feetydeep and 214 to 4 feet in diameter. Wells can generally be dug deep enough in gneiss and
schist that they will not go dry even during a drought However, at some places in granite, diorite, green-
stone schist, and slate, the rock is so close to the surface that dug wells frequently go dry.

Bored wells are used considerably in suburban areas and are cheaply and easily constructed. They are
bored by power-driven earth augers and cannot go below the completely weathered zone. For this reason,
they are not always successful in rocks such gs granite and dibrite, where the water table at times declines
below the weathered zone. Most bored well§ are cased, and where they are properly constructed and of
sufficient depth that they will not go dry, t7ey are a satisfactory source of supply. " Dug and bored wells

’
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obtain their water from the weathered rock material at and just below the water table. For this reason,
extra precautions must be observed to prevent contamination.

There are a large number of drilled wells in Guilford County. Records of more than 350 dmlled w:lls
are given in the tables of well data. Many of these were core-drilled with chilled shot and are 2 or & % inches
in diameter. There are many other core-drilled wells in Guilford County which do not appear in the table.

‘Core-drilled wells have the advantages of all drilled wells and are cheaper than the larger percussion-drilled

wells. However, although they are satisfactory for domestic wells, their small size makes them unsatisfac-
tory for most industrial plants. About 7 or 8 gallons a minute is the maximum rate at which water can be
removed from a 2-inch well by a deep-well pump. The average yield of 157 wells 2 inches in diameter in
Guilford County is 6 gallons a minute and the average yield of 20 wells 3 inches in diameter is 1014 gallons
a minute. These quantities are near the maximum amount that can be pumped from wells of that diameter
and suggest that many of the wells would yield more than can be.withdrawn from the well.

Most industrial, and public-supply wells are drilled with a percussion drill and are from 4 to 8 inches in
diameter. The 6-inch well is by far the commonest. The larger-diameter wells encounter more fractures
and cracks than small-diameter wells. Also, because a larger pump can be used, more water can be pumped
{from a large-diameter well than from a small-diameter well.

. Drilled wells, both core-drilled and churn-drilled, have certain-advantages over dug or bored wells.
Because they are generally tightly cased and the water is obtained from crevices in the.rock, they are
much less liable to contamination. The depth of water in the well is generally large in comparison with the
fluctuation of the water level, so that the yield decreases only slightly during a drought.

A summary of data on drilled wells 8 inches or more in diameter is given below:
TABLE 16—SuMMmany or Data ox WELLS 1N GUIiLronn CouxTty
(Drilled wells 3 inches or more in diameter)

ACCORDING TO ROCK TYPE

Yield (gallons & minute) Percent of wells
Nunmber of Average siclding less .
Tyre or Nock Wells Depth than ! gallon
- {feet) Range Average Per foot of 2 minute
Well
Goeiss 20 123 1— 50 15.6 L 0.126 5.0
Greenstone sehist. o 163 1200 36.8 ] T30
Sericite schist 8 116 §— 20 11.1 108 0
. Slate.. 4 a3 5— 18 10.5 039 [}
Sheared granite 54 175 * 0—70 144 093 13.0
Porphyritic granileenan .- eeeecnrann 26 137 15— 30 10.9 078 3.8
All wells... 179 158 0-—200 22.0 130 C.!

ACCORDING TO TOPOGRAPHIC LOCATION

Yield (E:llon: a minute) Pereent of wells
Number of Average yiclding Jess
Torogcnrarnic Location Wells Depth than 1 pallon
(feet) Range Average Per oot of a minute
Well
Hillewerecercecaccrscacsoncscoancan 41 203 0-—100 15.5 0.076 244
Tlateeucccaarancacecocsccsnncsccces 4 170 ' 0-200 22,2 J31 23
S10PCuannanccocemnrserananennnnens 55 130 2—120 21.8 .18 0
DraWeceeececcacsscoecccconsoccaes 16 125 A= 73 2.8 182 0
VBlIEYnnnnnaneeneosemenennnnnnnnns 2 135 10—100 304 28 | 0
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According to this table, wells in greenstone schist have by far the greatest average yield and average
yield per foot of well. Wells in the gneiss unit rank second both in average yield and average yield per foot
of well. Wells in sheared granite rank third in average yield but are fourth in average yield per foot of
well, being exceeded in that respect by wells in sericite schist. Wells in the porphyritic granite rank fifth in
both respects and wells in slate are sixth and lowest. However, data on only four wells in slate are included,
one of which was very deep and had a low yield. If this one well were omitted, the record for the slate
would be more than twice as good. It is obvious that not much importance can be given the posxtlon of the
slates in table 16. The relative rank of wells in slate is given more accurately in table 1.

Although the greenstone schist is generally an excellent aquifer, at some places it is not. In the vicinity
of Whitset and southwestward it apparently yields rather meagerly. Wells in the greenstone schist between
Greensboro and Browns Summit and in the vicinity of Sedgefield have not been uniformly successful. For-
tunately, at most places where water is needed for industrial purposes, excellent wells have usually been
obtained. : . .

More wells are drilled in granite (including together the sheared granite and porphyritic granite) than
in any other rock. Results have generally been quite uncertain, No particular area can be designated as
unusually poor, except possibly the vicinity of the County Home just east of Greensboro, and no areas can
be designated as exceptionally good. - At 2 number of places where a well several hundred feet deep was
drilled and only a few gallons a minute was obtained, a second well drilled a few hundred feet away obtained
several times as much water. It is apparent that the success or failure of a well depends on encountering
fractures and joints in the rock. The second part of table 16, showing the average yields of wells in differ-
ent topographic location, is significant in that connection. Wells drilled on hills have by far the lowest
average yield and average yield per foot of well. Wells in valleys have much the highest average yield and
average yield per foot of well. Wells in draws are second, on slopes third, and in flat areas fourth. Wells
on hills have an average yield 30 percent less and an average yield per foot of well 42 percent less than wells
drilled on flat areas. A hill is a poor location for a well because it is quite commonly underlain by rock which
is more resistant to erosion. In many places the rock in hills is resistant to erosion because it has few frac-
tures, joints, and similar openings facilitating the movement of ground water, which promote weathering
and thus make the rock easily susceptible to erosion. Naturally if the avenues of movement of ground water
are limited, the amount of water yielded by a well drilled there will be small.

In some of the other counties it was observed that wells drilled in draws had a greater average yield
and average yield per foot of well than wells drilled in valleys. This was attributed to the relative large
width of the valley in comparison with the width of the fracture or joint zone which originally determined
the location of the valley. Draws, on the other hand, may be either wider or narrower than the zone of
weakness which localized them. That wells in the valleys of Guilford County have a higher average yield
and average yield per foot of well than wells in draws may be partly attributed to the small size of the
Guilford County valleys. . .

Arnalyses of eight samples of water from wells in Guilford County are given in the table of analyses.
Seven of the samples are from wells in granite and one is from a well in greenstone schist.

The seven samples from the granite ranged’ from soft to very hard and from 0.0 to 0.04 part per mil-
lion in iron content. There is evidence of considerable contamination in some of the samples and in these
there is little correlation between depth and hardness. However, in the samples from wells 22, 43, and 111,
which appear to be free from contamination, increasing hardness correlates with increasing well depth.

The water from the welliin greenstone, well 328, which has a relatively large amount of chloride, sul-
fate, and nitrate and therefore appears to bé somewhat contaminated, is moderately hard.

Temperatures range from 59 to 63° F. and average 61° F.

Municipal supplies.—Gibsonville, population 1,753, has had a public supply since 1822, obtaining its water
from two deep wells, one in Guilford County and theother in Alamance County. Well 234, Guilford County,
is 271 feet deep and yields 100 gallons a minute. Well 139, Alamance County, is 33514 feet deep and was
tested at 112 gallons a minute but is now being pumped at about 45 gallons per minute. Well 233, Guilford
County, is only a short distance from well 234. The pumping of the one causes a large drawdown in the
other, so well 233 was abandoned. Logs of wells 233 and 234 are given following the table of well data.
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The turbine pump on well 234 dxscharges mto a 154,000-gallon concrete reservoir. Centrxfugal pumps
force the water into the mains. A 75,000-gallon elevated tank gives additional storage. Well 139 in Ala-
mance County pumps directly into the mains. The water from neither well is treated. Consumption of
water averages about 55,000 gallons a day.

Greensboro, population 59,319, obtains its water from an 1mpounded lake on Reedy Fork and Horsepen
Creek, about 7 miles north of the city. The lake covers an area of 450 acres and has a capacity of 1,000,-
000,000 gallons. An auxiliary reservoir a mile south of the lake and 120 feet higher gives additional raw-
water storage of 20,000,000 gallons. The water is pumped to the treatment plant in the city through a 24-
inch line by three steam-driven centrifugal pumps and one water wheel. Water treatment consists of coagu-
lation with alum, filtration, chlorination, and final adjustment of pH with lime. There are two concrete -
clear-water reservoirs with capacities of 8,000,000 and 18,000,000 gallons,  respectively, and two elevated
tanks with capacities of 250,000 and 500,000 gallons, respectively. The capacity of the treatment plant is
12,000,000 gallons a day. The maximum consumption is about 7,000,000 gallons a day and the average is
about 5,500,000 gallons a day. About 25 percent of the water is used by industries.

In addition to the municipal water plant in Greensboro is the Buffalo Water Works, owned by the Prox-
imity Manufacturing Company. Water is obtained from Buffalo and Richland Creeks. The total capacity
of the storage lakes on these creeks is about 1,000,000,000 gallons. The water is treated by coagulation with
alum and lime, filtration, final adjustment of pH with lime, and chlorination. The filter plant has a capacity
of about 4,500,000 gallons a day but filter plants at some of the mills increase the capacity to about 8,500,-
000 gallons a day. The total consumption is about 8,000,000 gallons a day, most of which is used by the
mills. Nearly 7,000 people in the mill villages are also supplied with water.

High Point, population 38,495, obtains its supply from an impounded lake on Deep River 5 miles north-
east of the city, The dam is 45 feet high and the lake has an’area of 350 acres. The water flows by gravity
4,000 feet through a 30-inch pipe to the raw-water pumping station. Four electrically driven centrifugal
pumps with a total capacity of 8,000,000 gallons a day and one gasoline-driven pump with a capacity of 3,500,-
000 gallons a day pump the water to the treatment plant through parallel 24-inch and 12-inch lines. Treat-
ment consists of coagulation with alum, the addition of ammonia and chlorine, filtration, secondary chlorina-
tion, and final adjustment of pH with-lime. The clear-water reservoir has a ¢apacity of 3,200,000 gallons and
a 1,000,000-gallon elevated tank furnishes additional storage. The pumps on-the distribution system exactly
duplicate the raw-water pumping system. The capacity of the source is reported to be 15,000,000 gallons
a day and the capacity of the treatment plant is 6,000,000 gallons a day. The maximum consumption is
about 4,000,000 gallons.a day and the average is about 3,500,000 gallons a day.

Reconns or WrELLS 18 GuiLForp COUNTY

Well Depth |Depth of| Diameter |Depth to] Yield
Num- Locariox Ownen Dnureren! Typeol| of Well | Casing | of Well | Water jCallonsa Chief Topographic Resanss
Ler * Wellz | (feet) | (feet) | (inches) | (feet)? 'Minute| Aquiler Location
1| 134 miles W of Stokes- .
- 1 L S W. R. Hutehins..... Well Drillers Inec.....| .Dr 222 |iceecnen 6 COR 12- | Gniess Hil Soft water,
2 | 34 miles SW’ of Stokes- . _
dale..vaecacacancacace C. §. Linville,...... 00eeeccncranconcnan Dr 1004 [eevennes [ J O s Granite Slope Hard water.
3 | Stokesdale,eacceeaeecene Geo B. Jones....... Z.V.Jones.cecnnnee Cr-Dr{ 99 's0 2 Jeevenne. 4 Gneiss Flat Saft water, nn iron.
€] Docerennceanenconannnes Jim Knight......... [ L S, Cr-De| 112 |oeweunen 3 leeceeaen s do do Used by 3 fawilics, Water
slightly hard.
5| DOuvrcncacnccccacsanans Dr. V. E. Edwards..| dueceeenenecnnan.. Cr-De] 05 |eeeeenne | 2 T, c do [ L P
[ 1B+ 1 PR, Carl Lemon.,........ Well Drillers Ine.....| Dr 158 57 4 20R 13 do Valley Soft water. Drawdown
. reported 63 feet,
B I 01 Paul Knight.eoe.... Z.V.Jones...ue..e.. Ce-Dr| 110 |oeoeeeee LI PO, 4 do Flat Soft waler,
8| DOcencerrannccncrncanes Stokesdale Schovl, vofeeeeeenennenaconcenn Dr 140 [eeevaees [ PO, 15 do [ PN
9 1 3 miles N of Summer- Mrs. Blanche
Seld.. eee| Iobi weee]| J.Staflord..ceenne. Cr-Dr| 125 |eeeea... 2" Jeeeeeenn 5 do do No waterina 300-foot well

at same loration
10 | 2 miles N of Summer.
{13 1 T, C.C. Winfree.eeue.. Frank Garduer...... Cr-Dr|] 17 |eeeeenes b S PO 3~ | Granite do Waterslightly hard.
11 | 2 miles NW ol Summer- | Miss Elizabeth
fieldeseeeraemaneenecen Osburh.eeceeceee) F-L.Smith.ceecenen Dr 131% | 120 [ POV, 15-20 do ' P PO UOUUU

8 Vir Marh. Co.=Virginia Machinery & Well Co..; Dan. Well Co.=Danville Well Drilling Co.; Sydnor Well Co.=Sydnor Pump & Well Co.
1 Dr=Drilled, Br=Bored, Cr-Dr=Core Drilled, I}-De=Uored and Drilled, D-Dr= Dug and Drilled.
? Depth to water from land surfaee; R=Reported, M=Measurcd,
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ReEcorps OF YWELLS IN Guirroro Couxty—Continuced
Well Deptb [Depth of| Diameter |Depth tol Yield
Num- Lotazio Owxecn Dnreent Typeof | of Well | Casing | of Well | Water |Gallonsaf  Chiel [ Topographic Rextancs
ber : Weltr | (feet) | (feet) | (inches) | (feet) | Minute Aquifer Location
157 | 3 milesNIWof Greensboro.| E. G. Rawlios.. oo Paverncacocannnan ++| Cr=Dr 05} leaeeonee 2 |eecesans 5-6 | Schist Slope  Jeecrcceccecctecniacennns
185 | 2 miles NW of Grecos- L i
| Y cenmee. eveeol R.G. Hardia...... .| F. L. Smith.eeeeeee D 2904-? cenncace 6 ceneeass| 14 do Flat Solt water, no iroa.
189 | 3} miles NE of Greens~ .
bofoeeaes weescccensen Raankin Schooleseae| Toveenonnnnaneneae De 120 [ J PORRRIPNN i ¢ Greenst
190 | { mies NE olcngmboro. Mrs. C. A, MeNcaly.| W. B. Mayhex......] Ce-Dr | 132 .2 23R 5 do Flat Hard water.
191 | DOuueeeceanesennoeasnsn| He B. Powell do. . Cr-Dr §0 2 23R 7% | Granite? Slope Waler is oot hard,
1092 G. D. Wyrick Carl Gregn Ce-De | 213 2 334 | Greeastose | Flat Modeestely soft water,
193 0. H.Graham......| d0ccecccnccnceneaa.] Ce=Dr | 170 2 63 | do do Do
154 R. E. Fittebett...... 80 2 7% | do Slope Soft waler.
193 | Douececrececcnncanaaess| Joe Walters 120 2 7 do do
196 | Do do. 70 2 6 do
197 | Greensboro.eeecaecerees Proximity Mlg. Co.,
White Oak Mill... | coeeccereancarcaces De 322 |...-.. . 87 |eeeneeen 55 do Valley cessensetitecanas PON
198 Proximity Mfg. Co., + . 4
(Revolution Mill).| Sydnor Well Co.....| De 437 [eceaceen 8 casvanaa] 100 do do - Not in use at present,
199 do. do - Dr 102 60+ 8 |ievese..| 100 | do do reeseonmsmsnsasensananne
2 Prozimity Mfz. Co., !
Priot Works_ ...} €0ceccaanvcacancen. De’ 100 |eecescee 8  Jeeoereen 100 do do |eeeen carenancsaccnn actee
201 Proximity Mfg. Co.,
Hubbard St.......| Sydnor Well Co..... Dr 282 [imeee ees 8 17IR | 180 do Slope Logintable Analysis in
. table. Temperature
61I°F.
202 | Docreensecocenas ceneees Prozimity M. Co.,
2t Standpipe..ene.| U0uueeemcacnnnnenn. Dr 457 . |eesences 8  [eaecress 70 Graaite? do Not in use.
203 | DOccececnnenn vecenneso} Proximity Mfg. Co.,
Revolution Mill...[ d0ceca.... .| Dr 838 8 5 Granite Flat Do
2 East edge of Greensboro, .| Mrs. George Smith..| J. Staflord.... .| Ce=De | 126+ 2 8 do s Solt water, no iron,
205 | Docecrasesans eeeseean Bessemer School..... J. R. Cunmings.....| Dr 110 6 10-12 | do [P S
206 | ImilesE olGrccnxboro... County Home....... W, B. Mayhew...... Cr-Dr 78 60 3 6 do cee Aunh sis in lnble.
207 | Docereconnenncconncsan do. : do Cr-Dr| 7 60 3 6 do cetssasenons]|iescecsoeenencatioannens
2038 | Do... ...} do Heat« Well Co......| Dr 250 8 4 do . e
209 | Doceveeceenennrcnannnes do do... Dr 100 8 6 do Slope  [ecececececsanaiicalonens
210 | Doueeccenen O, veee.] County Dairy.......| J. R. Cummmg:..... De 7 6 2 do 90 Jecesecnseccccecsssnecann
21t | Do. . [ SO, J..] Dt 700 6 7 do Hill | Hard ra!er
212 | Doorecnannncacnneann. Prison Comp........| W.B. Mayhew...... CrDr | 120 |ieeeeeen 2 7 do Slope Solt water, vo iron,
213 | 3 miles E of Greens. . .
. bOr0.cnceceerances ve..] Tabor Hudson...... Heater well Co...... Dr 72 Jeceeoees 6 20R 5 do Flat Soft water.
214 | Greensboro.ceeenuacecnes D. D. Stout, Home
Ice Plant, do.... Dr 200 " 6 10R 24 do do Soft water; pH €.5; Chlo-
l ride 6 parts per million.
. Log in table.
215 | 2 miles SE of Greens- J. V. Hunt, Woodland . .
. DOrO.cressacanansccnen Dairy Farm...... Danville Well Co....] De 258 6 20R 30 Greenstone | Valley Drawdown 100 fect.
216 | 53 milesEol Grecnsboro. P. C. Clapp.ceeas.a.| Well Drillers Ine.....| Dr 1234 6 21R 204 | Granite Flat Soft waler,
l 217 | 6 miles E of Greensboro...| Miss Hazel Teague. .| d0ueenenacecrensas.) Dr 104 [ resmmann 10-15 | do do Soft water, no iron.
218 | Douecenecercncannncnnnn A.W. Higgins.ooou.| G0ueaeennnn.. .| Dr 160 6 26 do do Solt water.
219 | 6 rmiles Wof Glbsonvﬂle.. McLeansville School.| J. R. Cummings.....| Dt 120 fececcens 6 comeneee| 12 do  Jeeceeeeeene. Water contains some iron.
220 | Doucnceccerecesencannns A.B.Holt ? ¥ 27 27 24 166 |.ceeeaail do Flat .
221 | 5 miles NW of Gibsonville.| Robah C. LaMarr...| Heater Well Co 4 42 6 20R 1 do Hin .
222 | 5 miles W of Gibsonville..| L. L. Bolickeceecee.| 90ecaeeeeaaate. 42 Jececccan G SR 20 do , Draw Solt ulcr. no iron.
223 | 3miles NW ol Gibsoaville.| P. E. Lowe.eecean.. w. P Phlprpx...... Ce~Dr 5034 43 2 23R 934 | Greenstone | Slope Water from quartz veia at
: | 45 to 50 fect,
224 | 234 miles NW of Gibson- .
Villteunsnseonncennnees L.G. Loy do Cr-Dr | 53 30 2 Jeescoae. 5 do do Hardness 35 to 40 parts
I per millios,
225 | 2 miles NW of Gibsonville.| Friedens Lutheran
. Church do JCr-De | 148 |eeeoeeen 2 4 do Flat reeseancecasasanssasasns
226 | 134 miles NW of Gibson- | Mrs. Erie Sum- . ) . ..
ville 1 mers . I Phillippi.eea..]| Cr-Dr 45 Jeveeaens 2 Grecast Slope Water moderately hard,
some iron.
I 227 | 13¢ miles NW of Gibson- : .
Villteeeaeocenannennen V. J. Sockwell F. L. Smith Dr [ S O 6 250 0 do  Jeeerenn eeeee| Waler slichtly hard, some .
J ° iron.
28 | 1 mile NW of Gibsonville.| R. C. Applea.... veo! W. P, Phillippi......| Dr 137 18 2 eecoscns] 3 do Bl Jeecovecnssccsscesscsmnce
229 | Gibsunville ..] Minneola Mfg. Co...| Sydnor Well Co.....] Dr 857 207 8 TR 65 do Draw Pumping level reported to
I . be 90 feet below surface.
230 | Do.. do do Dr 436 80 10 S0R 50 do | Flat Water reported Lo be come
- . ing from above 200 fect.
. ) Temperature G3° F.
l 3,1, 1 Footaotes given at beginsing of table.
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Ieo or Went 133, 2 Mies SE or Friexpsuie Loc or WELL 214, AT EAST Enct oF GreENstono
(Driller’s log) - (Driller's log, with comments by the writer)

) Thickness  Depth .
Greenstoneschist (7): (fest (feet) Granite: Tr}‘:::;” l(al:itx;l
Eal:’d' e i c: E: Granite, wealbered.eveccemmeecenecsososnsvonmsssacaessessscans £ o
Shale.. o © g 15 Granite, weathered, yellow. 29 s

we. " : " ! Gragite, Erayeeccencassennee snees feee 19 90
PN 2 o Grasite,light gray. Y 102
Geani t > . Rock, bard, blue (salty dike?).. 51 153

ranile, very foe-grained, Llve 48 204 Granite, gray. b 7 152

. Granite,light gray.... 18 200°
Loc or Weul 164, 1 M SW oF BATTLEGROUND - e e ey
(Driller's log, with comments by the writer)
. it . Thickness  Depth Loc or WELL 233, GuusoNvILLE
reenstone schist (1): . (fent) (foet) ’
Shale, yellow, : 51 51 (Driller’s log) :
Flint, Llue(silicified schist?) ] 62 Thicknoss  Depth
Flint, dark gray (sificifed 3:hist?) 8 70 Greenstone schist: . (Toet) (feet)
Granite, cray s it Clay, red and gray 133 133
Varied Llue stone and quartz.... 12 + 00 Rock, soft, rotten . 18 151
Rock, green, blue, yellow: s 05 Rock, whiteflint : 0 160
. N Rock, white Nint, snd Llue-green rock.. 20 180
Los or WerL 183, 3 MiLts NW or Gregxsnoko Rock, 801t LU, Cavingeeecececcecenneacncnsscassanaacesaccsses 21 20!
(Driller's log) -
Thickness Depth c.- -
Sericite schist (1) (fest)  (feot) Loc or Weitn 299, 13 Murs NE or Sercrrinnn
(Old well) - 28 28 (Driller's log)
Clayeerececncacscaecsccnnonaas 30 58
Mud... . 15 73 * . Thickness  Donth
Shale, Llue . 28 101 Greenstone schist: (foe) (Teel)
" . Clay, red 22 22
- Loc or WELL 201 a1 GreENsuono Clay, yellox and sand. 23 48
(Driller's log) [ .gang.y;llor:ndbluc ........ 7 5:
" and, white.. . . 16 . G
. Thickness  Depth %y Sand, white and white [lind £0ck . cevueeeecensneesomonceosensnnen 5 It
Greonstoneschists (teet) (feet) Shale, blu Y 57
50l e eccemerereseestmcantaacssocnasnamnsancnasmnnseenamanan 3 3 e, ue. S
Sandstone, L ing harder . 17 20 .
Blue £raniteeeceacccreeaaccccans 30 50 o1 Wt s 269 1V Nrree N o .
Hard gray sromteons . po 128 Loc or WrLy, 362, 1Y% I'mu.s NW or Crisax
Black granite {creviee struck a1 144 fect and had to fillin 2 or 3 (Driller's log)
times to tuen tools) 18 146
Dark Llue granite, hard.... 128 24 . Thickness  Depth
Bl o0 Granite: (foet) (feet)

ue granite 7 281 Cl 22 22
Gray granite.. 1 282 o A enes 5 P
Comipletion test: Static Jevel 17 feet. Pu ctting 218 feet. Pumped 2!{ hours at 225 - - 3
:allogs: miinute, 19 hours at 180 gullons a mingte.  (Well orifimllyz;:?eclde‘cp. ‘Decpened Sandrock 12 3

10282 fcet in 1944, Samyles examined from the Jast 8 feet of drilling were greenstone sehist.) Granite, pray, hard m 150

_ ROCKINGHAM COUNTY
(Area, 572 square miles; population, 57,898)

Geography, physiography, and drainage.—Rockingham County, in the north-central part of the Greens-
boro area, is the second largest county in the area. There are five incorporated cities and towns in the
county and four unincorporated towns and villages. Reidsville is the largest incorporated city, but the com-
bined population of Leaksville-Spray is considerably more, although most of the area is not incorporated.
Reidsville has an important cigarette manufacturing industry and Leaksville-Spray has a number of large
textile mills. Textile mills and furniture factories are located in the other, smaller towns. Agriculture is
the chief occupation outside these towns. Rockingham County has an excellent system of improved highways
and is served by three railroad systems. ‘

Rockingham County is in the Piedmont physiographic province, which is characterized by a dissected
upland plateau-like surface formed by uplift and partial dissection of a peneplane. Large areas between
the larger streams are relatively flat, but near these streams the upland has been dissected and the topogra-.
phy has reached approximate maturity, most of the surface consisting of slopes with little flat upland or-
lowland. The surface is particularly rugged in a strip several miles wide along the southeast side of the
Dan River basin. In this area even the smaller streams tributary to the Dan have cut down several hundred
feet below the upland surface. The basin of Dan River, formed in Triassic rocks, possibly should be consid-
ered as a separate division of the Piedmont province, because it is much lower and has had a diﬁ”grent physi-
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29 Physical Properties and Frinciples | Ch. 2
Table 2.2 Range of Values of Hydraulic Conductivity
and Permeability 1
<
Rocks |Unconsolidated - 4 k K K 'e
deposits 2 2
{dorcy) (cm?) (emv/s) (m/s) (qol/day/i1<)
l 10° FIO°3 102 I
4 -4 -t I 10°
- < (10" t107° 10 F 10
3 - 105
[ I l S ti10® koSt R1o?
el - 104
S3 © [ 102 L1078 F107' F1073 .
=21 € tio Fio7 fro2 Fi0
ve52 S 102
- U - p
2Eg8 - g, k1 ko8 1073 p107
[ e ge - L 10 '
56 = Lo F10™ 10 |07
2ES, " |
[ o= =~
. 5*;5'5'?5' g l 1072 11070 L107% }107
cEg8= - -1
- 1 - o ’0
| E'g?é o 107 107" L1078 1078
L= . -
P = I -4 -12 -7 -9 I 1072
| 2 -107% 107 1071 10
-« (=]
£58 s | sl 8 Logio 107
| |2%s 107 F10™ 11078 10
2,38 - 1074
52| E5 -107¢ L0 107 F1o7"
E‘E_E @ € - 1075
8532 l 107 (1075} 1071 10712
5589 - 1076
:’E-E‘, Li0¢ LipsLon Li0™
| - 1077
Table 2.3 Conversion Factors for Permeabllity
and Hydraulic Conductivity Units
Permeability, k* Hydraulic conductivity, £
em? f12 darcy m/s ft/s gal/day/fi2
cm? 1 1.08 x 1073 1.01 x 10% 9.80 x 102 3.22 x 103 1.85 % 10?
fiz 9.29 x 102 1 9.42 x 1010 9.11 x 103 2.99 x 106 - 1.71 x 1012
darcy 9.87 x 10~? 1.06 x 10~11 1 9.66 x 10~6 3.17x 10°3 1.82 x 10t
m/s 1.02 x 10-3 1.10 x 10-¢ 1.04 x 103 1 3.28 2.12 X 106
fi/s 3.11 x 10~¢ 3.35x10°7  3.15x10¢ 3.05 x 10! 1 5.74 x 103
‘gal/day/i2 5.42 x 10~10 583 x 10~13 549 x 102 4,72 x 1077 1.74 x 10~6 1
*To obtain k'in ft2, multiply k in cm? by 1.08 x 10-3,
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BLACK & VEATCH Waste Science, Inc.
Philadelphia Office

TELEPHONE MEMORANDUM

U.S. EPA - Region IV B&V Project 52012.218

Greensboro City Landfill B&V File C

Public Water Supply in Greensboro, NC June 8, 1994
‘ 1430h

To: Mrs. Clark

Company: Greensboro City Water Department

Phone No.: (910) 373-2055

Recorded by: Corry T. Platt w

I called the Greensboro City Water Department (GWD) to inquire about the sources of
public water and the service area within the Greensboro City Landfill area. Mrs, Clark
said the City of Greensboro obtains its potable water from three lakes in the Greensboro
area. The lakes are Lake Townsend, Lake Higgins, and Lake Brant. In addition to
serving approximately 79,000 metered connections, the GWD sells water to Guilford
County. '

In the Greensboro City Landfill site area the GWD provides drinking water to residents
within the city limits. Within 4 miles of the Greensboro City Landfill site the GWD
provides drinking water to resident of and west of Rt. 29, along Huffine Mill Road to the
State Prison, and south from the State Prison towards South Buffalo Creek.

Residents not served by the GWD within 4 miles of the Greensboro City Landfill obtain
their drinking water from private groundwater wells.

Note: Following Mrs. Clark’s description of the service area, the extent of the GWD
service area was approximately located on the Greensboro City Landfill 4 mile vicinity
map.
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BLACK & VEATCH Waste Science, Inc.

MEMORANDUM

U.S. EPA-Region IV BVWS Project 52012.231
Superior Products Co. ' BVWS File N
Results of Calculation of Air and Groundwater Populations July 5, 1994

To: Superior Products Co. File

From: Robert Martel @

I calculated the population residing within 4 miles using a house count method and
GEMS database results, and the population served by private wells within 4 miles of the
Superior Products Company site using a house count method. The population residing
within four miles was determined by counting the houses in the 0-%, Y-, %-1, and 1-2
mile rings depicted on the 4 mile map and then multiplying the number of houses per ring
by the Guilford County population per household value of 2.44 persons. The population
residing within 2-4 miles of the site was calculated using the GEMS database results. The
results of the population within 4 miles of the site are depicted in Table 1.

The population served by groundwater within 4 miles was determined by counting the
number of houses in each ring depicted on the 4 mile map not served by the Greensboro
City Water Department public water system and then multiplying the number of houses
per ring by the Guilford County population per household value of 2.44 persons. The
results are depicted in Table 2. _



BLACK & VEATCH
MEMORANDUM Page 2

U.S. EPA-Region IV
Superior Products Co.

B&YV Project 52012.231

TABLE 1
Population within 4 miles of the
Superior Products Company Site

0-% 149!
Y%-4 95!
-1 544
1-2 1,857
2-3 1,759?
.3-4 3,376
Total 7,780
Note:
! References 3, 8
? Reference 10

TABLE 2
Population Served by Private Wells within 4 miles
of the Superior Products Company Site

0-% 61 2.44 149
Ve - 4 32 2.44 78
“-1 132 244 322
1-2 431 244 1,052
2-3 468 244 1,142
3-4 482 2.44 1,176

Total 1,606 3,919

Note:

! Reference 8
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U.S. Department of Commerce
Economics and Statistics Administration
BUREAU OF THE CENSUS

CENSUS ’90

1990 CPH-1-35

1990 Census of
Population and Housing

Summary Population and
Housing Characteristics

North Carolina
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BLACK & VEATCH Waste Science, Inc.
Philadelphia Office

TELEPHONE MEMORANDUM

U.S. EPA - Region IV B&V Project multiple

North Carolina General B&V File C

Wellhead Protection Areas March 23, 1994
1330h

To: Randy Prillaman _

Company: NC DEM, Groundwater Section

Phone No.: (919) 733-7015

Recorded by: Corry T. Platt

I called Mr. Randy Prillaman to determine if Wellhead Protection Areas have béen
delineated within the State of North Carolina. Mr. Prillaman said that Wellhead
Protection Areas have not yet been delineated within North Carolina.

Mr. Prillaman said there is a pilot study occuring in Gaston County regarding
Wellhead Protection Areas (WHPA) and currently the state is awaiting notice from the
U.S. EPA if their grant for the delineation of WHPAs will be funded. If funding is
granted, then work on the the delineations will begin. He is unsure when the
delineations would be complete if funding was to be recieved this year. He
recommended following up on this phone call later in the year (October or November)
to find out if any guidance has been written.

(L T
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OSEPA Gegphical Exposure Modeling Sy s dem (62m5) Dok Dovon Lowd by K Marke|

0T\ o4|ay

CENSUS DATA

Superior Products Co.
LATITUDE 36: 5:21 LONGITUDE 79:40:22 1990 HOUSING

KM 0.00-.400 .400-.800 .800-1.60 1.60-3.20 3.20-4.80 4.80-6.40

S 1 0 0 0 185 1061 0
S 2 0 0 0 0 694 242
S 3 0 0 0 0 4 229
S 4 0 0 0 0 0 176
S5 0 0 326 0 0 548
S 6 0 0 0 0 ) 816
S 7 0 0 0 835 0 1365
S 8 0 0 0 0 0 0
RING 0 0 326 1020 1759 3376
TOTALS

Press RETURN key to continue ...
AUBILG ONRINBO:09604 7E1 [Home]=Menu FDX 8 LF X

SECTOR
TOTALS
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Water Resources Data
North Carolina

Water Year 1992

U.S. GEOLOGICAL SURVEY-WATER-DATA REPORT NC-92-1
Prepared in cooperation with the North Carolina Department

of Environment, Health, and Natural Resources, and with

other State, municipal, and Federal agencies




Station
number

0209330990
0209331325
02093500
02094000

02095000
0209509100
02095500
0209555450
0209560800
02096000
02096700
02096842
02096850
02097000
02097243
02097500
0209782150
02098000
02098500

02100000
02101000
0210108450
02101800
02103000
02103500
02104000

02104387
02104500

02105524
02105900
02106000
02106681
02107000
02107500
02107600
0210782005
0210789100
0210797940
02108500

02112500
02113500
02115500
02115750
02115800
02115841
02115850
02115854
02115856
02115860

02115%00

02117030
02117500
02115000
02119400
02120500
02121000
02121180
02121493
02122500
02123000
02123500
02124471
02125500
02125557
02125696
02125699
02125816
02126500
02127000
02127500
02129500

DISCONTINUED SURFACE-WATER GAGINCG STATIONS--Continued

Dralinage
Station name area (mi?)
Cape Fear River Basin
Brooks Lake tributary near Browns Summit {d) 0.06
Candy Creek at SR 2700 near Monticello (d) 1.10
Haw River near Benaja (d) 168
Horsepen Creek at Battle Ground (d) 15,9
S Buffalo Creek near Greensboro (d) 33.6
S Buffalo Creek at SR 2821 at MclLeansvlille (d) 43.5
North Buffalo Creek near Greensboro (d) 37.1
Buffalo Creek at SR 2719 near Osceola (d) 97.4
Reedy Fork Creek at NC 61 near Osceola (d) 243
" Stony Creek near Burlington (d) 44.2
Big Alamance Creek near Elon College (d) 116
Cane Creek 0.1 m upst SR 1126 near Buckhorn (d) .64
Cane Creek near Teer (d) 33.7
Haw River near Pittsboro (d) 1,310
Third Fork Creek at Durham (d) 16.7
Morgan Creek near Chapel Hill (d) 30.1
New Hope River Trib at SR 1716 nr Farrington (d) 2,05
New Hope River near Pittsboro (d) 285
West Fork Deep River near High Point (d) 32.1
Muddy Creek near Archdale (d) 16.7
Bear Creek at Robbins (d) 134
Suck Creek Trib near Zion Grove (d) .67
Tick Creek near Mount Vernon Springs (d) 15.5
Little River at Manchester (d) 348
Little River at Linden (d) 460 °°
Cape Fear River at Fayetteville 4,395
Buckhead Creek near Owens (d) 2,62
Rockfish Creek near Hope Mills (d) 284
Ellis Creek Trib at SR 1325 near White Oak (d) 1.81
Hood Creek near Laland (d) 21.6
Little Cocharie Creek near Roseboro (d) 92.8
Black River near Dunn (d) 48.3
South River near Parkersburg (d) 379
Colly Creex near Xelly (d) 103
Northeast Cape Fear River near Seven Springs (d) 47.5
Nahunga Creex at SR 1301 near Warsaw (d) 8.28
Grove Creek at Kenansvile (d) 22,6
Limestone Creek at NC 24 near Hadley (d) 1.61
Rockfish Creek near Wallace (d) 69,3
Pee Dee River Basin
Fisher River near Dobson (d) 109
Yadkin River at Sllecam (d) 1,226
Forbush Creek near Yadkinville {(d) . 21.7
Muddy Creek near Lewisville (d) 82.8
Silas Creek near Clemmons (d) 11.8
-Tar Br Trib at First St at Winston-Salem (d) .05
Salem Creek at Winston-Salem (d) 51.3
Salem Creek Trib at Hawthorne Rd, Winston-Salem (d) .50
Salem Creek near Atwood (d) 65.6
Muddy Creek near Muddy Creek (d) 178
South Fork Muddy Creek near Clemmons (d) 42,2
Humpy Creek near Fork (d) 1.0
Rocky Creek at Turnersburg (d) 102
South Yadkin River at Cooleemee (d) 569
Third Creek near Stony Point (d) 4.84
Third Creek at Cleveland (d) 87.4
Yadkin River near Salisbury (d) 3,470
North Potts Creek at Linwood {d) 9.62
Lecnard Creek near Bethesda (d) 5.16
Yadkin River at High Rock {d) 4,000
Uwharrie River near Trinity (d) 11.3
Uwharrie River near Eldorado ({d) kL))
.putch Buffalo Creek at NC 49 nr Mt Pleasant (d) 45.1
Richardson Creek near Marshville (d) 170
Gourdvine Creek at SR 1715 near Olive Branch (d) 8.75
Lane Creek at SR 2115 near Trinity (d) 3.98
Wicker Branch at SR 1940 near Trinity (d)’ 5.83
Lane’s Creek near Marshville (d) 87.8
Little Brown Creek near Polkton (d) 13.5
Brown Creek near Polkton (d) 110
Pee Dee River near Ansonville (d) 6,330
N Fork Jones Creek near Wadesboro (d) 9.43

XITI

Period of
record

1985-90
1985-90
1928-71
1925-31
1934-59
1928-58
1986-88
1929-90
1986-87
1986-88
1952-59
1957-80
1975-81
1959-73
1828-73
1968-73
1923-32
1986-88
1949-73
1923-26
1928-58
1934-41
1939-71
1986-88
1958-61
1938-50
1928-71
1889~1903
1928-40
1976-80
1929-31
1939-54
1979-81
1956-73
1950-92
1976-77
1951-86
1850-71
1958-78
1983-50
1983-50
1986-88
1955-81

1920-32
1976-87
1940-71
1964-70
1964-70
1979-82
1964-70
1979-82
1971-82
1964-79
1988-91
1964-79
1988-91
1968-83
1940-71
1928-65
1956-69
1940-71
1895-1927
1980-50
197881
1919-27
1934-41
1938-71
1985-87
1940-44
1978-82
1969-79
1978-82
1985-87
1935-41
1837-711
1938-42
1935-41



142
CAPE FEAR RIVER BASIN

02094500 REEDY FORK NEAR GIBSONVILLE, NC

LOCATION,.=-Lat 36°10731%, long 79°37/01*, Guilford County, Hydrologic Unit 03030002, on right bank 0,2 ml downstream
of Huffines Mill on Secondary Road 2"19, 1.2 mi upstream from Buffalo Creek, and 6 mi northwest of Gibsonville,

DRAINAGE AREA,~-131 mi?,
PERIOD OF RECORD.--September 1928 to current year.

REVISED RECORDS,~-WSP 1303: 1929-40 (month'y and yearly runoff), WSP 1383: 1929-30, 1933 (M), 1934 7
1939-42(M), 1948, WDR NC-81-1: Drainag: ates. =¥ ' e e 1537040,

GAGE.~-Waier-stage recorder and rock-masonry control, Datum of gage ls 626.88 ft above National Geodetic Vertical
Datum of 1929, .

S.~-No estimated dally dischuges. Records good, Flow regulated since 1923 by Lake Brandt (station
02094117), 14 mi upstreams since 1957 by Lake Higgins (station 02093981) on Brush Creek, a tributary to Lake
Brandt? xinco 1943 by Richland Lake 12 m{ upstream from station; and since 1968 by Lake Townsend {(station
02094305), 9 mi ug::rnm frem station., City of Greensboro diverted an average of 23.8 ft3/s from Lake Brandt and
an average of 25.5 fti/s grom Laxe Townsend for municipal water supply. Maximum discharge prior to raegulation by
Lake Townsend: 11,600 fti/s, Sept. 25, 1947; gaqn height: 20.77 ft; minimum discharge not determined. Maximum
discharge for :aquhtcd period: 5,660 ft1/s, from high-water mark in well. Minimum discharge for regulated
pariod also occurred July 30, Aug. 6, 7, 1977.

EXTREMES OUTSIDE PERIOD QF RECOR?.-Plood in July 1916 reached a stage of 17.90 ft, from {information by local
resident; discharge, 8,640 fti/s,

DISCHARGE, CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1991 TO SEPTEMBER 1992
DAILY MEAN VALUES

DAY ocT ROV DEC JAN FEB MAR APR MAY JON JoL AUG SEP
1 10 28 15 23 17 33 29 132 20 12 41 15
2 1 29 21 21 16 25 26 17 100 114 15
3 29 27 22 120 16 23 25 22 17 26 11 15
4 30 27 36 2 15 20 24 19 147 140 10 16
-] 25 28 22 1010 18 18 24 172 79 30 12 16
6 229 29 18 889 15 21 22 37 24 46 8,5 as
7 46 kL 18 819 14 k)1 21 112 17 340 9.0 23
8 k] ek 18 . m 15 [1] 21 320 s 70 11 18
29 33 17 . 94 16 4 20 74 529 16 13 16
10 28 80 28 55 16 47 19 27 200 11 9.0 14
11 30 47 kb 22 15 97 19 21 44 9.5 8.0 14
12 26 36 26 18 15 40 25 20 307 9.0 1i 14
1 25 32 22 17 15 29 42 22 53 8.0 390 1
14 26 22 23 111 15 24 25 18 24 8.0 850 1)
15 27 19 22 23 38 22 46 16 23 7.5 690 13
16 28 17 20 20 5 22 51 15 107 7.0 120 13
17 32 15 19 17 32 20 30 14 97 6.6 200 12
18 28 u 19 17 263 86 21 16 30 €.6 8l 12
19 26 14 20 16 43 94 17 17 23 6.6 28 14
20 25 4 19 16 27 a6 15 16 19 6.2 23 15
21 26 i 20 17 24 25 1830 15 17 5.8 22 14
22 26 15 - 18 15 28 24 4500 U 17 68 21 16
23 26 21 18 270 25 22 1980 13 14 120 20 23
24 28 16 20 176 27 21 893 12 14 320 20 21
25 26 by 21 1 81 20 100 12 24 9 19 e
26 25 13 20 25 63 n 39 13 18 23 18 15
27 28 12 20 20 487 119 405 14 17 99 25 15
28 25 13 23 ~ 19 4 s 167 1 15 250 175 15
29 25 12 131 19 mn 26 15 135 14 46 26 15
30 28 1 43 20 — 24 29 80 23 19 17 u
k33 29 —— 28 18 — 26 -— 36 m——— 17 16 -
TOTAL 1037 721 803 5541 2614 1587 10840 1479 1978 1928.,8 2959.5 478
MEAN 33.5 24.0 25.9 179 $0.1 51.2 361 47.7 65,9 62,2 95.5 15,9
MAX 229 80 134 1010 631 354 4500 320 529 340 890 35
MIN 10 12 15 15 14 19 15 12 13 5.8 8.5 12
STATISTICS OF MONTHLY MEAN DATA FOR WATER YEARS 1929 - 1992, BY WATER YEAR (WY}
MEAN 73.1 62.7 98.3 163 172 168 145 88,1 €8.8 67.9 59.1 62.4
MAX 661 233 215 644 468 479 613 365 477 596 315 534
{¥Y) 1960 1950 1933 1978 1960 1952 1987 1978 1982 1984 1940 1947
MIN 2.85 6,70 5,97 11.1 19.9 16.4 11.2 7.43 6.08 2,83 2.82 2.217
(WY} 1969 1970 1969 1981 1977 1976 1976 1986 1986 1986 19717 1968
SUMMARY STATISTICS FOR 1991 CALENDAR YEAR FOR 1992 WATER YEAR WATER YEARS 1929 - 1892
ANNUAL TOTAL 48598.7 31966.3
ANNUAL MEAN 133 87.3 102
HIGHEST ANNUAL MEAN 188 1984
LOWEST ANNUAL MEAN . 20,1 -1967
HIGHEST DAILY MEAN 3430 Mar 30 4500 Apr 22 7240 Sep 25 1947
LOWEST DAILY MEAN 8.3 Sep 16 5.8 Jul 21 «40 Oct 14 1854
ANNUAL SEVEN-DAY MINIMUM 8,6 Sep 12 6.6 Jul 15 1.2 Oct 8 1954
INSTANTANEOUS PEAK FLOW 5010 Apr 22 5660 Jun 21 1972
INSTANTANEOUS PEAX STAGE 14,19 Apr 22 14.92* Jun 21 1972
INSTANTANEOUS LOW FLOW . 5.8 Jul 21 1.4* Jul 29 1977
ANNUAL RUNOFE (CFSM) 1.02 .67 .78
ANNUAL RONOFF (IKCHES) 13,80 9.08 10.58
10 PERCENT EXCEEDS 388 136 236
50 PERCENT EXCEEDS 28 22 a1
90 PERCENT EXCEEDS 14 13 7.7

* Seae REMARKS.
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DISTANCES FROM SIDE STAKES FOR CROSS-SECTIONING
Roadway of any Width. Side Slopes 1% 10 1.

In the figure below: opposits 7 under “Cut or FII® and under .3
tead 11,0, the distance out from the side stake at feft. Also,
opposite 11 under “Cut or FiI and under .1 read 16.7, the

distance out from the side stake 3t right.

CRIDE,
CENTEA START | N 4,
3 ‘2\
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3 Distance out from Side or Shouider Staks 3
] 0.0 0.2 0d 0.5 [:X ] 08 0.9 11 12 14 0

1 1.5 1.7 18 20 2.1 23 24 28 27 29 1

2 30 32 k& ) as 36 38 9 4.1 42 44 2
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PREFACE

The materials in this notebook are provided as an aid to anyone having

a continuing need for current information on Federally 1isted endangered
and threatened species found within Region 4 of the U.S. Fish and Wildlife
Service. This area includes the Carolinas, Georgia, Florida, Alabama,

Tennessee, Kentucky, Mississippi, Arkansas, Louisiana, Puerto Rico, and
the Yirgin Islands.

Recipients of the notebook are placed on a permanent mailing list and

will automatically receive updated information whenever listing or other
changes occur. .Questions or comments pertaining to the notebook should

be directed to the Endangered Species Office, U.S. Fish and Wildlife
Service, Richard B. Russell Federal Building, 75 Spring St., S.W., Atlanta,
Georgia 30303; telephone 404/221-3583 or FES 242-3583. Other questions
pertaining to endangered species matters should be addressed to one of the
Service field stations listed at the end of this Preface.

The-notebook is divided into two primary sections. Materials in the
first section provide quick reference as to what species are listed,
proposed, or under review, the states where they occur, the location
of critical habitat areas, and other related information. The second

- part of the notebook contains species accounts which briefly discuss such

things as the status, range, life history, and management needs of listed
species. Please note that the range maps for these species generally
reflect current distribution, but in many cases they reflect distribution
rather broadly and should only be interpreted in relation to other
information included in the species account.

The Endangered Species Act - General

Passage of the Endangered Species Act of 1973 gave the United States one
of the most far-reaching laws ever enacted by any country to prevent the
extinction of imperiled animals and plants.. Under the Jaw, the Secretary
of the Interior. (acting through the U.S. Fish and Wildlife Service) has
broad powers to protect and conserve all forms of wildlife and plants

he finds in serious jeopardy. The Secretary of Commerce, acting through
the National Marine Fisheries Service, has similar authority for protecting
and conserving most marine life. .

Congress addressed the question of why we should save endangered species
in the preamble to-the Endangered Species Act, holding that endangered
and threatened species of fish, wildlife and plants “are of esthetic,
ecological, educational, historical, recreational, and scientific value
to the Nation and its people." In making this statement, Congress was
summarizing a number of convincing arguments advanced by thoughtful
scientists, conservationists, and others who are greatly concerned by
the disappearance of wildlife. :

Protecting endangered species and restoring them to the point where
their existence is no longer jeopardized is the primary objective of
the U.S. Fish and Wildlife Service's Endangered Species Program.

i



The Listing Process

The Fish and Wildlife Service follows a formal "rulemaking" procedure
in determining which species should be placed on the U.S. List of
Endangered and Threatened Wildlife and Plants. The Act defines an
"endangered" species as one that is in danger of extinction throughout
all or a significant portion of its range. A “threatened" species-is

defined as one that is Jikely to become endangered within the fore-
seeable future. _

A "rulemaking" is the process used by Federal agencies (and many states)
to propose and later adopt regulations which have the effect of 1aw,

and apply to all U.S. residents. The proposed rule is published in the
Federal Register, a daily Government publication, to provide for public
notification and a period for comments. The proposal is then reevaluated,
and if adopted it is published again_as a fiwal rule. Endangered or

threatened species are placed on the list, réclassified, or deleted
through this process. .

Protection Under the Act

Section 9 of the Act prohibits the illegal possession, import, export,
or interstate or foreign sale of listed species (including their parts
and products). It is also illegal to kill, harrass, harm, or remove
listed species of animals from the wild. Taking of plants {s prohibited
only on Federal lands. Under Section 7 of the Act, Federal agencies are
required to insure that actions they authorize (by permit), fund, or

carry out do not jeopardize the existence of listed species or adversely
affect critical habitat.

Penalties for violations can range from a warning and seizure of

illegally held wildlife specimens and products to a maximum of $20,000
and/or a year in jail for criminal offenses.

Critical Habitat

The Endangered Species Act, as amended, calls for the conservation of
what is termed “critical habitat"-~the areas of land, water, and air
space an endangered or threatened species needs for survival. These
areas include such things as food and water, breeding sites, cover or
shelter, and sufficient habitat to provide for normal population growth
and behavior. Critical habitat is usually included with the proposal
to list a species. - However, if it is determined separately at a later

date, the rulemanking procedure is the same as for classifying a species
as endangered or threatened.

' One of the primary threats to most species is the destruction or modi-

fication of essential habitat areas by uncontrolled land and water

development. Accordingly, the law requires all Federal agencies to insure
that actions they authorize (by permit), fund, or carry out do not jeopar-
dize the existence of listed species or adversely affect critical habitat.



It should be emphasized, however, that not all Federal actions will
necessarily be detrimental to critical habitat. There may be many kinds
of actions which can be carried out within a critical habitat area with-
out reducing the species numbers or distribution, or otherwise posing
jeopardy to it.

In summary, the designation of critical habitat does not create a nature
preserve or refuge. It does not affect private, Tocal, or state projects
unless Federal funds or permits are involved. It does provide a means

by which 1isted species can be protected from adverse impacts resulting
from Federal action.

Consultation

Section 7 of the Act requires all Federal agencies to review their actions,
and if they determine that their actions may affect a 1isted species or

its habitat, they must enter into consultation with the Fish and Wildlife
Service. During the course of such consultation the involved agency and-
the Fish and Wildlife Service will try to determine a course of action
which will allow for completion of the agency's project and at the same
time not jeopardize the-species. Most consultations accomplish this goal.

In the case of a conflict, the Act provides a means whereby under certain
conditions the affected Federal agency may be exempted from the requirements
of Section 7. Exemption applications must be submitted to the Secretary

of the Interior for consideration. If the Secretary decides the application
meets exemption criteria, it is then passed on to a seven-member cabinet-
level Endangered Species Committee for a final decision.

Conservation and Recovery

A main aim of .the Service's Endangered Species Program is to restore
populations of listed species to a point where they are no longer in
danger of extinction and are again self-sustaining members of their
ecosystem. Recovery plans for a number of these species are already
being carried out. The plans may recommend the acquisition of land,
new research, captive breeding, or may call for spec1a1 wildlife and
habitat management techniques.

In additfon to overseeing the development and implementation of recovery
plans, the Fish and Wildlife Service utilizes the authorities and
funding provided under the Act to provide for technical assistance,
management, law enforcement, land acquisition, research, status surveys,
and financial assistance to state agencies which have entered into a
cooperative agreement with the Service.

Permits

The Service's Wildlife Permit Office can issue permits for certain
activities involving endangered or threatened species. Permits for



endangered species are issued only for scientific or breeding purposes. In
addition to these purposes, permits for threatened species may be issued for
educational activities, zoo exhibitions, and other special purposes.

U.S. Fish and Wildlife.Service Endangered Species Field Offices - Region 4

U.S. Fish and Wildlife Service (serves KY, NC, SC, TN)
100 Otis Street, Room 224
Asheville, NC 28801
Phone: 704/259-0321
FTS 672-0321

U.S. Fish and Wildlife Service T (serves AL, AR, LA, MS)
Jackson Mall Office Center
300 Woodrow Wilson Avenue, Suite 316
Jackson, MS 39213
Phone: 601/960-4900
FTS 490-4900

U.S. Fish and Wildlife Service " (serves GA and FL) .. .

2747 Art Museum Drive
Jacksonville, Florida 32207
Phone: 904/791-2580

FTS 946-2580

U.S. Fish and Wildlife Service (serves PR and VI)
Post Office Box 491
Boqueron, PR 00622
Phone: 809/851-7297
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CRITICAL HABITAT INDEX

Alabama - Etheostoma boschungi, "slackwater darter"

Peromyscus polionotus ammobates, "Alabema beach mouse"

~ Peromyscus polionmotus trissyllepsis, "Perdido Key beach oouse"

Specplatyrhinus poulseoni, "Alabama cavefish"

Arkansas - Percina pantherina, "leopard darter"

Florida ~ Ammospiza maritima odrabilis, '""Cape Sable sparrow"

Ammospiza maritima nigrescens, "dusky seaside sparrow"

Crocodylus acutus, "American crocodile”

* Peromyscus polionotus allophrys, "Choctawhatchee beach mouse

Peromyscus polionotus trissyllepsis, "Perdido Key beach mouse'

Rostrhamus sociabilis plumbeus, "Eberglade kite"

Trichechus manatus, "Florida manatee"

Georgia - Percina antesella, "amber darter"

Percina jenkinsi, "Conasauga logperch"

Keatucky - Myotis sodalis, "Indiana bat"

Palaemonias ganteri, "Kentucky cave shfimp"

Louisiana - No designations

Mississippl - Grus canadensis pulla, "Mississippi sandhill crane"

North Carolina -~ Hudsonia montana, "mountain golden heather"

" Hybopsis monacha, "spotfin chub"

Menidia extensa, ''Waccamaw silverside"

Notropis mekistocholas, '"Cape Fear shiner"




Puerto Rico . ~ Agelaius xanthomus, "yellow-shouldered blackbird"

Anolis roosevelti, '"'giant anole"

Cyclura stejnegeri, 'Mona grouhd iguana".

Eleutherodactylus jasperi, '"golden coqui"

Epicrates monensis monensis, "Mona boa" -

Eretmochelys imbricata, "hawksbill sea turtle"

Sphaerodactylus micropithecus, "Monito gecko"

South Carolina - No designations

Tennessee - Etheostoma boscﬁungi. "glackwater darter"

Hybopsis cahni, "glender chub"

Bybopsis monacha, "spotfin chub"

Myotis sodalis, "Indiana bat"

Noturus baileyi, "smoky madtom"

No turus flavipinnis, "yellowfin madtom"

Percina antesella, "amber darger”

Percina jenkinsi, "Conasauga logperch"

Virgin Islands - Ameiva polops, "St. Croix ground 1izard"

Dermochelys cdriacea. "leatherback sea turtle"
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Endangered and Threatened Species in Region 4*

(E=Endangered; T=Threatened)

Mammals:

Bat, gray (E)

Bat, Indiana (E)

Bat, Ozark big-eared (E)

Bat, Virginia big-eared (E)
Cougar, Eastern (E)

Deer, Key (E)

Manatee, West Indian (E)

Mouse, Alabama beach (E)

Mouse, Choctawhatchee beach (E)
Mouse, Key Largo cotton (E)
Mouse, Perdido Key beach (E)
Panther, Florida (E)

Shrew, Dismal Swamp southeastern (T)
Squirrel, Carolina northern flying (E)
Whale, finback (E)

Whale, humpback (E)

Whale, right (E)

Whale, sei (E)

Whale, sperm (E)

Wolf, red (E)

Woodrat, Key Largo (E)

Birds:

Blackbird, yellow-shouldered (E)
Caracara, Audubon's Crested (T)
Crane, Mississippi Sandhill (E)
Curlew, Eskimo (E) .

Eagle, bald Southeastern (E)
Falcon, American peregrine Eastern (E)
Falcon, Arctic peregrine (T)

Jay, Florida scrub (T)
Kite, Everglade (E)
Parrot, Puerto Rican (E)
Pelican, brown (E)

'l’

Distribution:

AL, AR, FL,GA,KY,NC,TN
AL, AR ,FL,GA,KY,NC,TN
AR

KY, NC

KY,NC,SC,TN

FL

AL,FL,GA,NC,PR,SC
AL

FL

FL

AL, FL
AL,AR,FL,GA,LA,MS,SC,TN

uc TN -
Oceanic
Oceanic

- Oceanic

Oceanic
Oceanic
LA
FL

PR

FL

MS

LA (historic, near
extincticn)
AL,AR,FL,GA,KY,LA,MS,NC,SC,TN.
AL,GA,KY,NC, SC N

AL, AR, FL GA, KY LA,MS,NC,PR,
SC,TN

FL

FL

PR

LA,MS,PR,VI

*Includes the Carolinas, Georgia, Florida, Alabama, Tennessee, Kentucky,
Mississippi, Arkansas, Louisiana, Puerto Rico, and the Virgin Is]ands.



Birds (cont'd):

Pigeon, Puerto Rican plain (E)
Plover, piping (T)

Sparrow, Cape Sable .(E)

Sparrow, dusky seaside (E)

Sparrow, Florida grasshopper (E)
Stork, wood (E)

Tern, least; interior population (E)
Tern, roseate (T)

Warbler (wood), Bachman's (E)

Warbler (wood), Kirtland's (E)
Whip-poor-will, Puerto Rican (E)
Woodpecker, ivory-billed (E)

Woodpecker, rgd;cockaded (E)

Reptiles and Amphibians:

Alligator, American (T,S/A) *
Anole, giant (E)

Boa, Mona (T)

Boa, Puarto Rican (E)

Boa, Virgin Islands tree (E)
Coqui, golden (T)

Crocodile, American (E)
Florida, bonamia (T)

Heller's blazing star (T)
Higuero de Sferra (E)

Gecko, Monito (E)

Iguana, Mona ground (T)
Lizard, St. Crotix ground (E)
Salamander, Red Hills (T)
Shiner, Cape Fear (E)

Skink, blue-tailed mle (T)
Skink, sand (T)

Snake, Atlantic salt marsh (T)
Snake, eastern indigo (T)
Toad, Puerto Rican crested (T)
Tortoise, gopher (T)
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-

Distribution

PR
AL ,FL ,GA,LA,MS,NC,PR,SC
FL
;L (near ext1nction)
1
FL,GA,SC
AR,KY.LA,MS,TN
FL,PR,VI
AL, AR,FL,GA,KY,LA,MS,NC,SC,TN
(historic, possibly extinct)
FL,GA,KY,NC,SC,TN
PR

AL, AR,FL ,GA,KY,LA,MS,NC,SC,TN
(historic, probably extinct)
AL,AR,FL,GA,KY,LA ,MS,NC,SC,TN

AL ,AR,FL,GA,LA,MS,NC,SC
PR

PR

PR

VI

PR

FL

FL

NC

PR

PR .

PR

VI

AL

NC

FL

FL

FL ,
AL ,FL ,GA,MS,SC
R .

AL ,LA,MS

* Alligators are bfologically neither endangered nor threatened and may be hunted as
permitted under State law. For law enforcement purposes they are classified as

“Threatened due to Similarity of Appearance."



Reptiles and Amphibians (cont‘'d):

Turtle, Alabama red-bellied (E)
Turtle, flattened musk (T)

Turtle, green (T) (E in Florida)
Turtle, hawksbill (E)

Turtle, Kemp's (Atlantic) ridley (E)
Turtle, leatherback (E)

Turtle, loggerhead (T)

Turtle, ringed sawback (T)

Fishes:

Cavefish, Alabama (T)
Cavefish, Ozark (T)
.Chub, slender (T)

Chub, spotfin (T)

Dace, blackside (T)
Darter, amber (E)
Darter, Bayou (T)
Darter, Teopard (T)
Darter, Okaloosa (E)
Darter, slackwater (T)
Darter, snail (T)
Darter, watercress (E)
Logperch Conasauga (E)
Madtom, smoky (E)
Madtom, yellowfin (T)
Shiner, Cape Fear (E)
Silverside, Waccamaw (T)
Sturgeon, shortnose (E)

‘Mollusks:

Mussel, Alabana lamp pearly (E)
Mussel, Appalachian monkeyface (E)
Mussel, birdwing pearly (E)

Mussel, Cumberland bean pearly (E)
Mussel, Cumberland monkeyface pearly (E)
Mussel, Curtus' (E)

Mussel, dromedary pearly (E)

Mussel, fat pocketbook pearly (E)
Mussel, fine-rayed pigtoe pearly (E)
Mussel, green-b]ossom pearly (E)
Mussel, Judge Tait's (E)

Mussel, Marshall's (E)

ln’
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Distribution

AL

,NC,PR,SC,VI
TNC.PR.SC,VI
sC

,NC,PR,SC,VI
4NC,PR,SC,VI

FL,GA,NC,SC

AL,TN
TN

TN .
KY, TN



Mollusks (Cont'd.):

Mussel, orange-footed pearly (E)
Mussel, pale lilliput pearly (E)
Mussel, penitent (E)

Mussel, pink mucket pearly (E)
Mussel, rough pigtoe pearly (E)
Mussel, shiny pigtoe pearly (E)
Mussel, stirrup shell (E)

Mussel, tan riffle shell (E)

Mussel, Tar River spiny (E)

Mussel, tuberculed-blossom pearly (E)

Mussel, turgid-blossom pearly .(E)

Hussel, white warty-back pearly (E)
Mussel, yellow-blossom pearly (E)

Snail, noonday (T)
Snai], painted snake coiled forest (T)
Snail, Stock Island tree (T)

Arthropods

Butterfly, Schaus swallowtail (E)
Crayfish (cave species; no common name) (E)

‘Crayfish, Nashville (E)

Shrimp, Kentucky cave (E)

Plants:

Alabana leather flower (E)
Beautiful goetzea (E)
Beautiful pawpaw (E) '
Blue Ridge goldenrod (T)
Bunched arrowhead (E)
Canby's dropwart.’ (E) -
Carter's mustard (E)
Chapman's rhododendron (E)
Cook's holly (E)

Crenulate lead-plant (E)
Deltoid spurge (E)

Eifin tree fern (E)
Florida bonamia (T)
Florida golden aster (E)
Florida torreya (E)

hl
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Distribution

AL, TN ,KY
AL

AL ,MS

AL,KY,TN,AR

KY, TN, AL

AL, TN

AL

KY,TN (historic occurrence)
NC

KY,TN (histor1c possibly
extinct)

TN,AL,AR (historic, poss1b1y
extinct)

N

AL,KY,TN (historic, poss1b1y
extinct)
NC

™

FL

FL

AR
™
KY



Plants (cont'd):

Four-petal pawpaw (E)
Fragrant prickly-apple (E)
Garber's spurge (T)
Geocarpon minimum (T)
Green pitcher plant (E)
Hairy rattleweed (E)
Harper's beauty (E)
Heller's blazing star (T)

Highlands scrub hypericum (E)

Higuero de Sierra (E)

Key tree-cactus (E)
Lakela's mint (E)
Large-flowered skullcap (E)
Longspurred mint (E)
Miccosukee gooseberry (T)
Mountain golden heather (T)
Palo de Ramon (E)

Papery whitlow-wort (T)
Persistent trillium (E)

 pondberry (E)

Prickly-ash (E)

Pygmy fringe tree (E)
Rough-leaved loosestrife (E)
Rugel's pawpaw (E)

Ruth's golden aster (E)
Scrub Tupine (E)

Scrub mint (E)

Scrub plum (E) .

Short's goldenrod (E)
Small whorled pogonia (E)
Small's milkpea (E)
Snakergot (E)

Tennessee coneflower (E)
Tiny polygala (E)

Vahl's boxwood (E)
wheeler's peperomia (E)
Wide-leaf warea (E)
Wireweed (E)

|.’
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Distribution

FL
FL
FL
AR
AL,GA,NC
GA

FL

NC

FL

PR

FL

FL
GA, TN
FL
FL,SC
NC

PR

FL
GA,SC
AR,GA,MS,NC,SC
PR, VI

KY
GA,NC,SC, TN
FL
FL
™
FL
PR
PR
FL
FL



12787

NORTH CAROLINA = Critical Habitat

Notropis mekistocholas, "Cape Fear shiner"

(1) Chatham County. Approximately 4.1 miles of the Rocky River from North
Carolina State Highway 902 Bridge downstream to Chatham County Road 1010
Bridge; .

(2) Chatham and Lee Counties. Approximately 0.5 river mile of Bear

Creek, from Chatham County Road 2156 Bridge downstream to the Rocky River,
then downstream in the Rocky River (approximately 4.2 river miles) to the
Deep River, then downstream in the Deep River_ (approximately 2.6 river
miles) to a point 0.3 river mile below the Monture, North Carolina; .

U.S. Geological Survey Gaging Station; and .

(3) Randolph and Moore Counties. Approximately 1.5 miles of Fork Creek,
from a point 0.1 river mile upstream of Randolph County Road 2873 Bridge
downstream to the Deep River then downstream approximately 4.1 river miles
of the Deep River in Randolph and Moore Counties, North Carolina, to a point
2.5 river miles below Moore County Road 1456 Bridge.

Constituent elements include clean streams with gravel, cobble, and
boulder substrates with pools, riffles, shallow runs and slackwater areas

with large rock outcrops and side channels and pools with water of zood
quality with relatively low silt loads.

.
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NORTH CAROLINA - Critical Habitat

Hudsonia montana, "mountain golden heather®

Burke County. The area bounded by the following: on the west by the

2200' contour; on the east by the Linville Gorge Wilderness Boundary

north from the intersection of the 2200' contour and the Shortoff Mountain
Trail to where it intersects the 3400' contour at "The Chimneys"--then
follow the 3400' contour north until it reintersects the Wilderness
Bourdary-~then follow the Wilderness Boundary again northward until it
intersects. the 3200' contour extending west from its intersection with

the Wilderness Boundary until it begins to turn south--at this point the
Boundary extends due east until it intersects the 2200* contour.

4.6 Mileg 1o
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NORTH CAROLINA -~ Critical Hahitat

Byboesis monacha, "spotfin cwb”

’

Mac and Swain Counties.

the backwaters of Fontana Lake upstream to the North Ca.ro].ma—Georg:.a

Little Tennessee River, main chammel from
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NORTH CAROLINA' - Critical Habitat

Menidia extensa, '"Waccamaw silverside"

Columbus County.  Lake Waccamaw in its entirety to mean high wai:er level,
and Big Creek from its mouth at Lake Waccamaw upstream approximately 0.6
kilometer (0.4 mile) to where the creek is crossed by County Road 1947.

Constituent elements include high quality clear open wat:er, with a neutral
pH and clean sand substrate.

WACCAMAW

- 00




REFERENCE NO. 15



BLACK & VEATCH Waste Science Inc.
Philadelphia Office

TELEPHONE MEMORANDUM

U.S. Environmental Protection Agency BVWS Project 52012.231

Superior Products Co. SIP BVWS File
07/06/94
10:00am

To: Sharon (Receptionist)

Company: Superior Products Co.

Phone No.: 1-910-375-5811

Recorded by: Robert Martel @

I inquired as to how many people are employed at their manufacturing facility in
Greensboro, NC. She said that approximately 7 people were employed there.



