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Summary

Hills and ridges composed chiefly of interbedded, unconsolidated
sands and sandy clay form the Sandhills aquifer, which is the primary
source of groundwater in the study area. The continuity of the aaquifer
is Interrupted by numerous stream valleys which restrict the movement
of groundwater between the interstream areas.

The thickness of the aquifer ranges from a few feet in the
stream valleys to over 300 feet along ridge crests. Poorly permeable
sandy clays underlie the aquifer, separating it from the crystalline
rocks and consolidated sediments which form the "basement! compiex.

tn the vicinity of upper ridge slopes the aquifer has a
transmissivity of approximately 8,000 gallons per day per foot and
a storage coefficient of 0.0002. The specific capacity of municipal
wells averages 4.5 gallons per minute per foot of drawdown. The average
municipal well yield is about 175 galions per minute.

The chemical quality of groundwater in the Sandhills aguifer
is generaily good but may be locally high in iron.

It is estimated that approximately eight to ten miliion
gallons of groundwater per day could be withdrawn from designated
areas in the region. However, the distribution of well sites and
well spacing requirements could [mpose economic restrictions on grecundwater

development.



GROUNDWATER RESOURCES OF THE SOQUTHERN PINES AREA, MOORE COUNTY
A SUPPLEMENT TO THE SANDHILLS CAPACITY JSE STUDY

INTRODUCTION

In order to meet current demands for water and to provide
for projected growth through the twenty-first century, consuitants
for the Town of Southern Pines identified several water supply source
alternatives. These alternatives, described in a feasibility report
prepared in 1977, focused chiefly on surface sources.

A report entitled, "Sandnhills Capacity Use Study,” published
by the Department in January, 0979, concluded that some surface water
supply alternatives had potentially severe impacts on affected streams
and that the groundwater resources of the area should be considered
as a potential scurce of municipal supplies.

In order to assess more accurately the groundwater resources
in the Southern Pines-Pinehurst-Aberdeen area, the Department began an
investigation of the hydrogeology of the area. This supplement presents
the results of the investigation.

PURPOSE AND SCOPE

The purpose of the investigation was to cetermine the
potential for developing groundwater supplies sufficient to meet the
long-range projected needs of municipalities in the study area.

The study area is in the southern part of Mocre County. It
is bounded by the Little River on the north, the Mcore County line on
the east and south, and Tongitude 79 degrees 35 minutes west, on the

west, The area includes the Towns of Southern Pines, Pinehurst, Aberdeen,
West End, and Pine Bluff and the communities of Seven Lakes, Foxfire Viliage

and Whispering Pines (Figure 1).
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Method of Investigation
The study utiiized data on file with the Depariment and obtained

from towns within the study area. Water well cistractors serving the area
contributed valuable information and cooperated with Department personnel

in their data collection activities.

Test wells were constructed by the Dzpartment at eight sites for
the purpose of describing the hydrogeoiogy of the area and obtaining hydro-
logic data. Diagrams of these stations are shown in Appendix A, Their
locations are shown in Figure 2.

Acknowledgement

Many public officials and private citizens provided information
valuable to this study. In particular we wish to express appreciation
to Mrs. Mildred McDonald, Town Manager of the Town of Southern Pines,
and her staff; Heater Well Company, Carolina Well and Pump Company, and
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AYDROGEQLOGIC FRAMEWORK

Physiography

The Southern Pines area is Tocated in the western Coastal Plain
sub-region known as the "Sandhills." The area is characterized by rolling
hiils ranging in elevation from 450 to 600 feet above sea level. Streanm
beds in the area range from 300 to 350 feet elevaticn, resuiting in 200
to 30C feet of topographic relief. An east-west trending ridge which
traverses the area forms the principal drainage divide. Runoff to the
north of the divide discharges to the Little River and, to the south, to
Drowning Creek. North-south trending ridges formed by a well developed,
dendritic drainage pattern project from the principal divide. Ridge Crests,
or divides, are typically broad and siope slightly to the east or southeast.

Precipitation and Stream flow

The area receives approximately 49 inches of precipitation per
year, most of which occurs during the Spring and Summer months. Average
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monthly rainfall at Southern Pines is shown in Figuyre 3,

An analysis of streamflow measurements recorded over a 20
month period at Deep Creek indicates that 45.8 ..ches of precipitation,
overiand runoff accounted for 6.7 inches {15%), groundwater runcff accounted
for 10.4 inches (23%) and 28.7 inches (623%) was lost as evapotranspiration
or groundwater outflow. Because of the prevailing hydrogeoiogic conditions,
one may assume that aimost the entire 28.7 inches was evaporated or
transpired. ‘

Average streamflow in the area is 1.3 cfsfmi,Z ahd average base
flow is 0.78 cfs/rm‘.2 or approximately 61% of average {low.

Hydrogeologic Units
Three major hydrogeologic units underlie the area: the
Carolina Slate Belt Metavolcanic unit, the Triassic unit and the Sandhills
unit. The youngest of the three, the Sandhills unit, was deposited on
a gently sloping peneplain composed of rocks of the Triassic and Metavolcanic

unit, Subsequent subaerial erosion and eolian processes resulted in the
existing Tandform.

Slate Belt and Triassic Units
Both metavolcanic rocks of the Carolina Slate Belt and Triassic

deposits form the basement surface upon which subsequent deposition occur-
red.

The Triassic rocks were deposited in a structural basin within
the Slate Belt complex, and were subsequently tilted and subjected to
continued vertical displacement and erosion. The basin, known as the
Sanford segment of the Deep River Triassic Basin, is about 10 miles wide
in Moore County and trends northeast. It is bounded on the east by the
Jonesboro fault and on the west by the Western Boundary fault. In that
part of the basin underlying the study area, the Triassic system includes
red or reddish-brown fanglomerates, red silstones and claystenes,
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Fast of the Jonesboro fault the basement rocks are comprised of
fine-grained metavolcanics and metasediments. Granite has been reported
in the area southeast of Aberdsen on evidence p-ovided by drill cuttings
from water wells., The slates and tuffs of the Metavolcanic unit dip
generally to the southeast under increasingly thicker coastal plain sediments.
Basement rocks are exposed along Nicks Creeck north of Pinehurst and along
Little River in the northeastern parc of the study area.

The elevation of the basement surface rangss from about 450 feet
above sea level in the porthwestern part of the area to less than 200 feet

in the southeast {(Figure #4}.

Sandhills Unit

The Sandhills hydrogeologic unit lies unconformably cn the base-

ment surface. This unit includes the Cape Fear and Middendorf formation of
Late Cretaceous age, outliers of ocene deposits and the post-focene sur-
fictal sands of the Pinehurst formation.

The Cape Fear formation, which overlies basement rocks throughout
most of the study area, is composed of sandstones and clays in warying
combinations, The unit ranges in thickness from a featheredge in the
northarn part of the area near Nick's Creek to more than 100 feet near
Southern Pines, Because the extent and thickness have been determined
principally on the basis of geophysical characteristics, some younger strata
having charactaristics typical of the Cape Fear may have been included.

The Middendorf and, where present, the overlying Pinehurst for-
mation comprise the Sandhills Aquifer.

The Middendorf, of late Cretaceous age, occurs everywhere in Che
interstream areas in the region of study and forms the hills for which t te
region is named, he formation ranges in thickness from about 100 feet to
200 feet and dips gently to the southeast.

The Middendorf is composed of cross-bedded, medium-grain, micaceous
quartz sand intercalated with clay or sandy-clay lenses with grave! occurring
locally at its base. The formation has a mottled, orange and tan color
with streaks of red and purple hematite and manganese stains. Layers of
hematite cemented sandstone, or "hard-pan,' occur throughout the unit,

The deposits of Eocene age are reported to occur as an cutlier on
‘Paint Hill," east of Aberdeen. The deposits are distinctive from all others

in the area in that they consist of alauconitic sandstones, chert and opal

_7..-
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claystone., The deposits are about 50 feet thick at this location and are
not known to occur elsewhere in the study area.

The Pinehurst formation caps most of e hills in the study area and
gives the area it characteristic surficial appearance. The Pinehurst formation
is composed of light-brown, poorly sorted, unconsolidated quartz sand, of
both eclian and fluvial origin. The sands are from 20 to 30 feetr thick along
the divides. Interestingly, the Pinehurst formation does not occur on the
hilltops within Southern Pines.

GEOHYDROLOGY
The Sandhills Aquifer

The geohydrology of the Sandhills region is somewhat unique. it

is neither typical of the Piedmont and Mountain regions of North Carolinma
nor of the Coastal Plain. Although the aquifer itself is similar in compc-
sition and structure to those of the Coastal Plain, it lacks their permea-
bility, continuity and areal extent.

In the study area the Sandhills aquifer consists of a system of
ridges separated by stream valleys. The ridges are composed of moderately
permeakle strata which dip gently to the east. East of the study area the
strata regain their continuity as they become more deeply buried under younger
sediments, The ridges are capped, in most of the area, by relatively clean,
loose sand and are underlain by the Cape Fear aquitard (Figure 5).

Because continuity between ridges is provided only by the poorly
permeable aquitard and underlying basement rocks, groundwater inflow into
the area 1s severeiy restricted. Recharge to the groundwater reservoir is

almost entirely by direct precipitation.

Areal Extent and Thickness

The Sandhills aguifer occupies the inter-stream areas throughout
the study area. The aquifer thickness, which is dependent on the topographic
relief (Figure 6), ranges from a few feet to 300 feet. It is thickest beneath
the higher ridges and fhinner on the slopes. In thier lower reaches the
streams are generally incised into the aguitard. The thicknesses of the
aquifer shown on the map in Figure 7 are measured from land surface to the
base of the aquifer (Figure 8) and do not take into account the unsaturated

zona above the water-table,
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Movement of Groundwater

The water-table is the upper surface of the zone of saturation
and is, in profile, a subdued expression of the topography. Its depth
varies from a few feet along the lower valley siopes to more than thirty
feet beneath the ridge cvests. The loose, friable surficial sands allow
rapid infiitration of precipitation to the water-table. The thickness
and permeability of the sands result in the rapid drainage of the unit and
a moderately deep water-table. Water in the upper part of the saturated
zone moves latarally towards natural areas of discharae alono the upper
reaches of tributary streams and creeks, and downward, {Figure 9) to
the top of the Middendorf formation, which comprises the greater part of
the total aquifer thickness.

The Middendorf, because of its partial cementation, poor sorting
and considerable silt and clay content, is much Tess permeable than the
overlying surficial sands and offers increased resistance to the vertical
movement of water. Because the Middendorf member of the aquifer transmits
water at a slower rate, lateral fiow in the upper unit is increased.
Lateral flow which reaches the intersection of the plane of the aguifer
boundary and land surface discharges in the form of sprinas.

The aquitard and underlying basement rocks allow 1ittle under-
flow between ridges. Any underflow through the more permeable zones of
the aquitard is intercepted by streams. Rainfall occurring during the
growing season is returned to the atmosphere by evaporation and trans-
piration, thus limiting recharge to infiltration occurring durina the
winter and spring.

The hydrograph of well $49, Q-1 (USGS NC-122) in Pine Bluff
shows the seasonal variation in water Tevels in the upper part of the
aguifer (Figure 10). Water levels typically decline from June throuah
October and recover during the winter and spring to their previous hiah
levels. Although seasonal water levels may decline dramatically during
drought years, no general deciining trend has been recoanized.

- 14 -
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Hydraulic Characteristics

The fundamental guantitative characteris{ics of an aquifer are
transmissivity (T) and storage (S). The transmissivity of an aguifer is
the rate at which water will flow from a vertical column equal to the full
thickness of aquifer one unit wide under a hydrauiic gradient of 1.00 (106%).
The coefficient of storage is the volume of water released from storage per
unit surface area of the aquifer per unit change in head. It is a dimension-
less term. Transmissivities of aguifers range from about 1,000 gallons per
day per foot to over 1,000,000 GPD/Ft. Transmissivity values less than
10,000 GPD/Ft. are relatively low, particularly when the aguifer is to be
used as a source of municipal supply, from 10,000 to 50,000 GPD/Ft., moderate,
and over 50,000 GPD/Ft., high. Values of storaae vary from 0.01 to 0.3 for
water-table (unconfined) aquifers and from .00001 to .001 for artesian {con-
fined) aquifers.

Although several municipal wells have been drilled in the Southern
Pines-Pinehurst-Aberdeen area, usable pumping test data exist for only a few.
Analysis of the best available data has determined that the transmissivity
of the Sandhills aquifer in the study area is approximately 8,000 GPD/FtL.
and the coefficient of storage about 0.0002. Because the dearee of
confinement is expected to change after prolonged pumping and some dewater-
ing of the aquifer is expected to occur, the coefficient of storace may
increase as a result of continuous pumping.

Aquifer coefficients may be used in well design for predicting
specific capacities of wells of varying diameters and periods of pumping,
determining drawdowns at various distances from the pumping well so that
interference effects may be calculated, calculatina the drawdown within the
pumping well at any time after pumping begins so as to insure the proper
pump setting and for many other purposes.

The distance-drawdown graph in Figure 11 shows the distribution
of drawdown within the radius of the cone of depression of a well pumping
150 GPM for different periods of time. Figure 12 is a profile through
adjacent cones of depression illustrating the increased drawdown resultinc
from overlapping cones of depression. Excessive intereference reduces the
maximum yield of the well and increases pumping costs.
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Aquifer test data were analyzed using the Theis non-equilibrium
and modified non-equilibrium formulas. These methods i+clude a number
of assumptions which are rarely found in nature such as aquifer homooeneity
and isotropy, and infinite areal extent. Although none of these assumptions
are valid in the Sandhills area, the technigue is not rendered invalid but,
as an analytical tool, must be applied with caution. Values derived from
aquifer or well performance tests may have limited areal application until
substantiated by additional testing,

Groundwater Quality

The chemical quality of groundwater in the study area is generally
good. Analyses of selected wells are shown in Table 1. Although some of
these wells are located outside of the study area, they derive water from
rock types common to it. A comparison of analyses shows that water in the
principal aquifer (Sandhills hydrogeoloaic unit) is generally of better
chemical quality than that in the underlying basement rock. This can be
explained by the greater mineralogic homogeneity, better circulation and
shorter time of retention in the Sandhills aquifer.

Groundwater in the Sandhills aquifer is low in dissolved solids
and hardness, is slightly acidic and, in the shallow surficial unit, may be
high in iron.

The Carolina Slate Belt and Triassic hydrogeoloagic units contain
water that may be moderately hard and locally may contain objectionable
amounts of ijron.

POTENTIAL FOR GROUNDWATER DEVELOPMENT

Proposed Areas of Future Development

Within the areas delineated on the map in Figure 13,
approximately eight to ten million gallons of groundwater per day could be
withdrawn for municipal water supply. An increase in well density
within this area would result in an increased hydrologic impact on the
efficiency and productivity of all wells.

_20_
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In the Southern Pines area approximately ten additional wells
could be completed within an area of approximately six to seven miles
using a spacing pattern of 2,000 feet. The totai yield of all wells,
pumped continuously at an average pumping rate cf 150 GPM, would be about
2 million gallons per day. However, the increased drawdown resulting
from well interference and boundary conditions encountered after extended
pumping might necessitate a staggered pumping schedule or a reduction in
pumping rates.

Approximately six additional wells could be constructed in
the Pinehurst area on the ridge east of Horse Creek and another four on
the ridge to the west of the creek. Assumina the same criteria as pro-
posed for Southern Pines, an additional one to two MGD could be developed.

Aberdeen currently has plans to extend its well field to the
south of town. Additional wells could be constructed alona the ridge
extending generally southward of "Paint Hil1l."

Problems associated with the development of municipal well
fields are both real and imaginary. Good management practices demand
adequate well spacing and site location which, in turn, require costly
tand purchase, site accessibility, protective structures, water trans-
mission lines and increased operation and maintenance costs. Public
acceptance of a system in which projections and calculations regarding
performance and longevity are not always precise must also be considered.
These factors must be weighed against the cost and environmental impact
of the construction of surface impoundments, pipelines and costly water
treatment. Although cost/benefit analyses are not within the scope of
this study, it is generally true that where the groundwater resources
are adequate fcr anticipated future needs, they offer an attractive
alternative on the basis of their Tow treatment cost alone.

Potential Effect of Groundwater Withdrawals on Streamflow

Waste treatment for Southern Pines, Pinehurst, Aberdeen, Pine
Bluff area is based on anticipated low flows in Aberdeen Creek. A reduction
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flow in the creek below design Timits could resuit from the diversion
of groundwater discharge to wells. The extent to which streamfiow
would be diminished by groundwater withdrawals is a factor Timitina-
groundwater development.

The base flow of streams in the area is considered to be the
groundwater contribution to streamflow. The water budget for the Deep Creek
watershed places base flow at 6% percent of average flow which is typical
of the area.

Design parameters of the wastewater treatment plant near Aberdeen
are based on a Tow flow (7Q10) of 17 cfs. As the averace base flow in the
watershed is approximately 31 cfs, additional diversion of groundwater to wells
of approximately 4.6 cfs (3 MGD} would affect the waste treatment criteria for
Aberdeen Creek only during those periods when the streamflow approached
the 7Q10.

The withdrawal of an additional 3 MGD from wells would not reduce
streamflow by that amount if the wells are properly located. Placina the
wells near the ridge crests (basin divides) would reduce the effect on any
basin by half. Also, the drawdown within the cone of depression caused by
the pumping well would, during the winter and early sprina, provide
additional storage for infiltrating precipitation.

Well Design and Testing

The specific design criteria for a municipal suppiy well in the
Sandhills area should be established only after evaluation of the hydro-
geologic and geophysical data obtained throuash the test drillina phase.

Although the size and type of casing and screen to be used can
be determined prior to test drillina, the amount, location and slot size
of the well screen and size and volume of the aravel pack should be deter-
mined on the basis of the test data.

Because of the generally low permeability of the aquifer material,
the productivity of a well depends to a large degree upon the agarecate
thickness of the saturated sands and the dearee to which they are searecated
by strata of lower permeability. Massive bedding of aquifer sands allows
screens to be concentrated in one zcne while thinner, vertically dispersed
beds would dictate multiple screened zones separated by blank sections of
casing.
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If Tow pumping levels are predicted, screens should be con-
centrated in the lTower part of the aquifer. The upper sands, which,
if screened, would be exposed by the low pumping water Tevel, could be
connected hydraulically to the lower screened zones by means of a hiahly
permeable gravel envelope surroundinag the casing in the annulus between
the borehole wall and the casing and screens. Gravel size should be
carefully selected on the basis of the effective grain size of the
aquifer sand and the slot size of well screens should be based on the grain
size of the gravel pack.

The completed well should be tested for at least 24 hours at a
constant pumping rate and utilizing an observation well so constructed
and Tocated as to provide optimum data for evaluation of the aquifer
characteristics. Ideally, following recovery, a step-drawdown test should
be conducted to determine the optimum pumping rate for maximum sustainable
yield.
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Appendix A

Diagrams of Test Wells In The Sandhills Area
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Appendix b

Data From Selected Wells in :%« Sandhills Areas
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T
LOCATION

DWNER

APPENDIX B - DATA FROM SELECTED WELLSIN THE SANDHILLS AREA

UTHER NO.

DEPTH DIAMETER
{FT.) CASING/SCREEN
(K.}

“TSTREENED OR

OPEN HOLE
INTERVAL(S)

TOTAL
SCREEN
(FT7.)

DEFTH
GRAVELED
INTERVAL
(FT.)

Whispering Pines

641 6/ -

112-6L]

Southern Pines

269 8/8

[N
174-179
184-214
223-243
254-264

75

78-269

R-48,7-1

Southern Pines

R-49 W2

Pinehurst

No. 1

249 B/8

Th0-150
160-170
181-186
202-207
212-217
224-24)

&5

61-2149

TER B/8

7i- 89
98- 104

21

R-49,G-3

Pinehurst

Pinchurst

No. 2

172~ LTE]

71- 76
98-103
108-116
122-1h0
160-165

38

No. 3

L &/8

68- 30
86~ 96
10t-121
127-132

L7

E8-132

Pinehurst

Pinehurst

No. &

Pinchurst

YA 8/8

35-107
112-140
150-155

45

ko 8/8

67- 90
94-117

Le

Pinehurst

Aberdeen

Aberdecn

210 18710

71- Bt
100-110
131-136
201-206

30

153 8/8

34- 99
104-14Q

35

Aherdeen

154 8/8

g96-101
F11-142

16

Aberdeen

Mo, b

165 8/8

95-115
125-150

35

Aberdeen

No. B

1714 8/8

72- 42
97-102
107-112
127-148
167-179

s

Aberdeen

No.

136 10/10

75-115

ho

Aberdeen

~J| O

No.

765 10/10

1a1-111
128-138
150-155
173-193

&g

Pinebluff

No, |

oh - ~8/8

Lo- 45
46-51

Pinebluff

No. 2

178 8/

70-20

20




TELD (0) DEPTH, DEPTH, SFECIFIC YTELD FUMP NG DATE REMARKS

GPM) STATIC PUMP NG CAPACITY TOTAL SCREEN RATE DR{LLED
WATER LEVEL WATER LEVEL (GPM/FT.DD) (GPM/FT.) 1978
(£T.) (FT.})
30 87 240 0.2 - e 1971 Compieted in Bec
201 167 2t T3 2.7 -- 1975
158 53 730 7.7 T e Tegg T
243 s 75 B 1.6 150 1965
15 €9 17 7.4 1.0 o BRI
T 20h %7 T02 : 7.7 K3 TTTTTTTie 972
-= e = - - 6e -
710 50 9L Lé 4.7 200 1972
708 20 Fi 5.2 §.5 150 1972
150 - = - = iy -- B
200 51 178 1.6 6.7 -- 1554
P 20 94 1.7 6.3 - e i
275 75 ar 77.0 - e T
23k 78 10k 9.0 5.7 - TTTTTTTY968
217 a8 128 B3 5.7 = 1968
162 49 8o 5.2 5.1 - ) 1971
200 98 129 6.3 W -- 1371
€0 20 L& 7.3 ) - 1972

175 38 4] 5.5 7.5 - 1977




Appendix C

Well and Aquifer Test Analyses
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STATE OF NORTH CAROLINA

DEPARTMENT OF NATURAL RESOURCES AND COMMUNITY DEVELOPMENT

Page
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24
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32

34
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OFFICE OF WATER RESOURCES

GROUNDWATER RESQURCES OF THE SOUTHERN PINES AREA

ERRATA

2nd paragraph, 2nd line: Change 0979 to 1979

3rd paragraph, 3rd line: Change ocene to Eocene

6th paragraph, 3rd line: Change he to the

6th paragraph, 4th line: Change thier to their

Figure 8, The southern-most contour should be labeled 280 feet;
disregard the stippling, which denotes ahsence of the

aquifer, south of the 280 feet contour.

st paragraph, Ist line: The line should begin with the word
llinll'

Appendix A, diagram of Hog Island test site: Delete "summary
(see worksheet) at top center.'

Appendix A, diagram of Weymouth Woods test site: Change corse

to coarse and grave to gravel in lithologic¢ description

Appendix A, diagram of Roseland test site: Change corse to
coarse in lithologic description.

Appendix C, Residual drawdown graph: change value of T from
840 GPD/ft to BOLD GPD/ft






