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REPORT ON THE PROPOSED BUXTON WOODS WELL FIELD
OF THE CAPE HATTERAS WATER ASSOCIATION

py Ralph C. Heath

Consulting Hydrogeologist

SUMMARY OF FINDINGS

l. Test-well construction program - In May 1990, the Cape Hat-

teras Water Association constructed four test wells on the State-
owned property in Buxton Woods in connection with a proposal to de-
velop a new well field to meet the increasing water needs of the Cape
Hatteras-Avon area of Hatteras Island.

2. Hydrogeologic conditions - Data obtained from the test wells

confirm that the thickness, hydraulic characteristics, and water
quality of the Buxton Woods aquifer in the area of the proposed well
field are similar to those in the existing CHWA well field. A rela-
tively coarse-grained zone between 60 and 70 feet below land surface
appears to be well suited for the development of supply wells.

3. Design of the proposed well field - A well field consisting

of nine supply wells spaced 425 feet apart can be constructed on the
State-owned property. The proposed location of the wells is along the
north side of the sand ridge that borders Jennette Sedge on the north.
The continuous (long-term sustained) yield of the area that will sup-
ply water to the wells is estimated to be about 390,000 gallons per
day. This yield could be obtained by pumping water continuously from
each of the nine wells at a rate of 30 gallons per minute. However,
in order to meet peak water demands and to provide for cutoff periods
for well and water-plant maintenance, the supply wells should be de-
signed to provide the maximum estimated yield of 120 gallons per
minute per well.

4. Effect on environmental conditions -~ The physical character-

istics of the aquifer are such that the lowering of the water table in
response to the pumping will be spread out-oéér a large area and
therefore will not be excessive in any area. As a result, the lower-
ing of the water surface in Jennette Sedge and other swales is not ex-
pected to have any adverse effect on the wetland vegetation. The
forest vegetation on the sand ridges relies largely on soil moisture

which will not be affected by the proposed well field.
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TEST-WELL CONSTRUCTION PROGRAM

Between April 30 and May 15, 1990, the Magette Well and Pump Co.,
Inc., Ahoskie, N.C., constructed four testvwells on State-owned land
in the Buxton Woods area of Hatteras Island in the area proposed for a
new well field of the Cape Hatteras Water Association. Construction
of the test wells was approved by the North Carolina Division of
Coastal Management under CAMA Minor Permit No. 89-125, dated January
8, 1990; and by the North Carolina Department of Environment, Health,
and Natural Resources under Well-Construction Permit No. 27-0099-WM-
0066, dated February 20, 1990.

The purpose of the test wells was to determine the physical
(hydrogeologic) characteristics and water-quality conditions in the
area and the extent to which the characteristics and conditions differ
from those in the existing well field area to the west.

The location of the test wells are shown on Figure 1 and brief
descriptions of each of the four test wells are contained in the

following paragraphs.

Descriptions of Wells

Test Well 1 - was drilled near the center of the proposed well
field to determine the geologic characteristics of the Buxton Woods
aquifer, the depth to the confining bed that underlies the aquifer,
and the chloride content (salinity) of the water in the aquifer and
in the confining bed. It was finished as a permanent water-level and
chloride observation well with a 5-ft length of screen set between
depths of 118 and 123 ft in a permeable layer in the upper part of
the confining bed. Test well 1, being located near the center of
the proposed well field, will show the effect of the maximum draw-
down in the water table of the Buxton Woods aquifer on the water
level and chloride content of the upper part of the confining bed.
The purpose of test well 1 is, therefore, to provide warning of
any change in the natural hydrologic conditions in response to
withdrawals from the well field.

Test Well 1A - was drilled about 5 ft north of test well 1 and

was screened between depths of 63 and 68 ft in the coarsest-grained

zone of the Buxton Woods aquifer penetrated in test well 1. It is
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Figure 1.--- Map showing State-owned property in Buxton Woods on Hatteras
Island, N.C., and the locations of test wells drilled May 1990 by
the Cape Hatteras Water Association.
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anticipated that this zone, where present, will be the source of water
for supply wells in the proposed well field. The purpose of test well
1A is to provide data on the chemical qguality of water in the produc-
ing zone of the Buxton Woods agquifer for use in design of a water-
treatment plant. Following construction of the supply wells, test
well 1A will be used for water-level measurements.

Test Well 2 - was drilled 200 ft south of the Buxton Ditch to
determine the chloride content of the water in the lower part of the
Buxton Woods aquifer near the northern hydrologic boundary of the
aguifer. It is screened in the lower part of the Buxton Woods
aquifer, between depths of 67 and 72 ft, and will serve as an
"outpost" observation well in which any changes in water level and
chloride content caused by withdrawals from the proposed well field
can be observed.

Test well 4 - is located near the western end of the proposed
well field and was drilled both to determine the geologic and water-
gquality conditions in the Buxton Woods aquifer and to provide a gper-
manent observation well for water-level measurements and chloride
analyses. During construction of test well 4, two different tech-
niques for determining the iron content of water in the aquifer were

evaluated. These techniques and the results will be discussed below.

Test-Well Construction

The test wells described above were drilled with the "normal" mud
rotary method - that is, water to which Quik Gel drilling mud had been
added was pumped through. a column of drill pipe to which a bit was
attached. The drilling mud, carrying sediments penetrated by the bit,
returned to the land surface through the annular space between the
sides of the hole and the drill column and, in the process, formed a
mud wall on the side of the drill hole which prevented caving of the
hole.

Samples of the material penetrated by the drill bit were collect-
ed from the drilling fluid. However, these samples give only a rough
idea of the grain-size distribution of the sediments being penetrated
because the finer-grained fraction tends to stay in suspension in the
drilling mud. In an effort to alleviate some of this problem, the

drill rods were removed from the holes at 20-ft intervals and a
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"split-spoon" sampling tube attached to the end of a line of 1% inch
pipe was driven into the bottom of the holie. Through this means,
relatively undisturbed cores of material were obtained. After noting
the grain-size distribution and stratification (layering) of the sedi-
ments, the core was placed in a filter press and air pressure was
applied to extract the water contained in the core. The water samples
from the cores were analyzed to determine the chloride content and,

from test well 4, to determine the iron content.

Filter-Press Samples

Water samples forced by air pressure from the sediment samples
placed in the filter press pass through a paper filter. This filter
has no effect on the chloride concentration because the chloride ion
is dissoived in the water and, therefore, passes with the water
through the filter.

Iron, on the other hand, oxidizes in the presence of air and
forms an insoluble precipitate which is readily removed by the paper
filter in the filter press. In an effort to obtain an estimate of
iron concentrations from the cores obtained from test well 4, all of
the paper filter was removed except for the outer % inch which was

needed to provide an air-tight seal. The results will be discussed in

the section on iron data.

HYDROGEOLOGY

Appendix A contains well construction records and electric and
gamma-ray logs of the test wells constructed on the State-owned pro-
perty in Buxton Woods. (Electric and gamma-ray logs were not made for
test well 1A because it is only about 5 ft from test well 1.) Appen-
dix B contains particle-size analyses of split-spoon core samples ob-
tained from test wells 1 and 4. The logs and other data obtained from
test well 1 are shown in Figure 2. Results of the sieve analyses of
the core samples obtained from test well 1 are shown graphically in
Figure 3. o

Previous test wells drilled in the Cape Hatteras area, including
the CHWA well-field area, have shown a surficial layer of fine to
coarse-grained sand that grades downward into very fine to medium sand

and silt. This finer grained layer is, in turn, underlain by inter-
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FIGURE 2.--- LOGS AND OTHER DATA FROM TEST WELLS 1 AND 1A DRILLED BY THE CAPE HATTERAS
WATER ASSOCIATION IN BUXTON WOODS, HATTERAS ISLAND, N.C.,

IN MAY 1990.




cedded very fine sandy silt and clay. The two uppermost layers - that
is, the layers from land surface down to the interbedded sandy silt
and clay - are generally referred to as the Buxton Woods aquifer. The
sandy silt and clay are referred to as a confining bed and they are,
in turn, underlain by sands that comprise a confined aquifer.

It was decided, prior to drilling the test wells in Buxton Wcods,
that drilling test well 1 to a depth of 125 ft would provide suffi-
cient data for the CHWA. It was assumed, on the basis of logs of
other wells on Hatteras Island, that at a depth of 125 ft test well 1
would either be well into the confining bed or through the confining

bed and into the underlying confined aquifer.

Buxton Woods Aguifer

The data obtained during the test-well-drilling program in Buxton
Woods indicate that the dominant material comprising the upper part of
the Buxton Woods aquifer is fine to medium-size quartz sand - that is,
sand grains that range in diameter from about 0.005 inches (0.125 mm)
to about 0.02 inches (0.5 mm). (See Fig. 3.) However, as would be
expected for a sedimentary deposit formed in an offshore-island en-
vironment, the internal structure of the aquifer is moderately com-
plex. The surface of the island in the past, just as in the present,
must have consisted of sand ridges separated by swampy swales. Over-
wash during major storms eliminated much of the surface relief by
covering the swamp deposits with sand from the ridges. Thus, thin or-
ganic-rich layers of clayey, silty, very fine sand that formed in the
swales are interbedded with relatively thick layers of fine to medium-
grained sand. At places, which may represent deposits formed near
inlets between islands, the sediments consist of relatively thin
layers of coarse to very coarse-grained sand mixed with gravel up
to % inch in diameter and containing a large percentage of broken
shells.

Some of the split-spoon cores consisted of 1 to 2 ft of fine to
medium—éfained dark gray sand with no evident stratification (layer-
ing). Other cores consisted of layers of fine to medium-grained sand
2 to 4 in. thick interbedded with % in. thick layers of coarse to very
coarse sand containing both whole immature shells and shell fragments.

Only one core, and that from a depth of 70 ft in test well 4, consist-




ed of coarse to very coarse sand. It appears, from both the cores and
from the washed samples collected from the drilling mud, that the
coarse-grained layers are both relatively thin - from a fraction of an
inch to several inches thick - and represent a relatively small per-
centage of the total thickness of the aquifer.

Cores obtained from the lower part of the Buxton Woods aguifer
consist of layers of very fine to fine-grained silty sand 2 to 3
inches thick interbedded with 1 to 2 inch thick layers of bluish gray
silty clay. (See the graphs of core samples No. 4 and 5 on Fig. 3.)

Data obtained from the cores appears to reflect what might be
termed the "micro scale" stratification of the aquifer. The
electrical resistivity and the gamma-ray logs, on the other hand,
appear to show larger, or "macro-scale," stratification of both the
agquifer and the underlying confining bed. (As ﬁgtcommonly the case
in shallow wells that penetrate only the freshwater zone, the self-
potential logs, with the exception of that for test well 1, are re-
latively featureless and do not provide any useful information. The
reason for the numerous fluctuations in the self-potential log of
test well 1 is not readily apparent but may have been caused by
"noise" in the electronic circuitry of the logger.)

The electrical-resistivity logs consist of irregular "wavy'" lines
that show differences in resistivity of the different layers of mater-
ial penetrated by the test wells. Because the water contained in the
pores of the material has the greatest effect on resistivity, the de-
flections in the resistivity logs are primarily controlled by poro-
sity. Porosity is, in turn, related to grain size of the material to
the extent that the finer-grained material tends to have the largest
porosity and the lowest resistivity. Therefore, deflections to the
right - in the direction of increasing resistivity - indicate
coarser-grained, less porous, layers and deflections to the left
indicate finer-grained, more porous layers.

With these points in mind, note that the electrical resistivity
logs show a complex alternation of layers having different porosities.
The different layers indicated by the logs appear to range in thick-
ness from a foot or less to several feet. Relative to the assumption
that deflections to the right indicate coarser-grained, less porous
layers, note on Figure 2 that the three pronounced deflections to the

right, between depths of 60 and 70 ft on the log of test well 1, co-




PHUOY BYE Uy youE R
*n*N ‘pueS] SBI9131BH JO BIIE SPOOM UO :
ug :wamwawomm< I97ep serojyey adep ay3 Aq PLTTTIP Wdﬁﬁwm|mm wu:wﬂ&
woxy poutejqo sordwes 2109 JO UOTINQTIISTP I3ZTS-3TIT3 d \

7 a/>240
W\\N\WS\:\\:& tr/ Lud..Uc&U\\U NM\M \ k nm

o o
Q 2 x - o S
5 v i & e x 5 ) 3 S
o N “ “ “ N o N 3 g,
oo/ B Ly | |
_
_ ol R
ob 3
1 0z w
~ 08 :
A +
. 0£ '}
S oL ]
! A
3 b &
%08 3
: RN
~
O, - Q.M.M o
N as A
8 b~
3 0o
“ob m
SV .UW.\. h ol 3
-
wf v 507 \AI.M. /Aa/ QN\ S
Ll ~ v M QM. | %
3 7 ee 0t |
R a 1.
3 !
» 07 |
+
ob
ol
0o/
0

17/
P R

v o7 5 57




incide with the appearance in the washed samples of coarse to very
coarse sand and small graveli. Also, on the log for test well 1, the
general deflection to the left between depths of 80 and 11l ft, com-
pared to the average positicn of the resistivity line between depths
of 10 and 80 ft, indicates a marked increase in finer-grained layers
celow 80 ft (Fig. 2). A core from a depth of 100 ft consisted of
very fine to fine sand and clayey silt (Fig. 3).

With the preceding discussion of the resistivity log for test
well 1 in mind, it will be useful at this point to discuss the gamma-
ray logs. These logs record the rate of emission of gamma rays by
natural radioactive materials contained in the sediments. The rate
of emission increases toward the right so that deflections to the
right show an increasing rate of gamma-ray emission.

There is a strong affinity between fine-grained sediments, such
as silt and clay, and radioactive substances. Therefore, deflections
to the right on the gamma-ray log show increases in the percentage of
silt and clay. The log for test well 1 shows a marked increase in
fine-grained materials, including silt and clay, beginning at about
80 ft (Fig. 2).

The hydrologic units penetrated by test well 1 are shown in the
2nd column of Figure 2. As is frequently the case in studies of com-
plex sedimentary environments, it is not possible to unequivocally
identify the boundaries of the hydrogeologic units penetrated by the
test wells drilled in Buxton Woods. Thus, in test well 1, the sec-
tion between depths of 80 and 111 ft can either be viewed as a leaky
unit of the confining bed or as a relatively impermeable lower unit
of the Buxton Woods aquifer. On the basis of cores and sediment
samples and the resistivity and gamma-ray logs, I believe the section
between 80 and 111 ft should be classified as a lower-relatively
impermeable unit of the Buxton Woods aquifer and that is what is shown

on Figure 2.

"Confining Bed

Deep test wells drilled in the past inuthe Cape Hatteras area
have shown that the Buxton Woods aquifer is underlain by sediment
layers composed of very fine-grained sand, silt, and clay that serve
as a hydraulic barrier between the aquifer and underlying sand layers

that contain salty water. A fine-grained layer that serves as a hy-
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draulic barrier is referred to as a confining bed. The sand layers
that underlie the confining bed comprise a confined aquifer. The
presence of a confining bed beneath the Buxton Woods aquifer is of
great hydrologic importance because it prevents upward movement of
salty water from the underlying confined aquifer.

Both the resistivity and gamma-ray logs for test well 1 indicate
the presence of a clay-rich layer, probably silty clay, between depths
of about 111 and 117 ft (Fig. 2). Below this layer, between 117 and
124 ft, the test hole penetrated a dark gray fine to medium sand. The
layer between 111 and 117 ft clearly has a very small hydraulic con-
ductivity and should be considered a part of the confining bed that
underlies the Buxton Woods aquifer. However, it is important to de-
termine if additional confi%ég layers exist beneath the sand layer
that cccurs between 117 and 124 ft. The only information available on
this topic is the electric and gamma-ray logs of test well No. R-2c¢-%
Which was drilled by the State Groundwater Section in the Buxton main-
tenance area of the National Park Service in 1971. This test well
reached a depth of 570 ft.

Comparison of the logs of CHWA test well 1 and the log of the
State test well.show close similarity in the overlapping parts of the
logs between depths of 100 and 124 ft. (Because the State test well
was cased to a depth of 100 ft at the time the log was made, the re-
sistivity log begins at a depth of 100 ft.) Figure 2 shows, among
other data, the resistivity and gamma-ray logs of test well 1 from 10
to 124 ft. The resistivity log for State test well R-2c-Z between
depths of 125 and 210 ft is also shown on the figure. The logs shown
on Figure 2 suggests that the confining bed extends from about 111 to
180 ft. It is important to note, however, that the confining bed is
not a single, massive layer of clay but instead consists of several

layers of material having different grain sizes.

Production Zone

Based on the sediment sémples, the resistivity and gamma-ray
logs, and on well-hydraulic considerations, it appears that supply
wells in the proposed well field should be screened in the relatively
coarse-grained material that was penetrated between depths of 60 and

70 ft in both test well 1 and test well 4. Depending on the
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