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Introduction

The Cape Hatteras Water Association, Inc. is currently investigat-
ing water supply improvements for future expansion of its existing
water system. John E. Sirine and Associates, Ltd. has conducted an on-
site investigation to ascertain the present condition and system. 1In
addition, we have consulted with the North Carolina Department of
Natural Resources and Community Development to collect all available
data on the water supply for the Hatteras Island area. In addition, we
have consulted with the United States Geological Survey to obtain and
confirm the same information.

The purpose of this report is to assist the Cape Hatteras Water
Association by providing information in regard to the availability of
ground water supply additions on Hatteras Island and the impact of such
development and to ascertain the long-range potential yield of the
aquifer system. This is a preliminary evaluation and is based on
personal observation together with what information is available. No

detailed analyses or tests have been conducted.

Ground Water Availability

The Cape Hatteras Water Association, Inc. system is located on
Hatteras Island, which is one of a chain of barrier islands known
locally as the Outer Banks that extend from the Virginia State Line
southward for approximately 175 miles. Hatteras Island is about 600
feet wide near the village of Hatteras and nearly three miles wide at

Cape Hatteras. The area for potential ground water development extends




from approximately Billy Mitchell Field, near Frisco, to Buxton, a
distance of approximately five miles. On the ocean side, it is bordered
by an almost continuous dune ridge, the crest of which is as much as

20 feet above sea level. The center section consists of numerous fresh
water swamps that are below the crest of the dunes. The yearly average
rainfall is approximately 50 to 55 inches. (Refer to Figure One;)

Assuming an average rainfa]] of_50 inches, this would mean a fota1
rainfall on the five square mile area of 4.356 billion gallons per year.
The very sandy area allows considerable recharge, up to approximately
80 percent of this amount; however, for safety purposes, we are only
assuming a recharge of one-half of this total precipitation, which
means we have 2.178 billion gallons of water that are going into the
underground aquifer system per year. (Refer to Figure Two.)

Present usage during the summer period is approximately one million
gallons per day, which could calculate out to 365 million gallons per
year. By increasing this withdrawal by one hundred percent, we would
be withdrawing 730 million gallons per year. This, then, means that
one and one-half billion ga11ons of water per year would still be flow-
ing into the ocean from Cape Hatteras Island.

These figures are conservative and are not taking into account
evaporation and transpiration. Practically all of the water from rain-
fall is recharged to the ground; therefore we feel that the fifty per-
cent figure is a safe number to be used as water available in the

aquifer system.

The water table aquifer system is basically a large fresh water
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bubble that is floating on an underlying salt water system. As long as
proper above sea level water levels are maintained, this system will
remain intact. However, the only method for extraction of water in this
island-type aquifer condition is by limited pumping of individual wells
over distances, thereby skimming the fresh water off the top of the salt
water system.

Under]ying this water table aquifer system is a relatively imper-
vious formation that prevents sizable downward movement and also limits
upward coning, or intrusion, into the water table aquifer system.

The other area of importance is the very swampy area lying approx-
imately down the center of Cape Hatteras Island. The major danger for
a loss of this water supply would be a salt water intrusion problem,
which could occur either laterally or'vertically by improper construc-
tion of_wells or improper spacing of same.

The factor limiting this investigation has been the lack of data
available to establish water quality and quantity trends. It is
extremely important that water level data be maintained on pumping wells
together with quality analyses of individual wells. In addition,
observation wells should be placed at strategic points to record water
levels and water quality.

In order to maintain equilibrium in the aquifer system over a
significant period of time, the amount of recharge to the system must
equal the amount of recharge. Any reduction in the recharge versus the
amount of withdrawals will cause the salt water iﬁ%erface to move inland

from the ocean and eventually destroy the ground water aquifer system.




This, however, would occur over a relatively long period of time;
therefore there is the necessity for monitoring wells at strategic
locations to provide knowledge at an early date when ample time is
available for corrections to be made.

- The other potential source of salt water intrusion would be upward,
and this would occur by overpumping of wells or spacing them too closely
together; These data can be obtained by the conducting of pumping tests
with ob;ervation wells to ascertain the maximum capacities or safe yield
from each individual well field system.

The swampy area, or shallow lake system that occurs in the center
of the Island, is. also a good indicator for water level declines and at

several points should have gauging stations installed within them.

Concius{oﬁs

(1) 1t is our conclusion from visual observations that the present
water resources of one million gallons per day can be maintained.

(2) With the data available at the present time, it can also be
assumed that this supply can be expanded one hundred percent to a

capacity of two million gallons per day.

Recommendations

(1) The present system should be monitored as to capacities, water
levels and qualities of individual wells.
(2) A1l future wells should be monitored as to capacity, water

level and quality.




(3) A series of observation wells should be installed at critical
points to ascertain the possibility of water level changes or salt water
intrusion. These wells would also be monitored and water level and
periodic analyses of the quality conducted.

(4) In order to develop the new well field, a pumping well should
be installed with several observation wells at specified distances and
a pump test conducted on same to establish hydraulic data which will
enable safe yield pumping from individual wells and well spacing.

(5) Gauging stations should be installed in several of the lakes

and this data recorded.
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Enclosures

We are pleased to enclose our report on the pumping test and

We appreciate this opportunity to be of service to you.
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INTRODUCTION

The Cape Hatteras Water Association, Inc. is currently investigating
water supply improvements for future expansion of»its existing water systems.
John E. Sifine and Associates; Ltd. has conducted an on-site investigation
to ascertain the present condition and system; In addition, we have con-
sulted with the North Carolina Department ofANatural Resources and Community
Development to collect all available data on the water supply for the Hatteras
Island area. In addition, we have consulted with the United States Geological
Survey to obtain and confirm the same information; |

The purpose of this report is to'assist'the Cape Hatteras Water
Association by providing information in regérd to the availability of ground
water supply additions on Hatteras Island and the impact of such development
and to ascertafn the long-range potential yield of the aquifer system. The
preliminary evaluation has been done and was based on personal observations
together with what information is available. A pumping test has been

conducted and is included in this report.

GROUND WATER AVAILABILITY

The Cape Hatteras Water Association, Inc. system is located on Hatteras
Island, which is one of a chain of barrier islands known locally as the Outer
Banks that extend from the Virginia State Line southward for approximately
175 miles. Hatteras Island is about 600 feet wide near the village of Hatteras
and nearly three miles wide at Cape Hatteras. The area for potential ground

water development extends from approximately Billy Mitchell Field, near Frisco,
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to Buxton, a distance of approximately five miles. On the ocean side, it is
bordered by an almost continuous dune ridge, the crest of which is as much as
20 feet above sea level. The center section consists of numerous fresh water
swamps that are below the crest of the dunes. The yearly average rainfall is
approximately 50 to 55 inches.

Assuming an average rainfall of 50 inches, this would mean a total rain-
fall on the five square mile area of 4.356 billion gallons per year. The very
sandy area aliows considerable recharge; up to approximately 80 percent of this
amount; however, for safety purposes, we are only assuming a recharge of one-
half of this total precipitatibn; which means we have 2.178 billion gallons of
water that are going into the underground aquifer system per year.

Present usage during the summer period is approximately one million gallons
per day, which could calculate out to 365 million gallons per year. By
increasing this withdrawal by one hundred percent, we would be withdrawing 730
million gallons per year: This; then, means that one and one-half billion
gallons of water per year would still be flowing into the ocean from Cape
Hatteras Island.

These figures are conservative and are not taking into account evaporation
and transpiration. Practically all of the water from rainfall is recharged to
the ground; therefore we feel that the fifty percent figure is a safe number
to be used as water available in the aquifer system.

The water table aquifer system is basically a large fresh water bubble
that is floating on an underlying salt water system. As long as proper above
sea level water levels are maintained, this system will remain intact.

However, the only method for extraction of water in this island-type aquifer




condition is by limited pumping of individual wells over distances, thereby
skimming the fresh water off the top of the salt water system. | |

Underlying this water table aquifer system is a relatively impervious
formation that prevents sizable downward movement and also limits upward
coning, or intrusion, into the water table aquifer system.

The other area of importance jis the very swampy area lying approximately
down thé center of Cape Hatteras Island. The major danger for a 1055\9f this
water supply would be a salt water intrusion problem, which could occurxéjther
Taterally or vertically by improper construction of wells or improper spac}ng
of same.

The factor Timiting this investigation has been the lack of data available
to establish water quality and quantity trends; It is extremely important that
water level data be maintained on pumping wells together with quality analyses
of individual wells. In addition, observation wells should be placed at
strategic points to record water levels and water quality:

In order to maintain equilibrium in the aquifer system over a significant
period of time, the amount of recharge to the system must equal the amount of
di'scharge. Any reduction in the recharge versus the amount of withdrawals will
cause the salt water interface to move inland from the ocean and eventually
déstroy the ground water aquifer system. This, however, would occur over a
relatively long period of time; therefore there is the necessity for monitoring
wells at strategic locations to provide knowledge at an early date when ample
time is available for corrections to be made.

The other potential source of salt water intrusion would be upward, and

this would occur by overpumping of wells or spacing them too closely together.




These data can be obtained by the conducting of pumping tests with observation
wells tp ascertain the maximum capacities or safe yie1d from each ihdividual
well field system.

The swampy area, or shallow lake system that occurs in the center of the
Island, is also a good indicator for water level declines and at several points

should have gauging stations installed within them.

OBSERVATIONS

Well data as per Exhibit 'A" has been recorded and where possible includéd
the amperage loading, the depth, the screen setting, the pumping level below
the top of the casing, the well construction data, static levels and design
capacities. This information also has notations of conditions found at time
of observation. In addition, on page one of Exhibit 'A*, we also noted the
two different types of flow control devices that were being used. Of particular
notation it appeared that the flow control devices were restricting capacities
of the wells. We recommended that these flow control devices be removed and
flow control be maihtained with a gate valve.

In computing the capacities of the wells, we found that the below ground
head and the above ground head, together with friction loss in the pipeline,
would not allow the wells to pump in excess of 20 to 25 gpm each. From
numerical data on the submersible well pumps that you are using at the present
time, which is a Berkley Model 4BM7, we have plotted a capacity and head curve
which points out this information. (Exhibit 'B').

We conducted a pumping test on we11 No. 21. The reason for selection of

this well was there were three observation wells in the immediate area. One




[ ll1ll' Il N T B BN BN 1"’. Il IN BN BN B . lllw'l'rlll llllf)

observation well was located six feet from the pumping well and at a depth.of_
88 feet. Another observation well was located a distance of seven feet from
the pumping well and had a total depth of 8'-8". A third observation well was
Tocated at a distance of 18 feet from the pumping well and was at a depth of
124 feet.

The pumping test was conducted for a period of four hours at which time
the pumping level dropped to 11.65 feet. We recorded the water levels and
plotted the recovery test with the water Tevel recovering to 5.65 feet in 350
minutes. We have plotted a distance drawdowﬁ for this unit, and it appears
we have no interference beyond 200 feet of the well. With this information
we feel the capacity of the wells in the well field can be increased to 25 gpm
each.

At the present time you have a total of 35 wells in existence. Utilizing
the present well field, you can add eight additional wells by installing Wells
1, 1A, 2, 2A, 3A; 4A; 5A and 6A. This would provide a total of 43 wells in
the existing well field. Allowing for capacity to be increased to 25 gpm will
~give you a total of{1,075agpm from the existing field.

You are desirous of producing a total of 1,400 gpm or 2 million gallons
per day for your system, which would require an additional 13 wells be insta]ied
and we would recommend two spares. Well No. 19 is out of service at the present
time due to what has been reported as a field pumping condition. This may
possibly be rectified by cleaning out this well, air surging and swabbing.
However, there is no guarantee that this work would be successful, and it would
be on a trial basis to see if it could be rectified. If this could not be

rectified, however, a replacement well could be installed in the area utilizing
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~present electrical and pipeline availability. (Exhibits 'C', 'D', 'E', 'F').
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If the additional well field is increased to 1,400 gpm, this capacity
carries an increased friction head in the existing pipeline to a point whereby
you could not get the flow into the plant with the present well pumps. .A
rather inexpensive method of correcting this would be to install a booster
pump at a point in the 1ine to overcome this frictioﬁl1oss. This would require
approximately 15 horsepoﬁer to operate; The cost to install this unit would
be much less than the replacement cost of the we11‘pumps in the field. However,
a detailed analysis of flow in your pipeline and its existing internal condition

may require some paralleling of the pipeline to reduce these heads.

CONCLUSIONS

(1) The results of_the testing done allows us to conclude that the
present field can be expanded to a capacity.of_ZS'gpm for each well,

(2) Eight additional wells can be installed in the existing well field.

(3) A booster pump can be installed to overcome friction loss.

RECOMMENDATIONS

Periodic water quality analyses should be made on selected wells to
establish background data on water quality. The selected wells should be at
each end of the well field and several in between. This should be done on a
frequent (approXimate1y monthly) level at the beginning and then expanded over
to six months to a year if no changes are being detected. This will allow you

to detect any possible problems prior to their affecting the entire field.
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If sites are-availab1§,_two remote wells out ffom the well field should
be installed for water qﬁa1fty analyses; The f1ow.contro1‘va1ves should be
removed and replaced with gate valves and meters. A one-inch meter installed
in the line, however, will generate approximately five pounds of pressure loss.
The meters; however, allow you to maintain a balanced flow from the individual
wells and give you a record as to the amount of capacity being taken %rom each
unit.

Water levels should be taken on the wells at periodic intervals to update
the information.included with this report;

We would recommend a simple gauging station in the lake to ascertain any
change in this level, as this is a direct source of the water that you are
pumping from the ground.

A maintenance program should be incorporated to periodically check

conditions of individual wells.
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EXHIBITS

Exhibit
Exhibit
Exhibit
Exhibit

Exhibit

Exhibit

GAI
IBI
ICI
IDI
IEI
IFI

Well Data - Results of Pumping Tests

Capacity Curve - Submersible Well Pump Berkley Model 4BM7
Pump Test - Well No. 21

Recovery Test - Well No. 21

RecoVery Test - Observation Well Nds.lI:and II

Well No. 21 - Distance Drawdown
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" CAPE HATTERAS WATER ASSOC.

WELL NO. . AMPS ..,.umv%:z;.‘.wmnmwz.ww++wrw.;;;.»wc11w1w.wm<ww;;;;.tnmw.nmzw¢1¢mwmqu:;;wq>qan WATER LEVEL __ CAPACITY __ NOTES

*Measuring point
“top of casing.

3 6.75

4 7.5 .

5 7.0

6 6.5

7 75 .

7A 6.75 | 6.2 | A \ , Closed G. valve to stop

) _ - o - back press.

8 Off - . . .

8A 7.0 48" 41" - 46 7.5 . . E. J. Baker 5480-3
Muesco #116-5 - Orange, CA
Flow control vol. set-at

o 50 psig.

9 7.0 , 1-1/2" - Stock No. 70393-06
Code MF - Clay Mfg.,
Newport Beach, CA.

9A 7.0 48" 41" - 46" 12-14-78 4' 20 gpm

10 7.6

10A 7.0 48' 411 .. 246" 8.8 4-1-46 4' -




