COUNTY OF DARE

KILL DEVIL HILLS. NORTH CAROLINA 27948

600 MUSTIAN $7
PHONE (919) 44177+

BOB ORESKOVICH

SUPERINTENDENT MEMORANDUM
WATER PRODUCTION DEPARTMENT

DATE: Auqgust 30, 1994

TO: Terry Wheeler, County Manager
e

FROM: Bob Oreskoviclhl,”Water Director

SUBJECT: Report of the Construction and Testing of the R.O.
Plant Expansion wells #9 and #10

Please find attached a copy of the report by our
Hydrogeolgoists on the new wells #9 and #10 at Fresh Pond.

Nothing to be concerned about. I have reviewed the
report and the aquifer performance testing showed negligible
effects on the surface water table wells at the two sites.
This was attributed more to Fresh Pond pumping (about 0.6
mgd) rather than our aquifer/well testing.

I have forwarded a copy of the report to the Town's
water superintendents for distribution and a copy to Jeff
Smith of the Nags Head Woods Conservancy with a cover letter
(copy attached) for his information and review.

If you have any questions, please call.

enclosures

LAND OF BEGINNINGS

PRINTED ON RECYCLED PAPER




COUNTY OF DARE

KILL DEVIL HILLS. NORTH CAROLINA 27948

600 MUSTIAN ST
PHONE (919) 441-77¢

August 30, 1994

BOB ORESKOVICH
SUPERINTENDENT
WATER PRODUCTION DEPARTMENT

Mr. Jeff Smith

Nags Head Nature Conservancy
701 W. Ocean Acres Dr.

Kill Devil Hills, NC 27948

Dear Jeff,

Enclosed please find a copy of the "Report on the
Construction and testing..." of the Fresh Pond, R.O. Plant
wells #9 and #10.

I have reviewed and highlighted pertinent information
surrounding the effects, if any, the aquifer performance
testing on these wells had on the two water table (surface)
wells at these wells sites. The Hydrogeologists have
commented to that effect.

We will continue to monitor the static water levels in
these surface wells around the Fresh Pond and have this
information available to you at your request.

If you have any questions concerning these wells or this
report, please do not hesitate to call me.

Best regards,

Ast

Bob Oreskovich, Director
Dare County Water System

cc: Mr. Terry Wheeler, County Manager
Mr. Webb Fuller, Nags Head Town Manager
Mrs. Debbie Diaz, Kill Devil Hills Town Manager

enclosure

LAND OF BEGINNINGS

PRINTED ON RECYCLED PAPER




REPORT ON THE CONSTRUCTION AND TESTING OF THE
DARE COUNTY WATER PRODUCTION DEPARTMENT
REVERSE OSMOSIS WELLS #9 AND #10
DARE COUNTY, NORTH CAROLINA

Prepared for:

County of Dare
Water Production Department
600 Mustian Street
Kill Devil Hills, NC 27948

August, 1994

Prepared by:
ViroGroup, Inc.
428 Pine Island Road, SW
Cape Coral, Florida 33991

Project Number

01-02737.00
Wm. Scott Manahan Jack Breland, P.G. #1524
Project Manager Project Hydrogeologist
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1£
= Missimer Division
= ViroGroup, Inc.
l ===V IiIrourou p 428 Pine Island Road, S.W.
T e Cape Coral, FL 33991
Aire Wafer'Scut' Phone 813-574-1919
' TECHNDLOGY FAX 813-574-8106
l August 17, 1994
Mr. Bob Oreskovich
Dare County Water Production Department
l 600 Mustian Street
Kill Devil Hills, NC 27948
l Re: R.O. Wells #9 and #10 - Completion Report
l Dear Bob:
Enclosed, please find three copies of the completion report prepared for the new
I production wells near the Fresh Pond in Nags Head. The report details the methods
used to construct and test the wells. Pertinent recommendations concerning future
use of the wells are also presented.
. We are pleased to have had the opportunity to provide assistance on this project and
look forward to working with you again. As always, if you have any questions or
I require additional information, please feel free to contact me.
l Sincerely,
' Wm. Scott Manahan
Hydrologic Engineer
' WSM:gng
' 02737RGG.HO1
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CONCLUSIONS AND RECOMMENDATIONS

The production capacity of the Dare County Water Production Department reverse

osmosis wellfield has been expanded by the installation of two new production wells.

The new production wells R.O. #9 and R.O. #10 tap the Mid-Yorktown aquifer and are

located approximately one and a half miles south of the existing Baum Tract wellfield.

The following conclusions and recommendations are made based on results of the

drilling and testing conducted during well construction.

02737RGG.HO1

A. Conclusions

Two new reverse osmosis production wells have been installed near the Fresh
Pond in Nags Head. A screen and gravel pack completion technique was used
on both wells. The total depth and cased depth of the wells are approximately

400 and 275 feet respectively.

Step drawdown pump tests were performed on both wells after they were
completed. Specific capacity values were determined for each well using the
pump test data. The specific capacity of well R.O. #9 is approximately 35
gpm/ft at a pumping rate of 500 gpm. The specific capacity of well R.O. #10
is approximately 21 gpm/ft at a pumping rate of 500 gpm. The specific capacity
values were considered in the recommendation of production rates and pump

setting depths.

Water quality samples were obtained from both wells during step drawdown and
aquifer performance testing. At the end of the aquifer performance tests, well
R.O. #9 had a total dissolved solids concentration of 1870 mg/! and well R.O.

#10 had a total dissolved solids concentration of 2170 mg/I.




Shallow wells tapping the Water-Table Aquifer were installed near the new
production wells. Based on water level data obtained from the shallow wells,
there appears to be no hydraulic connection between the Mid-Yorktown Aquifer
and the Water-Table Aquifer. Pumpage from wells R.O #9 and R.O. #10 will

have no affect on the Water-Table Aquifer or surface environment.

Aquifer performance tests were conducted at both production well sites. Data
collected during the tests were used to calculate aquifer hydraulic coefficients.

The following coefficients were calculated conservatively based on the test data:

| Aquifer Parameter R.O. #9 Site R.O. #10 Site

[ Transmissivity ' 85,700 gpd/ft 63,700 gpd/ft

" Storage Coefficient 4.0 x 10* - 6.4 x 10"

02737RGG.HO1

B. Recommendations

The following pumping rates are recommended for the new Dare County
reverse osmosis production wells based on step drawdown test data. Well R.O.
#9 should be pumped at a rate of 550 gpm. Well R.O. #10 should be pumped
at a rate of 500 gpm. Higher sustained production rates are feasible from the
wells but are not recommended because of the potential for accelerated water

quality deterioration due to increased aquifer drawdown.

A minimum pump intake setting depth of 80 feet below land surface is
recommended for both new production wells. This setting depth is conservative
in that pumping water levels of approximately 50 to 55 feet below land surface
are expected in the wells at the proposed production rates. Setting the pumps
slightly deeper than required will allow for potential well yield deterioration over
time.
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Static and pumping water levels in the production wells should be measured
periodically to assess well yields. This data should be recorded and charted.
Rehabilitation procedures should be considered if the specific capacity of a well

declines by 25% or more from the initial values in this report.

Water levels in the new test wells should also be monitored on a periodic basis
and recorded. This data will show general water level trends in the aquifer and

may be useful for future calibration of computer hydraulic flow models.

Water quality in the new production wells should be monitored closely;
particularly when the wells first go into service. Salinity parameters such as
dissolved chloride can be used to monitor water quality. The data can be used
to assess performance of the new wells by determining the rate of water quality
changes, identify potential problems, and may be useful during future calibration
of solute transport (water quality) computer models.

If rapid water quality deterioration is noted in the new production wells it may
be necessary to investigate the cause of the problem. Such an investigation
might initially involve drilling and collection of lithologic and water quality
samples from zones beneath the production zone of the Mid-Yorktown Aquifer.
Drilling and testing will provide data that will assist in evaluating the degree of

connection between the Mid-Yorktown and Lower Yorktown aquifers.




1. INTRODUCTION

This report documents the procedures used during the drilling, construction and
testing of two new Mid-Yorktown Aquifer production wells for the Dare County Water
Production Department in Kill Devil Hills on the outer banks of North Carolina. The
new wells are located approximately one and a half miles south of the existing Baum
Tract wellfield near the Fresh Pond in Nags Head as shown on Figure lI-1. The wells
will be used to supply raw water to the Dare County Water Production Department
Reverse Osmosis (R.O.) water treatment plant which is located within the Baum Tract
wellfield site. The treatment plant produces potable water for Kill Devil Hills, Nags
Head and other nearby communities. The treatment plant raw water demands have
averaged from less than 1.5 million gallons per day (MGD), during the winter, to over
2.5 MGD, during the summer. The new production wells will be used to supplement

withdrawals from the existing Baum Tract wellfield.

Well construction techniques and well design for the production wells were based on
results of test well construction at both well sites. The scope of the project included
technical advisement and review of the technical specifications prepared for
construction and testing of the new wells; assistance in the bidding process; on-site
supervision of well construction and testing; aquifer performance testing; and data
analysis and evaluation. This report was prepared to document the procedures used
during construction and testing of the wells. Recommendations concerning pumping

and operation of the wells are also included in the report.

02737RGG.HO1 4
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HNl. TEST WELL CONSTRUCTION AND TESTING

A. Drilling Methods

The construction, development, and pump testing of the Dare County Water
Production Department test wells TW-9 and TW-10 were conducted by Skipper’s Well
Drilling of Leland, North Carolina. ViroGroup, Inc. (VGI) staff provided on-site
supervision, collected formation samples for lithologic analysis, and recommended final
well design. The methods and materials used by the drilling contractor were in
accordance with the technical specifications outlined in the contract documents and
standards of the American Water Works Association for Water Wells (AWWA A100-90)
and National Water Well Association Standards. Construction of the test wells began
late in March of 1994 and was completed in May; 1994. The drilling procedures used
were similar for both wells and are described below. A site map showing the relative

locations of the wells is provided as Figure 1lI-1.

The mud rotary method was used to drill the test wells. Bentonite mud was used
during all drilling. A string of 16-inch diameter steel surface casing was set to a depth
of 40 feet below land surface and grouted in place in both wells. After allowing the
cement to cure a nominal 6-inch diameter pilot hole was drilled to a depth of 475 feet
below land surface. An on-site VGI hydrogeologist collected lithologic samples for field
analysis. Geologist’s logs of the sediments encountered during drilling are included
in Appendix A. Additional formation samples were obtained for sieve analyses.
Geophysical logs including natural gamma, single point resistance, and spontaneous
potential were run in the pilot holes. Casing depth, screened intervals, and gravel
pack selection were based on the geologist’s logs, sieve analyses, and geophysical
logs. The pilot holes were then reamed to a nominal 14-inch diameter to the
appropriate depth and screen and casing were installed. A coarse sand filter pack
(Morie #2) was placed by tremie pipe in the annular space between the borehole and

screen to a height of 20 feet above the screen in both wells. Copies of the

02737RGG.HO1 6
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geophysical logs and sieve analyses are included in the appendices. The construction

details of the test wells are given in Table Ill-1 and shown graphically in Figure 11I-2.

Compressed air pumping and horizontal water jetting were used to develop the wells.
The entire length of screen was jetted and the wells were surged repeatedly until the
water was relatively clear and free of sediment. The wells were developed for a total
of approximately 30 hours each. The remaining annular space between the borehole
and casing in both wells was grouted with neat portland cement. Grouting was
accomplished in two stages in both wells using the tremie pipe method. The first
stage grout was allowed to set for a minimum of 12 hours and its height was tagged
before pumping the second stage. Additional cement was added as needed to bring

grout levels to land surface.

B. Step Drawdown Testing

The completed test wells were pump tested to assess well yield and to obtain samples
for water quality analyses. A description of the procedures used to pump the wells

and a summary of pump test results are given below.

An electric submersible pump powered by a generator was used to withdraw water
from the test wells. The pump intake was set at 70 feet below land surface. An in-line
Flowmeter was used to measure discharge rates. Water was directed away from the
test site using a temporary discharge line. Both of the wells were pumped at four
separate, steady pumping rates ranging from 100 to 480 gpm. Static water levels in
the wells were measured before beginning the tests. Drawdown in the wells was
measured during the test at each pumping rate at specified time intervals. The
drawdown data were used in conjunction with the pumping rates to obtain specific
capacity values for each of the wells. Results of the pump tests are summarized in
Table 1ll-2. Tables showing all of the time and drawdown data collected during the:

tests are included in the appendices.

02737RGG.HO1 8




TABLE llI-1. CONSTRUCTION DETAILS OF THE DARE COUNTY
WATER PRODUCTION DEPARTMENT TEST WELLS #9 AND #10

WELL TOTAL CASING CASING CASING SCREENED AQUIFER
NUMBER DEPTH DEPTH DIAMETER TYPE INTERVALS
{FEET) (FEET) {INCHES) (FEET)
BLS BLS BLS
TW-9 400 280 8 PVC 280-295 MID-YORKTOWN
315-400
TW-10 395 270 8 PVC 270-290 MID-YORKTOWN
310-395
" Both wells were constructed with 0.025-inch slot PVC screen

BES - Below Land Surface
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TABLE Hi-2. DARE COUNTY R.O. TEST WELLS #9 AND #10
SUMMARY OF STEP DRAWDOWN TEST RESULTS

Well Pumping Rate Drawdown Specific Capacity
(GPM) (Feet) (GPM/Ft)
I I SN S
e
Test Well #9 100 5.27 19.0
200 11.19 17.9
350 21.65 16.2
480 31.83 15.1
Test Well #10 100 7.20 13.9
200 156.30 13.1
350 '29.97 11.7
470 43.72 10.8
02737TSM.EL9
11




The specific capacity of test well TW-9 was almost 50% greater than TW-10 at similar
pumping rates. The greater specific capacity of well TW-9 was expected to a certain
extent because the formation at this site contained a larger fraction of coarse grained
sand. However, the pump test results indicated that both sites possessed suitable

productive capacity for the installation of permanent production wells.

C.  Water Quality

Water samples were obtained from the test wells near the end of each step during the
step drawdown pump tests. The samples were analyzed for dissolved chloride
concentration and total dissolved solids by personnel with the Dare County Water
Production Department at the réverse osmosis plant. The analyses results are shown
in Table 1II-3. The water quality analyses results at the end of the step-drawdown test
on test well TW-9 indicates a chloride concentration of 780 mg/| and total dissolved
solids of 1590 mg/I. Test well TW-10, at the completion of the step-drawdown test,

had a chloride concentration of 880 mg/| and total dissolved solids of 1720 mg/I.

D. Shallow Wells

Shallow wells tapping the Water-Table aquifer were installed at both well sites. These
wells were constructed to determine what, if any, affect pumpage from the Mid-
Yorktown Aquifer would have on the Water-Table aquifer or surface environment. The
wells were constructed with a screen and gravel pack design utilizing the mud rotary
method. Construction details for the wells are given in Table Ill-4. Locations of the

wells are shown on Figure Ill-1.

02737RGG.HO1 12




TABLE lil-3. DARE COUNTY R.O. TEST WELLS TW-9 AND TW-10
I STEP DRAWDOWN TEST
WATER QUALITY ANALYSES RESULTS
l Well TW-9 Well TW-10
Time Sample Dissolved Chloride Total Dissolved Dissolved Chloride Total Dissolved

. Selected Concentration Solids Concentration Solids

(mg/) (mg/) {mg/l) {mg/)
l End Step 1 830 1670 840 1680
l End Step 2 830 1640 850 1660
' End Step 3 800 1620 870 1670
' End Step 4 780 1590 880 1720
I 02737TSM.E19
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TABLE {ll-4. DARE COUNTY WATER PRODUCTION DEPARTMENT
SHALLOW MONITOR WELLS AT WELL SITES #9 AND #10
Shallow Total Casing Screened Screen Annulus _Material
Well Number Depth & Screen Interval Slot Size Cement Gravel
(Feet) Diameter {Feet) {inches) Slurry  Pack
BLS (inches) BLS (Feet)
BLS
SW-9 40 4 30-40 0.025 0-25 25-40
SW-10 40 4 30-40 0.025 0-25 25-40
02737TSM.EI19
14




IV.  PRODUCTION WELL CONSTRUCTION AND TESTING

A. Drilling Methods

The construction, development, and testing of Dare County reverse osmosis
production wells R.O. #9 and R.O. #10 were conducted by Skipper’s Well Drilling
during June and July of 1994. Supervision was provided by ViroGroup, Inc. (VGI) staff
during critical phases of the construction activity. These included setting of the screen
and casing, development of the wells, step-drawdown testing, and aquifer performance
testing. Production well design was based on results of sieve analyses, geophysical
logs, and lithologic analyses of formation samples obtained during the construction
and testing of the test wells at each site as described in the previous section. The
methods and materials used by the drilling contractor were in accordance with the
technical specifications outlined in the contract documents and standards of the
American Water Works Association for Water Wells (AWWA A100-90) and National
Water Well Association Standards. The drilling procedures used were similar for both

wells and are described below. Locations of the wells are shown on Figure 1Il-1.

The mud rotary method was used to drill the production wells. Bentonite mud was
used during drilling of the surface and intermediate casing boreholes. Revert, a rapid
destructing biodegradable drilling fluid was used during drilling of the screen borehole.
A string of 24-inch diameter steel surface casing was set to a depth of 60 feet below
land surface in both production wells and grouted in place. A nominal 24-inch
diameter borehole was then drilled to the appropriate casing depth in each production
well. The 18-inch diameter intermediate casings were installed and grouted in place.
Nominal 16-inch diameter boreholes were drilled in each well to the depths previously
determined and the screen and production casing were installed. Stainless steel,
0.035-inch continuous slot screen with a diameter of 8-inches was used in both
production wells. A section of stainless steel casing with an end cap was placed on-

the end of each screen as a sump. The production casing string consisted of 8-inch

02737RGG.HO1 15




diameter schedule 80 PVC casing from the top of the screen to a depth of 145 feet
below land surface followed by 12-inch diameter schedule 80 PVC casing to land
surface. Construction details for both wells are summarized in Table 1V-1 and shown
graphically in Figures IV-1 and IV-2. After installing the well screens, a coarse sand
filter pack (Morie #2) was placed in the annular space between the borehole and
screen in both wells. The filter pack material was placed in the wells to a height of 20
feet above the screens using the tremie pipe method.

Compressed air pumping and horizontal jetting with chlorinated water were used to
develop the wells. The entire screen length in both wells was jetted and the wells were
surged repeatedly until the water produced was relatively clear and free of sediment.
The wells were developed by this method for total of approximately 24 hours each.
The remaining annular space between the borehole and screen was grouted with neat
portland cement. Grouting was accomplished in stages using the tremie pipe method

until the grout level was at land surface.

B. Step Drawdown Testing

The completed production wells were pump tested to assess well yield and aid in
selection of pump setting depths. A description of the procedures used to pump the

wells and a summary of the pump test results are given below.

An electric submersible pump powered by a generator was used to withdraw water
from the production wells. The pump intake was set at 70 feet below land surface.
An in-line flowmeter was used to measure discharge rates. Water was directed away
from the well sites using a temporary discharge line. Both of the production wells
were pumped at four separate, steady pumping rates ranging from 200 to 890 gpm.
Static water levels in the wells were measured before beginning the tests. Pumping
levels in the wells were measured during the test at each pumping rate at specified:

time intervals. The drawdown data were used in conjunction with the pumping rates

02737RGG.HO1 16




TABLE IV-1. CONSTRUCTION DETAILS OF THE DARE COUNTY WATER
PRODUCTION DEPARTMENT PRODUCTION WELLS R.O. #9 AND R.O. #10
Well Total Casing Casing Casing Screened Aquifer
Number Depth Depth Diameter Type Intervals
{feet) (feet) (inches) (feet)
BLS BLS BLS
R.O. #9 410 275 8to 12 Schedule 80 282-297 Mid-Yorktown
PVC 314-405
R.O. #10 402 272 ‘ 8to 12 Schedule 80 274-295 Mid-Yorktown
PVC 312-396
*Both wells were constructed with 0.035-inch continuous slot stainless steel screen

02737TSM.E19
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FIGURE IV—1. SCHEMATIC DIAGRAM SHOWING THE CONSTRUCTION DETAILS OF WELL R.O. #9.
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FIGURE IV—-2. SCHEMATIC DIAGRAM SHOWING THE CONSTRUCTION DETAILS OF WELL R.O. #10.
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to obtain specific capacity values for each of the production wells. Results of the

pump tests are summarized in Table IV-2.

Well yields are good with specific capacity values ranging from 19.0 gpm/ft to 38.0
gpm/ft. Plots of specific capacity vs. pumping rate for both wells are provided as
Figures IV-3 and IV-4. Inspection of the figures indicates that at a production rate of
500 gpm well R.O. #9 is anticipated to have a specific capacity of approximately 35
gpm/ft and that of well R.O. #10 approximately 21 gpm/ft. Recommended production
rates are 550 gpm for well R.O. #9 and 500 gpm for well R.O. #10. Higher sustained
production rates are feasible from the wells but are not recommended because of the
potential for accelerated water quality deterioration due to increased drawdowns.
Based on the specific capacity values, proposed pumping rates, anticipated static
water levels and interference drawdowns; pumping water levels of approximately 50
to 55 feet below land surface can be expected in the wells. A minimum pump setting
depth of 80 feet below land surface is recommended. Setting the pumps slightly

deeper than required will allow for potential well yield deterioration over time.

C.  Water Quality

Water samples were obtained from production wells R.O. #9 and R.O. #10 during the
step drawdown and aquifer performance tests. The samples were analyzed by Dare
County Water Production Department staff for dissolved chloride concentration and
total dissolved solids (TDS). Results of the water quality analyses are included in
Tables IV-3 and IV-4. Total dissolved solids concentrations of the samples ranged
from 1740 mg/l to 2170 mg/| which is considerably less saline than the water
produced from the existing production wells at the Baum Tract wellfield. Total
dissolved solids levels increased steadily in both wells during the step drawdown and
aquifer performance tests, which is cause for concern. However, the rate of salinity
increase in wells in this area is typically highest just after production is initiated and

then it begins to taper off. Water quality in the new production wells should be
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TABLE IV-2. DARE COUNTY R.O. PRODUCTION WELLS #9 AND #10
l SUMMARY OF STEP DRAWDOWN TEST RESULTS
Well Pumping Rate Drawdown Specific Capacity
. (GPM) (Feet) (GPM/F?t)
I I B
M —
' R.O. #9 400 10.52 38.0
600 18.33 32.7
800 27.37 29.2
' 890 33.89 26.3
R.O. #10 200 8.22 24.3
400 17.94 223
' 485 22.71 21.4
700 36.79 19.0
l 02737TSM.EI9
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FIGURE IV—4. GRAPH OF SPECIFIC CAPACITY vs. PUMPING RATE FOR DARE COUNTY PRODUCTION WELL R.O. #10.
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TABLE IV-3. DARE COUNTY R.O. PRODUCTION WELLS #9 AND #10
STEP DRAWDOWN TEST
WATER QUALITY ANALYSES RESULTS

Well R.O. #9 I Welt R.O. #10
=

Time Sample Dissolved Chloride Total Dissolved [ Dissolved Chloride Total Dissolved
Selected Concentration Solids Concentration Solids
{mgA) {mgA) (mg/l) (mgfl)

|
End Step 1 860 1760 850 1780
End Step 2 870 1760 850 1760
End Step 3 890 1770 ) 880 1870
End Step 4 920 1780 900 1920
“WATER QUALITY ANALYSIS PERFORMED BY DARE COUNTY

WATER PRODUCTION DEPARTMENT STAFF
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TABLE IV-4. DARE COUNTY R.O. PRODUCTION WELLS #9 and #10
AQUIFER PERFORMANCE TEST
WATER QUALITY ANALYSES RESULTS

R . i WELL R.O. #9 S
: : - PUMPING AT 500 GPM
Time Sample Dissolved Chloride Total Dissolved
Selected Concentration Solids
{hours) {mgil) {mgil)
0.25 880 1740
12 920 1780
24 940 1800
48 960 1830
68 . 980 1870

.. WELL R.0. #10
. PUMPING AT 700 GPM'

Time Sample Dissolved Chloride Total Dissolved
Selected Concentration Solids
{hours) {mg/l) {mg/l)
= ———————— ——

0.75 980 1920

6 1000 1970

16 1050 2020

26 1050 2040

: 42 . 1070 2070
| 65 | 1100 2100
i 74 1130 2170

25

02737TSM_E19




monitored closely after the wells are put into production. If the rate of water quality
deterioration does not slow down substantially, it may become necessary to
investigate the cause. Such an investigation might initially involve drilling and collection
of lithologic and water quality samples from zones beneath the production zone of the
Mid-Yorktown Aquifer. Drilling and testing will provide data that will assist in evaluating

the degree of connection between the Mid-Yorktown and Lower Yorktown aquifers.
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V. AQUIFER PERFORMANCE TESTING

A. Testing Procedures

Aquifer performance tests (APT) were conducted on the Mid-Yorktown Aquifer at both
production well sites. In each case, the production well was pumped at a continuous
rate while drawdowns were measured at specified time intervals in the adjacent test
well. In addition, water level fluctuations in the water-table aquifer were monitored in
the shallow monitor wells at each site. Time and water level data were measured and
recorded by utilizing pressure transducers in the wells coupled to an electronic data

logger. The time and drawdown data for each test are included in Appendix D.

An electric submersible pump powered by a generator was used to withdraw water
from the production wells. The water was piped away from the test sites using a
temporary discharge line. Flow rates were measured using an in-line flowmeter near

the pump. The relative locations of the wells at the site shown on Figure Ifl-1.

The initial APT was conducted at the site of R.O. #10 and started at 4:20 PM on June
24, 1994. Production well R.O. #10 was pumped at a continuous rate of 700 gpm for
73 hours. Drawdown in the Mid-Yorktown Aquifer was measured in well TW-10
located 66 feet from the pumped well. Water-Table aquifer water levels were
monitored in well SW-10 approximately 75 feet from the production well. The
drawdown and water level data collected for the test were transferred to a computer
for plotting and the analysis was conducted as described in part B of this section of

the report.

The second APT was started at 12:00 Noon on July 2, 1994. Production well R.O. #9
was pumped at a continuous rate of 500 gpm for 68 hours. Drawdown in the Mid-
Yorktown Aquifer was measured in well TW-9 located 94 feet from the pumped well..

Water-Table aquifer water levels were monitored in well SW-9 located approximately
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90 feet from the production well. Drawdown and recovery data were again transferred
to a computer for plotting and the analysis was conducted as described in part B of

this section.

B. Data Analysis

Analysis of the data collected during the aquifer performance tests was accomplished
using the method developed by Cooper (1963). Logarithmic plots of drawdown vs.
time were constructed using data from the Mid-Yorktown Aquifer observation well for
each test. The log-log graphs are included as Figures V-1 and V-2. The plots were
compared to the appropriate type curves and match points were obtained. The data
were substituted into the following equations to obtain the aquifer coefficients of

transmissivity, storage, and leakance.

T= 1146 Q L(uyv) (1)
S
S = Tt (2)
1.87 r? (1/u)
L= __T(/b) (3)
r2
where,
T = transmissivity (gpd/ft)
Q = pumping rate (gpm)
s = drawdown (feet)
L (u,v) = curve function
(1/u) = curve function
S = storage coefficient, dimensionless
t = time (days)
r = distance from pumped well (feet)
r/b = curve function (=2v)
L = leakance (gpd/ft®)

Additional analysis was conducted with the method developed by Jacob (1952) using

semi-logarithmic plots of drawdown vs. time which are included as Figures V-3 and
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V-4. A straight line segment is selected from each plot for this method and the
change in drawdown between one log cycle is determined and substituted into
equation (4) to determine transmissivity. Storage coefficient values are determined

utilizing equation (5). Leakance values cannot be determined with this method.

T= 264Q 4)
AS
S= _Tto )
4790 r?
where,

As = head difference between log cycles (feet)

to = time at zero drawdown (minutes)
A summary of the hydraulic coefficients calculated for Mid-Yorktown Aquifer at both
test sites is given in Table V-1. The early data were used for the straight line analysis
method which yielded transmissivity values of approximately 65,000 gpd/ft to 85,000
gpd/ft. This probably represents the hydraulic characteristics of the aquifer in the
immediate vicinity of the production wells. Later data show a flattening of the
drawdown response which appears to indicate that the cone of depression has
encountered an area of high transmissivity. This transmissivity may be representative
of the regional system. The later data indicate that the transmissivity of the regional
system may range from 150,000 to 200,000 gpd/ft. It was not possible to determine
the leakance values of the confining sequence based on the data obtained from the

nearby monitor wells.

C. Water-Table aquifer Impacts

The production zone for the reverse osmosis feedwater wells occurs within the Mid-
Yorktown aquifer which is encountered at a depth of approximately 300 feet below
land surface in the Nags Head area. Immediately above the aquifer lies a sequence
of very low permeability clays that form a confining unit with a thickness of

approximately 170 feet. This confining unit effectively separates the production zone
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TABLE V-1. AQUIFER HYDRAULIC COEFFICIENTS CALCULATED
' FOR THE MID-YORKTOWN AQUIFER AT THE
DARE COUNTY WATER PRODUCTION DEPARTMENT
FRESH POND WELLFIELD SITE
l Curve Matching Method
l TRANSMISSIVITY STORAGE LEAKANCE
{gpd/ft) COEFFICIENT (gpd/ft®)
APT #1 Drawdown 160,400 7.9 x 10 Not Determined
(R.O. #10 Site)
APT #2 Drawdown 197,600 1.4 x 10* Not Determined
l (R.O. #9 Site)
l | Swaightline Method
. TRANSMISSIVITY STORAGE LEAKANCE
(gpd/ft) COEFFICIENT (gpd/ft®)
l APT #1 Drawdown 63,700 6.4 x 10° N/A
(R.O. #10 Site)
APT #2 Drawdown 85,700 4.1 x 10* N/A
' (R.O. #9 Site)
l 02737TSM.E19 34




from overlying formations. A unit consisting of quartz sand and gravel termed the
Principal Aquifer is present above the main confining unit. If not for the confining clays
at this unit's base, leakage from the Principal Aquifer could provide substantial
attenuation of hydraulic impacts of pumpage from the Mid-Yorktown aquifer. The
Principal Aquifer is separated from the Water-Table aquifer by a clay layer that again
has very low permeability. The geologic sequence beneath the Nags Head area is
shown on Figure V-5. Based on the geology, it is apparent that the production zone
is very well confined from overlying strata and there is negligible hydraulic connection

to the Water-Table aquifer.

Water levels in the Water-Table aquifer were monitored in shallow wells at both test
sites during the APT’s. The monitoring was conducted to determine what, if any,
impacts, pumpage from the Mid-Yorktown Aquifer has on the Water-Table Aquifer or
surface environment. Graphs showing water levels in the shallow wells during the
APT’s are provided as Figures V-6 and V-7. Inspection of the figures indicates that
water levels in the shallow aquifer remained relatively stable during the pump tests.
The small declines in water levels noted during each test (less than 0.10 feet) are
attributed to pumpage from the Fresh Pond which averaged approximately 0.6 mgd
during the APT’s. Withdrawals from the Fresh Pond are made for public supply
purposes. Pumpage from the Mid-Yorktown Aquifer will have negligible effects on the

Water-Table aquifer or surface environment.
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APPENDIX A

-GEOLOGIST’S LOGS

02737RGG.HO1




GEOLOGIST’S LOG OF WELL SITE #9 TEST WELL

Depth (feet) Lithology
0-39 No samples.
39 - 51 Sand, light olive gray (6 Y 5/2) dark yellowish brown (10

YR 4/2) to black (N1), very fine to fine grained, moderate
to well sorted, subangular to rounded, abundant organics,
minor shell fragments, medium to high permeability.

51 - 68 Sand, as above, except increase in shell fragements,
common reworked lithic fragments, decrease in organic
material.

68 - 76 Sand, light olive gray- (5Y 5/2) light gray (N7), fine to

coarse grains, subrounded to rounded, poorly sorted,
minor shell fragments, traces of heavy minerals and
phosphate grains, medium to high permeability.

76 - 99 Sand, as above, multicolored, increase in coarse grains,
high permeability.

g9 - 101 Clay, moderate brown (5 YR 4/4), soft, fibered texture,
minor sand, as above.

101 - 110 - Sandy clay, light olive gray (5Y 5/2), moderate yellowish
born (10YR 5/4), traces of light gray clay (N7), silt size
material, very fine to fine quartz grain material.

110 - 125 Sand, light gray (N7) to dark gray (N3), fine to coarse
grained, subrounded to well rounded, poorly sorted, traces
of shell fragments, medium permeability.

125 - 133 Clay, light olive gray (5 Y 6/1), medium gray (N5), stiff,
common soft layers, minor phosphorite grains and shell
fragments, low permeability.

151 - 160 Clay, as above and increase in fine to medium quartz sand
with depth. '
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GEOLOGIST’S LOG OF WELL SITE #9 TEST WELL
' Continued:
l Depth (feet) Lithology
160 - 168 Sand, multicolored, very fine grained to coarse sizes,

' subangular to rounded, poorly sorted, occasional shell,
unconsolidated dark minerals 5 - 10%, medium to high

' permeability.

168 - 176 Sand, light olive gray (5 Y 6/1), very fine to fine grained,
minor silt size sediment, rounded, well sorted, medium

l permeability.

' 176 - 195 Sand, as above, and medium to coarse sand size quartz.

195 - 201 Clay and sand, olive gray (5 Y 4/1), clay is unlithified,

l dense, silty, well sorted, minor dark minerals occasional
shell fragments, low permeability.

l 201 - 226 Sand, light gray (N7) to light olive gray (5 Y 6/1), very fine
grained to fine grained, rounded, well sorted, abundant
shells and shell fragments, interbedded thin soft clay layers,

l low to medium permeability.

226 - 240 Sand, as above, and increase in clay layers.

l 240 - 251 . Sandy clay, olive gray (5 Y 4/1), unlithified, loose,

~abundant silt and very fine sand, very fine shell fragments,

. dark minerals, mica, and other dark grains, low
permeability.

' 251 - 278 Clay, olive gray (5 Y 4/1), soft, gummy texture, mostly
lithified clay, occasional shell fragments, low permeability.

' 278 - 301 Sand, light gray (N7) to medium gray (N5), fine grained,
minor coarse grains, moderately sorted, abundant shells

' and shell fragments.

301 - 305 Sand, as above, and thin layers of soft lithified clay.

l 02737LSM.EI9




GEOLOGIST'S LOG OF WELL SITE #9 TEST WELL
Continued:

Depth (feet) Lithology

305 - 315 Clayey sand, light olive gray (5 Y 6/1), very fine to fine
grained, dark minerals, minor lithified clay layers, low to
medium permeability.

315 - 335 Sand, as above, increasing to fine to medium quartz grains,
and dark minerals, phosphorite, mica, minor fine shell
fragments, medium permeability.

335 - 350 Sand, medium gray (N5), yellowish gray (5 Y 8/1), light
olive gray (5 Y 6/1), fine grained, minor medium grains,
subangular to subrounded, moderately sorted, dark
minerals, phosphorite, shell fragments, medium to high
permeability.

350 - 362 Sand, multicolored, fine to medium grained, very
phosphatic, dark minerals, traces of coarse to gravel quartz
sand, high permeability.

362 - 376 Sand, as above, and increase in medium to coarse grains,
subangular to rounded, poor to moderately sorted, high
permeability.

376 - 401 . Sand, light olive gray (5 Y 6/1), fine to medium, and minor
© coarse grains, subangular to subrounded, abundant shell
fragments, minor dark minerals, phosphorite, medium to

high permeability.

401 - 426 Sand, as above and increase in coarse size sediment.
426 - 476 Sand, light olive gray (5 Y 6/1), yellowish gray (5 Y 8/1),
very fine to coarse quartz grains, abundant shell fragments,

phosphorite, dark minerals, traces of soft, thin, lithified clay
between 468 to 470.
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Depth (feet)

50 - 58

58 - 60

60 - 70

70 - 80

80 - 85

85 - 90

90 - 95

02737LSM.E19

GEOLOGIST’S LOG OF WELL SITE #10 TEST WELL

Lithology

No Samples.

Clayey sand, light olive gray (5 Y 6/1) to medium gray N6),
very fine grained, well rounded, well sorted, minor shell and
shell fragments; clay is soft, light olive, gummy texture,
traces of phosphorite grains.

Clayey sand, as above and increase in sand and
phosphorite grains.

Clay, light gray (N7) to medium gray (N6), soft, gummy
texture minor phosphorite grains, traces of shell fragements
and very fine sand.

Sandy clay, light olive gray (5 Y 6/1), as above and sand
content is approximately 40%.

Sand, light olive gray (5 Y 6/1), very fine to fine grained,
subrounded to rounded, well sorted, abundant fine
phosphorite grains, interbedded clay and shell layers at
depths of 68 to 70 feet and 78 to 79 feet, medium
permeability.

Sand, light olive gray (5 Y 6/1), fine to coarse grains,
angular to sub-rounded, poorly sorted, minor phosphorite
grains, traces of tiny shell fragments and black minerals,
medium to high permeability.

Sand, as above and increase in very fine to fine sand
content.

Sand, medium gray (N6), light olive gray (5 Y 6/1), very
fine to fine grained, subangular to subrounded, well sorted,
common shells and shell fragments, traces of dark
minerals.




GEOLOGIST’'S LOG OF WELL SITE #10 TEST WELL
' Continued:
l Depth (feet) | Lithology
95 - 97 Clay, grayish brown (5 Y 3/2), very soft, fibered texture,
l common fine phosphorite grains, monitor shell fragments,
traces of dark minerals.
l 97 - 98 Clay, as above and increasing to medium gray (N6),
gummy texture, minor fine grained quartz sand.
' 98 - 113 Sand, light olive gray, (5 Y 6/1), fine to coarse grained,
traces of pebble sizes, subangular to rounded, poorly
l sorted, minor shell fragements, traces of phosphorite and
dark minerals, medium to high permeability.
l 113 - 118 Clay, light gray (N7) to medium gray (N6), soft, gummy
texture, minor sand content, as above.
l 118 - 123 Sand, light olive gray (5 Y 6/1), fine to medium grained,
common shell fragements, phosphorite, and dark minerals.
l 123 - 126 Clay, light gray (N7) to medium gray (N6), soft, gummy
texture, minor unlithified layers, traces of silt size material
l and very fine quartz sand.
126 - 136 . Sand, light gray (N7), very fine to fine grained, rounded,
"~ well sorted, minor interbedded clay layers, as above, poor
l to medium permeability.
136 - 148 Sand, as above and increase in medium grains of quartz
. sand, medium permeability.
148 - 153 Sand, light olive gray (5 Y 6/1), very fine to coarse grained,
l increase in coarse grains with depth, subangular to well
rounded, poorly sorted, traces of shells and shell
' fragments, traces of dark minerals, high permeability.
153 - 154 Clay, medium gray (N6) soft, gummy texture, abundant
. phosphorite and dark minerals.
02737LSM.E19




GEOLOGIST'S LOG OF WELL SITE #10 TEST WELL
' Continued:
l Depth (feet) Lithology
154 - 163 Sand, light olive gray (5 Y 6/1), light gray (N7) to medium

l gray (N6), fine to medium grained, subangular to
subrounded, occasional shells, monitor dark minerals,

I moderately sorted, medium permeability.

165 - 170 Clay, light olive gray (5 Y 6/1), soft, mostly unlithified,

' interbedded sand layers increasing with depth, as above.

170 - 176 Sand, as above and decreasing clay content with depth.

l 176 - 201 Sand, light gray (N7), light olive gray (5 Y 6/1), very fine
grained, common silt size particles, rounded to well

' rounded, well sorted, minor dark minerals, occasional shell
fragements, low permeability.

I 201 - 226 Silty clay, soft, unlithified, minor soft layers, very fast drilling,
low permeability.

l 226 - 251 Clay, light gray (N7) to medium gray (N6), unlithified, minor
soft layers, common fine phosphorite and dark mineral
content.

l 251 - 270 . Clay, as above and increase in stiff layers with depth.

l 270 - 295 Sand, light olive gray (5 Y 6/1), very fine to fine grained,
increasing medium grains with depth, subrounded to well
rounded, moderately sorted, abundant shells and shell

l fragments, large phosphatic grains, minor dark minerals,
medium to high permeability.

l 295 - 300 Clay, light gray (N7) to medium gray (N6), soft, cohesive,
minor interbedded quartz sand, as above.

l 300 - 311 Clay, light gray (N7), soft, unlithified layers with depth,
minor shells and shell fragments, increasing shells with

l depth.

l 02737LSM.E19




GEOLOGIST'S LOG OF WELL SITE #10 TEST WELL
Continued:

Depth (feet) Lithology

311 - 320 Sand, light gray (N7) to medium gray (N6), fine to medium
grained, mostly fine grained, common phosphorite, minor
dark minerals, medium permeability.

320 - 326 Sand, as above and interbedded clayey sand layers
between 324 to 326 feet.

326 - 331 Sand, light gray (N7), very fine to fine grained, minor
medium grains, subrounded to rounded, moderately
sorted, interbedded clay layers between 328 and 330 feet,
minor phosphorite grains, traces of dark minerals, medium
permeability.

331 - 336 Sand, as above and ihcrease in medium grained quartz
sand, common shells and shell fragments.

336 - 341 Sand, light gray (N7), light olive gray (5 Y 6/1), fine to
medium grained, subrounded to rounded, moderately
sorted.

341 - 346 Sand, light gray (N7) to medium gray (N6), fine grained
quartz sand, minor medium grains, subrounded to
rounded, well sorted, abundant shell fragments, minor
phosphorite and dark minerals.

346 - 351 - Sand, as above and increase in medium grained quartz
sand, and shell fragments.

351 - 356 Sand, light olive gray (5 Y 6/1), medium to coarse grains,
minor fine grains, subangular to subrounded, moderately
sorted, minor phosphorite and shell fragments, traces of
dark minerals.

356 - 376 Sand, as above and traces of yellowish gray gravel size
quartz sand.

376 - 391 Sand, light gray (N7), light olive gray (5 Y 6/1), fine to .
medium grained, mostly medium grains, traces of coarse
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GEOLOGIST'S LOG OF WELL SITE #10 TEST WELL
' Continued:
l Depth (feet) Lithology
material, abundant shell fragments, common phosphorite
' grains, traces of dark minerals, medium to high
permeability.
. 391 - 406 Sand, as above and increase in greenish gray color.
406 - 416 Sand, greenish gray (5 GY 6/1), light olive gray, fine to
' medium grained, minor very fine grains, subangular to
subrounded, moderately sorted, abundant shell fragments,
' minor dark minerals and phosphorite, medium permeability.
416 - 421 Sand, as above, becoming finer grained with depth, minor
l shell fragments, medium to low permeability.
421 - 436 Clayey sand, as above, and minor interbedded layers of
l soft and unlithified clay layers, medium to low permeability.
l 436 - 441 Sand and interbedded clay, light olive gray (5 Y 6/1), very
fine grained, traces of medium grains, minor phosphorite
and dark minerals, abundant shell fragments, clay (30%)
l unlithified traces of soft, gummy clay which contain silt and
fine sand.
l 441 - 461 Sandy clay, as above, clay constitutes approximately 70 to
80%.
l 461 - 475 Clay, light gray (N7) to medium gray (N6), soft, loose, and
silty, common shell fragments, minor phosphorite and dark
l minerals, low permeability.
' 02737LSM.E19




APPENDIX B

‘-GEOPHYSICAL LOGS
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