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ISLAND

SAI NO 96E43000035 PROGRAM TITLE - SCOPING
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- "State of North Carolina
Department of Environment,
Health and Natural Resources

Legislative & Intergovernmental Affairs

James B. Hunt, Jr., Governor
Jonathan B. Howes, Secretary
Henry M. Lancaster [l, Director

MEMORANDUM
TO Chrys Baggett
State Clearinghouse
FROM: Melba McGee
Environmental Review Coordinator
RE: 96~0035 Scoping RO Facility, Dare County
DATE: August 21, 1995

The Department of Environment, Health, and Natural Resources has reviewed
the proposed scoping notice. The attached comments list and describe information
that is necessary for our divisions to evaluate the potential environmental
impacts of the project. More specific comments will be provided during the
environmental review.

Thank you for the opportunity to respond. The applicant is encouraged to
notify our commenting divisions if additional assistance is needed.

attachments
=) = e
RECEIVED
AUG 2 2 1995

N.C. STATE CLEARINGHOUSE

P.O. Box 27687, Raleigh. North Carolina 27611-7687  Telephone 919-733-4984
An Equal Opportunity Affiimative Action Employer 50% recycled/ 10% post-consumer paper
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State of North Carolina
Department of Environment,

Health and Natural Resources
Division of Marine Fisheries

James B. Hunt, Jr., Governor
Jonathan B. Howes, Secretary
Bruce L. Freeman, Director

MEMORANDUM:

TO: Melba McGee, Office of Legislative and Intergovernmental Affairs

THROUGH: Katy West, Review Coordinator )¢ w

FROM: Sara E. Winslow, Biologist Supervisor /M

SUBJECT: Project Number 96-0035, Scoping - NPDES Permit Application/Environmental
Assessment - RO Facility - Dare County

DATE: 27 July 1995

The North Carolina Division of Marine Fisheries would request the folloWing points be
addressed in the EA.

What would be the discharge flow from the RO Water Treatment Facility? What would be
the quality of the discharge and its chemical composition? The discharge points should be specified.
The existing habitat should be described and any impacts that may result from the constructicn of
the discharge points outlined.

This agency appreciates the opportunity to provide input for the EA.

-

\
P.0. \B_ox 769, Morehead City, North Carolina 28557-0769 Telephone 919-726-7021 FAX 919-726-0254

An Equal Opoortunity Affirmative Action Emnlovar 50% rarvelnd! 10% nast.cancinmar mamar




DIVISION OF ENVIRONMENTAL MANAGEMENT

August 07, 1995

To: Ms. Chrys Baggett
NC State Clearinghouse
From: Al Hodge, Environmental Engilhee
DEM/WQ Washington Office J\L ——

Subject: Proposed NPDES Permit Application
Reverse Osmosis Water Treatment
Proj. 96-0035
Hatteras Island/Dare County

The p01nts of consideration in locating a dlscharge of this
category 1is, type of pollution and the volume of dilution needed so
that water quality standards in the rece1v1nq stream are not
contravened. The Reverse Osmosis process 1is so efficient, the
filter backwash is very concentrated and requires a great deal of
dilution. Chlorides are a problem when discharged too fresh water
streams. When possible the discharge should be located in salt
waters.

*. An analysis of the filter backwash is needed to make an
accurate recommendation. However, Brook’s Creek is the best
location of the two proposed. I would advise locating the discharge
point as close to Kings Point as possible for greater dilution.

T S N A N




DEPARTMENT OF ENVIRONMENT, HEALTH, Pro: Number
AND NATURAL RESOURCES - rojeet ume —
DIVISION OF ENVIRONMENTAL HEALTH Z-003S
: County
Inter-Agency Project Review Response Dana
, RO WP on.
Project Name M (S Type of Project /L{'ﬂ/‘lg’% f/Zdé'ﬂQ

i The applicant should be advised that plans and specifications for all water system

improvements must be approved by the Division of Environmental Health prior to.the award

of a contract or the initiation of construction (as required by 15A NCAC 18C .0300 et. seq.).
For information, contact the Public Water Supply Section, (919) 733-2460.

] ' This project will be classified as a non-community public water supply and must comply with
state and federal drinking water monitoring requirements. For more information the applicant
should contact the Public Water Supply Section, (919) 733-2321. '

] If this project is constructed as proposed, we will recommend closure of feet of adjacent
L waters to the harvest of shellfish. For information regarding the shellfish sanitadon progra
m, the applicant should contact the Shellfish Sanitation Branch at (919) 726-6827. "

The spoil disposal area(s) proposed for this project may produce 2 mosquito brceding:problem.
For information: concerning appropriate mosquito control measures, the applicant should:
contact the Public Health Pest Management Section at (919) 726-8970. - ' :

i

] The applicant should be advised that prior to the removal or demolition of dilapidated
structures, an extensive rodent control program may be necessary in order to prevent the

migration of the rodents to adjacent areas. The information. concerning rodent control,

contact the local health department or the Public Health Pest Management. Section at (919
733-6407. ' -

— The applicant should be advised to contact the local health department regarding their
- requirements for septic.tank installations (as required under 15A NCAC 18A .1900 et. seq.).

| For information concerning septic tank and other on-site waste disposal methods, contact the
| ' On-Site Wastewater Section at (919) 733-2895. :

— The applicant should be advised to contract che local health department regarding the sanitary
facilities required for this project. '

relocation must be submitted to the Division of Environmental Health, Public Water Supply

If existing water lines will be relocated during the construction, plans for the water iine
{
i Section, Plan Review Branch, 1330 St. Mary’s Street, Raleigh, North Carolina, (919) 733-2460.

. Q/éd/% cH JPISS | 8//?/4/

g - 5 V4
Reviewer Sc<./cxon/B ranch Dace

DEMHNR 3198 (Revised 8/93)

Division of Environmencal Healch




State of North Carolina

; Reviewing Office:
Department of Environment, Health, and Natural Resources g e

Washington Regional Offjice
INTERGOVERNMENTAL REVIEW — PROJECT COMMENTS - G Ay 32 G

1,-6035 G l-95
: (-75
After review of this project it has been determined that the EHNR permit(s) and/or approvals indicated may need 1o be obtained in
order {or this project to comply with North Carolina Law. .

Questions regarding these permits should be addressed to the Regional Office indicated on the reverse of the form,

. . . . . - . . - | EE————
All applications, information and guidelines relative to these plans and permits are available from the same
Regional Office. _ Notmat Proces
2 Time
PERMITS SPECIAL APPLICATION PROCEDURES or REQUIREMENTs | ‘Siautery tm:
tmat)
Permit to construct & operate wastewaler treatment Application 90 days before begin coastruction or award of 30 gays
D facilities, sewer system extensions, & sewer construction contracts On-site inspeztion. Post-apphcation
sysiems not discharging into state surface waters. technical conlerence usuat (90 days)
NPDES - permit to discharge into surface water and/or Application 180 days before begin activity. On-site inspection. 90-120 gays
permit 10 operaie and construct wastewater facilities Pre-application conference usual. Additionally. obtain permit to
D discharging 1nto state surface waters construct wastewater treatment faciity-granted after NPDES Reply (M'A)
time. 30 days after receipt of plans or issue of NPDES
permit-whichever is later.
L 3C aays
1] water Use Permut Pre-application technical conterence usuaily necessary
—_— (N A)
. 7 qays
[:] Well Consiruction Permat Complete application must be received and permit 1ssued
prior 10 the installation of a well. (15 days)
. Application copy must be served on each adjacent riparian property 85 gdays
D Dreage and Filt Permit owner. On-site inspection. Pre-appitcation conference usual Filling
may require £asement to Fill from N.C. Department of 190 aays:
Administration and Federal Dredge and Fill Permut.
s Permst 1o construct & operate Air Poilulion Abatement 60 days
[:l facifities andror Emission Sources us per 15A NCAC 21MH.0600 NiA 190 gays.
/»ny open burning associated with subject proposal
Q must be in compliance with 15A NCAC 20.0520.
Demoiition or renovations of structures containing
asbestos maternal must de in comphance with 15A 60 gays
B NCAC 2D.0525 which requires notification and removal NIA
pnor to demohtion. Contact Asbestos Control Group
919.733-0820 19C aays;
{—-: Complex Source Permit required under 15A NCAC 2D.0800.
The Sedimentation Polluticn Control Act of 1973 must be properly addressed for any land disturbing activity. An erosion & sedimentation
D control pian will be required if one or more acres to be disturbed. Plan filed with proper Regional Ottige (Lanc Quality Sect) ai least 39 2C gavs
davs before dearnning activity A fee of $30 for the first acre and $20 00 for each additional acre or sart Mmust accomoany the sign (3C davs -
| D The Sedimentation Poltution Control Act of 1973 must be addressed wilh respect to the relerrenced Locai Ordinance. © {30 gays)
|
On-site inspection usual. Surety bond tileg with EHNR. Bond amount
D Mining Permit vanes with type mine and number of acres of atlected lang Any area 30 cays
mined greater than one acre must be permiled. The appropriate pond 160 gays)
mus! be received before the permit can be issued
[:] Nortn Carolina Burning permut On.sile inspection by N.C. Division Forest Resources if permit 1 cay
exceeds 4 days (NfA)
Special Grouna Clearance Burning Permut - 22 On-site inspection by N.D. Division Forest Resources required “if more 1 cay
D counties m coastat N.C. with organic sails than live acres of ground clearing activities are involved Inspections {N7A}
should be requested at least ten days defore actual burn is planned.”
90-120 cays
D Qil Refiming Faciities ’ NIA INCA)
' It permit required, applicatian 60 days before begin construction.
Applicant must hue N.C. qualified engineer {o: prepare plans, 30 oays
D Dam Salety Permut INspect construction. Cerlify construchion is acsording 10 EMNR approv
ed plans May also require permut under mosquito control program. Ang 160 caysi
a 404 permit from Corps of EnQineers- An inspection of site s neces-
sary 10 venly Hazard Classification. A minuvmum fee of $200 00 mus! ac-
company the applicalion. Aa additional processing lee based on a
percentage or the total project COst wil be required uoon completion
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" Ncrma[ Process
.Tu:ne :
’ . .. . : ' ‘| tstatutory ume
- PERMITS " SPECIAL APPLICATION PROCEDURES or REQUIREMENTS lmr :
" mils
. .. LT ‘mle surely bond ol $5.000 with EHNR running 1o State of N.G. 10 0a+§
Permit 1o driil expioratory oil or gas well ) coaditional that any well opened by drill operator shail, upon * - INIA: .
-abandonment, be plugged according to EHNR rules and regulations. '
Geophysical Exploration Permit . . Application filed with EHNR at least 10 days prior 1o issue of permit 10 gavs
o Aoplicalion by letter. No standard application form. IN/Ay -+
Slate Lakes Construction Permit Apptication fee based on structure size is charqea Must incluge 18.20 da}>
. - o descrigtions & drawings of structure & proof of ownership ) IN.A
- Of npanan property. :
. - b0 gays.
401 Water Quality Cenification : NIA . -:-.-(130 Gays
: T 55 days
CAMA Permit for MAJOR development c - $250.00 fee must accompany apphcation <1156 davs.
- 22 days . .
CAMA Permit for MINOR development ' $50.00 fee must accompany appiication (25 gays:
Several geodetic monuments are ‘ocated 1n or near the pro:ect area H-any monuments need to be moved or desitoyed. please. nolily ,
. N C. Geodetliz Survey. Box 27687, Raleigh. N.C. 27611 o

- a

Abangonment of ahy wells, if required. mus{ be 1 accorgancs with Title 15A. Subchapter 2C.0100

Notfication of the proper regional otfice 1s requested f “osphan™ underground siorage tanks (USTS) are discoveres during any excavation operalicn

Jol=| ol ol ol ol ol ol o

Corphiance with 15A NCAC 2H.1000 (Coastal Stormwater Rules) is requiged. : .45 cavs

o S [ N

Otner comments (attach addiivnal p2Qés.as necessary. heng certain 10 cite comment authornity): ' o

REGIONAI. OFFICES
Questions regarding tnese per-nlts sh0uld be addressed tg the Reglonal Office marked below

_D Ashewlle Reglonal O(hcn D Fayenewlre neguonal Office

: 59 Woodfin Place " Suite 714 Wathovia Building
Asheville, NC 28701 X Fayedcv fle. NC 20301
(704) 2516202, - (3125 486-7541 )

D Mooresville Regional Otfice D Raieu Rag«onal Oche
919 North Main Street. P.C. Box 950 . %aneu ‘Drive, Suite 101 -
Mooresville, NC 2811‘ . Rate: h, NC 27609

(704} 663 1699 ’ " (919) 733-2314

Washmgton Regional Office D Wilmington Regional Othice
1424 Carolina Avenue: © 127 Card.aal Drive Exténsion
ashinaton, NC 27889 Wilrningion. NC 28405

'4919 5466481 : (919) 395-3%00 -

D Winston.Salem Regional Oflice
8025 North:Point Blvd

Qrreta AN
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Consulting Engineers
290 S.W. Broad Street ¢ Post Office Box 1737 « Southem Pines, NC 28388

FJ Hobbs, Upchurch & Associates, PA.

October 9, 1995

Mr. Steve Tedder

Division of Environmental Management

NC Department of Environment, Health & Natural
Resources

Archdale Building

512 North Salisbury Street

Raleigh, North Carolina 27611-7687

RE: NPDES Permit Modification for Proposed
Cape Hatteras Water Plant Expansion Discharge - NPDES #NC0033103
HUA No. DR9502

Dear Mr. Tedder:

The Cape Hatteras Water Association presently operates a 1.5 mgd water treatment facility which = -
treats raw water from a shallow surficial aquifer. A water supply plan prepared for the area projects .
a need of 3.0 mgd by the year 2020. Withdrawal from the existing raw water aquifer is limited by, - -

restrictions on new well locations as imposed by court action.

The Cape Hatteras Water Association proposes to supplement the existing water supply by -

withdrawing water from a deeper brackish aquifer, treating this water by reverse osmosis and
blending this treated water with the existing supply. This approach will result in an adequate supply
of drinking water for the area through the year 2020. o

The reverse osmosis process will have a salty discharge of up to 1.8 mgd which must be disposed of

by an NPDES permit. The existing plant currently has a permit to discharge water from the process
currently being used. We request that this permit be modified to include the additional water from
the proposed RO process.

Enclosed please find an environmental assessment of the proposed NPDES discharge. Copies of
this environmental assessment have been forwarded to the NC Clearinghouse for review.

Please allow this letter to serve as a request for modification of the existing Cape Hatteras Water

Association water treatment plant permit. Please contact me at my office for additional information -

or if this request needs to be forwarded in a different form. Thank you for your attention to this
matter. ; :

Sincerely,
HOBBS, UPCHURCH & ASSOCIATES, P.A.

Reon Nl

Ron Huff, P.E.

cc: Terry Wheeler, County Manager, Dare County _
Bob Oreskovich, Superintendant, Dare County Water Department
Jim Coleman, Cape Hatteras Water Association

Southern Pines, NC . Telephbne 910-692-5616 . . Fax 910-692-7342
Winston-Salem, NC . Telephone 910-759-3009 . Fax 910-759-7590
Myrtle Beach, SC . Telephone 803-626-1910 . Fax 803-626-1745

-y




Hobbs, Upchurch & Associates, PA. &

Consulting Engineers
290 S.W. Broad Street * Post Office Box 1737 » Southern Pines, NC 28388

October 10, 1995

Ms. Monica Swihart

NC DEHNR

Division of Environmental Management
Archdale Building

512 North Salisbury Street
Raleigh, North Carolina 27611-7687

RE: NPDES Permit Modification for Proposed Cape Hatteras
Water Plant Expansion Discharge - NPDES #NC0033103
HUA No. DR9502

Dear Ms. Swihart:

Enclosed please find eight (8) copies of an environmental assessment to support a request for
modification of an existing NPDES permit held by the Cape Hatteras Water Association in
conjunction with their water treatment plant. It is proposed that the water treatment plant be
expanded from 1.5 mgd to 3.0 mgd. It is further proposed that the existing surficial aquifer raw
water supply be supplemented by brackish water from another aquifer. This brackish water will
undergo reverse osmosis and be blended with the existing treated water source. The discharge
from the reverse osmosis process will have a flow of approximately 1.8 mgd and will contain
salt.

Please review this document and furnish your comments at the earliest practical date. Feel free
to contact me at my office if you have questions or need further information. Thank vou very
much for your consideration.

Sincerely,
HOBBS, UPCHURCH & ASSOCIATES, P.A.

2o

Ron Huff, P.E.

cc: Terry Wheeler, County Manager, Dare County

Bob Oreskovich, Director, Dare County Water Department
Jim Coleman, Cape Hatteras Water Association

Squthem Pines, NC . Telephone 910-692-5616 . Fax 910-692-7342
Winston-Salem, NC . Telephone 910-759-3009 . Fax 910-759-7590
Myrtle Beach, SC . Telephone 803-626-1910 . Fax 803-626-1745
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ENVIRONMENTAL ASSESSMENT
FOR
EXPANSION OF CAPE HATTERAS WATER ASSOCIATION

TREATMENT CAPACITY TO 3 MGD

L OVERVIEW

The Cape Hatteras Water Association (CHWA) presently supplies potable water to the
communities of Avon, Buxton, Hatteras and Frisco all of which are located on the southern
portion of Hatteras Island. Figure 1 on the following page shows the island and communities
served. The current peak water usage for these communities is approximately 1.2 million gallons
per day (mgd) requiring an aquifer withdrawal of 1.4 mgd. The water supply is presently derived
from 44 relatively shallow wells which draw their groundwater from the upper Buxton Woods
aquifer which is recharged by rainwater which falls on the island. The present treatment plant
and wells are operating near the limits of their capacity and a moratorium on the sale of new
water connections has been imposed. Approximately 2,000 water impact fees were sold in 1985
in anticipation of a capacity upgrade from 1.0 to 2.0 mgd. Capacity was increased to only 1.5
mgd. Approximately 800 of the impact fees have not been activated. Plans for further expansion
were stopped when permits to add more new wells in the aquifer were denied. Only excellent
conservation has allowed the system to continue to adequately serve existing customers.

Although the current water supply is difficult to treat, CHWA has attempted to expand its current
production by the location of additional shallow wells on the island. These attempts have been
blocked due to environmental concerns. Extensive groundwater exploration has taken place in
an effort to find additional sources of treatable water. It is anticipated that approximately 3 mgd
of potable water will be required by the year 2020. Groundwater explorations have discovered
an adequate source of salty water in the deeper Yorktown aquifer. The present proposal is to
blend water obtained from a lower portion of the Buxton Woods aquifer with the treated salty
(brackish) water from the Yorktown aquifer to obtain an adequate supply of potable water until

the year 2020.

II. EXISTING ENVIRONMENT

Topography

Elevations on the southern portion of Hatteras Island vary from sea level to approximatély 60
feet above mean sea level (msl) at the top of the dunes. Most of the dunes have elevations of
approximately 40 feet. The majority of land on this portion of the island has elevations from




Figure 1







5 to 10 feet above msl. Because of the lack of topographic relief, a large portion of the land
mass has been ditched and drained in the past to produce habitable areas. Much of the
habitable area is below the 100 year flood elevation. The island has experienced extensive
flooding in recent years from hurricane activity. Figure 3 on page 5 shows the topography of
the area.

Wetlands

Wetlands are abundant on the island including many salt water areas on the north coast of the
sound. The south and east coasts of the island are dominated by the Cape Hatteras National
Seashore but contain areas of salt marsh. There are many fresh water wetland areas on the
inland portions of the island. A portion of the land currently owned by CHWA which is
slated for construction of the proposed water treatment plant consists of wetlands. The
project will be planned and constructed for minimal impact to wetland areas. Figure 2 on the
following page shows the CHWA land where the proposed plant will be built. Wetlands are
shown on the map.

Land Use

The current land uses on the southern portion of Hatteras Island are residential, commercial,
and recreational. Both permanent and transient residents enjoy the recreational benefits of
the area. The Cape Hatteras National Seashore dominates the southern portion of the area
and includes the famous Cape Hatteras lighthouse. It is anticipated that future land use will
be similar. It is unlikely that any significant industry will locate in this area.

Groundwater

Extensive hydrogeologic analysis has been performed on the area’s groundwater. The
present potable water supply is derived from the upper Buxton Woods aquifer. There are
currently 44 wells ranging in depth from 40 to 50 feet which are spaced approximately 250
feet apart. The water is hard and contains iron and organic carbon. There is a considerable
amount of color to this water. Treatment required to produce potable water from this source
is expensive. Further exploration of the Buxton Woods aquifer has identified a deeper or
lower permeable zone ranging in depth from approximately 60 to 75 feet. Initial
groundwater extracted from this lower zone is of better quality than that currently extracted
from the upper zone. Current plans are to replace the 44 upper zone wells which have served
their projected life expectancy with approximately 22 new lower zone wells which will have
a combined yield of approximately 2,160,000 gallons per day (gpd). The estimated
continuous safe aquifer yield is approximately 700,000 gpd. This configuration could
support peak treated water demands of approximately 1,700,000 gpd for continuous periods
of approximately 90 days with an annual average daily use of approximately 595,000 gpd.

The existing and proposed Buxton Woods aquifer well field is referred to as the Frisco well
field. Information presented here regarding this aquifer has been derived from the report by
Ralph C. Heath, Consulting Hydrogeologist, “Report Related to Modification of the Frisco




Figure 2
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CONSULTING ENGINEERS
SOUTHERN PINES, NORTH CAROLINA 28387

FIGURE 3
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Well Field of the Cape Hatteras Water Association” (See Appendix B). It is further reported
that the quality of the water from the lower zone will diminish over time but should always
be superior to the water currently withdrawn from the upper aquifer zone.

Additional exploration has identified a source of brackish water which can be withdrawn at
approximately 4 mgd from the limestone Yorktown aquifer at depths of approximately 250
feet. Three test wells have been constructed into this aquifer. Although the chlorides vary in
these wells, the water is economically treatable by reverse osmosis (RO). Initial chloride
levels from this upper zone of the Yorktown aquifer range from 3,800 to 8,750 milligrams
per liter (mg/l). It is anticipated that these levels will change over time. The proposed
treatment scheme takes these anticipated changes into account.

Surface Water

Most surface waters on the lower portion of Hatteras Island are the results of man. The
island has been ditched to lower groundwater levels in order to make the island habitable.
Several large borrow pits used for construction in the past are now lakes. Withdrawals from
these bodies of water would depend on the Buxton Woods aquifer for recharge and would
offer no new water source. There is no adequate source of surface water for drinking

purposes.

Air Quality

There is no air monitoring station near the project area. Air monitoring stations exist at
Plymouth, Roanoke Rapids and Elizabeth City. The air quality of the area is free of
industrial pollution and is very good. Air stagnation is uncommon due to persistent breezes.
Appendix A contains air monitoring data from nearby stations.

Noise

Noise is not currently a problem on the island. The proposed project should have no impact
on noise with the exception of temporary construction noise.

Historical and Archaeological Concern

The State historical officer has been informed of the proposed project. As of this date, there
are no known historical/archaeological sites which will be impacted by the proposed project.

Wildlife and Endangered Species

The proposed water treatment facility will produce two discharges which could be discharged
either separately or together. The discharge from the conventional treatment of the Buxton
Woods aquifer water will be very similar in character and volume to that which is currently
discharged. The discharge from the proposed RO process will contain high levels of salt
along with many other constituents and will eventually be approximately 1.8 mgd in volume.




The discharge point for this concentrate water will be located so as to minimize or eliminate
any negative effects on aquatic organisms in the receiving waters. It is anticipated that the
discharge from the conventional treatment system will continue to be discharged into Peter’s
Ditch per existing NPDES permit. No other wildlife or endangered species should be
impacted by the project.

III. NEED

On peak flow days, the existing CHWA facility operates at effective full capacity. The area
served by this Association is under a moratorium preventing the acceptance of new water
customers due to lack of capacity. Approximately 800 connection impact fees have been sold by
the Association for which there is inadequate water. Water conservation is encouraged by the
Association and is enforced by a rate structure which places a premium cost on large water users.

A water supply plan has been formulated for the area. Table 1 shows the projected future
population and water demand as published in the water supply plan.

TABLE 1

Future Population and Water Demand
(In millions of gallons per day)

Year Population Residential Use Indus/Comm Avg Daily Use Peak Day
1992 6,900 415 283 0.698 1.310
2000 9,000 .585 351 0.936 2.000
2010 11,000 715 492 1.207 2.500
2020 12,000 780 .700 1.480 3.000

Projections from approved water supply plan.

It is projected that the peak day demand for the year 2020 will be 3 mgd. For this reason, the
proposed well fields and treatment facilities are sized for an ultimate potable water output of 3

mgd.

In an attempt to obtain additional water for treatment, the addition of nine new wells to
supplement the additional Frisco well field was proposed. Environmentalists were concerned
that additional depletion of the upper Buxton Woods aquifer would result in damage to valuable
plant life on the island. Although the original premise was discounted in court proceedings,
CHWA was denied permission to locate additional wells as needed. The Court of Appeals found
that these wells were not a permitted use of the public lands on which the wells were proposed.
This has effectively limited the amount of withdrawal from the upper Buxton Woods aquifer to
little more than the present amount.




Wastewater disposal on the island is currently managed through the use of individual septic tanks
and drain fields. There is considerable concern over the potential contamination of private well
in the Buxton Woods aquifer by septic tank drain fields. Because of careful placing and
protection, CHWA wells are not threatened. These concerns have been documented by health
officials in the past. Additional development will occur on the island with or without the
proposed project. With or without the project, there will be additional septic tanks, additional
private wells and increased potential for groundwater contamination of private wells.

The economy of the area is dependent on tourism. Without additional drinking water there can
be no additional commercial development. The local population desires that the economy be
allowed to grow and not remain stagnate.

IV. ALTERNATIVES

Several alternatives have been considered with respect to the current dilemma. The alternatives
are as follows:

A. Do Nothing

The current water supply is not capable of allowing the collection of new impact fees.
Without an additional public water supply, some additional development will occur but
will be dependent on the use of private wells and the activation of taps where impact
fees have already been collected. More private wells will increase the migration of
groundwater and increase the potential for contamination of private wells from existing
and additional septic systems. Other areas of the island currently have severe problems
with the quality of water pumped from private wells. Many must resort to the use of
bottled water for consumption. Without an acceptable public water supply, this trend is
likely to continue and worsen.

The “do nothing” alternative is not deemed acceptable by the residents of the area.
B. Expand Current Well Field and Treatment System

As briefly explained in previous portions of this document, this alternative has already
been pursued. CHWA requested permits for nine additional wells to augment the
existing water supply from the Buxton Woods aquifer. These proposed nine wells,
while helpful, would not have been adequate to supply the projected needs of the area
to the year 2020. The proposed wells were to be on public lands in the Buxton Woods
area of the island. In spite of the finding that these additional wells would cause no
foreseeable damage to important island vegetation, the Court of Appeals ruled that
these wells were not an acceptable use of public lands.

Additional exploration of the currently used Buxton Woods aquifer has been
performed. This exploration has revealed a deeper permeable zone ranging in depth
from approximately 60 to 75 feet below ground level. Water drawn from test wells has




proven to be of better quality and yield than the existing 44 wells. While the
installation of approximately 22 lower permeable zone wells to replace the old existing
wells can effectively increase the well field yield from a present peak of 1,800,000 gpd
to 2,160,000 gpd, this still would not be adequate for future use. The estimated
constant safe yield of the aquifer is 700,000 gpd. It is estimated that an additional safe
yield of 200,000 gpd could be achieved by restricting flow from drainage ditches.

Although this alternative has been pursued to increase current water production, it does
not present a long-term solution to the potable water demands of the area.

C. Provide a Blend of Conventionally Treated and Desalinated Water from Two
Separate Aquifers

While the available water from the currently used Buxton Woods Aquifer is expensive
to treat and inadequate for long range supply needs, it can be successfully blended with
desalinated water obtained from the limestone Yorktown aquifer at depths of
approximately 250 feet below ground level. Figure 4 on the following page is a
schematic of the proposed water supply and treatment system. Results of test wells in
the Yorktown aquifer show that while this aquifer can yield up to 4 mgd of flow, it
alone is also inadequate for all future needs because of the intensity of treatment which
would be required to produce 3 million gallons per day of potable water from this
source. Although each individual source is inadequate, a blend of water treated from
both sources should supply an excellent and adequate water supply until the year 2020.
The blend of desalted water from the Yorktown aquifer and treated water from the
Buxton Woods aquifer will be controlled by characteristics of the blend. It is
anticipated that water quality from both aquifers will deteriorate somewhat over time
requiring that the initial blend be different from the future blend. Deterioration of the
aquifers has been projected by hydrogeologists who are thoroughly familiar with
groundwater resources of the area. These projections are conservative and should
represent a worst case scenario in terms of withdrawal, treatment and discharge from
the treatment process. Appendix B contains reports from Ralph Heath on the Buxton
aquifer, Missimer and Associates on the Yorktown aquifer and Boyle Engineering on
the blending and treatment of the sources from both aquifers.

The proposed treatment system will be a combination of two treatments for two
separate groundwater sources. It is anticipated that treatment of the Buxton Woods
aquifer water will be either manganese greensand filtration, ion exchange, or a
combination of the two. Treatment of the brackish water from the deeper Yorktown
aquifer will be accomplished by RO. A blended product of less than 500 mg/l1 TDS
with hardness and alkalinity of approximately 100 mg/l each should be available from
the treatment process.

This alternative appears to be feasible from both a technical and economic standpoint.
The fact that neither source of groundwater on its own is as good as a combination of
sources makes this the preferred alternative for meeting the potable water demands of
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the area through the year 2020. Figure 5 on page 11 shows projected locations of
elements of the proposed project.

V. ENVIRONMENTAL IMPACTS OF PREFERRED ALTERNATIVE

A. Change in Land Use

The proposed project will facilitate additional development on Hatteras Island. It is not
anticipated that the nature of the development will be altered. Most new development
should be residential and commercial in nature. Small areas of currently platted land
will be claimed by this development resulting in a small loss of low grade wildlife
habitat.

B. Wetlands

Lands needed for construction of the proposed project will be for construction of the
water treatment facility and for the installation of raw water wells. It is currently
anticipated that the water treatment plant will be built on high ground presently owned
by the CHWA. Two CHWA owned sites were originally evaluated for the plant site.
These were the Foster Tract and a track adjacent to the existing plant. An extensive
investigation of both tracts by consulting biologists, J.H. Carter III and Associates,
resulted in the recommendation that the proposed plant be built on the tract adjacent to
the existing plant (See Carter Report Appendix C). While this property contains
wetlands, no disturbance of these wetlands is planned. Figure 2 shows the proposed
plant site.

It is anticipated that approximately seven wells will eventually be needed to draw water
from the Yorktown aquifer. The report by Boyle Engineering suggests that these wells
should be located adjacent to Hwy 12. A preliminary survey of lands bordering the
highway show sufficient available land of nonwetland character to allow for the
eventual placement of these wells outside of any wetland areas.

The proposed project should result in no damage to wetlands.
C. Prime or Uni ricultural Lands
There are no prime or unique agricultural lands associated with the proposed project.

D. Public Lands

A large portion of Hatteras Island in the immediate project area is contained in the Cape
Hatteras National Seashore. The proposed use of public lands in this area for the
location of additional Buxton Woods aquifer wells has been denied by court action.

The proposed project will not directly impact public lands in the area.
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Additional development of the area induced by adequate water supplies from the
proposed project will likely result in additional use of these public lands.

Scenic and Recreational Areas

The economy of the area is based largely on scenic and recreational aspects of the
island. The proposed project will not directly impact any areas which would be
particularly scenic or which are currently used for recreational purposes. Lands used
for construction of the proposed project are either currently owned by CHWA and are
located adjacent to the existing water treatment plant or are wooded areas adjacent to
Hwy 12.

No scenic or recreational areas should be negatively impacted by the proposed project.
reas of Arch ical or Historical Value

There are no known areas of archaeological or historical value which will be directly
impacted by the proposed project. There have been no concerns of an archaeological or

historic nature raised in spite of a scoping letter which has been circulated through the
North Carolina Clearinghouse.

Air Quali

Air quality data as gathered from the nearest air monitoring stations is included in
Appendix A to this report. There are no known air quality problems in the area. Other
than temporary fumes from construction equipment during the construction phase, there
should be no negative impacts on air quality as a result of the project. Traffic in the
area should increase with additional development, however, it is not foreseen that this
will create air quality problems of any significance.

Groundwater Quality

The proposed project will rely on extraction of groundwater from both the shallow
Buxton Woods surficial aquifer and the deeper brackish Yorktown aquifer. The Buxton
Woods aquifer is recharged by rainwater falling on the island. The Yorktown aquifer
receives its recharge from mainland rainfall as well as the intersection of the aquifer
with the sound. The mixing of these two sources results in the brackish water
withdrawn from recent test wells. The quality of groundwater from the upper Buxton
Woods aquifer is not as good as that from the lower zone of the aquifer. This has been
verified in recent test well explorations (see Heath report in Appendix B). It is
anticipated that impurities found in the upper zone will gradually be drawn downward
into the lower zone. Lower zone quality should remain superior because of additional
sand filtration. There should be no effect on private water wells because of the great
distance to the wells.

13
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The proposed project should reduce the need for utilization of groundwater of
questionable quality for potable use by increasing the availability of a safe potable
drinking water source.

Additional development on the island as induced by the proposed project will likely
result in additional septic tank systems. Unless carefully designed, these might result in
some deterioration of groundwater qualities in private wells if leaching occurs. There
will be no impact on CHWA wells.

Noise Levels

Other than the temporary noise of construction machinery, no significant adverse noise
should emanate from the proposed facilities. Some noise will be associated with the
proposed wells and treatment facilities, however, these should be minimal.

Water Supplies

The proposed project will greatly increase the supply of safe potable drinking water to
the residents of the area. Withdrawal from both aquifers will be managed so that
supplies will not be reduced.

Shellfish or Fish and Their Habitats

The proposed project will consist of two separate methods of water treatment, each of
which will produce a waste stream which will be discharged into surface or sound
waters by permit obtained by the NC Division of Environmental Management. The
improper handling of these discharges represents a potential negative environmental
impact of the proposed project. The proper permitting and management of the
discharges should result in little if any negative environmental impact.

The current water treatment system treats water withdrawn from the upper portion of
the Buxton Woods aquifer. This water undergoes conventional treatment processes and
produces a discharge into an area of Peter’s Ditch adjacent to the water treatment plant.
The proposed treatment system will have a similar discharge from the treatment of
water also withdrawn from the Buxton Woods aquifer. It is anticipated that initial
quality of the proposed raw water will be better than that currently treated. The quality
of this water withdrawn should always be superior to that currently treated because of
additional ground filtration. The net effect should be that discharge water from the
treatment of the Buxton Woods aquifer water should be equal to or better in quality and
equal to or less in quantity than the current discharge into Peter’s Ditch. No new
impacts are foreseen.

Of more concern is the discharge of concentrate from the RO treatment of water
withdrawn from the Yorktown aquifer. RO effectively concentrates most constituents
in raw water including dissolved solids into a portion of the raw water which is
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discharged from the treatment process as concentrate. The permeate from the process is
water that has been forced by pressure through special membranes and effectively
filtered of most impurities. While the permeate (treated water) is exceptionally clean,
the discharge or concentrate contains most of the impurities of the raw water. The
discharged concentrate will contain more salt than the raw water.

With the production of 3 mgd of potable water from the proposed facility,
approximately 1.8 mgd of concentrate from the RO process will be discharged. Table 2
presents a projection of the quality of this discharge based on present and future
projected quality of test well water. This quality should present a worst case scenario
of discharge water.

It is currently anticipated that the discharges from both processes will be regulated
under a modification of the existing NPDES permit. The proposed location of the
discharge is the current discharge point into Peter’s Ditch. (Figure 5 on page 11)

Peter’s Ditch was constructed as a drainage ditch in the past. It was widened in the area
of the existing treatment plant as dirt was extracted to fill adjacent areas to create
buildable property. The widened portion of the ditch received alum sludge from a
previous treatment process for many years and currently holds a large quantity of this
sludge. Beyond Hwy 12, the ditch once again narrows and winds to its ultimate
discharge into the sound. The interaction of the tides cause water to flow both in and
out of Peter’s Ditch. The nature of water quality and identification of aquatic species in
Peter’s Ditch at the proposed point of discharge have not been fully determined.

Comments from the regional office of the Division of Environmental Management
express concern over discharge of the salty concentrate into the widened area of Peter’s
Ditch. There is concern over the amount of dilution which the discharge would
encounter at this point and the possible toxicity of the discharge to aquatic organisms.

Alternative points of discharge of the RO concentrate are being considered in the area
of Brook’s Creek and Brigand Bay (Figure 5). Waters in the canals and the creek itself
contain high levels of salt. This water is believed to have chlorides of approximately
12,000 mg/l and should not suffer from the discharge of the salty RO concentrate. Two
possible points of discharge are one of the canals in Brigand Bay and at King’s Point
near the mouth of Brook’s Bay. Discharge into a canal could serve to flush out the
canal and Brook’s Bay and improve overall water quality. The greatest degree of
dilution and mixing might occur at King’s Point where a deeper channel and more
direct tidal action could be beneficial.

Considerable additional cost of approximately $75,000 would be incurred to discharge
into a canal at Brigand Bay. Discharge at King’s Point could cost an additional
$150,000. It should be proven that the environment will benefit sufficiently before
additional funds are expended to relocate the discharge from Peter’s Ditch.
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TABLE 2
PROJECTED DISCHARGE

FROM REVERSE OSMOSIS PROCESS
(3 MGD Total Production)

DISCHARGE FLOW =1.8 MGD

Concentration

Constituent (mg/l)
Ca 526.00
Mg 1143.60
Na 8529.00
K : 301.00
NH4 0.00
Ba 0.00
Sr 17.80
CO; .60
HCO,3 512.00
SO, 1568.00
Cl 16363.30
F 1.56
NO; 0.42
Total Alkalinity (CaCOs) 384.00
Total Hardness (CaCO;) 5900.00
Calcium Hardness (CaCO;) 1704.00
Mg (CaCO5) 4196.00
Ca (CaCO0,) 682.00
Color 0.00
Silica (SiO,) 39.40
Iron 29
Cu .06
Mn 0.24
PO, 0.528
Zn 0.34
Pb 0.00
Turbidity (NTU) 0.46
TDS 29000.00
SO, 1335.00
Sulfide 0.00
pH 7.74
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There are oyster beds located east of King’s Point and Brigand Bay. We know of no
negative potential impact to these shellfish waters at either of the potential RO
discharge points. This is more fully discussed in the report of Dr. J.H. Carter III as
included in Appendix C.

Wildlife and Their Habitats

It is not anticipated that the proposed project will directly affect wildlife on the island.
Construction sites will be located where impacts are minimum. No wetlands will be
disturbed. There will be a small loss of forested area. Much of this forest is currently
dying from the effects of Hurricane Emily. The Carter report as included in Appendix
C discusses the local population of wildlife in more detail.

Introduction of Toxic Substances

The toxicity of a substance is relative to the organisms subjected to that substance.
Dissolved salt in pure water is toxic to fresh water aquatic species above certain
concentrations. Of concern is the discharge from the RO treatment process. This
discharge will be high in dissolved salt and will be approximately 1.8 mgd in volume.
Without considerable dilution, this discharge would be toxic to Ceriodaphnia dubia, the
organism commonly used to judge the toxicity of discharges to fresh water aquatic
organisms. As there has been no quantification of fresh water flows through Peter’s
Ditch, there is presently no data to determine the projected resultant salt concentration
of the RO discharge as diluted in Peter’s Ditch. In the report “Study of Peter’s Ditch
and Pamlico Sound” prepared by HydroScience in April, 1995, it was stated that a
review of water quality data indicated that pH, salinity, and specific conductivity levels
in the widened portion of Peter’s Ditch were similar to background levels collected
from Peter’s Ditch upstream of this area. These background levels of salinity were
reported to range from 0.5 to 1 percent. If the discharge is subjected to toxicity testing
using the fresh water organism Ceriodaphnia dubia, there may be little tolerance for
additional salt beyond background levels of Peter’s Ditch. A great deal of dilution of
1.8 mgd of this RO discharge would be required to keep conductivity levels in the
acceptable 1800 to 2000 umbhos range for Ceriodaphnia dubia. A current estimate of
RO discharge conductivity is 58,000 umho. The concentration of chlorides in the
Pamlico Sound near Buxton was measured at 11,750 mg/1, with the total dissolved
solids being 17,950 mg/l. Estimated dissolved solids of the RO discharge are 29,000
mg/l. From this comparison it is evident that the discharge from the RO process will
have a higher salt content than the Pamlico Sound to which it will ultimately discharge.

Table 2 presents a projection of the makeup of the RO discharge water. Since the
Yorktown aquifer groundwater is composed of a mixture of rainwater and water from
the sound, it seems unlikely that these constituents although concentrated will have a
toxic effect on marine organisms. Toxicity screening is currently being planned for the
proposed discharge.

17




- S s g WS Gy AT am =

N. Eutrophication of Receiving Waters

The discharge of waters from the proposed water treatment plant should have no
detrimental effect on the eutrophication of receiving waters.

VI. MITIGATIVE MEASURES

In order to minimize adverse environmental impacts, facilities for the proposed project will be
built in areas that have diminimus impacts to wetlands, wildlife habitats and aesthetics.
Discharges from the water treatment process will be located so that detriment to water quality
and aquatic organisms is eliminated or at levels judged to be acceptable by NCDEM.

During construction, negative impacts will be mitigated by the use of proper erosion and siltation
control measures. Construction machinery will be properly maintained to prevent excessive
noise, pollution and spills of petroleum products.

The withdrawal of groundwater from both the Buxton Woods and Yorktown aquifers will be
managed to prevent degradation of these water supplies. In addition, the balance of treatment
techniques and blend water has been designed to minimize the use of energy needed for the
treatment processes within limits imposed by the requirement to produce adequate volumes of
safe potable drinking water.
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L AMBIENT AIR QUALITY STANDARDS

Ambient air quality progress is determiried by
measuring ambient pollutant concentrations and
comparing the measured concentrations |to the
corresponding standard.  The "ambient |air" is
defined by the Environmental Protection Agency
(EPA) as “that portion of the atmosphere, external
to buildings, to which the general public has ac-
cess." The ambient air quality standards are das-
sified as primary standards, secopdary
standards, or both. The primary standards were
established allowing an adequate margin of
safety for protection of public health. ndary
standards were established with an adequate
margin of safety to protect the public are
from adverse effects associated with pollutants in
the ambient air. In protecting public w , air
pollution effects on the following are consjdered:

soils, water, crops, vegetation, man-made
materials, animals, wildlife, weather, visibility,
dimate, property, transportation, economy, per-
sonal comfort, and well-being. The sdentific
ariteria upon which the standards are based are
periodically reviewed by EPA and the standards
are re-established or changed based upon the
findings. An "exceedance” is defined as a meas-
urement that is greater than the ambient air
quality standard for a spedfic averaging time.

The national primary and secondary standards
and the North Carolina amnbient air quality
standards are summarized in Table I. Brief
descriptions of air pollutants for which ambient

" air quality standards exist are included in Section
- [ of this report.

TABLE I: Summary Of National And N.C. Ambient Air Quality Standards

POLLUTANT TIME OF AVG. XTIAT. PRIM. STD NAT. SEC.STD N.C §5TD

TSP® Ann. Geo. Mean J?S ug/ o None 75 ng/ m®
24 How® 60 pg/ m> 150 pg/ ;:\_3' 150 pg/ m®

!

PM-10 Ann. Arith. Mean * 50 ug/ma' Same as prim.” 50 ug/m&

24 Hour ** 50 pg/m> Same as prim.* . 150 pg/m>*
!

SOz Ann, Arith. Mean 80 ug/ m’ None 80 pug/ m:“3
24 Hour? 65 pg/m’ None 365 ug/ m
3Hour? one 1300 |.Lg/rn3 1300 pg/m’

i :
NO2 Ann. Arith. Mean .|b53 ppm "Same as prim. 053 ppm
co 8 Hour® E ppm None 9 ppm
: 1 Hour® #5 ppm None 35 ppm

O 1 Hour ¢ f.lz ppm Same as prim. 0.12 ppm

Po Quarterly :

Arith. Mean ® \15 ;.Lg/m3 Same as prim. 15 pg/m3

Matter-10 micrometer, aerodynamic diameter, (PM-10) standards on 7-31-87 by EPA. The North

a. The National Total Suspended PnrticuhEt: (TSP) standards were replaced by National Particulate

Carolina PM-10 standard is effective Julyy 1, 1988.

b. Not to be exceeded more than once per ear.

. Not to be exceeded on more than an average of one day Yer year.

(Four days with an exceedance at a site in three years or

}lg/l:n: - micograms per cubic meter of alr

ess is a violation.)

microgram - one miltionth of a gram, where 454 grams = 1 pound

Ppm - parts per million
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REPORT RELATED TO MODIFICATION
OF THE FRISCO WELLFIELD OF THE
CAPE HATTERAS WATER ASSOCIATION

Prepared by

Ralph C. Heath
Consulting Hydrogeologist
Introduction

It became apparent in 1988 that the yield of the Cape Hatteras Water Association's Frisco
wellfield was not sufficient to meet the water needs of the Association's service area. Efforts begun
at that time to develop a second wellfield to the east, in the area referred to as Buxton Woods, were
unsuccessful. However, test wells constructed in 1990 in the proposed Buxton Woods wellfield
area showed the presence of a moderately permeable zone between depths of about 60 and 70 ft.

Test wells constructed at the same time along Waterplant Road showed the occurrence of a
moderately permeable zone between depths of about 50 and 75 f& in Test Wellb No. 6, at the
waterplant, and about 49 to 54 ft in Test Well No. 7, about 800 ft to the south. This zone will be
referred to in this report as the deeper (or lower) permeable zone of the Buxton Woods aquifer.

In the summer of 1994, Supply Well No. 3 at the west end of the Frisco wellfield was
redrilled and screened in the permeable zone discussed above, between depths of about 60 and 70
fi. The water produced by the "New" Well No. 3 was of such excellent quality that immediate
consideration was given to replacing all of the wells in the Frisco wellfield with wells screened in

the deeper permeable zone.

In the meantime, in April 1995, construction was started on test wells to determine the
yield and water quality of permeable zones between depths of about 200 and 600 f to evaluate the
feasibility of developing an additional water supply using reverse-osmosis (RO) technology to
remove dissolved salts from brackish water. The results of this testing program are contained in
reports by Missimer International, Fort Myers, FL, and Boyle Engineering Corp., Santa Rosa, CA,
and will be referred to in this report only to the extent that they may apply to the proposed changes

in the Frisco wellfield.
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water-quality characteristics require that the water be subjected to a complex and expensive
treatment process. Table 1 contains a partial chemical analysis of the raw water from the existing

Frisco wellfield.

Table 1 also contains a partial analysis of water from the deeper zone now penetrated by
Well No. 3. Note, especially, the values of color, total organic carbon, iron, and manganese. If
water of this quality can be obtained from the lower permeable zone of the Buxton Woods aquifer,
it will greatly simplify the treatment process.

The major uncertainty regarding the wisdom of screening the Frisco supply wells in the
lower part of the Buxton Woods aquifer concerns the possibility of the deeper wells causing an
upconing of salty water along the line of the wellfield. This concern is discussed in the 4th
paragraph of the October 17 letter and is discussed in greater detail in the following section.

Saltwater Encroachment and the Frisco Wellfield

Freshwater on oceanic islands, such as Hatteras, occurs as a lens floating on denser
(heavier) brackish or salty water. The freshwater-saltwater relationship in the Cape Hatteras
area and the data available at that time on the chloride content of the ground water were discussed
in some detail on pages 48-56 of my 1988 report. A copy of these pages are included in Appendix
No. 4 at the back of this report. |

The discussion in Appendix No. 4 deals with the effect of withdrawals from the Frisco
wellfield on the freshwater-saltwater conditions. As was noted, the withdrawals were expected to
result in both a lateral (landward) movement of the saltwater front in the Buxton Woods aquifer
and an "upconing” of saltwater in the sediments beneath the aquifer.

In an effort to determine the lateral position of the freshwater-saltwater front in the Buxton
Woods aquifer, between the wellfield and Pamlico Sound, two test wells were drilled along
Waterplant Road in 1990. The results obtained, which are contained in my 1990 outpost
observation-well report, suggested that the leading edge of the freshwater-saltwater interface was a
few hundred feet south of the waterplant. See Appendix No. 5 which is a copy of a sketch

contained in the outpost observation-well report.

Before discussing upconing of salty water beneath the wellfield, it is desirable to first

discuss the vertical position of aquifers and confining beds. Table 2 contains data on the depth to
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aquifers and confining beds, a description of their composition, and the chloride content of
water samples from some of the units. The depths in the table have been rounded to the nearest 5
fi because they were derived from different wells and because the depth to the units is different in

different parts of the area.

Table 2 shows that the Buxton Woods aquifer can be divided into 3 zones; (1) an upper
permeable zone, in which the present Frisco wells are screened, (2) a low-permeability zone
between depths of about 45 and 55 ft, and (3) a lower permeable zone between depths of about 55
and 80 ft. The low-permeability layer between 45 and 55 ft is not a true confining layer but
appears to be sufficiently impermeable as to have a beneficial effect on water quality because
water in the lower zone, in areas not affected by the Frisco wellfield, has a lower iron and,

presumably, a lower organic carbon content than water in the upper zone.

From the base of the Buxton Woods aquifer, at a depth of about 80 ft, to the top of the
limestone aquifer at a depth of about 245 fi, I have identified several confining beds and confined
aquifers, as shown in Table 2. These identifications are based largely on the electric and gamma-
ray logs from test wells at the research site in Buxton Woods and from Well RO TW#1. These
identifications are somewhat subjective (tentative?) because there are no really prominent
deflections in the logs in this section. In other words, the logs indicate a complex alternation of
very fine-grained layers (clay & silt) with coarser-grained layers of fine to coarse-grained sand and
shells. Importantly, in this section there do not appear to be either prominent aquifers or confining
beds.

Relatively little data were available in 1988 regarding the chloride content of the water in
the sediments below the Buxton Woods aquifer. The data that were available suggested that the
chloride content of water in the thin confined aquifer screened in Well 21E at a depth of about 120
ft was 200 mg/l. (See page 52 in Appendix No. 4) (References to page numbers in the
Appendices are to the page numbers in the source report and not to the page numbers in this
report.) Data from a test well drilled in the Buxton maintenance area of the National Park Service
also indicated that the chloride content was about 1900 mg/1 at a depth of about 200 ft.

The most valuable data regarding the quality of the ground water in the deeper aquifers at
Cape Hatteras were obtained from the test wells that were constructed during the summer of 1995
to locate a suitable source of brackish water for a reverse-osmosis plant. The well designated as
RO-TW #1 was constructed on the east side of Waterplant Road about 25 ft north of Peters Ditch
and Well RO-TW #2 was constructed midway between supply wells 19A and 20 in the Frisco




Table 2.--Notable Hydrogeologic Units and Chloride Content of Ground Water in the Cape
Hatteras Area.

Depth (fect) Description Chloride content (mg/l)
045 Buxton Woods aquifer (upper permeable zone)- S0
interbedded fine to very coarse sand
45-55 Buxton Woods aquifer (low permeability layer)-
interbedded silt & very fine to medium sand
55-80 Buxton Woods aquifer (lower permeable zone)- 35 (New well #3)
interbedded fine to very coarse sand
80-115 | Confining bed - interbedded clay, silt & very fine to 80 (Buxton Woods TW#1)
medium sand
115-130 Confined aquifer - very fine to medium sand 80 (Buxton Woods TW#1)
200 (Frisco well 21 E)
130-170 Confining bed - clay with some fine sand & shell
170-220 Interbedded permeable & impermeable layers (?) —— 1900 (Test well in NPS
tentative identification from electric and gamma-ray Buxton maintenance arca)
logs of RO-TW#1
220-245 Confining bed - clay, sand, and shell
245-410 Limestone aquifer - 245-300 very permeable, 355-365 3800 (RO-TW#1)
clay-rich zone 8800 (RO-TW#2)
410-580 Confining bed - interbedded clay and sand
580-650 Sandstone aquifer - interbedded soft & hard layers 10,000 (RO-TW#1)
10,800 (RO-TW#2)
6
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wellfield. The chloride content of water samples from both of these wells from both the limestone

aquifer and the sandstone aquifer are shown in Table 2.

The chloride concentration of 3,800 mg/l in water from the limestone aquifer at a depth of
about 245 to 300 ft in Well RO-TW #1 seems to be consistent with the 1,900 mg/l found at a depth
of about 200 ft in the deep test well drilled in the Buxton maintenance area and, therefore, was not
unexpected. The chloride concentration of 8,800 mg/l of water from the limestone aquifer
penetrated in Well RO-TW #2, on the other hand, was not expected and raises an important

question relative to the Frisco wellfield.

The larger chloride concentration in Well RO-TW #2, compared to that in Well RO-TW
#1, is believed to be due to one of the following two causes. First, it may reflect the natural
increase in chloride content of the water in the limestone aquifer in the oceanward direction because
the ocean is presumably the original source of the water. Or, second, it may reflect an upconing of

salty water beneath the line of the Frisco wellfield.

The possibility of upconing resulting from withdrawals from the wellfield was recognized
and discussed in my 1988 report. (See Appendix No. 4.) Also, conclusion No. 6 on page vii and
recommendation No. 6 on page 113 of the 1988 report deals specifically with this subject. The
fact that upconing has been recognized as a potential problem as far back as the initial design of
the Frisco wellfield in 1967, makes it important to evaluate the chloride data from the RO test

wells in view of the proposed deepening of the Frisco wells.

The most striking aspect of the chloride data is the more that doubling of the concentration
in the limestone aquifer between wells RO-TW #1 and RO-TW #2. Because Well RO-TW #2 is in
the Frisco wellfield, where upconing has always been expected to occur, my first reaction on
learning of the data was that it indicated upconing. This conclusion was also consistent with the
fact that the 5,000 mg/l increase in chloride in the 3600 ft between wells RO-TW #1 and RO-TW
#2 was, for reasons whose explanations are beyond the scope of this report, much larger than
would have been expected to occur naturally in the limestone aquifer. The increase in chloride
concentration of 800 mg/l in the sandstone aquifer between wells RO-TW #1 and RO-TW #2 1s

more consistent with what would have been expected in the limestone aquifer.

The preceding paragraph deals with the factors that support the upconing theory. What
about factors that do not support it? Upconing, if it is occurring, is a result of the lowering of the

ground-water level in the Buxton Woods aquifer caused by the withdrawals. For upconing to
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occur, an upward hydraulic gradient would have to exist between the limestone aquifer and the
upper zone of the Buxton Woods aquifer. Because of the obviously small vertical hydraulic
conductivity of the confining beds between the Buxton Woods aquifer and the limestone aquifer, it
is difficult to believe that withdrawals from the Buxton Woods aquifer will cause even a detectable

lowering of the artesian pressure in the limestone aquifer.

Also, the Frisco wellfield is pumped intermittently so that the average annual water level in
the wellfield, based on the data collected along Transect No. 1 of the N.C. State University
research project, appears to be at least 2 to 3 ft above sea level. Compare this elevation with the
average annual elevation of the water table at well RO-TW #1 which is located only about 25 ft
from Peters Ditch in which the average annual water surface is probably only a fraction of a foot
above sea level. The average annual elevation of the water table at the position of well RO-TW #1

should be only slightly higher. Therefore, if lowering of the water table by the Frisco wellfield

causes upconing, one would expect Peters Ditch to also cause upconing. This possibility was in

fact recognized in Figure 21 of my 1988 report. (See page 56 of Appendix No. 4.)

Without belaboring the point further, it seems safe to conclude at this time that neither
the Frisco wellfield nor Peters Ditch have had any effect on the chloride content of the water
in either the limestone or the sandstone aquifers. This, however, does not completely rule out
all possibility of upconing of salty water beneath the wellfield. As is suggested by Table 2, all
of the water-bearing layers below a depth of about 130 ft appear to contain brackish water.
Withdrawals from the wellfield may have a significant effect on the water levels in the
uppermost of these layers and, therefore, result in some upconing. I do not believe, however,
that this problem is imminent enough at this time to affect decisions regarding deepening of

the supply wells in the wellfield.

Monitoring Saltwater Encroachment

In the 1988 report I recommended that water samples be collected annually from wells 3D,
21D, and 21E in order to determine if, and when, upconing of salty water occurs. In the outpost
observation-well report in 1990, I recommended that Test Wells 6 and 7 be sampled twice a year to
determine if salty water was moving laterally in the Buxton Woods aquifer toward the Frisco
wellfield.

Samples collected from wells 3D, 21D, TW 6, and TW 7 have not shown any progressive

increase in chloride content. Efforts to collect representative samples from well 21E have not been




successful, apparently because of collapse of the screen or casing. Furthermore, the upper part of
the well was damaged by mowing equipment about 1993 which has also hampered sampling
efforts.

Relative to the future, as plans to deepen the Frisco wells proceed it is important to
establish and operate a chloride sampling program in order to determine if and when any changes
occur in the lateral or vertical positions of the freshwater-saltwater front. New monitoring wells
needed as part of this program were discussed in my letter of November 23, 1994 (Appendix No.
2). However, as a result of the data recently obtained from the RO test wells, it is appropriate at

this time to modify the recommendations made in the November 23 letter.

Test well RO-TW #2, which is located between supply wells 19A and 20, is to be retained
as a monitoring well (Jim Coleman, oral communication, August 14, 1995). This well consists of
an outer 8-inch diameter PVC casing open to the limestone aquifer between depths of 246 and 400
ft and an inner 4-inch diameter steel casing open to the sandstone aquifer between depths of about
625 and 650 ft. Observations of both water-level fluctuations and changes in chloride content in
this well will be of great value if a wellfield for a reverse-osmosis plant is developed in the vicinity
of NC Highway 12.

Observation of both water-level fluctuations and changes in chloride content in the
limestone aquifer should also be made prior to construction of a reverse-osmosis wellfield in
order to confirm, if that is the case, that the Frisco wellfield does not have any effect on the

limestone aquifer. These observations should be started during the fall of 1995.

As noted in the preceding section, it is anticipated that any upconing of salty water caused
by the Frisco wellfield will occur in the sediments immediately below a depth of about 130 ft.
Therefore, it is recommended that a monitoring well 3-inches or so in diameter be constructed
within about 15 ft of well RO-TW #2. This well should be screened in the confined aquifer that is
expected to occur between about 115 and 130 ft. (See Table 2.) This well will, in effect, replace
well 21E.

This well should be equipped immediately with a water-level recording device to determine
if withdrawals from the Frisco wellfield have a detectable effect on the water level in the confined
aquifer. A sample of water should also be collected and analyzed for chloride content. If the
chloride content exceeds about 250 mg/l, a monthly sampling program should be instituted

immediately to determine if a progressive increase in chloride is occurring.




The new monitoring well discussed in the two preceding paragraphs should be the first

well constructed as a part of the modification program for the Frisco wellfield.

In addition to the monitoring discussed above, samples should continue to be collected
twice a year (in the spring and fall) from Test Wells 6 and 7. This sampling program will be
especially important because the deeper supply wells may result in an increase in the chloride

content of Test Well 6.
Proposed Modifications of the Frisco Wellfield

My letter dated October 17, 1994 (Appendix No.l) contains preliminary thoughts
regarding replacement of the original Frisco wells with supply wells screened in the lower
permeable zone of the Buxton Woods aquifer. The letters of November 23 and December 6, 1994
(Appendices No. 2 and 3) deal with the technical details of the replacement-well contract and well
design and testing. Because all of these letters are included in this report, the details they contain
will not be repeated in this report.

Because the new wells will be deeper, and thus have a larger available drawdown than the
original wells, it is anticipated that their average yield will be substantially larger than the original
wells. Therefore, it will be necessary to replace only the remaining 19 of the original 20 wells
(Well No.3 having already been replaced). This means that the replacement wells will be spaced
about 500 ft apart, in contrast to the 250 ft spacing that now exists from Well No. 7 to Well No.
22.

Both the lower permeable zone of the Buxton Woods aquifer and the overlying low-
permeability zone that separates it from the upper permeable zone appear, on the electric and
gamma-ray logs now available, to vary both in character and thickness and in their depths below
land surface. If the well driller selected to construct the supply wells is not experienced in this
area, these variations may pose a problem. It is essential that the screens be set in the most
permeable part of the lower zone and that neither the screen nor the gravel packs, if they are used,

be placed into or extend above the low permeability zone.

Because of the variations in the character, thickness, and position of the lower
permeable zone, it will probably be desirable to obtain at least an electrical-resistivity log, and

if possible a gamma-ray log, of the monitoring well drilled near Well RO-TW#2. If difficulty
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is encountered in identifying the low-permeability zone and the lower permeable zone in the

new supply wells, it may become necessary to require that these wells also be logged before the

depths for the screens and gravel packs are selected.

Relative to modification of the Frisco wellfield, the Association has recently acquired an
additional 900 ft of property east of the present wellfield property. Because supply wells cannot be
placed within 100 ft of a property boundary, this provides and additional 800 ft in which new wells
can be drilled. This distance is enough for two wells so that the modified wellfield, when
completed, will consist of a total of 22 wells.

Yield of the Modified Wellfield

The next topic that needs to be considered is the yield of the modified wellfield. The
analysis on which my letter of December 6, 1994, was based indicated that Supply Wells 3 through |
8 can be pumped at a rate of 50 gpm and all wells to the east - that is, Supply Wells 9 through 22,
plus the two new wells to be drilled on the new property, which I will refer to here as Supply Wells
27 and 28, can be pumped at a rate of 75 gpm. None of the information that has become available
since 1994 suggests that these pumping rates should be changed. Therefore, the yield of the Frisco

wellfield, with all supply wells screened in the lower permeable zone, should be as follows:

Wells 3 thru 8: 6 wells x 50 gpm = 300 gpm
Wells 9 thru 22 plus 27 and 28: 16 wells x 75 gpm = 1200 gpm
Total yield (all wells) = 1500 gpm = 2,160,000 gpd

It will be useful at this point to compare the total yield of the modified wellfield, of
2,160,000 gpd, with the wellfield as it now exists. The pumping rate of each of the wells was
measured in 1988 and the total yield of the field at that time, if it were operated continuously for 24
hours, was 1,369,449 gpd. (See table on page 83 of the 1988 report.) Beginning about 1990, the
Association began a program of replacing the 1/2 and 3/4 horsepower (HP) pumps on many of the
wells with 1 172 HP pumps. As a result, by 1992, the yield of the wellfield, with all wells on line,
was about 1,800,000 gpd. Thus, it is anticipated that the yield of the wellfield after the
modification is completed will be 20% larger (360,000 gpd) than the existing field from only half

as many wells.

Needless to say, it is not anticipated that the modified wellfield will ever be pumped at the

rate shown above, just as the existing field is never pumped at a rate of 1,800,000 gpd, because of
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the down time each day when filters are being back flushed and the chemical dispensers are being
replenished.

There is one final point that needs to be covered relative to the yield of the modified
wellfield and that is average annual daily yield. This is the term I use to refer to the long-term
“safe yield" of the part of the Buxton Woods aquifer that the wellfield draws from. It is the yield
of the aquifer, in contrast to the yield of the wellfield. In 1988, I estimated the average annual
daily yield of the aquifer to be about 610,000 gpd (rounded to 600,000 gpd).

Since 1991, the average annual daily withdrawals have exceeded 625,000 gallons, reached
a maximum of about 710,000 gallons in 1993, and were 660,000 galions in 1994.

During this period, at least through July 1994, there had been no increase in chloride
content of water samples from Test Wells 6 and 7 which is interpreted to mean that no lateral
encroachment has occurred in the Buxton Woods aquifer as a result of the increase in withdrawals.

There has also been no increase in chloride content in wells 3D-and 21D, both of which are
screened at a depth of 90 ft at each end of the wellfield. As noted earlier, it has not been possible
to obtain valid samples from well 21E since 1988. However, the absence of an increase in chloride

content in wells 3D and 21D suggests that upconing is not occurring or, at least, has not been
detected.

With the above facts in mind, I am inclined to believe that my 1988 estimate of aquifer
yield is too low. I intended at that time that the estimate be conservative and it appears that I
succeeded. I believe one of the reasons why the aquifer yield is larger than I estimated is the
westward flow-of surface water through the wellfield sedge. This flow could not be evaluated in

1988 and still cannot but is obviously a significant amount.

Based on the withdrawals over the last few years and the lack of increase in the
chloride content of water samples from the observation wells, I believe the aquifer yield, when
the wellfield is extended 800 ft to the east, will be at least 700,000 gpd.

One final note on aquifer yield and the westward flow of surface water through the
wellfield sedge, informal discussions in the past have included the possibility of increasing the yield
by building a low water-level control across the sedge 100 ft or so west of well No. 3. Such a

control could be operated both to maintain full storage in the aquifer from late fall to late spring

12
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and to prevent flooding of the sedge with brackish water from Pamlico sound during hurricanes.
Maintaining the aquifer storage could possibly increase the aquifer yield to the wellfield by as
much as 200,000 gpd.

Maintaining aquifer storage and preventing brackish water inundation would also greatly
enhance preservation of the wellfield sedge wetland. Thus, a water-level control across the
wellfield sedge would, ironically, have the reverse effect on the wellfield sedge wetland as the
present wetland drainage system at the east end of the Cape Hatteras area is having on the wetlands

in that area.
Effect of Wellfield Modification on Water Quality

The final topic that needs to be considered is that of water quality. Specifically, the
question that needs to be answered, if possible, is whether the quality of the water pumped from the
lower permeable zone will gradually change until it is similar in composition to the water now

pumped from the upper permeable zone.

Clearly, the water in the lower zone is derived from recharge at the land surface and which,
therefore, has passed through the upper part of the Buxton Woods aquifer. While passing through
the upper permeable zone, did it acquire the high organic carbon and iron content of water now
produced by the Frisco wellfield from the upper zone and were these constituents "filtered-out" or
reduced in concentration as the water passed through the low-permeability layer in the Buxton
Woods aquifer and through the confining bed that underlies the aquifer?

Water-quality data related to the Buxton Woods aquifer were discussed in both my 1988
report and in my 1990 report on the proposed Buxton Woods wellfield. The pertinent sections of
those reports are included in this report in Appendices 4 and 6.

Water with a low iron content and with either a confirmed or assumed low organic carbon

content has been obtained from:
(1) New Frisco Supply Well 3 - from the lower permeable zone (Table 1).

(2) Buxton Woods Test Well No. 2 drilled in 1990 near Peters (Buxton) Ditch - screened
in the lower permeable zone (Appendix No. 6, p. 13).

13




(3) Buxton Woods Test Well No. 1 drilled in 1990 near the center of the proposed Buxton
Woods wellfield and screened between 118 and 123 ft in the confined aquifer below
the Buxton Woods aquifer (Appendix No. 6, p. 13).

Water with a high iron content and with either a confirmed or assumed high organic

carbon content has been obtained from:

(4) All of the original wells in the Frisco wellfield except Well 25A (Appendix 6, p. 41),

(5) The National Park Service supply wells in the Buxton maintenance area, which are be-

lieved to be screened in the upper permeable zone of the Buxton Woods aquifer,

(6) Buxton Woods Test Well No. 1A which is located 5 ft from Test Well No. | and is
screened in the lower permeable zone from 63 to 68 ft (Appendix 6, p.13),

(7) Test Well No. 4 which is screened in the lower permeable zone near the west end of the
proposed Buxton Woods wellfield (Well Construction Record in the 1990 report on the
proposed Buxton Woods wellfield) , and

(8) Test Well No. 6 which is screened in the lower permeable zone at the south end of the
CHWA water treatment plant (Well Construction Record in the 1990 outpost observa-
tion well report).

The data outlined above are not sufficient to show conclusively (1) which water-bearing
zones in the Cape Hatteras area contain water with a low iron and organic carbon content, and (2)
whether the quality of the water produced by wells screened in the lower permeable zone in the
Frisco wellfield will, in time, resemble the quality of the water from the present wellfield.
However, the data do suggest that all of the Buxton Woods aquifer contained water high in iron
and organic carbon prior to construction of the Frisco wellfield. This conclusion is supported by
the iron content in both the Frisco and NPS wellfields and by the data from Test Wells 1A, 4, and
6 (Statements (4) through (8) above).

The data also suggest that the confined aquifer that occurs at a depth of about 115 to 130

feet contains water low in iron and organic carbon (Statement (3) above).

14
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Are these conclusions consistent with the water quality produced by New Well No. 3 in the
Frisco wellfield and Test Well No. 2 near Peters Ditch? I think so. Relative to Well No. 3, the
withdrawals from the "original" well No. 3 from 1968 until it was deepened in 1994 doubtless
caused water in the confined aquifer to move upward into the lower permeable zone of the Buxton
Woods aquifer. This water, as confirmed by Buxton Woods Test Well No. 1, is low in iron and,
presumably, also low in organic carbon. The upward movement of water from the confined aquifer
beneath the Frisco wellfield probably also explains the decrease in iron content of water from the

Frisco supply wells between 1979 and 1990, as discussed in Appendix 6, p. 15, last paragraph.

The above seems to explain everything except Test Well No. 2, the only well, other than
New Well No. 3, to produce water with a low iron content from the lower permeable zone of the
Buxton Woods aquifer. Actually, it also explains the data from Test Well No. 2. That well was
located only about 200 ft from (south) of Peters Ditch (which I referred to as the Buxton Ditch in -
all my earlier reports) in order to be in the area of influence of the ground-water discharge line
formed by the ditch. In other words, Peters Ditch has long been recognized as a ground-water
discharge line for the Buxton Woods aquifer and, presumably, for the underlying confined aquifers,
and the location of Test Well No. 2 was selected to be within the area affected by ground-water
discharge to the ditch. Therefore, water samples obtained from Test Well No. 2 are believe to be
water that has moved upward from the confined aquifer enroute to discharge in the ditch.

Now, to the final question - What changes, if any, will occur in the water quality produced
by the Frisco wellfield once all of the wells are screened in the lower permeable zone? I believe the
water will have a low iron and organic carbon content while it is drawing on the water that has
moved upward from the confined aquifer. This water now occupies the storage space in the lower
permeable zone, the overlying low-permeability zone, and part of the lower part of the upper
permeable zone in an area possibly several hundred feet wide along the line of the wellfield. As
this water is withdrawn, I expect the iron, and the other undesirable quality characteristics of the
water from the present wellfield, to gradually increase as more and more of the water withdrawn is
derived from the zone now tapped by the éxisting wells. However, because a larger proportion of
the water from the deeper wells will be water from the confined aquifer, I expect the final,
stabilized, quality to be significantly better than the water produced by the present wellfield.

Finally, my last guess is that between 100,000,000 and 200,000,000 gallons of good
quality water are now present in the lower part of the Buxton Woods aquifer along the line of the
Frisco wellfield. If this guess is correct, the quality of the water obtained from the deeper wells

should begin to change before the wells have been in operation for a full year.
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APPENDIX NC, 1

October 17, 1994

Mr. Jim Coleman

Cape Hatteras Water Assn.
PO Box 578

Buxton, NC 27920

Dear Jim:

This letter is written to confirm our recent discussions regarding replacement of the supply
wells in the Frisco wellfield. As you know, the first 20 supply wells were constructed during the
winter of 1967-68 and are now about 27 years old. This is well past the normal expected life of
about 20 years for supply wells and explains why you are encountering increasing difficulties with
screen failure and sand production by your supply wells.

In planning well replacement, an important question concerns the depth at which the new
supply wells should be screened. The results of last summer's experiment, when the depth at which
well No. 3 is screened was increased from 60 ft to 70 ft with a resulting dramatic improvement in
water quality, suggests that all new supply wells should be screened in the lowest permeable zone
in the Buxton Woods aquifer. Such wells will not only produce much better quality water, which
will reduce treatment costs, but will -also have larger yields because of the larger available
drawdown. :

Relative to the "lowest permeable zone," the electric and gamma-ray logs obtained during
the test-well drilling program in 1990 shows, in all wells except test well No. 7, a relatively
permeable zone between about 50 and about 80 ft. In test wells No. 1, 2, 4, and 6 this zone in fact
appears to be more permeable than the zone screened in the existing Frisco wells. I suggest,
therefore, that in your well-permit application you indicate that a 10 ft length of screen will be
installed in the most permeable zone penetrated between depths of 50 f and 80 ft. The
determination of the actual depth screened at each well to be based on well cuttings and/or electric
and gamma-ray logs.

The existing wells in the Frisco wellfield were screened at a shallower depth than that
discussed in the preceding paragraph because of concern about upconing of salty water below the
confining bed. There is no indication so far that upconing has or is occurring. However, this may
change when the new supply wells are screened at a lower level. In order to determine if this does
in fact occur, I suggest that you also request permission to install at least four deep monitoring
wells. Three of these wells should be located between 5 and 10 ft from supply well Nos. 8, 14,
and 20. The fourth well, if needed, would be drilled at a site to be determined later based on data
collected from the new supply and monitoring wells. It might be desirable, for example, to locate
this well near well No. 14 in the middle of the wellfield and screen it at the depth at which the
water contains 250 mg/l of chloride. You should indicate in the well-permit application that the
first three monitoring wells will be finished with a 3 to 5 ft length of screen in the most permeable
zone between depths of about 110 and 120 ft.
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I believe this covers all the items of concern at this point except to note that you are living
on "borrowed time" with the 20 original supply wells. I therefore urge you to replace these wells
as quickly as conditions permit.

Sincerely,

Ralph C. Heath
rch/mh
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APPENDIX NO, 2

November 23, 1994

Mr. William C. Diehl
Diehl & Phillips

219 E. Chatham St.
Cary, N.C. 27511

Dear Bill:

At the meeting in your office on October 18 we agreed that I would furnish you some of
the technical details to be included in the drilling contract covering replacement of both the original
supply wells in the Frisco wellfield of the Cape Hatteras Water Association and the construction of

new monitoring wells.

We could not decide at that time whether to include both the monitoring wells and supply
wells in the same contract because of the need to obtain both electric and gamma-ray logs of the
monitoring wells. I believe Jim intended to talk to Glenn Anderson about this. -

Anyway, my thoughts and suggestions regarding the items that should be included in the
contract follow. Note that I have used 1 1/2 spacing for material that you may want to include in
the contract, after revision, of course. Explanatory notes, on the other hand, are in boxes in italics.
Aren't these modern computer word-processing programs wonderful!

MONITORING WELLS

Explanatory Note - The purpose of the monitoring well (s) are to:

1. Provide data on the position, thickness, and character of the permeable and less-
permeable layers based on drill samples and geophy;ical logs,

2. Provide data on the chloride content of the water in the confined aquifer beneath
the confining bed, and 3

3. Provide a permanent observation well for monitoring water levels and changes in
chloride content in the confined aquifer.

Chloride analyses from the deep monitoring wells at each end of the Frisco wellfield (Wells 3 D
and 21 D and 21 E) do not show any increase in chloride content since 1968. This suggests that
there has been no upconing of salty water in response to wellfield withdrawals. On the other
hand, these wells may not truly indicate the chloride content of water in the confined aquifer due
to casing failure or some other problem. Also, these wells, being located at each end of the
wellfield, are at locations least likely to show upconing.

If any upconing has occurred, it is most likely to be detected in the middle -of the 1968 line of|
wells. Therefore, the first monitoring well should be drilled near the middle of the Frisco

wellfield. If a well screened at this location in the permeable zone that I expect to be penetrated
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Diehl 2 ‘ 11/23/94

at a depth of about 120 ft yields water with a chloride less than about 200 mg/l, it may be safe to
assume that either upconing has not occurred or is negligible. In this case, no other monitoring
well needs to be drilled, at least at this time.

On the other hand, if the chloride content exceeds about 250 mg/l, two other monitoring wells
should be drilled to and screened in the 120 ft permeable zone at the quarter points of the

wellfield.

These wells should be drilled first because the samples and logs obtained from them will be
used in deciding on what depths to screen the supply wells.

The contract should provide for the construction of a minimum of one well and a
maximum of three wells.

First Well - to be drilled at an accessible site within about 15 ft of existing Frisco supply
well No. 14. The well is to be no less than 6" in diameter, drilled by the direct (normal) mud-
rotary method using either REVERT or other commercial drilling clay, and to a depth of not more
than 125 ft.

Samples of the geologic materials penetrated by the well shall be collected at 5-ft intervals

and at each change in formation (change in sediment composition).

Note - I think this is the only well that needs to be logged (electric and gamma) and I believe we
can get the NC Groundwater Section to do this logging. If we agree that this is the only well that
needs to be logged, you will need 1o insert a statement in the contract that the logs will be

provided by the Association.

The well shall be completed as a permanent monitoring well by installing a line of 2"
diameter Schedule 40 PVC plastic pipe to which a 5 ft length of slotted plastic screen is affixed to
the bottom. The bottom of the screen will be sealed with a permanent cap to prevent the entry of

sediment.

The depth below land surface at which the screen will be installed will be determined by
the project Engineer on the basis of the sediment samples and geophysical logs. It is anticipated

that the well will be screened in a permeable zone that occurs in other wells in the area at a depth

of about 120 ft.

Upon completion of each monitoring well, drilling mud and fine-grained sediment will be
removed, by well-development techniques, from the area occupied by the screen to insure that the
well is in free hydraulic connection with the aquifer sediments. Development of the well will be

continued until it produces sediment-free water at a rate of at least 1/2 gallon per minute.

/9
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Second and Third Wells - The decision whether to drill either or both of these wells will
be made by the project Engineer on the basis of the chloride content of water from the first well.
All construction and drilling specifications for the First Well are applicable to these wells.

If required, the Second well will be drilled at a readily accessible site near existing supply

well No. 20, or at another accessible site designated by the project Engineer.

Also, if required, the Third well will be drilled near existing supply well No. 8 or at
another site designated by the project Engineer.

Note - The above specifications require a 6" diameter hole and a 2" casing and screen.
This is the same as in the specifications for the Buxton Woods test wells. Note that a gravel pack
around the screen is not specified because I could not find any mention of a gravel pack in the
Buxton Woods test-well contract. However, Bill Magette installed No. 2( very coarse sand)
"gravel” packs in all of the Buxton Woods wells. (See the Well Record forms at the back of my
Busxton Woods report.) 1 think it might be desirable to specify gravel packs in the monitoring
wells but, if we do, it is important that the gravel not extend more than a Jt or two above the
screen. In other words, we do not want gravel to extend across the confining bed above_the

screen.

SUPPLY WELLS
PURPOSE:

The purpose of the wells to be drilled, cased, developed, and pumped in accordance with

these specifications is to replace selected existing supply wells in the Frisco wellfield of the Cape

Hatteras Water Association.

WORK TO BE DONE:

It is the intention and meaning of these specifications to secure the drilling and
development water-supply wells to maximum depths of about 70 ft, the furnishing and installing of
casing and screens, and developing and pumping the wells. The proposal shall be based upon
providing the material, labor, and services, and for doing all things necessary for the construction

and completion of the work called for under these specifications.

The supply wells shall be drilled by the hydraulic rotary method and shall have a minimum
diameter of 6" for the entire depth of the hole. The work shall include: drilling; furnishing and
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installing casing; cleaning and developing; conducting well-acceptance tests; and preparation of

logs of all materials penetrated and conditions encountered.

The job will involve the drilling of a minimum of nineteen supply wells at the locations
shown on the attached map and the construction of permanent supply wells in each hole as

specified hereinafter. The order in which the wells will be drilled will be specified by the project

Engineer.

Note- I seem to recall from the conference in your office that it is Jims intention to have this
contract cover the construction of all 19 supply wells. If this is, in fact, his intent, will the
CHWA also contract for the work involved in disconnecting the existing wells from the wellfield
main and connecting the new wells? This will be no small job.

The alternative, of course, would be to contract for, say, five new supply wells at a time. If this
course were followed, the first five wells should be either in the center of the 1968 line or drilled

as replacements for wells now causing sand problems.

LOCATION:

The wells are to be drilled near Buxton, North Carolina, at the sites shown on the attached
map. All sites are within 10' of the existing supply wells and are readily accessible from the

wellfield service road.

LOCAL CONDITIONS AND GEOLOGY

It is expected that the wells will be drilled through interbedded fine to medium sand, shell
layers, and clayey silt. Information concerning the nature of the formations is not guaranteed by

the Engineer.

EQUIPMENT TO BE FURNISHED BY THE CONTRACTOR

(Same as the Buxton Woods contract, except that makeup water can be obtained from the
existing supply wells.)

DRILLING PROCEDURES

Note- 1 assume you will want to specify in this section either that REVERT must be used
or that it can be used at the driller's option.

1 do not believe that geophysical logs are needed. 1 also don't think that samples of the
material are needed. except to the extent that the driller needs samples to guide him on screen
placement. I assume, however, that you will require the driller to keep a log of each well in the
section on DRILLERS LOGS.

2/
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Glenn Anderson did not gravel pack the No. 3 replacement well because, I assume, it
was not feasible in the space he had. I believe it will be worthwhile to gravel pack these wells.
See pages 39-40 in my Buxton Woods report and pages 82-87 in my 1988 Cape Hatteras report.
Ifit is decided to gravel pack, we will need to change the diameter specified above.

WELL-ACCEPTANCE TESTS

Upon completion of the well-development phase at each supply well, the Contractor will
provide and install all necessary equipment and appurtenances required and will conduct a well-
acceptance test to determine the specific capacity of each well. The equipment will include a
pump with a power rating of no less that 2 I/2 nor more than 3 1/2 horsepower; a discharge pipe
long enough to reach the nearest body of surface water or, if no nearby standing water, a surface
depression that will prevent return of the water on the land surface to the well site; an accurately
calibrated positive displacement flow meter capable of measuring flows of at least 75 gallons per
minute; a gate valve on the discharge line; and an access port into the well for water-level

measurements.

At least two hours prior to the beginning of each well-acceptance test, the Contractor will
arrange for the Association to discontinue withdrawals from the existing supply well that is being
replaced. The Contractor will, through the use of an electric tape or a chalked steel tape, measure
to the nearest 0.1' the depth to the static water level in the well below the top of the casing, or some

other convenient fixed point.

At the start of the test, the gate valve on the discharge line will be wide open and the clock
time when the pump is started will be recorded by the Contractor to the nearest minute. The
Contractor will measure and record the depth to the water level, the pumping rate, and clock time
at intervals no longer than two minutes for the first twenty minutes. As necessary during this
period, the Contractor will reduce the opening through the gate valve on the discharge line to

prevent the water level from declining to the level of the pump.

Through changes in the setting of the gate valve, the Contractor will, within the first hour
of the test, establish a steady drawdown in the well of no less than 30' and no more than 40'. The
pumping rate of the well, when the drawdown is within this range, will be measured and recorded.
Thereafter, and for the remainder of the test, the yield of the well will be maintained at a constant
rate by small, incremental increases in the gate-valve opening. After the pumping rate has been
stabilized, the test will be continued for a period of at least four hours. During this period, both the

pumping rate and the drawdown will be measured and recorded at least every 1/2 hour. At the end

22
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of the test, the Contractor will calculate and record the specific capacity by dividing the pumping

rate by the drawdown.

Note - State regulations require 24-hour well-acceptance tests for public water-supply wells.
(See p. 82 of my 1988 Cape Hatteras report.) Our knowledge of the response of the Buxton
Woods aquifer makes such long tests unnecessary. Can the CHWA get a "variance" from Fred
Hill? '

It is the intent of the Association and of these specifications to insure, through design and
effective well development, the construction of hydraulically-efficient wells. The speéiﬁc capacity
of the existing supply wells in the Frisco wellfield ranges from 0.4 gpm/ft to 5.8 gpm/ft and, for the
44 wells, averages 3 gpm/ft. It is expected that wells drilled under this contract will have specific
capacities between 3 and 4 gpm/ft. No well with a specific capacity less than 2.0 gpnv/ft will be
accepted by the Association and the Contractor must undertake, without cost to the Association,

additional development and any other actions needed to increase the specific capacity.

i
If the Contractor fails to bring the specific capacity up to a minimum of 3.0 gpm/ft, the
Association will reduce its payment to thé‘Contractor for all reimbursement due under the contract

for the well by 2% for each 0.1 gpm/ft thf;t the specific capacity is less than 3.0 gpm/ft.

On the other hand, the paymenég the Contractor by the Association will be increased by
2% for each 0.1 gpm/ft that the speciﬁqifg;épacity of any well exceeds 4 gpm/ft.

Note - I am not sure the penalty and reward clauses above are in the proper legal form and I am

sure'we will want to discuss this idea before the contract is in final form.

W i
I am sending Jim a copy of this:letter because I know he will want to respond to some of

my comments.
Sincerely,

e Ralph C. Heath
rch/mh

cc Coleman
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’ APPENDIX NO. 3
RALPH C. HEATH

Consulting Hydrogeologist 4821 Kilkenny Place
Raleigh, N. C. 27612

December 6, 1994 (919) 782-0171

Mr. William Diehl
Diehl & Phillips
219 E. Chatham St.
Cary, N.C. 27511

Dear Bill:

Our three-way telephone conversation with Jim last Friday prompted me to give additional
thought to the design of the replacement supply wells for the CHWA Frisco wellfield. The results
are presented in this letter for your consideration later when you prepare the drilling contract.

The references that I looked at are:

\. Basic Ground-Water Hydrology; USGS WSP 2220, p. 56-57 -
9 Groundwater and Wells, 2nd Ed. - Chaptel;ﬁ!'i3, Water Well Design

3. Report on the Proposed Buxton Woods Well Field... - Figure 3.

4. Ground Water Manual; U.S. Bureau of Rég}qmation, Table 11-9 (copy attached).

I will refer to these in the following paragraphs‘y_'}w Ref. 1. Ref. 2, etc.

Ref 3 shows sieve analyses of the split-spdéﬁfvsamples obtained in 1990 during the
construction of Buxton Woods test well No. 1. Note especially sample No. 3, from a depth’ of 60-
62 ft. which I assume represents the grain-size distribution in the zone we intend to screen in the
Frisco wells. The position of the sample in relation to the'electric log is shown in Figure 2 of Ref.

-

J.

The median grain size of sample No. 3 is about 0.25 mm, or about 0.01 inch. Ref. 2 (p.
435) suggests that the slot size of screens in naturally-developed wells have openings that will
retain about 50% of the formation. This means that the finest-grained 50% will be removed during
well development. Using this criterion, naturally-developed wells in the Buxton Woods aquifer

would be finished with 10 slot screens (10/ 1000 inch openings).

On the other hand, if the wells are gravel packed with No. 2 "gravel," which is very coarse
sand with a diameter of about 1 mm or 0.04 inch, a larger slot-size screen could be used.
Incidentally, No. 2 gravel appears to be the appropriate size, according to the criteria on p. 441 of
Ref. 2. If No. 2 gravel is used, a slot opening that will retain 90% of the gravel can be used. 1do
not have a sieve analysis of the No. 2 gravel but I believe a 30-slot screen would be the

recommended size.

2%

— AT
H 1

P

Saiem  pewe——y, Sw——




With the above points in mind, I next want to consider the actual well design. This topic is
covered on pages 56-57 of Ref. 1. Because we anticipate that wells at the west end of the field
(west of well No. 9) will be pumped at a smaller rate than those to the east, I am going to consider
the design of wells with two different yields - 50 gpm and 75 gpm. The basic design criteria will
be that the entrance velocity through the screen openings not exceed 6 ft/min.

Naturally - developed wells

(1) Yield 50 gpm = 6.7 ft 3/min.

Screen opening 10/1000 inch (10 slot)
Screen diameter 6 in : open area = 0.136 fi2/ft (Ref. 4)
Open area needed
= Yield + entrance velocity = 6.7 ft3/min + 6 f/min = 1.1 fi2
Length of screen = 1.1 f2 +0.136 2/ = 8.1 ft

Add 50% to compensate for partial blockage of screen openings by sand
(valuesrounded) 8t +4 fi =12 f

Length of screen needed = 12 ft (round downward to 10 £t?7)

(2) Yield 75 gpm = 10 ft3/min

Multiply length of screen in (1) by 1.5 (ratio of yields)

Length of screen needed = 18 ft (12+6) (I will comment on this below.)
Gravel - Packed Wells
(3) Yield 50 gpm = 6.7 ft3/min

Screen opening 30/1000 inch (30 slot)

Screen diameter 6 in: open area = 0.34 fi2/ft (rounded from 0.339)

Open area needed = 1.1 fi2 (see above under (1))

Length of screen 1.1 2 + 0.34 A2/t =32 ft

Add 50%:32ft+1.6 =48 ft

Length of screen needed = 5 ft (rounded from 4.8 ft)
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(4)Yield 75 gpm = 10 ft3/min
Multiply length of screen in (3) by 1.5
Length of screen needed = 7.5 ft (round to 8 ft)

Wells constructed according to the above designs, if effectively developed, should have
specific capacities larger than 4 gpm/ft.

However, in deciding on the final design and in preparing the drilling contract, there are
two very important considerations to keep in mind. First, in No. (2) above the calculated length of
screen needed is 18 ft. However, the electric log of Test Well 1 in Buxton Woods indicates that the
most permeable zone occurs between 61 and 69 ft and thus is only about 8 ft thick. (See p. 29 of
Ref. 3). This is believed to be the zone now screened in well No. 3 in the Frisco field and,
presumably, is the zone that contains the good-quality water. In an effort to insure that this quality
of water is obtained from the new supply wells, I do not believe that screens longer than 10 f
should be used and the above calculations show that if the wells are gravel packed the maximum
length of screen needed is 8 fi.

The second point concerns the length of the gravel packs, if you decide to gravel pack the
wells. You may recall that the wells drilled in 1968 and wells 7A through 16A were apparently
finished with 5 ft lengths of 40 slot screens set at the bottom of a 20 to 25 ft very coarse sand
"gravel" pack. (See p. 80-81 of my 1988 report.) In an effort to keep the new supply wells
isolated from the poor-quality water that occurs above the 60-70 ft zone, I do not believe gravel
packs should extend more than about 2 ft above the top of the screens.

Now, let me see if I can summarize the highlights of the preceding paragraphs. They are:

Wells 4 thru 8 - Yields limited to 50 gpm and can be either naturally developed or gravel
packed. If naturally developed, install 10 ft of 10 slot screen. If gravel packed, install 5 ft of 30
slot screen in an 8 ft long very coarse sand pack.

Wells 9 thru 22 - Yields limited to 75 gpm and wells must be gravel packed. Install 8 ft
of 30 slot screen in 10 ft long very coarse sand pack.

Finally, Jim mentioned during our conversation that Glenn Anderson has data supplied by
Cook Screens that shows that 4-inch diameter screens have the same open area per ft of length as
6-inch diameter screens. This indicates that a thicker wire is used in the 6-inch screens than in the
4 inch screens. Thicker wire is, of course, stronger and can tolerate more corrosion. Ref. 4
(attached) also deals with Cook screens and shows that when the same size wire is used the open
area of 6-inch screens is about 50% larger than that in 4-inch screens

I believe that covers all the points that I wanted to cover at this time.

Sincerely,

Ralph C. Heath
rch/mh
copy to: Jim Coleman
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TABLE 11-9.—Minimum open areas of screens in square feet per linear foot and the percentage of open area '—Continued

[Cage-type wire-wound screen—telescoping sizes (from Cook Well Strainer Company)]

Sscreen Wire Slot size, thousandth of an inch
size, size,
inches inches 10 20 25 30 40 50 60 70 80 100 125

4. 0.09 0. 097 0. 178 0. 213 0. 245 0. 302 . " 0.350 0. 392 0. 430 0. 461 0.516 -

10. 0 18. 2 21.7 25.0 30.7 35. 7 40.0 43. 8 47.0 52,6  aceeeeeaa

. 0. 136 0. 247 0. 295 0. 339 0. 418 0. 485 0. 542 0. 593 0. 637 0. 722 ccvameae

10. 0 18. 2 217 25.0 30. 8 35. 7 40.0 43. 8 47.0 52.6 amcaeea--

- SRR 0. 196 0.356 cccecaae- 0. 480 0. 604 0. 700 0. 784 0. 858 0. 923 1.032 e

10. 0 18.2 meeeee 24.9 30. 8 35. 7 39. 9 43. 8 47. 0 52.6 ceceae-

Becccceea- . 1467 0. 125 0. 236 0 0. 334 0. 421 0. 500 0. 571 0. 625 0. 694 0. 797 0. 904
6.4 1220 e 17.0 215 25.5 ' 20.9 32. 4 35. 4 40. 6 46. 1

10ccaco . 09 0. 248 0. 447 0. 553 0. 621 0. 765 0. 869 0. 993 1. 101 1. 168 1. 307 1. 440
10. 0 18.7 21.7 25.0 30. 8 35.7 39.9 43.6 47.0 52. 6 58. 0

) {1 S . 1467 0. 159 0.209 ___..._._.. 0.423 0. 533 0. 633 0. 723 0. 805 0. 879 1. 010 1. 146
0. 64 120 oo 17.0 21.5 25. 5 29. 1 32. 4 35. 4 40. 6 46. 1

10 . 1875 0. 126 0. 241 0. 294 0. 345 0. 440 0. 528 0. 607 0. 682 0. 749 0. 872 1. 003
50 9.6 11.7 13.7 17. 5 21.0 24.2 27.1 29. 8 34. 7 40. 0

12 oo . 09 0. 300 0.546 oo 0. 751 0. 926 1. 115 1. 208 1. 316 1. 414 1. 582 1. 054
10. 0 181 cccmeeeea 24.9 30. 8 35. 7 39.9 43. 7 47.0 52. 6 58.0

12 o . 1467 0. 192 0.362 cceceema 0. 512 0. 646 0. 767 0. 876 0. 974 1. 064 1. 222 1. 387
6. 4 120 ceeceee o 17.0 21. 4 25.5 20.1 32.4 35.3 40. 5 46. 1

12 oo . 1875 0. 153 0. 292 0. 356 0. 417 0. 532 0. 638 0. 733 0. 824 0. 905 1. 053 1. 213
5.0 9.7 1L7 13.7 17.5 21.0 24.2 27.1 29. 8 34.7 40.0

14 ____ . 1875 0. 180 0.345 cceeo 0. 492 0. 630 0. 755 0. 874 0. 962 1. 071 1. 248 1. 435
5.0 0.7 et 11.9 13. 7 17. 5 21.0 24. 2 29.8 34.7 40.0

16 e 1. 469 0. 245 0.460 _______-_ 0. 652 0. 821 0. 975 1. 117 1. 239 1. 353 1. 555 1. 764
6. 4 120 cmeeeeeo 17.0 21. 4 25.5 20.1 32. 4 35. 3 40. 5 46. 1

16 . 1875 0. 191 0.367 cceceecan 0. 447 0. 523 0. 669 0. 803 0. 925 1. 138 1. 325 1. 527
5.0 9.7  eaeae-- 1.7 13. 7 17.5 2.0 24.2 29. 8 54.7 40. 0

18 . 1875 0. 219 0. 416 0. 510 0. 596 0. 762 0. 913 1.050 - ____ 1. 296 1. 505 1. 735
50 9.7 11.7 13. 7 17.5 21.0 24.2 . 29. 8 34.7 . 40.0

20 . 1875 0. 246 0. 468 0. 571 0. 669 0. 854 1. 027 L1777 e 1, 458 1. 690 1. 945
5.0 9.7 1.7 13.7 17.5 21.0 24.2 .. 29.8 34.7 40.0

24 . ____ 1875 0. 298 0. 567 0. 692 0. 811 1. 034 1. 240 1. 426 1. 599 1. 760 2, 047 2. 180
5.0 9.6 1.7 13.7 17.5 21.0 24.2 27.1 29.9 34. 7 40. 0

1 Top value shown is ft3/It and bottom value is percent.
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APPENDIX NO. &

GROUND-WATER RESOURCES OF THE
CAPE HATTERAS AREA OF NORTH CAROLINA

September 1888

RALPH C. HEATH

Consuiting Hydrogeologist

4821 Kilkenny Place
Raleigh, N. C. 27612
(919) 782-0171
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If we assume that the slope of the static water levels in the
CHWA wells is the same as the slope of the water-table divide, and
that under natural (pre-pumping) conditions the elevation of the
water-table divide opposite the east end of the well field was about 6
ft, then the average elevation of the divide would have been about 3.5
ft south of Frisco and about 9 ft south of Jennette Sedge. Data
supplied by the NPS on well elevations and water levels for the new
supply wells at the Buxton maintenance area, which are near the
divide, tend to confirm the estimated elevation of the water-table
divide near the eastern end of the area.
Freshwater-Saltwater Relationship

It is widely known that fresh ground water on islands and in

coastal areas occurs as a lens "floating" on saltwater. This situa-
tion exists because, when equal volumes are considered, freshwater
weighs slightly less than seawater. The difference in weights of
freshwater and seawater are such that under ideal conditions, which
seldom exist in nature, the freshwater lens extends 40 times as far
below sea level as the height of the water table above sea level.
This relation is commonly referred to in ground-water reports as the
Ghyben-Herzberg relationship.

It is important to note at this point that there is not a sharp
plane of contact between freshwater above and saltwater below. Salt-
water moves a short distance inland during incoming tides and mixes

with the outflowing freshwater. This results in a zone of diffusion

across which the salinity changes from that of freshwater to that of
seawater. The width of the zone of diffusion depends on the range in
the tides and differences in horizontal and vertical hydraulic con-
ductivity. It ranges in thickness, in different aquifers, from less
than 100 ft to several 100 ft.

In a stratified aquifer, such as Buxton Woods, the depth to the
zone of diffusion between freshwater and saltwater is substantially
less than 40 times the height of the water table above sea level be-
cause of the difference in horizontal and vertical hydraulic con-
ductivity of the aquifer materials. The USGS, in its study of the
ground-water resources of the Cape Hatteras National Seashore

(Winner, 1975, sheet 1), estimated that the Ghyben-Herzberg ratio in
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the Frisco area is about 1:25 - that is, the freshwater zone is only
25 times as far below sea level as the elevation of the water table
above sea level. A chloride content of 250 milligrams per liter
(mg/1) was used by the USGS as the "contact" between freshwater and
saltwater.

When water tables are lowered, as by withdrawals from wells,
saltwater advances into aquifers in the process referred to as salt-

water encroachment. Saltwater encroachment can be understood by

realizing that the position of the freshwater-saltwater contact is
controlled by ground-water discharge. The ground-water discharge is;
in turn, controlled by ground-water recharge. Therefore, under
natural (non-pumping) conditions, when all recharge reaches the shore-
line as natural ground-water discharge, the freshwater lens has its
greatest vertical and lateral extent. When water is withdrawn through
wells and moved by pipelines to distant locationms, the natural dis-
charge is reduced and the saltwater front moves landward to a new po-
sition that is in balance with the smaller rate of natural discharge.
The advance of the saltwater front into an aquifer can be detected

from chloride analyses 1/ of water samples from wells.

l/ The dominant mineral dissolved in seawater is common salt or sodium
chloride (chemical symbol NaCl). Therefore, the concentration of salt

in a water sample can be determined simply by analyzing the chloride

(C1) content.
Chloride analyses of water samples from both supply wells and ob-

servation wells in the CHWA well field are listed in the table of well
records in Appendix C. These include analyses of water samples col-
ljected in 1968 from the initial wells and analysés of samples collect-
ed in June 1988. The "normal"” chloride content of the water in the
upper part of the Buxton Woods aquifer at the CHWA wells ranges from
about 30 to about 50 mg/l. Comparison of the analyses of water
samples collected from the supply wells in 1968 and 1988 do not show
any consistent or significant change.

From the standpoint of the CHWA water supply, the most signifi-
cant chloride analyses are those from the deep observation wells at

each end of the well field, specifically wells 3D, 21D, and 21E.
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Wells 3D and 21D are screened near the bottom of the Buxton Woods

aquifer and well 21E is screened in the silty clay confining bed that

underlies the aquifer. (See log for well 21E in Appendix A.) Assum-

- -

ing that water in the aquifer beneath the confining bed is saltier

than the water in the Buxton Woods aquifer and assuming that the con-
fining bed is somewhat leaky, as the description of the material sug-
gests, these three wells, and especially well 21E, should be the first
to show an increase in chloride content in response to the withdrawals.
Instead of showing an increase, the chloride content of well 3D, during
the 20 years between 1968 and 1988, decreased from 76 to 55 mg/l. Dur-
ing the same period, the chloride content in well 21D decreased from
about 70 to 55 mg/1l.

The lack of a significant change in the chloride content of well
21D over the last 20 years is surprising in view of a test conducted
by Magette Well Co. in 1967. During the test, which was probably
conducted in late November, well 21 was pumped continuously for 33
hours at a rate of 25 gpm and water samples for chloride analyses were
collected at intervals from well 21D. The results are shown in the
following table.

Chloride Test on Well 21D

e - aaly —

Hours after Chloride content Hours after Chloride content

pump started (mg/1) pump started (mg/1)
0 38 13 62
1 40 17 66
2 45 21 66 i
3 45 25 67 '
4 49 29 70 |
5 49 33 70 '
9 57 'l!

This test suggests that salty water moved upward across the con-
fining bed, in the process referred to as "upcoming," as a result of
the drawdown in water level caused by pumping well 21. Based on this
test, I expected to find a significant increase in chloride content in
1988 in both wells 3D and 21D. This, however, is not the case.

Unfortunately, the situation with well 21E is much more complica-

ted. The USGS established a brief water-level measurement and
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chloride-sampling program in late 1969 on three wells at the east end
of the well field. Two of the wells (USGS Nos. Da 348 and Da 349)
were reported to be located north of the waterplant road between the
well field and the waterplant. These wells apparently no longer exist
and efforts to locate the site in 1988 were not successful. The third
well in the USGS program (USGS No. Da 350) is well 21E. According to
the USGS record for well 21E, it was to be sampled monthly for
chloride but only one value, of 60 mg/l, is reported and that for
April 1, 1970. Attempts to find other analyses in the USGS files were
unsuccessful.

Complications with respect to these three USGS observation wells
arise in connection with wells Da 348 and Da 349. Well Da 348 is re-
ported to be 13 ft deep and Da 349 is reported to be 8 ft deep.
Thinking that it is unlikely that the USGS would operate two such
shallow observation wells at the same site, I assume that an error was
made in recording the depth of Da 348 and that it was, in fact, 43 ft
deep which is the depth shown on the driller's log. The chloride con-
tent of well Da 348 is shown in the USGS records as about 40-45 mg/1,
except for one questionable analysis (USGS question, not mine) of 107
mg/l in early January 1971. An analysis of chloride is reported for
well Da 349 and it a surprising value of 1200 mg/l on December 11, 1969.
Thinking such a value is not likely for an 8-ft deep well, I assumed
that the samples were mislabeled and the value of 1200 mg/l really
applied to well 21E. Again, two attempts to locate the original
laboratory records in the USGS files were unsuccessful.

Regardless of the values reported by the USGS, it was clearly
essential to obtain a sample of water from well 21E as a part of this
study. Efforts to obtain a sample for chloride analysis in June 1988
were at first unsuccessful because of blockage of the screen by silt
and clay. An air compressor was used to unplug the screen and to
clear the stagnant water from the casing. The sample of water obtain-
ed in this operation had a chloride content of 200 mg/l and a specific
conductivity of 1200 micromhos.

The fact that the specific conductivity in 1988 had the same nu-
merical value as the chloride content reported by the USGS in 1969

suggests the possibility that épecific conductivity may have been
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recorded as chloride in 1969. It seems, at this point, that there are
three choices for the chloride content of well 21E. These are:
1. The chloride content was 60 mg/l in 1969 and was 200 mg/1l
in 1988,

2. The chloride content was 200 mg/l in 1969 (with a specific
conductivity of 1200 micromhos) and was still 200 mg/l in
1988, or

3. The chloride content was 1200 mg/l in 1969 and was 200 mg/l
in 1988.

If choice No. 1 is correct, the chloride content has increased
about 3 times since 1969. If choice No. 2 is correct, there is no
change. If choice No. 3 is correct, the chloride content has decreas-
ed to 1/6 its value in 1969. Of these choices, I am presently inclin-
ed to accept No. 1.

In order to learn more about the freshwater-saltwater relation-
ship in the Cape Hatteras area, we must look at chloride data from
other parts of the area. Water samples were obtained from two inter-
vals in the deep test well drilled by the N.C. Groundwater Section at
the NPS Buxton maintenance area in 1971. Water in the interval from
196 ft to 206 ft had a chloride content of about 1900 mg/l, or about
1/10 that of seawater. The chloride analysis for the second interval
sampled, 375-384 ft, could not be found but the chloride content is
estimated to be about the same as seawater on the basis of a reported
specific conductivity of 50,000 micromhos/cm. On the basis of these
analyses, it seems safe to conclude that all permeable zones below
the confining bed that underlies the Buxton Woods aquifer contain
salty water. In other words, the confining bed separates the fresh-
water in the Buxton Woods from the underlying salty water in the cen-
tral part of the Cape Hatteras area where water-table elevations are
high'enough to have caused saltwater to be completely flushed from
the aquifer.

The next topic of interest at this point is the nature of the
freshwater-saltwater contact in the ground-water discharge areas. As
noted in the preceding section, the elevation of the water table de-

clines toward these areas and, remembering the Ghyben-Herzberg rela-

tionship, the freshwater-saltwater contact must rise.
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The USGS conducted comprehensive sampling programs in connection
with studies for the NPS at both cape point and the Frisco Campground.
Chloride content of water samples collected in 1960 in the cape point
study are shown opposite the depths sampled on Figure 6. The chloride
contents range from 12 mg/l, in well B3, to 3,950 mg/l in well B7,
which was the closest well to the point. Figure 20 is a cross section
through the north-south line of wells on which lines showing equal
chloride concentrations have been drawn. Such lines are referred to
as isochlors and, as expected, they rise toward the south in the di-
rection of the ground-water discharge area along the shoreline.
Another significant feature to note is the "wavy" shape of the
jsochlor lines. This shape is a result of differences in hydraulic
conductivity of the different layers comprising the aquifer. Salty
water flushes more rapidly from the permeable, coarse-grained layers
than from the fine-grained layers with the result that fresh water
extends farther to the south in the more permeable layers.

An "interfingering" of fresh and salty water like that shown in
Figure 20 was also observed in the intensive sampling program conduct-
ed by the USGS in the Frisco Campground area (Harris and Wilder, 1964,
p.8) and probably exists along the entire south coast of the Cape
Hatteras area. This is a significant hydrologic feature which is,
incidentally, consistent with Fisher's findings relative to recent
changes in the Cape Hatteras land area. As noted in the section en-

titled Origin of Hatteras Island, Fisher found that the southern third

of the Cape Hatteras area is less than 350 years old with the youngest
area being that along the south coast. The fact that freshwater is
closest to the coast in the more permeable zones in this area indi-
cates that salty water is still being actively flushed from the Buxton
Woods aquifer along the south coast. In other words, the time interval
since this area was formed is not yet long enough for the seawater,
that was present in the sediments when they were deposited, to be
flushed out. It is worth noting here that where saltwater encroachment
is occurring, salty water will extend farther landward in the more
permeable zones. In other words, the reverse of the situation that

existed in the cape point area along the south coast in 1960.
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With the preceding discussion of freshwater-saltwater relation-
ships in mind, ‘it will be useful at this point to present a general-
ized sketch of the freshwater lens along line A-A' on Figure 2. This
sketch is shown in Figure 21. The confining bed that underlies the
Buxton Woods aquifer is shown on the sketch to dip toward the south on
the basis of the different depths at which it was penetrated by well
21E and the deep USGS test well in the Frisco Campground.

One well in each of the CHWA well lines is also shown on the
sketch. The contact between freshwater and saltwater on the sketch is
intended to represent the position of the 250 mg/l isochlor. The in-
terfingering of freshwater and saltwater on the ocean side of the
area is schematic and does not necessarily represent the actual
position of coarse-grained and fine-grained layers. The "upconing"”
of salty water beneath the drainage ditch is intended to reflect the
effect on the freshwater-saltwater interface of the lowering of the
water table by_the ditch.

Finally, I noted near the beginning of this section that the
chloride content of the water produced by the CHWA supply wells ranges
from about 30 to 50 mg/l and that there has been no significant change
since 1968. Now, note that the chloride content of the water in the
upper part of the Buxton Woods aquifer in wells B2, B3, and Bll near
the center of the island in the cape point area, as shown on Figure 6,
is less than 20 mg/l. These values are believed to represent the
chloride content of the recharge reaching the water table. Why then
is the chloride content of water from the CHWA supply wells more than
twice that of the cape point wells? Two possible explanations come
to mind. First, the chloride content of ground water in the low nor-
thern part of the area may have been (and is being increased) by
evapotranspiration from the saturated zone in the swales in this area.
Or, second, the higher chloride content in the CHWA wells may be a
result cf inundation of the low swales in the northern part of the
area by seawater during an exceptionally severe storm at some time

in the past.
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well development or reevaluation of the use of plastic screens. The
very small average specific capacity of the wells constructed in 1977
without gravel packs emphasizes the importance of gravel packs for
wells in the Buxton Woods aquifer.

The preceding paragraphs of this section have dealt with the
yields and the specific capacities of the CHWA supply wells. All of
the values of these two parameters are tabulated in Appendix C. How-
ever, for the purpose of system management, a convenient means is
needed for comparing the performance of the different wells and the
different groups of wells. Figures 32 and 33 are an attempt to
provide such a means. 4

The points at the top of each line on these figures show the
position of the static (non-pumping) water level and the points at the
bottom of the lines show the pumping water level. The lengths of the
lines, therefore, graphically show the drawdown in each well. The
numbers at the top of the lines show the pumping rates. The numbers
of the wells are shown at the bottom of each line. '

The relative inefficiency of wells 18A, 19A, and 20A, three of
the wells that do not have gravel packs, is readily apparent on Figure
32. At some convenient time in the future it might be desirable to
pull the pump from one of these wells to see if additional develop-
ment will improve its performance. Well 20 has a small drawdown but
also has a small yield (7 gpm). This suggests the need to replace the
pump in this well. Figure 33 suggests that it might be useful also to
do additional development on wells 22A, 24A, 25A, 26, and 26A whenever

the pumps on those wells are pulled for repair or replacement.

Water Quality of the Buxton Woods Aquifer

The water pumped by the CHWA supply wells from the Buxton Woods
aquifer is very hard, moderately colored, and contains an excessive
concentration of iron. The water, therefore, requires treatment prior
to delivery to members of the association. The following table con-

tains selected water-quality data from two representative supply wells.
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Data on Water Quality of the CHWA Supply Wells

Constituent Units Well No. 7 Well No. 7A
Or property.
Color Std. units 42 115
Chloride mg/1l 37 35
Iron mg/l 1.27 3.94
Total hardness
(as CaCOgy) mg/1 232 274
Turbidity mg/l SiOg 15 4,2
Date sampled 3/15/68 1/30/79

Analyses by Division of Health Services, N.C. Dept. of Human Resources

Analyses of samples from the same well over the period of opera-
tion of the well field, which would show time-related changes in water
quality, were not located. Therefore, the above analyses, which are
for wells about 250 ft apart, were selected.

It might be useful at this point to comment briefly on the signi-
ficance of the above analyses relative to the Buxton Woods aquifer.

Color is a property imparted to water by complex organic sub-
stances, some of which are in suspension in the water and some of
which are dissolved. The brown color of surface water in the swales
is due to the presence of these substances. The color of the water
from the Buxton Woods aquifer may be due éither to recharge derived
from swales or to organic substances dissolved from buried swamp de-
posits.

Chloride has previously been mentioned in the discussion of the
freshwater-saltwater relationship and need not be covered here.

Iron in concentrations of a few tenths of a mg/l imparts an
objectionable taste to water and causes staining of laundry and water
fixtures. Some of the iron in water from the Buxton Woods aquifer may
be dissolved when the water moves through buried swamp deposits and
some of it may be attached to the organic matter that causes color.

Total hardness is a measure of the concentration of dissolved

compounds containing calcium and magnesium. It is objectionable in

water for domestic use when it exceeds about 100 mg/l. The calcium
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and magnesium compounds dissolved in water from the Buxton Woods
aquifer are derived from the aquifer layers containing fossil sea-
shells which are reported in most of the test-well logs.

Turbidity is a property imparted to water when it contains very
fine-grained particles of aquifer material such as clay and silt. Ex-
cessively large values suggest inadequate well development and, for
this reason, the turbidity should decrease with time as wells are
pumped. ’

Chemical analyses of water from the Buxton Woods aquifer suggests
that there are significant differences in water quality both from
place to place in the aquifer and from one depth to another. Because
treatment of the water is a significant expense and one that will in-
crease in the future along with increasing costs of energy and chemi-
cals, it seems desirable, when the well field is extended into new
areas, that a careful sampling program be conducted during test-well
construction to locate producing zones that have the best quality
water.

The water-quality analyses available at this time also suggest
that some of the constituents and properties may change with time.

Such changes are suggested by the following data on color for wells

drilled in 1967 and in 1977.

Data on Color in the CHWA Supply Wells

Well No. of Color (in standard units)
group wells Average Range
1967 17 48 25-75
1977 14 186 45-325

Because the 1977 wells were drilled midway between the wells
drilled in 1967, it seems most likely that the increase in color shown
in the above table is a result of increased recharge from the swale
along which the wells were drilled. An alternate explanation is that
the differences in color are due to differences in well comstruction.

In either case, the differences emphasize the need for a more inten-

sive water-quality sampling program.
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APPENDIX NO, 5 -

REPORT ON OUTPOST OBSERVATION WELLS
OF THE FRISCO WELL FIELD
OF THE
CAPE HATTERAS WATER ASSOCIATION

June 1880

RALPH C. HEATH
Consulting Hydrogeologist

4821 Kilkenny Place
Raleigh, N. C. 27612
(919) 782-0171
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WELL FIELD OF THE CAPE HATTERAS
WATER ASSOCIATION
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RALPH C. HEATH
Consulting Hydrogeologist

4821 Kilkenny Place
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characteristics of the resistivity logs of the supply wells, gravel
packs should extend from the bottom of the wells up to depths of 40

to 45 ft. Placing 5 ft of screen in the 60 to 70 ft zone will result
in an available drawdown of 15 to 20 ft more than that of wells in the
existing well field. This should result in a substantially larger
vield from each well than can be obtained from the wells in the

existing well field.

WATER-QUALITY CONDITIONS
Two aspects of water quality are especially important relative to
the development of a well field in Buxton Woods. The first is the
chloride content of the water near the northern hydrologic boundary of
the aquifer, along the Buxton Ditch, and the chloride content in per-
meable zones below the aquifer in the vicinity of the proposed well
field. The second is the iron content of the water in the producing

zone of the aquifer.

Chloride Data

Relative to data on chlorides, test well 2 was drilled 200 ft
south of the Buxton Ditch to determine the chloride content near the
bottom of the Buxton Woods aquifer. Water in a core obtained from a
depth of about 80 ft contained 280 mg/l of chloride. The chloride
content in a core from a depth of about 100 £t was 850 mg/l. These
analyses appear to confirm the fact that the Buxton Ditch effectively
serves as the northern hydrologic boundary of the main part of the
Buxton Woods aquifer. 1In order to observe the effect of the propos-
ed vell field on both the ground-water level and chloride content, a
permanent observation well was installed in test well 2 by install-
ing a 5-ft screen between depths of 67 and 72 ft. Water from this
well contained 75 mg/l of chloride when sampled on May 2, 1990.

Data collected from test wells 1 and 4, located near the line
of the proposed well field, show that the chloride content of water
in the upper, more permeable, part of the Buxton Woods aquifer ranges
from about 40 to about 60 mg/l. Water from the lower unit of the
aquifer has a chloride content of about 80 mg/l. It is also important
to note that water from test well 1, which is screened petween depths

of 118 and 123 ft, had a chloride content of 80 mg/l.
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iron Data

Composite water samples from the present CHWA well field contain
about 2.2 mg/l of iron. Treatment to remove this iron represents a
significant continuing expense. The concentration of iron in some
sedimentary deposits, including deposits similar to those that under-
lie the Cape Hatteras area, differ markedly between differeﬂt layers.
One of the objectives of the test-well drilling program was to
determine if this was the case in the Buxton Woods aquifer.

The iron content in water from test well 2 near the Buxton Ditch,
which is screened between depths of 67 and 72 ft, is only about 0.15
mg/l. the iron content in water from test well 1 near the center of
the proposed well field, which is screened between depths of 118 and
123 ft, is about 0.18 mg/l. The iron content in water from well 1A,
on the other hand, which is screened between depths of 63 and 68 ft,
is about 1.75 mg/l. It appears from these data that water in the
lower, less permeable part of the Buxton Woods aquifer and water in
the more permeable layers in the confining bed has an iron content
only about 1/10 that of the upper, more permeable zone.

Three different methods were used during the construction of
test well 4 in an effort to obtain water samples for iron analyses
from different levels in the aquifer. In the first method, the drill
rods were removed from the hole when it was at a depth of 40 ft and a
line of 1% in. diameter casing equipped with a 30 in. screened drive
point was driven into the bottom of the hole. All efforts to produce
water from the 1% in. casing were unsuccessful. When the casing was
pulled the screen was found to be blocked with drilling mud.

The second method consisted of obtaining cores at 10-ft inter-
vals beginning at a depth of 50 ft, placing the cores in the filter
press, and forcing the water out with air pressure. Previous tests at
the water plant, using water with a large iron content, had shown that
if all the paper filter was removed except for a % in. wide outer
band, which is needed for a seal, water samples obtained from the
filter press gave approximately correct iron values. Using this
method water samples were obtained from cores from depths of about 50,
60, 70, and 80 ft. Drilling was stopped at 80 ft.

The third method which might, for convenience, be referred to as

the "temporary-well method," consisted of installing in the hole a
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line of 2 in. diameter PVC casing equipped with a 5-ft screen,
flushing the mud column out of the casing and annular space, pouring
gravel around the screen, and using air pressure to "develop" the zone
open to the screen. Following development, water was pumped from the
well for periods ranging from 20 minutes to more than an hour before
being sampled. After each water sample was collected, the casing was
raised to the next zone to be tested and the development and pumping
procedures were repeated. -

The results obtained with the 2nd and 3rd methods - that is, with
samples from cores and with samples from the "temporary wells” afe

listed below.

Core Samples Temporary well Samples
Depth Iron 1/ Depth Iron Chloride Total Hardness
20-22 2/ 1.18 55
50 0.1 46-51 2.2 45 260
60 .1 60-65 2.7 40 240
70 .05 72-77 3.8 55 360
80 .6

1/ All chemical constituents are in milligrams per liter
2/ Temporary driven well used to supply water for the drilling opera-

tion.

As can be seen from the above table, there are large differences
between the iron content of the core samples and those from the tempo-
rary wells. Whether these differences are real or result from prob-
lems with the methods cannot be determined from the information
presently available.

The small iron content in the core samples could reflect a
failure of the filter press to produce a representative sample for
iron in spite of the results obtained in the test at the water plant.
Oon the other hand, if the iron content in the core samples are
approximately correct, they could indicate that some layers in the
aquifer do, in fact, yield water with a small iron content. Even if
this is the case, however, the layers would probably bg too thin and

too difficult to locate to be utilized by the CHWA. 1In other words,
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supply wells commonly are finished with 5-ft screens and gravel packs
as much as 20 to 25 ft long so that if the iron-free zones were not at
least 15 to 20 ft thick, it would not be practical to develop them.

Therefore, the results obtained from the test wells indicate that
the only zone in the Buxton Woods aquifer that yields water with a
small iron content and which is thick enough to be developed for a
water supply is the'lower part of the aquifer immediately above the
confining bed.” This is the least permeable part of the Buxton Woods
aquifer but this may not be an insurmountable problem. A more impor-
tant problem might be upward movement of saline water from the
brackish water zones below the confining bed. Relative to this prob-
lem, note that chloride determinations are shown on Figure 2, includ-
ing a value of 1900 mg/l for a sample from depths of 196 to 206 ft in
State test well No. R-2c-Z. In other words, there appears to be a
difference in chloride content of about 1800 mg/l between the top and
bottom of the confining bed.

In an effort to better understand the occurrence of iron in water
from the Buxton Woods aquifer and the results obtained during the
test-well construction program, additional data were collected on the
iron content of water from wells in the existing well field. Although
these data are not directly related to the subject of this report,
they are presented in Appendix D so that they will be available for
future reference. The data include iron analyses of water samples
from the wells that were in operation on June 7, 1990, and analyses of
samples collected on January 30, 1979, from 14 of the wells.

Because the samples both in 1979 and 1990 were collected over a
relatively short period, they represent, in effect, a “"snapshot" of
the areal differences in iron content in the well field. With this in
mind, note that in 1979 the range in iron content of the 14 wells is
from 0.46 mg/l to 17 mg/l and that the average iron content of the 13
wells sampled in 1979 that were also sampled in 1990 is 4.8 mg/l.

Thirty eight wells were sampled in 1990 and the iron content
ranged from 0.10 mg/l to 5.8 mg/l; well No. l1lA, which had an iron
content of 17 mg/l in 1979, was not operating in 1990. The average
iron content of the 38 wells sampled in 1990 is 3.1 mg/l and the
average iron content in 1990 of the 13 wells that were also sampled in

1979 is 3.2 mg/l1. Note that this value is 1.6 mg/l less than in 1979.
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Assuming that the difference in average iron content between 1979 and
1990 is not a result of differences in analytical procedures, does it
show that the iron content is decreasing with time, as a result of the
CHWA withdrawals? Or, is the difference related to differences in the
seasonal rate of withdrawals? In other words, water use in January
1979 was obviously much less than that in June 1990. None of these
questions can be answered now but they are important questions that
need to be studied in the future.

Finally, with respect to the proposed well field in Buxton Wpods.
I might note that the iron content of water from test wells 1A and 4
was 1.7 and 2.2 mg/l, respectively, or about 1 mg/l less than the

average of the 38 wells sampled in the existing well field.

WELL-FIELD DESIGN
Hydrologic conditions on the State-owned property in Buxton
Woods, as determined in the test-drilling program, are favorable for
the development of a well field to supply the increasing water needs
of the Cape Hatteras-Avon area. Unfortunately, iron-free zones suit-

able for the development of supply wells were not found.

Location and Spacing of Supply Wells

In order to develop the maximum yield, it is necessary to locate
supply wells as close to the water-table divide as possible. On the
basis of relatively sparse information, I estimated in my 1988 report
on the ground-water resources of the Cape Hatteras area that the
water-table divide in the Buxton Woods area is along a line near the
south side of the wetland referred to as Jennette Sedge. Development
of a well field along this line would involve some disturbance of
wetland and, therefore, might involve a lengthy approval process.
Because of this aspect, it was deemed desirable to move the well-field
line to the north side of the sand ridge along the north side of the
Sedge.

The State-owned land along the line of the sand ridge north of
Jennette Sedge is about 3600 ft wide. Nine wells spaced about 450 ft
apart can be located along this line. Figure 4 is a map showing the

State-owned land on which the approximate position of the nine supply
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APPENDIX D - Iron analyses of water samples from wells in the existing l
CHWA well field near Frisco. (January 30, 1979, samples analyzed |
by N.C. Division of Health Services Laboratory. June 7, 1990, '
samples analyzed by Shelly Rollinson, Cape Hatteras Water Asso- :
ciation.) '

Well . Iron {(mg/l) Well Iron (mg/l) i

No Jan 30, 1979 June 7,1990 No Jan 30, 1979 June 9, 1990

3 5.1 16 2.9 |
4 2.0 16A 5.0 3.8 '
5 2.8 17 4.0. '
6 3.1 17A .46 3.3 '
7 N.0.1/ 18 2.4 )
7A 3.9 2.8 18A 4.5 2.6. i
8 2.8 19 1.7 :
8A 4.8 3.2 19A 3.7 1.1 i
9 3.3 20 3.4

S9A 4.6 2.6 20A 5.6 3.6

10 2.6 21 N.O. i

10A 6.2 3.5 21A 6.7 5.0 '

11 3.3 22 4.0. i

11A 17 N.O. 22A N.O.

12 3.2 23 3.8

12A 6.9 2.6 23A 3.3 I

13 2.1 24 3.1 ‘

13a 3.8 24A o 5.8 I

14 2.1 25 4.4 |

14A 4.2 3.3 257 0.1 '

15 N.O. 26 N.O ;

15A 5.4 3.8 26A 1.8

1/ N.O. - Well not in operation.
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I CONCLUSIONS AND RECOMMENDATIONS

; A preliminary evaluation of the brackish groundwater resources available beneath
' Hatteras Island has been completed. The study was undertaken because additional
water for public supply purposes is required to meet increased demands associated with

population growth on the island. The following conclusions and recommendations are

investigation.

' presented based on the results of drilling and testing conducted as part of this preliminary

A. Conclusions

Three test wells were constructed near the Cape Hatteras Water Association

" (CHWA) water treatment plant on Hatteras Island. The wells were completed -
within the Miocene age Yorktown Formation. Two of the wells were completed as
]. dual zone piezometers. A high permeability limestone unit was encountered in
each of the wells between the approximate depths of 240 and 280 feet below land
l surface.
' 2. Pump tests were conducted on all three of the test wells. The productive capacity
of the upper zone in each of the test wells was very good based on the pump test
I results. Calculated specific capacity values ranged from 90 to 190 gpmv/ft in the
upper zone. Both the upper and lower potential production zones were tested in
}' test well TW-2. The lower zone in well TW-2, however, exhibited poor yield
}. potential.
) ' 3. Water quality varied considerably in the test wells. The dissolved chloride
j' concentration of samples obtained from the upper limestone unit during the study
) ranged from 3800 mg/l in well TW-1 to 8750 mg/l in well TW-2. Samples obtained
' from the lower zone in well TW-2 had a dissolved chloride cOncentration of 10,800

z,l mg/l.
)
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s' 4, The highly productive limestone unit encountered between the approximate depths
of 240 and 280 feet below land surface is the most viable source of brackish raw

} l water supply for reverse osmosis treatment. This source appears to be adequate
to supply 4 MGD or more of raw water if the resource is properly managed.

;l Additional testing and analysis will be required to fully evaluate the yield

characteristics and long term water quality of the zone.
B. Recommendations

1. Aquifer performance testing should be conducted to determine pertinent aquifer
hydraulic coefficients. The existing test well TW-3 should be utilized as the
test/production well and pumped at a high rate for a duration of at least 72 hours.

purpose of measuring drawdowns in the aquifer during the test. The observation
wells should be located at approximate distances of 100, 300, and 1000 feet from

M Three observation wells should be constructed to tap the producing zone for the
J. the test/production well.

2. Additionally, monitor wells that tap discreet intervals should be constructed near

‘l the bottom of the producing zone and at the base of the limestone unit.

Anticipated completion depths are from 300 to 310 feet below land surface and

jl | 400 to 410 feet, respectively. These open hole type wells will provide information
} ' on the vertical variation of water quality in the sediments underlying the proposed -

' wellfield area. The monitor wells should be located near the test/production well

proposed for use during aquifer performance testing. Additional monitor wells
Jl should be constructed near the distal ends of the proposed wellfield alignment to
} further assess water quality variations in the aquifer. All of the wells can be used
l for monitoring water levels and water quality when the proposed wellfield is in
}' operation. Data obtained from the wells can be used to evaluate wellfield

performance and can also provide an early waming of potential problems or

FH4-088.RP1 2




unexpected water quality changes in the wellfield. The well top elevations should
"' be surveyed so that water levels can be referenced to NGVD.

| 3. A hydrogeologist should supervise construction of the proposed monitor wells and
i 5 recommend cased and total depths for each of the wells. Lithologic logs of the
jl sediments encountered during drilling should be prepared. The hydrogeologist
{l should also supervise the aquifer performance test and determine pumping rate,
water level measurement, and sampling intervals.
il - 4, Water samples should be obtained from the monitor and observation wells before
}l and after the aquifer performance test. Samples should be taken from the
test/production well periodically throughout the test and analyzed for salinity
l' parameters. The water quality data should be reviewed to assess the effects of -
} pumpage on water quality in the aquifer.
| |
5. Hydraulic and solute transport computer models of the brackish aquifer system
}l underlying Hatteras Island should be developed. Aquifer hydraulic coefficients,
water quality, and other input data used in the model should be determined from
' the results of on-site testing and analysis. The models should be used to

determine a wellfield design and operation schedule that results in the most stable
and reliable feedwater for the proposed reverse osmosis plant. Once developed,

the models can also be used to evaluate the feasibility of various future wellfield

l expansion scenarios.

6. A report should be prepared that describes the procedures and methods used

} during monitor well construction and aquifer performance testing. All pertinent data

I should be assembled in the report along with a description of how the computer
] models were set up and utilized. Conclusions and recommendations regarding the
J' design and operation of the proposed wellfield should be presented.

FH4-088.RP1 3




7. Technical specifications for the construction and testing of the proposed reverse

osmosis supply wells should be prepared based on results of the investigation.
The specifications should include drilling methods, well completion techniques, and
anticipated cased and total depths of the wells. The specifications should be made
available to potential contractors for bidding the job.

FH4-088.RP1 4




. INTRODUCTION

Missimer Intemational, Inc. (MI) was authorized in March of 1995 to conduct test drilling
for the Cape Hatteras Water Association (CHWA) on Hatteras Island, North Carolina.

Drilling and testing were conducted to obtain information on the geologic and hydrologic

,conditior_\s beneath the island. The information was collected in order to make a

preliminary evaluation of the potential for developing a brackish raw water supply for
reverse osmosis treatment on the island. The CHWA plans on developing a source of
water that may ultimately generate 2.4 million gallons per day (MGD) or more of potable
water for public supply purposes. Freshwater resources available in the water-table
aquifer are currently being utilized to the maximum extent possible. Increased pumpage
from the water-table aquifer is not allowable due to regulatory concerns of environmental

impacts and the potential for saltwater intrusion into the wellfield.

The original scope of the investigation was to include the construction and testing of a
single test well into the Mid-Yorktown Aquifer. The proposed cased and total depths for
the well and completion technique were based on regional information from deep wells
constructed in surrounding areas. The geologic sequence encountered in the initial test
well was similar to that expected; however water quality conditions were not. Two

additional test wells were constructed because of the variability in water quality

encountered. The locations of the test drilling sites and the CHWA water treatment plant
are shown on Figure ll-1. The drilling and testing procedures utilized during the ..

investigation are described in the following section of this report.

FH4-088.RP1 5
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lll. WELL CONSTRUCTION AND TESTING

Skipper's Well Drilling, Inc. from Leland, North Carolina was contracted to conduct the
test drilling. A hydrogeologist from MI supervised all drilling and testing activities and
collected formation samples for lithologic analyses. Geologic descriptions of the various
units penetrated during drilling are provided in Section IV of this report. Geologist's logs

of the sediments encountered in each test well are provided in the appendices.

The mud rotary method was used to drill the three test wells. Drilling of the initial test
well TW-1 began in the last week of March, 1995. The location of the well is shown on
Figure ll-1. The proposed design for the well was based on regional geologic data
obtained during the construction of public supply water wells and oil exploration wells in
the area. The original plan was to construct a 4-inch diameter well with a cased depth

of approximately 300 feet below land surface and a screened section from a depth of

approximately 300 feet to 400 feet.

During drilling, a severe loss of circulation zone encountered at a depth of approximately
255 feet below land surface temporarily halted the drilling operation. Well construction
design was modified in order to test the zone for water production potential by
constructing a 6-inch diameter PVC cased open hole well. Geophysical logs were
conducted prior to setting casing and are included in the appendices. Casing was set at
240 feet and grouted in place. An open hole section was then drilled to a depth of 275
feet below land surface and the well was thoroughly developed to remove drilling mud

and residual cuttings.

An aquifer test was conducted on the well after development was complete. Results of
the pump test yielded a specific capacity of 189 gpmv/ft at a pumping rate of 100 gpm.
Water samples were obtained during the test and analyzed for dissolved chloride
concentration. The samples obtained from well TW-1 had an average dissolved chloride

concentration of 3800 mg/_l. Water within the zone tested was more saline than
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anticipated so test drilling was continued in an attempt to locate a zone of better quality

water.

A sandstone unit was encountered at a depth of 560 feet below land surface and
penetrated to a total depth of 588 feet. Geophysical logging was again conducted prior
to setting casing in the well. A string of 2-inch diameter casing was installed to the top
of the sandstone unit, however, attempts to obtain a good representative water sample
from the zone were unsuccessful due to the problems encountered in the upper part of
the hole. A 1va-inch diameter screen was then set in the well but a good water sample
still could not be obtained. Final construction details for the well are shown in Figure llI-1.
Based on the data collected, water within the sandstone unit in well TW-1 is at least as
saline or more saline than the water within the upper limestone unit in the well. The
upper zone was therefore selected as the most likely source of reverse osmosis

feedwater supply.

Initially, a comprehensive program of drilling, testing, data analysis, and comptjter
modeling was recommended to further evaluate the long-term water supply potential of
the target zone. However, due to the unexpected poor water quality encountered in the
first test well, it was decided to construct an additional test well to assess the yield
potential and water quality of the proposed production zone and underlying sandstone unit

at a location distant from well TW-1.

Construction of well TW-2 commenced on July 10, 1995 at the location shown on Figure
1I-1. This well was constructed with 8-inch diameter schedule 80 PVC to a depth of 247
feet below land surface. The upper limestone unit was tested between the depths of 247
feet and 285 feet in the well. Again, the productive capacity of the well was very high.
The calculated specific capacity of the well was 90 gpm/ft at a pumping rate of 290 gpm.
Analyses of water samples obtained during testing indicate that the salinity of the water

" FH4-088.RP1 8




CAPE HATTERAS WATER ASSOCHATHON REVERSE OSMOSIS

TEST WELL TW-1
o _ <‘1~c—i> ] /‘—LAND SURFACE
M
Z \>CEMENT GROUT
ZRERN
7 Z N
é § NOMINAL 9.5—INCH DIA. BOREHOLE
Z & 6—INCH DIA. SCH 80
w 7 N PVC CASING
g ZREIN
§ 200 — ? §
e A1 1D
3
z = NOMINAL 5.5—INCH DIA. BOREHOLE
o 300 —
o 2—-INCH DIA. SCH 40
n PVC CASING
z A N
2 o AN
§ é % CEMENT GROUT
A N
N
7N
e NOMINAL 4—INCH DIA. BOREHOLE
500 — K—PACKER
EL },———ronmmon PACKERS

600 —

Pr Name: CAPE HATTERAS R.O. TEST WELL
Pr No. FH4-088 Date: 08/18/95

Groundwater
and
Environmental Services

W caeal.
DWG No. FH4088W1.DWG  Rev.No. 4

FIGURE lil—1. SCHEMATIC DIAGRAM SHOWING THE FINAL CONSTRUCTION DETAILS OF THE CAPE HATTERAS WATER
ASSOCIATION REVERSE OSMOSIS TEST WELL TW-1.
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in the limestone unit at this location is considerably higher than that encountered at test
well TW-1. The dissolved chloride concentrations of samples obtained during the test
ranged from 8300 mg/l to 8750 mg/l and stabilized at 8750 mg/l. Drilling continued in

order to test the underlying sandstone unit.

A string of 4-inch diameter steel pipe was set into the sandstone unit at a depth of 625
feet below land surface and an open hole section was drilled below the casing to a depth
of 650 feet. A pump test was conducted on this zone and water samples were obtained
for analyses. The dissolved chloride concentration of water samples obtained near the
end of the test stabilized at approximately 10,800 mg/l. Testing was discontinued since
salinity levels in the sandstone unit were higher than in the upper limestone unit at the
site. A schematic diagram showing the construction details of well TW-2 is included as
Figure Hi-2.

Because of the high salinity levels encountered in test well TW-2, a third test well was
constructed. Test well TW-3 is located north of test wells TW-1 and TW-2 as shown on
Figure 11-1. Well TW-3 was constructed to further assess water quality trends within the

target aquifer and for the purpose of conducting a high rate pumping test.

Construction of Well TW-3 began on August 1, 1995 and was completed on August 3.
A string of 10-inch diameter schedule 80 PVC casing was installed to a depth of 248 feet
below land surface and grouted in place with neat portland cement. An open hole section
was drilled out to a depth of 276 feet. Construction details of the well are shown in
Figure 11I-3. The well was developed by compressed air pumping from within the casing
for approximately 2 hours. After development was complete, a centrifugal pump was
used to pump the well at rates ranging from 700 gpm to 1375 gpm. A maximum
drawdown of 8.0 feet was measured in the well at a pumping rate of 1375 gpm confirming
that the aquifer is highly productive. Water samples were obtained periodically throughout

the test and analyzed for dissolved chloride concentration. Concentrations varied from
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FIGURE Ill-3. SCHEMATIC DIAGRAM SHOWING THE CONSTRUCTION DETAILS OF THE CAPE HATTERAS
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4250 to 4900 mg/! during pump testing. Tables showing the aquifer test data and water
quality analyses for each well are included in the appendices. Pertinent information for
all three wells is summarized in Table lli-1.
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IVv. HYDROGEOLOGY
A. Geology

The geologic descriptions provided herein are based on information obtained through the
drilling of the CHWA reverse osmosis test wells. A stratigraphic column of the sediments
encountered during the drilling of test well TW-1 is included as Figure IV-1. The
descriptions and nomenclature of lithologic units given generally conform with previous
work done by the U.S. Geological Survey, the North Carolina Department of Environment,
Health, and Natural Resources, and various consultants including Missimer Intemational,
Inc. The focus of this investigation is on confined aquifers containing brackish water
within the Yorktown Formation. Therefore, only a brief discussion of the upper

stratigraphic units is presented.

The uppermost and youngest strata encountered during drilling of the test wells consist
of undifferentiated marine and non-marine clastic sediments of post-Miocene age. The
primary constituents include fine to coarse grained quartz sand with common shell beds
and minor amounts of interbedded clay and fine grained phosphorite sand. Permeable
sediments within these deposits form the water-table aquifer which is roughly 100 feet

thick in the study area.

The Yorktown Formation of late-Miocene to early Pliocene age underlies the surficial sand
deposits. The formation consists of beds of fine to coarse grained sand and dense clay
units with sandy limestone and sandstone layers also present in some locations.
Thickness of the formation can exceed 500 feet in eastern Dare County. The Yorktown
Formation is described in more detail below beginning with the upper confining beds.

The upper Yorktown Formation confining beds in the study area consist of olive-gray

marine clays with interbedded fine sand, shell, and phosphate material. Thickness of the
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confining unit ranged from 116 to 150 feet in the recently constructed test wells. These
beds have a very low hydraulic conductivity which provides good confinement between
the surficial sands and the underlying Mid-Yorktown Aquifer.

The Mid-Yorktown Aquifer lies beneath the upper Yorktown Formation confining beds in
eastern Dare County. In most areas, the aquifer consists primarily of medium to fine
grain quartz sand with occasional shell, phosphatic material, and coarse sand layers. A
limestone facies within the aquifer was encountered in the test wells constructed during
this investigation. The limestone unit is a relatively well consolidated, dark gray, biogenic,
skeletal limestone with well developed secondary porosity. The upper part of the unit also
contains occasional shell, sand, and phosphate as well as interbedded loosely
consolidated sandstone layers. Secondary solutioning in the upper part of the aquifer has
resulted in cavermnous or highly permeable zones evidenced by the lost circulation
problems encountered in each of the test wells during drilling. The entire thickness of the
limestone unit was penetrated in test wells TW-1 and TW-2 and was found to be 167 and

166 feet, respectively.

Underlying the Mid-Yorktown Aquifer is a mixed sequence of clay, sand, and shell that
forms the Mid-Yorktown Aquitard. Thickness of the unit is approximately 150 feet in the
area where test drilling was conducted. Sandy clay is the predominant lithology present
and thus the vertical hydraulic conductivity of the unit is low. The unit provides
confinement between the Mid-Yorktown Aquifer and the Lower Yorktown Aquifer.

The final sequence encountered during the test drilling project was a sandstone and sand
unit of the Lower Yorktown Aquifer. This unit was encountered at a depth of 557 feet in
well TW-1 and at 565 feet in well TW-2. A soft to medium hard, friable sandstone is the
predominant lithology. Minor amounts of shell and phosphate material are also present
in the unit. The sandstone was penetrated to a depth of 650 feet in test well TW-2.

'FH4-088.RP1 ' 17




B. Aquifer Descriptions

The water-table aquifer is the uppermost water bearing unit on the island and by definition
is unconfined or in direct contact with atmospheric pressure. Fine to coarse grained
quartz sand and shell are the predominant lithologies present in the zone which attains
a thickness of approximately 100 feet in the study area. This aquifer is currently the
source of public supply drinking water on Hatteras Island and it is also used for domestic
supply and irrigation at individual homes. Recharge to the aquifer is by direct infiltration
of precipitation on the island. Discharge occurs through pumpage, evapotranspiration,

and outflow to surface water bodies.

The Mid-Yorktown Aquifer is considered the most likely source of reverse osmosis
feedwater on Hatteras Island and was the focus of this investigation. The aquifer occurs
within a skeletal limestone facies of the Yorktown Formation. The upper part of the
limestone unit is highly permeable due to secondary dissolution of the rock material.
Cavemous zones were encountered during drilling in the upper 30 to 40 feet of the unit
which caused loss of drilling fluid circulation. Aquifer tests conducted on the upper part
of the limestone unit indicate that the productive capacity of the zone is very high.
Transmissivity of the zone is estimated to be in the range of 200,000 to 400,000 gpd/ft

based on the preliminary aquifer test results.

Recharge to the aquifer occurs on the mainland west and north of Hatteras Island,
primarily from direct rainfall infiltration where the Yorktown Formation crops out at land
surface. In addition, some brackish water recharge occurs where the Albemarle and
Pamlico Sounds intersect the recharge area of the Yorktown Aquifer. The regional
hydraulic gradient within the aquifer is not known, however, it is estimated to be less than
one foot per mile. Surveying of well top elevations and water level measurement in the
test wells will need to be accomplished in order to more precisely determine the hydraulic
gradient. During pumpage, additional recharge will likely be ihduced by vertical leakage

through the overlying and underlying semi-confining units.

FH4-088.RP1 ' 18




Water quality in the Mid-Yorktown Aquifer was evaluated based on analyses of samples

‘obtained during the aquifer tests. Dissolved chloride concentrations varied widely from

3800 mg/! in well TW-1 to 8750 mg/l in well TW-2. Well TW-3 had a dissolved chloride
concentration of approximately 4900 mg/l at the end of long-term, high capacity pump
testing. The variation in water quality within the aquifer is likely related to the relative
proximities of saline surface water bodies and the distant mainland aquifer recharge
areas. Density stratification of water within the aquifer is considered likely since dissolved
chloride concentrations tended to increase with pumping rates during the test on well TW-
3.

The sandstone unit underlying the Mid-Yorktown Aquitard was the final water producing
zone encountered. An aquifer test was conducted on the zone in well TW-2. The
productive capacity of the unit is relatively low compared to that encountered in the Mid-
Yorktown Aquifer. Water quality was extremely poor in the unit so testing of the unit was
discontinued. The sandstone unit is not considered a potential source of reverse osmosis

feedwater on the island because of the low yield characteristics and poor water quality.

FH4-088.RP1 ) 19
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GEOLOGIST'S LOG OF CAPE HATTERAS WATER ASSOCIATION

Depth (feet

0-45

45-50

50-60

60-82

82-89

89-99

99-110

110-120

120-135

135-150

150-160
160-175

175-196

FH4-088.LOG -

REVERSE OSMOSIS TEST WELL TW-1

Description

No sample. Driller reports mix of fine to coarse grained sand
and shell with clayey sand at the bottom of the interval.

Shell, multicolored, interbedded with sand. Sand is quartz,
medium to coarse, subrounded, with some pebble sizes.

Sand, quartz, grayish-black (N2), very fine to coarse, poorly

- sorted, subrounded, abundant shell, black (N1), good

apparent permeability.
Sand and shell as above.

Shell, grayish-black (N2), interbedded with fine sand and
sandy clay, medium gray (N5).

Shell as above with less clay.

Clay, dark gray (N3), sandy, fine medium gray (N5) sand
interbedded, abundant shell.

Shell, very pale orange (10 YR 8/2), interbedded with fine
sand and occasional medium gray (N5) clay.

Clay, medium dark gray (N4), interbedded with fine sand and
shell, very pale orange (10 YR 8/2), low apparent
permeability.

Clay, medium dark gray (N4), sandy, common shell and fine
sand interbedded, low permeability.

Clay, as above.
Clay, medium gray (N5), sandy, soft, common shell.

Clay, medium gray (N5), soft, sticky, minor shell fragments,
minor fine sand, finely phosphatic.




Continued: GEOLOGIST'S LOG OF CAPE HATTERAS
WATER ASSOCIATION
REVERSE OSMOSIS TEST WELL TW-1

Depth (feet) Description
| 196-215 Shell, multicolored, minor coarse sand, minor medium gray

(N5) clay interbedded.

215-223 Shell, multicolored, interbedded with common medium gray
(N5) clay, and fine to coarse grained quartz sand.

223-238 Clay, medium gray (N5), soft, sticky, common shell
interbedded. '

238-250 Limestone, medium dark gray (N4) to medium gray (N5), soft
to medium hard, shell casts and molds, trace white lime mud,
minor shell.

250-275 Limestone, medium gray (N5), soft to medium hard, casts and

molds, common shell, high permeability. Interbedded with
‘soft, medium dark gray (N4), friable sandstone. Severe loss
of circulation zones encountered at 255 feet and 265 feet.

275-285 Limestone, medium dark gray (N4), sandy, soft to medium
hard, friable, finely phosphatic, common shell fragments.
Good apparent permeability.

285-294 Limestone, yellowish-gray (5 Y 8/1), sandy, medium hard,
moderately well indurated, common shell fragments.

294-303 Limestone, yellowish-gray (5 Y 8/1), sandy, medium hard,
moderately well indurated, casts and molds, common shell
fragments, good apparent permeability.

|
- . ew

303-313 Limestone, yellowish-gray (5 Y 8/1), soft, friable, clayey,
, poorly indurated, occasional shell fragments, fast rate of
)I penetration, low to medium apparent permeability.

313-325 Limestone, as above.

FH4-088.LOG




WATER ASSOCIATION

l Continued: GEOLOGIST'S LOG OF CAPE HATTERAS
REVERSE OSMOSIS TEST WELL TW-1

k Depth (feet) Description
ll 325-334 Limestone, medium gray (N5), soft to medium hard, friable,
poorly to moderately indurated, finely phosphatic, abundant
}l shell fragments, minor white carbonate mud.
\ 334-339 Limestone, as above.
‘I 339-345 Clay, brownish-gray (5 YR 4/1), soft, cohesive, carbonate,
common shell and limestone fragments, low apparent
]l permeability.
| 345-355 Sandy limestone, yellowish-gray (5 Y 8/1), soft to medium
| ’. hard, poorly to moderately indurated, friable, minor shell. Low
| to medium apparent permeability.
! ]l 355-366 Limestone, as above with minor clay interbedded.
, 366-376 Limestone, medium light gray (N6), soft to medium hard,
!. poorly to moderately indurated, friable, abundant shell

fragments, medium apparent permeability.

376-400 Limestone, yellowish-gray (5 Y 8/1), soft to medium hard,
friable, occasional shell fragments, minor clay interbedded.
Low to medium apparent permeability.

400-405 Limestone and clay, as above.

405-415 Clay, grayish-olive green (5 GY 3/2), soft, cohesive, common
limestone and shell fragments.

415-421 Shell, multicolored, common limestone fragments, minor clay
and sand interbedded.

sand. Formation taking fluid during drilling, medium to high
apparent permeability.

FH4-088.LOG
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}i ' 421-442 Shell, multicolored, interbedded with coarse, rounded quartz
|

|

|




Continued: GEOLOGIST'S LOG OF CAPE HATTERAS
WATER ASSOCIATION
REVERSE OSMOSIS TEST WELL TW-1

Depth (feet) . Description
442-462 Clay, grayish-olive green (5 GY 3/2), soft, sticky, minor shell

and limestone fragments, low permeability.

462-525 Clay, grayish-olive green (5 GY 3/2), soft, sandy, carbonate,
minor shell interbedded, low permeability.

525-546 Clay, dusky yellowish-brown, soft, sandy, cohesive, trace
_ shell. Sand is very fine grained.

| }l 546-557 Clay, as above.
] 557-567 Sandstone, light olive-gray (5 Y 5/2), soft to medium hard,
. friable, poorly to moderately indurated, finely phosphatic, shell

lense at the top of the unit. Minor casts and molds, minor
shell interbedded with sandstone, medium apparent

_J

permeability.
;. 567-588 Sandstone, light gray (N7) to light brownish-gray (5 YR 6/1),
L soft to hard, friable, finely phosphatic (salt & pepper effect),

minor shell fragments, minor casts and molds.

P & ‘

FH4-088.LOG




GEOLOGIST'S LOG OF CAPE HATTERAS WATER ASSOCIATION

Depth (feet)
0-7

7-20

20-30

30-40

40-50

50-60

60-75

75-100

100-107

107-128

128-142

142-175

175-195

FH4-088.LOG

REVERSE OSMOSIS TEST WELL TW-2

Description

Sand, medium gray (N5), fine grained, quartz, well sorted,
subrounded.

Sand and gravel, medium gray (N5), and multi-colored, fine
to gravel sized, quartz, poorly sorted, subangular to well
rounded, 20-25% shell fragments.

Sand, gravel and shell, as above.

Sand and shell, medium gray (N5), and greenish-gray (5 GY
6/1), fine to coarse grained, quartz and assorted minerals,
poorly sorted, minor interbedded clay.

Sand and shell, as above.

Sand, medium gray (N5), fine to coarse grained, quartz, minor
shell and echinoid fragments, very minor interbedded clay.

Sand as above, higher % shell fragments. .

Shell, interbedded with fine to coarse quartz sand, multi-
colored, minor interbedded clay.

Shell, as above.

Sand, medium gray (N5), to light olive-gray (5 Y 6/1), fine
grained, quartz, minor shell.

Clay, greenish-gray (5 GY 5/1), soft, semi-cohesive,
interbedded with fine sand and shell, low apparent
permeability.

Clay, light olive-gray (5 Y 6/1), soft, slightly cohesive,
interbedded with fine sand and shell, slightly phosphatic, low
apparent permeability.

Clay and interbedded shell, light olive-gray (5 Y 6/1), soft,
minor fine sized sand, low apparent permeability.




Continued:

195-220

220-244

244-255

255-264

264-275

275-285

285-300

300-315

315-340
340-368
368-385

385-406

406-410

FH4-088.LOG

GEOLOGIST'S LOG OF CAPE HATTERAS

WATER ASSOCIATION

REVERSE OSMOSIS TEST WELL TW-2

Interbedded clay, shell and sand, as above, gastropods
abundant from 215-220 feet.

interbedded clay, shell and sand, as above, finely phosphatic.

Limestone, medium gray (N5) to light olive-gray (5 Y 6/1),
medium hard to soft, packstone, some friable pieces, vuggy,
moldic, common shell fragments, good apparent permeability,
minor fine phosphate, minor quartz sand.

Limestone, as above, but a little harder.

Limestone, as above, common casts and molds, hard, minor
lost circulation zone.

Limestone, as above, severe lost circulation zone at 280 feet.

Limestone, medium gray (N5) and yellowish-gray (5 GY 8/1),
packstone, hard to soft, vuggy, moldic, minor fine sand,
common bivalves and gastropods, good apparent
permeability.

Limestone, yellowish-gray (5 Y 7/1), packstone, soft, friable,
moldic, common shells, slightly phosphatic, minor clay (white
lime mud).

Limestone, as above, but harder.

Limestone, as above.

Limestone, as above.

Limestone, light to very light gray (N ) and yellowish-gray (5
Y 6/2), hard to medium hard, moldic, vuggy, common shell
fragments, minor fine sand, good apparent permeability, minor

lost circulation.

Limestone, yellowish-gray (5 Y 7/2), as above, interbedded
sandy clay. '




Continued:

410-425

425-440

440-450

450-475

475-498

498-523

523-545

545-565

565-583

583-598

598-623

623-635

635-650

FH4-088.LOG

GEOLOGIST'S LOG OF CAPE HATTERAS

WATER ASSOCIATION

REVERSE OSMOSIS TEST WELL TW-2

Clay, light olive-gray (5 Y 5/2), soft, semi-cohesive, abundant
fine sand and silt, minor shell, low apparent permeability.

Clay, as above, common shell and limestone fragments.

Shell, muiti-colored, common limestone fragments, minor sand
and clay, interbedded.

Sandy clay, light olive-gray (5 Y 5/2), very soft, minor shell,
minor fine phosphate, low apparent permeability.

Sandy clay, as above.

Clay, light olive-gray (5 Y 4/2), soft, semi-cohesive, sandy, -
finely phosphatic, minor shell.

Clay, as above.

Clay, light olive-gray to yellowish-gray (5 Y 7/2), soft, semi-
cohesive, sandy, finely phosphatic, minor shell, low
permeability.

Sand, light olive-gray, fine grained, quartz, minor shell and
clay, finely phosphatic, interbedded sandstone, as below.

Sandstone, light olive-gray (5 Y 6/1) to yellowish-gray (5 Y
8/1), fine to medium grained quartz, soft to hard, some friable
pieces, minor clay and shell, finely phosphatic, medium
apparent permeability.

Sandstone, as above, minor casts and molds.

Sandstone, as above.

Sandstone, light olive-gray (5 Y 6/1) to yellowish-gray (5 Y
8/1), fine to medium grained, soft to medium hard, loosely

consolidated, finely phosphatic, minor clay and shell, medium
permeability.
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GEOLOGIST'S LOG OF CAPE HATTERAS WATER ASSOCIATION

Depth (feet

0-18

18-48

48-60

60-74

74-95

95-106

106-112

112-124

124-145

145-175

175-218

218-245

FH4-088.LOG

REVERSE OSMOSIS TEST WELL TW-3

Description

No samples collected. Drillers describe fine to medium

grained sand with some shell present.

Sand and shell, medium gray (N5) to multi-colored, fine to
coarse grained, quartz, poorly sorted, subrounded, minor
black sand.

Sand and shell, as above.
Sand and shell, as above, minor gravel sized quartz.

Sand and shell, medium gray (N5) sand, shell is grayish-black
(N2), fine grained, quartz, minor phosphate.

Clay, greenish-gray (5 GY 5/1), soft, semi-cohesive, low
apparent permeability and porosity, shells and fine sand
common.

Sandy clay, greenish-gray (5 GY 5/1), soft, semi-cohesive, .
low apparent permeability, very fossiliferous (gastropods,
bivalves).

Clay, as above, less sand.
Clay with interbedded sand and shell, as above.
Clay, light olive-gray (5 Y 5/1) to medium gray (NS5), soft,

cohesive, low apparent permeability, finely phosphatic, minor
interbedded sand and shell (common gastropods).

Clay, as above.

Clay and interbedded shell, light olive-gray (5 Y 6/1), soft,
cohesive, low permeability, finely phosphatic, common
gastropod and echinoid fragments, minor sand.
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Continued:

Depth (feet)
245-260

260-276

FH4-088.LOG

GEOLOGIST'S LOG OF CAPE HATTERAS
WATER ASSOCIATION
REVERSE OSMOSIS TEST WELL TW-3

Description

Limestone, medium gray (N5), to yellowish-gray (5°Y 8/1),
medium hard to soft, some friable pieces, packstone, moldic
and vuggy, good apparent permeability and porosity, common
shell and fine sand, minor phosphate.

Limestone, as above, lost circulation zone from 260 to 265
and 270 to 276. : :
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Pump Test and Water Quality Data
For Wells TW-1, TW-2, and TW-3
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TABLE A-1.1 CAPE HATTERAS WATER ASSOCIATION
REVERSE OSMOSIS TEST WELL TW-1 PUMP TEST
OF THE LIMESTONE UNIT

Test Date: 4/10/95
Recorded By: Scott Manahan
Static Water Level: 2.04 feet below measuring point (BMP) which is top of the PVC casing which is
approximately 0.9 feet above land surface
Pumping Rate: 100 gpm
Elapsed Time Pumping Water Level Drawdown
(minutes) (ft. BMP) (feet)
5 2.55 0.51
10 2.56 0.52
15 257 0.53
20 2.55 0.51
30 2.54 : 0.50
45 2.50 0.46
60 2.52 0.48
120 2.47 0.43
245 2.41 0.37
425 2.56 ' 0.52

Specific Capacity = 100 gpm_= 189 gpm/ft
0.53

FH4-088.TAB
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WATER QUALITY ANALYSES RESULTS
TABLE A-1.2. CAPE HATTERAS REVERSE OSMOSIS TEST WELL TW-1 .

April 11, 1995
Chloride and Conductivity samples taken while pump testing at 100 gpm

Time* Sample - Conductivity Chiloride
minutes) Number umhos/cm m
g
10 35 11700 3800
60 15 11410 3875
120 41 11610 3750
245 23 11630 3750 “
425 16 11630 3750 [

*Time since beginning pump test

FH4-088.TAB
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TABLE A-1.3. CAPE HATTERAS REVERSE“ OSMOSIS TEST WELL TW-1

Sample Drawn: 4/11/95
Date Analysis Completed:  4/11/95
Sample taken after pump testing at 100 gpm for seven hours

Parameter — Concentation ||

P - Alkalinity as CaCO,, mg/l ) 0

Total Alkalinity CaCO,, mg/ 210

Bicarbonate as HCO,, mgA , 256

Carbonate as CO,, mg/ . 0

Hydroxide as OH, mgA [

Total Hardness as CaCO,;, mg/ 560

Calcium Hardness as CaCO,, mg/i 224

Magnesium as CaCO,, mg/ 336

Calcium as Ca, mgh 81.65 I
Color 0

Silica as SiO,, mgh 17.2

Conductivity as umhos/cm » 11,550

Iron, Fe, mgA .025

Potassium, K, mg/ 40.33

Copper, Cu, mgA . 4.78

Manganese, Mn, mg/t .123

Phosphate as PO,, mg/ A72

Chloride as Cl-, mg/l 3,800

Fluoride as F, mg/l .78

Nitrate as NO,, mg/ .21

Zinc as Zn, mgh ' .168

Chlorine (free Cl,), mg/ -

Lead as Pb, mg/ -

Corrosivity , .39

pH 735

pHs 7.74

Turbidity, N.T.U. } Rh

Total Suspended Solids, mgA 3.2

Total Dissotved Solids, mg/ 5800 i
Sulfate as SO,, mg/ : 156 II
Sodium as Na, mg/l (Est.) 1882.29 '
Sulfide as'S, mgA 0
FH4-088.TAB




TABLE A-2.1.

Test Date:
Recorded By:

Static Water Level:

CAPE HATTERAS WATER ASSOCH/
TEST WELL TW-2 PUMP TEST O

7/13/95

Mike Romero

ATION REVERSE OSMOSIS

F THE LIMESTONE UNIT

4.19 ft. below measuring point (BMP) which is top of PVC casing which
is approximately 1.25 feet above land surface

Pumping Rate: 290 gpm
Elapsed Time Pumping Water Level Drawdown

(minutes) (ft. BMP) (feet)
1 6.38 2.19
5 6.61 2.42
H 10 6.62 2.43
" 20 6.65 2.46
|| 30 6.65 2.46
|| 40 6.75 256
I 50 6.71 252
60 6.74 255
220 6.96 2.77
720 7.23 3.04

1080 7.28 3.09 |

1200 7.41 3.22 |

Specific Capacity = _290 gpm_= 90 gpm/t
3.22 ft.

FH4-088.TAB




TABLE A-2.2. WATER QUALITY ANALYSIS RESULTS (DISSOLVED CHLORIDE
CONCENTRATION) FOR THE LIMESTONE UNIT
CAPE HATTERAS REVERSE OSMOSIS TEST WELL TW-2
Test Date: 7/13/95

Chloride samples taken while pump testing at 290 gpm

Time* Sample Dissolved Chiloride
(minutes) Number Concentration
(mg/l)
}. 10 66 8375
60 19 8300 "
]l | 220 14 8300 ||
|| 720 24 8550 "
]l I 780 46 8600 |
‘ _ 855 54 8750 “
‘ ‘ 1080 13 8750 |l
1200 bottle 8750 || |
] 1440 bottle 8750 ]J
l' * Time since beginning pump test

FH4-088.TAB
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TABLE A-2.3.

WATER QUALITY ANALYSES RESULTS (UPPER ZONE)
CAPE HATTERAS REVERSE OSMOSIS TEST WELL TW-2

P-Akalinity as CaCO3, mg/ 0 N/A : ) -Il

Total Alkalinity CaCO3, mg/l 192 NA

Bicarbonate as HCO3, m/gl 234 N/A

Carbonate as CO3, mg/h 0 NA

Hydroxide as OH, mg/t 0 N/A i
Total Hardness as CaCO3, mg/ 2950 *150

Calcium Hardness as CaCO3, mg/ 852 N/A

Magnesium as CaCO3, mg/ 2098 NA

Calcium as Ca, mg1 341 *60

Color ] 15

Silica as SiO2, mgh 19.7 NA

Conductivity as umhos/ 26560 NA

tron, Fe, mg/ 0.144 "3

Potassium, K, mgA 46.5 N/A “
Copper, Cu, mg/ 5.01 *1.0

Manganese, Mn, mg/ 0.12 N/A

Phosphate as PO4, mg/l 0.264 *5 “
Chiloride as Cl-, mg/l 7800 *250 i
Fluoride as F, mg1 1.186 *4

Nitrate as NO3, mg/l 0.44 10

Zinc as Zn, mgA 0.114 5

Chlorine (free CI2), mg/ - ~2

tead as Pb, mgh - .05

Corrosivity -05 NA "
pH 7.24 ‘8.5-8.5 "
pHs 6.85 NA "
Turbidty N.T.U. 0.23 -1

Total Suspended Solids, mgA 0.5 N/A

Total Dissotved Solids, mph 13280 *500

Sulate as SO4, mo/ 667.5 *250

Sodium as Na, mgA (Est) 1074 250 "
Sulfide as S, mgh 0 NA

RECOMMENDED STATE MAXIMUMS®

MANDATORY STATE MAXIMUMS®*

MANDATORY STATE MINIMUMS~

NOT AVAILABLE NO LIMIT-N/A
Sampio was or pumping

et a0 s e ———————————————— et T

approxamalely 12 hours al a rale of 200 gpm.




——
-

TABLE A-24. CAPE HATTERAS WATER ASSOCIATION REVERSE OSMOSIS
TEST WELL TW-2 PUMP TEST OF THE SANDSTONE UNIT

Test Date: 7/25/95
Recorded By: Mike Romero

Static Water Level:

9.80 ft. below measuring point (BMP) which is top of steel casing which
is approximately 3.1 feet above land surface

- . A

Pumping Rate: 40-50 gpm*
Elapsed Time - Pumping Water Level Drawdown "
(minutes) (ft. BMP) (feet)
5 29.40 19.60 - "
10 29.50 19.70
20 29.10 19.30 |
30 29.07 19.27
40 29.04 19.24
50 29.01 19.21
60 28.65 18.85
70 28.60 18.80
90 28.40 18.60 "
150 28.30 18.50
300 27.60 17.80
360 | 22.60 17.80

Specific Capacity = _50 gpm = 2.8 gpm/ft
17.8 ft.

* The 5-hp submersible pump was operated with an unrestricted open discharge. The initial pumping
rate was 40 gpm. The pumping rate increased to 50 gpm after approximately 3 hours into the test and

stabilized at that rate.

FH4-088.TAB
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TABLE A-2.5. WATER QUALITY ANALYSIS RESULTS FOR THE SANDSTONE UNIT

Test Date:

CAPE HATTERAS REVERSE OSMOSIS TEST WELL TW-2

Recorded By:

Chloride samples taken while pump testing at 40-50 gpm

Mike Romero

" Time* Sample Chloride
(minutes) Number (ma/l)
' 10 22 10,000
" 60 None 10,250
150 None 10,700 II
300 None 9,000 "
360 11A 11,010 ||
|| 480 8A 10,600 ||
I 660 9 10,800 H

* Time since beginning pump test

FH4-088.TAB




TABLE A-3.1. CAPE HATTERAS WATER ASSOCIATION REVERSE OSMOSIS
TEST WELL TW-3 PUMP TEST OF THE LIMESTONE UNIT

FH4-088.TAB

' Test Date: 8/04/95
. Recorded By: Mike Romero
h Static Water Level: 4.62 ft. below measuring point (BMP) which is top of PVC casing
' Pumping Rate: ~700 gpm
. Elapsed Time Pumping Water Level Drawdown
(minutes) (ft. BMP) (feet)
‘ 1 6.93 2.31
' 3 7.34 272
: " 5 755 2.93 ll
i || 10 7.73 3.11
. " 15 7.88 3.26
h IL 20 7.69 307
25 , 7.78 3.16 ||
' 30 8.07 3.45 - "
h 40 8.25 3.63 I |
' i 50 8.15 3.53 “
l' 60 8.05 3.43 "
| 120 7.97 3.35
Il | 1260 8.60 3.98 ”
“ 1380 8.44 3.87
]' || 1680 856 394 ||
| 2040 8.97 4.35
h 2760 8.79 417 “
3120 8.87 4.25 “
]' 3400 8.94 4.32 “
| 8.90 4.28 "
' 9.20 4.58
' 8.94 4.32
i




TABLE A-3.1. CAPE HATTERAS WATER ASSOCIATION REVERSE OSMOSIS
TEST WELL TW-3 PUMP TEST OF THE LIMESTONE UNIT

(CONTINUED)
ll 2nd Step: 8/08/95
‘ Static Water Level: 4.58 ft.
'l Pumping Rate: ~1000 gpm
)' Elapsed Time Water Level 1 Draw;wn l
(minutes) (ft. BMP) (feet)
' 1 8.09 3.51 I
3 9.14 4.65
‘ 5 9.53 4.95
7 9.95 5.37 |
‘ | “ 10 10.04 5.46 |
15 10.16 5.58 “
. “ 20 10.31 573 "
| 25 | 10.38 5.80 |
' t 30 10.34 576 » "
35 10.41 5.83 ||
h 40 10.35 5.77
l 50 10.23 5.65 “
"' ' | « 60 10.27 5.64 “
} 300 10.43 5.85 ’
l 630 10.30 5.72 “
]l 1380 10.37 5.75 “

Specific Capacity = 171 gpnv/it

FH4-088.TAB




TABLE A-3.1. CAPE HATTERAS WATER ASSOCIATION REVERSE OSMOSIS
TEST WELL TW-3 PUMP TEST OF THE LIMESTONE UNIT

(CONTINUED)
3rd Step
Recorded By: Mike Romero
Pumping Rate: ~1375 gpm

l Elapsed Time l Pumping Water Level - Drawdown —l
(mlws) (ft. BMP) (feet)

II D 11.87 7.29 —ll
3 11.97 7.39
5 12.25 7.67
10 12.43 7.85
15
20 12.07 7.49
25 12.07 7.49
30 12.06 7.48
40 12.57 7.99
" 50 11.69 7.11
|| 60 12.36 7.78
|| 300 12.58 8.00
480 12.50 7.92

pecific Capacity =

FH4-088.TAB

ap




TABLE A-3.2. WATER QUALITY ANALYSIS RESULTS
(DISSOLVED CHLORIDE CONCENTRATION)
FOR THE LIMESTONE UNIT CAPE HATTERAS REVERSE OSMOSIS
TEST WELL TW-3
Test Date: 8/04/95
Chloride samples taken while pumping at 700 gpm

Time* -—gi;mple Dissolved Chloride
(minutes) Number Concentration

(mg/l)

10 1 ' 4350

60 . 10 4250

1380 25 4700

2760 X 4800

3120 210 4450

f 3400 14 4400
4140 4 4400 Il

4440 12 4550
4800 13 - 4600 l

~Time since beginning pump test

Chloride samples taken while pumping at 1000 gpm

“ Time* Sample Dissolved Chloride
(minutes) Number Concentration
(mgff)
60 6 4550
300 3 4450 ||
480 22A 4300
630 2 4450
1380 210 | 4450 ﬂ

~Time since beginning pump test

Chloride samples taken while pumping at 1375 gpm

Time* Sample Dissolved Chioride
(minutes) Number Concentration

(mg/l)

60 7 4800

300 27 4650

480 21A 4650

| - 810 32 4900
"Time since beginning pump test

FH4-088.TAB
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CAPE HATTERAS WATER ASSOCIATION
FUTURE WATER SUPPLY STUDY

Introduction

S ubsequent to the construction and testing of the first brackish water test
well, TW-1 (Figure 1). Boyle Engineering Corporation (BEC) prepared
a report for the Cape Hatteras Water Association (CHWA) which
summarized the results of the test and the resultant assessment of the cost of
water from a Reverse Osmosis (RO) plant constructed to process the well
water (Brackish Water Exploration Test Well — Final Report, June 2, 1995).
As recommended in the letter transmitting this report to CHWA, a second
test well program was proposed, prior to embarking on a costly
hydrogeologic investigation designed to confirm and reinforce the
preliminary RO process design assumptions. The recommendation was
accepted, and TW-2 was constructed (Figure 1). As part of this program, the
aquitard under the limestone formation was to be penetrated and the well
extended into the underlying sandstone. This was accomplished, and while
the test confirmed the superior productivity of the limestone aquifer, the
chlorides found in TW-2 were more than twice the value of TW-1 chlorides.
In addition, the sandstone aquifer chlorides exceeded 10,000mg/],
confirming the assumptions based on TW-1 results.

One explanation of higher chlorides was that TW-2 was significantly closer
to the Atlantic Ocean than TW-1 and because of the apparently high
transmissivity of the limestone, the water quality was more heavily
influenced by the open seawater than TW-1.

As a result of this finding, and the identification of good quality shallow
groundwater that could be used as blend water, a third test well, to be
constructed as a designed well into the limestone unit only, was authorized
by CHWA. This well was constructed on CHWA property on the North side
of Hwy 12, not far from CHWA offices in Buxton.

As a parallel effort, CHWA also authorized their consulting hydrogeologist,
Ralph C. Heath, to investigate the presence, longevity and safe yield of the
lower permeable zone of the shallow aquifer system. Upon completion of
these two parallel tasks, BEC was to review the data and conclusions, and
re-evaluate the opinions of cost, both capital and O&M, prepared as part of
the first test well program.

Page 1
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I CAPE HATTERAS WATER ASSOCIATION
§ FUTURE WATER SUPPLY STUDY

Conclusions and Recommendations

water treatment plant consisting of part brackish water desalting and
l' part shallow groundwater treatment appears technically feasible for a
lower Hatteras Island water supply, based on current knowledge of the
brackish limestone aquifer. Future viability of brackish water desalting can
l' be reinforced by additional groundwater exploration. A treatment plant
capable of meeting near term summer average day demand, and 5-year -
additional demand can be constructed for about $7.5 million. The cost to
I' produce blended water from this facility, not including labor, distribution
and overhead costs is about $0.80/kgal. This cost is predicted to increase to
| about $0.95/kgal in the future, assuming current membrane performance
| l' improvements continue. All costs are based on 1995 dollars.

In order to support such a facility, it is recommended that the following
l actions are taken.
. 1. Continue to look for supplemental sources of relatively low
TDS brackish water.
’ 2. Continue to increase basic knowledge of the limestone
' aquifer characteristics.
3. Continue investigation into the optimum method of treating
i the shallow groundwater.
' 4. Plan to pilot test the limestone aquifer water with currently
available ultra-low pressure membranes, to define
l operating characteristics and limitations.
' 5. Continue to investigate shallow groundwater treatment
methodologies, and pilot test as appropriate.

h Page 3




. CAPE HATTERAS WATER ASSOCIATION
ll FUTURE WATER SUPPLY STUDY

Discussion of Options

As discussed in the first BEC report, the proposed RO plant was
conceptualized on a reasonably conservative basis. It was projected
that the feedwater TDS would stabilize at about 10,000 mg/l, with chloride
concentration approaching 6,000 mg/l. The recovery was kept low, at 60%,
for two reasons: first, the operating pressure required for higher recovery,
and the resultant power cost could not be justified based on the apparent
availability of groundwater; and second, the concentration of the waste

stream needed to be kept as low as possible for discharge permitting reasons. .

Both of these constraints are still valid. However, because of the potential
for blending good quality shallow ground water, the stress on the limestone
aquifer will be reduced, as will the volume of concentrate. Therefore, if
future water quality permits, a higher recovery and thus lower RO feed
pump power could result, at least initially.

Review of the report by Ralph Heath (Report Related to Modification of the
Frisco Wellfield of CHWA, August 1995) reveals two significant
conclusions: first that the water pumped from the lower zone of the shallow
aquifer is of good quality with low iron and organic content, but that the
quality will deteriorate as a downward flow is induced in the upper zone;
and second, that the rate of deterioration will be rapid, possibly reaching
near equilibrium with the upper zone in less than one year. As a result, the
intended blend water may possibly be enriched in iron and organic materials,
making it similar to the current raw water supply. In this state, it cannot be
blended with RO permeate without additional treatment.

The report on the brackish water tests wells (Summary of Preliminary
Reverse Osmosis Test Wells Construction for CHWA, Buxton, NC, by
Missimer International, August 1995) substantially supports the program’s
earlier findings concerning productivity of the limestone formation. A
potential sustainable yield of 4.0 mgd appears to be available, given
appropriate wellfield design, and proper management.

The quality (both current and future) is more difficult to predict, but TW-3
did exhibit quality indicators more closely allied to TW-1 than to TW-2. If
in fact the chloride concentration in the water contained in the upper zone of
the limestone decreases as the distance from the Atlantic increases, then
wells along Hwy 12 would appear to be the optimum placement. It is
anticipated that this orientation will minimize salt water intrusion.

Page 4




CAPE HATTERAS WATER ASSOCIATION
FUTURE WATER SUPPLY STUDY

The capacity of the RO plant proposed for CHWA future water supply has
been defined as 3.0 mgd at full size. Initially, based on current pumpage
data, and an initial estimate of the demand for water when it again is
available, an initial capacity of 2.4 mgd was proposed in the BEC June 2
report. This was based on 3x800,000 mgd RO units. If the supply was
provided by blended production (i.e. using shallow ground water with
hardness and alkalinity to blend with RO permeate), a flow sheet as shown
in Figure 2 could result, and the RO portion of the system would be smaller.
The RO system would start at 1.2 mgd, expandable to 1.8, with an mmal 0.6
mgd of blend, expanded to 1.2 mgd.

Table 1 is reproduced from the Heath Report, and compares the quality of
the water from the upper and lower zones of the shallow aquifer. The values
for iron (Fe) and total organic carbon (TOC) are significantly lower than in
the upper zone, at the west end of the wellfield. However, recent data
indicates that at the east end, the quality is more similar to the existing
pumped zone. Assuming that the iron, manganese and TOC can be
controlled at an appropriate level by “conventional treatment”, the RO
permeate/shallow zone blend ratio can be controlled by other parameters. In
this case, it is recommended that hardness and alkalinity be used, and that
each be established at 100 ppm as CaCO; in the blended water.

Table 1 .
Partial Chemical Analysis of Water from the Frisco
Wellfield -
Wellfield Raw “New” Well
Constituent or Property Water' No. 3?
Alkalinity, mg/1 272 260
Chloride, mg/1 43 34
Iron, as Fe, mg/1 35 0.15
Manganese, as Mn. mg/1 0.08 0.035
Apparent color, units 200 15
Total hardness, as CaCO; mg/1 308 268
Total dissolved solids, mg/1 - 440 356
Total organic carbon, as C, mgl 19 3.2
Turbitity, NTU 2 <1

'Analysis by Oxford Laboratories, Wilmington, NC. All determinations, except those for
total dissolved solids and total organic carbon made on sample collect on June 6, 1990. Total
dissolved solids are for a sample collected in 1993 - date unknown. Total organic carbon is
for a sample collected on June 29, 1995
2Analysis by Oxford Laboratories of sample collected on October 3, 1994
Source: Report Related to the Modification of the Frisco Wellfield of the

Cape Hatteras Water Association; Ralph E. Heath; August 1995
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' CAPE HATTERAS WATER ASSOCIATION
' FUTURE WATER SUPPLY STUDY

- as E SR M el W W S R M W al W e e

Since the BEC report of June 2, 1995, at least two membrane manufacturers
have announced that the ultra-low pressure membranes discussed in that
report are now commercially available. The rumored membrane price
structure, at least initially, will place a premium of $200 to $300 per element
on these devices. However, given the significant energy advantage of these
devices, the conceptual RO plant discussed here and in the later cost section
is assumed to use the new membranes, if not initially, then in the future.
Initial process designs must be developed accordingly.

Table 2 compares the water quality in terms of the significant ions and
parameters from each of the three limestone test wells. Also shown is the
design point analysis used in the Boyle report on Test Well #1. It will be
seen that an approximate doubling of the TDS was assumed, to represent the
anticipated degradation in water quality.

Table 2
Comparison of Water Quality from
Three Limestone Test Wells from Lab Reports

Ion or Property (3) TW-1 - TW-2 TW-3(2) ;rrwq;lct(:c)i
Calcium 81.65 341 219 384
Magnesium 82.0 512 341 82
Sodium 1882 4070 2270 3656
Potassium 40 47 78 40
Barium — — 0.41 —
Strontium — — 8.95 —
Iron 0.025 0.14 0.06 —
Bicarbonate 256 234 272 256
Chloride 3800 7800 4749 5782
Sulphate 156 667.5 166 862
Fluoride 0.78 1.16 — 0.8
Silica 17.2 19.7 194 17.2
TDS 5800 13280 8125 11080.8
pH 7.35 7.24 7.30 7.60
Temperature °C 20 20 20 20
(1) Tonic values used for membrane performance projections in the

Test Well #1 report by Boyle, June 2, 1995
) Analysis by US Filter, August 1995.
3) In mg/l or as noted.
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CAPE HATTERAS WATER ASSOCIATION
FUTURE WATER SUPPLY STUDY

From Table 2, it can be seen that the water quality found in TW-3, although
better than TW-2 as expected, is higher in chlorides and TDS than TW-1.

To properly estimate the cost of desalting this water, the process must be
capable of accepting future conditions. Based on the location of TW-2 and
potential future well sites, it is prudent to anticipate a worsening of quality
with time. However, as wells are constructed along Hwy 12, the preferred
alignment to the west, it is entirely possible-thratthe liifiestone formation

“may terminate. But given the westerly direction, the source of well water

that supplies Ocracoke may be encountered. This source is lower in
chlorides than even TW-1.

Because of this possibility, a future plant raw water quality was constructed
consisting of 75% TW-3 water, and 25% standard seawater. The resultant
quality can be seen in Table 3.

Table 3
Actual and Projected Water Quality for TW-1 & TW-3
TW-1 TW-3
Ion — mg/i Pump Test Projected Pump Test Projected
Calcium 82 384 219 264
Magnesium 82 82 341 573
Sodium 1882 3656 2270 4342
Potassium 40 40 78 153
Barium — — 0.41 0.41
Strontium — — 8.95 8.95
Bicarbonate 256 256 272 240
Chloride 3800 5782 4749 8307
Sulphate 156 862 166 787
Fluoride 0.78 0.78 — —
Silica 17.2 17.2 - 19.4 17
TDS 5,800 11,081 8,125 14,690
pH 7.35 7.60 7.24 7.40
Temperature °C 20 20 20 20
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CAPE HATTERAS WATER ASSOCIATION
FUTURE WATER SUPPLY STUDY

Based on the quality available from the desalting plant, a blended product
water of less than 500 mg/l TDS, and with hardness and alkalinity
approximately 100 mg/l each, as discussed previously, can be produced.
The analysis of initial and future product are shown in Table 4.

This water was used to make projections using both the standard low
pressure membranes, and the new ultra-low pressure products. Both
membranes can produce a potable quality water from the design feedwater at
50% recovery, with a concentrate quality of about 29,000 mg/l TDS.
Membrane area in addition to that required for initial operations will need to
be added, the array will need to be changed from two-stage to single stage,
and the concentrate volume will increase to 1.8 mgd. A small volume of
wastewater of similar quality to the existing WTP discharge will be
generated by the shallow groundwater treatment equipment. An estimate at
buildout is 50,000 gpd. The relevant data can be seen in the “Conceptual
RO System Evaluation” tables in Appendix A. The membrane projection
data can be found in Appendix B.

Table 4
Blended Product Water Quality

RO Permeate RO Permeate

Initial Future Shallow'" Blend Blend
Initial® Future®
1.4 2.1 92 31.6 38.1
2.1 4.5 8.8 43 62
67.8 161.0 17 50.9 103.4
2.9 7.1 2.6 2.8 5.3
11.1 13.3 287 103.1 122.8
108.8 257.2 70 95.9 182.3
1.0 6.1 10 4.0 7.7
214 451.6 487 . 2926 465.8
12 23.5 265 96.5 120.3
9.1 10.9 235 84.5 100.7
5.91 6.34 7.62 7.0 7.3
25.2 11:2 10.9% 20.4 11.1
— — — -1.11 -0.68
)] Based on Dare County Analysis - 7/18/95 - assumes treatment
) Calculated from pH and HCO,
(3) Based on 2:1 ratio, permeate: shallow
) Calculated from CO, and alkalinity
(5) Based on 3:2 ratio, permeate: shallow

(6) TDS is “sum of the ions.”
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CAPE HATTERAS WATER ASSOCIATION
FUTURE WATER SUPPLY STUDY

Opinion of Cost

The proposed water treatment plant concept developed in this study has been
conceived in an attempt to minimize the stress on and perhaps the
deterioration of both the limestone and the lower zone of the shallow
aquifer. The facility will need to be modified as the quality from each
aquifer changes, and the cost of the blended water will increase with time.

Initially, two RO units, with ULP membranes in the first stage, LP
membranes in the second stage and a boost pump between stages will be
installed. With performance based on the initial water quality, these units
will be designed to accommodate additions and modifications required in the
future. The shallow water treatment plant will be installed as a single
system, but with vessel redundancy. This treatment is assumed to be either
manganese greens and filtration, ion exchange, or a combination of the two.
The initial installation is priced at $0.75/gpd, with the future addition priced
at $0.50/gpd. 1t is assumed that some of the existing ion exchange
equipment can be retrofitted.

Energy recovery devices have now been included in the cost opinion for RO
because the relatively high pressure and low recovery make such devices
attractive for a brackish water system. Based on a 70% on-stream factor, the
payback for energy recovery is expected to be about three (3) years.

™M
Initial Addition Total
1. RO equipment 1.25 0.50 1.75
2. Blend treatment 0.45 0.30 0.75
3. RO wells (3) 0.75 0.30 1.05
4. Shallow wells (4) 0.18 0.18 0.36
5. Raw water transmission (2) 0.50 0.25 0.75
6. Finished Water Storage, 3mg 075 — 0.75
7. High service pumping 0.25 0.15 0.40
8.  Treatment Plant Bldg (1) 0.75 — 0.75
Opinion of Constructed Cost 4.88 1.68 6.56
Contingency @ 20% 0.98 0.34 1.32
586  2.02 7.88
Legal, admin, engineering,
etc. @ 25% 147  0.50 1.97
Opinion of Project Cost: 7.33 2.52 9.85
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CAPE HATTERAS WATER ASSOCIATION
FUTURE WATER SUPPLY STUDY

The following cost assumptions were made in preparing the capital cost
opinion.

1. Building cost at $100/sqf

2. The previous raw water transmission main cost remains valid.
Part of the cost can be deferred until additional wells are needed
for expansion in the future. The existing wellwater system is
assumed to be used for future supply.

3. Five (5) RO wells are needed for the initial installation, with two
(2) additional required for the future addition.

4. 18 shallow wells at 50 gpm will be required, 9 now and 9 in the -
future.

Page 11




APPENDIX A




S6/v/6 - | abed : .Uosiepn "D ugj

"1oyempunolb mojjeys pajeas) yum papuaig (i)

8ve 68¢ £ve Bisd amssaid jsooq dwnd paa

€ € g . Bisd sasso} buidid -osiy

Sh . Sl Sl Bisd ainssald uopons dwind pas4

0c 0 oc Bisd Buiinoy ‘souemojje ainssaid

] g 8 Bisd ainssaidyoeq sjeswiad

€ee Bisd ainssald abejsiau)

cee el¢ 122 Bisd obejs 38| ainssaid pasy

ShSh 9Ly 0005 yuswaja/pdb sueiqwsaw Jad u,poid

cel 1443 oci e9 SaueIqUIBN JO JoquInN

ooy 6.€ 189 salL wdd  i(1)Auenb jonpoid papusiq 53

(1147 oce 4% sl wdd Ajjenb sjeswiad

0s 0S 59 % FNEYGLEN

000°009 000009 000°009 pdb Mol ajeautied

000'002Z°L 000°'00Z'L L10'€Z6 pdb Hun Oy 8uo '‘Mo|j Jojempas
SUBIgUIapy ST THEISAS

one

£-ML woJ} Aend Ja3epp pajoafold g pedwing uo paseg
uoneloossy Jajep, sesayeH aded

uonenjeag wajsAs Oy jenydssuoyn

W G e e s b _uis_gm_ @




S6/v/6 2 obeyg

€00 €0°0 €00 ejesuuted jo [eBy/# wdde @ ‘sunoyD
(01 40] ov'o 290 ejeousied Jo [eBy/z %0G 'epos dlisne)

0L0 0L0 S0°0 ojeauwsed Jo e
00’9 009 oy - widd Jojqiyuj ajeag

000 000 000 ejesuwied o [eBoys
0 0 0 wdd (%eB)PIY
L6°L 19'8 €59 _oowww“n“mx Jamod jue|d
4 Z 4 how_«wmv.ﬂ“mz juerd jo souejeg
16° 19'9 €5y By somod Jun
oLl L6l el dy Jemod dwnd JoN
4 ov YA dy Jomod pelancosy
88 88 88 % Kousioile g4A 2 1010N
6¢ dy Jomod duwing obejsiauy
JANA eve 11l dy Jomod yeys dwndpeoy
Sl % Aousioie dwnd abejsia|
8L 8L 8L % fouspiye dwndpaa

uoIRIDOSSY 19\ SelayeH ade)

uopenjeag waisAs 0y Jenjdasuo)

€M1 wod} Aj1end 1a)epp pajosfold g padwing uo paseg

uosiepA D uej




§6/5/6

¢ abeyq

¥2Z6°0 £86°0 ¥08°0 :
020°0 0200 0200 1onpoud jo 1eby/$ 200 [eby/¢ ‘Buiues|d
0200 0200 0200 1onpoud jo [eby/g 200 jeby/¢ ‘sebpuyen
801°0 8LL'0 6600 1onpoud jo [eby/g 006 yoea/$ ‘sueiquisiy
G000 G000 5000 1onpoud jo |eby/¢ 0Z0 #/$ 'suloyd
8800 880°0 9eL0 1onpoud jo [eby/g rAAl) #/$ ‘onsnen
TAN! GzZL'0 1900 1onpoud jo (eby/¢ eTAI #/$ "Yuj ajeog
0000 0000 0000 1onpoud Jo [efy/¢ 0L'0 #/$ 'prov
8550 1090 ISY0 1onpoud jo eby/¢ 100 1y-my/$ 1emod
SUBIqUIBIY. IBIqL
" ainsselg
moenin - |
yim sdp aining-

uoljel1o0ssy Jojep sesayeH aden

uoljenjeAnl wajsAs Oy enydasuon

UoSieAM D Ue|




APPENDIX B




Initial Operation,

Hybrid 1st stage

HYDRANAUTICS RO system design software -- v 5.6 (c) 1995
Tan Watson
Jan C. Watson

RO program licensed to:
Calculation created by:

Project name:
HP Pump flow:

Feedwater temperature:

CAPE HATTERAS TW-3 95
641.0 GPM
20.0 C ( 68F)

Permeate flow:

Raw water flow:

415400.0 GPD

923111.1 GPD
Permeate recovery ratio:

09-04~95

45.0 %

Raw wafer pH: 7.30 Element age: 3.0 years
Acid dosage, ppm (100%): 0.0 H2S04 Flux decline coefficient: -0.030
Acidified feed CO2: 25.2 PPM 3 yr salt passage increase: 1.4
Feed pressure: 227.4 PSI Recommended pump pressure: 240.3 PST
Average flux rate: 14.4 GFD Feed water: Well water
Pass Feed Flow Conc. Flow Beta conc. Element Elem. Array
Pass Vessel Pass Vessel Press. Type No. :
GPM GPM GPM GPM PSI
1 641.0 53.4 352.6 29.4 1.07 199.5 8040-UHY-ESPA 72 12x6
+~===t----Raw water----+---Feed water----+----Permeate-—---- +-—--Concentrate—---—+
|Ion | mg/1 caco3 | mg/1 caco3 | mg/l Caco3 | mg/1 caco3 |
frmm e Fmm——————— e o ——————————— fm e ——— e +
Ca 219.0 546.1 219.0 546.1 1.2 3.0 397.2 990.5
Mg 341.0 1403.3 341.0 1403.3 1.9 7.8 618.5 2545.1
Na 2270.0 4934.8 2270.0 4934.8 59.8 130.0 4078.3 8866.0
K 78.0 100.0 78.0 100.0 2.6 3.3 139.7 179.1
NH4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ba 0.4 0.3 0.4 0.3 0.0 0.0 0.7 0.5
Sr 8.9 10.2 8.9 10.2 0.0 0.1 16.2 18.5
COo3 0.2 0.3 0.2 0.3 0.0 0.0 0.4 0.6
HCO3 272.0 223.0 272.0 223.0 9.8 8.1 486.5 398.8
S04 166.0 172.9 166.0 172.9 0.8 0.9 301.1 313.7
cl 4749.0 6698.2 4749.0 6698.2 95.9 135.2 8556.1 12067.9
F 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8io2 19.4 19.4 0.2 35.1
et Sttt L e Frm e Fo e +
TDS 8124.0 8124.0 172.2 14629.9
pH 7.30 7.30 5.86 7.55
e e e e e e e e e e e e e e e e e e e +
Raw water Feed water Concentrate
Caso4 / Ksp * 100: 2.1% 2.1% 4.4%
Srso4 / Ksp * 100: 5.5% 5.5% 11.4%
BasS04 / Ksp * 100: 356.5% 356.5% 732.5%
Si02 saturation: 14.9% 14.9% 27.0%
Langelier Saturation Index: 0.29 0.29 1.04
Stiff & Davis Saturation Index: -0.09 -0.09 0.42
Ionic strength: 0.16 0.16 0.30
Osmotic pressure: 86.3 PSI 86.3 PSI 156.4 PSI

These calculations are based on nominal element performance when operated
on a feed water of acceptable quality. No guarantee of system performance
implied unless provided in writing by Hydranautics.

is expressed or

Hydranautics (USA) Ph:

(619) 536-2500

Fax:

(619) 536-2578




Initial Operation, Hybrid 2nd stage

HYDRANAUTICS RO system design software -- v 5.6 (c) 1995 09-04-95
RO program licensed to: Ian Watson
Calculation created by: Ian C. Watson

Project name: CAPE HATTERAS TW-3 95 Permeate flow: 186400.0 GPD
HP Pump flow: 355.6 GPM Raw water flow: 512087.9 GPD
Feedwater temperature: 20.0 C ( 68F) Permeate recovery ratio: 36.4 %
Raw water pH: 7.55 Element age: 3.0 years
Acid dosage, ppm (100%): 0.0 H2S504 Flux decline coefficient: -0.030
Acidified feed CO2: 25.2 PPM 3 yr salt passage increase: 1.3
Feed pressure: - 333.0 PSI Recommended pump pressure: 348.7 PSI
Average flux rate: 9.7 GFD Feed water: RO concentrate
Pass Feed Flow Conc. Flow Beta  Conec. Element Elem. Array
Pass Vessel Pass Vessel Press. Type No.
GPM GPM GPM GPM PSI
1 355.6 44.5 226.2 28.3 1.05 309.4 8040-LHY-CPA2 48 8x6
+=--—+-~--Raw water----+---Feed water----+----Permeate----- +--=-Concentrate---+
| Ton | mg/1 caco3 | mg/1 caco3 | mg/1l Caco3 | mg/1 caco3 |
et S e e Fom e ———— e R +
Ca 397.2 990.5 397.2 990.5 2.2 5.4 623.3 1554.3
Mg 618.5 2545.1 618.5 2545.1 3.4 14.0 970.5 3993.7
Na 4078.3 8866.0 4078.3 8866.0 107.0 232.6 6351.3 13807.1
K 139.7 179.1 139.7 179.1 4.6 5.9 217.1 278.3
NH4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ba 0.7 0.5 0.7 0.5 0.0 0.0 1.2 0.8
Sr 16.2 18.5 16.2 18.5 0.1 0.1 25.5 29.1
Cco3 0.4 0.6 0.4 0.6 0.0 0.0 0.6 1.0
HCO3 486.5 398.8 486.5 398.8 17.5 14.3 754.9 618.8
S04 301.1 313.7 301.1 313.7 1.5 1.6 472.6 492.3
Ccl 8556.1 12067.9 8556.1 12067.9 171.6 242.0 [13354.8 18836.1
F 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
§i02 35.1 35.1 0.4 55.0
s e e P o —————— Fom e Fom e ———————— +
TDS |14629.9 14629.9 308.2 22826.6
pH 7.55 7.55 6.11 7.74
e o e e e +
Raw water Feed water Concentrate
CasS04 / Ksp * 100: 4.4% 4.4% 7.8%
SrS04 / Ksp * 100: 11.4% 11.4% 19.9%
BasSO4 / Ksp * 100: 732.5% 732.5% 1260.0%
Si02 saturation: 27.0% 27.0% 42.3%
Langelier Saturation Index: 1.04 1.03 1.60
Stiff & Davis Saturation Index: 0.42 0.42 0.80
Ionic strength: 0.30 0.30 0.47
Osmotic pressure: 156.4 PSI 156.4 PSI 246.0 PSI

These calculations are based on nominal element performance when operated
on a feed water of acceptable quality. No guarantee of system performance
is expressed or implied unless provided in writing by Hydranautics.

Hydranautics (USA) Ph: (619) 536-2500 Fax: (619) 536-2578
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Future Operation,Ultra Low Pressure

HYDRANAUTICS RO system design software -- v 5.6 (c) 1995
RO program licensed to: Tan Watson
Calculation created by: Ian C. Watson

09-04-95

Project name: CAPE HATT TW-3 FUTURE Permeate flow: 600000.0 GPD

HP Pump flow: 833.3 GPM Raw water flow: 1200000.0 GPD
Feedwater temperature: 20.0 C ( 68F) Permeate recovery ratio: 50.0 %
Raw water pH: 7.60 Element age: 3.0 years
Acid dosage, ppm (100%): 0.0 H2S04 Flux decline coefficient: -0.030
Acidified feed CO2: 11.2 PPM 3 yr salt passage increase: 1.4
Feed pressure: 332.5 PSI Recommended pump pressure: 346.3 PSI
Average flux rate: 11.4 GFD Feed water: Well water
Pass Feed Flow Conc. Flow Beta Conc. Element Elem. Array
Pass Vessel Pass Vessel Press. Type No. :
GPM GPM GPM GPM PSI
1 833.3 37.9 416.7 18.9 1.04 317.7 8040-UHY-ESPA 132 22X%X6
+===—=t-—=——Raw water----+---Feed water----+----Permeate----- +---Concentrate---+
| Ton | mg/1 Caco3 | mng/1 caco3 | mg/1 Ccaco3 | mg/1 caco3 |
fmm b m——————— S Bt - tom——————— e +
Ca 264.0 658.4 264.0 658.4 2.0 5.0 526.0 1311.7
Mg 574.0 2362.1 574.0 2362.1 4.4 18.0 1143.6 4706.3
Na 4343.0 9441.3 4343.0 9441.3 157.0 341.3 8529.0 18541.3
K 154.0 197.4 154.0 197.4 6.9 8.9 301.1 386.0
NH4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ba 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sr 8.9 10.2 8.9 10.2 0.1 0.1 17.8 20.4
co3 0.3 0.5 0.3 0.5 0.0 0.0 0.6 1.0
HCO3 240.0 196.7 240.0 196.7 12.9 10.6 467.1 382.8
S04 787.0 819.8 787.0 819.8 6.0 6.2 1568.0 1633.4
cl 8307.0 11716.5 8307.0 11716.5 250.7 353.6 |16363.3 23079.4
F 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
§io2 17.0 17.0 0.3 33.7
fmmmmp o e ittt o o +
TDS [14695.3 14695.3 440.3 28950.2
pH 7.60 7.60 6.33 7.89
femmm e e — e e e +
Raw water Feed water Concentrate
CaS04 / Ksp * 100: 7.7% 7.7% 18.2%
Srs04 / Ksp * 100: 16.4% 16.4% 38.5%
BasSO4 / Ksp * 100: 0.0% 0.0% 0.0%
$i02 saturation: 13.1% 13.1% 26.0%
Langelier Saturation Index: 0.60 0.60 1.46
Stiff & Davis Saturation Index: -0.01 -0.01 0.58
Ionic strength: 0.30 0.30 0.59
Osmotic pressure: 156.5 PSI 156.5 PSI 312.6 PSI

These calculations are based on nominal element performance when operated
on a feed water of acceptable quality. No guarantee of system performance
is expressed or implied unless provided in writing by Hydranautics.

Hydranautics (USA) Ph: Fax:

(619) 536-2500 (619) 536-2578




Future Operation, Low Pressure

HYDRANAUTICS RO s
Ian Watson
Ian C. Watson

RO program licensed to:
Calculation created by:

Project name: CAPE HATT TW-3 FUTURE Permeate flow: 600000.0 GPD

Recaiaid
L]

HP Pump flow: 833.3 GPM Raw water flow: 1200000.0 GPD
Feedwater temperature: 20.0 C ( 68F) Permeate recovery ratio: 50.0 %
Raw water pH: 7.60 Element age: 3.0 years
Acid dosage, ppm (100%): 0.0 H2S504 Flux decline coefficient: -0.030
Acidified feed CO2: 11.2 PPM 3 yr salt passage increase: 1.3
Feed pressure: 373.0 PSI Recommended pump pressure: 390.9 PSI
Average flux rate: 10.4 GFD Feed water: Well water
Pass Feed Flow Conc. Flow Beta Conc. Element Elem. Array
Pass Vessel Pass Vessel Press. Type No.
GPM GPM GPM GPM PSI
1 833.3 34.7 416.7 17.4 1.07 359.0 8040-LHY~-CPA2 144 24x6
+—==—t-~--Raw water--~-+-—--Feed water----+----Permeate----- +---Concentrate—---+
|Ion | mg/1 Ccaco3 | mg/1 caco3 | mg/1 caco3 | mg/1 Caco3 |
fomm e e B e e et Fomm e fmm e +
Ca 264.0 658.4 264.0 658.4 1.5 3.7 526.5 1313.0
Mg 574.0 2362.1 574.0 2362.1 3.3 13.4 1144.7 4710.9
Na 4343.0 9441.3 4343.0 9441.3 117.6 255.6 8568.4 18627.0
K 154.0 197.4 154.0 197.4 5.2 6.7 302.8 388.2
NH4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ba 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sr 8.9 10.2 8.° 10.2 0.1 0.1 17.8 20.4
Cco3 0.3 0.5 0.3 0.5 0.0 0.0 0.6 1.0
HCO3 240.0 196.7 240.0 196.7 9.7 8.0 470.3 385.5
S04 787.0 819.8 787.0 819.8 4.5 4.7 1569.5 1634.9
Ccl 8307.0 11716.5 8307.0 11716.5 187.6 264.7 |16426.4 23168.3
F 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NO3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ssio2 17.0 17.0 0.2 33.8
o e m o e et e L Lt o e +
TDS ][14695.3 14695.3 329.6 29060.9
pH 7.60 7.60 6.21 7.89
e e e e e +
Raw water Feed water Concentrate
CaSo04 / Ksp * 100: 7.7% 7.7% 18.2%
SrsS04 / Ksp * 100: 16.4% 16.4% 38.5%
BaS04 / Ksp * 100: 0.0% 0.0% 0.0%
Sio2 saturation: 13.1% 13.1% 26.0%
Langelier Saturation Index: 0.60 0.60 1.46
Stiff & Davis Saturation Index: -0.01 -0.01 0.59
Ionic strength: 0.30 0.30 0.60
Osmotic pressure: 156.5 PSI 156.5 PSI 313.9 PSI

These calculations are based on nominal element performance when operated
on a feed water of acceptable quality. No guarantee of system performance

is expressed or

Hydranautics (USA) Ph:

(619) 536-2500

Fax:

(619) 536-2578

implied wunless provided in writing by Hydranautics.
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BIOLOGICAL ASSESSMENT FOR A
NEW WATER TREATMENT PLANT
CAPE HATTERAS, DARE COUNTY, NORTH CAROLINA

INTRODUCTION

The Cape Hatteras Water Association/County of Dare is proposing to improve water
quality and quantity by building a new water treatment plant and discharge site. One location for
the new water treatment plant, an alternative location, and 3 potential discharge sites were
evaluated. This assessment was written to assess the suitability of each of these sites, and to
evaluate the potential impacts of this project on jurisdictional wetlands and species listed as
threatened or endangered, or proposed for such listing, by the U.S. Fish and Wildlife Service
(USFWS), pursuant to Section 7 of the Endangered Species Act, as amended. State listed species

were also considered.

PROJECT AREA

The proposed treatment plant site and the alternative site are located on Hatteras Island,
near Frisco (Figure 1). Buxton Woods is located east of the proposed sites, and includes
approximately 3,000 acres of dense maritime forest and relict dune-swale communities, of which
920 acres are managed as part of the Cape Hatteras National Seashore. Another 330 acres are
managed by the State as part of the North Carolina Coastal Reserve. The remaining 1,750 acres
are subdivided into hundreds of privately owned parcels ranging from small lots to tracts over 100
acres.

One large area (170 acres) comprises the wellfield of the Cape Hatteras Water Association
(CHWA). The wellfield is a State designated public water and Area of Environmental Concern
(AEC), with 44 shallow wells providing drinking water for Hatteras, Frisco, Buxton, and Avon.

Most of the woods located north of N.C. Highway 12 have been developed, with small
established communities dotting the estuarine shoreline, and businesses scattered along both sides

of the highway. The area to the south of Highway 12 is far less developed, with a few houses
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tucked inside the dense forest. Interior sections of the woods have recently come under increased
pressure from development. Several unimproved sand roads provide access for recreational
vehicles, hunting, picnicking, and hiking on trails along dune ridges. Roadside dumps and sand
borrow-pits are also found in parts of the forest.

The dominant overstory species throughout the woods are live oak (Quercus virginiana),
loblolly pine (Pinus taeda), and laurel oak (Quercus laurifolia). Abundant understory species
include redbay (Persea borbonia), wax myrtle (Myrica cerifera), ironwood (Carpinus
caroliniana), yaupon holly (/lex vomitoria), flowering dogwood (Cornus florida), American holly
(/lex opaca), and the above oak species. The topography of the interior forest is a series of dune
ridges which can reach a height of 20 meters. Between these ridges are broad swales, some of
which are open marshes that contain standing water much of the year. These freshwater marshes
are called "sedges", and are vegetated by wild rice (Zizania aquatica), knotweeds (Polygonum
spp.), sawgrass (Cladium jamaicense), and common cattail (Typha latifolia). Associated with the
open sedges are swamp forest and wetland shrub communities. Swamp dogwood (Cornus
stricta), wax myrtle, and redbay are the most abundant woody species in these areas. Vines are
also very abundant including bamboo-vine (Smilax laurifolia), cross vine (Anisostichus
capreolata), climbing hempweed (Mikania scandens), pepper-vine (Ampelopsis arborea), and

rattan-vine (Berchemia scandens). Ground cover is usually sparse and consists primarily of ferns.

PROJECT DESCRIPTION
The Cape Hatteras Water Association/Dare County is proposing to build a reverse
osmosis (RO) plant supplied by 7 deep groundwater wells. Poor water quality and insufficient
water quantity have prompted this improvement to the current facilities. The plant site will
disturb approximately 5 acres for the necessary facilities and associated parking. Each well will be
located on a 1 acre or smaller parcel, but will disturb only approximately 0.25 acres. Deep well
water will be mixed with water from shallow aquifer wells from the existing wellfield. Up to 1.8

million gallons a day (MGD) of saline water will be discharged to Pamlico Sound as a byproduct.

This water will be considerably saltier than that of the Pamlico Sound.




METHODS
On 7 August 1995, the proposed sites for the new water treatment plant and the
alternative were visited. Each of the 2 sites was surveyed on foot by 3 biologists. One of the
proposed discharge sites (Peter’s Ditch) was also reviewed on foot at Water Association Road,
where it crosses Highway 12 and just above its confluence with Pamlico Sound. The other 2
potential discharge sites were visited briefly. Proposed well sites were not designated at the time

of the survey, but the general area for installation along Highway 12 was checked.

PROJECT SITE DESCRIPTIONS
Proposed Treatment Plant Site:

The proposed treatment plant site is located between Water Association Road and
Spencer Lane adjacent to the existing plant (Figure 1). This tract is 8.9 acres in size, with 6.3
acres of uplands and 2.6 acres of jurisdictional wetlands. The soil type is Psamments. Most or all
of the natural soil has been disturbed or covered, and the surface layer consists of sandy marine
deposits (fill).

Psamments are poorly suited for plant growth because of poor fertility. This site has
revegetated with a loblolly pine overstory, with wax myrtle, redbay, and beautyberry (Callicarpa
americana) in the understory. Vine species also were common including pepper-vine, Virginia
creeper (Parthenocissus quinquefolia), greenbrier (Smilax bona-nox), yellow jasmine (Gelsemium
sempervirens), and poison ivy (Toxicodendron radicans). The ground cover was very sparse, and

consisted of the vines mentioned previously, and scattered patches of cane (Arundinaria tecta)

and sawgrass.

Alternative Treatment Plant Site:

An alternative site, the Foster Tract, is located approximately 2000 feet east of Water
Association Road on either side of N.C. Highway 12 (Figure 1). This tract contains 9.59 acres
(from the sound to Peter's Ditch). The portion of the tract south of N.C. Highway 12 was
severely impacted by Hurricane Emily in October 1993, with most of the overstory blown over or

broken off. Several loblolly pines remain but they are in poor condition due to increased exposure




to wind and salt spray. Other overstory trees, such as live oak and water oak (Quercus nigra),
were mostly undamaged, as were most of the understory trees such as flowering dogwood,
ironwood, and persimmon (Diospyros virginiana). Vine species, including muscadine grape
(Vitis rotundifolia), catbriers (Smilax spp.), Virginia creeper, yellow jasmine, and cross-vine,
covered much of the understory vegetation. The ground cover was also dominated by vine
species, but also contained scattered patches of bracken fern (Pteridium aquilinum) and cane.
Excessively-drained Fripp fine sand is found throughout the area on the dune ridges on the

sound side of the island, and the associated vegetation is generally protected from salt spray.

~ Permeability is rapid and the soil is strongly to mildly acid. The seasonal high water table is more

than 6 feet below the surface. Steep slopes and seepage limit the use of this soil type for
development. Grading can create more favorable slopes for building, but it destroys the native
vegetation and causes severe soil blowing. Dune ridges should not be graded because they
provide protection from ocean storms and improve the stability of the barrier island.

The dune ridges and slopes support a maritime forest of live oak, laurel oak, loblolly pine,
and black cherry (Prunus serotina). The understory consisted of yaupon holly, and small live and
laurel oaks. The ground cover was sparse in most areas, and was composed generally of vines
such as yellow jasmine, muscadine grape, and Virginia creeper. Dog fennel (Eupatorium
capillifolium) and bracken fern were also common.

The soil type found on the lower slopes of the dune ridges is Ousley fine sand. Thisis a
moderately well-drained soil with rapid permeability and is very strongly to strongly acid. The
seasonal high water table is 1.5 to 3.0 feet below the surface. This soil is subject to rare flooding
during hurricanes or exceptionally strong wind tides.

The dominant canopy trees on this soil type were loblolly pine, live oak, laurel oak, and
water oak. Understory dominants included yaupon holly, flowering dogwood, redbay, wax-
myrtle, and sapling oaks. The ground cover was sparse to dense and was generally dominated by
vines and/or bracken fern.

Low lying areas contain Conaby muck soils. The surface layer is made up of highly

decomposed organic material that has moderate or moderately slow permeability. The underlying

mineral layers have moderately rapid permeability. This soil ranges from extremely acid to




strongly acid, the seasonal high water table is at or near the surface, and the soil is subject to rare
flooding.

Dominant trees/shrubs in these areas were swamp dogwood, wax myrtle, redbay, swamp
willow (Salix caroliniana), red maple (Acer rubrum), and elderberry (Sambucus canadensis).
Ground cover species included blackberry (Rubus sp.), Virginia chain-fern (Woodwardia
virginica), marsh fern (Thelypteris palustris), marsh pennywort. (Hydrocotyle verticillata), false
nettle (Boehmeria cylindrica), and sawgrass. Numerous vines were also present in these wetter
areas, and included poison ivy, bamboo-vine, climbing hempweed, pepper vine, and rattan-vine.

The depressions between the forested dunes; known locally as sedges, contain Currituck
mucky peat. This soil is very poorly drained with moderate to moderately rapid permeability. It
ranges from very strongly acid to moderately acid in the upper organic layers, to extremely acid to
moderately acid in the lower organic and mineral layers. The seasonal high water table is 1 foot
above to 1 foot below the surface, and sites are frequently flooded.

The dominant trees and shrubs surrounding these areas were swamp dogwood, wax-
myrtle, redbay, and swamp willow (Salix caroliniana). Vines were also very common in the trees
and shrubs around the margin and included bamboo-vine, climbing hempweed, pepper vine, and
rattan-vine. Herbaceous vegetation included sawgrass, wild rice, royal fern (Osmunda regalis),
fireweed (Erechtites hieracifolia), knotweeds, buttonweed (Diodia virginiana), and marsh
fleabane (Pluchea foetida).

The soil type nearest the sound is Carteret sand. This nearly level, very poorly drained soil
is in broad marshes on the sound side of the island. Permeability is rapid or very rapid, and the
soil ranges from moderately acid to moderately alkaline. The seasonal high water table is 3 feet
above to 1 foot below the surface, and sites are frequently flooded by tides.

The dominant species in the marshes was black needlerush (Juncus romerianus) and
saltmeadow cordgrass (Spartina patens). Other vegetation included scattered patches of bullrush

(Scirpus robustus), sea oxeye (Borrichia frutescens), marshelder (Iva Jrutescens), and sea-myrtle

(Baccharis halmifolia).




Proposed Saline Water Discharge Sites:

Peter's Ditch is the preferred discharge point for the water treatment plant site located
along Water Association Road. Peter's Ditch between Water Association Road and N.C.
Highway 12 is a manmade ditch up to 50 feet wide in places (Figure 1). This portion of the ditch
has been dredged in the past, and soils along its edges are classed as Psamments (described
earlier). The vegetation consisted of loblolly pine, waxmyrtle, sea-myrtle, redbay, black cherry,
and vines such as catbriers, Virginia creeper, muscadine grape, and peppervine.

From N.C. Highway 12 to the Pamlico Sound, Peter's Ditch follows a more meandering
course, though it has been channelized in the past. Habitat becomes more natural as you near the
sound with high salt meadows on either side that become wider near the sound. The soil type in
this area is Carteret sand (described previously). The dominant vegetation was black needlerush
and saltmeadow cordgrass. Other vegetation included scattered patches of bullrush, sea oxeye ,
marshelder, and sea-myrtle. A few areas were dominated by the invasive non-native common
reed (Phragmites communis). The ditch north of Highway 12 contained numerous small fish and
other animal life associated with estuarine systems.

Two alternative discharge points are located north of N.C. Highway 12, one off of King's
Point into Brooks Creek and another into 1 of the boat slips (canals) in Brigand Bay (Figure 1).
This general area has been developed as a residential community with large boat slips dredged
into the uplands. Little natural vegetation remains in this area. The discharge would be piped

from the water treatment plant directly into the sound at the end of King's Point or into the closed

end of one of the boat slips.

RESULTS
The protected species which may occur in the area are listed in Table 1. No protected
species were seen at the time of the 1 day survey. Most of these species are most likely to be
found along the ocean beaches of the island. The federally threatened seabeach amaranth
(Amaranthus pumilus) is found on ocean beaches, and the federal candidate dune bluecurls

(Trichostema sp.1) is found on beach dunes. Seabeach knotweed (Polygonum glaucum), a State

Candidate species also occurs on ocean beaches.
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Table 1. Federally listed species which may occur in the project area for the proposed water

treatment plant, Cape Hatteras, Dare County, North Carolina.

Status
Scientific Name Common Name Federal State
ANIMALS:
Caretta caretta loggerhead turtle T T
Charadrius melodus piping plover T T
Chelonia mydas green turtle T T
Falco peregrinus peregrine falcon E E
Haliaeetus leucocephalus  bald eagle E E
Laterallus jamaicensis black rail C2 SR
Lepidochelys kempii Atlantic ridley turtle E E
Sterna dougallii roseate tern E
PLANTS:
Amaranthus pumilus seabeach amaranth T T
Cyperus dentatus toothed flatsedge C
Eleocharis halophila saltmarsh spikerush T
Helianthemum georgianum Georgia sunrose C
Liliaeopsis carolinensis Carolina grasswort T
Ludwigia lanceolata lanceleaf seedbox C
Polygonum glaucum seabeach knotweed C
Trichostema sp.1 dune bluecurls C2 C

Federal:

E = Endangered
T = Threatened
C2 = Candidate

State:

E = Endangered
T = Threatened
C = Candidate

SR = Significantly Rare




Species such as toothed flatsedge (Cyperus dentatus), saltmarsh spikerush (Eleocharis
halophila), and Carolina grasswort (Lilaeopsis carolinensis) are State listed for the area and
occur in tidal and brackish marshes. Lanceleaf seedbox (Ludwigia lanceolata) occurs in interdune
ponds and Georgia sunrose (Helianthemum georgianum) occurs in maritime forests. None of
these species were seen during the survey.

Vertebrate species listed for the area include the bald eagle (Haliaeetus leucocephalus)
and peregrine falcon (Falco peregrinus). Both of these species may pass through the area, but no
nesting habitat is present in the immediate project area. Other listed birds include the piping
plover (Charadrius melodus), the roseate tern (Sterna dougallii), the caspian tern (Sterna
caspia), and the black rail (Laterallus jamaicensis). The former 3 species primarily occur on
ocean beaches and the latter species occurs in large brackish to salt marshes. This project should
not affect any of these species.

Several sea turtles are listed for the area. They include the loggerhead turtle (Caretta
caretta), green turtle (Chelonia mydas), and Atlantic ridley turtle (Lepidochelys kempii). These
species should not be affected by the water treatment plant as they nest on ocean beaches and
spend most of their life cycle in the ocean.

This survey did not specifically address impacts to special concern species. If any Special

Concern species were seen during the survey they would have been noted.

DISCUSSION

The most logical site for the new water treatment plant would be on Water Association
Road. This site is located next to the existing treatment facility and has been severely disturbed in
the past. Further disturbance would not impact any "natural" habitat. Building the water
treatment plant on the Foster Tract would disturb the natural dune system of the area and
decrease the stability of the barrier island.

The preferred saline water discharge site is Peter's Ditch at Water Association Road.
However, the potential discharge of up to 1.8 MGD of water more saline than the Sound will
certainly adversely affect the estuarine "nursery" in the portion of Peter's Ditch below NC

Highway 12. Discharging into Pamlico Sound off King's Point or into the canal in Brigand Bay
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should be seriously considered, however insufficient data are available at this time to fully assess
impacts of the discharge into Peter's Ditch or these other sites.
No State or Federal, threatened or endangered species, or species proposed for such

listing were found during our survey.




