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1.8 Introduction

Groundwater Management Associates, Inc. (GMA) was tasked by Dare County Water to
evaluate the yield potential and water quality of the Yorktown Aquifer beneath Roanoke Island
(Figure 1). In June 2008, GMA completed a report titled “Hydrogeologic Evaluation of the
Groundwater Resources of Roanoke Island™. The report included a recommendation that the
yield potential and water quality of the Yorktown Aquifer be explored as a possible source to
supply a reverse osmosis (RO) treatment plant.  This report presents the results of exploration
of the Yorktown Aquifer at two sites on Roanoke Island. The two sites included the Skyco
Water Treatment Plant and Skyco Well #5 (See Figure 1).

2.0 Scope of Work

GMA developed a work plan that the County used to solicit bids from North Carolina Certified
Well Contractors to perform drilling and testing of the Yorktown Aguifer. GMA provided
hydrogeological consulting support to the field drilling program to assist with successtul
evaluation of the Yorktown Aguifer. GMA’s scope of work involved the following:

e GMA provided a qualified geologist on site to collect geologic data during the drilling of
two pilot holes to depths up to 450 feet below land surface. We documented penetration
rates, drilling characteristics, fluid loss zones, described drill cuttings, and recorded other
indicators of aguifers and confining beds penetrated by the pilot hole.

¢ GMA reviewed geophysical logs coliected by the well drilling contractor and used these
togs, along with field driiling observations, to select appropriate screen placements for
the construction of a single test well constructed at the Skyeo #5 well site.

e We directed a 6-hour constant-rate pumping test on the test well at the Skyco #5 site.
GMA deployed pressure transducers/data loggers and clectronic water level meters to
gather water level data during the pumping test. We also documented pumping rates and
worked with the well dritiing contractor to maintain a constant pumping rate for the
duration of the test. Following completion of the pumping test, GMA collected one hour
of recovering water level data.

s Water samples were collected at the end of the pumping test and submitted for a suite of
laboratory analyses typical for a new water supply well for a RO plant.

s GMA analyzed the aquifer test data to determine aguifer properties and to establish
design elements for a future production well at the Yorktown test well site,

3.4 Results
3.1 Exploratory Drilling and Test Well Construction

The County contracted Skippers Well Drilling Company to provide all Well Contractor services
required for the project. On September 22, 2008, Skippers advanced a pilot hole to 450 feet
depth at the Skyco Water Treatment Plant. A GMA geologist was present during the pilot hole
drilling to prepare a lithologic log of the sediments penetrated (Figure 2). Upon completion of
the pilot hole, Skippers ran a series of borehole geophysical logs, including: natural gamma, self
potential. single point resistance, and normal resistivity. GMA interpreted the geophysical logs,
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compared them with the lithologic fog, and recommended screen depths for a test well. GMA
interpreted the top of the Yorktown Aquifer to occur at 289 feet below land surface (bls), and the
aquifer extends deeper than 450 feet below land surface at the Skyco Water Treatment Plant site.
However, based upon the fine-grained nature of sediments in the Yorktown Aquifer, and the
indications {rom the geophysical Jogs that high salinity occurred in the Yorktown Aquifer at the
Skyco Water Treatment Plant, Dare County decided to abandon the borehole and attempt a
second exploratory test hole at another property on Roanoke island. Figure 2 presents the
geophysical logs along with GMA’s hydrostratigraphic interpretations of the pilot hole data from
the borehole at the Skyco Water Treatment Plant site.

On October 6, 2008, Skippers advanced an exploratory borehole adjacent to the Skyco Well #5.
Skyco Well #5 withdraws from the Lower Principal Aquifer, which overlies the Yorktown
Aguifer. The pilot hole was advanced to 410 feet depth, and Skippers performed geophysical
logging consistent with the Skyco Water Treatment Plant exploratory hole. A GMA geologist
was present during the pilot hole drilling to prepare a lithologic log of the sediments penetrated
(Figure 3). GMA interpreted the geophysical logs, compared them with the lithologic log, and
selected the appropriaie screen depths for the test well. Figure 2 presents the geophysical logs
along with GMA’s hvdrostratigraphic interpretations of the pilot hole data. GMA interprets the
top of the Yorktown Aquifer at the Skyco #5 well site to occur at 305 feet below land surface
(bis), and the agquifer extends deeper than 410 feet below land surface. GMA recommended that
the test well be constructed with a screened interval from 305 to 345 feet bls. Based upon the
muted resistivity on the geophysical logs below 345 feet bls, GMA believes that this lower
section of sediments in the Yorktown Aquifer contains pore waters with much higher salinity
than the screened section.

Based upon GMA’s recommendations, Skippers constructed a PVC test well. The test well was
constructed with nominal 4-inch diameter PYC casing from the land surface down to 297 feet
depth. Skippers then instalied a 2-inch diameter stainless steel 30-slot screen placed from 285
feet to 345 feet bis, This screen section lapped up inside the 4-inch diameter outer casing. The
annular spaces of the well screen sections were filled with #2 well gravel from 285 feet to 345
feet bls. Well construction details are presented in Figure 3. Upon completion of the well,
Skippers developed the Yorktown test well until the turbidity was low and the water produced
was free from excessive sand. Appendix 1 includes a copy of the well construction record.

3.2 Aguifer Testing and Analysis

Following development of the test well at the Skyco #5 well site, Skippers performed an aquifer
test designed to evaluate the hydraulic properties and water quality of the zone screened at the
Yorktown Aquifer test well. On October 30, 2008, the well was pumped at a constant flow rate
of 91.5 gpm for 6-hours. The static water level prior to the pumping test was 12,79 feet below
the top of the well casing (TOC). The pumping water level after 360 minutes of pumping at 91.5
gpm was 40.01 feet below TOC. The specific capacity of the well was 3.36 gallons per minute
per foot of drawdown (gpm/ft).
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GMA analyzed the drawdown and recovery data from the pumped well using the Cooper-Jacob
and Theis Recovery Methods, respectively, Table 1 presents a summary of the resulis of the two

tests. Appendix H includes details of the aquifer test data analyses,

Table 1. Summary of Aquifer Test Results from Yorktown Test Well at Skyco Weil #5.

10/30/08 91.5 gpm 3.36 gpim/ft i 6500 ft* /day E 7100 ft* /day ‘

Aguifer test results indicate that the Yorktown Aquifer at the Skyco #5 well site has significant
yield potential.

3.3 Laboratory Analyses

Near the end of the 6-hour pumping test at the Skyeo #5 test well, GMA collected water samples
for laboratory analvses. The sample from the test well was submitted to a North Carolina
certified laboratory (Environmental Chemists, Inc.) for the following analyses:
&« New Well Series Inorganies,
e Volatile Organic Compounds (VOCs)
= Synthetic Organic Compounds { %OCS)
e Trihalomethane Formation Potential (THMEP)
¢ Haloacetic Acid Formation Potentisl (H/\Af Py
Radiologicals
e Dissolved Arsenic
e Towal Silica
s Strontium
s Coliform Bacteria

3

No VO Cs or SOCs were detected at the Yorktown Aguifer test well. The chloride concentration
was 1582 mg/L. In addition, the imn concentration in the well sample (6,116 mg/L) was below
the allowable limit of .3 mg/L. The reported silica content was 71.9 mg/L, and the strontium
concentration was .56 mg/L. Silica and strontium are important parameters for reverse osmosis
systems and should be evaluated with regard to treatment system design. No arsenic was
reported in the test well sample. This is an important consideration because other areas of the
Yorktown Agquifer in Dare County have presented some arsenic treatment issues. Appendix 11
includes the full laboratory reports.

4.0 Conclusions and Recommendations

Based upon the exploratory drilling and testing results from the Yorktown Test Well at the
Skyco Well #5 site, GMA makes the following conclusions and recommendations:
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e The top of the Yorktown Aquifer occurs at a depth of approximately 300 feet below land

surface near Skyco. The upper portion of the Yorkiown Aquifer includes interbedded,
i o coarse, shelly quartz and phosphatic sands, and white to light gray clay.

e Based upon the muted resistivity on the geophysical logs below 345 feet bls at the Skyco
#5 well site, GMA believes that this lower section of sediments in the Yorktown Aquifer
contains pore waters with much higher salinity than the screened section.

e (GMA anticipates that a Yorktown Aquifer production well at the Skyco #5 well site
could easily produce 500 gallons per minute with a pump intake placed at about 175 feet
depth. Higher flow rates could be supported by utilizing more of the availabie
drawdown.

e Yield and water-quality data from the Yorktown test well at the Skyco Well #5 site are
similar to wells at the Northern RO wellfield.

e The Yorktown Aquifer has significant variability in yield potential and water quality.
Indications are that the salinity in the Yorktown Aquifer beneath the Skyco Water
Treatment Plant s higher than at the Skyco #35 well site, however no laboratory analyses
were collected from the Skyco Water Treatment Plant site to determine the amount of
variation in water guality. The variability in salinity and yield potential is consistent with
conditions observed by CDM in the Northern RO welifield. Variations in vield potential
and water quality will present design challenges for a successful wellfield to supply a RO
treatment system. These design challenges can be addressed through an expanded test
well exploration program to verify the locations of sites with suitable yield potential and
water quality prior io constructing production wells.

«  OMA concludes that the Yorktown Aquifer is a viable resource for development as a
source of water supply o a new RO treatment facility,

o GMA recommends that Dare County perform additional hvdrogeologic exploration and
engineering evaluations necessary to develop a Yorktown Aquifer wellfield and RO
treatment plant at Roanoke Island. We anticipate that the RO treatment facibities could
be constructed ag an expangion o the existing Skyeco Water Treatment Plant.

5.0 Report Certification

This report was prepared by Groundwater Management Associates, Inc., a professional
corporation licensed to prac%ic%%gggggggéf and engineering in North Carolina,
& #

@"‘%% ﬂ% Cag 5}{ jf;%ﬁ Y

4 '
f/ﬁ oo e BeoBle B nrar

James K. Holley, P.G.3 3/ 1060
Senior Hydrogeologist % %0e. s
YOIOBEOOER % 2l 01

b <l s '
s o, (Y LA

2

Dr. Richard K. Spruill, P.G.
Principal Hydrogeologist

e
§ xR

LTI

s,
Kelley AY Smith
Hydrogeologist




FIGURES



LOCATION OF YORKTOWN TEST WELL AND EXISTING PRODUCTION WELL SITES
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APPENDIX

WELL CONSTRUCTION RECORD AND GEOPHYSICAL LOGS OF YORKTOWN
TEST WELL AND SKYCO WATER TREATMENT PLANT PILOT HOLE
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Now 10 08 11:40a B2

WELL CONSTRUCTION RECORD Test well op Site 43

Northk Caroling-Departnrent of Environment and Natural Besources - Division of Water Quality - Groundwater Section

WELL CONTRACTOR (INDIVIDUAL} NAME (priat) Seas Cropsey CERTIFICATIONH 2485
WELL CONTRACTOR COMPANY NAME SKIFPERS WELL DRILLING & PUMP SERVICE, INC. PHONE #0310 3772770
STATE WELL CONSTRUCTION PERMIT #: ASSOCTATED W0 PERMIT #

(i1 applicebie] (i7 applicible)

i WELL USE (Cheek Applicable bo Residential ; Municipal;’?ubiicg Enduytrial DAgriculmmi [:]

Monitoring Remvery Dﬂeat Pump Water [njection Crther If Other, List User

2, WELL LOCATION:

Nearest tow: Skveo County  Dare Topographic/Land setting
1 Ridgel stepe [ Jvalley [ 1Pt
(Street Name, Mumbers, Commusity, subdivision, Lot No.. Zip Code} (check appropriate box)
3. OWNER Dare Coungy Latitudeslongitude of well [oeation
Address PO Box 1000
{Sirest or Rouwte Mo ) {degrees/minutesisecond)
Manteg NC 77954 Depth Diriiling jog
City or town State Zip Code From 1o Formation Dieseription
5 to 18 szod
Ares cods-Fhone Number : 16 fo 2 sang. wood, clay
£, DATEDRILLEDR JO/28/08 USE OF WELL moniloring 20 0w 38 clay, sand
5 TOTAL DEPTH 343 3 w76 sand, coarss gravel, shell
& DOES WELL REPLACE EXISTING WELL]__Jves [ % N 70 m 90 streaks of pray clay, send, shells
o STATICWATER LEVEL  Below Top of Casin i2rL 90 to_ 100 aray clay, shells. sand
(iJ=c "+" 1f above Top of Casing 100 te 110 oray clay, shells
. TOP OF CASING 3 FT. ABOVE LAND SURFACE. 10 e 130 brown clay. shelis
“Top of cusing terminated at/or below land surface reguives a 130 w140 brown grav clay - harder, shells
varisnee jn secordance with 154 NCAC 20 0118, 140 w160 gray clay
8. YIELD (gpwj; 84 METHOD GF TES  punp 60 e 174 sand with some clay
16 WaATER ZONES {depth) 170 o 1RO clay, gravel
80 10 210 pravel, some sheils.
11, DISINFECTION: Type 22eHTH Amouni cup 210 to 232G sand.ciay at 215
12 CASING: Wall Thickness 220 w280 ciay
Depih Diameter Wenght/fi, Material 280 1o 250 clay, shefls
From =3 To 287 Ft. 4.5 SDRI7 e 290 (o 200 clav, sheils, some sand
Fram Ta FL. 3060 e 310 sheils, somg sand
From Ty Fr. 310 w350 shells, some sand-hasd
13 GROUT: Drapth i mterial hiethod A0 w36k mud, some sand
From 7 To 287 Fi. ceman Jaliiiils] 360 w400 mud
From To t. .
From To Fu
14, BCREEM Exepth Bigmetey Elot size Minterisl
From 285 To 343 Fu e 30 n siainless sreel
From Ta Fi in
Erom Ta Fr. in
5. BANIVGHAVEL PACK:
Depth Size #iaterial
From 283 To 343 [t i7 sourliern progucis
From To Fr,

16. REMARKS:

{ DO HEREBY CERTIFY THAT THIS WELL WAS CONSTRUCTED IN ACCORDANCE WITH 13 NCAN 2C, WELL
CONSTRUCTION STANDARDS, AND THAT A COPP[-*GE THIS RECORELHAS BEEN PROVIDERTO THE WELL OWNER,
- \_a.x{»*""\ £ J/{’J
SIGNATURE OF PF‘R‘SON CONSTRUCTING FHE o PR
Submit the eriginal to the Division of Water Quality, Groundwater Section, 1636‘5'13.11 Service Cenfer - Raleigh, NC
27699-1636 Phone No (919) 733-3121, within 30 days. GW-1 REV. §7/2001




APPENDIX IT

AQUIFER TEST DATA AND ANALYSES



Pumping Test Monitoring Log Form

Project Number & Location: 103501-Dare Co. {Roanoke bs.} Welk: Yorkiown TW @ Skyco #6
Date: 10/30/08 ]Start Time: 3:44am Static Water Level: 12.79'
Latituda: iLongi

15sec 9.25 10.11 §.05

30sec 0.5

45sec Q.75 24.31% 1152 7.94

imin 1

imin 15sec 1.25

imin 3fsec 1.8

1rain 45sec 1.75 3498 2219 412

2min 2 3877 2598 3.52

2min 30sec 2.5 38.86 28.07 3.51

Imin 3 ag.gs 2607 3.51

Jmin 30sec 35 38.88 28.08 3.51

4min 4 38.94 2615 3.50

4min 3dsec 4.5 38.97 26.18 3.50

Smin 5 2500 26.21 349 03 SRR
Smiin 30sec 5.5

Gmin B 35.07 26.28 3.48

Gimin 30sec 6.5 39.08 26.29 348

Imin 7 3810 26.31 3.48

7min 30sec Th 3811 26.32 348

8min ] 39.11 26.32 348

Bmin 30sec 85 38.12 26.33 348

Smin 2 358.14 26.35 347

Smin 30sec 8.5 39.18 26.37 347

10min 10 38148 26.37 3.47

1imin i1 3418 26.38 347

12min i2 3420 26.41 248

13min i3 38.21 26.42 3.46

14min 14 38.23 26.44 3.48

15min 15 2825 26.46 348

16min in 3828 26.49 3.45

1imin i7 jeaclial 26.50 3.45

18min 8 3631 2852 345

19min 14 3832 28.53 3.45

20min 20 36.33 25654 3.49

2emin 22 28,40 2581 3.44 Change Coupling on Discharge Line
24min 24 35.30 25.51 3.45

28min 28 3630 2884 345

28min 28 39.32 26.53 345 82-93 3Ph
30min a0 3633 2654 345

3200 32 30.34 2665 3.45

34min 34 39.35 26.56 3.45

3brrin 26 34.356 26.57 3.44

38min 34 39.38 26.59 3.44

A40min 40 39.38 268 80 3.44

#5min 45 3942 28.83 344 82 GPM
5Gmin falt] 30.45 285 .66 3.43

55min 55 30.48 26.69 3.43

ihr GO 30.48 268.70 343

1hr Smin 65 38.51 26.72 3.42

1hr 10min 70 38.53 26.74 242

thr 18min 75 36.54 28.75 342

the 20min 80 3886 2877 342

1hr 26min 85 39.58 26.79 342

1hr 30min a0 39.60 26.81 341

1hr 35min 95 3961 26.82 241

1hr 40min 100 38.61 26.82 341 91-92 GPM
1hr 50min 110 3864 26.85 341

2hr 120 38,60 26.87 34




39.69|Well Yorktown TW @ Skyco #5
Siatic Water Level: 12.79

2hr 10min 130 39.6% 26.80 3.40

2hr 20min 140 39.70 26,591 3.40

2hr 30min 150 39.72 268.83 3.40

2hr 40min 160 3673 26.94 340

2hr 50min 170 3078 26.96 3.38

3hr 3min 183 38.76 26.97 338

3hr 13min 193 38.78 26.99 3.38

3hr 20min 200 38.80 2701 3.38 82 6PM
3hr 40min 220 3284 27.05 3.38

4hr 246G 38.86 27.07 3.38

4hr 20min 260 3888 27.08 3.38

4hr 40min 280 39,93 27.14 3.37

Shr 360 3894 2718 3.37

5hr 30min 330 35.99 2720 336 92 GPM
Bir 360 40.01 27.22 336

Nofes:

Dhstance from Pumping Well to Observation wali = NA

GhAA Project #: 103501-Dare Co. {Reanoke 153

fMeasuring Paint Description: Top of Casing

WP Height above { and Surface: ~2.0°

Test Pump Informiation:

Type: {Berkley? Make:

Horsepower: | 3bp Capacity: a0 GPM @ TOM
ntake Depth: |75 {1

Wedl Pipe [
Target Q) 80 GPR
Flow Meter Dascription: Herseey Inline Fiow Meter

If Grifice \Weir, Flow Rate Measuring Peini Height
Totalizer Siart 60,158,083 5 gal.

Totalizer End: 86,191,322 gaf. {Avg. $1.5 GPIA)
Fleld Chernisiry Tesis: £ Shr 50min

Coforide =11526 mgh. (lifration) 1811 ma/t tesi st
iron =0 05 mglt, {(Hannah)
Hydrogen Sulfide =10 8-0.1 mg/L {fest ki)
piH =i 74 @ 2hr. B34 @ 5 Shy
Temperaiure =

Samples Collected @ Shr. 30min.
Samples Coliected by: Sean wi Skippers
Pumping Equipment Coniractor: Skippers
Person Recoring Data: Kyie Quick




Pumping Test Monitoring Log Form

Project Nirmber & Location: 103504 -Dare Co. {Roanche 15} Welld: Yorktown TW @& Skyco #5
Date: 10/35/08 Start Time: $:144am Static Water Level: 12.7¢
16sec 0.25 Recovery
3fsec 0.5 1402 1.23
455ec 0.75

Trin i 13,97 1,18
1min 15sec 1.28 13.85 1.16
1min 30sec 1.5 1361 112
1min 48sec 175 13.49 1.10
2min 2 13.87 1.08
2min 30sec 2.8 13.83 1.04
3min 3 13.80 1.01
Smin 30sec 3.5 18,77 b.g8
4min 4 13.73 084
4Amin 30sec 4.5 13.71 o.82
Smin 8 13.69 050
Smin 30sec 35 13.67 0.88
Gmin 5] 13.66 4487
6min 30s6¢ 6.5 13.68 0.86
Trin 7 13.63 3.84
Trmin 30sec 7.8 13.62 083
Brin 2 1361 482
gmin 30sec 8.5 13.58 8.80
amin g 13.58 0,79
9min 30sec 9.5 13.57 478
10min 16 13.57 .78
1tmin 11 13.56 078
12min 12 13.53 474
13min 12 13.51 872
idmin 14 13.49 8.70
15min i5 13.48 .69
6 16 i3.47 4.68
17min i7 13.46 0.67
1Bmin i8 13.46 .67
19 3 13,450 o668
20min 20 13.44 0.65
22min 22 15.42 0.63
S 24 13.40 .61
ZBrmin 28 13.35 0.60
28min 28 13.38 0.59
30mHn 20 13.36 Q.57
Notes:

[iisiance from Pumping Well io Observation well = NA

Ghih Projeci #: 103501 -Dare Co. (Roancke s}

Measuring Point Deseription: Top of Casing

MP Height above |Land Surface: ~2.00

FPumping Equipment Contractor: Skippers

Persor Recoring Dala: Kyle Quick




20.

22.

24,

Displacement (ft)

30.

Dare Co.-Rodanthe Yorktown Skyco5 6-hr Test

UBLELELALLL |

Ll

WL | LERLARLLR L | LI URRAL | T T TTIrm

L1l PRI | vl (Rl

0.1

1. 10. 100. 1.0E+4

Adjusted Time (min)

1000.

Obs. Wells
* Yktwn Sky. 5

Aquifer Model
Confined

Solution
Cooper-Jacob

Parameters

T = 6494.4 ft2/day
S = 4.165E-50

Aquifer Test Data Analysis using Cooper-Jacob Method for Yorktown Test Well at Skyco #5

1.6

12

0.8

Residual Drawdown (ft)

0.4

Dare Co.-Rodanthe Yorktown Skyco5 6-hr Test

1

LN ALY | T UL LR | T LA I

X
| U N U T (SR SN S

L4 1

PRI IR TR T T |

g i qiegl 1 t—a e re] 1 ]

10. 100. 1000.

Time, th'

Obs. Wells
* Yktwn Sky. 5

Aquifer Model
Confined
Solution
Theis (Recovery)

Parameters

T = 75456 ft/day
SIS' = 0.5818

Aquifer Test Data Analysis using Theis Recovery Method for Yorktown Test Well at Skyco #5



APPENDIX [T

LABORATORY ANALYTICAL RESULTS



AMALYTICAL & CONSULTING
CHEMIBTS

nvironmental ists, Inc.

MUZ i"diz:j w“ %&n & i‘wﬂ”i ;ﬁam S ME*@

SKIPPER’S WELL DRILLING

Index for Dare Co. Test Well # 5

Sample # 24159 Report B-10204

Collected 10/30/08 @ 3:30 PM

Page 1 & 2

Page 3:

Page 4 & 5.

Page6 & 7:

New Well Inorganics ( State Form)

4 As Formation Potential

Volatile Organic Chemicals (VOCs) (State Form)
Radiological (State Form)

Bacteriological {State Form)

Sample Collection Sheet



Analytical

& Consulting Chemists

Environmental Chemists., Inc.
a60Z Windmill $ay » Wimington, MNorh Carcling 28405
(910)392-0223 Phonc © (910} 392-4424 Fax

,Efs {ertifieste 8YTTIS

HODEME: W Certificate ¢

WATER SYSTEM ID i

Manre of Water System:

Sample Type:

Lovation Where Collectad:

Location Code:

Collecied By,

MEW WELL INORGANIC CHEMICAL ANALYSIS

Blie: ﬁ'! frfaramdiney moner he

Puge i of 18

. .y s cpmdi
st b suppdisd for plan review crodin,

* Mgy Wolf *
Bare County Test Well # 5

County; Dare

X Suurce for Pian Review

BiA

Mia

TR CmMpILERGE SNHE S b

[ gy Sy poRnt

Coltection Dale Collestion Tine

#3340

16/30/ 688 Pry

Sean Crommey
- - %‘%m THIEE

Wiail Resuits o Orater system reprosentativel

SRIPPERE WELL DRITUING
197 Onbiland Drive

Pelond, MO 28481

TR ety WA T TAT

Phope #: (918 3 27127748

Faxd#e {916y 3712787

FROITE: Flesss complete portion above doubis lne on Page 2.

LABORATORY W% 37729 i SAMPLE m%’i ISFACTORY L RESAMPLE REQUIRED
O, CONTAMINANT VED s*ig %?;25&5:@ QUANTIFIED ALLOWABLE
.GE it “E’”wiﬁéé%a}f SMZ130 8 (.10 s .6 WL N/A .
105 Arsenic EPAZOOS 0005  mgl mel.  0.010 mg/h
Priszolved Arsenic EBA G0 £.005 mg/L A — |
i Barium EPA 200.7 0,400 mg/L X mgl 2000 mg/l
1315 Cadmiimn EPA 007 6.00! mp/L . mpd. G005 mg/l ;
1016 Calcium EPA 2007 0000 mg/lL L 14,8 -~ M
1017 Chioride SMAS0 OB 5.0 mg/L. 03 15872 g 250.0 mgl
020 Chrombum EFA 207 0020 mg/lL A mel, 0.100 my/lL
1022 Copper EPA 200.7 6.050 mg/l X mefl, 1,300 mg/l
1024 Cyanide SMASOOCNE 0040  meg/l X mgh 0200 mg/i
1325 Fluoride SM 4500 F B 0100 mgL L 9.5 mgl 4000 ma/L
1028 Iron EPAZ007 0060 g/l O 0.116  met 0300 mgl
1030 Lead EPAZ00S 0003  mg/l A mgl.  0.015 mg/l
1031 hingnesium EPA iﬁ{é.? Lg mg/l. i 32.4 mefl /A
1932 Manganese FPA 200.7 8810 mgl X me/l.  0.050 mg/L
; | 33 Mercury EPA245.1 Gﬁﬁi}»’% mg/l X mw’i 4.002 mgl :

*Nuie: Concentrations for Lead and Cooper are action levels, not BCLs,

# 243@9 84{}52@4




Analytioal & Comsultipg Chemisie

Envirommental Chemists, Ing,
8607 Windegll Way = Wisingion, Neorth Caroling 28404

(910} 3920223 Ph

s {510} 3924424 Fax

BODEMNE: DWO Certificats #94, LS Cortifiosts 37778

NEW WELL INORGANIC CHEMICAL ANALYSIS

WATER SYSTEM 1D #:

Eocation Cods;

{Continuyed}

Noge: Al nforeation st be suppliied for phan review it

Blew Well

Dare County Test Well 458

Collecting Date

18/30 /68

Page 7 of 10

Collection Time

B3:34 PR

[E i

iSpecify A5E ar PRI}

LABORATORY ID &

37

%

Luborstory Log #:

COMMENTS:

 ANALYSES COMPLETED:

12/18/08

Uil it LA

24159

P

| “{Zgﬂﬁ‘m . COMTAMIMART METHOD CO0E Ri&}*i%%giﬁwr E%ﬁw::;;if’r} i’;iﬁ?;ff zsifﬁg_giy '
1036 Nicket EPA 200.7 0.100 mg/L. X g/l N/
1040 Nitrate SMASBONOAE 100 mg/l X me/. 1000 mg/lL
1041 Nitrite SMASGE NGB 000 mg/l X mgl, 100 mg/L
4 Selenium EPA Z00.5 3810 myL pt m/l G050 mg/l
150 Sitver EPA 200.7 005 mgl X “ mpl. G100 mg/l
1052 Sodium EPA 200.7 L0 mg/l i 1186, mel N/A
1053 Sulfate SM 426 € P50 mg/L X mg/L 250.0 mg/l.
- Silica EPA 2007 HA £ 17.% el MiA
1068 Agidity SM 2310 8 16 mglL X mg/L, /A
1074 Antimony BPA 200.9 0,003 mg/L X mg 0006 mgl
1675 Beryllinm EPA 200.7 0.06% mg/l. X mpl  0.004 mg/l
HOES Thallium EPA 2009 0.408Y me/ X mg/l, G002 myp/L
Strontium RPA 1007 = 8.568  myL N/A
1095 Zine EPA 0.7 0 mw/L X GO 50 mg/l
1965 Color §M 2120 B S units L 45, Units 15 units
1915 Total Hardness SM 2340 C L6 mglL O 173, melL, /A _
1923 pH SMAS00 1B N/A N/A 7.73 _  Usits  6.50- 850 units |
1927 Alkalinity M 2320 B 10 mgl o 568, ma/l N/A |
tozp O Dsolved SM 2540 C 10.0 mefl. [ 2827, w5000 mgL
*ofe Urneentrations ©r Lead and Copperare action favels, not MOLs,
ANALVSES BEGUN: | 16/31/68 08:60AM __
H SMBLAINY) Hpreify AN ar PO}

o ERRSTHY AR e PR

REPORTS 8-16204




Environmmental Chemists, Ine.

il Way = Wilmineton, NO 28408
{223 {Labyy » (F10) 3924424 (Fax}

7 Howseriown Road = Manteo, NOC 37954
R

(25734735702

ANALYTHOAL & COMNSULTING

CHEMISTS NCIVENE DWW CERTIFICATE %04 LS CRRTTFICATE 437729
Customer:
SKIPPERS WELL DRILLING Date of Beport:  December 1, 2008
07 Gakland Drive
Leland, NC ZE451 Furchase Order No.:

Beport Number: 8-10204
HEPORT OF AMATYSIS
Date Collected:  10/30/08 Heport To:  Charlie Skipper
sampled By: Sean Cropsey Project: Dare Co, Test Well # 5
LI # 24159 Page 3 of 10

TRIBALOMETHANE FORMATION POTENTIAL -TDAY

Chiorine Residual after 7 day incubstion = L1 ppm C from 2 50 ppm dese

THMFP Analvsis
Chinroform mg/L = B0166
Bromoform meg/l = (.149

Chlorodibromomethane me/l. = 68511
Bromedichloromethape mg/l. = §.0389

TEP mg/l = 0248

4 hour Chlorine Demand = 392 ppm Ch

HALOACETIC ACID FORMATION POTEMTIAL
HAAFP Analvsis

Monochlorencetic Acid mp/l. =  0.003
Dichlorpacetic Acid mg/L = §.407
Trichloroacetic Acid mg/l. = 0.068
Monobromesacetic Acid mg/l. = (.003
Dibromoacetic Acid mg/L = §.085

TFP mg/L = 4.023

Comments:

Reviewed :lif/@w jfﬂgf&@d’ / ‘?é_, iZ““‘“L
7




Envitonmental Chemists, Inc.

S50 Windmill Way » Wilningion, Norfh Coroling 28403

(G103 3900225 Phone o (910} 38244204 Fay 1Y

Apabytical & Consulting Chemims

VOLATILE ORGANIC CHEMICALS ANALYSIS (VOCs) Page 4 of 16
Naite AJL refurinsnion st be seppliod fx compiien oosdiy ) '

WATER SYSTEM 1B # County: BARE COUNTY
Mume of Water Sysiem: DARE COUNTY TEST WELL 45

Sample Typer [0 Emiey Polnt X SpecisiNop-complance

Location Where Collecied: A
e, Lonmpiance semples MLSE Do collesied nt the Doy Pomty e e e
Eoeation Cndet MiA . f o Collection Date Collection Thue

Culivcied Hy: Ronn roneey 18/34/68

i P Priary ) TAMAHE T ¥

il Hexults to {water sysiom represeniativel
ARIVPERR WELL BRILIING

107 Galdand Drive

Ledwerd, ML 28457 Faz #: ()

PROCITE: Plose sompleie portion sbove douile lne on Page 2.

3 371-2778

Phone #: {_ %18

LARGEATORYID # 37724 [ SAMPLE UNSATISFACTORY CRESAMPLE REQUIRED

LR CONTAMINANT REPOR HNG, 1 TMIT *
B (R

2G5 sr-taemopyiioho S0605 me/ll

FEIG Chboromathane G.0005 mpsl

IEYT Prvhbwodifuaromethane ST (IR /

Fii4 Bromometanm S22 00005 g/l

2216 Chlerosshane HE2.2 GRS o+ ) g/l B
2218 Flisrotrichioromuthane S22 GO0 el mgl A
psi Hesgelloroboiadione e GRS naprl mgft Bi A
2248 Maphihs 2 D005 L g/l A ;
BATHR i A Trstloroboneine S22 00685 me/l. g/t 0487 mgfl :
FRgn Cis-12-Dichiomethviens 2.z 80005 mg/l rragfl. GA7  mgl
2408  Dibomongthane 502.2 aanas mgd e, HIA
2410 i -Diehiomeropens MYZZ GOHNE mgfll g/ HiA
2417 § 3-Diichivropropang 3322 50005 mell, — NIA
2413 i 3-Dighloropropens 5822 BO0E mgll, /L. WA
Ja3 4 123 —"E"fmm@f{}@mgmﬁ sz 50005 m/l g/l A
2416 2.2 Dichloropropang 2.2 UREL e B mgll. MEA
2418 1.2 A Trimethyibenens kiiz HEELLIN G mg/k, MiA
2420 123 Trichlerobenzéne 502.2 06005yl g/l

2472 wBotylbimsens 5022 QUGS me/L T

T4 1.3, 5 Trimethylbencene 502.2 00005 mg/L. - -

2476 Tert-Buiytbenzene 5022 00005 mgl -y

2428 Sec-Batylbommne 3022 (RS ) fi:’i_giL L gL

Bromochloromethane 5022 3.0003 " my/l i mgi.
Chisroform 5022 00005 mpdh - o omglh

#Wote: 1 result excesds sowsble lhnit, the lnboratory must fax analytical results to the State within 48 hours # 34159 8.1



Anglvtival & Consulilng Chemists

Fovironmental Chemists, Ine.

SO Windmill Way « Wilmingion, North Caroling 284038

(10} 3920023 Phome » (910) 392-4434 Fax 017

NCDENE: DWO Certificate #94, DLS Certificats #37729

VYOLATILE ORGANIC CHEMICALS ANALYSIS (VOCs) Page 5 of 18
Mete: All nformation must be supplied for complisnes credis Continued)
WATER SYSTEM IB#: THESTWEIL#S 1 Collection Date Collegtion Time
Loeation Code: MiA i/ 34/68 G3-280 PR
T — TR Bpeciy Aot or #941
LABORATORY 1D & 37729
. EOUIRE ¥T DETECTED i
B CONTAMINANT it m’zi?;;g?ﬁw ﬁ%@&:i }E“RE;; ' ‘};;Zm,fg;g
B Brermafirm 3022 0005 mg/L * e gL TiA
3543 romodiciiloromathane 3022 BO00E mgfl )4 T i EES
944 Chlorodibrompmethans 22 BOHES mefl b4 R - o B4 :
e A Hylimes {Totaly 23 G.O008 mp/L X mgt 1000 mpl
2864 Dichioromethme s 60005 mg/l X mg/l, 0005 mgll i
7965 oChlontoluene 5022 S5 gl X mgfl. WA i
Juss  p-Oblwotelune 3002 00005 mgl e migfl. MiA
- uETY R 5032 GO005 mgd. H Mgl HiA
| J9AS  o-Dchisrobenigne 5023 00008 mg/L p4 mg/h. 060 mgl
e s-IHchlombenane 5022 GO0E mgll X mfL G075 mprd
2076 Vi Chiore S22 COS my/l X mp/l, G002 mell
2973 1.1 -Distdoroethylen 502.2 UGS mp/l X mp/t, G007 mpil
U8 L Dchivmathans HHin IS mglt X g/l WA '
PTG Traree § 2 -Lieldorostiplone e A (0005 myl X gl G mp/l
2980 b 2-Eelsiorocthane 2z SAG05 mg/L * mg/l G5 mpfl
ZoRY 11, - Trichioroobane et G405 mel. X ayll 0.2 mpl o
A el Carbon Tewnchioride 27 GO gl b4 /L 0.005 myl |
298% ¢ 2-Drchboropropans 023 05 mgi x wizft, 0.005 mplt
Fog4 Frichlorosthylons 5022 GO005  myll. 4 mg/t. 0005 mgl.
24985 1,1.3-Trichltenethene 5z 20085 mgl x mg/l. D005 mgd.
RS 11,1 2-Vetrsohiorpethane B2 D.OG05 mgll X mpft, A
2987 Temsshiorosthylons 502.2 00005 mg/l. b4 mg/lh 0005 mwi,
P 1, .22 Temambinmcion 52,2 G003 mgL H fr/ BMiA
2659 Chdorobenzene 5022 G005 gL X mgft a1 mng
2898 Bensoos 5022 00005 mg/L )4 g/l 8005 myd,
PAL Tohwns L Q06005 meg/L X gl FAD g
2997 Bihylbenmne 5022 0.0005 me/L ¥ e mghL 079 mell
2993 Bromobenzene 562.2 00005 mgL X e mpn MIA ‘
2994 Sopropylbenzsne 5022 G.00E5 ol X e mglL HiA,
29896 Stres 3022 00005 mg/l P4 e gL 410 mgl
290E w-Propythenzens 5622 00005 mg/l X R 11 DA :

Note: 1f result exceets atowable limit, the Taberatory must faxanalytical resalts fo the Stute within 48 hours

DATE: TIME:
ANALYSES BEGUN: 11/84/48 $8:648 PM
ANALYSES COMPLETED: 11/14/08 18:38 AM

t aborstory Log #: Z4159

-
COMMENTS: %, >

AR

=

Tis B e s L
Certified Byr o/ by Fre iy g}“@/w/\ ’ .‘E«fm' P éj‘},@@@v% i

/ REPORT #__ 8B-107484




Environmental Chemusts, Ing,

HEYE Windmill Way o Wilmington, Norh Carcling 28405

(I ARLETIE Phone o (910} 3024424 Fax [0

NOBENE: WO Certifleate #94, DES Cevtifieate 837729

DES ANDSYNTHETIC ORBCANIC CHEMICALS ANALYBIS (500y) Page 6of 18
Nt Al infrstion wusd be sapuiisd B complissce cxﬂﬁn

WATER SYSTEM 1D #: County: BARE {OUNTY

Mame of Waler Svstem: DARE COUNTY TERT WEIL ¥ 8

Sample Type: I3 sty Point X LBpeciniMos-complisnce
Location Where Collectad: M

{Reste omptanee simpie (R0 b eolledit at e Brery BT E s
Location Code: _ © Coliection Date Collecting Time

Cotlected By SEAN CROPSEY ig/3¢/G8 G130 PR

Tlekit Prisms i MY TEpetty Al or DAL :

Tedait Hesnlls fo (waler system represeniativel
SRECPERS WELT DRI LING
107 Caildand Drive Phone #:( 980y 3TI-2778

Toalpaidt WO Ta4L7 . . Fax s .

MUYFE: Please complew portion above donble Hne on Page 2

MN/A
Y
M/A
gl G684 mzfl
resg L MiA
g/l Q03 myl.
g/l G mpd
el 0004 't -

2443 Aldicarh Sulfoside 5314 L0005 med
2044 Aldicarh Sulfone 5311 08008 mg/l
2045  Metotachlor 5081 {0008 my/L
2046 Carbofiran 5301 0.0005 o/l
047 Aldicarb 5311 00005 mgl.

205G Aprarine 2081 DL mpgil
2051 Alachior S08.1 £.0002  me/lk
2065 Heptachlor 508.1 000004 merl.

LABUBATORYID 37719 £ RaMPLE UNSATISFACTORY Ol BESAMPLE REQUIRESS
e | CONTAMINARNT REPORTING LMY (R Qgﬁir' hs
S0H5 Endrin GO el X g/t
20v0 Lindeme DOBGO2 gL ¥ mig/t
2615 Methoxyehior D008 myfl, X sg/b
2000 Toxsphene GO0T mgil X wrigf
2O Carharyi Gi0d my/l ¥ sk,
ity tethomy] B mpdl 4 gl
26548 Dislapon 4001 mglL X el
235 D Tocthythesyldipate 352 G.0006  me/l X ragft,
A6 Umamyvivedated a31.1 D002 mgl ¥ mgh, B2 mgl
2077 Simazine 5081 GOENT mL X ) o mg/l. G064 mel
2040 Picloram 515.1 GO mp/L b4 ) gyl 05 myl
2541 Drinpach Eis i BT gl 4 e/ LT mgdh
E{Mfﬁ HMesachlorooyclopentadione 5?;&} GO0 mgfi x 635 mg/l
X
X
-4
X
X
X
X
X

* Mote: If result excesds altowsble Hmis, the laboratory must fay analytical resalts 16 the State within 38 hours. #24159 810204
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{oontinaeds
Mgo: Al tnfieninntion wasdt be sopplied Tor complinnce eredit,

WATER SYSTEM ID#%:  TESTWELLES o

lection Date Colleetion Time
£ ocation Code: M4 . 10/36/08 §3:30 PM
i SRARY Y b vely A oy PR

LABDRATORYID & 37729

B NOTOETECTED GUANYIFIED bt A E
D DEIEL 3 ALLORWABE

REGHLTE™ LMY

L comram

e SONTAMINANT
LRI

_ GLHRL S
2066 3-Hydroxyearboturan 0504 myl 277 _
06T Heptaehlor Epoxide GHT meL 00002 mg/t,
I Deldrin G007 my/L B/A

B/ A

au7  mwl

2¥76 Butachlor

2FT Propachbor

25 24D

2310 ZASSTP Silvex
2274 Hesachlorobenzens
2308 UilZ-sthyihexytphthulste
2386 Denrolaipyrens

2336 Pentachivrophens
Z386 Aldrn

2383 POES

24402 DHeamby

2595 Meribuzin

2933 Dnee

2944 Fthivlene Dibromide (B1H GO0 me/h
2859 Chlordane DONT el

Fote HWresolt exceeds slowable e, the hormory must fax anabvtical reselis o the State within 48] howrg,

g mpll
G006 mgll
HEL £t B T
GO00Z mpl
SO00 gL
BAHHED mg/ll
SOBUNE mgll
SO0 medl
O0G02 myl.
G000 mw/l
Bt mp/l
GH00%  med.
BAN00T mg/l.

505 med
HEREN mgu
G006 mefl
GOME medd,
G007 myplt
/A
00085 mat
RIA
WNIA
QAT myf
000005 my

1002 mghh.

A A A A S e

Bl
o

g

ol A

DATE: TIME:

ANALYSES BEGUN: 11/83/88 08:60 AM
: [T Y cHpeeify A ar PR

§2:38 PM

- ANALYSES COMPLETED:

-
e : s - o
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) ) /%g;?fr«im and srgn e
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A

Connty: ii}% < V*’ vrd '

System Type: ,fﬁ"ﬂL {'Jpé// g,;;/{ f&@;j i#}

[J SpecialiMon-complisnce

WATER SYSTEMNO. . .

W

LB

Mame of Water System:

0 Bepent
tocation Where Collected (MUST be collectad in distribution system, not the wethouse )
Faciity 11 No. (IHetribution): D81

SZarmple Poini: 11 Rovtine Oviginal tRTOR) [ Repesi-—rigioal Tap (RPOR) 7 Regeat-Upstrenm (BPUP) T Repeat-Downatream (RPDN]
Location Code:

Semple Types L7 Routine

Callected By Pl {W% 2)‘??!37%) e P T j; ;
| P Priests i ’ng =3 B - ; OE— g 3w }
! EWERATLITHY Y TSty AR bt PR ég
Minil Resnlis 1o (water svsiem reprosentative): a
oy A i itive La 1
%5} «é; z;?g“’“ EW L /@ﬁ j} ;',f;f,f" e ?mvm Positive Laborstory Log #
- Frevious Poesitive Location Code: _
Pasitive Collection Oate;  f F ...
Phone 2 ( 10 37127 T
Fax #: ( ¢ Total Chiorine Residusi: g L
Free Chlorine Resldusl:  mg/l,

Combined Chiorine Beslduni:

Responsible Person’s email
{Cymibined Chlaring = Tomi Chipeine wings Froe Chiorine}

LABORATORY D8 37729 {1 fepeat Samples Bequired from Clent [ Hessmple Heguired from Client
RESULTS
COMTAMINANT METHOD COnY X T A 3 PRV A
" PRESENT'? | ABSENT | VALID =
CODE "
: o . . e £ ) .
Testul £ aBfarm SR 92T {/ 1 Confluent Growth/Me Caliform {rowth Found
k2
. ? 33 THTOM Colifpem Growth Fosod
FeenlfE, oot
33 Turbld Cultpeef Mo Usiifors Growth Found
Heterntrophic PO, J— cfa/mi,
¥ il 43 {rver 30 Howrs (Ol
Motes: ! If Toma! Coliform hacterls i prosent, the inbenigry sust fis anslytical resnlis Io-the State within 48 hours, : 1 FecalE. coli ueteriy s prasent. the Iaboraury must fes analyties]

ey for dhe Brate on doy e omphed. *

tnvalid vode #5 should be accompanied by an saplamation in the comments Below,

ig AMALYSES 3EGUN
1#

E
|
ANALYSES COMPLETED: g

— A4 %‘%
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COMMENTS:

| DATE: o TME
O, 20,08 | _a.95,
LYY T T

&mb&&;m&@ﬁ

‘ba-s,éy AL a PBEN H
b m

ey

wgi/t{:{o}l w:,.," “

- F z

{Print and sign name}

HEE

Fax: $19.715.6637

: %fwszﬁis“"“

Public Water Supply Section, Att: Daa Emry! Nﬂi M.ui Sﬁrﬂtb Center. Raleigh, NC 276991834
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Page
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Hame of Svstem: Dmﬂﬂ m.,@m..swj x QM% M\.ﬁﬂw %bm( [ mw& ?mw

m\ﬁx\w% \N wvj o \wwm%w, Phone #: M,.w wm }%w@ . AHA&& : Q&u mm\

Results to: Sk w?%,&%w?v

fMMv A.M_magw\%hg .%gﬁﬁ W&g?vﬁﬁﬁx ,Wi A wim gt Email or Cell #:
S . & .
. PFoint; DeDisvribution; M=Maximum; S=Special/Non-Compliance’

} Chiorinated PEample Tvpe: (E=
m..w..m,.m ) . T

S

%@&ﬂ@%ﬁ@& Tast/Maethod

PHitkate { } Nitritce

vﬂw Trihalomsthanes SMMKJ\\W_@&MN% k&wwz%aw ﬁ\'w%&&«w

vﬂf:%izcrw s, Regular { ) New Well m.\wﬂw

1

j!
\!
U wwmmu Check appropriate gethocds listed Belowr

(5500 Method ®0d (EDD 4 BACB

H FERA Mephod 307 (H&P Compounds)

Method 508 (Chiorinated

HMethod 515 {Chlorinated Herbicides)

ﬁmﬂﬁmﬁ Method 525.1 (Organic Compounds!

Mathod Bi1.3 1Carbamates

P

{A) Other gm,ﬁh@tﬂw ¢ ﬁmfwfw&ﬂmﬁm@wv&
mfmw.% wwwwe\}%mm“m M s ;ﬁw&v

Collected by: &%%ﬁ m %wa«uﬂ A .m\w\“%@wﬁé n&mmum\&
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e %mwm\ w@\ e Time: xm. . w Q AP TV

Rpereid. %zxp&i; Date/Time: N
\m e | [0/3]0% 300

2 3 P
i o AP e mv wmﬁ_vfw%ﬁ&% M e
X
re When Sampled: Initiais: araturs
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