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Executive Summary 
 

Analytical Services, Inc. (ASI) was awarded a contract by the County of Jefferson, West 

Virginia to identify well targets and develop new water supply wells that may be used to 

supplement the public water supply system at the Westridge Hills subdivision in eastern 

Jefferson County.  ASI geologists completed a site assessment of the area, reviewed available 

geologic mapping and reports, and prepared a Preliminary Hydrogeologic Report (February 18, 

2011) that identified drilling targets for test wells.  Well construction permits were obtained from 

the State of West Virginia Office of Environmental Health Services (WVOEHS) and three new 

wells were drilled, two of which were subjected to pump testing.  Based on the results of the 

drilling and testing program, additional groundwater supply was identified that, once permitted, 

could be used to supplement the existing water supply system that services Westridge Hills.  

 

A new well location, installed and pump tested during this project has been identified as Well A.  

Well A is located in relatively close proximity to the existing “Jeep Trail” well and is believed to 

be a good source of supplemental water supply for the existing water system.   This report 

documents the results of the 24-hour aquifer pumping test of Well A, which represents partial 

fulfillment of the permit application requirements of the WVOEHS for a new public water 

supply well.  Additionally, a plan for the installation of a submersible pump, power supply, 

treatment equipment, and connective piping would need to be provided to the WVOEHS for 

their review and approval.  Upon obtaining approval and applicable permits from the WVOEHS 

and making necessary preparation for hook-up, the connection of the supplemental groundwater 

well to the existing water system could be initiated.   
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1.0 Introduction  
 

The Westridge Hills Subdivision is situated on the eastern edge of Jefferson County, located on 

the western slope of the Blue Ridge, just north of Keyes Gap, and just to the west of the Virginia 

state line (see Figure 1).  The Westridge Hills Subdivision, hereafter referred to as the “site”, lies 

within the Blue Ridge Physiographic Province.  The site area is underlain by bedrock of the 

Chilhowee group, a metasedimentary suite of Cambrian age.  Specifically, the bedrock is made 

up of metasandstone and phyllite of the Weverton-Loudoun formation, and metasiltstone, shale, 

slate, and phyllite of the Harpers formation.   

 

The public water supply system which services the Westridge Hills Subdivision consists of a 

single well identified as the “Jeep Trail” well within this report.   This well is reported to be 313 

feet deep with an air lift yield of 60-plus gallons per minute (gpm) and is described as having 

good water quality.  To date, the “Jeep Trail” well appears to have been largely capable of 

sustaining the immediate groundwater needs of the existing residential connections.   At least 

one other well that had formerly been used to supply groundwater to the system was reported to 

have a low yield with less than desirable water quality.   A supplemental groundwater well for 

the existing water supply system would provide an additional source of groundwater that could 

aid in maintaining flow to the residential connections and would represent an important safety 

factor for groundwater supply if the existing Jeep Trail were to experience an unanticipated 

outage.  

 

This report documents the installation of three (3) test wells that were targeted within the 

Preliminary Hydrogeologic Report (issued February 28, 2011) and includes pump testing results 

generated from two of the wells.  A copy of the Preliminary Report which documents the 

methodology utilized to select the well targets has been provided within Appendix A.  

Laboratory analytical results of groundwater samples are included in this report as well, along 

with a budgetary estimate for the connection of a supplemental well to the existing water supply 

system.   

 

2.0  Background 
 

As documented in the Preliminary Hydrogeologic Report Analytical Services, Inc. (ASI) 

distributed a questionnaire to Westridge Hills property owners to identify the local residents’ 

water supply concerns.  Although response rate was limited, general concern regarding water 

quality and availability was noted.  Responses that were received included several from owners 

of vacant lots who expressed their desire to have access to water.   

 

ASI conducted a bedrock geology review, fracture trace mapping, and performed geophysical 

surveys to determine optimum drilling targets for this project.  Potential drilling target locations 

were limited by the fact that ASI only had deeded access to certain parcels within Westridge 

Hills for well installations.  Four (4) drilling targets (referred to herein as Targets A, B, C, and D) 

were identified and field marked with labeled stakes.  Once the chosen locations had been 

approved, ASI proceeded with permitting of the wells in accordance with WVOEHS guidelines.  

A permit for the construction of the wells is provided in Appendix B.  Target C, located within a 
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utility right-of-way, fell in close proximity to multiple overhead power lines and was therefore 

not drilled due to safety concerns. Drilling commenced on June 22, 2011.  The locations of the 

remaining targets, i.e. those that were drilled, are shown on Figure 2 (shown as current well 

locations).     

 

Well A is located off of Jeep Trail on Parcel Number 0037, Map Number 13J.  Well B is situated 

approximately 250 feet east of Route 32 near the southern end of a pond and is located on Parcel 

Number 0001, Map Number 13H.   Well D is positioned along the southwestern boundary of the 

Westridge Hills Subdivision, on Oak Lane, and lies within Parcel Number 0238, Map Number 

13K.   

 

ASI used the services of Valley Drilling Co., Inc., of Upperville, Virginia to install the three new 

wells.  Well construction information for these wells has been presented in Table 1 below and 

well completion reports and construction diagrams have been provided in Appendix C.  

Although three wells were drilled for this project, only wells A and D produced high enough air 

lift yields to accommodate pump testing. Well A was observed to have an air lift yield of 125 

gpm and Well D was observed to have an air lift yield of 43 gpm (Table 1).  Thus, Well A and 

Well D were both subjected to pump testing and each was pumped continually and analyzed 

separately for a 24-hour aquifer pumping test period.  Well D was observed to be an artesian 

flowing well and required the installation of a specially fitted cap on the well to prevent flow 

following the well installation. 

 

 

Table 1 

Construction Summary of Westridge Hills Test Wells 

 

 

Well ID 

Total Depth 

(ft) 

Casing 

Diameter (in) 

 Casing Depth 

(ft) 

Air Lift Yield  

(gpm) 

Aquifer 

Formation 

Well A 580 8 80 125 
Weverton-

Loudoun 

Well B 440 6 60 6 Harpers 

Well D 600 6 119 43 
Weverton-

Loudoun 

 

 

3.0  Aquifer Pump Testing 
 

The aquifer pump testing took place during the week of July 18 to July 22, 2011.  24-hour 

duration testing was performed on Well A and Well D.  The pumping rates imposed on the wells 

during the 24-hour test were chosen based upon the blown air lift yields measured during 

drilling.  Minor adjustments were made to the pumping rates of both wells during the early 

stages of the test. The final pumping rates were 50 gpm for Well A and 45 gpm for Well D.  Any 
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recorded variations in the pumping rate during the later stages of the test are considered 

attributable to decreased pump efficiency related to drawdown of the water column.  A 10-

horsepower well pump was installed and used in Well D and a 15-horsepower pump was used in  

Well A for the pump testing.  Refer to Appendix D for the driller’s diagrams of the down-well 

pump configurations which have been presented as Figures 3a and 3b.  Both pumps were 

powered by portable generators continually throughout the pumping test.  

 

Initiation of pumping was staggered at the onset of the test to investigate for any potential 

hydrologic connectivity between the two pumping wells, as they are located approximately 1000 

feet apart (see Figure 2).  Pumping of Well D began at 11:00 AM on Wednesday, July 20, 2011.  

No obvious response was observed in Well A, and pumping in Well A began at 11:30 AM.  Data 

collection for the 24-hour pumping phase and subsequent recovery phase was completed without 

interruption and the pumping assembly operated smoothly at each well location. Groundwater 

samples were collected for laboratory submittal prior the end of the 24 hour pumping interval. 

 

Throughout the test, the depth to water in Wells A and B was measured from the top of the well 

casing manually with an electronic water level meter. Because Well D exhibited artesian flow, it 

could not be monitored from the onset of the test with the same device used on the other wells.  

Thus, the height of the water column above the pump in Well D was measured via the “air 

bubbler” method, and then converted to drawdown during the post-test analysis.  Measurements 

were read from a pressure gauge displaying the height of the water column above an attached 

downwell air tube as it correlates to hydrostatic pressure.  The “air bubbler” method of taking 

water level measurements is widely accepted and is commonly implemented for measuring the 

height of a water column in a well (Trimmer 2000).  The pumping rate was controlled by an 

inline ball valve and was measured using a 2-inch inline, impeller-type, totalizing flow meter. 

The well discharge was routed through 3-inch flexible piping approximately 150 feet from the 

respective pumping wells.  Personnel were onsite during the pumping test to collect manual 

water level measurements and to oversee operation and maintenance of the pumping assemblies. 

 

The “Jeep Trial” well, operated by Jefferson Utilities and representing the single source of 

groundwater supply to the Westridge Hills system was inaccessible for use as a monitoring point 

for the 24-hour aquifer pumping test.  However, Jefferson Utility personnel were notified of the 

testing and their staff indicated that they did not identify any unusual operating conditions at the 

“Jeep Trail” well while they were onsite during the test. 

 

The pumps were shut off after a minimum of 24 hours of continuous pumping and the water 

level in the pumping wells was allowed to recover beginning at 11:00 AM for Well D and at 

12:00 noon for Well A on Thursday, July 21
st
.  Full recovery of static (pre-pumping) water level 

in Well D was achieved within two minutes of pumping cessation.  Final water level 

measurements collected approximately 24 hours after pumping cessation confirm that recovery 

to greater than 90% of static level in Well A was achieved and documented during the test.  Well 

B, situated at a downhill location approximately 0.4 miles to the north of the two pumping wells 

was monitored periodically throughout the pumping and recovery phases of the test in attempt to 

document any potential drawdown in water level resulting from the pump test.  No impacts were 

observed in Well B.  The drawdown and recovery phase data for both wells are tabulated in 

Appendix E.   
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4.0  Discussion 
 

4.1 Pump Test Analysis 

 

Plots of water levels measured in the pumping wells during the drawdown and recovery phases 

of the pumping tests are also presented in Appendix E. The Well A water level reached stabilized 

conditions at a drawdown of about 205 feet at approximately the 17
th

 hour of pumping. The total 

24-hour volume of pumpage was 79,629 gallons, yielding an average pumping rate of 54.2 gpm 

for Well A. However the final pumping rate measured at the conclusion of the pumping test was 

50 gpm.   The water level in Well D stabilized very quickly twice during the test.  That is, it 

stabilized at about ten minutes into the test, and then rapidly stabilized again after the pumping 

rate was increased about 100 minutes into the test.  The total pumpage for Well D was 62,578 

gallons, yielding an average pumping rate of 43.5 gpm.  The final pumping rate was 45 gpm at 

the conclusion of the test.  Maximum stabilized drawdown in Well A during the test was 206 

feet. Maximum stabilized drawdown in Well D, which exhibited artesian flow, was 45 feet. 

 

In general, conclusions based on a 24-hour pumping test should be regarded with caution to the 

extent that additional information regarding long term capacity of the well is possible with longer 

duration pumping tests.  With that said, at the time of the test, both wells appeared to be 

promising candidates for use as supplemental public water supply wells.  If a new well is put into 

service supplementing the existing public water system, it is recommended that the long-term use 

be evaluated further to better understand the well’s capabilities and that the generated data be 

used to develop a pumping management plan for the well.  

 

Estimates of transmissivity (T) and storativity (S) were calculated from the pump test data using 

the commercial software package, AQTESOLV.  Transmissivity, expressed in units of 

length
2
/time, is directly proportional to hydraulic conductivity and aquifer thickness.  Storativity, 

a dimensionless value, is defined as the yield of water per unit decline in hydraulic head, per unit 

area of the aquifer.  Both parameters give a good indication of how much pumpage a given 

aquifer could be expected to sustain.  The Moench method for unconfined aquifers was used to 

estimate T and S for Well A and the Neuman-Witherspoon method for leaky confined aquifers 

was used for Well D.  Please see Appendix F for AQTESOLV print-outs of the pump test 

analyses. It should be noted that no drawdown data from observation wells was available to 

further evaluate storativity calculations. 

 

Due to the unusually high pressure of the artesian flowing well (Well D), a grouting failure was 

identified to have occurred following the aquifer pump testing where water actually was 

observed to flow from the annular borehole space around the six-inch well casing.   A number of 

attempts were made to successfully re-grout this well with cement grout.  These attempts 

included the use of in-well packers, and re-drilling and setting casing deeper into bedrock.  

Unfortunately the main water bearing zone in Well D was largely sealed off during the grouting 

effort.  Valley Drilling went to great extents to attempt to re-open the water bearing zone, 

including re-drilling the entire length of the borehole and attempting to use a water well-grade 

chemical additive to degrade the grout. Only minor success was achieved during these attempts 

to revive Well D as a final yield of approximately 7 gpm was attained.  This unforeseen change 

in the performance of Well D voids the applicability of the pump test results to this well.  The 
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pump test data does however suggest that the area immediately surrounding Well D possesses 

very favorable potential for groundwater yield.  Although the well no longer produces a high 

enough yield for it to be considered a candidate for use as a public supply well, the drilling of 

Well D provided a wealth of information about the hydrogeology of that particular location at the 

site.  If further groundwater development at Westridge Hills were deemed necessary, ASI would 

recommend drilling in as close proximity to Well D as permittable, in an attempt to encounter 

the same water bearing formation.    

 

4.2 Laboratory Analytical Results 

 

Groundwater samples were collected from both wells on July 21, 2011 in laboratory-provided  

bottleware prior to the end of the pump testing, and immediately chilled on ice for transport to 

Reliance Laboratories in Martinsburg, West Virginia a WVDEP/WVDH/USEPA certified 

commercial laboratory.  Samples were submitted for analysis of constituents included in the 

West Virginia Bureau for Public Health Public Drinking Water List of Required Contaminant 

Analyses (see Appendix G for list).  The laboratory results document no Maximum Contaminant 

Level (MCL) exceedances of any of the required analytes, with the exception of manganese in 

both wells and coliform bacteria in Well A (see Appendix H for laboratory results).  Only one 

coliform sample was collected and submitted for analysis from each well.  Coliform bacteria 

occurrence in samples from otherwise clean wells is common and can indicate contamination of 

the sampling port at or before the time of sampling.  ASI recommends additional disinfection of 

Well A with chlorine tablets, followed by resampling for coliform bacteria.  The manganese 

concentrations in both of the tested Westridge wells were noted to exceed the drinking water 

MCL of 0.05 mg/L for manganese.  Both Wells A and D produced samples with manganese 

concentrations of 0.17 mg/L.  Other drinking water wells with known manganese exceedances in 

the vicinity of Westridge Hills are currently being treated with a polyphosphate treatment 

product called AQUA-MAG. Other common manganese treatment methods include water 

softening by ion exchange, chlorination followed by filtration, and greensand filtration.  Further 

sampling and analysis for manganese may be necessary to determine optimum treatment 

strategies if the new Westridge Hills wells are developed for utilization as water supply sources 

in the future. 

 

5.0  Budgetary Estimates for Well Connection 
 

The connection of a new well to the existing public water system would require the submittal of 

a Public Water System Well Application to the West Virginia Bureau for Public Health.  The 

application will need to include details on the well construction, planned treatment equipment, 

and planned connection routing necessary to supplement the existing water supply system. A 

copy of this pump test report would also need to accompany the application, demonstrating the 

24-hour pump testing of the well along with the sampling and laboratory testing results of 

groundwater from the well. The following outline provides a summary of work that would be 

necessary to connect and utilize Well A to supplement the existing water supply system. 
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Based on discussions with the current water system operator, the following approach has been 

developed: 

 

1) Choose an appropriate sized pump based on pump test data. 

 

2)   Coordinate the extension of a new power line to power the pump.  An existing pole is 

already located in the Daisy Lane right-of-way near the well. 

 

3)  Install a large diameter pipe along Daisy Lane that extends from the new well to a 

connection location with the existing line on Jeep Trail.  The estimated length of the pipe 

would be 525 feet.   A pipe of approximately 16 inches in diameter would be expected to 

provide sufficient chlorine contact time prior to the first customer.   

 

4)  Pump control would be provided from the existing control system located in the “Jeep 

Trail” well house. 

 

5) A hydro-cholorinator could also be housed in the existing “Jeep Trail” well house. 

A long solution tube could be placed within a conduit from the “Jeep Trail” well to the  

Well A discharge to avoid the need to have a building at the new well site.  The length of 

the solution tube would be approximately 725 feet long.  The solution tube would follow 

the same route as the control wiring.   

  

6) A schematic diagram showing the planned system components and connection with the 

existing system should be prepared and submitted with the Public Water System 

Application.   

 

A budgetary cost estimate has been provided based on the above planned approach.   This budget 

should be considered an approximation of costs that may be involved in the connection of the 

well.  Certainly any unforeseen circumstances, or conditions encountered during the construction 

could significantly increase costs.  Appropriate permits should be obtained and firm costs 

identified prior to implementing the well connection project.  

 

Budgetary Cost Estimate  

Connection of Well A to Existing Water Supply System  $120,000 - $140,000 

 

6.0  Conclusions 
 

ASI geologists completed a site assessment of the Westridge Hills area and prepared a 

Preliminary Hydrogeologic Report (February 18, 2011) that identified drilling targets for test 

wells.  Well permits were obtained from the State of West Virginia Office of Environmental 

Health Services and three new wells were drilled, two of which were subjected to pump testing.   

 

Based on the results of the drilling and 24-hour testing program, an additional groundwater 

supply resource was identified that, upon being permitted by the WVOEHS, could be used to 

supplement the existing water supply system that services Westridge Hills.  A new well location, 

identified as Well A, is located in relatively close proximity to the existing “Jeep Trail” well and 
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is believed to represent a good source of supplemental water supply for the existing water 

system.   Upon connection to the existing public supply system, ASI would recommend that the 

long-term use of the well be evaluated further to better understand its capabilities and to develop 

an adequate pumping plan for the well to promote sustainability for long term use.  

 

Pump testing and laboratory analysis of Well A represents partial fulfillment of the permit 

application requirements of the WVOEHS for a new public water supply well.  Additionally, a 

plan for the installation of a submersible pump, power supply, treatment equipment, and 

connective piping would need to be provided to the WVOEHS for their review and approval.  

Upon obtaining approval and applicable permits from the WVOEHS and making necessary 

preparation for hook-up, the connection of the supplemental groundwater well to the existing 

water system could be initiated.   

 

Aquifer testing performed at Well D provided favorable results.  However, pressure from the 

artesian flow caused the grout seal on the well to be compromised following the pump testing 

event.   Once the well was successfully grouted much of the initial flow had been lost.  If further 

groundwater well development at Westridge Hills were deemed necessary, ASI would 

recommend the installation of an additional well in as close proximity to Well D as permittable, 

in an attempt to drill into the same water bearing formation initially encountered.    

 

7.0  Limitations 
 

The work performed in conjunction with this project, and the data developed, are intended as a 

description of available information at the sample locations indicated and the dates specified. 

Generally accepted industry standards were used in the preparation of this report.   

 

Reported data are intended to approximate actual conditions at the time of sampling. Results from 

future testing may vary significantly as a result of natural conditions, a changing environment, or 

the limits of analytical capabilities. This report does not warrant against future operations or 

conditions, nor does it warrant against operations or conditions present of a type or at a specific 

location not investigated. The limited sampling conducted was intended to approximate subsurface 

conditions by extrapolation between data points. Actual conditions may vary. 
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1.0 INTRODUCTION 
 
Analytical Services, Incorporated (ASI) is pleased to submit the following Preliminary 
Hydrogeologic Report to the Jefferson County Engineering Department.  The preliminary 
report summarizes the work that was completed in order to identify potential drilling 
targets that may provide additional potable water supply for the Westridge Hills 
Subdivision (Figure 1).  ASI understands that additional water supply development may 
also aid the Mountain Communities water system that is maintained by Jefferson 
Utilities, Incorporated, which supplies water to approximately 400 residences in Keyes 
Ferry Acres, Harpers Ferry Campsites, and the Westridge Hills Subdivision.      
 
ASI personnel initially gathered pertinent information regarding the local geology and 
topography, orientation and abundance of fracture traces, soil characteristics, and existing 
well locations at, or near, the site.  Water system questionnaires were distributed to 
property owners in the Westridge Hills Subdivision to better understand any water 
quantity and quality concerns experienced by the residents.   A community meeting was 
also held on January 19, 2011 at the Charles Town Library Meeting Room to provide 
residents and property owners information regarding the methodology that would be used 
to identify well drilling targets.  A description of field activity that would be required 
during the study was also provided at the meeting.   
 
Field work completed during the study included the completion of three (3) high-
resolution electrical resistivity surveys within the Westridge Subdivision. The resulting 
data were reviewed and interpreted in order to aid in the targeting of the most favorable 
areas for on-site test wells.  ASI geologists also evaluated the Keyes Ferry Acres and 
Harpers Ferry Campsites subdivisions via fracture trace analysis, review of geologic 
mapping and site reconnaissance.  Although no geophysical surveys were completed and 
no potential well targets identified on these properties, ASI has included some 
recommendations pertaining to further investigation of these areas.   
 
Based on the findings of this study, ASI has recognized three groundwater zones that 
appear to have unique characteristics across the larger study area.  The larger study area 
consists of the property extending from the eastern boundary of Westridge Hills 
westward to the Shenandoah River.  Drilling targets identified within this report are 
within the Westridge Hills Subdivision and are situated within two of the identified 
groundwater zones. The following report summarizes the data utilized to delineate the 
groundwater zones and the methodology used to select the proposed well drilling targets 
within the Westridge Hills Subdivision.   
 
2.0 GEOLOGY 
 
The study area lies within the Valley and Ridge Physiographic Province of West 
Virginia.  The majority of the study area including the western part of the Westridge Hills 
Subdivision is underlain by metasiltstones and phyllites of the Harpers Formation (Ch), 
which is a part of the larger Chilhowee Group.  The eastern and southeastern portions of 
the Westridge Hills area are underlain by a quartzite/pebble conglomerate unit of the 
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Weaverton-Loudoun Formation (Cwo), which is also associated with the Chilhowee 
Group.  These Chilhowee Group rock formations are Cambrian aged metamorphosed 
sedimentary rocks (Southworth et al, 2003).  Conglomeratic sandstone rocks were 
observed to have a low angle dip to the east near the ridge top along the eastern portion of 
Westridge Hills.  Two measurements collected within the bedrock indicated strike 
orientations of North 10 degrees East and North 5 degrees East with corresponding dip 
measurements of 10 degrees to the East at each location.  
 
The Keyes Ferry Acres and Harpers Ferry Campsites subdivisions are also primarily 
underlain by the Harpers Formation.  However, the extreme western portions of these 
sites are underlain by the Antietam Formation quartzite which grades westward to thrust 
faulted contact with the dolomite/limestone/marbles of the Tomstown Dolomite located 
along the eastern bank of the Shenandoah River.  Figure 2 illustrates the geology of the 
Westridge Hills Subdivision and surrounding areas.   
 
3.0 AERIAL PHOTOGRAPHY 
 
ASI obtained stereo pairs of aerial photographs covering the subject property from the 
United States Geological Survey (USGS) Mapping Department at a scale of 1:40,000 and 
from Air Photographics, Incorporated at a scale of 1:12,000.  The photographs were dated 
March of 2000 and October of 2004, respectively.  These photographs were 
stereoscopically analyzed and a fracture trace analysis was performed over the study area.  
Copies of the photos obtained for this study have been included in Appendix A.  
 
During the completion of the fracture trace analysis, individual trace locations were 
interpreted on the photos and were then carefully transferred to a topographic base map.  
The fracture trace locations were field truthed by ASI geologists.  Surficial expressions 
that have been interpreted as fracture trace lineaments have been identified on Figure 3.  
The fracture trace analysis results and available geologic mapping were utilized to 
interpret the most favorable site areas for the completion of electrical resistivity surveys 
on the Westridge Hills Subdivision properties.  These data were also considered during 
the selection of the proposed test well target locations.   
 
4.0 EXISTING WELL LOCATIONS 
 
ASI contacted the Jefferson County Environmental Health Department to inquire about 
the availability of well records for the general site area.  Health Department officials were 
able to provide locations of eleven (11) bedrock groundwater wells.  Partial data sets 
were only available for seven (7) of the wells and these data have been summarized in 
Table 1, below.  Figure 4 illustrates the locations of the subject water supply wells.  
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Table 1 
Summary of Available Well Data 

 
Well Identification  Well Yield 

(gpm) 
Total Depth 

(feet) 
Casing  Length 

(feet) 
WHWS-Jeep Trail Well 60+ 313 40 

KFA – North 1 60 505 21 
KFA – North Backup NA 590 NA 

KFA – Central 1 55 645 63 
KFA – South 1 NA 550 NA 

KFA – South Backup NA NA NA 
“R” Section Well NA 275 76 

Note:  gpm = gallons per minute  NA = Not Available 
 
Review of Table 1 indicates that the majority of the wells listed were completed to depths 
ranging from 275 to 645 feet below ground surface.  Well yield data was available for 
less than 50% of the wells; however, the wells for which information was available 
indicated a maximum air lift yield of greater than sixty (60) gallons per minute (gpm).   
This particular well is located within Westridge Hills Subdivision and is currently 
understood to be the sole well supplying water to the Westridge Hills community.   
Casing length data suggest that less than eighty (80) feet of casing was required in four 
(4) of the wells.   
 
An out-of-service well was identified on the Westridge Hills property just west of Turtle 
Run Lane.  This well is positioned near a deteriorated structure and is believed to have 
been a former supply well.  The well was uncapped and was observed to have very 
limited artesian flow.  To prevent a possible contaminant conduit to the bedrock aquifer 
this well should be capped.  Further research of this well should be conducted and if no 
further use is planned, it should be properly abandoned.   
 
5.0 LITERATURE REVIEW 
 
ASI performed a review of readily available literature to aid in evaluating the 
hydrogeologic and geologic framework of the general study area.  ASI also contacted Dr. 
Henry Rauch of West Virginia University, who provided a list of publications regarding 
carbonate/karst hydrogeology and remote sensing techniques.  Several sources were 
obtained and reviewed.  The contents of these sources are summarized below. 
 
Geology 
 
Earlier geologic mapping of the site and surrounding areas was completed by Cardwell et 
al. (1986), Dean et al. (1987), Southworth et al. (2003), and McCoy et al. (2005).  These 
mapping data indicate that the majority of the Keyes Ferry Acres, Harpers Ferry 
Campsites, and Westridge Hills subdivision areas are underlain by metasedimentary 
rocks of the Harpers Formation.  The eastern portion of the Westridge Hills area is 
underlain by rocks of the Weaverton/Loudoun Formation (metasedimentary).  The 
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western portion of the Harpers Ferry Campsites area is underlain by the metasedimentary 
rocks of the Antietam Formation.  The Antietam Formation contact with the Tomstown 
Formation dolomite is bounded by a thrust fault that lies near to the eastern bank of the 
Shenandoah River. 
 
Jefferson County was structurally influenced by the geologic events that created the 
Appalachian Mountains, resulting in the presence of many folds and faults within the 
County.  The principal features located within the County are associated with the Blue 
Ridge anticline and the Massanutten syncline.  Cambrian aged metasedimentary rocks 
comprise the western limb of the Blue Ridge anticline and are exposed in the eastern part 
of Jefferson County.  The eastern limb of the Massanutten syncline underlies Jefferson 
County and is defined by the presence of the Martinsburg Formation.  Several smaller 
folds can be identified within the County along with an extensive array of thrust and 
cross-strike faults. 
 
Orndorf et al. (1992) performed a detailed analysis of joint patterns present in folded 
carbonate rocks located in the Shenandoah Valley.  The dominant orientation for joints 
that formed perpendicular to fold axes was found to be between North 60 to 80 degrees 
West.  Joints forming parallel to fold axes were found to be most prevalent in the North 
10 to 50 degrees East orientation.  Work performed by Kozar et al. (2007) in the Leetown 
area correlated well with the joint orientation data presented by Orndorf et al. in 1992. 
 
McCoy et al. (2005) mapped a total of 861 lineaments in the carbonate lithologies 
included within their 212 square mile study area.  The dominant fracture orientations 
were found to be North 27 degrees East and North 67 degrees West.  The two most 
prominent orientations were found to be roughly perpendicular to one another.   
 
Well Yields 
 
Bieber et al. (1961) were among the first to suggest that the highest yielding wells in 
Jefferson County were completed in carbonate lithologies.  Bieber et al. (1961) also 
suggested that many prolific water bearing zones were encountered in the initial 50 feet 
of drilling but added that these zones were cased through more often than not due to 
concerns regarding contaminant threats.  Hobba et al. (1972), Kozar et al. (1990), Shultz 
et al. (1995), were also among the authors who published studies that suggested that the 
bedrock lithology had a direct influence on well yield and that the carbonate units within 
the County generally yielded the greatest average yields.  During research conducted on 
similar rock lithologies in Pennsylvania, Siddiqui and Parizek (1971) concluded that 
sandy and coarse grained dolomites were the highest average producers followed by 
limestone then fine grained dolomites and shale. 
 
Work conducted by McCoy et al. (2005), stated that an increase in bedding planes 
intersected and contacts between differing lithologies encountered during drilling often 
lead to more favorable well yields.  Their work also suggested that the proximity of well 
targets to geologic structures such as faults and fractures generally resulted in increased 
well yields.  Data from the study also determined that wells located within 250 meters of 
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faults had higher median transmissivities than those located at a greater distance form 
geologic structures.  Studies conducted by Hobba et al. (1976), Shultz et al. (1995), and 
Kozar et al. (2007), resulted in similar findings such as wells located less than 400 feet 
from a fault trace yielded up to 4 times more than wells located at 800 feet or more from 
fault zones.  Other publications prepared by Rauch and Plitnik (1984) and Zewe (1991) 
concluded that wells that were completed in close proximity to lineaments yielded up to 5 
times more than those not located near a fracture trace, and potentially up to 8 times 
greater when completed in areas where two or more lineaments were prevalent.  It is also 
worth noting that Shultz et al. (1995) suggested that many of the larger springs in 
neighboring Berkeley County occur at limestone-shale contacts.  Hobba et al. (1972) also 
stated that 16 of the 25 springs discharging more than 1,000 gallons per minute (gpm) are 
located on or near faults. 
 
Golder Associates prepared a Hydrogeologic Report titled Groundwater Resource 
Evaluation of Jefferson Utilities Valley Water System in January of 2009.  The report 
included a summary table of well yield data per rock formation that was compiled from 
various reports.  Table 2 presented below is based on information provided in the Golder 
Associates report. 

Table 2 
Geologic Formations & Hydrogeologic Characteristics 

 
Formation Lithology Thickness 

(feet) 
Water Producing 
Characteristics 

Tomstown Formation Dolomite and dolomitic 
marble 

1,175 Limited Data, Min: 5, 
Max: 64, Median: 34  

(4 wells) 
Antietam Formation Metasandstone and 

metasiltstone 
800 Insufficient Data 

Harpers Formation Metasiltstone, 
conglomerate, 
metasandstone 

2,400 Min: 3, Max: 75, 
Median: 21  
(14 wells) 

Weaverton, Loudoun 
Formations 

Quartzite, conglomerate, 
phyllite, metasandstone 

225 Min: 2, Max: 5 
(2 wells) 

 
Review of Table 2 indicates that a limited amount of well data was available for the 
geologic formations present in the study area.  Based on the data presented above, the 
median well yield in the Tomstown Formation was the highest observed. 
  
Water Quality 
 
Potential contaminant sources for groundwater wells include but are not limited to the 
following:  underground and aboveground chemical storage tanks, landfills, septic 
systems, cemeteries, waste water treatment facilities, herbicides/pesticides, and industrial 
sites.  Wells drilled in carbonate/karst lithologies are particularly vulnerable to such 
potential threats.   
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Hobba et al. (1972) states concerns with sulfide odors, nitrate contamination and 
contamination of groundwater due to the influence of pesticides and herbicides within the 
carbonate lithologies.  Elevated turbidity levels are also sometimes noted to occur.    
Kozar et al. (1991) also note the presence of fecal coliform bacteria in many wells as a 
concern, along with elevated levels of manganese that sometimes require treatment.  
Hobba et al. (1976) and Shultz et al. (1995) indicate that wells completed in the carbonate 
formations are often very hard (high calcium and bicarbonate levels) and exhibit total 
dissolved solids concentrations in excess of 200 mg/L. 
 
Despite the potential problems associated with the water quality of wells drilled in 
carbonate lithologies, the Golder Associates report indicates that the water quality in the 
active wells associated with the Walnut Grove, Meadow Brook, Shenandoah Junction, 
and Burr/Bardane components of the valley water system meets all standards.  Well 
yields within these systems range from 20 to 2,000 gpm.  Water filtration is required for 
some of the wells prior to chlorination however, no other treatment is necessary. 
 
A preliminary engineering report prepared by Dunn Engineers in 2008, states that the 
water quality in the Keyes Ferry Acres, Harpers Ferry Campsites, and Westridge Hills 
has historically been poor.  These wells have all been completed in fracture bedrock 
formations that are associated with the Chilhowee Group and the quality issues are 
primarily associated with iron, manganese, and radon.  Data provided in the Golder 
Associates report indicates that five (5) active wells supply the Keyes Ferry Acres 
subdivision and the water extracted from each of these wells is treated with AQUA-MAG 
in order to remove iron and manganese prior to chlorination.  Two (2) of the three (3) 
wells that supply the Harpers Ferry Campground area are also treated with AQUA-MAG.  
All of the wells associated with the Keyes Ferry Acres and Harpers Ferry Campsites 
subdivisions were drilled in the Harpers Formation. One (1) single well currently 
provides water to the Westridge Hill subdivision and this well reportedly requires no 
treatment beyond chlorination.  Unlike the other wells being utilized in the area, the 
Westridge Hills well was drilled in the Weaverton/Loudoun Formation.  Of interest, 
Kozar et al. (1991), indicates that elevated radon levels were noted to be present in four 
(4) wells that were included in the quality sampling activities.  Based on maps and 
information in the report it appears likely that these wells have been completed in rocks 
of the Harpers Formation, suggesting that perhaps the presence of radon may be 
somewhat prevalent within the Harpers Formation lithology.  It should be noted that 
radon analysis is required during the permitting process for a public water supply well.  
 
6.0 INTERPRETATION OF GEOLOGIC DATA 
 
ASI geologists stereoscopically analyzed multi-scale aerial photography to identify 
fracture trace lineaments typically associated with zones of fracture concentration.  
Concentrated fracture zones typically produce surficial expressions that can be identified 
via stereoscopic analysis.  Figure 3 illustrates the relative locations of twenty-four (24) 
fracture trace lineaments mapped in the Westridge Hills, Keyes Ferry Acres, and Harpers 
Ferry Campsites areas.  The orientations of the mapped lineaments were utilized to 
prepare a rose diagram.  Review of the rose diagram suggests a strong overall north-
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northeast to south-southwest trending orientation, with a smaller component, nearly 
perpendicular to the dominant fracture orientation.  The prominent north-northeast 
trending lineaments appear to correspond well the overall strike of bedrock geology 
within the site area (Figure 2).  Structural measurements noted particularly in the Harpers 
Formation indicate a similar north-northeast to south-southwest trending orientation.  
Although the mapped fracture traces identified during this study occur primarily within 
the metasedimentary rocks east of the Shenandoah River, it is worth noting that the 
primary orientations correspond well with the data presented by McCoy et al. (2005). 
 
7.0 DELINEATION OF GROUNDWATER ZONES 
      
ASI utilized the available geologic and hydrogeologic data that has been compiled for the 
study area to create a groundwater zone map.  Each groundwater zone was delineated 
based on geologic and hydrogeologic conditions that were deemed somewhat unique to 
the designated areas. The delineation of the zones was completed to better understand 
potential favorability for the development of groundwater supply from these areas. It 
should be noted that the rankings are relative and based on information available locally, 
therefore these zones apply only to the specific study area and should not be considered 
to imply a broader scale assignment of potential groundwater zones throughout the region 
or County.  Likewise anomalous conditions of groundwater quantity and quality may 
occur within each zone. The following paragraphs provide a summary of the general 
characteristics of each designated zone.  Figure 5 illustrates the groundwater zone 
mapping completed during this study. 
 
Zone A 
 
Zone A is considered to be the most favorable of the three (3) zones in terms of potential 
for completing higher yielding wells (50+) that exhibit suitable water quality.  The area 
adjacent to the Shenandoah River is underlain by carbonate rocks of the Tomstown 
dolomite.  Works conducted by Bieber et al. (1961), Hobba et al. (1972), Kozar et al. 
(1990), and Shultz et al. (1995), all suggested that bedrock lithology had a direct 
influence on well yield and that the carbonate units within Jefferson County generally 
produced the greatest average yields.  The Golder Associates report also suggests that the 
water quality and yields in the active wells associated with the Walnut Grove, Meadow 
Brook, Shenandoah Junction, and Burr/Bardane components of the valley water system 
(located on the western side of the Shenandoah River) are all favorable.  Well yields 
within these systems were documented from 20 to 2,000 gpm.  Although water filtration 
is required for some of these wells prior to chlorination, no other treatment was reported 
to be necessary. 
 
The eastern portion of Zone A is underlain by metasedimentary rocks of the Antietam 
Formation.  Little well yield information is available for this formation.  However, it has 
been included within the most favorable zone due to the fact that the mapped contact 
between the geologic formations (Tomstown and Antietam) is bisected by a major thrust 
fault.  Studies conducted by McCoy et al. (2005), Hobba et al. (1976), Shultz et al. 
(1995), and Kozar et al. (2007), concluded that wells located less than 400 feet from a 
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fault trace yielded up to four times more than wells located at 800 feet or more from fault 
zones.  ASI believes that well targets could be identified within 400 feet of the thrust 
faulted zone, suggesting an increased possibility of locating wells with favorable yields.  
While Zone A is deemed to have favorable potential for the development of groundwater 
supply it should be noted that well data from the actual mapped area was not available.  
Additional investigation within Zone A would be recommended to better understand and 
assess its potential for groundwater development.  ASI has identified an area of interest 
within Zone A that would be recommended for additional assessment in the event that 
Jefferson County wished to pursue such an evaluation.   
 
Zone B 
 
Zone B is considered to be the least favorable unit for the development of water supply.   
This assessment recognizes that higher yielding wells can be located within this zone and 
that water quality may vary based on specific locations.  However, based on the available 
data identified during this study, Zone B appears to have the least potential for 
groundwater supply development relative to the other delineated units.  This zone is 
underlain entirely by the metasedimentary rocks of the Harpers Formation.  Historical 
data compiled in the Golder Associates report indicates that data for fourteen (14) wells 
that have been drilled in this formation locally was available.  These data suggest well 
yields ranging from a low of three (3) gpm to a high of seventy-five (75) gpm, with a 
median yield of twenty-one (21) gpm.  Several of these wells supply the Keyes Ferry 
Acres and Harpers Ferry Campsites water systems.  Available information for said wells 
indicates well yields of 55 gpm, 55 gpm, and 60 gpm, respectively.  Despite these 
favorable yields, it is noted in both the Dunn Engineers and Golder Associates report that 
water extracted from these wells requires treatment to remove iron and manganese.  
Radon contamination has also been noted as a concern for groundwater extracted in this 
area.  Water quality associated with this zone may be a larger concern than quantity, as 
some wells with relatively high yields have been documented.   
 
Zone C 
 
Zone C is considered to be the second most favorable groundwater zone in the study area.  
The zone is underlain by the Weaverton/Loudoun geologic formation.  Historical data 
compiled from various sources included data for only two (2) wells which yielded two (2) 
and five (5) gpm respectively.  However, the well located along Jeep Trail, that currently 
services the Westridge Hills subdivision, was drilled within this geologic unit and 
reportedly had an air lift yield of 60+ gpm.  Water quality was reported to require only 
chlorination with no additional treatment.  Based on a review of aerial photographs and 
field observations made during site reconnaissance, the presence of fracture trace 
lineaments and/or geologic structure suggest the presence of potential water bearing 
features within the conglomeritic rock.  The lithology within Zone C is composed of hard 
brittle rock that would be expected to possess primarily porosity features including 
fractures, joints, and remnant bedding planes.  The presence of an existing higher 
yielding well within this zone that currently supplies favorable quality water to the 
Westridge Hills Subdivision further supports interest in this Zone in terms of 
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groundwater exploration.   While relatively good water quality has been documented in 
this zone, there is limited well data and therefore little information available to evaluate 
groundwater quantity.   Water quantity within this zone may therefore be a bigger 
concern than groundwater quality. 
 
8.0 GEOPHYSICAL INVESTIGATION 
 
Mapped fracture traces generated from the previously completed fracture trace analysis 
along with topographic features were utilized to aid in selecting geophysical survey line 
locations for high-resolution resistivity testing.  Resistivity surveys provide data on 
values of electrical resistance within the subsurface.  Conductive anomalies identified 
during the surveys are often associated with water bearing fractures.  In addition to 
yielding information on the location of potential water bearing fractures, the resistivity 
surveys also can provide useful data toward interpreting the depth of overburden across a 
wide survey area.   
 
Prior to conducting geophysical investigations at the Westridge Hills Subdivision 
property, ASI, with the aid of Jefferson County Engineering Department personnel, 
distributed questionnaires to property owners within the subdivision.  A public meeting 
was held on January 19, 2010, in order to provide a summary of the activities that would 
be taking place during the geophysical investigation phase and the well drilling and 
testing phases of the project. 
 
Electrical resistivity is a parameter that describes how easily a material can transmit 
electrical current.  High values of resistivity imply that the material is very resistant to the 
flow of electricity and low values of resistivity imply that the material transmits electrical 
current more easily.  The primary factors affecting resistivity of earth materials are 
porosity, water saturation, clay content and ionic strength of the pore water.  The 
minerals comprising soil and rock generally do not readily conduct electric current.  Most 
of the current flow takes place through the material’s pore water.  Resistivity decreases 
with increasing porosity and water saturation.  Clay minerals are conductive because of 
the availability of free ions in the sheet structure of the clay particles.  Resistivity values 
decrease with increasing clay content.  Similarly, dissolved ions in groundwater make the 
water more conductive to electrical current. 
 
On February 16th and 17th (2011), ASI personnel completed three (3) electrical resistivity 
surveys, designated as Lines 1-3 respectively, at the Westridge Hills Subdivision.  Figure 
6 illustrates the locations of each of the geophysical resistivity survey lines.  The 
locations of the surveys were selected based on review of geologic mapping, fracture 
trace mapping results and parcels deemed to be accessible for drilling.  The geophysical 
investigation was conducted to aid in evaluating the mapped fracture trace locations and 
to potentially identify any fractures that may not exhibit a surficial expression.   
 
Line 1 was oriented slightly east of north and extended from Jeep Trail along the eastern 
edge of Possum Trail northward.  Line 2 Crossed Line 1 along Possum Trail and was 
completed in a near north-south orientation.  Both Lines 1 and 2 were used to evaluate 
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the conglomeratic rocks of the Weaverton-Loudoun Formation.   Line 3 was completed in 
a near east-west orientation extending from Rt. 32 westward to Turtle Lane.  Line 3 was 
completed within the Harpers Formation.  The results of the geophysical survey data 
were used to prepare cross sectional graphics which have been presented in Figures 7-9 
as referenced below.  
 
The results generated from Line 1 suggest that resistive material lies near the surface 
(Figure 7).   The presence of talus rock near the surface with minimal clay content may 
be responsible for the resistive nature of the shallower portion of this profile.  While a 
few anomalies are identified between 50 and 100 feet below ground surface with lower 
resistivity characteristics the results generated from Line 1 primarily indicate the 
presence of resistive material.  
 
Line 2 was completed in a manner that enabled an evaluation across varying topographic 
relief (approximately 130 feet of relief).  The line began along Red Maple Lane, extended 
across Possum trail near its mid-point and then terminated in an upslope position near an 
apparent bedrock ledge positioned near the top of the ridge.   Of interest, this profile 
suggests a less resistive area that is represented as a nearly straight feature which dips at a 
low angle to the east (Figure 8).    The low angle dip direction corresponds with bedrock 
geometry measurements made near the top of the ridge along Mountain Top Trail.    The 
low dipping feature lies nearly 150 feet below the ground surface near the mid-point of 
the survey line.  Overlying this feature, the data suggests primarily resistive conditions 
within the subsurface.    
 
Line 3 enabled an evaluation of subsurface conditions in the vicinity of a mapped fracture 
trace lineament near Route 32 and also in the area of an identified artesian well near 
Turtle Lane Road.  A contrast in resistivity values was noted near the western portion of 
the line in the vicinity of the mapped lineament which suggests potential for water 
bearing characteristics. The majority of the eastern portion of the line, including the area 
of the artesian well, appeared to be underlain by resistive material (Figure 9).    
 
9.0 PROPOSED DRILLING TARGETS 
 
Results of the fracture trace mapping, bedrock geology review and geophysical surveys 
have been evaluated to determine optimum drilling targets for this project.  Available 
parcels with deeded access for drilling have also influenced the drilling target locations.  
Using the above information, four (4) drilling targets have been identified and their 
locations have been depicted on Figure 10.  The target locations have been field staked, 
labeled, and marked with florescent ribbon.  An attempt has been made to locate each of 
the targets within a parcel that has deeded easement for drilling.  ASI understands that the 
client will be arranging for a physical survey of each of the staked locations to ascertain 
their location with respect to the deeded easement property, including the distance from 
the property boundary.   
 
Target A is positioned near Station #34 (544 feet) on Line 2 approximately 465 feet north 
of the existing well and pump house.  Target A is located on Parcel Number 0037, Map 
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Number 13J.  Target B is positioned near Station #15 (240 feet) on Line 3.  This target is 
located approximately 240 east of Route 32 near the southern end of the pond.   Target B 
is located on Parcel Number 0001, Map Number 13H.   Target C is positioned on the 
north side of the pond and lies between a smaller power line and the large tower-mounted 
power lines.  Due to the constraints associated with overhead power lines and apparent 
wetland near the northern edge of the pond, this target was located without the use of 
geophysics.   This target may require coordination with the utility company to determine 
any restrictions that may be associated with the power line easement.  Target C is also 
located within Parcel Number 0001; Map Number 13H.  Target D is positioned along the 
southwestern boundary of the Westridge Hills Subdivision and lies within Parcel Number 
0238, Map Number 13K.  Target D is located on a very small parcel.    Space constraints 
required the siting of this well without the use of geophysics.   
 
The target locations have been limited to four (4) staked targets.  These locations are 
deemed to represent the best areas available for drilling within the Westridge Hills 
Subdivision based on the findings of this study and considering the parcels that have   
deeded access for test drilling activity.  An attempt has been made to identify targets 
within both Zone A (Weaverton-Loudoun Formations) and Zone B (Harpers Formation).   
While other parcels with deeded access were identified within Zone A, they were deemed 
to be too close to the existing water supply to warrant consideration.    
 
Once the above targets are surveyed and confirmed acceptable for drilling based on the 
client’s review, well permit applications will be made with The West Virginia Bureau for 
Public Health.  In the event that any of the identified well targets are not granted permits 
for drilling, a discussion to determine if any other parcels may be available for test 
drilling would be necessary.    
 
Upon obtaining permits and completing the test drilling program, ASI will be prepared to 
begin aquifer pump testing of the wells which are observed to have favorable air-lift 
yields.  The pump testing methodology is further discussed below.  
 
10.0 PUMP TEST METHODOLOGY 
 
The West Virginia Bureau for Public Health Office of Environmental Health Services 
requires that a public water systems engineer or West Virginia Certified Well Driller 
perform yield and drawdown tests on every community well prior to the placement of the 
permanent pump.  Furthermore, for community water supplies, it is required that the test 
pump capacity be at maximum anticipated drawdown at least 1.5 times the quantity 
anticipated and to provide for continuous pumping for a minimum of twenty-four (24) 
hours, or until stabilized drawdown has continued for at least six (6) hours when pumped 
at 1.5 times the design pumping rate. 
 
Test wells with favorable well yields will be pump tested at a constant (or near constant) 
rate simultaneously for a minimum of twenty-four (24) hours.  Discharge piping (outlet) 
will be placed a minimum of two hundred (200) feet away from each pumping well so as 
to avoid the potential induction of recharge during the pumping phase.  The drilling 
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contractor will fit each well with; a drop tube to accommodate the use of an electric water 
level meter for collecting water level readings during the test, a rental submersible pump, 
an in-line adjustment valve, and a turbine/totalizing flow meter.   
 
Manual measurements for each well will be collected via an electronic water level meter 
as per the following schedule. 
 
        Test Well Monitoring Frequency – Test Initiation – Drawdown Phase 

 
Frequency, One Measurement Every: Elapsed Time, For the First: 

30 Seconds 0-3 minutes 
1 Minute 3-10 Minutes 
2 Minutes 10-30 Minutes 
5 Minutes 30-60 Minutes 
10 Minutes 1-2 Hours 
15 minutes 2-5 Hours 
30 Minutes 5-8 Hours 

1 hour 8–24 Hours 
 
Water quality samples will be collected from the well during the final hour of the test.  
The samples will be placed in a refrigerated cooler and transported to a certified 
laboratory for the list of analyses included in Appendix B. 
 
Pumping will be ceased following a minimum twenty-four (24) hour pumping period.  
Recovery measurements for the test wells will be collected as per the following schedule.  
It should be noted that if 90% recovery is not observed within the first twelve (12) hours 
following the test, additional measurements will be collected. 
 

Test Well Monitoring Frequency – Test Cessation – Recovery Phase 
 

Frequency, One Measurement Every: Elapsed Time, For the First: 
30 Seconds 0-3 Minutes 
1 Minute 3-10 Minutes 
2 Minutes 10-30 Minutes 
5 Minutes 30-60 Minutes 
10 Minutes 1-2 Hours 
15 minutes 2-5 Hours 
30 Minutes 5-8 Hours 

1 hour 8–12 Hours 
 
 
11.0 FURTHER INVESTIGATION OF CONTIGUOUS SUBDIVISIONS 
 
ASI personnel conducted a fracture trace analysis of the Keyes Ferry Acres and Harpers 
Ferry Campsite areas as well as a review of available geologic literature.  Several 



Preliminary Hydrogeologic Report   Analytical Services, Incorporated 
Westridge Hills Subdivision   ASI Project No. 3313 
Jefferson County, West Virginia  February 28, 2011 
 

Page 13 of 15 

prominent lineaments were identified during the fracture trace analysis which has been 
depicted on the fracture trace mapping (Figure 3).  During this study ASI prepared a 
Groundwater Zone Map.   Groundwater Zone A, which is located near the eastern bank 
of the Shenandoah River and represents varying geology (including carbonate) along 
with the presence of a fault zone, has been deemed to represent the best area with regard 
to groundwater development potential within the larger study area.  For the client’s 
convenience, ASI has identified an area of interest within Zone A that would be 
recommended for additional assessment in the event that Jefferson County wished to 
pursue such an evaluation (Figure 5).   
 
Based on the literature review, multiple sources have indicated that wells drilled in 
carbonate lithologies provide higher mean yields when compared to those completed in 
fractured rock.  The Tomstown dolomite is present within Zone A and represents the only 
carbonate lithology available in the study area.  Multiple sources also indicate that wells 
completed near faults and fractures generally exhibit higher yields.  The identified area of 
interest within Zone A is bisected by a prominent thrust fault.  These data indicate that 
the chance of completing a high-yield well that provides suitable water quality may be 
greater when drilling in the carbonate lithology, as opposed to the metasedimentary rocks 
of the Chilhowee Group.  In fact, the Golder Associates report also included a 
recommendation to conduct a study of the carbonate aquifer system on the east side of 
the Shenandoah River near the Harpers Ferry Campsites.  While the identified area of 
interest within Zone A appears to have good potential for groundwater development, 
additional assessment would be needed to further evaluate the feasibility of developing 
potable water supply wells in this area.    
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Figure 5: Groundwater Zones Map
Zone A is the western most delineated zone.  Zone A is 
underlain primarily by the carbonate rocks of the  Tomstown 
Formation as well as the metasedimentary sandstone of the 
Antietem Formation.  At the contact between the 
Tomstown and Antietem Formation is a prominent 
overturned thrust fault oriented Northeast to 
Southwest.  Well data is limited within 
this zone.

Zone B is underlain 
entirely by the Harper's Formation. 
The Harper's is a metasedimentary 
unit consisting of metasiltstones, 
metasandstones, and conglomerates.  
Groundwater quality issues with iron, 
manganese, and radon have been documented.

Zone C is predominantly underlain by the 
Weverton Loudoun Formations and consists of 

conglomeritic quartzite, phyllite, and 
metasandstone.  This zone lies on steep sloping 

topography.  While favorable groundwater 
quality has been documented, available well data 

is limited.
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APPENDIX B 

WATER QUALITY ANALYSES 



 WEST VIRGINIA BUREAU FOR PUBLIC HEALTH 6/07 
 Office of Environmental Health Services 
 Environmental Engineering Division 
 Capitol & Washington Streets 

1 Davis Square, Suite 200 
 Charleston, WV 25301 
 
 PUBLIC DRINKING WATER - LIST OF REQUIRED CONTAMINANT ANALYSIS 
 
Water intended for use as drinking water by community public water supplies and non-transient non-community 
public water supplies must be tested for the following contaminants and parameters.  Analysis must be performed 
by a laboratory certified by the State of West Virginia to analyze drinking water samples, with the exception of 
Secondary Contaminants and TOC analysis.  A list of approved laboratories is available upon request.  Note: 
Transient non-community public water supplies need only analyze for Nitrate, Nitrite and Coliform Bacteria. 
 
SECONDARY CONTAMINANTS 
 
Parameter  MCL (mg/L) 
pH 
Hardness 
Alkalinity 
Turbidity 
Sulfate               250 250r    1.3 
Silver    0.1 
Aluminum                         0.05 
Chloride                          250 
Phosphate 
Iron    0.3 
Manganese                         0.05 
Total Dissolved Solids                    500 
Zinc      5 
Foaming Agents   0.5 
 
RADIONUCLIDES 
(Community Systems Only) 
 
Gross Alpha 
   Particle Activity 15 pCi/l 
Radium 228 *5 pCi/l 
 
*combined with Radium 226 
 
MICROBIOLOGICAL 
 
Coliform Bacteria 
 
LEAD & COPPER 

AL* 
Lead   0.015 
Copper   1.3 
 
*Action Level 
 
INORGANIC CHEMICALS 
 
Contaminant MCL(mg/l) 
Nitrate 10.0 
Nitrite 1.0 
Arsenic 0.010 
Barium 2.0 
Cadmium 0.005 
Chromium 0.1 
Fluoride 4.0 
Mercury 0.002 

 
Selenium 0.05 
Antimony 0.006 
Beryllium 0.004 
Cyanide 0.2 
Nickel  
Thallium 0.002 
Sodium **20 
 
**there is no MCL for sodium 
 
TOC 
Total Organic Carbon 
[Surface Water and Ground Water Under 
the Direct Influence (GWUDI) systems 
only] 
 
REGULATED VOCs 
 
Contaminant MCL(mg/l) 
Benzene 0.005 
Carbon Tetrachloride 0.005 
p-Dichlorobenzene 0.075 
1,2-Dichloroethane 0.005 
1,1-Dichloroethylene 0.007 
1,1,1-Trichloroethane 0.2 
Trichloroethylene 0.005 
o-Dichlorobenzene 0.6 
Cis-1,2-dichloroethylene 0.07 
Trans-1,2-dichloroethylene 0.1 
1,2-Dichloropropane 0.005 
Ethylbenzene 0.7 
Monochlorobenzene 0.1 
Styrene 0.1 
Tetrachloroethylene 0.005 
Toluene 1.0 
Xylenes 10.0 
Dichloromethane 0.005 
1,2,4-Trichlorobenzene 0.07 
1,1,2-Trichloroethane 0.005 
Vinyl Chloride 0.002 
 
REG SOCs 
 
Contaminant MCL(mg/l) 
Alachlor (Lasso) 0.002 
Atrazine (Atranex, Crisazina) 0.003 
Carbofuran (Furadan 4F) 0.04 
Chlordane 0.002 

2,4-D (Formula 40, Weedar 64) 0.07 
Heptachlor (H-34,Heptox) 0.0004 
Heptachlor Epoxide 0.0002 
Lindane 0.0002 
PCB=s 0.0005 
Oxamyl (Vydate) 0.2 
Picloram 0.5 
Simazine 0.004 
Benzo(a)pyrene 0.0002 
Di(2-ethylhexyl)adipate 0.4 
Di(2-ethylhexyl)phthalate 0.006 
Hexachlorocyclopentadiene 0.05 
 
DISINFECTION BYPRODUCTS 
 
Contaminant  MCL(mg/L) 
 
TTHM 
Trichloromethane (chloroform) 
dibromochloromethane 
bromodichloromethane 
tribromomethane (bromoform) 
Total Trihalomethanes           0.080 
 
HAA5 
monochloroacetic acid 
dichloroacetic acid 
trichloroacetic acid 
monobromoacetic acid 
dibromoacetic acid 
Total HAA5                           0.060 
 
 
 
 
MCL = Maximum Contaminant Level 





 

 

 

 

 

 

 

 

 

 

 

 

Appendix B 

Well Construction Permit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 

Appendix C 

 

Well Completion Reports, Borehole Logs and Construction Diagrams 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 













































 

 

 

 

 

 

 

 

 

 

 

Appendix D 

 

Down-well Pump Configurations (Figures 3a & 3b) 

 

 

 

 

 

 

 

 

 

 



 

 

 
 

Figure 3a – Driller’s Pump Setup Diagram for Well A 

 

 

 



 

 

 

 
 
 

 

 

Figure 3b – Driller’s Pump Setup Diagram for Well D 



 

 

 

 

 

 

 

 

 

 

 

 

Appendix E 

 

Drawdown and Recovery Data with Plots 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Time (min) Drawdown (ft) Time (min) Drawdown (ft) Time (min) Drawdown (ft)
0.0 0 720.0 202.95 1590.0 67.49
0.5 13.95 780.0 202.75 1613.0 62.73
1.0 21.85 840.0 203.45 1630.0 60.02
1.5 25.85 960.0 204.75 1650.0 57
2.0 31.85 1020.0 205.15 1710.0 49.4
2.5 35.9 1080.0 205.55 1770.0 43.88
3.0 43.95 1140.0 205.65 2820.0 14.26
4.0 48.65 1200.0 206.35 2900.0 13.73
5.0 56.25 1260.0 206.45 3000.0 13.14
6.0 63.35 1320.0 206.65
7.0 71.05 1380.0 206.65
8.0 77.35 1440.0 206.75
9.0 82.05 1470.0 206.75

10.0 87.75 *1470.5 *178.85
11.0 91.35 1471.0 175.45
12.0 94.75 1471.5 173.1
13.0 98.55 1472.0 170.33
14.0 101.8 1472.5 167.55
15.0 104.45 1473.0 164.94
20.0 117.65 1474.0 161.45
25.0 126.05 1475.0 158.23
30.0 134.45 1476.0 154
35.0 140.15 1477.0 150.45
40.0 143.55 1478.0 147.33
45.0 147.95 1479.0 144.3
50.0 150.65 1480.0 141.35
55.0 153.75 1481.0 138.8
60.0 156.45 1482.0 135.95
70.0 160.25 1483.0 134.02
80.0 164.15 1484.0 131.87
90.0 167.55 1485.0 129.83

100.0 170.45 1490.0 120.68
110.0 173.05 1495.0 114.06
120.0 175.15 1500.0 108.36
140.0 179.25 1505.0 103.55
160.0 183.05 1510.0 99.46
180.0 185.65 1515.0 95.95
240.0 190.75 1520.0 92.12
300.0 193.85 1525.0 89.53
360.0 195.95 1531.0 86.25
420.0 197.75 1540.0 82.84
480.0 199.75 1550.0 79.02
540.0 201.15 1560.0 75.62
600.0 201.25 1570.0 72.54
660.0 201.65 1580.0 69.93

Well A Pump Test Data

* indicates first recovery 
measurement

(continued) (continued)
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Well A Pump Test Drawdown Curve 



Time (min) Drawdown (ft) Time (min) Drawdown (ft)
0.00 0 600.00 47
0.50 6 660.00 46
1.00 38 720.00 46
1.50 40 780.00 46
2.00 41 960.00 46
2.50 42 1080.00 46
3.00 42 1140.00 46
4.00 40 1200.00 46
5.00 39 1260.00 47
6.00 38 1320.00 47
7.00 36 1380.00 46
8.00 33 1440.00 48
9.00 32 1470.00 46

10.00 31 1470.50 40
11.00 30 1471.00 38
12.00 30 1471.50 33
13.00 30 1472.00 0
14.00 30
15.00 30
20.00 30
25.00 30
30.00 30
35.00 30
40.00 30
45.00 30
50.00 30
55.00 30
60.00 30
70.00 30
80.00 30
90.00 42

104.00 46
110.00 46
120.00 46
140.00 46
160.00 46
180.00 47
240.00 46
300.00 46
360.00 46
420.00 46
480.00 46
540.00 46

Well D Pump Test Data (continued)
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Appendix F 

 

AQTESOLV Graphic Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix G 

 

List of Required Contaminant Analyses  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 WEST VIRGINIA BUREAU FOR PUBLIC HEALTH 6/07 
 Office of Environmental Health Services 
 Environmental Engineering Division 
 Capitol & Washington Streets 

1 Davis Square, Suite 200 
 Charleston, WV 25301 
 
 PUBLIC DRINKING WATER - LIST OF REQUIRED CONTAMINANT ANALYSIS 
 
Water intended for use as drinking water by community public water supplies and non-transient non-community 
public water supplies must be tested for the following contaminants and parameters.  Analysis must be performed 
by a laboratory certified by the State of West Virginia to analyze drinking water samples, with the exception of 
Secondary Contaminants and TOC analysis.  A list of approved laboratories is available upon request.  Note: 
Transient non-community public water supplies need only analyze for Nitrate, Nitrite and Coliform Bacteria. 
 
SECONDARY CONTAMINANTS 
 
Parameter  MCL (mg/L) 
pH 
Hardness 
Alkalinity 
Turbidity 
Sulfate               250 250r    1.3 
Silver    0.1 
Aluminum                         0.05 
Chloride                          250 
Phosphate 
Iron    0.3 
Manganese                         0.05 
Total Dissolved Solids                    500 
Zinc      5 
Foaming Agents   0.5 
 
RADIONUCLIDES 
(Community Systems Only) 
 
Gross Alpha 
   Particle Activity 15 pCi/l 
Radium 228 *5 pCi/l 
 
*combined with Radium 226 
 
MICROBIOLOGICAL 
 
Coliform Bacteria 
 
LEAD & COPPER 

AL* 
Lead   0.015 
Copper   1.3 
 
*Action Level 
 
INORGANIC CHEMICALS 
 
Contaminant MCL(mg/l) 
Nitrate 10.0 
Nitrite 1.0 
Arsenic 0.010 
Barium 2.0 
Cadmium 0.005 
Chromium 0.1 
Fluoride 4.0 
Mercury 0.002 

 
Selenium 0.05 
Antimony 0.006 
Beryllium 0.004 
Cyanide 0.2 
Nickel  
Thallium 0.002 
Sodium **20 
 
**there is no MCL for sodium 
 
TOC 
Total Organic Carbon 
[Surface Water and Ground Water Under 
the Direct Influence (GWUDI) systems 
only] 
 
REGULATED VOCs 
 
Contaminant MCL(mg/l) 
Benzene 0.005 
Carbon Tetrachloride 0.005 
p-Dichlorobenzene 0.075 
1,2-Dichloroethane 0.005 
1,1-Dichloroethylene 0.007 
1,1,1-Trichloroethane 0.2 
Trichloroethylene 0.005 
o-Dichlorobenzene 0.6 
Cis-1,2-dichloroethylene 0.07 
Trans-1,2-dichloroethylene 0.1 
1,2-Dichloropropane 0.005 
Ethylbenzene 0.7 
Monochlorobenzene 0.1 
Styrene 0.1 
Tetrachloroethylene 0.005 
Toluene 1.0 
Xylenes 10.0 
Dichloromethane 0.005 
1,2,4-Trichlorobenzene 0.07 
1,1,2-Trichloroethane 0.005 
Vinyl Chloride 0.002 
 
REG SOCs 
 
Contaminant MCL(mg/l) 
Alachlor (Lasso) 0.002 
Atrazine (Atranex, Crisazina) 0.003 
Carbofuran (Furadan 4F) 0.04 
Chlordane 0.002 

2,4-D (Formula 40, Weedar 64) 0.07 
Heptachlor (H-34,Heptox) 0.0004 
Heptachlor Epoxide 0.0002 
Lindane 0.0002 
PCB=s 0.0005 
Oxamyl (Vydate) 0.2 
Picloram 0.5 
Simazine 0.004 
Benzo(a)pyrene 0.0002 
Di(2-ethylhexyl)adipate 0.4 
Di(2-ethylhexyl)phthalate 0.006 
Hexachlorocyclopentadiene 0.05 
 
DISINFECTION BYPRODUCTS 
 
Contaminant  MCL(mg/L) 
 
TTHM 
Trichloromethane (chloroform) 
dibromochloromethane 
bromodichloromethane 
tribromomethane (bromoform) 
Total Trihalomethanes           0.080 
 
HAA5 
monochloroacetic acid 
dichloroacetic acid 
trichloroacetic acid 
monobromoacetic acid 
dibromoacetic acid 
Total HAA5                           0.060 
 
 
 
 
MCL = Maximum Contaminant Level 
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Laboratory Analytical Results 
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ENVIRONMENTAL ANALYSTS AND CONSULTANTS

BRIDGEPORT, WV www.RelianceLabs.net MARTINSBURG, WV

Certifications: WV Department of Health #: 00354, 00433 │ WV Department of Environmental Protection #: 158, 181

MD Department of Environment #: 336, 337 │ US Environmental Protection Agency #: WV00042, WV00901

Thursday, August 18, 2011

LABORATORY REPORT SUMMARY

Lab ID Sample ID Sample Date

ANALYTICAL SERVICES, INC.

C06354

402 NORTH WEST STREET

Client:

CULPEPER VA 22701-    

Sample ID 2

2044 MEADOWBROOK ROAD │  P.O. BOX 4657 │ BRIDGEPORT, WV 26330 │ VOICE: 304-842-5285 │ FAX: 304-842-5351
RIDGEFIELD BUSINESS CENTER │ 25 CRIMSON CIRCLE │ MARTINSBURG, WV 25403 │ VOICE: 304-596-2084 │ FAX: 304-596-2086

EMAIL: RELIANCELABS@WVDSL.NET │ WEB: WWW.RELIANCELABS.NET

RLI.012

Report Reviewed By:

Total Number of Pages: 9

(Not Including C.O.C.)

The enclosed results have been analyzed according to the referenced method and SOP.  Any deviations to the method have been noted on the 
report.  Unless otherwise noted, all results have been verified to meet quality control requirements of the method.  This report may not be 
reproduced, except in full, without written approval of Reliance Laboratories, Inc.

Page 1 of 9

163512-2011-DW Well A 7/21/2011

163513-2011-DW Well D 7/21/2011



RELIANCE LABORATORIES, INC.
ENVIRONMENTAL ANALYSTS AND CONSULTANTS

BRIDGEPORT, WV www.RelianceLabs.net MARTINSBURG, WV

Certifications: WV Department of Health #: 00354, 00433 │ WV Department of Environmental Protection #: 158, 181

MD Department of Environment #: 336, 337 │ US Environmental Protection Agency #: WV00042, WV00901

ANALYTICAL SERVICES, INC.

402 NORTH WEST STREET

CULPEPER, VA 22701-    

Thursday, August 18, 2011

Page 2 of 9

163512-2011-DWLab Number: Sample ID: Well A

Parameter Value Units Method Date/Time Analyzed Analyst MCLMRL

InorganicsAnalyte Group:

mg/l SM5310C 0.1A.Seitz7/28/2011 9:00Total Organic Carbon 0.11

mg/l EPA 200.8 0.005 0.015T.Hanshaw8/9/2011 12:24Total Lead ND

mg/l SM4500CNF 0.05 0.2A.Seitz8/3/2011 9:30Free Cyanide ND

mg/l EPA 200.8 0.004 0.006T.Hanshaw8/9/2011 12:24Total Antimony ND

mg/l EPA 200.8 0.005 0.01T.Hanshaw8/9/2011 12:24Total Arsenic ND

mg/l EPA 200.8 0.01 2T.Hanshaw8/9/2011 12:24Total Barium 0.05

mg/l EPA 200.8 0.002 0.004T.Hanshaw8/9/2011 12:24Total Beryllium ND

mg/l EPA 200.8 0.002 0.005T.Hanshaw8/9/2011 12:24Total Cadmium ND

mg/l EPA 200.8 0.01 0.10T.Hanshaw8/9/2011 12:24Total Chromium ND

mg/l EPA 300.0 0.2 4.0T. Miller7/23/2011 2:36Total Fluoride ND

mg/l EPA 200.8 0.001 0.002T.Hanshaw8/9/2011 12:24Total Mercury ND

mg/l EPA 200.8 0.01 0.10T.Hanshaw8/9/2011 12:24Total Nickel ND

mg/l EPA 300.0 0.1 10T. Miller7/23/2011 2:36Total Nitrate as N ND

mg/l EPA 300.0 0.2 1T. Miller7/23/2011 2:36Total Nitrite as N ND

mg/l EPA 200.8 0.01 0.05T.Hanshaw8/9/2011 12:24Total Selenium ND

mg/l EPA 200.7 1 [20]T.Hanshaw8/9/2011 12:24Total Sodium 2.00

mg/l EPA 200.8 0.001 0.002T.Hanshaw8/9/2011 12:24Total Thallium ND

SM9223B A.Bixler7/21/2011 16:30E. coli (Chromogenic)@ Absent

SM9223B A.Bixler7/21/2011 16:30Total Coliform (Chromogenic)@ Present

S.U. SM4500H+B A.Tonkery8/1/2011 13:39pH 7.38

mg/l EPA 420.1 0.05C.Parker8/8/2011 12:32Phenol ND

mg/l SM2320B 2.81A.Tonkery8/1/2011 13:39Total Alkalinity 76.6

mg/l EPA 300.0 0.15 [250]M.Coffman8/8/2011 20:26Total Chloride 0.93

mg/l SM 2540C 10 [500]A.Seitz7/28/2011 10:00Total Dissolved Solids 104

mg/l SM 2340C 1C.Parker8/1/2011 8:46Total Hardness 96.0

2044 MEADOWBROOK ROAD │  P.O. BOX 4657 │ BRIDGEPORT, WV 26330 │ VOICE: 304-842-5285 │ FAX: 304-842-5351
RIDGEFIELD BUSINESS CENTER │ 25 CRIMSON CIRCLE │ MARTINSBURG, WV 25403 │ VOICE: 304-596-2084 │ FAX: 304-596-2086

EMAIL: RELIANCELABS@WVDSL.NET │ WEB: WWW.RELIANCELABS.NET

RLI.012

Remarks:

Date Sample Collected: 7/21/2011 11:15

Sample Submitted By: A. Carter

Date Sample Received: 7/21/2011 13:07

ND = Not Detected at the MDL or MRL

MDL - Minimum Detectable Limit

MCL - Maximum Contaminant Level, USEPA Regulated [MCL] = Maximum Contaminant Level, Non-Regulated

MRL - Minimum Reporting Limit

*Method Code: STANDARD METHODS 19TH ED; US EPA METHODS FOR THE CHEMICAL ANALYSIS OF WATER AND WASTES, Rev. 83; US EPA METHODS FOR THE DETERMINATION 
OF METALS IN ENVIRONMENTAL SAMPLES, May 1994; TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, 3rd ED; USEPA Manual for Certification of Laboratories Analyzing 
Drinking Water, 5th ED. In accordance with EPA Regulations, all reports, including raw data and quality control data, are maintained by the laboratory for a minimum of 5 years.

NOTE: This sample does not meet standards set for Total Coliform and E Coli by the State of West Virginia, 64-3-10, Code of State 
Regulations, adopted July 1, 2002 by the Bureau For Public Health. Sample Analyzed by Certified Laboratory #00354CM and #00443
@Parameter analyzed by Reliance Laboratories, Martinsburg, WV

NOTE: ND or Not Detected indicates that the analytical value obtained is below the practical quantifiable limit (PQL) which is equivalent to the 
lowest standard utilized in preparation of the method calibration curve



RELIANCE LABORATORIES, INC.
ENVIRONMENTAL ANALYSTS AND CONSULTANTS

BRIDGEPORT, WV www.RelianceLabs.net MARTINSBURG, WV

Certifications: WV Department of Health #: 00354, 00433 │ WV Department of Environmental Protection #: 158, 181

MD Department of Environment #: 336, 337 │ US Environmental Protection Agency #: WV00042, WV00901

ANALYTICAL SERVICES, INC.

402 NORTH WEST STREET

CULPEPER, VA 22701-    

Thursday, August 18, 2011

Page 3 of 9

163512-2011-DWLab Number: Sample ID: Well A

Parameter Value Units Method Date/Time Analyzed Analyst MCLMRL

mg/l SM4500P-E 0.1M.Coffman8/1/2011 10:30Total Phosphorus ND

mg/l EPA 300.0 0.5 [250]M.Coffman8/8/2011 20:26Total Sulfate 6.03

mg/l SM5540C 0.2 [0.5]A.Tonkery7/22/2011 9:00Total Surfactant ND

N.T.U. EPA 180.1 0.22A.Tonkery7/22/2011 9:00Turbidity ND

mg/l EPA 200.8 0.01 [0.05]T.Hanshaw8/9/2011 12:24Total Aluminum 0.020

mg/l EPA 200.8 0.01 1.3T.Hanshaw8/9/2011 12:24Total Copper 0.023

mg/l EPA 200.8 0.1 [0.3]T.Hanshaw8/9/2011 12:24Total Iron ND

mg/l EPA 200.8 0.01 [0.05]T.Hanshaw8/9/2011 12:24Total Manganese 0.17

mg/l EPA 200.8 0.01 [0.10]T.Hanshaw8/9/2011 12:24Total Silver ND

mg/l EPA 200.8 0.01 [5.0]T.Hanshaw8/9/2011 12:24Total Zinc 0.143

2044 MEADOWBROOK ROAD │  P.O. BOX 4657 │ BRIDGEPORT, WV 26330 │ VOICE: 304-842-5285 │ FAX: 304-842-5351
RIDGEFIELD BUSINESS CENTER │ 25 CRIMSON CIRCLE │ MARTINSBURG, WV 25403 │ VOICE: 304-596-2084 │ FAX: 304-596-2086

EMAIL: RELIANCELABS@WVDSL.NET │ WEB: WWW.RELIANCELABS.NET

RLI.012

Remarks:

Date Sample Collected: 7/21/2011 11:15

Sample Submitted By: A. Carter

Date Sample Received: 7/21/2011 13:07

ND = Not Detected at the MDL or MRL

MDL - Minimum Detectable Limit

MCL - Maximum Contaminant Level, USEPA Regulated [MCL] = Maximum Contaminant Level, Non-Regulated

MRL - Minimum Reporting Limit

*Method Code: STANDARD METHODS 19TH ED; US EPA METHODS FOR THE CHEMICAL ANALYSIS OF WATER AND WASTES, Rev. 83; US EPA METHODS FOR THE DETERMINATION 
OF METALS IN ENVIRONMENTAL SAMPLES, May 1994; TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, 3rd ED; USEPA Manual for Certification of Laboratories Analyzing 
Drinking Water, 5th ED. In accordance with EPA Regulations, all reports, including raw data and quality control data, are maintained by the laboratory for a minimum of 5 years.

NOTE: This sample does not meet standards set for Total Coliform and E Coli by the State of West Virginia, 64-3-10, Code of State 
Regulations, adopted July 1, 2002 by the Bureau For Public Health. Sample Analyzed by Certified Laboratory #00354CM and #00443
@Parameter analyzed by Reliance Laboratories, Martinsburg, WV

NOTE: ND or Not Detected indicates that the analytical value obtained is below the practical quantifiable limit (PQL) which is equivalent to the 
lowest standard utilized in preparation of the method calibration curve



RELIANCE LABORATORIES, INC.
ENVIRONMENTAL ANALYSTS AND CONSULTANTS

BRIDGEPORT, WV www.RelianceLabs.net MARTINSBURG, WV

Certifications: WV Department of Health #: 00354, 00433 │ WV Department of Environmental Protection #: 158, 181

MD Department of Environment #: 336, 337 │ US Environmental Protection Agency #: WV00042, WV00901

ANALYTICAL SERVICES, INC.

402 NORTH WEST STREET

CULPEPER, VA 22701-    

Thursday, August 18, 2011
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163512-2011-DWLab Number: Sample ID: Well A

Parameter Value Units Method Date/Time Analyzed Analyst MCLMRL

OrganicsAnalyte Group:

mg/l EPA 524.2 0.0005 0.20A.Seitz7/28/2011 14:061, 1, 1-Trichloroethane ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:061, 1, 2-Trichloroethane ND

mg/l EPA 524.2 0.0005 0.07A.Seitz7/28/2011 14:061, 2, 4-Trichlorobenzene ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:061, 2-Dichloroethane ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:061, 2-Dichloropropane ND

mg/l EPA 524.2 0.0005 0.007A.Seitz7/28/2011 14:061,1-Dichloroethylene ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:06Benzene ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:06Carbon Tetrachloride ND

mg/l EPA 524.2 0.0005 0.10A.Seitz7/28/2011 14:06Chlorobenzene ND

mg/l EPA 524.2 0.0005 0.07A.Seitz7/28/2011 14:06cis-1, 2-Dichloroethylene ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:06Dichloromethane ND

mg/l EPA 524.2 0.0005 0.70A.Seitz7/28/2011 14:06Ethylbenzene ND

mg/l EPA 524.2 0.0005 0.60A.Seitz7/28/2011 14:06o-Dichlorobenzene ND

mg/l EPA 524.2 0.0005 0.075A.Seitz7/28/2011 14:06p-Dichlorobenzene ND

mg/l EPA 524.2 0.0005 0.10A.Seitz7/28/2011 14:06Styrene ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:06Tetrachloroethylene ND

mg/l EPA 524.2 0.0005 1.0A.Seitz7/28/2011 14:06Toluene ND

mg/l EPA 524.2 0.0005 0.1A.Seitz7/28/2011 14:06trans-1, 2-Dichloroethylene ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:06Trichloroethylene ND

mg/l EPA 524.2 0.0005 0.002A.Seitz7/28/2011 14:06Vinyl Chloride ND

mg/l EPA 524.2 0.0005 10A.Seitz7/28/2011 14:06Xylenes ND

% EPA 524.2 A.Seitz7/28/2011 14:061,4-dichlorobenzene-d4 (Surrogate) 82.6

% EPA 524.2 A.Seitz7/28/2011 14:064-Bromofluorobenzene (Surrogate) 101

mg/l EPA 524.2 0.0005A.Seitz7/28/2011 14:06Bromodichloromethane ND

mg/l EPA 524.2 0.0005A.Seitz7/28/2011 14:06Bromoform ND

2044 MEADOWBROOK ROAD │  P.O. BOX 4657 │ BRIDGEPORT, WV 26330 │ VOICE: 304-842-5285 │ FAX: 304-842-5351
RIDGEFIELD BUSINESS CENTER │ 25 CRIMSON CIRCLE │ MARTINSBURG, WV 25403 │ VOICE: 304-596-2084 │ FAX: 304-596-2086

EMAIL: RELIANCELABS@WVDSL.NET │ WEB: WWW.RELIANCELABS.NET

RLI.012

Remarks:

Date Sample Collected: 7/21/2011 11:15

Sample Submitted By: A. Carter

Date Sample Received: 7/21/2011 13:07

ND = Not Detected at the MDL or MRL

MDL - Minimum Detectable Limit

MCL - Maximum Contaminant Level, USEPA Regulated [MCL] = Maximum Contaminant Level, Non-Regulated

MRL - Minimum Reporting Limit

*Method Code: STANDARD METHODS 19TH ED; US EPA METHODS FOR THE CHEMICAL ANALYSIS OF WATER AND WASTES, Rev. 83; US EPA METHODS FOR THE DETERMINATION 
OF METALS IN ENVIRONMENTAL SAMPLES, May 1994; TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, 3rd ED; USEPA Manual for Certification of Laboratories Analyzing 
Drinking Water, 5th ED. In accordance with EPA Regulations, all reports, including raw data and quality control data, are maintained by the laboratory for a minimum of 5 years.

NOTE: This sample does not meet standards set for Total Coliform and E Coli by the State of West Virginia, 64-3-10, Code of State 
Regulations, adopted July 1, 2002 by the Bureau For Public Health. Sample Analyzed by Certified Laboratory #00354CM and #00443
@Parameter analyzed by Reliance Laboratories, Martinsburg, WV

NOTE: ND or Not Detected indicates that the analytical value obtained is below the practical quantifiable limit (PQL) which is equivalent to the 
lowest standard utilized in preparation of the method calibration curve
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Certifications: WV Department of Health #: 00354, 00433 │ WV Department of Environmental Protection #: 158, 181
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163512-2011-DWLab Number: Sample ID: Well A

Parameter Value Units Method Date/Time Analyzed Analyst MCLMRL

mg/l EPA 524.2 0.0005A.Seitz7/28/2011 14:06Chloroform ND

mg/l EPA 524.2 0.0005A.Seitz7/28/2011 14:06Dibromochloromethane ND

mg/l EPA 524.2 0.08A.Seitz7/28/2011 14:06Total Trihalomethanes ND

% EPA 524.2 A.Seitz7/28/2011 14:061,4-dichlorobenzene-d4 (Surrogate) 82.6

% EPA 524.2 A.Seitz7/28/2011 14:064-Bromofluorobenzene (Surrogate) 101

mg/l EPA 552.3 0.001A.Seitz8/1/2011 18:56Bromoacetic Acid ND

mg/l EPA 552.3 0.002A.Seitz8/1/2011 18:56Chloroacetic Acid ND

mg/l EPA 552.3 0.001A.Seitz8/1/2011 18:56Dibromoacetic Acid ND

mg/l EPA 552.3 0.001A.Seitz8/1/2011 18:56Dichloroacetic Acid ND

mg/l EPA 552.3 0.060A.Seitz8/1/2011 18:56Total Haloacetic Acids ND

mg/l EPA 552.3 0.001A.Seitz8/1/2011 18:56Trichloroacetic Acid ND

% EPA 552.3 A.Seitz7/28/2011 14:062-bromobutanoic acid (Surrogate) 100

2044 MEADOWBROOK ROAD │  P.O. BOX 4657 │ BRIDGEPORT, WV 26330 │ VOICE: 304-842-5285 │ FAX: 304-842-5351
RIDGEFIELD BUSINESS CENTER │ 25 CRIMSON CIRCLE │ MARTINSBURG, WV 25403 │ VOICE: 304-596-2084 │ FAX: 304-596-2086

EMAIL: RELIANCELABS@WVDSL.NET │ WEB: WWW.RELIANCELABS.NET

RLI.012

Remarks:

Date Sample Collected: 7/21/2011 11:15

Sample Submitted By: A. Carter

Date Sample Received: 7/21/2011 13:07

ND = Not Detected at the MDL or MRL

MDL - Minimum Detectable Limit

MCL - Maximum Contaminant Level, USEPA Regulated [MCL] = Maximum Contaminant Level, Non-Regulated

MRL - Minimum Reporting Limit

*Method Code: STANDARD METHODS 19TH ED; US EPA METHODS FOR THE CHEMICAL ANALYSIS OF WATER AND WASTES, Rev. 83; US EPA METHODS FOR THE DETERMINATION 
OF METALS IN ENVIRONMENTAL SAMPLES, May 1994; TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, 3rd ED; USEPA Manual for Certification of Laboratories Analyzing 
Drinking Water, 5th ED. In accordance with EPA Regulations, all reports, including raw data and quality control data, are maintained by the laboratory for a minimum of 5 years.

NOTE: This sample does not meet standards set for Total Coliform and E Coli by the State of West Virginia, 64-3-10, Code of State 
Regulations, adopted July 1, 2002 by the Bureau For Public Health. Sample Analyzed by Certified Laboratory #00354CM and #00443
@Parameter analyzed by Reliance Laboratories, Martinsburg, WV

NOTE: ND or Not Detected indicates that the analytical value obtained is below the practical quantifiable limit (PQL) which is equivalent to the 
lowest standard utilized in preparation of the method calibration curve



RELIANCE LABORATORIES, INC.
ENVIRONMENTAL ANALYSTS AND CONSULTANTS

BRIDGEPORT, WV www.RelianceLabs.net MARTINSBURG, WV

Certifications: WV Department of Health #: 00354, 00433 │ WV Department of Environmental Protection #: 158, 181

MD Department of Environment #: 336, 337 │ US Environmental Protection Agency #: WV00042, WV00901

ANALYTICAL SERVICES, INC.

402 NORTH WEST STREET

CULPEPER, VA 22701-    

Thursday, August 18, 2011
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163513-2011-DWLab Number: Sample ID: Well D

Parameter Value Units Method Date/Time Analyzed Analyst MCLMRL

InorganicsAnalyte Group:

mg/l SM5310C 0.1A.Seitz7/28/2011 9:00Total Organic Carbon ND

mg/l EPA 200.8 0.005 0.015T.Hanshaw8/9/2011 12:31Total Lead ND

mg/l SM4500CNF 0.05 0.2A.Seitz8/3/2011 9:30Free Cyanide ND

mg/l EPA 200.8 0.004 0.006T.Hanshaw8/9/2011 12:31Total Antimony ND

mg/l EPA 200.8 0.005 0.01T.Hanshaw8/9/2011 12:31Total Arsenic ND

mg/l EPA 200.8 0.01 2T.Hanshaw8/9/2011 12:31Total Barium 0.15

mg/l EPA 200.8 0.002 0.004T.Hanshaw8/9/2011 12:31Total Beryllium ND

mg/l EPA 200.8 0.002 0.005T.Hanshaw8/9/2011 12:31Total Cadmium ND

mg/l EPA 200.8 0.01 0.10T.Hanshaw8/9/2011 12:31Total Chromium ND

mg/l EPA 300.0 0.2 4.0T. Miller7/23/2011 3:07Total Fluoride 0.22

mg/l EPA 200.8 0.001 0.002T.Hanshaw8/9/2011 12:31Total Mercury ND

mg/l EPA 200.8 0.01 0.10T.Hanshaw8/9/2011 12:31Total Nickel ND

mg/l EPA 300.0 0.1 10T. Miller7/23/2011 3:07Total Nitrate as N ND

mg/l EPA 300.0 0.2 1T. Miller7/23/2011 3:07Total Nitrite as N ND

mg/l EPA 200.8 0.01 0.05T.Hanshaw8/9/2011 12:31Total Selenium ND

mg/l EPA 200.7 1 [20]T.Hanshaw8/9/2011 12:31Total Sodium 4.16

mg/l EPA 200.8 0.001 0.002T.Hanshaw8/9/2011 12:31Total Thallium ND

SM9223B A.Bixler7/21/2011 16:30E. coli (Chromogenic)@ Absent

SM9223B A.Bixler7/21/2011 16:30Total Coliform (Chromogenic)@ Absent

S.U. SM4500H+B A.Tonkery8/1/2011 13:41pH 7.99

mg/l EPA 420.1 0.05C.Parker8/8/2011 12:32Phenol ND

mg/l SM2320B 2.81A.Tonkery8/1/2011 13:41Total Alkalinity 84.6

mg/l EPA 300.0 0.15 [250]M.Coffman8/8/2011 20:57Total Chloride 1.00

mg/l SM 2540C 10 [500]A.Seitz7/28/2011 10:00Total Dissolved Solids 114

mg/l SM 2340C 1C.Parker8/1/2011 8:46Total Hardness 92.0

2044 MEADOWBROOK ROAD │  P.O. BOX 4657 │ BRIDGEPORT, WV 26330 │ VOICE: 304-842-5285 │ FAX: 304-842-5351
RIDGEFIELD BUSINESS CENTER │ 25 CRIMSON CIRCLE │ MARTINSBURG, WV 25403 │ VOICE: 304-596-2084 │ FAX: 304-596-2086

EMAIL: RELIANCELABS@WVDSL.NET │ WEB: WWW.RELIANCELABS.NET

RLI.012

Remarks:

Date Sample Collected: 7/21/2011 10:00

Sample Submitted By: A. Carter

Date Sample Received: 7/21/2011 13:07

ND = Not Detected at the MDL or MRL

MDL - Minimum Detectable Limit

MCL - Maximum Contaminant Level, USEPA Regulated [MCL] = Maximum Contaminant Level, Non-Regulated

MRL - Minimum Reporting Limit

*Method Code: STANDARD METHODS 19TH ED; US EPA METHODS FOR THE CHEMICAL ANALYSIS OF WATER AND WASTES, Rev. 83; US EPA METHODS FOR THE DETERMINATION 
OF METALS IN ENVIRONMENTAL SAMPLES, May 1994; TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, 3rd ED; USEPA Manual for Certification of Laboratories Analyzing 
Drinking Water, 5th ED. In accordance with EPA Regulations, all reports, including raw data and quality control data, are maintained by the laboratory for a minimum of 5 years.

NOTE: This sample meets standards set for Total Coliform and E. Coli by the State of West Virginia, 64-3-10, Code of State Regulations, 
adopted July 1, 2002 by the Bureau For Public Health.  Sample analyzed by Certified Laboratory #00354CM and #00443M.
@Parameter analyzed by Reliance Laboratories, Martinsburg, WV

NOTE: ND or Not Detected indicates that the analytical value obtained is below the practical quantifiable limit (PQL) which is equivalent to the 
lowest standard utilized in preparation of the method calibration curve
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Certifications: WV Department of Health #: 00354, 00433 │ WV Department of Environmental Protection #: 158, 181
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163513-2011-DWLab Number: Sample ID: Well D

Parameter Value Units Method Date/Time Analyzed Analyst MCLMRL

mg/l SM4500P-E 0.1M.Coffman8/1/2011 10:30Total Phosphorus ND

mg/l EPA 300.0 0.5 [250]M.Coffman8/8/2011 20:57Total Sulfate 7.98

mg/l SM5540C 0.2 [0.5]A.Tonkery7/22/2011 9:00Total Surfactant ND

N.T.U. EPA 180.1 0.22A.Tonkery7/22/2011 9:00Turbidity 1.3

mg/l EPA 200.8 0.01 [0.05]T.Hanshaw8/9/2011 12:31Total Aluminum 0.022

mg/l EPA 200.8 0.01 1.3T.Hanshaw8/9/2011 12:31Total Copper ND

mg/l EPA 200.8 0.1 [0.3]T.Hanshaw8/9/2011 12:31Total Iron 0.27

mg/l EPA 200.8 0.01 [0.05]T.Hanshaw8/9/2011 12:31Total Manganese 0.17

mg/l EPA 200.8 0.01 [0.10]T.Hanshaw8/9/2011 12:31Total Silver ND

mg/l EPA 200.8 0.01 [5.0]T.Hanshaw8/9/2011 12:31Total Zinc 0.016

2044 MEADOWBROOK ROAD │  P.O. BOX 4657 │ BRIDGEPORT, WV 26330 │ VOICE: 304-842-5285 │ FAX: 304-842-5351
RIDGEFIELD BUSINESS CENTER │ 25 CRIMSON CIRCLE │ MARTINSBURG, WV 25403 │ VOICE: 304-596-2084 │ FAX: 304-596-2086

EMAIL: RELIANCELABS@WVDSL.NET │ WEB: WWW.RELIANCELABS.NET

RLI.012

Remarks:

Date Sample Collected: 7/21/2011 10:00

Sample Submitted By: A. Carter

Date Sample Received: 7/21/2011 13:07

ND = Not Detected at the MDL or MRL

MDL - Minimum Detectable Limit

MCL - Maximum Contaminant Level, USEPA Regulated [MCL] = Maximum Contaminant Level, Non-Regulated

MRL - Minimum Reporting Limit

*Method Code: STANDARD METHODS 19TH ED; US EPA METHODS FOR THE CHEMICAL ANALYSIS OF WATER AND WASTES, Rev. 83; US EPA METHODS FOR THE DETERMINATION 
OF METALS IN ENVIRONMENTAL SAMPLES, May 1994; TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, 3rd ED; USEPA Manual for Certification of Laboratories Analyzing 
Drinking Water, 5th ED. In accordance with EPA Regulations, all reports, including raw data and quality control data, are maintained by the laboratory for a minimum of 5 years.

NOTE: This sample meets standards set for Total Coliform and E. Coli by the State of West Virginia, 64-3-10, Code of State Regulations, 
adopted July 1, 2002 by the Bureau For Public Health.  Sample analyzed by Certified Laboratory #00354CM and #00443M.
@Parameter analyzed by Reliance Laboratories, Martinsburg, WV

NOTE: ND or Not Detected indicates that the analytical value obtained is below the practical quantifiable limit (PQL) which is equivalent to the 
lowest standard utilized in preparation of the method calibration curve



RELIANCE LABORATORIES, INC.
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BRIDGEPORT, WV www.RelianceLabs.net MARTINSBURG, WV

Certifications: WV Department of Health #: 00354, 00433 │ WV Department of Environmental Protection #: 158, 181
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163513-2011-DWLab Number: Sample ID: Well D

Parameter Value Units Method Date/Time Analyzed Analyst MCLMRL

OrganicsAnalyte Group:

mg/l EPA 524.2 0.0005 0.20A.Seitz7/28/2011 14:371, 1, 1-Trichloroethane ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:371, 1, 2-Trichloroethane ND

mg/l EPA 524.2 0.0005 0.07A.Seitz7/28/2011 14:371, 2, 4-Trichlorobenzene ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:371, 2-Dichloroethane ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:371, 2-Dichloropropane ND

mg/l EPA 524.2 0.0005 0.007A.Seitz7/28/2011 14:371,1-Dichloroethylene ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:37Benzene ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:37Carbon Tetrachloride ND

mg/l EPA 524.2 0.0005 0.10A.Seitz7/28/2011 14:37Chlorobenzene ND

mg/l EPA 524.2 0.0005 0.07A.Seitz7/28/2011 14:37cis-1, 2-Dichloroethylene ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:37Dichloromethane ND

mg/l EPA 524.2 0.0005 0.70A.Seitz7/28/2011 14:37Ethylbenzene ND

mg/l EPA 524.2 0.0005 0.60A.Seitz7/28/2011 14:37o-Dichlorobenzene ND

mg/l EPA 524.2 0.0005 0.075A.Seitz7/28/2011 14:37p-Dichlorobenzene ND

mg/l EPA 524.2 0.0005 0.10A.Seitz7/28/2011 14:37Styrene ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:37Tetrachloroethylene ND

mg/l EPA 524.2 0.0005 1.0A.Seitz7/28/2011 14:37Toluene ND

mg/l EPA 524.2 0.0005 0.1A.Seitz7/28/2011 14:37trans-1, 2-Dichloroethylene ND

mg/l EPA 524.2 0.0005 0.005A.Seitz7/28/2011 14:37Trichloroethylene ND

mg/l EPA 524.2 0.0005 0.002A.Seitz7/28/2011 14:37Vinyl Chloride ND

mg/l EPA 524.2 0.0005 10A.Seitz7/28/2011 14:37Xylenes ND

% EPA 524.2 A.Seitz7/28/2011 14:371,4-dichlorobenzene-d4 (Surrogate) 82.0

% EPA 524.2 A.Seitz7/28/2011 14:374-Bromofluorobenzene (Surrogate) 89.4

mg/l EPA 524.2 0.0005A.Seitz7/28/2011 14:37Bromodichloromethane ND

mg/l EPA 524.2 0.0005A.Seitz7/28/2011 14:37Bromoform ND

2044 MEADOWBROOK ROAD │  P.O. BOX 4657 │ BRIDGEPORT, WV 26330 │ VOICE: 304-842-5285 │ FAX: 304-842-5351
RIDGEFIELD BUSINESS CENTER │ 25 CRIMSON CIRCLE │ MARTINSBURG, WV 25403 │ VOICE: 304-596-2084 │ FAX: 304-596-2086

EMAIL: RELIANCELABS@WVDSL.NET │ WEB: WWW.RELIANCELABS.NET

RLI.012

Remarks:

Date Sample Collected: 7/21/2011 10:00

Sample Submitted By: A. Carter

Date Sample Received: 7/21/2011 13:07

ND = Not Detected at the MDL or MRL

MDL - Minimum Detectable Limit

MCL - Maximum Contaminant Level, USEPA Regulated [MCL] = Maximum Contaminant Level, Non-Regulated

MRL - Minimum Reporting Limit

*Method Code: STANDARD METHODS 19TH ED; US EPA METHODS FOR THE CHEMICAL ANALYSIS OF WATER AND WASTES, Rev. 83; US EPA METHODS FOR THE DETERMINATION 
OF METALS IN ENVIRONMENTAL SAMPLES, May 1994; TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, 3rd ED; USEPA Manual for Certification of Laboratories Analyzing 
Drinking Water, 5th ED. In accordance with EPA Regulations, all reports, including raw data and quality control data, are maintained by the laboratory for a minimum of 5 years.

NOTE: This sample meets standards set for Total Coliform and E. Coli by the State of West Virginia, 64-3-10, Code of State Regulations, 
adopted July 1, 2002 by the Bureau For Public Health.  Sample analyzed by Certified Laboratory #00354CM and #00443M.
@Parameter analyzed by Reliance Laboratories, Martinsburg, WV

NOTE: ND or Not Detected indicates that the analytical value obtained is below the practical quantifiable limit (PQL) which is equivalent to the 
lowest standard utilized in preparation of the method calibration curve
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Certifications: WV Department of Health #: 00354, 00433 │ WV Department of Environmental Protection #: 158, 181

MD Department of Environment #: 336, 337 │ US Environmental Protection Agency #: WV00042, WV00901

ANALYTICAL SERVICES, INC.

402 NORTH WEST STREET

CULPEPER, VA 22701-    

Thursday, August 18, 2011

Page 9 of 9

163513-2011-DWLab Number: Sample ID: Well D

Parameter Value Units Method Date/Time Analyzed Analyst MCLMRL

mg/l EPA 524.2 0.0005A.Seitz7/28/2011 14:37Chloroform ND

mg/l EPA 524.2 0.0005A.Seitz7/28/2011 14:37Dibromochloromethane ND

mg/l EPA 524.2 0.08A.Seitz7/28/2011 14:37Total Trihalomethanes ND

% EPA 524.2 A.Seitz7/28/2011 14:371,4-dichlorobenzene-d4 (Surrogate) 82.0

% EPA 524.2 A.Seitz7/28/2011 14:374-Bromofluorobenzene (Surrogate) 89.4

mg/l EPA 552.3 0.001A.Seitz8/1/2011 19:37Bromoacetic Acid ND

mg/l EPA 552.3 0.002A.Seitz8/1/2011 19:37Chloroacetic Acid ND

mg/l EPA 552.3 0.001A.Seitz8/1/2011 19:37Dibromoacetic Acid ND

mg/l EPA 552.3 0.001A.Seitz8/1/2011 19:37Dichloroacetic Acid ND

mg/l EPA 552.3 0.060A.Seitz8/1/2011 19:37Total Haloacetic Acids ND

mg/l EPA 552.3 0.001A.Seitz8/1/2011 19:37Trichloroacetic Acid ND

% EPA 552.3 A.Seitz7/28/2011 14:372-bromobutanoic acid (Surrogate) 98.3

2044 MEADOWBROOK ROAD │  P.O. BOX 4657 │ BRIDGEPORT, WV 26330 │ VOICE: 304-842-5285 │ FAX: 304-842-5351
RIDGEFIELD BUSINESS CENTER │ 25 CRIMSON CIRCLE │ MARTINSBURG, WV 25403 │ VOICE: 304-596-2084 │ FAX: 304-596-2086

EMAIL: RELIANCELABS@WVDSL.NET │ WEB: WWW.RELIANCELABS.NET

RLI.012

Remarks:

Date Sample Collected: 7/21/2011 10:00

Sample Submitted By: A. Carter

Date Sample Received: 7/21/2011 13:07

ND = Not Detected at the MDL or MRL

MDL - Minimum Detectable Limit

MCL - Maximum Contaminant Level, USEPA Regulated [MCL] = Maximum Contaminant Level, Non-Regulated

MRL - Minimum Reporting Limit

*Method Code: STANDARD METHODS 19TH ED; US EPA METHODS FOR THE CHEMICAL ANALYSIS OF WATER AND WASTES, Rev. 83; US EPA METHODS FOR THE DETERMINATION 
OF METALS IN ENVIRONMENTAL SAMPLES, May 1994; TEST METHODS FOR EVALUATING SOLID WASTE, SW-846, 3rd ED; USEPA Manual for Certification of Laboratories Analyzing 
Drinking Water, 5th ED. In accordance with EPA Regulations, all reports, including raw data and quality control data, are maintained by the laboratory for a minimum of 5 years.

NOTE: This sample meets standards set for Total Coliform and E. Coli by the State of West Virginia, 64-3-10, Code of State Regulations, 
adopted July 1, 2002 by the Bureau For Public Health.  Sample analyzed by Certified Laboratory #00354CM and #00443M.
@Parameter analyzed by Reliance Laboratories, Martinsburg, WV

NOTE: ND or Not Detected indicates that the analytical value obtained is below the practical quantifiable limit (PQL) which is equivalent to the 
lowest standard utilized in preparation of the method calibration curve
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