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Subject: Hydrogeology Third Party Review — Proposed
Continental Brick Shale Quarry, Gerrardstown, Berkeley
County, West Virginia (Our 29044)

Dear Mr. Fisher:

GeoConcepts Engineering, Inc. ("GeoConcepts”) is pleased to submit this letter report summarizing our
review of an impact study submitted to the Berkeley County Public Service Water District ("BCPSWD")
regarding the North Mountain Shale, LLC (*"NMS") proposed quarry to be located in the Gerrardstown
area of Berkeley County, West Virginia. The aforementioned study is specifically intended to determine
whether the proposed quarrying operation will impact surface and groundwater resources, both from
aspects of water quantity and quality.

Introduction and Background

The study under review is summarized in a report entitled “Groundwater and Surface Water Impacts from
Surface Mining” by North Mountain Shale, Berkeley County WC, dated July 15, 2009. The report was
prepared by Mr. Charles H. Grenot, Jr., PG, and Mr. Gerald Ahnell, PG, on behalf of North Mountain
Shale, LLC, and was received by the BCPSWD on July 16, 2009. A copy of the report, and the North
Mountain Shale Mining Permit Application, was made available to this reviewer on July 17, 2009.

North Mountain Shale is currently proposing to extract weathered shale rock from an outcrop zone of the
Martinsburg Formation, located along the pediment of the eastern slope of North Mountain,
approximately 2,000 feet south of State Route 51, west of Gerrardstown, Berkeley County, West Virginia.
The initial permit area encompasses approximately 100 acres; mineral extraction will be limited to a
planned 41 acre section of the overall permitted land. However, it should be noted that the current 100-
acre permit request encompasses less than one-fourth of North Mountain Shale’s (current) local
landholdings (approximately 422 acres), which extend for another 4,000 feet southwest along the
pediment of North Mountain. Interviews with local landowners have suggested that NMS is interested in
extending its holdings further along the base of the mountain to the West Virginia/Virginia State Line.

The following review is a systematic examination of the Grenot/Ahnell report, with comments and
critiques of each section contained therein in respective order. The review relies upon the GeoConcepts
reviewer's knowledge and experience working in the Eastern Panhandle region, review of available
geological and hydrogeological literature and assessments, well completion reports (logs) obtained from
the Berkeley County Department of Environmental Health, interviews with local residents, pertinent
photographs and videos provided by local residents, and field observations.

Systematic Review

NMS Section 3.0 “Geological Setting” — This section of the report is a generalized review of the local
geology, summarizing the stratigraphy, lithology and structural setting of the formational units occurring
from the summit of North Mountain, to approximately 1 mile east of the proposed NMS quarry location.
Nearly all of this information was derived from the existing geological literature, and there is no indication



" ™ GeoConcepts
' Engineering, Inc.

that any field exploration or on-site observations were made by NMS investigators which added to or
modified the generalized descriptions embodied in the report.

The geological setting section of the report is generally accurate; however, the subsection describing the
Tuscarora Sandstone states, "The Tuscarora Sandstone is viewed as a hydraulic boundary or aquatard
due to silica cementing of the quartz grains creating relatively impermeable sandstone...these properties
inhibit the flow of groundwater through the sandstone.”

Typically, an aquitard or boundary layer is a stratigraphic unit that has a significantly reduced ability to
transmit water (transmissivity) than the unit(s) which it bounds. However, referencing the USGS Water
Supply Paper 2275, the Tuscarora Sandstone is nearly identical in its water yield properties to the
formational units with which it is adjacent. Thus, the Tuscarora does not qualify as an “aquitard” by
standard hydrogeological classification.

It is also notable that the NMS report deals exclusively with the bedrock geology, and does not review the
types and properties of the overburden (regolith, subsoil or soils). Referencing the Soil Survey of Berkeley
County (USDA-NRCS), the majority of the proposed quarry permit area is underlain by soils of the
Clearbrook Soil Series. The Clearbrook soils are silt loams derived as residuals from the weathering of
gray, acidic shales. They typically have a shallow depth to bedrock (less than 40 inches), an acidic pH,
moderately slow permeability, and a shallow depth to groundwater, which ranges from 2.5 feet to 0.5
feet below the surface. The water table is at its most elevated from October through April, and is
“perched” at the interface with the weathered shale “C” horizon. The presence of yellowish-brown iron
redoximorphs (i.e. mottles) in the lower B horizon of the Clearbrook soils indicates the presence of a
persistently shallow water table. In many cases, this shallow water table makes areas underlain by the
Clearbrook soils unsuitable for the installation of septic drain fields or other infiltration systems. For the
same reason, residential construction in the Clearbrook soils is usually slab-on-grade, due to a high
incidence of basement flooding.

The NMS report, Section 7.0 “Public Concerns” page 7 references the presence of “fragipan”, which they
define as "an impermeable layer of clay that blocks infiltration, thus causing more surface water runoff
without recharging the aquifer.” However, the soil survey defines a fragipan as: "4 Jloamy, brittle
subsurface horizon low in porosity and content of organic matter and low or moderate in clay but high in
silt or very fine sand. A fragipan appears cemented and restricts roots. When dry, it is hard or very hard
and has a higher bulk density than the horizon or horizons above...”, which differs significantly from the
definition given in the NMS report. Based on the description of the Clearbrook series, and the
GeoConcepts reviewer’s experience in soils of this type, no fragipan layer is typically present. A fragipan
is often evident in the Buchanan series soils, which are present to a limited degree in the western portion
of the permit area (the proposed topsoil stockpile area); however, no soil structural feature comparing
favorably to a “fragipan” would be predicted to occur in the quarry permit area soils. There is no mention
of a fragipan structure in the soil borings which were performed by Triad Engineering and included in the
Quarry permit documentation. Thus, the claim that the presence of a fragipan layer acts as a restrictor to
groundwater recharge, or is even present in the Clearbrook soils at all, is not supported by the data.

Finally, the NMS report further declares, "by removal of the upper soil layers infiltration will be
improved...” (Section 7.0, paragraph 3, page 7). This statement is predicated upon the fragipan
functioning as a blocking layer to infiltration. Yet, in the Clearbrook soils, water tends to perch at the
overburden/bedrock interface, forming a shallow or surficial aquifer, typical of soils overlying limitedly
fractured bedrock. Water slowly infiltrates from this shallow aquifer through the widely-spaced fractures
and joints, eventually entering the phreatic aquifer in the underlying bedrock. Due to the relatively
shallow depth of the overburden lying above the Martinsburg Shale, this shallow aquifer can often reach
to just below the surface seasonally, and at times will actually breach the surface in the form of broad,
wet “fens” or intermittent “wet weather” springs and seeps. As the overburden layer has the ability to
store and release the water within it slowly and in a gradual manner to the underlying fractured bedrock,
it is possible that removal of the upper soil layers will not enhance infiltration and recharge. During larger
storms, it may increase runoff, as the access into the bedrock layer will be dependent on the water
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finding its way into a limited number of open joints. Thus, excess water will be forced to drain away
across the intact bedrock surface, exacerbating the potential for flash floods during moderate to heavy
rainfall or snowmelt events.

NMS Section 4.0 “"Topography” — The topography is reported accurately, however, it should be noted
that neither the NMS report, nor the quarry permit, contains any analysis of slope stability or landslide
potential. As the proposed quarry operations will remove the “toe” of the slope lying below the sandstone
exposures higher on the scarp, there is always the possibility that the steeper sections of the slope may
fail catastrophically, particularly if the sandstone layers dislodge and spall along their bedding planes
which lie parallel to the mountain’s face. Similar slope failures have been frequent occurrences at the US
Silica Quarries along Route 522 north of Berkeley Springs, in Morgan County, West Virginia.

NMS Section 5.0 “"Background Monitoring” — In the report, it is stated that NMS was interested in
establishing, "the natural variation in water quality and quantity in the vicinity of the proposed
excavation”. To this end, they created four groundwater monitoring stations at three wells located within
the bounds of the NMS property, and a fourth well belonging to the BCPSWD and located near the
summit of North Mountain (PSD Well #3) on the western slope. In addition, 18 surface sampling points
were established to monitor groundwater characteristics.

Target parameters included dissolved metals, pH, specific conductance, total suspended and dissolved
solids (TSS & TDS). The NMS consultants discussed specific conductance and TDS and as a means to
help determine water source, stating that a diagnostic characteristic of water originating from a
carbonate source is a specific conductance higher than 320 umhos, and total dissolved solids greater
than 250 ppm. However, they noted with some surprise that a nhumber of the wells sampled which were
situated in shale terrain had values more akin to what would be expected in limestone. They attributed
this to the possible presence of “beds of calcareous shale” present in the Martinsburg. However, the
calcareous beds in the Martinsburg are almost exclusively located in the basal portion of the formation
(which would be situated at the far eastern edge of the NMS property due to the nearly vertical local
bedding of the formation). The Martinsburg Shale is dark-colored, marine shale, and contains iron sulfide
minerals (pyrite, marcasite, etc.) which are typically found in sedimentary units laid down in an oxygen
deficient environment of deposition. Thus, the elevation of specific conductance is just as easily attributed
to oxidation and dissolution of these sulfides, resulting in the formation of sulfuric and sulfurous acids.
These acids do not exist for long as free molecules, but almost instantly react with calcium and other
positively charged ions, and form sulfate salts. These salts then can raise the specific conductance as well
as the TDS values. In support of this, a review of the monitoring data revealed that sulfate levels tracked
the elevated levels of specific conductance seen in the shale wells.

The NMS report did not provide any information on turbidity, although runoff from the weathered shale
will produce a high concentration of colloidal-size particles. Colloidal particles remain in suspension in
water until they flocculate and fall out, and are the causative agent for turbid conditions, a significant
contributor to stream quality degradation.

It is noted that no data was reported for the flow rate at any of the surface water monitoring stations.
Flow rates were reported in the mining permit application as gallons per minute (GPM), and included in
the certificate of analysis from the contracted laboratory. However, it was not stated how these values
were established (e.g. visual estimate? instrumentation?).

Single point data was reported for the static water levels of the four monitoring wells in a subsequent
section, which will be discussed later in this review.

NMS Section 6.0 “"Mining Process” — This section of the report describes the sequential process of
shale extraction and stockpiling. The only comment of note is that the report states that the intermittent
stream running from west to east between the two mining areas, “will not be affected by any loss of base
flow...”. This claim was supported by stating that “the surrounding excavations will only be advanced to
the elevation of the stream’s buffer zone limit”. However, the slopes surrounding the stream are currently
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elevated well above the incised channel, and water undoubtedly is recharged from the mounded shallow
water table beneath these slopes. When they are cut down to the “elevation of the buffer zone” (over 20
vertical feet) the source of much of the stream’s water will be cut off. This may cause increased mortality
to the vegetation within the buffer zone by redirecting and drying out the shallow aquifer, as well as
denying the stream a supply of water. It is expected that there will be some impact to the stream and its
buffer zone vegetation, if simply due to their sheer proximity to the quarrying activities.

NMS Section 7.0 & 7.1 “Public Concerns” and “Groundwater Impacts” — A series of public
concerns were enumerated in the NMS report, the first being, "..that this limited excavation would
impact nearby wells by somehow lowering groundwater elevations”. In a subsequent subsection entitled
“Groundwater Impacts”, the consultants state unequivocally that, "7he mining operation will have no
effect on the local groundwater table. The operation will remove only weathered shale that is above the
water table."

In the report, the NMS consultants state that the static water levels of the three NMS Site wells were
between 3 and 5 feet below grade. An assessment of the hydrology of Berkeley County (Hobba, 1976),
which the NMS consultants cite, reported static water levels for a series of eight (8) wells lying along the
pediment of North Mountain within 1 mile of the Subject Site. All of these wells had static water levels
ranging from 2.6 to 9.4 feet below grade. Referencing the records of the Berkeley County Environmental
Health Department, a well located on the Prospect Hill Farm, immediately north of the NMS Site had a
static water level of 10 feet below grade. Other wells, located west of the North Mountain Fault, also had
static water levels less than 20 feet below grade, based on the Health Department records. East of the
fault (in the carbonate rocks), the static water levels increased to over 20 feet, averaging between 25
and 30 feet.

Based on a cross-section of the proposed quarry area included in the permit application (Cross Section
14D), the shale removal area will involve cuts up to 48 feet in depth. The cut depth along the edges of
the stream buffer between the two quarry areas will average 25 feet. As was mentioned above, the
average static water levels at the NMS Site, and extending laterally (along strike) from the Site, are 10
feet below the surface, or less. Thus, the quarrying operation will extend well below the existing
piezometric surface (“water table”). During drilling of the on-site wells, the water-bearing zones were
noted as being at 42 and 57 feet below grade in GW-2, and 46 feet in GW-3 (no data was reported for
GW-1). In addition, a series of boring logs included with the Permit Documentation indicated water was
“encountered” at depths ranging from 18 to nearly 60 feet below grade; however the 24-hour static
water levels were not reported for any of these exploratory borings. The NMS report indicates that the
water-bearing zones are located at these depths, yet the depth of a water bearing fracture does not
determine what the elevation of the piezometric surface is, nor does it indicate whether there is a local
downward gradient (i.e. an area where water is moving downwards into the subsurface, recharging the
aquifer), or an upward gradient (where water is moving upward, and day-lighting in springs or artesian
wells). As evidence of this, the well at the Prospect Hill Farm regularly exhibits artesian flow, particularly
during winter and early spring. In addition, there is a perennial spring located on Prospect Hill Farm at an
elevation of approximately 860 feet MSL, only 200 feet north of the center of the proposed northern
quarry pit. Two other wells which exhibit artesian behavior reside on the property of S. J. Vigh, and are
located just several hundred feet from the edge of the southern quarry location. These wells are so
persistently artesian, that the residential water supply system had to be equipped with pressure relief
valves to avoid the wellheads from overflowing onto the ground and causing erosion and/or saturation of
the sail.

The NMS report indicates the shale pit depths will inevitably extend well below the local water table, and
thus will require dewatering to be worked. This dewatering may involve well points (pumped), perimeter
trenches (gravity drained), or a combination of both. In either case, a gradient will be created towards
the quarry pits as a consequence of the necessary dewatering. This gradient will tend to lower the water
table in the surrounding area, at first close to the Site, but extending further and further out as the
excavation is deepened. We do not agree with the statement that there will be “no impact” to the local
aquifer. We believe that there will be an impact, but feel the degree of the impact is currently unknown.
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In addition, on Page 20B, Section 18 of the Permit Documents under “Groundwater” it reads, "..as
previously stated, there is a general absence of users of whatever groundwater may exist in the study
area” it further reads, "Residents in the area are served by the public service water system.”

Discussions with the BCPWSD and the Berkeley County Department of Environmental Health disclosed
that the majority of residences in the immediate environs of the proposed quarry derive their water from
private wells, and are not supplied with public water. Based on this information, it is clear the statement
that most residents in the area are served by the public service water system indicated above is not
correct.

The second enumerated public concern is focused on entrained sediment in surface water runoff leaving
the Site. The NMS report stated that observed sediment could possibly be the result of drainage
impacting an “unreclaimed shale borrow pit”, as well as the lack of vegetative undergrowth across the
property. However, interviews with local residents indicate that little, if any, entrained sediment was seen
leaving the Site until the advancement of a series of test pit excavations and borings which were
undertaken there in 2008 and early 2009. This would be expected as most of the transportable sediment
particles present in an historical, abandoned excavation, or occurring on poorly vegetated ground, would
be expected to have been winnowed and transported over the preceding years or decades. (It is notable
that the outflow of sediment-laden runoff resulting from the aforementioned exploratory work was so
severe that Berkeley County officials were forced to issue a stop-work order to NMS at that time.)

The NMS report further indicates that, "two facets of this mining operation could help prevent the erosion
of fine sediment... % these being: 1) reduction of the slope in the quarry areas, and 2) removing the shale
only in small areas, which will subsequently be revegetated by fast-growing grasses. It is noted that the
soils associated with the Martinsburg shale are notoriously infertile, and it is extremely difficult to
reestablish vegetation on them once it has been removed.

Typically, any stripping, grubbing and grading activities inevitably create an increase in sediment
entrained in surface runoff. This will be compounded at the NMS site by the fact that the quarry areas
will need to be dewatered to allow mining activities to proceed, as stated above. The idea that quarrying
will somehow reduce the amount of entrained sediment is not supported by the data from the report.

Finally, we disagree with the idea that removal of the residual soil layer and exposure of the weathered
shale and bedrock beneath will somehow improve infiltration and groundwater recharge. This may be
partially true, but only during the limited season (mid-Summer to early-Autumn) when the local
groundwater table falls below the elevation of the excavated area. In contrast, during the remainder of
the year there is just as much of a chance that the shale will function like a broad, diffuse groundwater
spring and water will issue up onto the surface. As was stated in a previous section of this review, a
confining fragipan layer is limited to the Buchanan soils, located near the western margin of the permit
area. The quarry areas are overlain by soils of the Clearbrook series, in which there is no clear-cut
separation between the shallow vadose zone and the deeper phreatic aquifer located in the fractured
bedrock below. During the seasonal high-water stand the phreatic zone pushes up into the vadose zone,
and eventually can rise above the surface, manifesting as wet weather springs, artesian well behavior,
and seasonal seeps. This will only serve to compound the issues of water management at the Site.

NMS Section 7.2 “Public Service District Wells”— Based on their location along the western summit
and western flank of North Mountain, on the nature of the local structural geology, and water analysis
results, we concur with the NMS consultants’ contention that the quarry (as currently proposed) will have
little effect on the PSD wells. Nevertheless, if the quarry is significantly expanded, and/or requires large-
scale dewatering efforts to remain viable, there may indeed be an impact to the PSD wells in the future.
As was mentioned in a preceding section, the Tuscarora Sandstone does not qualify as an aquitard.
Water can readily move through the fractures within it. Furthermore, the nature of the North Mountain
anticline is that it is extensively fractured, due to faulting which actually has pushed the rock forming it
several miles to the west from its detachment point. Little is known about the fracture patterns, structural
overprint, or the exact flow paths of water within the North Mountain anticline. The system has not been
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modeled or even thoroughly studied. How quarrying activities and the requisite dewatering on the
eastern pediment of the mountain will ultimately impact water resources on the western side is strictly
conjectural at this point in time.

NMS Section 7.3 & 7.4 “Mill Creek” and “Springdale Farms Springs” — For ease of discussion,
these two sections will be reviewed together as they are related.

In the NMS report, the consultants state correctly that the Mill Creek flows north, following the Rockdale
Run Formation (carbonate) along the western slope of a low, linear hill locally referred to as Apple Pie
Ridge. It then turns abruptly eastward, running through a gap in Apple Pie Ridge at Gerrardstown.

The NMS report indicates that the quarrying will “have no impact” on the Mill Creek, a statement with
which we disagree. The NMS report states that the Mill Creek is fed by several small tributaries
originating in the shale on the pediment of North Mountain. The report also indicates that these
tributaries are intermittent, and “only flow for parts of the year when the groundwater is highest.” The
report did not mention that at least two of these tributaries are fed by perennial springs: one originating
at the northeast corner of the NMS property, and supplying a farm pond on Prospect Hill Farm; and a
second originating at the previously mentioned spring on Prospect Hill Farm located at the 860-foot
contour. In addition, during even moderate rain events, the intermittent tributaries channel large
quantities of water down the slope of North Mountain, eventually feeding the flow of Mill Creek. The
reviewer has made direct observations of a small, intermittent tributary located near the Virginia State
Line as part of another assessment, and as a result of a 2.2-inch rain event this tributary was measured
at a peak flow of approximately 12.5 cubic feet per second (cfs) or 150 gpm. Thus, the sum flow of these
intermittent scarp-base tributaries can periodically contribute enormous quantities of water to the Mill
Creek drainage.

If the NMS quarrying activities are not carefully controlled and managed, a steady flow of sediment-laden
water may be directed towards the Mill Creek, particularly during storm events and snowmelt. Even under
conservative stormwater and S&E controls, turbid water is expected to flow to the Mill Creek via the
Prospect Hill tributaries. If the Prospect Hill spring is dried out by the quarry, then this source of water
will simply cease to exist. To compound matters, it is doubtful that the settling and detention ponds
planned for the NMS Site will be able to retain more than a two-year storm, which we understand is the
standard of practice design for SWM structures. Thus, if a 10-, 100-, or 500-year storm event occurs (at
least three of which have occurred within the last 15 years regionally), and the impoundments overflow
or their dikes are breached, these ponds may disgorge their sediment load into the tributaries feeding the
Mill Creek. This sediment would then clog the tributary channels, foul the Mill Creek bed near the
tributary confluence, and increase turbidity to levels that may severely impact the entire stream'’s
environment. In addition, this sediment may also be swallowed into the epikarst, and find its way to
whatever conduits drain the creek bed.

It is important to note that wherever the Martinsburg Formation is found in the Great Valley, there is
enhanced karst development along its edges. This is due to the fact that the shale’s runoff is relatively
acidic, and thus “aggressive”, resulting in increased dissolution of the adjacent carbonate rocks. The
course of the shale-carbonate contact can be determined by simply noting the locations of the numerous
sinkholes that increase in frequency as the shale is reached. This can be recognized even without the
benefit of any bedrock reference map. The NMS report mentions that in a more recent hydrology report
on Berkeley County (Shultz, et al., 1995) it states that the Martinsburg Formation acts as a hydrologic
boundary, and “little water flows from the shale into the limestone”. This statement is taken out of
context. It is true that in the axial outcrop at the center of the Great Valley synclinorium very little
groundwater flows from the shale into the limestone. However, there is ample evidence to suggest that
surface water “plunges” into the epikarst as it runs off the edge of the shale’s outcrop belt and
subsequently recharges the carbonate bedrock aquifer.
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What is unknown is the interaction between the surface and shallow groundwater flowing down the flank
of North Mountain, and the carbonate belt to the east. North Mountain comprises an enormous
catchment area, and the manner by which the water travels from the mountain’s clastic bedrock and
regolith aquifer, to the carbonate aquifer lying southeast, is currently not well understood. Apple Pie
Ridge is riddled with karst features including sinkholes and caves. It stands out in relief partially due to
the fact that layers within the Elbrook Limestone have resisted dissolution, thus creating a topographic
high. However, there is little difference in groundwater elevation from its east to west sides. Thus, Apple
Pie Ridge does not form an effective hydraulic boundary structure. In addition, the Rockdale Run
Formation is well-known for the occurrence of mantled or covered karst, where sinkhole conduits are
buried beneath the residual soils. Thus, water in the shallow shale aquifer may be entering the karst
system unseen in the subsurface, with much of it being carried as hyporheic flow beneath the seemingly
“dry” intermittent streambeds.

As was stated previously, there is a sudden drop in the groundwater elevation as one reaches the
carbonates, as evidenced by the static water levels of regional wells. If the water that flows down from
the pediment of North Mountain is turbid, or laden with sediment, then it is reasonable to assume that it
will enter the karst system to the southeast unimpeded and without the benefit of much natural filtration.
If this is the case, it's plausible that the Springdale Farm Spring may see an increase in turbidity. If on
the other hand, the epikarst conduits emptying into the subsurface system become clogged with
sediment, the spring’s flow may even be diminished.

Conclusions & Recommendations

Based on GeoConcepts’ review of the NMS Consultant’s report and Mine Permit documents, we would like
to make the following conclusions and recommendations.

Conclusions

e The NMS Report is a "virtual” hydrological assessment, and does not include field investigation,
other than water quality sampling, which is needed to confirm the conditions indicated in the
NMS report.

e No attempt was made to determine the actual piezometric surface in the study area, or
determine its significance and/or impact to the Subject Site and surrounding properties.

« No effort was expended to model the local or regional aquifer, other than to cite references from
the literature.

« Information detailed above which was stated as “fact” is either conjectural and/or goes beyond
the available evidence.

In summary, this report is deficient, and seeks to minimize or negate the impacts to human health and
the environment that the quarry’s development may pose. Based on the evidence presented in the report
and permit documents, GeoConcepts’ does not believe the report is adequate to address the expressed
concerns.

Recommendations

In order for the NMS quarry to proceed in a manner which will minimize impacts, GeoConcepts
recommends that approval should be delayed until the following data can be provided and reviewed:

1. An accurate groundwater elevation map should be developed using available static water level
elevations from the new and existing monitoring and water supply wells in the area. This should
encompass an area not less than 2-mile surrounding the proposed permit area, and any future
areas intended for quarry development.

2. The means by which water management will be handled at the Site should be described in detail.

3. Peak flow measurements should be made for the tributaries draining North Mountain, both on
the NMS site and on adjacent properties. These measurements will aid in developing a
stormwater and S&E management plan that is based on site specific data, rather than conjecture
or extrapolation.
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4. Turbidity measurements should be made of all the Mill Creek tributaries that originate on the
NMS Site, including the tributary that flows onto the Prospect Hill Farm property.

5. A dewatering test should be conducted to determine the effect of quarry dewatering on
surrounding springs and wells. This test should include the installation of a sufficient number of
extraction wells, capable of lowering the local water table to the proposed depth of quarrying.
Once a stable drawdown at the level of the quarry excavation is reached, the pumping should be
continued at the appropriate rate for a minimum of 72 hours. All accessible wells and springs on
the NMS property, and within 1,000 feet of the well points, should be monitored for changes in
water level and flow.

6. A dye trace should be conducted to determine if the losing stretch of Mill Creek lying above the
Rockdale Run Formation resurges at the Springdale Farm. The dye should be introduced during
base flow conditions, ideally at an area of known water loss (insurgence).
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Closure

We have prepared this letter report in accordance with generally accepted geological and hydrogeological
science practices. No warranties, expressed or implied, are made as to the professional services provided
herein. We are pleased to be of continued service for this project. If you have any questions regarding

this matter, please contact us.

Sincerely,
GEOCONCEPTS ENGINEERING, INC.

Robert K. Denton, CPG, LRS
Senior Geologist

R. Drew Thomas, CPG
Principal

Attachment: Photographs (6 pages)

RKD/RDT/TWL/shm
N:\PROJECTS\29044\Final\3rd Party Review Summary Ltr Report.doc
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NMS 3" PARTY REVIEW
GERRARDSTOWN, WEST VIRGINIA

PHOTO 1: VIEW OF WELL #1 ON THE STEVEN VIGH PROPERTY, IMMEDIATELY SOUTH OF THE
PROPOSED NMS QUARRY

PHOTO 2: ARTESIAN OVERFLOW FROM VIGH WELL #1.






