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HYDROGEOLOGIC ASSESSMENT INTRODUCTION
Parkdale Quarry Expansion Area

INTRODUCTION

This report summarizes a hydrogeologic assessment that ERM-West, Inc. (ERM) completed for the area
proposed for expansion of the Parkdale Quarry (hereinafter “Site”) located on Bureau of Land
Management (BLM) land near Cafon City, Colorado (hereinafter “Project”). ERM understands that the
purpose of the investigation is to perform a scoping-level analysis to evaluate if the expanded quarry
could affect the quantity and quality of the underlying groundwater system, and most notably, if water
levels in existing private water wells near the Site could lower over time. Additionally, it is understood that
hydrogeologic monitoring and assessment may be used to support Martin Marietta’s overall permitting
process for the Project, including the National Environmental Policy Act review process.
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HYDROGEOLOGIC ASSESSMENT BACKGROUND
Parkdale Quarry Expansion Area

1. BACKGROUND

1.1 Parkdale Quarry Expansion

Martin Marietta is pursuing permits and approvals to expand the Site onto BLM lands located generally
north of the current mining operations, as shown on Figure 1. As part of the expansion area investigation,
Martin Marietta drilled nine 3.75-inch exploratory boreholes to a depth of 250 feet below ground surface
(bgs) and completed three of the borings as 2-inch monitoring wells with screened intervals from
approximately 20 to 250 feet bgs (Figure 1). From ground surface downward, these borings generally
encountered: several feet of colluvium soil; up to 5 feet of decomposed granite sands; up to 15 feet of
weathered and partially weathered granite; and competent fractured granite to the bottom of the borehole.
At some locations on Cactus Mountain, bedrock outcrops and is visible at ground surface. Three of the
wells were later converted into groundwater monitoring wells: MW-01, MW-03, and MW-10.

1.2 Geologic Setting

The Site lies in the northern extent of the northwest trending Wet Mountains, a sub-range of the Sangre
de Cristo Mountains, as part of the Southern Rocky Mountains physiographic region. The gneiss, schist,
and granite of the Wet Mountains were exposed during the Wet Mountain uplift as part of the Laramide
orogeny (Christman et. al. 1954).

Locally, the Precambrian granite of Cactus Mountain is in fault contact with the Jurassic and Cretaceous
sedimentary rocks as part of the larger northwest trending subvertical llse fault and the Parkdale fault
(Wobus et. al. 1979). The sedimentary rocks, including sequences of limestone, sandstone, and shale,
are found immediately south of the proposed excavation and north-northeast of Cactus Mountain (Figure
2). The historical quarry operation excavated coarse alluvium adjacent to the Arkansas River, and the
current operation is excavating granite on Martin Marietta owned property north of the Arkansas River.
The proposed quarry expansion onto BLM land would continue to excavate granite to be crushed for an
aggregate end product.

The Tallahassee Creek Mining District, which historically produced uranium, is approximately 3 miles
west of the quarry (Hon 1984), and is drained by Tallahassee Creek.

1.3 Hydrogeologic Settings

The Site is located at the lower end of the Currant Creek and Tallahassee Creek watersheds, near the
confluence of Tallahassee Creek and the Arkansas River (Figure 1). Groundwater in the site area is
present in four hydrogeologic units: alluvium adjacent to Currant Creek, Tallahassee Creek, and the
Arkansas River; sedimentary rocks; decomposed and/or weathered granite; and competent fractured
granite. There are mapped faults within the granite body, and fault contacts between the granite and
sedimentary rocks (Figure 2).
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HYDROGEOLOGIC ASSESSMENT DATA COMPILATION AND REVIEW
Parkdale Quarry Expansion Area

2. DATA COMPILATION AND REVIEW

ERM conducted a desktop review of relevant publicly available data. The Colorado Division of Water
Resources (DWR) well permit database identified wells of other ownership within the project vicinity. The
DWR database returned 139 wells within a 4-mile radius of the proposed quarry, shown on Figure 3 and
summarized in Table 1. Using this database, ERM determined distances between the proposed quarry
excavation and other groundwater users, for use in the analysis.

Table 1: Primary DWR Well Water Use within 4 Miles of the Quarry Expansion

Primary Water Use Count
Domestic 120
Household use only 8
Stock 6
Commercial 2
Irrigation 2
Other 1
Total 139

Available DWR Well Construction and Test Reports for private wells immediately to the north and
northeast of Cactus Mountain show that all wells are drilled into Cretaceous sedimentary rocks. However,
in some cases, the DWR placed wells above mapped granite. If the United States Geological Survey
(USGS) mapped granite and sedimentary rock contact is accurate, this discrepancy may indicate that
some of the DWR-reported wells were likely mislocated by the permit applicant or driller, as shown on
Figure 4.

Based on the DWR database and a USGS geologic map covering the site area (Wobus et. al. 1979), a
geologic cross section (Figure 5) was created to evaluate the underlying bedrock units. The location of
the geologic cross section is shown on Figure 3. Potentially mislocated private water wells were not used
to develop this geologic interpretation.
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HYDROGEOLOGIC ASSESSMENT FIELD INVESTIGATION
Parkdale Quarry Expansion Area

3. FIELD INVESTIGATION

ERM conducted five field investigations in 2019 and 2020 at monitoring wells MW-01, MW-03, and MW-
10 located within the proposed quarry expansion area. Details on each event are provided below and field
notes are included as Appendix A.

3.1 Sampling Event 1 — December 2018

During the initial field investigation from 10-12 December 2018, ERM:

®  Conducted groundwater sampling with a Grundfos Redi-Flo 2 submersible pump capable of lifting
water from 300 feet.

m  Monitored water levels before, during, and after purging using a Level Troll Model 700, 100 pounds
per square inch (psi) vented pressure transducer.

= Monitored field water quality parameters throughout the duration of pumping using a YSI flow through
cell, including temperature, power of hydrogen (pH), electric conductivity (EC), dissolved oxygen
(DO), and oxidation-reduction potential (ORP). Field forms are provided in Appendix A.

m  Conducted water quality sampling for common metals, major ions, and radionuclides after water
quality parameter stabilization, and delivered samples for laboratory analysis.
3.2 Sampling Event 2 — May 2019

ERM conducted the second field investigation from 13-14 May 2019 similar to that described above for
the initial field investigation, but did not include water level monitoring during pumping and recovery (i.e.,
no pumping test analysis).

3.3 Sampling Event 3 — August 2019

During the third field investigation from 28-29 August 2019, ERM:

®  Monitored water levels in wells MW-03 and MW-10, before, during, and after purging, using a
transducer as noted above. Access to MW-01 became difficult and it was not possible to get
equipment to that site for additional testing.

= Monitored field water quality parameters throughout the duration of pumping using a YSI flow through
cell, including temperature, pH, EC, DO, and ORP. Field forms are provided in Appendix A.

m  Conducted groundwater sampling at on-site monitoring wells MW-03 and MW-10 for:
- Isotopic Uranium by Method HASL-300 (Alpha Sepectroscopy)
= Uranium-233-234
= Uranium-235/236
= Uranium-238

- Gross Alpha and Beta Radioactivity (Total, Suspended, and Dissolved) by Standard Method (SM)
7110B

- Radium-226 by SM 7500-Ra B
- Radium-228 by Environmental Protection Agency (EPA) Ra-05
- Total Solids by EPA 160.3

m  Delivered samples for laboratory analysis.
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HYDROGEOLOGIC ASSESSMENT FIELD INVESTIGATION
Parkdale Quarry Expansion Area

3.4

Sampling Event 4 — November 2019

During the fourth field investigation from 19-20 November 2019, ERM:

3.5

Monitored water levels in two pumping wells, MW-03 and MW-10, before, during, and after purging,
using the same vented pressure transducer as noted above.

Deployed a permanent DI810 TD-Diver Data Logger transducer and a DI800 Baro-Diver Data Logger
to compensate for barometric pressure in monitoring well MW-01 to record a data point for water
level every 6 hours. This equipment was installed due to issues with access and the inability to get a
pump and generator to the well location.

Monitored field water quality parameters throughout the duration of pumping using a YSI flow through
cell, including temperature, pH, EC, DO, and ORP. Field forms are provided in Appendix A.

Conducted groundwater sampling at on-site monitoring wells MW-03 and MW-10 for:
- Isotopic Uranium by Method HASL-300 (Alpha Sepectroscopy)
= Uranium-233-234
=  Uranium-235/236
=  Uranium-238
- Gross Alpha and Beta Radioactivity (Total, Suspended, and Dissolved) by SM 7110 B
- Radium-226 by SM 7500-Ra B
- Radium-228 by EPA Ra-05
- Total Solids by EPA 160.3

Delivered samples for laboratory analysis.

Sampling Event 5 — February 2020

During the fifth field investigation on 26 February 2020, ERM:

Measured static water levels at MW-03 by hand using a water level indicator every 5 minutes during
the sampling event. Road conditions made vehicle access to MW-10 impossible during this site visit.

Measured static water levels at MW-01 and MW-10.
Downloaded transducer data from MW-01 (Appendix C).

Monitored field water quality parameters throughout the duration of pumping using a YSI flow through
cell, including temperature, pH, EC, DO, and ORP. Field forms are provided in Appendix A.
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HYDROGEOLOGIC ASSESSMENT DATA ANALYSIS
Parkdale Quarry Expansion Area

4, DATA ANALYSIS

Using the collected field data, ERM compiled the laboratory water quality results, evaluated
pumping/sampling results to estimate the bulk hydraulic conductivity of granite, and performed scoping-
level hydraulic calculations to evaluate the effects of pit development on the groundwater system.

4.1 Water Quality

ERM analyzed water quality samples for field parameters, common metals, major ions, and radionuclides,
and then tabulated and presented the results in the laboratory analytical reports provided as Appendix B.
Results show pH ranges from 6.64 - 7.71, and total dissolved solids (TDS) ranges from 318 — 814
milligrams per liter (mg/L), generally increasing during the 28 August 2019 sampling event. While not
required for compliance purposes, the analytical results were compared to drinking water standards for
informational purposes only. Common metals and major ions did not exceed drinking water standards or
aquatic life (acute or chronic) limits for the sampling events where collected. The December 2018 sample
from well MW-10 was reported to contain 38.2 micrograms per liter (ug/L) of dissolved uranium, in excess
of the 30 pg/L drinking water standard. This was the only recorded dissolved uranium exceedance.
Isotopic uranium did not exceed the drinking water standard of 30 picocuries per liter (pCi/L) for the four
sampling events conducted from December 2018 to November 2019. Gross alpha and beta particles
exceeded the drinking water standard of 15 pCi/L and 4 millirems (mrems), respectively, for several
sampling events at all wells sampled. Radium 226/228 was detected in all monitoring wells and showed a
drinking water standard exceedance of 5 pCi/L at MW-03 in May 2019, and at MW-10 in both December
2018 and August 20109.

Hydrochemical facies, or water types, lie within the magnesium bicarbonate and mixed magnesium
bicarbonate/calcium chloride portion of the piper diagram presented as part of Appendix B.

4.2 Hydraulic Conductivity of Granite

Water levels measured during the first investigation (December 2018) at wells MW-01, MW-03, and MW-
10 were used to estimate the hydraulic conductivity of granite. The tests generally involved pumping a
well as part of the purging process and measuring the associated water-level changes (drawdowns)
during both the pumping and recovery periods using a vented pressure transducer and datalogger. These
tests are described herein as “pumping tests”, though they were performed opportunistically as part of the
well sampling procedure.

Discharge flow rates were measured periodically during the pumping period using the “bucket-and-
stopwatch” method, or by recording the total volume of discharged water over time. Hydraulic responses
were analyzed using a combination of transient and steady-state analytical solutions appropriate for the
testing conditions. Where appropriate, the effects of variable flow rates during the pumping period were
considered. The pumping test analyses are presented in Appendix C and summary results are provided
in Table 2 below.
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HYDROGEOLOGIC ASSESSMENT
Parkdale Quarry Expansion Area

Table 2: Pumping Test Results — December 2018

DATA ANALYSIS

Monitoring Well Total Static Depth- Saturated Transmissivity Hydraulic Hydraulic
Well Depth (ft) to-Water (ft) Thickness T (ft?/day) Conductivity | Conductivity
b (ft) K (ft/day) K (cm/sec)
MW-01 239 104.13 134.9 0.26 0.0019 6.7E-07
MW-03 249 47.55 201.4 0.63 0.0027 9.5E-07
MW-10 251 9.76 241.2 1.57 0.0065 2.3E-06
Notes:
ft: feet

ft/day: feet per day
ft?/day: feet squared per day
cm/sec: centimeters per second

T = transmissivity of saturated well completion interval (from static water level to bottom of well)
K = hydraulic conductivity of granite within the saturated interval, K=T /b

The core logs for the site borings are logged as “slightly to intensely fractured.” The hydraulic conductivity
(K) values in Table 2 range over a factor of 3.4, which is reasonably consistent for tests conducted in
fractured crystalline rock. The best-estimate bulk hydraulic conductivity for competent fractured granite is
taken as the arithmetic mean of the three values: 0.0037 ft/day (1.3 x 10® cm/sec). The best-estimate
value is used in subsequent hydraulic analyses to evaluate the effects of pit development on the local
groundwater system. Appendix C provides further details on the data and analyses used to evaluate the
transmissivity and hydraulic conductivity measured at each of the three tested monitoring wells.
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HYDROGEOLOGIC ASSESSMENT SIMULATED CURRENT (PRE-MINING) CONDITIONS
Parkdale Quarry Expansion Area

5. SIMULATED CURRENT (PRE-MINING) CONDITIONS

ERM performed a scoping-level analysis of current groundwater conditions at the site using existing
information collected during desktop research and the results of pumping tests performed during the first
investigation (December 2018), as described in Section 4.2. Groundwater flow through the proposed
guarry area was simulated analytically using a modification of the one-dimensional Darcy equation for
steady-state groundwater flow in a vertical cross section. The cross-section analysis was based on the
interpreted geologic section (Figure 5). The cross section starts at the confluence of Currant Creek and
Tallahassee Creek and extends northeast for 17,000 feet, which includes the proposed quarry expansion
area, Cactus Mountain, Highway 9, and 3,500 feet past the highway. The orientation of the section is
shown on Figure 3.

The analysis is documented in Appendix D and entails the following:

m  Dupuit assumption for “essentially” horizontal flow in a system with variably saturated thickness and a
water table at the upper boundary.

m  Aerially distributed natural recharge.

® A sloping no-flow boundary at the base of what's assumed to be “permeable” rock. As a first
approximation, this conforms to depths where the hydraulic conductivity of fractured granite is
expected to become very low. It also conforms approximately to what is assumed to be the base of
more permeable sedimentary rock. This boundary is based on professional judgement as there is no
known borehole testing to these depths.

m  Flow system width (perpendicular to the plane of the section) equal to 3,000 ft.

m  The presence of a fault on the northeast side of Cactus Mountain that provides a contact between
competent granite to the southwest and sedimentary rock to the northeast.

®m  Granite hydraulic conductivity (Kg) of 1.3 x 10 cm/sec based on the results of groundwater pump
test events (discussed above).

®  An assumed sedimentary rock hydraulic conductivity (Ks) of 1.3 x 10* cm/sec (100 times Kg). This
hydraulic conductivity was not measured, but predicts that the yield to a well with a 100-foot
completion interval and 50 feet of drawdown is about 10.5 gallons per minute (gpm), which is
reasonable for a typical domestic well.

m A fixed hydraulic head of 5,840 feet above mean sea level (amsl) at the southwest end of the section
(confluence of two streams), which conforms to the elevation of the stream channels.

m  Atarget hydraulic head of 6,170 feet amsl at Highway 9, which is similar to water levels measured in
private wells where the section crosses the highway (this water level is about 80 feet below ground
surface).

The governing differential equation (a general form of the Darcy equation) was evaluated using the
Mathcad® computation software based on a point-and-shoot method where both the groundwater flow
rate at the southwest end of the section (x=0) and recharge were adjusted iteratively until computed water
levels matched the following:

m  Water level elevation of 6,170 feet amsl at Highway 9
m  Water level elevation of 6,225 feet amsl| measured in well MW-10

The results of the calibrated solution are shown graphically on Figure 5-1, below, and additional details
are provided in Appendix D. The computed water table profile matches the water level below Highway 9
and the measured head in well MW-10. It does a poor job of matching the water level at well MW-03
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HYDROGEOLOGIC ASSESSMENT SIMULATED CURRENT (PRE-MINING) CONDITIONS
Parkdale Quarry Expansion Area

because ground surface is well below the computed profile. This could indicate that in the real system,
there is groundwater discharge to ground surface southwest of MW-10. However, because the computed
flow rates are low (less than 5 gpm), it is unlikely that such discharge would be visually noticeable over a
transverse distance of 3,000 feet.

Water table gradients (mounding) in the sedimentary rock are small compared to gradients in the granite
portion of the section; an effect that is directly related to the hydraulic conductivity contrast between
granite and sedimentary rock (two orders-of-magnitude).

The calibrated recharge rate is surprisingly low; 0.154 inches per year. Sensitivity analyses showed that
increasing the recharge rate by small amounts over this value caused the computed water table profile to
rise dramatically in the granite, which would conflict with the MW-10 water level and cause the computed
water level at Highway 9 to be above ground surface. The dramatic water level rise at higher recharge
rates is the result of mounding in the low hydraulic conductivity granite.

As shown on Figure 5-1, ground water flow rates in the system are quite low (less than 6 gpm). At the left
(southwest) side of the section, the computed flow rate is 4 gpm to the southwest. Below Highway 9 and
at the right (northwest) side of the section, the flow rates are 3 and 5 gpm, respectively, both in the
northeast direction. These low flow rates are the direct result of the low hydraulic conductivity of granite
and provides an indication that groundwater inflows to the excavated pit of the quarry expansion would be
relatively small. Note that the computed water level at the right (northeast) side of the section is 6,150.4
feet amsl. This value is used as a boundary condition in subsequent analyses of the post-mining
condition.

SW-NE Cross Section: Computed (Calibrated) Water-Table Profile for Pre-Mining Conditions
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Figure 5-1: Results of Pre-Mining Analysis
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HYDROGEOLOGIC ASSESSMENT EVALUATION OF QUARRY EFFECTS ON GROUNDWATER
Parkdale Quarry Expansion Area

6. EVALUATION OF QUARRY EFFECTS ON GROUNDWATER

6.1 Water Quality

Respective of Section 4.1, analytical results indicated drinking water exceedance for dissolved uranium,
gross alpha, gross beta, and radium 226/228 in some of the samples analyzed (Appendix B).
Radionuclides are generally found as trace elements in most granitic rocks, such as the Precambrian
granite housing site groundwater, and are not unusual for the region. The general decline in these
analytical parameters could be due to further well development as a result of additional pumping during
the sampling. All other common ions and metals are within drinking water quality standards. Based on
known rock properties for the area within the proposed quarry expansion area, it is not anticipated that
the project will have a negative impact on groundwater quality in the granite or surrounding aquifers
where wells of other ownership are completed. Additionally, groundwater discharges to surface waters
are not anticipated to change or adversely affect current surface water quality.

The closest formerly sampled stream location is a Colorado Department of Public Health & Environment
(CDPHE) well with the identifier 22COL001_WQX-7115, located near the mouth of Tallahassee Creek
and southwest of the current quarry and the planned quarry expansion. This location contained dissolved
uranium at 26 and 23 pg/L on 12 September 2005 and 20 October 2005, respectively (USGS 2020). The
on-site monitoring wells generally showed lower dissolved uranium, between 13.7 and 21.2 pg/L, except
for 38.2 pug/L at MW-10 on 12 December 2018, than surface water location 21COL001_WQX-7115.

6.2 Post-Mining Condition

The long-term post-mining effects of the excavated pit were evaluated using the same steady-state one-
dimensional approach described in Section 5, with the following modifications:

m  The left (southwest) end of the analysis section begins at the pit highwall. At this new boundary, a
fixed hydraulic head of 6,020 feet amsl is applied, which conforms to the elevation at the base of the
highwall.

m  The recharge rate is fixed at 0.154 inches per year, which is a result from the pre-mining analysis.

m  The target head at the right (northeast) side of the section is 6,150.4 feet amsl, also a result from the
pre-mining analysis. This boundary is about 2 miles northeast of the pit, a distance where the effects
of the pit are presumed to be negligible.

For this analysis, the only parameter to be adjusted by iteration was the flow rate at the left side of the
section, which was done until the computed water level at the right side of the section matched the target
value of 6,150.4 feet amsl.

The results are shown graphically on Figure 6-1, below, where the post-mining water level profile (red) is
compared to the pre-mining profile (blue dashed). The pit creates a drawdown of some 300 feet at the
highwall, which has a significant long-term effect on the water levels in granite. Yet the water levels in the
sedimentary rock (containing wells) are minimally affected. The lowering of the water table below
Highway 9 is predicted to be only 6 feet. A conceptual explanation of this result is as follows. Granite has
very low hydraulic conductivity so the changes in system flows at the pit are relatively small (on the order
of several gpm). If these changes in flow are propagated into the sedimentary rock, the water level effects
are almost negligible because this unit has much higher hydraulic conductivity. This concept can be
applied in a more general sense to consider that water levels in any water bearing geologic unit in contact
with the granite will not likely experience significant long-term dewatering due to excavation of the pit.
Conceptually, the low hydraulic conductivity of the granite “insulates” higher permeability geologic units
from experiencing the effects of drawdown at the pit walls.
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SW-NE Cross Section: Computed Water-Table Profile for Post-Mining Conditions
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Figure 6-1: Results of Post-Mining Analysis Considering Recharge

6.3 Transient Drawdown Analysis

ERM performed a scoping-level analysis of the change in granite water levels due to pit excavation, using
a one-dimensional transient analytical solution for linear flow towards the highwall. The analysis was
based on current conditions and did not account for future mining operations currently permitted at the
existing Parkdale Quarry and the potential impacts to groundwater that could result from those activities.
Details of the analytical solution are provided in Appendix E. The solution assumed the following:

®  The pitis instantaneously excavated to full depth at time zero.

m  Granite hydraulic conductivity is 1.36 x 10-¢ cm/sec.

m  Storage coefficient of 0.01, which is reasonable for the specific yield of fractured granite.
m  Hydraulic drawdown at the quarry wall is 300 feet.

m  Thickness of permeable fractured bedrock is 450 feet.

®  Groundwater flow towards the quarry is strictly horizontal.

The results of this calculation are provided in Appendix E. The premise of this analysis is that drawdowns
cannot occur in the sedimentary rock unit until there is a significant drawdown at the fault, which provides
the contact between granite and sedimentary rock. The plot of “Time - Drawdown at Fault” in Appendix E
predicts that it would take 20 years for the drawdown at the fault to reach 1 foot. It would therefore take a
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minimum of two decades for the effects of the pit to be experienced in the sedimentary rock unit. This
suggests that if measurable drawdowns were to ever occur in wells completed at Highway 9, the process
would be very slow and there would be ample time to monitor and understand the effects so that
mitigation measures could be initiation (if needed).

6.4 Quarry Inflows

The drawdown analysis also provides an estimate of transient groundwater inflow at the pit highwall. As
shown in Appendix E, the plot of “Time - Flow Rate at Pit High-Wall” indicates relatively high inflow rates
during the first several years of operations, but these values drop off after 10 to 15 years and begin to
approach flow rates similar to the post-mining steady-state analysis in Section 6.2. The relatively high
inflow rates at early times are the result of water released from storage at the water table, not induced
flow from the sedimentary rock unit. It is also the consequence of assuming instantaneous excavation of
the final pit. In reality, the pit would be excavated gradually over time, so the actual early inflow rates are
likely to be much lower than what the analysis shows. The expectation of low inflow rates is consistent
with observations at the current granite quarry operated by Martin Marietta. While the current highwall has
a height of approximately 270 feet, little to no water is observed at the pit bottom except after precipitation
events. For the proposed quarry, it is likely that water volumes originating from rainfall, storm runoff, and
snowmelt will be much larger than groundwater inflows.

6.5 Geologic Cross Section Interpretation

ERM developed a geologic cross section to better understand the connection between the domestic
drinking water wells and the proposed quarry expansion (Figure 5). The cross section intersects two
monitoring wells within the proposed quarry expansion boundary and extends northeast across Cactus
Mountain and the Parkdale fault, and ends near Highway 9 (Figure 3). No drinking water wells were
identified in the granite southwest of the Parkdale Fault. ERM found that two drinking water wells shown
on Figure 4 were mislocated, as the well logs do not show any granite and it is assumed these are
northeast of the Parkdale fault in sedimentary rocks. ERM used four wells and a local USGS geologic
map to create the geologic cross section, and included two on-site monitoring wells MW-03 and MW-10,
and two domestic water wells 215395 and 198713.

The Parkdale fault, a reverse fault, divides the quarry expansion location and the domestic water well
users to the northeast. Based on domestic water well depths and the USGS geologic map, the aquifer
exploited for water supply is the Carlile Shale, Greenhorn Limestone, and Graneros Shale, Undivided
(Kcgg) geologic unit, which contains the water-bearing “Codell Sandstone Member.” The aquifer may be
partially confined, as the overlying Niobrara Formation (Kn) consists of mostly shales and limestones. The
static water levels in the drinking water wells are approximately 300 feet above the base of the aquifer
unit and locally higher than the top of the unit. Furthermore, based on the USGS geologic map, the well
users in the area are within a sedimentary syncline.

Based on the topography of the area, it is likely that the recharge zone for the domestic water well users
begins at the highest elevation of Cactus Mountain and extends downslope to the northeast. This differs
from the likely recharge zone of the proposed quarry expansion, which likely begins at the highest
elevation of Cactus Mountain and extends downslope to the southwest.

It is unknown if the Parkdale fault operates as a flow barrier, flow conduit, or simply provides a physical
contact between the granite and sedimentary rock units. Groundwater flow in the granite is assuredly
fracture controlled and the nature and pervasiveness of fractures has not been investigated. However,
pumping tests conducted in three monitoring wells in the quarry area reasonably confirm that the
competent fractured granite has very low hydraulic conductivity.
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7. DISCUSSION

The scoping-level calculations presented in this memorandum should not be viewed as the results of a
formal numerical groundwater model. They are intended to provide a general evaluation of potential
groundwater effects resulting from the proposed quarry excavation. The results provide good evidence
that groundwater effects at existing wells, while not negligible, will not likely result in abandonment of
wells over the many decades of mine operation due to lowering of static (non-pumping) water levels.
Existing wells are completed in alluvium and sedimentary rock that have much higher hydraulic
conductivity than the granite that will host the proposed quarry. In a conceptual sense, the low hydraulic
conductivity of the granite “insulates” higher permeability geologic units from experiencing the effects of
drawdown at the pit walls.

Groundwater inflows to the quarry will likely not be of operational consequence when compared to the
larger water volumes resulting from rainfall, stormwater runoff, and snow melt. Conceptually, precipitation
that does not immediately run off or evapotranspirate is expected to infiltrate into decomposed and
weathered granite (0-20 feet thickness), which will likely have a significantly higher hydraulic conductivity
than competent granite. This may lead to shallow perched water that could flow downslope towards the
quarry highwall. It is possible that perched groundwater may enter the quarry via springs along the top of
the highwall. ERM’s evaluation of this process was not considered in the work performed herein, but
could be the subject of an additional analysis.

ERM created a geologic cross section to interpret how the geologic units between the proposed quarry
and the existing water well users may be hydrologically connected. The Parkdale fault provides a
geologic contact between the granite that will host the quarry and sedimentary rock within which the
existing wells are completed. For calculations performed herein, the fault is a contact plane between the
two rock units and is assumed to provide full hydraulic connectivity, where it is possible that the fault
could operate hydrologically as a flow barrier or flow conduit. The extended quarry excavation would not
intersect the fault, so the nature of groundwater flow in the fault zone, whether restricted or enhanced,
would tend to further reduce the effects of the quarry on groundwater levels in the sedimentary rock unit.

Finally, water quality in the proposed quarry for most analytes tested is generally below drinking water
standards (not an applicable regulatory requirement, but for informational purposes only), except for
gross alpha and beta particles. Radionuclides are generally found in the granitic rock type of the area and
would be expected in baseline conditions. Dissolved uranium was above the drinking water standard for
one sampling event at MW-10, but is generally at least 10 pg/L below the standard at most wells, and
during most sampling that includes isotopic uranium. One CDPHE water quality stream location showed
dissolved uranium between 23 and 26 pg/L in 2005, which is generally higher than that found in the
proposed quarry monitoring wells. Therefore, it is unlikely that the surface water proximal to the proposed
quarry will be impacted greater than the baseline water quality condition.

Lastly, groundwater in the granite will provide relatively small inflows to the pit, and this mine water will be
discharged to surface water. Given the relatively good groundwater quality, no significant impacts to
surface water quality are anticipated.
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Well Development / Purge Form

Depth
Project Total Depth Ind. S/N
Project No. Depth to Water (DTW) Weather
Location Water Column (ft. h.)
Date Casing Volume (gal) (2" = 0.16h, 4" = 0.66h) 3 vols =
Well Number \Alf‘ll 1 Borehole Volume (gal) (2" = 0.73h, 4" = 1.15h)
Method -f‘”‘i Lo 7 Total Gallons Removed
Field Personnel @ 4 2'0,./ Sample Number & Time
Setup time: ©R:Y S
Spec. ORP/
Duration (Minutes) | Volume | Temp | DO Cond. REDOX | Turbidity| DTW
Time | Surge | Pump | Bail |(gallons)| (°C) |(mg/L)| (ps/ms) pH (Rel.. (NTU) | (ft btoc) R Remarks R
AR 2 2 (11439 stetr=|
L: 2 | 94857587 |77/ 122.0 | 743 | — | | @ 09:z0
Sample Analytes: VOCs (8260) Sulfate, Nitrite, Nitrate, and Chloride (EPA 300.0)
Semi-Volatiles (8270) Sulfide (SM 4500S2)
Dissolved Fe and Mn (6020) (lab filtered) Ferric and Ferrous Iron (SM3500 Fe; Hach 8146)
Total Alkalinity as CaCO4 (SM 2320B) Dissolved Methane, Ethane, and Ethene (RSK175)

Ferrous Iron (field test) = mg/L




Well Development / Purge Form
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Project &, - Total Depth "%HC’{ O Ind. S/N
Project No. D\/{ 3)(3 5B, Depth to Water (DTW) U7.55 Weather
Location Canen L\XJ\A D Water Column (ft. h.)
Date p_/ 119 N Casing Volume (gal) (2" = 0.16h, 4" = 0.66h) 3 vols =
Well Number ‘\/\f{% { Borehole Volume (gal) (2" =0.73h, 4" = 1.15h)
Method el Pto 2. QLLW\P Total Gallons Removed
Field Personnel g N\ Sample Number & Time
Setup time:
Spec. ORP/
Duration (Minutes) | Volume | Temp DO Cond. REDOX | Turbidity| DTW
Time | Surge | Pump | Bail {(gallons)] (°C) |(mg/L)| (us/ms) pH (Rel. (NTU) | (ft btoc) Remarks
Lo | ysol 18] [STb | 6.1 1257 |S[ Uy ——
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2.0 e
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Sample Analytes: VOCs (8260)
Semi-Volatiles (8270)
Dissolved Fe and Mn (6020) (lab filtered)
Total Alkalinity as CaCO; (SM 2320B)

Ferrous Iron (field test) =

mg/L

Sulfate, Nitrite, Nitrate, and Chloride (EPA 300.0)
Sulfide (SM 4500S2)
Ferric and Ferrous Iron (SM3500 Fe; Hach 8146)

Dissolved Methane, Ethane, and Ethene (RSK175)
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Project Total Depth Ind. S/N
Project No. Depth to Water (DTW) Weather
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Field Personnel Sample Number & Time
Setup time:
Spec. ORP/
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Sample Analytes: VOCs (8260)

Ferrous Iron (field test) =

Semi-Volatiles (8270)
Dissolved Fe and Mn (6020) (lab filtered)
Total Alkalinity as CaCO,; (SM 2320B)

mg/L

Sulfate, Nitrite, Nitrate, and Chloride (EPA 300.0)
Sulfide (SM 450082)

Ferric and Ferrous Iron (SM3500 Fe; Hach 8146)
Dissolved Methane, Ethane, and Ethene (RSK173)
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Date 120 e% o Casing Volume (gal) (2" = 0.16h, 4" = 0.66h) 3 vols =
Well Number ] ) 4 Borehole Volume (gal) (2" = 0.73h, 4" = 1.15h)
Method

Total Gallons Removed

Field Personnel

Sample Number & Time IR Loalale

{i‘;{ﬁ ;f %ng Eﬁ

Setup time:
Spec. ORP/
Duration (Minutes) | Volume | Temp | DO Cond. REDOX | Turbidity| DTW

Time | Surge | Pump | Bail |(gallons)] (°C) | (mg/L)]| (us/ms) pH (Rel. (NTU) | (ft btoc) Remarks
531718 26.0 |
E“i 40 T Mo vead: /4
1$719:23 30.0115.45| [.0 78 |7.59 | 8%.3 oo
[5:20:2 3.0 N B A —

52821 € 2.0

5: 3.0 |23 .09 |48z |7.64| 86.9| —F——

579 Y. 0

ey {2 350 1b-27\1,05 | 48/ |7-66| 88.5 | Y22 | ——

Sy 30 p—

1%:279:pv 37001 i;s%w 0.9 O 7. i@f% @&? L34 |

VAN 280 s -

5. 74:3y 3901 1640|025 | Y80 |7.65 | 88.5 |7 loe0
15:50% Y Yo

(5:% LRy b

Sample Analytes: VOCs (8260)
Semi-Volatiles (8270)
Dissolved Fe and Mn (6020) (lab filtered)
Total Alkalinity as CaCO; (SM 2320B)

Ferrous Iron (field test) = mg/L

Sulfate, Nitrite, Nitrate, and Chloride (EPA 300.0)
Sulfide (SM 4500S2)

Ferric and Ferrous Iron (SM3500 Fé; Hach 8146)
Dissolved Methane, Ethane, and Ethene (RSK175)



Well Development / Purge Form

Depth
Project Total Depth Ind. S/N
Project No. Depth to Water (DTW) Weather
Location Coavon i%& g Water Column (ft. h.)
Date vz Y § Casing Volume (gal) (2" = 0.16h, 4" = 0.66h) 3vols =
Well Number well % Borehole Volume (gal) (2" = 0.73h, 4" = 1.15h)
Method Total Gallons Removed
Field Personnel Sample Number & Time
Setup time:
Spec. ORP/
Duration (Minutes) | Volume | Temp | DO Cond. REDOX | Turbidity| DTW
Time | Surge | Pump | Bail |(gallons)] (°C) |(mg/L)| (us/ms) pH (Rel.. (NTU) | (ft btoc) Remarks

5:57:lov YBS |[4 Samplesd Reks
15+ 8% 50 | [+ [Smple  Lolume )

Sample Analytes: VOCs (8260)
Semi-Volatiles (8270)
Dissolved Fe and Mn (6020) (lab filtered)
Total Alkalinity as CaCO; (SM 2320B)

Ferrous Iron (field test) = mg/L

Sulfate, Nitrite, Nitrate, and Chloride (EPA 300.0)
Sulfide (SM 4500S2)

Ferric and Ferrous Iron (SM3500 Fe; Hach §146)
Dissolved Methane, Ethane, and Ethene (RSK175)




el
Well Development / Purgggw orm

, e _» Depth
Project L ¥ /" [Total Depth 5/ Ind SN
Project No. z};gg 5p b — D?ﬁé?%%fé”“Water (DTW) I[.2 f, Weather Mostl., fg@mﬂ 36 F
Location Cogiorn G . O Water Column (ft. h.) (
Date 12 j 1271 ‘ Casing Volume (gal) (2" = 0.16h, 4" = 0.66h) 3 vols =
Well Number ¢, /. 11 10O Borehole Volume (gal) (2" = 0.73h, 4" = 1.15h)
Method v uinOle § i Clo & Total Gallons Removed
Field Personnel ~ §p & i Sample Number & Time CRDX =52,
Setup time: R
Spec. ORP/
£ Duration (Minutes) | Volume | Temp | DO Cond. REDOX | Turbidity| DTW
Al Time | Surge | Pump | Bail |(gallons) (°C) | (mg/L)| (ps/ms) pH (RelL. (NTU) | (ft btoc) Remarks
= | o4 | o Sn ot o
o2: 5014 |l {119 16 8.05 |-15.6 | — | sillky
#:G[:2 2 e
09:52Y 3 - A Pome @il
n9:63:1b ¥ 1273030 |6Ys |79 |-3Y.5 |Coudy | — |
o <5 o s | —F— Prep_al
15615 lo 240 | ©-29 277 |79 -38.0 |clov R
64628 7 SRR S -
o9 333% B .ol lotd|bt7 |288 (-39 |Clovd, |—
oy A @3‘? >>>>>>>>> ”
o, 305 3 ) S—
(0-0:4] U |zt 135 | 613 7.83 |-32.0 |Clowdy | ——
1D-02:%3 P R I
0% 6310 12 |24 ]L70 | O | 781 [-2p.1
Sample Analytes: VOCs (8260) Sulfate, Nitrite, Nitrate, and Chloride (EPA 300.0)
Semi-Volatiles (8270) Sulfide (SM 4500S2)

Dissolved Fe and Mn (6020) (lab filtered)
Total Alkalinity as CaCO; (SM 2320B)

Ferrous Iron (field test) =

mg/L

Ferric and Ferrous Iron (SM3500 Fe; Hach 8146)
Dissolved Methane, Ethane, and Ethene (RSK175)




Well Development / Purge Form

Depth
Project Total Depth Ind. S/N
Project No. oY 958l Depth to Water (DTW) Weather
Location Cononn Cibn LCO Water Column (ft. h. )
Date ez % iy Casing Volume (gal){(2 L!;}— 0.16h, 4" = 0.66h) 3 vols=
Well Number Wwell 10 Borehole Volume (gal) (2" = 0.73h, 4" = 1.15h)
Method Cannd os Qud: Hew 2 a 1820 |Total Gallons Removed
Field Personnel Wk W 1% 1Sample Number & Time
Setup time:
Spec. ORP/
Duration (Minutes) | Volume | Temp | DO Cond. REDOX | Turbidity| DTW
Time | Surge | Pump | Bail [(gallons)] (°C) |[(mg/L)| (ps/ms) pH (Rel.. (NTU) | (ft btoc) Remarks
: 415 y
1005213 (5 1325|200 | o7 o
10> D=1y [l
1067/ ¢ 17 |wegl|221 | 585 -
|02 08+ 18
119 12 13002285 | 568 (7,721 -19 -
ST A RV
p:l(:2 21 1326236 | oy |7-7013.4  |Covdy | ——
§ SRV % el Z. T
B 3%«:«3 23 - ﬁ\ %ww’%ﬁ > »gg;{
(o 143 24 |13 |2.62 | oz [ 2.66 |-4-9 | Clovds, | —
[0:15: 25
10 thefi 20 | 1337 |2.77 | bo3 |7.66 | 9-0 |Clady | o—
| 1D17:3¢ 27 |

Sample Analytes: VOCs (8260)

Ferrous Iron (field test) =

Semi-Volatiles (8270)
Dissolved Fe and Mn (6020) (lab filtered)
Total Alkalinity as CaCO; (SM 2320B)

mg/L

Sulfate, Nitrite, Nitrate, and Chlonde (EPA 300.0)
Sulfide (SM 4500S2)
Ferric and Ferrous Iron (SM3500 Fe; Hach 8146)

Dissolved Methane, Ethane, and Ethene (RSK175)




Well Development / Purge Form

Project

Project No.

Location

Date

iy
Well Number e ll

Method

Field Personnel

Total Depth
Depth to Water (DTW)

Water Column (ft. h.)

Depth
Ind. S/N
Weather

Casing Volume (gal) (2" = 0.16h, 4" = 0.66h)
Borehole Volume (gal) (2" = 0.73h, 4" = 1.15h)

Total Gallons Removed
Sample Number & Time

3vols=

Setup time:
Spec. ORP/
Duration (Minutes) | Volume | Temp | DO Cond. REDOX | Turbidity| DTW

Time | Surge | Pump | Bail {{gallons)] (°C) |(mg/L)| (us/ms) pH (Rel. (NTU) | (ft btoc) Remarks
10:%: Yo 2g 1347 | .02 | SeH | 2.6 | 13. elod, | ——0-

10:14: 4, | S

/ 5?@»”‘%“}*’ 30 Uy 309 |g70 [9.65 | 112 | Clevdy |

1ot 22 PO 3/
D2 2% 32 (1345 (305 |S77 |9.44%]21.8 |Clevdy | ——

ib:25:] 3 |46 3229|576 [7-062]|24.8 |7r000

102744 36 |3.49|3.47]|575 |40 | 2774 | 700 | ——

[0:2%:1p 38 {48309 STY | 6p| 299 | vroop|

i 0 151396 | 587 [7.59| 32.5 | v 1000| ——

10: 341 43 [13.59(4.24 | S0 |28 | 34.3 | wrven| <

. 30: 5 003 |49 | s | 757 36.% | 21000] =

(03795 ' S J Bom
1023812 : 7 11350 |Yy8 | 590 259 | 3b-8 | w1000 —

1014067 98 330/ 4yg| 597 |7.57] 392 | y1000] —

‘Sample Analytes: VOCs (8260)

Semi-Volatiles (8270)
Dissolved Fe and Mn (6020) (lab filtered)
Total Alkalinity as CaCQO; (SM 2320B)

Ferrous Iron (field test) =

mg/L

Sulfate, Nitrite, Nitrate, and Chloride (EPA 300.0)

Sulfide (SM 4500S2)

Ferric and Ferrous Iron (SM3500 Fe; Hach 8146)
Dissolved Methane, Ethane, and Ethene (RSK175)




Well Development / Purge Form

Depth

Project Total Depth Ind. S/N

Project No. Depth to Water (DTW) Weather X
Location Covon ey, CL Water Column (ft. h.) o
Date Vi f 14 Casing Volume (gal) (2" = 0.16h, 4" = 0.66h) 3vols =

Well Number Well g Borehole Volume (gal) (2" = 0.73h, 4" = 1.15h)

Method Total Gallons Removed

Field Personnel Qs 4 P,/ Sample Number & Time D /p957%
Setup time:

Spec. ORP/ :
Duration (Minutes) | Volume | Temp | DO Cond. REDOX | Turbidity| DTW

Time | Surge | Pump | Bail |(gallons)] (°C) |(mg/L)| (ps/ms) pH (ReL. (NTU) | (ft btoc) Remarks
1024 44  |133% 1447 | 541 | 149 | HY.= | 77| —

0 Yq:¢4 5/ |1.39 (Y385 | oo [782| Y5.6 | e —
10: Yb: 43 52 |BYo| %29| Gov |7.52 |44 | - 00| —

(0: Y7:$2 €3 oY1 423| (2 |255|47-6 | < o0

10492 %g" 3.y3 | 420 {%}%2 7. 5 § .7 — JEh \evy ”i wd { g&i
[p-5Z : cCowEed  SgrmPLE
|- 0% pU 3.5 | (15pmpld ol 2)

Hiun 9 i% | gfg a7

1: e (57
1 133§ 9 TRA,
IR 10

117 75

20 B0

Sample Analytes: VOCs (8260)

Semi-Volatiles (8270)
Dissolved Fe and Mn (6020) (lab filtered)
Total Alkalinity as CaCO; (SM 2320B)

Ferrous Iron (field test) =

mg/L

Sulfate, Nitrite, Nitrate, and Chloride (EPA 300.0)

Sulfide (SM 4500S2)

Ferric and Ferrous Iron (SM3500 Fe; Hach 8146)
Dissolved Methane, Ethane, and Ethene (RSK175)




Well Development / Purge Form

. - Depth.
Project M M SO GTU\J AW Total Depth 2,50] Ind. S/N
i N .
Project No. L N Depth to Water 12299 Weather NN SWGIA VULTOT
N T Rt
Location \peAl P(wié{‘{éw’p Ao W\ Water Column (ft. h.) LSO “
Date 5/ L{ 17019 Casing Volume (gal) (2 = 0.16h, 4" = 0.66h) |4 O\ |
7
Well Number ﬁb-é\, - l Borehole Volume (gal) (2” = 0.73h, 4” = 1.15h)
Method {) V/\,«\/\V; \/0"\ Total Gallons Removed
Field Personnel 7}%([/ {/VC/{, %p M ,17;*'1/{{7)"&}‘/&/) %y’}’ﬂj ] Sample Number & Time
I AL 4
. . Spec ORP/
. Duration (Minutes) Volume | Temp DO Gond., RED Turbidity
Time | gurge | Pump | Bail | (gallons) | (°C) | (mg/L) || PH | (ReL.Mv) | (NTU) Remarks
< ooy 5 =\ oyl | i 0 “1¢ vevan  rudoiol wlafe—
AR ST VAT RCNRAN A | Ul 7Y \(uus wiol nla
. \ \ . el - umy ‘et oL 7~ [ #7%
1.%% .. A ma%*»“gl\% UYL S { wsS | — | \(‘i%@
(5 <t \ 1 e 2 o€ = cvwital ol b g
YA ooz | AN T O 118 Y | — fictas
, o icad oAl rioe 1900 L& u 1€ 7,
2N S a4 ant | w9z | e | RIS 20
00l L , o
21> o [BRRIULa |Lasa s 13T 10
149 | 2 |AHHS gy | T g e
L N iU < Al 3N *’UVE?\J"?:’/* L;/ﬁiz CXp e %’ﬁ SVl 14
RS o (1S (ST Hg |7 12y 780 e pyrvip.We ¢eligel w s HenA0
, : * o : W am? e
Sample Analytes:  BTEX Napthalene (8020) ~ TVPH (gas) 8015mod TEPH (dig;el) 8015 mod Napfhalene (8270) PAHs (610)
Nitrate Glycols RCRA Metals F N/F VOC (8260) Semi-Volatiles (8270)

General Water Chemistry (cations plus manganese, anions, chloride, sulfate, bicarbonate, and total alkalinity)




Well Development / Purge Form

/ ;}\ 1 Q. -0 Depth.

Project VAN VLY WA 3(4 Y 5{,/} A Total Depth 7: 24 Ind. 5/N
‘ / . o
Project No. Depth to Water QC’ Weather
Location g} i LA B Gl wi/ﬁ Water Column (ft. h.) { £< Q‘\
Date s[4 e K Casing Volume (gal) (2" = 0.16h,4” = 0.66h) oo
. B

Well Number  AADL] - | Borehole Volume (gal) (2” = 0.73h, 4” = 1.15h) J
Method O YV [ Q’UZ’% . Total Gallons Removed

K P Al . R f
Field Personnel 7200w Ol | \AWGian Wyi W Sample Number & Time

’ } {
. . Spec ORP/
_ Duration (Minutes) Volume | Temp DO fnd REDOX | Turbidity
Time | Surge | Pump | Bail | (gallons) | (°C) | (mg/L) | [usyme) &' pH | ReL.MV) | NTU) Remarks
390 e LadgTis el AR IS | iz | ud
2 I w71 Be ¢t [ . ¢ ’?'ﬁ
1258 ) g w2 |D 1% Niui YRRV 9 L0
Sample Analytes:  BTEX Napthalene (8020 - TVPH (gas) 8015mod TEPH (diesel) 8015 mod * Napthalene (8270 PAHSs (610
p y p g p (
Nitrate Glycols RCRA Metals F N /F VOC (8260) Semi-Volatiles (8270)

General Water Chemistry (cations plus manganese, anions, chloride, sulfate, bicarbonate, and total alkalinity)

P




Well Development / Purge Form

| 44 - ﬁ&\\g&} &LMJ
Project K\;\{ L \/1&“/ gi?\w W SR Nownol LA Total Depth ‘5 Nﬁ A Ind.S/N
Project No. J > Depth to Water b“w{; Weather  SUN1Y] j‘i}\}\gt&«"‘j‘% ’\f\w’x,/icjz,é,,
- . . < ) '
Location Conugin Gt Water Column (ft. h.) 249 - 35.3% = ot
Date S3] 72014 Casing Volume (gal) (2" = 0.16h, 4" = 0.66h) 2800 -3 % m(g = 43 7 gl
Well Number FUAL-S Borehole Volume (gal) (27 = 0.73h, 4" = 1.15h) Y
Method Total Gallons Removed
Field Personnel 700 L /\iﬂﬁ? ¢ OGO Fow i~ Sample Number & Time
’ f
o Spec ORP/
Duration (Minutes) Volume | Temp DO pu’\(\ REDOX | Turbidity
Time | Surge | Pump | Bail | (gallons) | () (mg/L) | {é/ms) | PH | (ReL.MV) (NTU) Remarks
o it a2 o o . iy
IRk Ll 36 |.a00 |739] ez | A
: 5 A
’}’i\} ) I | - O — . 17 7 i
W o) RSNy . ':"Jﬁx 1.0 1 vl
LL{(% ok :M(Wlm ﬁﬂ ‘(l % & i%
. - N arurnl 3 | 01 .2 g
ntl 5 1549 112 4T 40 [ 109 Y
- — om0 e [0 0] o ez
s 1 AWERENE UG W Y
g\ 27 g |y, PY .z 7 on L
W ‘3”:\ C\% 3_)‘@“ ﬁfvj ’s}@ % T@ Wy {0 & /
VL R ST I N a1 7 o
L \Y w%ﬂf*% B A G R VAT \3Z |92
‘ s 2 , -1l 0y T, |
L5 2 [FTllaz3 379|791 6 |10
Sample Analytes: BTEX Napthalene (8020) TVPH (gas) 8015mod TEPH (diesel) 8015 mod " Napthalene (8270) PAHs (610)
Nitrate Glycols RCRA Metals F N/F VOC (8260) Semi-Volatiles (8270)

General Water Chemistry (cations plus manganese, anions,

chloride, sulfate, bicarbonate, and total alkalinity)




Well Development / Purge Form

=N

Project Nlach Maded, Sgaa AL S0uling, | Tot! Depth LA md.s/N
Project No. “) /| Depth to Water 26, 5%} Weather
Location ( Q\”\ VI C\\ﬂ,\ Water Column (ft. h.)
Date 51 ’% 32 /{/\mq\ - Casing Volume (gal) (2” = 0.16h, 4" = 0.66h) 2.7 O fﬁ,{/’L
)
Well Number WAL =D Borehole Volume (gal) (2” = 0.73h, 4” = 1.15h)
Method Total Gallons Removed
Field Persormel M (01 % WV, ?{ﬁ 5\/;,. ] ;\\{51 { )ffjl/y Sample Number & Time
7 u
. . Spec ORP/
Duration (Minutes) Volume | Temp DO CP d RED Turbidity
s o 'W:Ong, e
Time Surge | Pump | Bail (gallons) | (°C) | (mg/L) | (ws/ms) | PH (ReL. MV) | (NTU) Remarks
RAY . ol O O 0 £ 2 o O ~ N
LM S SMeal | ago | 795 A | osC
i [l Y - e L C§ a % i
1 51 T S8 T |50 13 24 ol
F . 5 4l F Y -2 'A‘z\ ! ! . 7 RN éﬂ%
2w G 1580|030 1,300 | 7B5 ) g | AW
N U T e o
E/gfi‘i% ?/X ﬁ S”JU \{v}\z’ /"Q\QQ ? \BM\ UL~ \i g
e 7 7 OS S 014 \ Gl ¥ ~ g
le,\pl 2-‘\) 3‘\‘\}\ %iw% Qp} ! /?‘dﬁ Lé"i é%b
o~ R -oon P TN :’(\?‘ § 7 ﬂ e
e LS W@ |96 | A0 700 A ST
o O AR AN B O I R 3
f?,//\ \\‘Q}JO‘K o, 00 A i \’ J%
Sample Analytes: ~ BTEX Napthalene (8020) TVPH (gas) 8015mod TEPH (diesel) 8015 mod ’ —Napthalene (8270) PAHs (610)
Nitrate Glycols RCRA Metals F N/F VOC (8260) Semi-Volatiles (8270)

General Water Chemistry (cations plus manganese, anions, chloride, sulfate, bicarbonate, and total alkalinity)

Pk




Well Development/ Purge Form

; ) Y DEPEh.
. A ri oM A0y br ) (2 Ty A U9 U
Project WAy NG UL SO0 LD | N g Total Depth 2 (e Ind.S/N
] i !\ - | ; \Aﬁr i \) p
Project No. ™ «) | Depth to Water 72}5 5"*;’} Weather
Location ConAan “{:/i ﬁﬁf\ Water Column (ft. h.)
H ] r
Date v : Casing Volume (gal) (2 = 0.16h, 4” = 0.66h 4357 og/
g g /
o 77
Well Number My i - 2 Borehole Volume (gal) (27 = 0.73h, 4” =1.15h
S g
Method Total Gallons Removed
Field Personnel A (y7i 0 {,7/ e, 7,@’ jif;, LA %’i Hr~ Sample Number & Time
. Spec ORP/
Duration (Minutes) Volume | Temp DO Cond. , REDOX | Turbidity
Time | Surge | Pump | Bail | (gallons) | (°C) | (mg/T) (&7pw) | PH | ReL.Brv) | (NTU) Remarks
o A . 3 . N ',»-," G o e
LY 14 | Big o LB | b ) IR TV TS
y - 3 3 faa - 5 o P ;? - .
(L0 P T A R A P I VR o oty
3 0\ 23, |\, 20| B | A At A
14 P - - = 7 !7 0 7 {7 U o (S
wat] 0 A% 1 A ;{H VI A 705
&!’1 i H 7 [(:; AR - D e E
\ 504, 270 M| T |20 | B | 2Tk
R R T IR
SR ‘ & ~ RV g - =
514 S AV R VN Rt 125 ¢ | 21t
Sample Analytes: ~ BTEX Napthalene (8020) TVPH (gas) 8015mod TEPH (diesel) 8015 mod " Napthalene (8270) PAHs (610)
Nitrate Glycols RCRA Metals F N/F VOC (8260 Semi-Volatiles (8270
y )
General Water Chemistry (cations plus manganese, anions, chloride, sulfate, bicarbonate, and total alkalinity)
5o




Well Development / Purge Form

-~

Project Mo MavIEAAA Sewia lal Senflef)| Totel Depth M’ .U tnd. 8/N
Project No. J ‘ Depth to Water 3 Weather
Location uvav A vaz w,,\ Water Column (ft. h.)
] )
Date S _ Casing Volume (gal) (2” = 0.16h, 4” = 0.66h)
Well Number Myvﬁ 5 Borehole Volume (gal) (2” = 0.73h, 4” = 1.15h)
Method Total Gallons Removed
Field Persormel 7200 (A }’W \XJ\;}& “g fi"f /1| sample Number & Time
. - Spec ORP
) Duration (Minutes) Volume | Temp DO and REDéX Turbidity
Time | Surge | Pump | Bail | (gallons) | (°C) | (mg/L) ymey'| PH | ReL.Mv) | (NTU) Remarks
Py i é RE N B 8¢ ) 70
KAl SERRITET LI [ago |70 1 |20 4
Ml S w738 | s |70 G601 7200
oy L] NEED . 00 - 2.5 |
\%ﬁ “Wf Lo 23 7.02 %f}f} T00 1 87 25y
g iy Ta . Y S, T <
524 g1 LA T | 3T | 705 DY (2
ol SVl etz |0z |70 | g2
- I 2 IR DAY . L . ”
O I N A TV A ey e N —,
Sample Analytes:  BTEX Napthalene (8020) TVPH (gas) 8015mod TEPH (diesel) 8015 mod ) MNapthalene (8270) PAHs (610)

Nitrate Glycols

RCRA Metals F N/F

VOC (8260)

Semi-Volatiles (8270)

General Water Chemistry (cations plus manganese, anions, chloride, sulfate, bicarbonate, and total alkalinity)




Well Development / Purge Form

Depth.

‘ YA
Project viarhn Maviede Rangy (il iy V14| Toel Depth SN
Project No. / / Depth to Water Weather
Location ?{fi K,DR@%/(} a0 ey Water Column (ft. h.)
Date S/A 3;" Z@ g Vv - Casing Volume (gal) (2” = 0.16h, 4” = 0.66h)
Well Number }\fg g,\g | L Borehole Volume (gal) (2” = 0.73h, 4” = 1.15h)
Method s\;’?@,m 4% Total Gallons Removed
Field Personnel N W @M‘? Lwnww Zewle ol o Sample Number & Time
S ORP
Duration (Minutes) Volume | Temp DO %(I:;(cl- REDO/ Turbidity
Time Surge | Pump Bail (gallons) (°C) (mg/L) ‘??&s/j s pH (ReL. V) (NTU) Remarks
o il d4 | s20 | 8 | eb3 ] ol | Se5
(2 ; 97 | e o N e
o 15 Gl 12921522 | Mo ez | o |HYT
L L}‘;\’y o~ P ) L T ,:'
Wolt W‘é 120 ‘JJEZ %;f(f U2y t09 |4 )e
o 10 SO 1290 |So8 | ey |1 | HT
‘ Al
ML

Sample Analytes:  BTEX Napthalene (8020)

Nitrate

Glycols

TVPH (gas) 8015mod

RCRA Metals F N/F

TEPH (diesel) 8015 mod
VOC (8260)

" Napthalene (8270)
Semi-Volatiles (8270)

General Water Chemistry (cations plus manganese, anions, chloride, sulfate, bicarbonate, and total alkalinity)

PAHs (610)

J




Well Development / Purge Form

n , Depth.
Project MY m \/7& L/ f{-}ﬁﬂ »;@f g/\,z f/i 5@@/\0&3}6& Total Depth Ind. S/N
Project No. / Depth to Water 0. {71 Weather
Location \’Q\gi\/);’j d{/&“ (0 Upy /U Water Column (ft. h.)
Date S[B17419 Casing Volume (gal) (2" = 0.16h, 4” = 0.66h)
Well Number M (A~ 10) Borehole Volume (gal) (2 = 0.73h, 4” = 1.15h)
Method {Q\ VA ‘1/\ g,%? Total Gallons Removed
Field Personnel \Ji e "W W/M 524 g /’/i_,@/éf, AL Q;@( Sample Number & Time
. . ‘ S ORP
) Duration (Minutes) Volume | Temp DO QPI;;? REDO/X Turbidity
Time | Surge | Pump | Bail | (gallons) | (°C) | (mg/L) @ SN pH | ReL.Wv) | (NTU) Remarks
& 20 lien., |< s o n Ry
1951 50 %“J% SA3 HOS |eisl 109 Sl
- R qal |, 0SS 77
RETRAY _
ho U2 24 0SS [ HES |Lbs| Wy | 12
W A2 : YN g A} Do i 2R R U
Mol o 1300SHE A0 WD YT (9D
’J "\i‘g‘ L] { ¢ ‘\} } £y ; . & i i; P (;L
1ol o) Bou T HN 430 LY LU L’i 77
¢k £ AN & P o o (S .
o, O [BRISAL | 0] et WY | S
[N “
g™ wL Wm%,’?ﬂ M0 || 0T ST
Sample Analytes: ~ BTEX Napthalene (8020) TVPH (gas) 8015mod TEPH (diesel) 8015 mod ’ i\Iapthalene (8270) PAHs (610)
Nitrate Glycols RCRA Metals F N/F VOC (8260) Semi-Volatiles (8270)

General Water Chemistry (cations plus manganese, anions, chloride, sulfate, bicarbonate, and total alkalinity)
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General Water Chermistry (cations plus manganese, anions, chloride, sulfate, bicarbonate, and total alkalinity)
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General Water Chemistry (cations plus manganese, anions, chloride, sulfate, bicarbonate, and total alkalinity)
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General Water Chemistry (cations plus manganese, anions, chloride, sulfate, bicarbonate, and total alkalinity)
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