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1 INTRODUCTION

The proposed Resolution Mine and Tailings Storage Facility (TSF) at several alternative
locations, including Skunk Camp, was described and evaluated in a Draft Environmental Impact
Statement (DEIS) published by the Tonto National Forest (the Forest) on August 9, 2019.
Numerous comments were received from reviewing agencies and members of the public. In
response to comments, and to further the National Environmental Policy Act (NEPA) analysis,
the Forest requested additional analysis of the proposed Skunk Camp TSF. In response, site
specific data was collected at the Skunk Camp TSF between late 2018 and through 2019.
Additional data was collected between January and May 2020 and Montgomery & Associates
(M&A) has prepared this report summarizing results of hydrogeologic investigations at the
Skunk Camp site to inform Water Working Group Action Item WR30 (Submittal of Skunk
Camp Conceptual and Predictive Modeling Results).

1.1 Objectives

The primary objectives of this phase of work at the Skunk Camp site included collection of data
that are critical for seepage collection design, and confirmation of modeling parameters.

The investigations included: assessing the geology, wells, and springs in the area; conducting
geophysical investigations to estimate thickness and saturation of alluvial deposits in the vicinity
of and downstream from the main embankment of the proposed Skunk Camp TSF; installing and
testing five hydrogeologic test wells; and evaluating two existing ranch wells.

1.2 Location

The investigations were conducted south-southeast and downgradient from the proposed Skunk
Camp TSF in Sections 11, 14, 23, and 24, T. 3 S., R. 14 E., and Section 29, T.3 S.,R. IS5 E. in
Gila County, Arizona. A geologic map showing locations of investigation sites is shown on
Figure 1-1.

Page 1
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Figure 1-1. Geologic Map and Well Locations Skunk Camp Site
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1.3 Hydrogeologic Conditions

The geology of the Skunk Camp area was mapped by Cornwall and others (1971) and Cornwall
and Krieger (1978). Within the study area, geologic units range in age from Holocene alluvium
in active stream channels to older Precambrian schist basement rocks in the surrounding
mountains. Within the area of current investigations, the principal geologic units include
Quaternary alluvium in active stream channels and on low-lying terraces (Qal); older alluvium
(Qoa); Gila conglomerate and pediment veneer (Tcg); Gila sandstone and lake deposits (Tss);
Cretaceous intrusive rocks (Ki); Paleozoic sedimentary units including Pennsylvanian Naco
formation (Pnaco), Mississippian Escabrosa Limestone (Me), Devonian Martin Formation (Dm),
Cambrian Abrigo Formation (Ca), and Cambrian Bolsa Quartzite (Cb); and younger Precambrian
units including diabase (Yd), Troy Quartzite (Yt), basalt (Yb), Mescal Limestone (Ym),
Dripping Spring Quartzite (Yds), and Pioneer Formation (Yp) (Cornwall and others, 1971;
Cornwall and Krieger, 1978) (Figure 1-1).

The rocks in the Dripping Spring Mountains west of Dripping Spring Wash are complexly
faulted. The central part of the Dripping Spring Mountains to the west of the proposed TSF
footprint comprises a graben bounded by north-south trending faults. The eastern Ransome fault,
and a splay to the east, extend into the Tcg in the western portion of the footprint (Cornwall and
others, 1971) (Figure 1-1.). A steeply dipping normal fault, herein named the Dripping Spring
fault, with the east side down-dropped relative to the west side, bounds the western side of
Dripping Spring Valley and historic data suggests approximately 2,900 feet of displacement in
the northern part of the valley and more than 1,470 feet south of the toe of the TSF footprint in
the vicinity of the ranch irrigation well (Cornwall and others, 1971).

In 2018 and 2019, 13 hydrogeological investigation wells were installed and tested in the area
adjacent to the proposed TSF. Site investigations were documented by KCB Consultants

Ltd. (2019) and M&A (2019). Additional investigations conducted in 2020 primarily involved
Qal, Tcg, Tss, and Cb in the area south and downstream from previous investigations

(Figure 1-1.).

1.4 Project Planning and Coordination

M&A coordinated and contracted with geophysical surveyors who provided surface and
borehole geophysical logging services. Electrical resistivity and shallow seismic surveys were
conducted to target locations for the hydrogeologic test wells at Site 2, and along the toe of the
proposed Skunk Camp TSF.

Page 3
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Hydrogeologic test wells were drilled in accordance with technical specifications prepared by
M&A and RC. RC coordinated and contracted with the drilling contractor. Daily drilling reports
were prepared by drilling contractor personnel and were submitted to RC and M&A for review.

M&A coordinated and contracted with the pump contractor who provided services to inspect,
remove, install test pump equipment, and assist with testing of the wells.

M&A provided daily summaries of progress of field activities during drilling and testing
operations. Daily reports of drilling program progress are provided in Appendix A.

1.5 Contractors

DalMolin Excavating Inc. (DalMolin), a construction company based in Globe, Arizona
provided support for clearing drill pads, transporting and storing water, and preparing and
maintaining roads during field operations. Jonovich Companies, Inc., an industrial general
contractor also based in Globe, handled investigation-derived fluid transportation and disposal.

Seismic and electrical resistivity surveys were conducted by hydroGEOPHYSICS, Inc. (HGI),
Tucson, Arizona. Results of the surveys were reported by HGI and are included as Appendix B.

The hydrogeologic test wells were drilled and constructed by National EWP (National),
Gilbert, Arizona. The RC20-2 (2 through 2D) and RC20-18 (18 and 18A) series wells were
installed during the period February 20 through March 16, 2020, using a Schramm T685WS
top-head drive rotary drill rig. Conventional air and mud rotary methods were used to drill the
surface boreholes. The production boreholes were drilled using the dual-wall air reverse
circulation and dual-wall air-assisted flooded-reverse circulation methods. For the upper part of
the boreholes, a Symmetrix casing advancement system was used to stabilize the borehole
through unconsolidated to poorly consolidated materials.

Southwest Exploration Services, LLC (SWE), Gilbert, Arizona, provided borehole geophysical
logging services at selected well locations when the boreholes were drilled to total depth or after
the wells were completed.

Cascade Drilling, LP (Cascade), Peoria, Arizona, provided pump services for testing newly
installed hydrogeologic test wells from March through May 2020.

Page 4



& MONTGOMERY

€ & ASSOCIATES

1.6 Permits

1.6.1 Notices of Intent to Drill

National obtained drill cards from the Arizona Department of Water Resources (ADWR) on
behalf of RC. National filed Notice of Intent to Drill forms using the electronic filing system. In
accordance with the permits, National filed well completion reports with ADWR following
installation of the wells.

1.6.2 AZPDES De Minimis Discharge Authorization

M&A amended the Project-wide De Minimis Discharge Authorization (AZDM74824) under the
Arizona Pollutant Discharge Elimination System to include testing and periodic sampling of the
Skunk Camp wells included in this phase of work.

Page 5
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2 GEOPHYSICAL SURVEYS AND EVALUATION OF RANCH WELLS

The 2020 Skunk Camp field investigations described below are located mostly downstream from
the proposed TSF footprint and are shown on Figure 1-1. .

2.1 Seismic and Electrical Resistivity Surveys

HGI conducted surface geophysical surveys at Skunk Camp to assess depth to top of Tcg,
saturation of Qal, location of the Dripping Spring fault, and to estimate geotechnical properties
of the Tcg in the area south of the proposed TSF. The surveys were conducted during the period
January 28-31, 2020. The investigations included electrical resistivity, P-wave refraction, and
multi-channel analysis of surface waves (MASW) along two lines, one near the ranch irrigation
well (Line 1), and the other near the toe of the proposed TSF (Line 2). The lines of survey are
shown on Figure 2-1. .

The P-wave refraction method is used to estimate depth to bedrock and bedrock structure;
MASW is used to determine ground strength and load-bearing capacity; and electrical resistivity
is used to characterize rock and sediment properties and their pore fluids (HGI, 2020;

Appendix B).

Results of the resistivity surveys were modeled as two layers with a resistive upper alluvium
layer overlying a more conductive lower conglomerate layer. The seismic profiles indicate a low
P-wave velocity upper alluvial layer overlying a higher velocity lower conglomerate layer
(Figures 9 and 10, HGI, 2020). Line 1 shows considerable variability to a simple two-layer
system, whereas Line 2 shows less variability.

The results suggest that the Qal within Dripping Spring Wash along Line 1 is about 75 feet thick
in the zone from 750 to 1,000 feet along the line of survey. A conductive zone in the upper layer
is indicated between 0 and 375 feet along the line of survey. This is interpreted as a zone of
increased near-surface moisture in the vicinity of Big Springs (Figure 1-1.). Also, two
conductive zones are indicated between 1,000 and 1,450 feet and 1,550 and 1,650 feet along the
line of survey. These are interpreted as zones of perched water or saturation in the alluvium, or
alternatively, zones with more silt and clay in the alluvium (Figure 9, HGI, 2020). Results of the
Line 1 survey were used to select locations for the hydrogeologic test wells in the vicinity of
Site 2. M&A interpreted the feature in the zone from 375 and 500 feet along the line of survey as
the Dripping Spring fault based on drilling at RC20-2D (Figure 1-1.).

Page 6
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The results suggest that the Qal within Dripping Spring Wash along Line 2 is about 50 to 80 feet

thick in the zone from 250 to 900 feet along the line of survey. A less resistive zone in the upper

layer was indicated in the zone from 300 and 600 feet along the line of survey. This is interpreted
to be a zone of increased moisture in the upper 40 feet (Figure10, HGI, 2020).

2.2 Evaluation of Existing Wells

Two existing wells were evaluated for suitability for testing and/or monitoring purposes.

The wells include an irrigation well (D-3-14)24bbb (55-622471), and a stock well
(D-3-14)14bdb (55-622477). Activities conducted at these wells are described in the following
sections. The ADWR imaged records for the wells are provided in Appendix C.

2.2.1 55-622471 Evaluation

The ADWR record for irrigation well 55-622471 indicates that the well was drilled to a depth of
1,475 feet in 1962. Reportedly the well was completed with 16-inch diameter steel casing to

615 feet with perforations from 260 to 600 feet below land surface (bls). The contact between the
Qal and Tcg was interpreted to be at 60 feet bls based on the driller’s log, and the maximum
pump capacity was reported to be 1,200 gallons per minute (gpm) (Appendix C). Examination of
the well was recommended to determine the feasibility of testing the well to determine aquifer
parameters of the Tcg at the site. The site was visited on January 20, 2020 to inspect the well
condition and the installed infrastructure. The well was equipped with a non-functional line shaft
turbine pump. A photograph showing irrigation well 55-622471 during the preliminary
inspection is shown below.

Page 8
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Photograph 2-1. Irrigation Well 55-622471, January 20, 2020

Cascade mobilized to the well on February 16, 2020 to remove the installed pump. After the
pump was removed, SWE conducted a well video survey on February 22, 2020. The video
showed that many sections of the well casing were degraded and corroded, and a substantial
portion of the perforations were heavily encrusted. Below the cased depth of 615 feet, the well
bore was open to 1,418 bls with fill material below that depth. In addition to the well video,
SWE obtained caliper, natural gamma ray, temperature, and fluid resistivity logs, as well as
electric logs (e-logs) and sonic logs. A schematic diagram of construction for irrigation well
55-622471 was prepared based on ADWR records and information obtained from the
geophysical logs, and is shown on Figure 2-2. .

Page 9
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Figure 2-2. Schematic Diagram of Construction for Irrigation Well 55-622471
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Following the preliminary inspection, a water level of 151 feet bls was measured. A temporary
test pump was installed on February 24, 2020, and a short step discharge test was conducted on
February 26, 2020 to determine pumping capacity and well efficiency. Results of the step
discharge test indicated poor well efficiency that may be improved with rehabilitation of the
screened interval. Additional information regarding the step discharge test, including procedure,
methods, and results, will be provided in a separate technical memorandum.

Rehabilitation of irrigation well 55-622471 was conducted by Cascade during the period

April 28 to May 4, 2020. Rehabilitation operations included brushing the well screen, applying
acid treatment to the well screen using a surge block, airlifting the water column to purge the
well of development materials, and bailing development debris from the bottom of the borehole.
All development fluids were contained on site in portable storage tanks for later disposal by
Jonovich.

2.2.2 Stock Well Evaluation

Limited information for the stock well 55-622477 is available with ADWR. The record indicates
that the well was completed to a depth of 900 feet with a maximum pump capacity of 6 gpm.
The property lessee reported that the well was obstructed by a rock at depth of 100 to 200 feet,
and that an attempt was made to remove the obstruction. On February 7, 2020, SWE conducted a

borehole video survey of the well. Debris and fill were observed at a depth of approximately
129 feet bls.
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3 INSTALLATION OF HYDROGEOLOGIC TEST WELLS

3.1 Monitoring of Drilling Conditions

During drilling of the hydrogeologic test wells, drill penetration rate was monitored by National
by recording start and stop time for 20-foot drill rods. In addition to drill penetration rate,
National monitored rotational torque, and zones of variable or increasing torque were noted as a
potential indicator of fracturing. Copies of available technical data sheets (bit run sheets)
recorded by National are included in Appendix D.

During drilling, water was added as needed to maintain circulation and remove drill cuttings.
The water was sourced from hydrogeologic investigation well RC18-9, located approximately
4 miles northwest of Line 1 within the preliminary TSF footprint (M&A, 2019).

3.2 Monitoring of Lithologic Conditions

During drilling of the Tcg and bedrock wells, drill cuttings samples were collected for 10-foot
composite intervals. For the Qal and dual completion wells, samples were collected for 5-foot
composite intervals. Samples were placed in labeled bags and stored on site.

Lithologic descriptions of the bagged samples were prepared by M&A hydrogeologists.
Representative splits for each sample were placed in plastic chip trays and are on file at M&A’s
Tucson office. Bulk cutting samples were bagged and provided to RC in accordance with their
sampling plan. Detailed lithologic descriptions for each well based on drilling samples are
provided in Appendix E. Depths to contacts for principal hydrogeologic units were refined using
sample descriptions in combination with borehole geophysical logs. Summary geologic units
encountered at each well are shown on the well schematics provided in Appendix F, Figures F-1
through F-7.

3.3 Borehole Geophysical Logging

In most cases, borehole geophysical logging was conducted after the borehole was drilled to total
depth; at wells RC20-2C, RC20-18, and RC20-18A, geophysical logs were not obtained either
because the well was drilled entirely with the Symmetrix casing advancement method or because
the well was co-located with another well where logging had been conducted. The SWE standard
borehole geophysical logging suite generally included: natural gamma ray, caliper, fluid
resistivity, temperature, e-logs (single point resistance, focused resistivity, and spontaneous
potential), and sonic logs. At most locations acoustic and/or optical borehole imaging

(ABI/ OBI) logs were obtained. SWE provided preliminary field data and final results in digital
format to M&A and RC staff. Final borehole geophysical logs are provided in Appendix G.
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3.4 Monitoring of Groundwater Conditions

When the dual-wall air reverse circulation method was used, it was possible to monitor for the
presence of groundwater and to determine approximately where groundwater inflow zones were
encountered. Observations of groundwater production rates were made after drilling each 20-foot
drill rod starting at depths where groundwater presence was anticipated. After drilling to the end
of a drill rod, injection water was cut off from the airstream, and air circulation was continued
for a minimum of 10 to 15 minutes. Once stabilized, the sustained discharge from the borehole
was measured using the time required to fill a calibrated container or storage tank.

3.5 Well Construction Materials

Well construction materials were procured by National on behalf of RC. One of four types of
wells was constructed depending upon purpose for the well. These included RC20-2 and
RC20-2A, completed in the Tcg; RC20-2C and RC20-18A, completed in the Qal; RC20-2B and
RC20-18, with dual completions in the Tcg and Qal; and RC20-2D, completed in Paleozoic
bedrock. For all wells, surface casing consisted of 20 feet of 10-1/2-inch diameter blank low
carbon steel. Production casing for wells RC20-2, RC20-2A, and RC20-2D consisted of 4-inch
diameter Schedule 40 blank and slotted PVC with 0.020-inch slots and 8-12 silica sand filter
pack. Production casing for wells RC20-2C and RC20-18A consisted of 4-inch diameter
Schedule 80 blank and slotted PVC with 0.040-inch slots and 6-9 silica sand filter pack.
Production casing for wells RC20-2B and RC20-18 consisted of two strings of 2-inch diameter
Schedule 40 blank and slotted PVC with 0.020-inch slots and 8-12 silica sand filter pack.
Annular seals were composed of 3/8-inch bentonite chips and/or cement-bentonite slurry.

Grouted-in vibrating-wire piezometers (VWPs) were installed in the borehole annulus of upper
Tcg at wells RC20-2 and RC20-2A. The installation depths of the VWPs were selected to
measure vertical gradients between the piezometers and slotted intervals at these sites. The
VWPs were Geokon Model 4500S Standard Piezometers with pressure ratings selected based on
the anticipated depths of installation. During well construction, the VWPs were strapped to blank
sections of the 4-inch PVC casing. Following installation of the filter pack and bentonite seal, the
VWPs were grouted-in using a cement-bentonite mixture consisting of the following ratio by
weight: 2.5 parts water: 1 part cement: 0.3 part bentonite. The VWPs were connected to Geokon
LC-2 single-channel dataloggers for transducer communication and data retrieval.

3.6 Well Development

Following casing installation at RC20-2, RC20-2A, RC20-2B(D), RC20-18(D) and RC20-2D,
the wells were developed by airlift surging and pumping to remove fine particles from the
aquifer and filter pack immediately around the well screen in order to increase permeability and
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decrease the resistance to flow of water into the well. Wells RC20-2B(S) and RC20-18(S), both
completed in upper Tcg, did not have adequate water present during construction to be
developed using this method. Wells RC20-2C and RC20-18A, both completed in Qal, were dry
and therefore not developed.

M&A measured discharge rates and discharge water quality parameters during well development
operations. The water quality parameters were measured using a Myron L® Ultrameter 11 and
Hach 2100Q turbidimeter, and included temperature, pH, and specific electrical conductance.
Suspended sediment content was periodically measured with an Imhoff cone. Development was
conducted until water quality parameters stabilized and discharge water was sediment-free.
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4 WELL DRILLING, CONSTRUCTION, AND EQUIPPING

Seven additional hydrogeologic test wells were drilled in 2020 in support of data collection for
the Skunk Camp TSF. The wells were completed in Qal, Tcg, Tss, and Paleozoic bedrock units.

Wells RC20-2 and RC20-2A were drilled and completed in Tcg. Well RC20-2D was drilled as a
bedrock well installed in Cb in the vicinity of the Dripping Spring fault. Wells RC20-2B and
RC20-18 were drilled as dual completion (two wells completed at different depths in the same
borehole) to observe hydraulic responses in Qal and upper Tcg during injection tests at wells
RC20-2C and RC20-18A, respectively. Schematic diagrams for the wells are given in

Appendix F, Figures F-1 through F-7.

Well drilling operations began with a 17-1/2-inch diameter surface borehole advanced to
approximately 20 feet bls using conventional mud rotary drilling methods. Following drilling of
the surface borehole, 10-1/2-inch diameter blank steel surface casing was centered in the
borehole and cemented in place. Drilling of the well resumed after the surface casing cement had
cured for a minimum of six hours.

4.1 Wellhead Completion

The wells were secured with a surface completion consisting of a welded extension of the
10-1/2-inch diameter steel surface casing to approximately 3 feet above land surface. The casing
extension was cemented in place and surrounded by a concrete pad approximately 4-feet square
and 6 inches thick. Each well vault was secured with a locking cap and padlock.

4.2 Well Completion Reports

Well driller reports for each well were submitted to ADWR by National after review by M&A.
Copies of the well driller reports are included in Appendix H.

4.3 Wellhead Survey

A wellhead coordinate survey was conducted by Environmental Field Services LLC, Oracle,
Arizona. Results of the wellhead survey are provided in Appendix 1. Survey results are
summarized in Table 4-1.
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Table 4-1. Well Construction Details for 2020 Hydrogeologic Investigations Wells

....BOREHOLE.... CASING AND CONSTRUCTION............ .. SURVEY COORDINATES (AZSPC, feet)©......
GROUTED
VIBRATING-WIRE LAND
ADWR WELL BOREHOLE BOREHOLE PERFORATED SAND PACK PIEZOMETER SURVEYED SURFACE
WELL REGISTRATION DATE DIAMETER DEPTH DIAMETER  DEPTH INTERVAL INTERVAL  HYDROGEOLOGIC UNIT(S) AT DEPTH® NORTHING  EASTING  ELEVATIONY ELEVATION
IDENTIFIER CADASTRAL NUMBER 55- COMPLETED (inches) (feet, bls)? (inches) (feet, bls) (feet, bls) (feet, bls) THE PERFORATED INTERVAL (feet) (feet) (feet) (feet, amsl)®  (feet, amsl)
RC20-2 (D-3-14)14ddd 923921 2/25/2020 17-1/2 0-20 10.5 0-20 Gila Conglomerate (Tcg) 180 788964.07 | 1017770.65 3009.35 3006.33
(Teg #1) 9-5/8 20 - 50 4 0-600 270 - 600 256 - 601
7-3/4 50 - 450
7-1/2 450 - 601
RC20-2A (D-3-14)23aaa 923957 3/2/2020 17-1/2 0-20 10.5 0-20 Gila Conglomerate (Tcg) 165 788153.59 | 1017536.57 2988.58 2985.72
(Teg #2) 9-5/8 20-70 4 0-599 268 - 599 255 - 600
7-3/4 70 - 480
7-1/2 480 - 600
RC20-2BD (D-3-14)23aaa 923971 3/4/2020 17-1/2 0-20 10 0-20 Gila Conglomerate (Tcg) 78824155 | 1017692.97 2989.43 2986.77
RC20-2BS 9-5/8 20-92 2 0-155 115 - 155 97 - 156
(DC #1) 7-3/4 92 - 156 2 0-90 40 - 90 30 - 87 Quaternary Alluvium (Qal)
RC20-2C (D-3-14)23aaa 923972 3/5/2020 17-112 0-20 10.5 0-20 Quaternary Alluvium (Qal) 788211.35 | 1017709.18 2988.57 2985.76
(Qal #1) 9-5/8 20-70 4 0-69 29 - 69 27-70
RC20-2D (D-3-14)23aab 923982 3/9/2020 17-1/2 0-20 10.5 0-20 Bolsa Quartzite (Cb), 78784569 | 1016931.56 2993.99 2991.11
(Bedrock) 9-5/8 20-50 4 0-139 99 - 139 77 - 140 Dripping Spring Fault
7-3/4 50 - 155
RC20-18D (D-3-15)29bca 924012 3/14/2020 17-1/2 0-20 10 0-20 Gila Conglomerate (Tcg) 78241559 | 1029273.38 2706.24 2703.76
RC20-18S 9-5/8 20-99 2 0-130 105 - 130 105 - 131
(DC #3) 7-3/4 92-130 2 0-91 40 - 91 31-91 Quaternary Alluvium (Qal)
RC20-18A (D-3-15)29bca 924013 3/16/2020 17-112 0-20 10.5 0-20 Quaternary Alluvium (Qal) 782435.64 | 1029251.62 2706.69 2704.15
(Qal #3) 9-5/8 20-92 4 0-92 52-91 41-92

@ bls = below land surface

b grouted-in piezometers attached to 4-inch well casing
¢ Arizona State Plane Coordinates NAD83 U.S. feet

d
¢ amsl = above mean sea level
--- =none

Survey point at the center of the well vault with the lid closed; surveyed by Environmental Field Services LLC, Oracle, AZ
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4.4 Well RC20-2

Well RC20-2 was drilled, constructed, and developed during the period February 20 — 25, 2020.
Location of the well is shown on Figure 1-1. A schematic diagram of construction is provided on
Figure F-1. A photograph of the drill site is shown below.

Photograph 4-1. Drill Site Layout for RC20-2
4.4.1 Drilling Operations

At RC20-2, the production interval of the borehole was drilled using the dual-wall air reverse
circulation, Symmetrix casing advancement, and air-assisted flooded reverse methods. Airlift
water production began at a depth of 180 feet bls with a rate of 0.6 gpm and increased to

133 gpm at total depth of 601 feet bls. The drilling method was changed to air-assisted flooded
reverse at a depth of 450 feet bls.
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Depths, drilling methods, and bit types used during drilling are summarized below:

Borehole

Depth Interval Diameter

(feet bls) Drilling Method Bit Type (inches)
0-20 conventional mud rotary (surface) tricone 17-112
20— 50 dual-wall, air reverse girculation with hammer 9.5/8

Symmetrix

50 - 450 dual-wall, air reverse circulation hammer 7-3/4
450 - 601 dual-wall, flooded reverse circulation tricone 7-1/2

4.4.2 Lithologic Conditions

Detailed lithologic descriptions for drill cuttings samples for RC20-2 are given in Appendix E;
Table E-1. Hydrogeologic units encountered at RC20-2 included Qal and Tcg. Weathered Tcg
occurred in the depth interval from 20-34 feet bls; competent Tcg occurred from a depth of

34 feet bls to the bottom of the borehole at 601 feet bls. A log of lithologic units encountered at
RC20-2 is shown on Figure F-1.

4.4.3 Borehole Geophysical Logging

A summary of geophysical logs obtained and depth intervals for each log are summarized below:

Depth Interval(s)

Logging Tool (feet bls)
Caliper 0-598
Natural Gamma Ray 0-594
Temperature 150 - 600
Fluid Resistivity 150 - 600
E-Log 150 — 599
Optical Televiewer 45 - 597
Acoustic Televiewer 150 — 597
Sonic 150 — 597
Borehole Magnetic Resonance 20-592

Final borehole geophysical logs for RC20-2 are provided in Appendix G.
4.43.1 Interpretation of Borehole Geophysical Logs

OBI: The OBI log coverage begins within Tcg at a depth of 45.4 feet bls. The formation is
predominantly clast-supported conglomerate with angular to subrounded clasts ranging in size
from small pebbles to small boulders. Bedding is generally thick or massive, with lesser thin
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fine-grained beds. Units appear to be alluvial fan or debris flow deposits, and many sections of
the log show fining-upward sequences. A minor fracture was observed at 105.5-105.8 feet bls
(Appendix G-1-1). In combination with the ABI and sonic and logs (Appendix G-1-2 and G-1-3,
respectively) minor fractures are interpreted at 180-180.7 feet bls, 353.7-354.7 feet bls,
386.7-388 feet bls, and 531.5-532 feet bls.

Sonic: The sonic log coverage begins at a depth of 150.4 feet bls. The log shows distinctive
bedding features that align with bedding observed in the OBI and ABI logs (Appendix G-1-1 and
G-1-2). Weaker zones within the Tcg are indicated by zones of lower density. The sonic log
indicates three distinct zones that include 1) a low-density zone from water level at 150.4 feet bls
to 205 feet bls; 2) a moderate-density zone from 205-320 feet bls; and 3) a high-density zone
from 320-597.8 feet bls (Appendix G-1-3).

Natural gamma ray: The natural gamma ray log (Appendix G-1-4) coverage begins at land
surface and along with the lithologic log (Appendix E-1) shows four zones:

e (- 20 feet bls-low gamma ray activity, 20-40 API units; interpreted as Qal and
surface casing

e 20 - 36 feet bls-increased activity, 40-60 API units; interpreted as weathered Tcg

e 36 - 58 feet bls-increased activity, 60-80 API units; transition to more competent Tcg

e 58 -594 feet bls-relatively uniform activity, 50-120 API units

A decreasing baseline shift in the natural gamma log was noted at water level at 150.4 feet bls,
and on all logs where groundwater was encountered. The natural gamma log showed the best
definition of Qal, and weathered and competent Tcg in the upper part of the borehole
(Appendix G-1-4).

E-log: The e-log coverage begins at a depth of about 185 feet bls. The logs show relatively low
resistivity from 200-385 feet bls, and higher, more variable resistivity from 385-597 feet bls
(Appendix G-1-5).

4.4.4 Well Construction

Well construction details for RC20-2 are provided in Table 4-1 and on Figure F-1. The well was
constructed with a slotted interval from 270 to 600 feet bls, and filter pack interval from 256 to
601 feet bls in Tcg. An annular grouted-in VWP was installed at a depth of 180 feet bls in Tcg
between the water level and open interval to measure the vertical gradient within the Tcg at the
well site.
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4.4.5 Well Development

Following casing installation, RC20-2 was developed by airlift pumping for approximately four
hours on February 24 — 25, 2020. Depth to pre-pumping water level was 150.5 feet bls. In order
to reduce the risk of well collapse due to differential pressure across the PVC casing, the bottom
of the airline was limited to a maximum depth of 300 feet. Discharge ranged from 27 to 50 gpm,
with an average rate of 35 gpm and estimated total purge volume of 12,000 gallons.

Additional development of the slotted interval was conducted by Cascade on April 3 and 4, 2020
using a surge block and bailer. Depth to water level prior to the start of development was

153.8 feet bls. Bailing produced minimal silt and fine sand and the water level returned to
approximately 154.1 feet bls at the end of development.

4.5 Well RC20-2A

Well RC20-2A was drilled, constructed, and developed during the period February 25 —
March 2, 2020. Location of the well is shown on Figure 1-1. A schematic diagram of
construction is shown on Figure F-2.

4.5.1 Drilling Operations

At RC20-2A, the production interval of the borehole was drilled using the dual-wall air reverse
circulation, Symmetrix casing advancement, and air-assisted flooded reverse methods. Airlift
water production measurements began at a depth of 180 feet bls with a rate of 0.1 gpm and
increased to 133 gpm at total depth of 600 feet bls. The drilling method was changed to air-
assisted flooded reverse at a depth of 460 feet bls.

Depths, drilling methods, and bit types used during drilling are summarized below:

Borehole

Depth Interval Diameter

(feet bls) Drilling Method Bit Type (inches)
0-20 conventional mud rotary (surface) tricone 17-112
20— 62 dual-wall, air reverse girculation with hammer 9.5/8

Symmetrix

62 - 460 dual-wall, air reverse circulation hammer 7-3/4
460 - 600 dual-wall, flooded reverse circulation tricone 7-1/2

4.5.2 Lithologic Conditions

Detailed lithologic description for drill cuttings samples for well RC20-2A are given in
Appendix E; Table E-2. Hydrogeologic units encountered at RC20-2A included Qal and Tcg.
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Tcg was encountered at 62 feet bls. A log of lithologic units encountered at RC20-2A is shown
on Figure F-2.

4.5.3 Borehole Geophysical Logging

A summary of geophysical logs obtained and depth intervals for each log are summarized below:

Depth Interval(s)

Logging Tool (feet bls)
Caliper 67 - 597
Natural Gamma Ray 2-593
Temperature 135-600
Fluid Resistivity 135-600
E-Log 170 - 598
Optical Televiewer 67 - 598
Acoustic Televiewer 132 - 597
Sonic 135-598
Borehole Magnetic Resonance 71-585

Final borehole geophysical logs for RC20-2A are provided in Appendix G.
4.5.3.1 Interpretation of Borehole Geophysical Logs

OBI: The OBI log coverage begins within Tcg at a depth of 67.2 feet bls. The Tcg is very
similar to RC20-2 described previously in Section 4.4.3.1; however, no evidence of fracturing
was observed at RC20-2A (Appendix G-2-1).

Sonic: The sonic log coverage begins at a depth of 134.5 feet bls. The log shows distinctive
bedding features that align with bedding observed in the OBI and ABI logs (Appendix G-2-1 and
(G-2-2). The sonic log indicates three distinct zones that include 1) a low-density zone from water
level at 134.5 feet bls to 232 feet bls; 2) a moderate-density zone from 232-334 feet bls; and 3) a
high-density zone from 334-598 feet bls (Appendix G-2-3).

Natural gamma ray: The natural gamma ray log (Appendix G-2-4) coverage begins at land
surface and along with the lithologic log (Appendix E-2) shows four zones:

e (- 19 feet bls-low gamma ray activity, 20-40 API units; interpreted as Qal and
surface casing

e 19 - 62 feet bls-increased activity, 40-80 API units; interpreted as Qal

e 62 -67 feet bls-increased activity, 60-80 API units; weathered Tcg

e 67 -594 feet bls-relatively uniform activity, 50-120 API units
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E-log: The e-log coverage begins at a depth of about 170 feet bls. The logs show relatively low
resistivity from about 200-515 feet bls, and higher, more variable resistivity from 515-596 feet
bls (Appendix G-2-5).

4.5.4 Well Construction

Well construction details for RC20-2A are provided in Table 4-1 and on Figure F-2. The well
was constructed with a slotted interval from 268 to 599 feet bls, and a filter pack interval from
255 to 600 feet bls in the Tcg. An annular grouted-in VWP was installed at 165 feet bls in the
Tcg between water level and the open interval of the well to measure vertical gradients in the
Tcg.

4.5.5 Well Development

Following casing installation, the production interval at well RC20-2A was developed by airlift
pumping for 4 hours on March 1 — 2, 2020. Depth to pre-pumping water level was 131.5 feet bls.
As with development at RC20-2, the bottom of the airline was limited to a maximum depth of
280 feet in order to reduce the risk of well collapse due to differential pressure across the PVC
casing. Discharge ranged from 36 to 45 gpm during development, with an average rate of

40 gpm and estimated total purge volume of 10,000 gallons.

Additional development of the slotted interval was conducted by Cascade on April 6, 2020 using
a surge block and bailer. Depth to water level prior to the start of development was

135.5 feet bls. Bailing produced minimal silt and fine sand and the water level returned to
approximately 139.1 feet bls immediately after development.

4.6 Well RC20-2B

Well RC20-2B was drilled and constructed during the period March 2 — 4, 2020. Location of the
well is shown on Figure 1-1. . A schematic diagram of construction is provided on Figure F-3.
A photograph of the drill site is shown below.
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Photograph 4-2. Drill site layout for well RC20-2B

4.6.1 Drilling Operations

RC20-2B was installed as a dual completion well with one slotted interval in the Qal and one
slotted interval in the upper Tcg. The production interval of the borehole was drilled using dual-
wall air reverse circulation and Symmetrix casing advancement methods.

Depths, drilling methods, and bit types used during drilling are summarized below:

Borehole
Depth Interval Diameter
(feet bls) Drilling Method Bit Type (inches)
0-20 conventional mud rotary (surface) tricone 17-112
20-92 dual-wall, air reverse girculation with hammer 958
Symmetrix
92 - 156 dual-wall, air reverse circulation hammer 7-3/4

4.6.2 Lithologic Conditions

Detailed lithologic description for drill cuttings samples for well RC20-2B are given in
Appendix E; Table E-3. Hydrogeologic units encountered at RC20-2B included Qal and Tcg.
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Tcg was encountered at 87 feet bls. A summary log of lithologic units encountered at RC20-2B
is shown on Figure F-3.

4.6.3 Borehole Geophysical Logging

A summary of geophysical logs obtained and depth intervals for each log are summarized below:

Depth Interval(s)
Logging Tool (feet bls)
Caliper 90 -154
Natural Gamma Ray 2-149
Temperature 113 -155
Fluid Resistivity 113 - 155
Optical Televiewer 90.5-154.2

Final borehole geophysical logs for RC20-2B are provided in Appendix G.
4.6.3.1 Interpretation of Borehole Geophysical Logs

OBI: The OBI log coverage begins within Tcg at a depth of 90.5 feet bls. Below water level at
113.1 feet bls, the quality of the log is poor. The Tcg is very similar to RC20-2 described
previously in Section 4.4.3.1; however, no obvious evidence of fracturing was observed at
RC20-2B (Appendix G-3-1).

Natural gamma ray: The natural gamma ray log (Appendix G-3-2) coverage begins at land
surface and along with the lithologic log (Appendix E-3) shows four zones:

e 0-19 feet bls-low gamma ray activity, 20-25 API units; interpreted as Qal and
surface casing

19 - 68 feet bls-increased activity, 40-60 API units; interpreted as Qal

68 - 89 feet bls-decreased activity, 30-50 API units; interpreted as Qal

89 - 113 feet bls-increased activity, 60-100 API units; interpreted as unsaturated Tcg
113 - 149 feet bls-decreased activity, 40-60 API units; interpreted as Tcg

4.6.4 Well Construction

Well construction details for RC20-2B are provided in Table 4-1 and on Figure F-3. The well
was constructed with two completions one in lower Qal and the other in upper Tcg. During well
construction, water level was monitored for two hours and appeared to stabilize at approximately
116 feet bls. The Tcg completion has a slotted interval from 115 to 155 feet bls, and a filter pack
interval from 97 to 156 feet bls. The Qal completion has a slotted interval from 40 to 90 feet bls
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and a filter pack interval from 30 to 87 feet bls. These intervals were selected to provide
observations wells for the Qal and upper Tcg during injection testing at Qal well RC20-2C which
is located on the same drill pad.

4.6.5 Well Development

At the time of well construction, there was inadequate water in the Qal completion to develop the
well with airlift pumping. The production interval of the Tcg completion was developed by airlift
pumping using a 1-inch airline for 2 hours on March 4, 2020.

Water level monitoring conducted at RC20-2B between March 7 and May 7, 2020 suggested that
the Tcg completion may be underdeveloped and showed a large difference in water level
between the Qal and Tcg completions of approximately 30 feet. As a result, M&A manually
developed both completions using a swab and bailer on May 8, 2020. Approximately 15 gallons
were removed from the Qal completion and 25 gallons from the Tcg completion. A small amount
of silt was removed from both completions, and no drilling additives were observed. The Qal
completion recovered quickly, indicating a strong hydraulic connection with the Qal aquifer. The
Tcg completion water level did not immediately recover, suggesting poor hydraulic connectivity
with the surrounding Tcg aquifer.

4.7 Well RC20-2C

Well RC20-2C was drilled and constructed on March 5, 2020. Location of the well is shown on
Figure 1-1. A schematic diagram of construction is provided on Figure F-4. A photograph of the
drill site is shown below.
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Photograph 4-3. Drill site layout for well RC20-2C

4.7.1 Drilling Operations

At RC20-2C, the production interval of the borehole was drilled using the dual-wall air reverse
circulation method. Symmetrix casing was used to stabilize the borehole during drilling and then
subsequently was removed during well construction. Groundwater was not encountered during
drilling of the well.

Depths, drilling methods, and bit types used during drilling are summarized below:

Borehole
Depth Interval Diameter
(feet bls) Drilling Method Bit Type (inches)
0-20 conventional mud rotary (surface) tricone 17-1/2
dual-wall, air reverse circulation with
20-70 Symmetrix hammer 9-5/8
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4.7.2 Lithologic Conditions

Detailed lithologic description for drill cuttings samples for well RC20-2C are given in
Appendix E; Table E-4. RC20-2C was completed entirely in Qal, as shown on Figure F-4.

4.7.3 Borehole Geophysical Logging

The standard geophysical logs were not collected at RC20-2C because it is co-located with
RC20-2B where additional logs were obtained.

4.7.4 Well Construction

Well construction details for RC20-2C are provided in Table 4-1 and on Figure F-4. The well
was constructed with a slotted interval from 29 to 69 feet bls, and a filter pack interval from 27 to
70 feet bls. This interval was selected for injection testing within the Qal. The well is co-located
with dual completion well RC20-2B.

4.7.5 Well Development

The well was dry at the time of completion and was not formally developed.

4.8 Well RC20-2D

Well RC20-2D was drilled, constructed, and developed during the period March 5 — 10, 2020.
Location of the well is shown on Figure 1-1. A schematic diagram of construction is provided on
Figure F-5. A photograph of the drill site is shown below.
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Photograph 4-4. Drill site for well RC20-2D

4.8.1 Drilling Operations

At RC20-2D, the production interval of the borehole was drilled using the dual-wall air reverse
circulation and Symmetrix casing advancement methods. The quartzite bedrock was highly
fractured and unstable beginning at a depth of about 85 feet bls, and continuing to the final
drilling advancement of 155 feet bls. The highly fractured bedrock and drilling difficulty
encountered between 85 and 155 feet bls indicated the approximate depth of the Dripping Spring
fault.

Airlift water production measurements began at a depth of 95 feet bls with a rate of 2.9 gpm and
increased to 12 gpm by a depth of 115 feet bls. Further attempts to measure water production
were suspended below 115 feet due to borehole instability. The lower 15 feet of the borehole
between 140 and 155 feet bls collapsed prior to well construction.

Depths, drilling methods, and bit types used during drilling are summarized below:
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Borehole
Depth Interval Diameter
(feet bls) Drilling Method Bit Type (inches)
0-20 conventional mud rotary (surface) tricone 17112
20— 50 dual-wall, air reverse girculation with hammer 9.5/8
Symmetrix
50-155 dual-wall, air-reverse circulation hammer 7-3/4

4.8.2 Lithologic Conditions

Detailed lithologic description for drill cuttings samples for well RC20-2D are given in
Appendix E; Table E-5. Hydrogeologic units encountered at RC20-2D included Qal and Cb.
The Cb was encountered at a depth of 34 feet bls. Beginning at a depth of 85 feet bls and
extending to total depth of 155 feet bls, evidence of fracturing was noted including intervals of
lost circulation and an increase in size of the drill cuttings (up to 4 inches). A summary log of
lithologic units encountered at RC20-2D is shown on Figure F-5.

4.8.3 Borehole Geophysical Logging

An attempt was made to obtain geophysical logs at RC20-2D; however, the caliper log showed
large washouts below the Symmetrix casing, and additional logs could not be obtained safely.
A summary of geophysical logs obtained and depth intervals for each log are summarized below:

Depth Interval(s)
Logging Tool (feet bls)
Caliper 55-138
Natural Gamma Ray 0-134
Temperature 60 - 141
Fluid Resistivity 71-140

Final borehole geophysical logs for RC20-2D are provided in Appendix G.
4.8.3.1 Interpretation of Borehole Geophysical Logs

Due to unstable borehole conditions, only logs on the combination tool were obtained
(Appendix G-5-1). The caliper log shows numerous washouts larger than the 17-inch maximum
diameter of the caliper tool. The natural gamma ray log shows an increasing shift at a depth of
18 feet bls, a decreasing shift at 34 feet bls where the Qal/Cb contact was noted during drilling;
an increasing shift in the interval below the Symmetrix casing and water level, followed by a
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decreasing shift at water level at about 72 feet bls; a relatively uniform trend from 72 to
100 feet bls; and finally an increasing and more variable trend from 100 to 134 feet bls.

4.8.4 Well Construction

Well construction details for RC20-2D are provided in Table 4-1 and on Figure F-5. The well
was constructed with a slotted interval from 99 to 139 feet bls, and a filter pack interval from
77 to 140 feet bls in Cb. This interval was selected to test the Dripping Spring fault zone and

whether pumping the well has any hydraulic effect on springs in the vicinity of the well.

4.8.5 Well Development

Following casing installation, the production interval at well RC20-2D was developed with airlift
pumping for about 3.5 hours on March 10, 2020.

4.9 Well RC20-18

Well RC20-18 was drilled and constructed during the period March 10 — 14, 2020. Location of
the well is shown on Figure 1-1. A schematic diagram of construction is provided on Figure F-6.
A photograph of the drill site is shown below.
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Photograph 4-5. Drill site for well RC20-18
4.9.1 Drilling Operations

RC20-18 was installed as a dual completion well with one slotted interval in the Qal and one
slotted interval in the upper Tcg. The production interval of the borehole was drilled using the
dual-wall air reverse circulation and Symmetrix casing advancement methods.

Depths, drilling methods, and bit types used during drilling are summarized below:

Borehole
Depth Interval Diameter
(feet bls) Drilling Method Bit Type (inches)
0-20 conventional mud rotary (surface) tricone 17-112
20— 92 dual-wall, air reverse girculation with hammer 9.5/8
Symmetrix
92 - 156 dual-wall, air reverse circulation hammer 7-3/4

4.9.2 Lithologic Conditions

Detailed lithologic description for drill cuttings samples for well RC20-18 are given in
Appendix E; Table E-6. Hydrogeologic units encountered at RC20-18 included Qal and Tss.
The Tss was encountered at a depth of approximately 94 feet bls. A summary of lithologic units
encountered at RC20-18 is shown on Figure F-6.

4.9.3 Borehole Geophysical Logging

The standard geophysical logs were not collected at RC20-18 because only a small portion of the
hole was exposed below the Symmetrix casing.

4.9.4 Well Construction

Well construction details for RC20-18 are provided in Table 4-1 and on Figure F-6. The well
was constructed with two completions one in the Qal and the other in the Tss. The Tss
completion has a slotted interval from 110 to 130 feet bls, and a filter pack interval from

105 to 130 feet bls. The Qal completion has a slotted interval from 41 to 91 feet bls and a filter
pack interval from 31 to 94 feet bls. These intervals were selected to provide observations wells
for the Qal and upper Tss during injection testing at Qal well RC20-18A, which is located on the
same drill pad.
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4.9.5 Well Development

At the time of well construction, there was inadequate water in the Qal completion to develop the
well with airlift pumping. The production interval of the Tcg completion was developed by airlift
pumping using a 1-inch airline for 2 hours on March 14, 2020.

4.10 Well RC20-18A

Well RC20-18A was drilled and constructed on March 15 — 16, 2020. Location of the well is
approximately 20 feet northwest from RC20-18, as shown on Figure 1-1. A schematic diagram
of construction is shown on Figure F-7.

4.10.1 Drilling Operations

At RC20-18A, the production interval of the borehole was drilled using the dual-wall air reverse
circulation method. Symmetrix casing was used to temporarily stabilize the borehole during
drilling and then subsequently removed during well construction. Groundwater was not
encountered during drilling of the well.

Depths, drilling methods, and bit types used during drilling are summarized below:

Borehole
Depth Interval Diameter
(feet bls) Drilling Method Bit Type (inches)
0-20 conventional mud rotary (surface) tricone 17-112
20— 92 dual-wall, air reverse girculation with hammer 9.5/8
Symmetrix

4.10.2 Lithologic Conditions

Detailed lithologic description for drill cuttings samples for well RC20-18A are given in
Appendix E; Table E-7. RC20-18A was completely solely in the Qal, as shown on Figure F-7.

4.10.3 Borehole Geophysical Logging

Geophysical logs were not collected at RC20-18A because drilling was completed within
Symmetrix casing.

4.10.4 Well Construction

Well construction details for RC20-18A are provided in Table 4-1 and on Figure F-7. The well
was constructed with a slotted interval from 52 to 92 feet bls, and a filter pack interval from
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39 to 70 feet bls. This interval was selected for injection testing of the Qal in the lower part of
Dripping Spring Valley. The well is co-located with dual completion well RC20-18.

4.10.5 Well Development

The well was dry at the time of construction and was not developed.
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5 AQUIFER TESTING

5.1 Introduction

M&A provided professional hydrogeologic services to conduct aquifer testing at the Skunk
Camp investigation area in Pinal and Gila Counties, Arizona. The aquifer tests were carried out
between March and May 2020 in order to gather additional information about the hydraulic
properties of geologic units in the area of the proposed Skunk Camp TSF.

Five constant-rate pumping tests were conducted at four wells. The tests lasted between 5 hours
and 7 days, with pumping rates that varied from 2.7 to 105 gallons per minute (gpm). Three of
the wells were completed in Gila conglomerate (Tcg) and a fourth well was completed in the
Dripping Spring fault. Two tests were conducted in the fourth well to evaluate water level
responses at observation wells and confirm hydraulic estimates of the fault.

Two constant-head injection tests were conducted in wells completed in Quaternary alluvium
(Qal). Prior to testing the wells were dry; therefore, injection tests were conducted rather than
conventional pumping tests. The tests lasted between 3 and 3.5 hours and consumed
approximately 8,000 to 10,000 gallons of water. During testing, water level responses in nearby
observation wells were monitored in order to evaluate the degree of hydraulic connectivity
between the Qal and Tcg aquifers.

Testing activities are summarized in Table 5-1. A map showing the locations of test wells is
presented on Figure 5-1.

Table 5-1. Summary of Aquifer Tests

Number of Hydrogeologic Units
Test Type Wells Tested | Testing Period Durations Rates (gpm) Tested
Constan.t-rate 44 3127120 = 5119120 | 5 hrs — 7 days 2.7- 105 Gila Qopglomerate (Teg),
Pumping (pumping) Dripping Spring fault
Constant-head 9.9-62.8 ;
Injection 2 42120 - 4/7/20 3-35hrs (injection) Quaternary Alluvium (Qal)

atwo constant-rate pumping tests were conducted at well RC20-2D
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Figure 5-1. Locations of Aquifer Tests

Note: Close-up maps for individual tests included in descriptions of individual tests in the following sections.
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The remainder of this section provides descriptions of field methods and procedures, analytical
methods, and the results of aquifer testing at Skunk Camp. Supplemental information and
tabulated results may be found in Appendices J and K, as outlined below:

e Appendix J: Tabulated results of pumping tests and injection tests

e Appendix K: Hydrographs, field parameters, and analytical solutions for pumping tests

5.2 Aquifer Testing Objectives

Aquifer testing was conducted to characterize the hydrogeology of groundwater systems
downgradient of the proposed Skunk Camp TSF. The objectives included developing estimates
of aquifer hydraulic parameters for the Gila conglomerate (Tcg) and Quaternary Alluvium (Qal)
aquifers, including aquifer transmissivity, hydraulic conductivity, and storage. Additional
objectives included evaluating the degree of hydraulic connectivity between the Tcg and Qal
aquifers, as wells as between the Dripping Spring fault and surrounding hydrogeologic units
based on water levels responses at observation wells during testing.

5.3 Field Methods and Procedures

Field methods and procedures implemented for the pumping and injection tests are described
below.

5.3.1 Pumping Tests

Pumping tests were conducted at ranch well 55-205266 and at recently completed hydrogeologic
investigation wells RC20-2, RC20-2A, and RC20-2D. At the ranch well, pumping was carried
out using the existing pump and a gasoline-powered generator. A temporary discharge assembly
was connected to the wellhead that consisted of 1-inch diameter steel pipe and included a gate
valve and 1-inch GPI digital flowmeter. Manual flow measurements were calculated using a
stopwatch and five-gallon bucket and used to calibrate the flowmeter.

Pumping tests at hydrogeologic investigation wells were carried out using temporary
submersible pumps that were installed and operated by Cascade Drilling (Cascade). Discharge
assemblies were attached to riser columns at the wellhead and included 2-inch to 4-inch steel
pipes and 3-inch rubber hosing. The assemblies were equipped with a magnetic or impeller
flowmeter, a pressure gauge, a gate valve to adjust flow rate, and a hose bib for obtaining water
samples. Pumping rates and discharge line pressures were regularly monitored and recorded
during testing. In order to avoid recirculation of discharged water to the pumped well,
approximately 2,000 feet of lay flat hose was attached to the ends of the assemblies and directed
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down Dripping Spring Wash. For the two RC20-2D tests, the lay flat hose was connected to a
6-inch diameter pipeline that continued more than 3,000 feet further down the wash.

Photograph 5-1. RC20-2D constant-rate pumping test (60-hour)

Pre-tests were conducted prior to constant-rate pumping tests at most wells. Pre-tests consisted of
pumping for approximately 10 to 30 minutes in order check the electrical wiring of the pump,
assess the operation of discharge assembly components, estimate the sustainable well yield, and
adjust the gate valve to the proper setting for the start of the constant-rate test.

Field water quality parameters of pumped water were measured using Myron L Ultrameter 11
instruments, and included pH, electrical conductivity (EC), and temperature. Turbidity was
measured using a Hach 2100Q turbidity meter.

During pumping periods and subsequent water level recoveries, water pressures in pumped wells
and observation wells were recorded using non-vented In-Situ Level TROLL integrated
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dataloggers/pressure transducers (Level TROLLSs). In pumped wells, the Level TROLLs were
installed at depths below anticipated water level drawdowns and programmed to record pressures
at 1-minute intervals. Additional water level measurements were collected manually with water
level meters and used to confirm Level TROLL readings. In observation wells located near
pumped wells, Level TROLLs were installed below water level and programmed to record
pressures at one to ten-minute intervals.

Barometric pressure was recorded with In-Situ BaroTROLLSs installed in vaults of pumped wells
and surrounding observation wells. BaroTROLLSs recorded barometric pressure at 1-minute
intervals during testing activities. Following completion of the tests, barometric pressure data
were used to distinguish water level stresses due to pumping from stresses caused by changes in
atmospheric pressure in selected observation wells.

5.3.2 Injection Tests

Injection tests were conducted at wells RC20-2C and RC20-18A in order to estimate aquifer
parameters for Qal in the Skunk Camp study area. Due to unsaturated conditions at the well sites,
injection tests were conducted rather than conventional pumping tests.

The injection tests were carried out using a Multiquip QP2TH water pump located within 30 feet
of the wellheads at ground surface. Water was pumped from Baker storage tanks through
horizontal steel discharge pipe assemblies and directed into the wells. During the tests, additional
water was transferred to the Baker tanks from water trucks and secondary storage tanks located
on the well pads. The discharge assemblies included gate valves that were used to control
injection rates, and magnetic flowmeters used to measure flow. Two-inch steel drop pipe was
installed in the wells to convey pumped water vertically down the wells, where it was discharged
within five feet of well bottom. During the tests, water levels were manually measured using
water level meters at one-minute intervals.

5.4 Analytical Methods

Analytical methods applied to pumping test and injection test data are described below.

5.4.1 Pumping Tests

Analytical solutions were developed for the constant-rate pumping tests using the commercially
available aquifer test software AQTESOLV (HydroSOLVE, 2012). The following considerations
informed the interpretation of tests and development of analytical solutions:
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e Geological conceptual model—including effective porosity of the porous media,
locations of major fault features, degree of fracturing in geophysical logs, and
hydraulically confined or unconfined conditions

¢ Inner boundary conditions—well bore storage effects, well bore skin, and potential lateral
extent of fracture systems

e QOuter boundary conditions—potential no-flow boundaries and constant-head boundaries

e Characteristic flow regimes—presence of radial or sub-radial flow conditions, and
prevailing flow dimensions throughout the test

In addition, analytical methods included the use of diagnostic flow interpretation based on
derivative analysis. Flow diagnostics and analytical solutions implemented in the analysis of the
pumping tests are detailed below.

5.4.1.1 Analytical Diagnostics

Workflow for development of a conceptual model for testing activities included reviewing local-
scale geologic setting, well construction details, observations from well drilling and lithologic
descriptions, and borehole geophysical logs. Data processing of pumping tests routinely included
construction of hydrographs showing linear-linear, log-linear, and log-log time versus water
level axes for pumped well and observation well data.

After data processing, further development of the conceptual model for analysis of testing results
included preparation of diagnostic flow plots and derivative analysis using the aquifer testing
analysis software program AQTESOLV. Diagnostic flow and derivative analysis plots included
analysis of radial flow conditions for identifying infinite acting radial flow (IARF) behavior and
wellbore storage. The pressure derivative method was used to delineate early, intermediate, and
late-time curves related to various well and aquifer types and flow geometries. Derivative data
was processed in AQTESOLYV according to methods described by Spane and Wurstner (1993)
and Bourdet and others (1983 and 1989).

5.4.1.2 Analytical Solution Methods

Pumping test data was analyzed using the software AQTESOLYV and analytical solutions were
developed for pumping tests in confined and unconfined aquifers. For tests with diagnostic
periods of IARF, the Cooper-Jacob (1946) semi-log straight-line solution was implemented for
analysis of drawdown data from the pumped well. This solution involved fitting a straight line
through drawdown data as a function of log time. For selected tests, the slope of this line was
substituted into the Moench solution (1997) to estimate aquifer parameters. The Moench solution
accounts for partially penetrating wells, wellbore storage, and skin effects. For tests of the
Dripping Spring fault, the Cooper-Jacob solution was substituted into the Barker solution (1988)
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to evaluate the characteristic flow regime of the fault. The Barker method implements a
generalized radial flow model that allows for n-dimensional flow in confined and fractured
aquifers, which can be useful for informing the conceptual model regarding hydraulic constraints
of the pumped system.

Analytical solutions used for estimating aquifer parameters for each pumping test are described
in Section 5.5.1 and included in Appendix J, Table J-1. A summary of analytical methods used
for analysis of the tests is included in the table below.

ANALYTICAL SOLUTION METHODS USED FOR ANALYSIS OF AQUIFER TESTS

Barker, J.A., 1988. A generalized radial flow model for hydraulic tests in fractured rock, Water Resources Research, vol. 24,
no. 10, pp. 1796-1804.

Cooper, H.H., Jr. and Jacob, C.E., 1946. A generalized graphical method for evaluating formation constants and
summarizing well-field history, American Geophysical Union Transactions, vol. 27, pp. 526-534.

Moench, A.F., 1997, Flow to a well of finite diameter in a homogeneous, anisotropic water-table aquifer: Water Resources
Research, vol. 33, no. 6, pp. 1397-1407.

Using the most applicable analytical method, estimates of aquifer parameters were derived for
aquifer transmissivity, hydraulic conductivity, and storativity. Transmissivity (T) is the product
of hydraulic conductivity (K) multiplied by aquifer thickness (b) and is defined as the rate of
groundwater flow through a vertical column of aquifer that is 1 foot wide, extending through the
full saturated thickness of the aquifer, under a unit hydraulic gradient (Lohman, 1972). In this
report, transmissivity is expressed in cubic feet per day per foot width of aquifer (ft*/d/ft, which
simplifies to ft*d) or cubic meters per day per meter width of aquifer (m*/d/m, which simplifies
to m?/d). Hydraulic conductivity is the quotient of transmissivity divided by aquifer thickness
and 1s defined as the rate of flow of groundwater through a square foot of aquifer under a unit
hydraulic gradient (Lohman, 1972). In this report, hydraulic conductivity is expressed in feet per
day (ft/d) or centimeters per second (cm/s).

For multiple well tests that include observation wells completed in the same aquifer as the
pumped well, storativity (S) can also be estimated. Storativity is the volume of water that an
aquifer releases or takes into storage per unit surface area of the aquifer per unit change in head
(Lohman, 1972) and is dimensionless. Storativity is defined as:

S=Sy+Ssb
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where Sy is specific yield, Ss is specific storage, and b is aquifer thickness. In an unconfined
aquifer, storativity is essentially equal to specific yield. Morris and Johnson (1967) report
specific yields ranging from about 0.05 for clayey materials to over 0.30 for fine to coarse sandy
materials. In a confined aquifer, storativity is equal to specific storage (Ss) multiplied by aquifer
thickness (b). Batu (1998) shows representative Ss values of materials in units of feet! ranging
from less than 107 for unfractured rock to 107 for dense sands. Loose, sandy materials are
reported to be in the range of 10, Further discussion on storativity, specific yield, and specific
storage, can be found in Bear (1979) and M&A (2019).

5.4.2 Injection Tests

The constant-head injection tests were analyzed to estimate saturated hydraulic conductivity,
Ksat, for tested intervals at wells RC20-2C and RC20-18A. Data were analyzed using both
Glover (1953) and Nasberg-Terletskata (Nasberg, 1951; Terletskata, 1954) analytical solutions
for flow from a constant-head borehole permeameter in the vadose zone. The Glover and
Nasberg-Terletskata solutions compute Ksac based on stabilized injection rate, constant head
established for the test (length of wetted borehole), and borehole radius. Both analytical solutions
are valid for tests where the constant-head is located within the perforated interval and assume
homogeneous conditions of the sediment intervals tested.

Results for Glover and Nasberg-Terletskata solutions for the injection tests at RC20-2C and
RC20-18A are given in Appendix J, Table J-2 and provide estimations of K for the sediment
intervals tested. The Ksa values derived from the Glover and Nasberg-Terletskata solutions are
composite hydraulic conductivities that combine vertical and horizontal components of flow.
Neither solution accounts for the effects of capillary flow (unsaturated flow at the edges of the
primary saturated flow field); however, the Ksa: of the Qal tested is sufficiently large that the
effects of capillary flow are considered insignificant once a steady injection rate and constant-
head have been established.

5.5 Results of Aquifer Testing

The results of the aquifer tests are presented in the following sections. The locations of the
pumping and injection tests are shown on Figure 5-1. . Tabulated results are included in
Appendix J, Tables J-1 and J-2.

5.5.1 Pumping Tests

Constant-rate pumping tests were carried out at four wells between March 27 and May 19, 2020.
The tests included a short-duration test at well 55-205266, and four longer duration tests at wells
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RC20-2, RC20-2A, and RC20-2D. Water level responses were monitored at nearby observation
wells during the four longer duration tests.

Table 5-2 summarizes pumping durations, pumping rates, observation wells, and water levels
observed during the tests.

Table 5-2. Constant-rate Pumping Test Wells and Characteristics

Pre-Test Maximum Water
Pumping Test Pumping Pumping Rate Observation Water Level Level Drawdown
Well Duration (9pm) Well(s) (ft bls) (ft)
55-205266 5hrs 2.7 - 159.84 29.8
RC20-2 1 day 70 55-622471 151.50 38.2
55-622471,
RC20-2A 1 day 70 RC20-2B(S), 133.34 67.1
RC20-2B(D)
55-622471,
60 hrs 105 RC20-2B(S), 71.91 22.8
RC20-2(D)
RC20-2D RC20-2A,
55-622471,
7 days 105 RC20-2B(S), 76.24 36.2
RC20-2(D)

T Two pumping tests were conducted RC20-2D—the first lasted 60 hours and the second lasted 7 days

The remainder of Section 5.4.1 provides detailed descriptions of test data, analysis, and results
for each of the constant-rate pumping tests. Hydrographs and AQTESOLYV plots for pumping
tests are shown in Appendix K.

5.5.1.1  Well 55-205266

A short-duration, single-well pumping test was conducted at well 55-205266 on March 27, 2020.
The test lasted five hours and was conducted at a constant pumping rate of 2.7 gpm. Figure 5-2
shows a close-up map of the well location within the eastern portion of the proposed TSF
footprint.
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Figure 5-2. Well 55-205266 Pumping Test Location Map

Based on ADWR records, well 55-205266 is completed with 6-inch diameter steel casing to
230 feet with perforations from 205 to 225 feet bls. The well location and depth suggest that the
well is completed in Tcg. Prior to the start of pumping, water level in the well was measured at
160.31 feet bls. The aquifer saturated thickness was assumed to be 70 feet, equal to distance
between static water level and the well bottom.

A hydrograph for well 55-205266 during the period of testing is included in Appendix K. At the
end of the test, drawdown was 29.8 feet—equal to a well specific capacity of approximately
0.1 gpm/ft (Appendix J, Table J-1).

Field water quality parameters collected from pumped water during the test are shown in
Appendix K. Average values for measured parameters included: pH of 7.25; specific electrical
conductance of 594 uS/cm; and temperature of 74.2 °F.

An analytical solution was developed for the test using the Cooper and Jacob (1946) straight-line
method for approximating the Theis (1935) equation, and is shown in Appendix K. The straight-
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line solution was matched to displacement data for the period between 20 and 100 minutes after
the start of pumping, when the slope of derivative data was most indicative of Infinite Acting
Radial Flow (IARF) conditions. Around 100 minutes after the start of pumping, a change in
slope of displacement data suggests that water level drawdown around the well may have
encountered a low-conductivity boundary. As a result, the solution was developed for data prior
to the boundary.

The results of the Cooper-Jacob analysis suggest that aquifer transmissivity is on the order of
10.5 ft*/d. Based on the estimated transmissivity and assumed aquifer thickness, hydraulic
conductivity is computed to be on the order of 5.3-05 cm/s. Results for the 55-205266 pumping
test are summarized in Appendix J, Table J-1.

5.5.1.2 Well RC20-2

A constant-rate pumping test was conducted at RC20-2 from April 8 — 9, 2020. The test lasted
24 hours and was conducted at a constant rate of 70 gpm. During the test, water level response
was monitored at well 55-622471. A close-up map showing the locations of pumped well
RC20-2 and observation well 55-622471 is presented on Figure 5-3.
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Figure 5-3. RC20-2 Pumping Test Location Map

The total depth of RC20-2 is 600 feet with a slotted interval from 270 to 600 feet bls completed
in Tcg (Figure F-1). Prior to the start of pumping, water level in the well was measured at
151.50 feet bls. Observation well 55-622471 is cased to 615 feet, with a perforated interval from
260 to 600 feet bls, and an open bore extending from 615 to 1,418 feet bls (Figure 2-2). Review
of the ADWR drilling log suggests that the well is completed in Tcg and total depth drilled was
1,475 feet. Prior to the start of pumping, water level in 55-266271 was approximately 140.2 feet
bls. Based on the pre-pumping water level at RC20-2 and total depth drilled at 55-622471, the
aquifer saturated thickness at RC20-2 was estimated to be approximately 1,340 feet.

The horizontal distance from the pumped well RC20-2 to observation well 55-622471, the depths
of slotted and open intervals, and water levels in the wells prior to the start of pumping are
shown on Figure 5-4.
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Figure 5-4. Schematic Cross Section of RC20-2 Pumping Test
Note: Well slotted intervals denoted with bold lines; VWPs denoted with points.

Hydrographs for RC20-2 and 55-622471 are included in Appendix K. At the end of the test,
water level drawdown was 38.2 feet at the pumped well, with a well specific capacity was
approximately 1.8 gpm/ft (Appendix J, Table J-1). Water level drawdown at observation well
55-622471 was approximately 3.8 feet at the end of the test and required several days to recover
to pre-pumping levels.
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Field water quality parameters collected from pumped water during the test are shown in
Appendix K. On average, groundwater pH was 7.29 and specific electrical conductance was
629 uS/cm. Groundwater temperature varied between 72.7 °F during the day and 71.2 °F at night.

An analytical solution for the test is included in Appendix K. The analytical solution matches
drawdown and derivative data for pumped well RC20-2 and observation well 55-622471, and is
based on the Moench (1997) equation for water level response to pumping in an unconfined
aquifer with possible anisotropy, wellbore skin, and partial well penetration.

The type curve analysis of measured composite data for the pumped and observation wells
provides the following estimates for aquifer parameters: transmissivity of 837 ft*/d; K./K; of 0.2;
wellbore skin of -3.9 feet (increased permeability around the wellbore); storativity of 2.3E-04;
and specific yield of 0.08. Based on the estimated transmissivity and assumed aquifer thickness,
hydraulic conductivity is computed to be on the order of 2.2E-04 cm/s. Results for the RC20-2
pumping test are summarized in Appendix J, Table J-1.

5.5.1.3 Well RC20-2A

A constant-rate pumping test was conducted at RC20-2A from April 15 — 16, 2020. The test
lasted 24 hours and was conducted at a constant pumping rate of 70 gpm. During the test, water
level responses were monitored at well 55-622471, and at the shallow (S) and deep (D)
completions of well RC20-2B. Nearby well RC20-2C was dry during the test and was not
monitored. Figure 5-5 shows a close-up map of the locations of pumped well RC20-2A and
observation wells 55-622471, RC20-2B(S), and RC20-2B(D).
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Figure 5-5. RC20-2A Pumping Test Location Map

The total depth of RC20-2A is 599 feet with a slotted interval from 268 to 599 feet bls completed
in Tcg (Figure F-2). Prior to the start of pumping, the water level in the well was measured at
133.34 feet bls. Observation well 55-622471 is cased to 615 feet, with a perforated interval from
260 to 600 feet bls, and an open bore from 615 to 1,418 feet bls (Figure 2-2). Review of the
ADWR drilling log indicates that the well is completed in Tcg, and prior to the start of pumping
the water level in 55-622471 was approximately 140.4 feet bls. Based on the pre-pumping water
level at RC20-2A and total depth drilled at 55-622471, the aquifer saturated thickness at
RC20-2A was assumed to be approximately 1,340 feet.

Observation well RC20-2B has two completions—a shallow well that is slotted from 40 to

90 feet bls and completed in Qal, and a deeper well that is slotted from 115 to 155 feet bls and
completed in the upper zone of Tcg (Figure F-3). Prior to the start of pumping, water levels in
the shallow and deep completions were 69.95 and 110.08 feet bls, respectively. The difference in
water levels of approximately 40 feet indicates that RC20-2B(S) is completed in a perched
aquifer and the water level at RC20-2B(D) approximates the piezometric surface of the regional
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Tcg system. RC20-2B(S) is the only hydrogeologic investigation well at Skunk Camp where a
perched aquifer has been encountered in Qal.

The horizontal distances from pumped well RC20-2A to observation wells 55-622471 and
RC20-2B(S,D), the depths of slotted and open intervals, and water levels in the wells prior to the
start of pumping are shown on Figure 5-6.
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Figure 5-6. Schematic Cross Section of RC20-2A Pumping Test

Note: Well slotted and open intervals denoted with bold lines; VWPs denoted with points.
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Hydrographs for RC20-2A, RC20-2B(S), RC20-2B(D), and 55-622471 are included in
Appendix K. At the end of the test, drawdown at pumped well RC20-2A was 67.1 feet, and at
observation well 55-622471 was 4.8 feet. At observation well RC20-2B(S), completed in Qal,
the water level showed no response to pumping once corrected for changes in barometric
pressure; this suggests that a degree of hydraulic confinement exists between the Tcg aquifer and
the perched Qal aquifer at the well site. At observation well RC20-2B(D), completed in Tcg, the
water level showed approximately 0.9 feet of drawdown that did not immediately recover
following the end of pumping.

Field water quality parameters collected from pumped water during the test are shown in
Appendix K. On average, groundwater pH was 7.31 and specific electrical conductance was
550 uS/cm. Groundwater temperature varied between 72.9 °F during the day and 71.4 °F at night.

An analytical solution for the test is included in Appendix K. The analytical solution matches
drawdown and derivative data for pumped well RC20-2A and observation well 55-622471, and
is based on the Moench (1997) equation for water level response to pumping in an unconfined
aquifer with anisotropy, wellbore skin, and partial well penetration.

The type curve analysis of measured composite data for the pumped and observation wells
provides the following estimates for aquifer parameters: transmissivity of 567 ft*/d; K./K; of 0.2;
wellbore skin of -3.15 feet (increased permeability around the wellbore); storativity of 2.5E-04;
and specific yield of 0.08. Based on the estimated transmissivity and assumed aquifer thickness,
hydraulic conductivity is computed to be on the order of 1.5E-04 cm/s. Results for the RC20-2A
pumping test are summarized in Appendix J, Table J-1.

5.5.1.4 Well RC20-2D

Two constant-rate pumping tests were conducted at RC20-2D. The first test was conducted
April 19 —22, 2020 and lasted 60 hours. The second test was conducted May 12 — 19, 2020 and
lasted 7 days. The pumping rate for both tests was 105 gpm.

During the 60-hour test, water level responses were monitored at the shallow (S) and deep (D)
completions of well RC20-2B, and at well 55-622471. During the 7-day test, water level
responses were also monitored at the shallow and deep completions of well RC20-2B and
55-622471, as well as RC20-2A. Additional water level and discharge monitoring was conducted
at Big Springs in order to detect potential impacts from pumping activities. Well RC20-2C,
located adjacent to RC20-2B, was dry during both tests and was not monitored.

Figure 5-7 shows the locations of pumped well RC20-2D, observation wells RC20-2A, RC20-
2B(S), RC20-2B(D), and 55-622471, and Big Springs.
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Figure 5-7. RC20-2D Pumping Test Location Map

The total depth of RC20-2D is 139 feet with a slotted interval from 99 to 139 feet bls completed
in the Dripping Spring fault within Bolsa Quartzite (Cb) (Section 4.8 and Figure F-5). The
saturated thickness of the Dripping Spring fault is estimated to be 70 feet based the thickness of
faulted material encountered during drilling. Prior to the start of the 60-hour and 7-day tests, the
water level in RC20-2D was measured at 71.91 and 76.24 feet bls, respectively.

The total depth of observation well RC20-2A is 599 feet with a slotted interval from 268 to

599 feet bls completed in Tcg (Figure F-2). RC20-2A was not monitored during the 60-hour test,
but was monitored during the 7-day test. Prior to the start of the 7-day test the water level in the
well was approximately 132.7 feet bls.

Observation well RC20-2B has two completions—a shallow well that is slotted from 40 to

90 feet bls and completed in Qal, and a deeper well that is slotted from 115 to 155 feet bls and
completed in the upper zone of Tcg (Figure F-3). Prior to the start of the 60-hour test, water
levels in the shallow and deep completions were 70.0 and 110.9 feet bls, respectively. Prior to
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the start of the 7-day test, water levels in the shallow and deep completions were 70.0 and
116.3 feet bls, respectively.

Observation well 55-622471 is cased to 615 feet with a perforated interval from 260 to 600 feet
bls, and an open bore from 615 to 1,418 feet bls (Figure 2-2). The perforated and open intervals
are completed in Tcg. Prior to the start of the 60-hour and 7-day tests, the water level in
55-622471 was approximately 140.88 and 140.06 feet bls, respectively.

The horizontal distances from pumped well RC20-2D to the observation wells, the depths of
slotted and open intervals, and water level depths prior to the start of the 7-day test are shown on

Figure 5-8.
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Figure 5-8. Schematic Cross Section of RC20-2D Pumping Test (7-Day)

Note: Well slotted and open intervals denoted with bold lines; VWPs denoted with points.
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Hydrographs for RC20-2D, RC20-2A, RC20-2B(S), RC20-2B(D), and 55-622471 for the
60-hour and 7-day pumping tests are included in Appendix K.

At the end of the 60-hour test, water level drawdown at pumped well RC20-2D was 22.8 feet,
with a well specific capacity of approximately 4.6 gpm/ft. The hydrograph for RC20-2B(S),
completed in Qal, shows no water level response during the 60-hour test. In addition, the
hydrographs for wells RC-2B(D) and 55-62271, both completed in Tcg, show no clear responses
to pumping during the 60-hour test.

At the end of the 7-day test, water level drawdown at pumped well RC20-2D was 36.2 feet with
a well specific capacity of approximately 2.9 gpm/ft; the relatively lower specific capacity
observed during the 7-day compared to the 60-hour test is likely attributable to a longer pumping
period and lower pre-pumping water level than the 60-hour test. The hydrograph for
RC20-2B(S), completed in Qal, shows drawdown that begins shortly after the start of pumping,
and continues after the end of pumping. The onset of drawdown observed after the start of
pumping may be related to depressurization of the alluvial aquifer system due to pumping at
RC20-2D—conditions that had not yet been reached during the 60-hour test. The hydrograph for
RC20-2B(D), completed in Tcg, shows no clear response to pumping during the 7-day test. The
hydrograph for RC20-2A, completed in Tcg, shows no response to pumping during the 7-day
test, and maintains an average water level depth of approximately 132.8 feet bls. The hydrograph
for well 55-62271, completed in Tcg, shows an unclear response to pumping during the 7-day
test, as the water level is relatively stable during the pumping period, but falls approximately 0.3
foot in the 11 days following the end of pumping. For both RC20-2A and 55-62271, a sinusoidal,
diurnal pattern is observed in water level data that is related to tidal effects, and changes in
barometric pressure have relatively little effect on the water level, which may be indicative of
confined or semi-confined aquifer conditions.

Big Springs was monitored during the tests in order to identify potential impacts to spring flow.
A dam near the springhead retains water and provides the opportunity to measure changes in
stage, and a portion of spring discharge behind the dam is captured by a pipeline leading to a
nearby ranch, with several drinker pipes connecting to the main line between the spring and
ranch. During pumping, manual measurements of the spring stage and discharge at a downstream
drinker were collected every four hours. In addition, ranch use of spring water during testing was
investigated and documented. Manual measurements collected during the 7-day constant-rate test
are shown on Figure 5-9. No clearly identifiable impacts from pumping in stage or discharge at
Big Springs are noted.

Field water quality parameters collected from pumped water during the tests are shown in
Appendix K. Using data from both tests, average groundwater pH was 7.21 and average specific
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electrical conductance was 515 uS/cm. Groundwater temperature ranged from 72.3 °F during the
day to 69.8 °F at night.

Analytical solutions for the tests are included in Appendix K. Solutions were developed with
Cooper and Jacob (1946) and Barker (1998) methods for both tests. Using the Cooper-Jacob
approach, straight lines were matched to late-time water level displacement data at the pumped
well, for periods corresponding to IARF conditions—approximately the last 10 hours of
pumping for the 60-hour test, and last 2.5 days of pumping for the 7-day test. The Cooper-Jacob
estimates of transmissivity for the 60-hour and 7-day tests were 152 and 135 ft*/day,
respectively. Based on the estimated transmissivities and assumed thickness of the fault,
hydraulic conductivities for the 60-hour and 7-day tests are estimated to be on the order of
7.6E-04 and 6.8E-04 cm/s, respectively.

The Cooper-Jacob hydraulic conductivity results were incorporated into the Barker solution for
confined and fractured aquifers to evaluate additional fault characteristics, including the
generalized flow dimensions of the two tests. For the 60-hour test, matching the slope of both
displacement and derivative data in late-time indicated that the characteristic generalized flow
dimension was approximately 0.7; for the 7-day test, the generalized flow dimension was
approximately 1.2. According to Barker (1998), a flow dimension of n=2 indicates radial flow,
and a flow dimension of n=1 indicates one-dimensional flow from a plane. The results from the
two tests suggest that water level displacement in the well from pumping was similar to one-
dimensional flow from a plane, which is consistent with a conceptual model for flow through a
fault, where the hydraulic conductivity of the fault is greater than the conductivity of surrounding
material.
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5.5.2 Injection Tests

Two constant-head injection tests were conducted at wells RC20-2C and RC20-18A in order to
obtain additional aquifer parameters for Qal in the Skunk Camp site investigation area. Due to
unsaturated conditions encountered within Qal at the well locations, injection tests were
conducted rather than conventional pumping tests. The objectives of the tests were to estimate
the saturated hydraulic conductivity (Ksa) of the Qal, and to observe the degree of hydraulic
connectivity that exists between Qal and Tcg by monitoring water levels in nearby wells.
Descriptions of the injection tests and results are provided below.

Table 5-3 summarizes injection durations, number of steps, injection rates, and observation wells
for the tests.

Table 5-3. Constant-head Injection Test Wells and Characteristics

Injection Test Injection | Number of | Injection Rates Observation Hydrogeologic Unit
Well Duration Steps (9pm) Wells Tested
_ RC20-2B(S), .
RC20-2C 3 hrs 3 39.7-62.8 RC20-2B(D) Quaternary Alluvium (Qal)
_ RC20-18(S), .
RC20-18A 3.5hrs 3 9.9-49.0 RC20-18(D) Quaternary Alluvium (Qal)

The remainder of Section 5.5.2 provides detailed descriptions of test data, analysis, and results
for each of the constant-head injection tests.

5.5.2.1 Well RC20-2C

A constant-head injection test was conducted at RC20-2C on April 2, 2020. The test lasted

3 hours and involved three 60-minute steps at steady injection rates of 39.7, 49.9, and 62.8 gpm.
During the injection test, water levels were monitored in the shallow (S) and deep (D)
completions of RC20-2B, located approximately 34 feet northwest of RC20-2C. A close-up map
showing the locations of test well RC20-2C, and observation wells RC20-2B(S) and RC20-
2B(D) is presented on Figure 5-10 below.
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Figure 5-10. RC20-2C Injection Test Location Map

The total depth of RC20-2C is 69 feet with a slotted interval that extends from 29 to 69 feet bls
and is completed in Qal (Figure F-4). Prior to the start of the injection test, the well was dry.
Observation well RC20-2B has two completions—a shallow well that is slotted from 40 to

90 feet bls and completed mostly in Qal, and a deeper well that is slotted from 115 to 155 feet bls
and completed in the upper zone of Tcg (Figure F-3). During drilling, Tcg was encountered at
approximately 87 feet bls. Prior to the start of the injection test, water levels in the shallow and
deep completions were measured at 70.03 and 105.18 feet bls, respectively.

The horizontal distance from injection well RC20-2C to observation wells RC20-2B(S,D), the
depths of slotted intervals, the Tcg contact depth at RC20-2B(S,D), and water levels at
RC20-2B(S) and RC20-2B(D) prior to the start of the test are shown on Figure 5-11.
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Figure 5-11. Schematic Cross Section of RC20-2C Injection Test

Note: Well slotted intervals denoted with bold lines.

The test began at 1300 hours on April 2, 2020. Water was injected into RC20-2C while the rise
in water level in the well was monitored. After the first 23 minutes of the test, the water level and
injection rate stabilized. For the next 36 minutes of the first hour, the water level was maintained
at an average head of 22.6 feet above well bottom [with a standard deviation () of 0.02 feet] and
the injection rate was maintained steady at an average of 39.7 gpm (c = 0.16 gpm).

Following completion of the first step, the injection rate was increased at 1400 hrs. After
approximately 38 minutes, the water level and injection rate stabilized and were maintained at an
average head of 31.0 feet above well bottom (o = 0.09 feet) and average injection rate of

49.9 gpm (c = 0.16 gpm) for an additional 21 minutes.
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The injection rate was increased for the third step at 1500 hrs. After approximately 45 minutes,
the water level and injection rate stabilized and were maintained for an additional 15 minutes at
an average head of 39.2 feet above well bottom (¢ = 0.11 feet) and average injection rate of
62.8 gpm (o = 0.2 gpm), until the test was terminated at 1630 hrs. During the test, injection rates
and head measurements were recorded at one-minute intervals and are shown on Figure 5-12.

Test data were analyzed using both Glover (1953) and Nasberg-Terletskata (Nasberg, 1951;
Terletskata, 1954) analytical solutions for flow from a constant-head borehole permeameter in
the vadose zone. The results indicate that estimated saturated hydraulic conductivity (Ksa) for
Qal at the well location varied from approximately 2.3E-03 to 5.4E-03 cm/s (7 to 15 ft/d).

The highest estimated Ksat was recorded during the first step with an average constant head of
22.6 feet above well bottom. Results for the RC20-2C injection test are presented in Appendix J,
Table J-2.

Water level responses in the Qal and Tcg aquifers were monitored at wells RC20-2B(S) and
RC20-2B(D), respectively (Figure 5-13). At well RC20-2B(S), water level began rising
approximately 60 minutes after the start of the test. The delay between the test start and water
level response at RC20-2B(S) is likely related to both the lower injection rate applied during first
step (39.9 gpm) and the time required to saturate the alluvium located between RC20-2C and
RC20-2B(S). At the end of the three-hour test, the water level at RC20-2B(S) reached a
maximum displacement from its pre-injection level of approximately 0.35 feet. Upon test
completion, the water level began falling and approached pre-injection levels approximately

32 hours later.

The water level at RC20-2B(D) showed no apparent response to the injection test at RC20-2C
(Figure 5-13). In addition, barometric pressure is observed to have little effect on water level.

Interpretation of the RC20-2B(S) hydrograph suggests that the Qal aquifer is transmissive and
continuous at the well site. The lack of water level response at RC20-2B(D) suggests that one or
more confining layers may exist in upper Tcg at this location.
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5.5.2.2 Well RC20-18A

A constant-head injection test was conducted at RC20-18A on April 7, 2020. The test lasted

3.5 hours and involved two 60-minute steps at steady injection rates of 9.9 and 39.7 gpm, and
one 90-minute step at a steady injection rate of 49 gpm. During the test, water levels were
monitored in the shallow (S) and deep (D) completions of well RC20-18(S,D), located
approximately 30 feet southeast of RC20-18A. A close-up map showing the locations of test well
RC20-18A and RC20-18(S,D) is presented on Figure 5-14 below.

R.15E.

EXPLANATION
@ Constant-head Injection Well
¢ Ovsenation Wel
® Wel

[ ]
35-17570 GEOLOGIC UNITS

Unconsolidated Alluvium
{Holocene)
Conglomerate—Gila Group
(Miocene) & pediment veneer

Qal
Teg

Tss Lake Deposits—Gila Group
(Miocene)

55-308287.
T Qal T

RC20-18A 083
RC20-18S ’
RC20-18D

ps‘AquiferTesting2020\InjectionTest RC20-18A mxd 29.June2020
w

GIGIS-Tuc\Proj
ol
()

R.15E.

Figure 5-14. RC20-18A Injection Test Location Map

The total depth of RC20-18A 1s 92 feet with a slotted interval from 52 to 92 feet bls completed
mostly in Qal (Figure F-7). During drilling, Gila sandstone and lake deposits (Tss) was
encountered at approximately 91 feet bls. Prior to the start of the injection test, the well was dry.

Observation well RC20-18 has two completions—a shallow well that is slotted from 41 to
91 feet bls and completed in Qal, and a deeper well that is slotted from 110 to 130 feet bls and
completed in the upper zone of Tss (Figure F-6). During drilling, Tss was encountered at
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approximately 94 feet bls. Prior to the start of the injection test, water levels in the shallow and
deep completions were 89.77 and 88.80 feet bls, respectively.

The horizontal distance from injection well RC20-18A to observation well RC20-18(S,D), the
depths of slotted intervals, the depths of Tss contacts, and water levels in RC20-18(S,D) prior to
the start of the test are shown on Figure 5-15.
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Figure 5-15. Schematic Cross Section of RC20-18A Injection Test

The test began at 1230 hours on April 7, 2020. Water was injected into RC20-18A while the rise
in water level in the well was monitored. After the first 26 minutes of the test, water level and
injection rate stabilized. For the remaining 34 minutes of the first hour, the water level was
maintained at an average head of 20.8 feet above well bottom [with a standard deviation (o) of
0.01 feet] and the injection rate was maintained steady at an average of 9.9 gpm (¢ = 0.12 gpm).
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Following completion of the first step, the injection rate was increased at 1330 hrs. After
approximately 44 minutes, the water level and injection rate stabilized and were maintained at an
average head of 30.1 feet above well bottom (c = 0.08 feet) and average injection rate of

39.7 gpm (o = 0.08 gpm) for an additional 16 minutes.

The injection rate was increased for the third step at 1430 hrs. After approximately 60 minutes,
the water level and injection rate stabilized and were maintained for an additional 30 minutes at
an average head of 38.9 feet above well bottom (¢ = 0.20 feet) and average injection rate of
49.0 gpm (o = 0.19 gpm), until the test was terminated at 1600 hrs. During the test, injection
rates and head measurements were recorded at one-minute intervals and are shown on

Figure 5-16.

Test data were analyzed using both Glover (1953) and Nasberg-Terletskata (Nasberg, 1951;
Terletskata, 1954) analytical solutions for flow from a constant-head borehole permeameter in
the vadose zone. The results indicate that estimated K. for Qal at the well location varied from
approximately 1.1E-03 to 3.2E-03 cm/s (3 to 9 ft/d). The highest estimated K. was recorded
during the second step with an average constant head of 30.1 feet above well bottom. Results for
the RC20-2C injection test are presented in Appendix J, Table J-2.

Water level responses in the Qal and Tss aquifers were monitored at wells RC20-18(S) and
RC20-18(D), respectively (Figure 5-17). At well RC20-18(S), water level began rising at the
start of the test, reaching a maximum displacement of 0.48 feet. Approximately 30 minutes after
test completion, the water level began falling and was 0.1 feet above pre-injection levels
approximately 32 hours later.

The water level at RC20-18(D) showed no apparent response to the injection test at RC20-18A
(Figure 5-17); however, water level data did show responses to changes in barometric pressure,
which were removed from the hydrograph on Figure 5-17.

Interpretation of the RC20-18(S) hydrograph suggests that the Qal aquifer is transmissive and
continuous at the well site. The response to nearby injection in the Qal aquifer, resulting in a
water level displacement of 0.48 feet, is similar to the displacement of 0.35 feet observed in Qal
at RC20-2B(S). The lack of water level response at RC20-18(D) suggests that water injected at
RC20-18A did not have a significant effect on hydraulic pressures in upper Tss at the well site,
and that the degree of hydraulic connectivity between Qal and Tss may be poor at this location.
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5.6 Summary

5.6.1 Pumping Tests

Results for constant-rate pumping tests are presented in Appendix J, Table J-1 and summarized
in Table 5-4 below. AQTESOLYV plots of the analytical solutions are included in Appendix K.

Table 5-4. Summary of Constant-rate Pumping Test Results

RC20-2D (7-day)

Hydraulic
Hydrogeologic Transmissivity | Conductivity Storage
Well ID Unit Tested Analytical Method(s) T, (ft3d) 2 (cmls) 2 Parameters b¢
55-205266 | C2 C?Qggmerate Cooper-Jacob (1946) 105 5. 3E-05
Gila Conglomerate S=23E-04
RC20-2 (Teg) Moench (1997) 837 2.2E-04 S,=0.08
Gila Conglomerate S=25E-04
RC20-2A (Teg) Moench (1997) 567 1.5E-04 S,=0.08
RC20-2D (60-hr) Dripping Spring Cooper-Jacob (1946), 152 7.6E-04
Fault Barker (1988) 135 6.8E-04

a metric and imperial unit conversions of T and K values are included in Appendix J, Table J-1

b S = elastic storage coefficient
¢ Storage parameters not considered reliable estimates for single-well tests (55-205266 and RC20-2D)

5.6.2 Injection Tests

Results for constant-head injection tests are summarized in Table 5-5 below. Detailed results are

included in Appendix J, Table J-2.
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Table 5-5. Summary of Constant-head Injection Test Results

Estimated Saturated
Steady | Avg. Constant- Hydraulic Conductivity,
Injection head K
Hydrogeologic Rate | (feet above well sat
Well ID Unit Tested Step (gpm) bottom) Analytical Method 1.2 (ft/d) (cmls)
Glover 1" 3.9E-03
1 39.7 22.6
Nasberg-Terletskata 15 5.4E-03
Glover 8 2.8E-03
RC202C | ,ouatemay | 499 31.0
uvium (Qal) Nasberg-Terletskata 11 3.8E-03
Glover 7 2.3E-03
3 62.8 39.2
Nasberg-Terletskata 9 3.1E-03
Glover 3 1.1E-03
1 9.9 20.8
Nasberg-Terletskata 5 1.6E-03
Glover 7 2.3E-03
RC20-18A | uemay |5 | 597 30.1
uvium (Qal) Nasberg-Terletskata 9 3.2E-03
Glover 5 1.8E-03
3 49.0 38.9
Nasberg-Terletskata 7 2.5E-03

' Glover, R.E. (1953)
2Terletskata, N. M. (1954)

5.7 Discussion

The results of 2020 site investigations downstream of the proposed Skunk Camp TSF generally
confirm findings from previous investigations, and provide additional empirical support for the
conceptual and groundwater numerical models. Pumping tests conducted in the Gila
Conglomerate (Tcg) exhibited hydraulic conductivities in the range of 5.3E-05 to 2.2E-04 cm/s,
which on average, occur on the same order of magnitude as wells tested in the vicinity of the
proposed TSF footprint (M&A, 2019).

In addition, injection tests conducted in Quaternary Alluvium (Qal) yielded results similar to
previous findings. Altogether, three injection tests have been conducted at the Skunk Camp site
since 2019, resulting in estimated saturated hydraulic conductivities in the range of 1.1E-03 to
1.3E-02 cm/s.

Findings for pumping tests conducted at the Dripping Spring fault, and observations of hydraulic
connectivity between geologic units during pumping and injection tests are discussed below.
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5.7.1 Dripping Spring Fault

During drilling of well RC20-2D to the south of the proposed TSF footprint (Figure 1-1), the
Dripping Spring fault was encountered from approximately 85 feet bls. The well was completed
in the fault, and two pumping tests were conducted lasting between 60 hours and 7 days.

The pumping tests of the Dripping Spring fault demonstrated that the hydraulic conductivity at
the well location is on the order of 7E-04 cm/s. Compared to tests conducted in Tcg and Qal, the
hydraulic conductivity of the fault was approximately five times higher than the hydraulic
conductivity of Tcg and one-fourth the hydraulic conductivity of Qal.

General radial flow analysis with the Barker (1988) method suggested that flow to the well was
sub-radial and approximated linear (n=1) flow. This result is consistent with flow through a
confined fault system.

5.7.2 Hydraulic Connectivity of Geologic Units

During most pumping and injection tests, water level responses in nearby observation wells were
monitored in order to evaluate the degree of hydraulic connectivity between the Qal and Tcg
aquifers, and Dripping Spring fault.

For the pumping test at RC20-2A, completed in Tcg, the water level at RC20-2B(S) indicated
no r