CASE STUDY: Groundwater Well Siting Study - Kanosh, Utah
GEOPHYSICAL INVESTIGATION TO LOCATE WELL

DRILLING TARGETS ON FRACTURED ROCK

Willowstick LLC
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Introduction

In  Kanosh, Utah, a comprehensive geophysical survey was
conducted to identify optimal water well drilling locations across
the "Canyon Area' and "Arena Area,’ each approximately 10 acres.
Grounded In extensive hydrogeologic research, the survey
emphasizes the crucial role of fractured rock zones in achieving
optimal well yields. A 2013 study examining over 90 well logs In
Utah revealed that wells drilled into "highly fractured® volcanic
rocks yielded notably higher outputs, highlighting the significance
of faulted zones for efficient water movement (Iron Springs
Corporation, 2013). This approach is supported by findings from the
PennState Extension, advocating for precise targeting of fracture
zones to enhance well productivity (Swistock and Sharpe, 2015).

To fulfill its objectives, the survey integrates advanced geophysical

methodologies, including Micro Seismic Resonance (MSR) anc

Radiometric Gamma analysis, tailored for detecting geomechanical

weaknesses and water presence indicators within fracture zones.
While Willowstick's AquaTlrack method offers valuable insights for
groundwater mapping, its applicability to well siting remains
somewhat limited. Instead, the survey capitalizes on MSR's
precision measurements, capable of detecting fractures at depths
of up to 3000 ft, and the Radiometric Gamma system’'s prowess in
identifying highly permeable fracture zones with elevated water
content. By synergizing these methodologies, the survey aims to
efficiently scout and pinpoint high-yield well sites, thereby fostering
informed decision-making for water management in Kanosh, Utah.

SUMMARY

LOCATION
Kanosh, Utah - USA

CHALLENGE

Well siting faces challenges
with inconsistent flows due
to debated fractured rock
effects. Prioritizing fractured
zones for higher yields tends
to be a daunting process for
most sites.

SOLUTION

The survey integrates MSR &
Radiometric Gamma
techniques to pinpoint
optimal well sites accurately,
enabling informed decision-
making for efficient selection.

BENEFIT

Allows for a more optimal
step by step path to getting
to available water, ultimately
resulting in the ability to drill
with peace of mind that
youre in the right area.
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Investigative Approach

The investigative approach began with a detailed
desktop study, encompassing geological research,
faulting analysis, and lineament mapping using
imagery and LIDAR topography. Additionally,
public-domain driller reports from the I|daho
Department of Water Resources were reviewed to
gain Insights into local groundwater conditions.
The fieldwork was conducted on a 3.7-acre area
where extensive data collection took place.
Gamma data was gathered over 1.2 miles (1.9 km)
of the site, totaling 415 data points. This data was
crucial for detecting geologic changes and
identifying patterns relevant to groundwater
potential.

Following the gamma data collection, Micro
Seismic Resonance (MSR) measurements were
performed along 9 lines, with data processed to a
depth of 1600 feet below ground surface. The
MSR technique, which relies on detecting micro-
seismic energy induced by tidal movements, was
used to identify stress relief zones such as sub-
vertical fracture networks and porous gravel
layers.

Data collection was meticulously coordinated
between field crews and geophysicists. All gamma
and MSR data were paired with GPS coordinates to
ensure precise correlation of findings. This data
was then compiled into a GIS database, enabling
comprehensive  analysis, comparison, and
interpretation. The integration of 2D and 3D
information facilitated the generation of detailed
maps and depth profiles, ultimately guiding the
selection of high-potential drill targets. This
thorough process combined advanced
geophysical techniques with detailed geological
data to enhance the accuracy of groundwater
exploration and well siting.
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Fig. 3 - MSR Intensity Aggregate per shot, (200-900 ft depth)
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Investigative Approach Cont.

In the analysis, MSR data focused on identifying
fracture systems corresponding to ideal gamma
patterns.

At Site 1, the top recommended drill target (T2),

located at the third shot (Station 80) on Line 101, il

boasts a remarkable MSR score of 206. This spot g oo & s
demonstrates significant potential, with projections S T L
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southern half of the property and the ‘blue comms - |
gamma’ area. Additionally, T1 adheres to the ideal ~ Fmw | -8 } - Sl
well placement criteria, positioned 114 feet from o | = ' - W

the property boundary and 165 feet east of the P —
water tank.

Conversely, at Site 2, Target T2 emerges as a
secondary option, ranking below T1. Detailed MSR
profiles, such as Line 101, reveal crucial fracture
system information, with Ti1 showcasing the
strongest MSR intensity between 700 to 800 ft
bgs, Indicating substantial  porosity and
permeability. Another viable drilling option at Site 1
Is the fourth shot on Line 102, with a respectable
MSR score of 114. This choice promises significant
water capture potential and robust permeability
around the borehole, essential for ensuring high
flow rates.
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Conclusion

This study combined Micro Seismic Resonance (MSR) with the Radiometric Gamma method to identify
fracture zones at depth with high water extraction potential. By employing these techniques, we
systematically scouted and refined drilling targets within Site 1 and Site 2. Among the prospects, T1 and
T2 emerged as primary candidates. MSR and Gamma data, along with GPS coordinates, guided precise
target selection. Although recommended drill depths for T1 and T2 were determined, it's important to
note the limitations in predicting production capacity and flow rates solely based on collected data.
Additionally, MSR sections provide estimations with an approximate accuracy of 10%, acknowledging
inherent uncertainties in geological exploration. We at Willowstick are at the top of our field and only

further refining our patented systems.
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Recommended Drill targets T1 and T2, based on data collected we can be sure of our accuracy of about 50 ft.
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Quotes

“I thought you might enjoy hearing from us. Our driller started the hole with mud rotary. He was in
fairly competent formation until about 600 ft when he hit fractures and lost all circulation. He tried
twice to restore circulation but ended up losing ~20,000 gal of mud very quickly. He switched to air
last night and the fun began. l've attached a link with some drone footage when he got his bit back
on the bottom of the hole around 605 feet. The slugs of water coming from the hole were
consistently timed about 2 min apart.”

- Project Manager of Kanosh Well

“The depth of the fracture zone is correlating very well with your MSR survey.
Thanks again for your help. “

- Project Manager of Kanosh Well

* Kanosh was a smashing success. We tested the well capacity last week. We sustained a 1,000 gpm
flow with only 14 ft of drawdown. Based on the step test, Dao is estimating the specific capacity of
the well to be north of 3,000 gpm. | couldn't be happier with how things turned out. The town is very
pleased.’

- Project Manager of Kanosh Well
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