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\/ . OVERVIEW

~ ¢ |t all started with a question:

S’
“ Do you suppose we can find recharge sweet spots 7 ”

* Project is a pilot study, small in scale by its nature

* Can we try geophysical imaging to determine where it
may be easier to introduce surface water to recharge

aquifer system(s) ?

* We proposed to test an area near Mosca and develop 5

linear arrays of electrical resistivity imaging data

* Testing the observations made by the landowner — \J
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‘ | l DEPTH TO CLAY SERIES
{ { { SAN LUIS VALLEY, COLORADO

( APPROXIMATE SCALE: 1 inch=5 miles

~ TARGETED RECHARGE e

. GREATER THAN 10 TO 20
rr GREATER THAN 20 TO 30
4+ GREATER THAN 30 TO 40
aa GREATER THAN 40 TO 50
.- ~GREATER THAN S0 TO &0

| | cc GREATER THAN 60 TO 70°
' | == GREATER THAN 70 TO 80
## GREATER THAN 80 TO 90

\ < GREATER THAN 90 TO 100~
~ R7E RSE RYE RIOE | RuE oo GREATER THAN 100 TO 110
TASN %% GREATER THAN 110 TO 120

ww GREATER THAN 120 TO 130
i GREATER THAN 130 TO 14G
ea GREATER THAN 140 TO 150
3z GREATER THAN 150 TO 160
XX GREATER THAN 160 TO 170
Fok GREATER THAN 170 TO 180
zz GREATER THAN 180

* Where should you place your recharge point ? 44N
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* What are the complexities of the deposits below your TN

fee’r ? TAN
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* Clay layers or lenses can have significant impact on -
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recharge potential, even if the clay layer is thin

* Electrical Resistivity Imaging (ERI) — driving metal spikes into

DU

the ground and passing electricity through them A
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* Different earth materials respond differently — some a6 s s T
conduct, some resist a5 o AR
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* Sand = Higher Resistivity, Clay = Lower Resistivity T4
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ELECTRICAL RESISTIVITY IMAGING

"
* ERI is a geophysical technique that is used to image the subsurface

using differences in the electrical resistivity of materials.

* During an ERI survey, an electrical current is passed into the

earth using paired current electrodes.

* The potential difference is then measured between a pair of

potential electrodes.

* The apparent resistivity of the material(s) being investigated is
processed into resistivity contour maps to show variations along

the deployed array and at depth.

* Resistivity of subsurface materials varies based on composition

and water contents.
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EARTH MATERIALS & RESISTIVITY

RESISTIVATY (1T m)

0.0 0.1 1 10 100 1 000 10 000 100 000
MASSIVE SULFIDES |

,\
C i

SHIELD
IGNEQUS AND UNWEATHERED ROCKSH

METAMORPHIC ROCKS

FELSIC) MOTTLED _ DURICRUST
ZONE

WEATHERED LAYER
(METAMORPHIC ROCKS)

CLAYS I
‘ GLACIAL SEDIMENTS

SHALES SANDSTONE CONGLOMERATE
SEDIMENTARY ROCKS!
LIGNITE, COAL DOLOMITE, LIMESTONE

|
SALT WATER FRESH WATER PERMAFROST

e

— e

WATER, AQUIFERS

100 000 10 000 1 000 100 10 . 0.0
CONDUCTIVITY (mSsm)



https://www.eoas.ubc.ca/ubcgif/iag/foundations/properties/resistivity.htm
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~ * RockWorks Model Incorporating 155 Well Logs

S

* 8 ERI arrays were deployed

* 4 on the northwestern end of the property on a brush

quarter and 4 subsequent arrays to the southeast

* The second set of arrays were used to gather additional

data and test observations made for the first 4 arrays

* 5 test wells were drilled on the 4 northwestern arrays

https://geoprobe.com/hpt-system-diagram

* Hydraulic profiling tool (HPT) was deployed in each test

well, cuttings were collected, and monitoring wells installed /
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Computer modeled schematic cross section derived from water well logs (labeled) using
RockWorks17.Yellow represents regions with high groundwater flow rates (high transmissivity)
other colors are assumed to impede flow, or have low transmissivity. Notice how much more
detail can be seen on the right side of the model where there were more well logs availible

for the model to use, but can the computer accurately predict what the ERI will show us?
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This cross-section was
developed using

0ft
RockWorks and ~/
incorporates well log
25t data from previously
drilled logs. The
o RockWorks software
package models
correlations between
75 wells.
The cross-section runs
-100 ft

east west across the
northern end of the
study area and <
intersects Line 4.
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Electrode and cable

| ERI array “brain”

Test hole drilling




Understanding Hydraulic Profiling Tool (HPT) Graphs /

4 The curves to your left were created by an HPT as it was pushed directly into the ground by a small
Int ted Rock T
HPT Press. Max (psi) Est.K (ft/day) EC (mS/m) el L drill rig. As the tool is pushed into the subsurface, it collects several pieces of data that can be used td V.
1o 50 100 0 50 1000 0 4 interpret the types of earth materials it encounters. The graphic to the right of the curves shows our
ST . ' ' . interpretations of the rock types. This guide will explain how to read and interpret HPT data yourself! u

(:)

(Soil) Silt, sand, & clay

HPT Press. Max - Thi s is the primary set of data the HPT collects. As the tool is pushed into the ground,

it injects a stream of water into the surrounding formation. The curve you see is the amount of pressure
created by the water injection. When the HPT is surrounded by gravel, little or no pressure is required

for water to flow. However, when surrounded by clay, it is very difficult for water to flow and the pressure
increases significantly. Lower pressure = higher formation permeaility = increased groundwater flow,
and vice versa!
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Gravel, sand,
& some clay

Gravel, sand, EC - Electrical Conductivity (EC) is another set of data the HPT collects as it

& minor clay travels through the subsurface. Different earth materials conduct electricity in
different ways: for instance, clay conducts electricity very well - so the HPT will
record a high EC when it passes through clay. Sand and gravel usually conduct
electricity poorly compared to clay, so the HPT will record a lower EC when

oo i i el I i
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14 ; 14 passing through them. Notice how the HPT pressure curve and the EC curve are
4 { S Water Table very similar!

16 16 In some cases, the EC can pick up on other things in the ground. Salt
i 3 accumulation in soil or groundwater increases conductivity, and can cause

18 ] 18 e Mostly clay the EC curve to spike. We compare the EC curve and the HPT pressure curve

carefully to check for any anomolies.
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1 Est. K- Hydraulic Conductivity (abbreviated 'K”) is a term that describes how quickly water moves through

a given material. Est. K is used in groundwater calculations and computer models, but it can be very difficicult
for scientists to know if the K value they're using is correct. Often, scientists use a general K value based on
the type of aquifer theyre dealing with - but if an incorrect K value is used, it can dramatically affect the
model or calculation they're working on.

The HPT is able to estimate hyrdaulic conditivity by running a‘dissipation test; where it measures
how long it takes the aquifer pressure to level out after water injection has stopped. However, the HPT
can only run this test when the subsurface conditions are just right. If you dont see a Est. K curve included
with the data, it's because the HPT wasn't able to run a sucessful ‘dissapation test’on that borehole. A
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T 1 sandfgravel limiation of the HPT is that it will only give est. K values for materials below the water table.
30 — : : 30 —
5 2 Mostly clay Interpreted Rock Type - By looking at all the data the HPT collected together, we can interpret what

| — type of materials the HPT traveled through. For instance, at 29ft the HPT pressure is low, the EC is low,
- f - Sand &silt with someclay ~ and the est. Kis relatively high. This suggests a material primarily comprised of sand and gravel. At 10 ft

= the HPT pressure and the EC is low, but because the EC is slightly higher than at 6ft, we interpreted a

’ T { g Mostly clay slight clay component along with the gravel & sand. Here, the materials are above the water table, so the
% E ? 3 3 EC is generally much lower - so we have to look closer at the curve to notice the difference.

T b 1 Sand &gravel
38 = 38 with some silt/clay
39 39 — Subsurface e are pleased to have contracted

Vista Imaging  Vjsta GeoScience to collect the HPT
GeoScience systems .- for the project.




ERI IMAGES

* The following slides show the ERI images as acquired along with the geology team’s

interpretations of the rock/sediment type that the ERl image suggests is in the subsurface

* Caveat! While some of these arrays are parallel and nearby to one another, we

urge caution in correlating gravel deposits between arrays

* River systems are very complex and while these may be related channel

deposits, it is not easy to be sure without 3D imaging.
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* The location of gravel deposits in the subsurface corresponds nicely
C,

with the Nissens’ observations.

USGS DualEM 421 Sensor

* “Quick-Responding Wells” to the west and north versus “Slow-

Responding Wells” to the south and east.

* The subsurface deposits are complex, and this complexity needs to
be a primary concern in developing recharge features on the

landscape

* Existing well logs & landowner insights offer starting point — sensing

approach allows for pinpointing best among prospects

* ERI produced good match between test wells & landowner
observations — Next Step is to compare ERI to faster method and

associated costs to deploy & analyze

* DUAL Electromagnetic Imaging Device (USGS) ~ O\ )




