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Hydrogeology in Custer County – Alluvial and Fractured Aquifers
This is an abbreviated set of slides from a community presentation on June 27, 2019.

Groundwater in Custer County occurs in a variety of aquifers due to the intricate
nature of its geology. As a small and fairly isolated community, there has not been
much incentive to study water.That is changing.
The alluvial aquifer along the Wet Mountain Valley floor has a few studies: USGS
Water Resources Investigation WRI 78-1 and a current study of alluvial aquifer storage
by USGS expected to in September 2020.
The hydrogeology of the fractured rock aquifers has not been studied – the USGS
conducted a short period of monitoring from 2002 to 2011 and various USGS geologic
maps are all that currently provide information in fractured rock country.
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Water is
Confusing
Legal &
Administrative
does not match
up with Physical
Hydrogeology

Despite the legal and administrative rules that humans have created around water in
Colorado, the actual physical hydrologic system will dictate whether we are using and
managing water in a sustainable manner.

Diagram courtesy of J. Deatheridge, Colorado Division of Water Resources, 2017
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Alluvial Aquifer:
Green area in
foreground. The
Wet Mountain
Valley
subirrigates with
shallow depths
to water.
Fractured rock
aquifers:
Brown and dark
mountain areas
in the central
areas of the
photo.

Photo ©2016 Greg Smith, Memorial Day weekend

This image clearly shows the alluvial aquifer (green foreground) and fractured rock
(brown central area) areas near Westcliffe, CO.
Agriculture and ranching are the primary land uses overlaying the alluvial aquifer in
the valley west of Highway 69.
Municipal and residential areas overlie the fractured rock aquifers in Custer County
east of Highway 69.
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Custer County zoning does not coincide with water availability.
Zone 1 – 80 acre minimum. The basin fill aquifer is the highly productive aquifer that
currently provides water to local homes, ranches and agriculture. It is located
primarily west of Highway 69 and includes the valley to the base of the Sangre de
Cristo Mountains. The Round Mountain Water and Sanitation District serving the
municipal areas of Westcliffe and Silver Cliff also draws from the alluvial aquifer.
Zone 2 – 35 acre minimum – is primarily residential. Homes with 35 acres or more
are entitled to a domestic well allowing an owner to pump up to 15 gallons per
minute for household, livestock, and outdoor uses.
Zone 3 - 10 acre minimum – is primarily residential and includes most of the Wet
Mountains east to the Pueblo County line. This area is almost exclusively underlain
by fractured rock aquifers. Subdivisions established before 1972 can have wells
supplying indoor domestic uses. No outdoor watering is allowed by well permit.
Zone 4 – 5 acre minimum – primarily residential and undeveloped, subdivided lands
east of Highway 69. This area is almost exclusively underlain by fractured rock
aquifers. Subdivisions established prior to 1972 can have wells supplying indoor
domestic uses. No outdoor watering is allowed by well permit.
Map courtesy of Custer County Planning & Zoning; custercountygov.com/images/SubdivisionZoningMap.jpg
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Basin Fill Aquifer
Horizontal, sloping layers
Shallow groundwater flow generally
follows topography and discharges to
local streams and wetlands
Clay content and total dissolved solids
generally increase with depth
Igneous and metamorphic rocks
underlie the aquifer and are
considered a barrier to flow
USGS test well drilled to a depth of
1,200 ft shows interbedded sands,
clays, and gravels through the entire
lithologic section

This cross-section of the basin fill alluvial aquifer was depicted in the 1978 USGS-WRI
78-1 report by Londquist and Livingston.
The basin fill alluvial aquifer ranges from about 1,200 feet (east) to 6,700 feet (west)
thick.
Currently, the upper 100 feet of the aquifer see the heaviest usage. Deeper wells are
in the 300 to 400 foot range. The aquifer below 500 feet is currently not in use. The
alluvial aquifer is a highly productive aquifer and is the major aquifer of economic
value in Custer County. As such, it is often the target of "buy and dry," wherein users
desiring to purchase water rights stop irrigating land and transfer the historic
consumptive use water to other purposes (often municipal supply).
Water quality can change with depth; total dissolved solids are expected to increase
and ion balances are expected to change as you go deeper into the aquifer.
The presence of confining units (clay and silt layers) is not shown in this cross-section,
but may be inferred due to the many artesian (flowing) wells that occur near Grape
Creek, toward the eastern margins of the alluvial aquifer.
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Alluvial aquifers are made up of porous media where particles are separated by void
spaces (pores). Particles can vary in size from boulders to gravels, sands, silts, and
clays. Alluvial aquifers are capable of storing and releasing large quantities of water.

Fractured rock aquifers are made up of a solid matrix that has been stressed or
broken to create fractures. Tectonic forces may also create larger zones of stress in
areas near faults and folds. Fractured rock aquifers typically yield only small
quantities of water. A well usually supplies the needs of only one home and a few
livestock.
Slide courtesy of State of California, Department of Water Resources, Presentation by John Kirk, PG,
CEG, CHG, 2017
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Fractured Rock:
Where is the water?
Crevices
Faults
Fractures
Rock matrix
How much water? How long?
Depends on the
interconnections

Image courtesy of USGS Circular 1349 (2010)
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Comparing yields of alluvial and fractured rock aquifers: Alluvial aquifers can easily
store and release over 100 times as much water as fractured rock aquifers. Thus,
fractured rock aquifers are poorly studied and are often only used by small capacity
wells to supply homes and water livestock.
The amount of water yield from a fractured rock aquifer depends on the size and
depth of fracture opening, fracture spacing, interconnection of fractures, and a
source of recharge.
Higher water yields in fractured rock occur where there are gentle slopes; swales or
valley bottoms; within 100 feet of a fault major fracture, or lineament; near surface
water; and/or in a large drainage area.
Slide courtesy of State of California, Department of Water Resources, Presentation by John Kirk, PG,
CEG, CHG, 2017
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This image shows rendering of wells in different topographic areas underlain by
fractured rock. Note that some fractures are interconnected. The density of fractures
is higher at shallower depths. Some fractures are isolated and do not receive
recharge.
In fractured rock country, recharge can vary from 3 percent to 25 percent of annual
precipitation. Whether a well receives even that scarce amount of recharge depends
completely on the individual fracture connections and the impacts of nearby well
pumping.
Pumping in fractured and faulted rock aquifers can cause highly linear impacts to
other wells. For example, two wells separated by a mile, but located within the same
fault zone, could see near instantaneous impacts from a change in pumping, whereas
a closer well not located in the fault zone may not respond at all.
Common remedies for wells drying are “drop your pump” or “drill deeper.” These
remedies are not helpful in fractured rock country.
Image from WaterSmarts, Jefferson County, 2002.
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Fractured Rock Wells: Connections Matter
Threats: Drought, overpumping, increased developed density
Tragic well stories are out there.
Deep wells are expensive to replace.
No guarantee that new well will provide more water
Water-yielding fractures decrease with depth.
Wells with already poor yields (< 2 gpm) may dry altogether
CONCERNS:
Community relationships could be damaged.
Property values could suffer.
Lenders may become unwilling to finance.

Examples of fractured rock well issues include:
• Well that provides water during a short-term pumping test dries up with
sustained household use.
• First well in a subdivision reliably provides water until neighbors drill and use
their new well. After more development and 3 successive redrills, owner sells.
• Well does not produce sufficient water to sustain household uses. Residents
use water in town for showers to save water at home.
• Unable to drill a well with sufficient yield to supply a home. Three attempts at
1,000 feet each, owner sells lot.
• Well owner “spikes” well to pass a pumping test prior to sale of home; new
owner moves in and finds inadequate water for household uses.
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Augmentation
Plan Schematic
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Grape Creek to Arkansas River

Augmented Well
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Other Wells

Conquistador Ponds

Blue arrows indicate the
direction of water
movement.

This slide depicts the Upper Arkansas Water Conservancy District’s proposed
augmentation plan.
Indoor use only: Wells pumping in fractured rock country could purchase an
augmentation certificate from Upper Ark to allow the well to be pumped for outdoor
uses.
There is no physical water provided to the well. The fractured rock well can only
pump as much as the aquifer will allow. This could lead to drying up of that well and
impact neighbors, near and relatively far, depending on the actual fracture
interconnections.
The process of augmentation would require Upper Ark to release water from
Conquistador Reservoir along Middle Taylor and Grape Creeks, through DeWeese
Reservoir, and along Grape Creek to the Arkansas River. This is done to offset the
depletions caused by the additional well pumping. Only surface water rights along
the augmented reaches are kept whole. Surface water rights along unaugmented
tributaries may be adversely affected. There is no recharge to the aquifer.
This proposed plan encourages increased aquifer pumping, with no additional
recharge. It protects only surface water rights, not your groundwater aquifers.
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Colorado Water Law = Sustainable Groundwater
Augmentation:
• Only protects senior surface water rights.
• Encourages groundwater pumping.
• Only replaces water to surface stream (Conquistador,
Taylor Creek, Grape Creek, DeWeese).
• Does not replenish the aquifer.
• Can lead to well interference, drying between neighbor
wells – especially in fractured rock aquifers.
• Supports junior uses in a priority system.
• Tributary streams that are not physically augmented may suffer.
• Wetlands, wet meadows, springs are not protected.
• Water table elevations in neither alluvial aquifers nor fractured rock aquifers are
protected.
• Wells, springs, ponds and other water rights are all considered junior to surface
water rights.
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What Should We Do As Well Owners?
• Stay aware and be involved:
• Buy & dry
• Increased density of housing and wells

• Monitor your own wells – water levels, well yield
• Provide access for well measurements, if requested.
• Share your water level, well logs, and well completion data.
• Be aware of changes – personal and neighboring water uses.

• If in fractured rock, consider alternatives to augmentation:
• Permaculture
• Rainwater harvesting (uses limited to those allowed by well permit)
• Hauling water

For rainwater harvesting: If the well is indoor use only, rainwater could supply an
attached, but not a freestanding, greenhouse.
Drought can impact fractured aquifer yields more rapidly than the alluvial aquifer
and can further decrease the percent of rainfall recharged.
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If this presentation was helpful to you, please
support the Sustainable Water Program at
San Isabel Land Protection Trust.
Visit sanisabel.org or call 719.783.3018.
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