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Introduction 
This is a supplement to the Soil and Water Assessment, and provides further detail for the 
groundwater resources on the Grand Mesa, Uncompahgre and Gunnison National Forests 
(GMUG). Groundwater resources include aquifers and groundwater dependent ecosystems 
(GDEs) such as springs, wetlands and streams. This assessment focuses on aquifers, while 
GDEs are addressed in the Assessment of Aquatic and Riparian Ecosystem Integrity, System 
Drivers and Stressors. Groundwater is considered part of the hydrologic cycle and plays a 
role in both ecosystem function (groundwater dependent ecosystems) and water supply. 
Therefore, groundwater should be considered during the assessment process with respect to 
aquatic ecosystems, watersheds, water resources and quality, system drivers (including the 
ability of aquatic ecosystems to adapt to change), carbon stocks, ecosystem services, areas of 
tribal importance, cultural and historic resources and uses and designated areas. 
Groundwater-dependent ecosystems are covered in detail in the Assessment of Aquatic and 
Riparian Ecosystem Integrity, System Drivers and Stressors - GMUG NF. 
A forest-wide assessment of groundwater resources on the GMUG has never been 
completed, such as the Comprehensive Evaluation Reports completed for other resource 
areas in 2006. For planning purposes, all forests should have at minimum a hydrogeology 
map and a groundwater vulnerability map.  
A hydrogeology map uses existing geology maps to define and characterize hydrogeologic 
units. These units broadly fall into two categories: aquifers that transmit groundwater and 
aquitards or confining units that prohibit the movement of groundwater. Many times there is 
ambiguity in characterizing hydrogeologic units with many units being described as both an 
aquifer and a confining unit. Often, a unit that may not be considered an aquifer for large- 
scale groundwater production may be suitable for smaller operations (e.g. domestic and stock 
water supplies).  
The public is immensely interested in water resources in general, and there is an increasing 
awareness as to the importance of groundwater resources. Based on the amount of comments 
received during past efforts to publish a Forest Service groundwater directive, it is very 
evident that there is an elevated interest in how the agency stewards groundwater resources 
since the last GMUG planning effort. 
Historically, groundwater was usually only addressed in environmental assessments when 
there was subsurface disturbance which is most often associated with fossil fuel and mineral 
exploration, development and extraction.  
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Condition & Trends 

Current Condition of Known Groundwater Resources 

Overview of Principal Aquifers 

The principal aquifers underlying Colorado, and the GMUG NF (Figure 1), can be placed 
into three general categories: major alluvial (material eroded, transported and deposited by 
running water), sedimentary rock and mountainous region aquifers (Colorado Geological 
Survey (CGS) 2003).  

 

Figure 1 Principal aquifers and structural basins of Colorado (CGS 2003). 

The major alluvial aquifers are located in the Gunnison River Basin. Groundwater from these 
aquifers are important for irrigation, public and domestic water supply and livestock use due 
to their high hydraulic conductivity and shallow depth. Major sedimentary rock aquifers 
include the Piceance Basin which can be found in northern and eastern areas of the forest and 
the Dakota-Cheyenne aquifer which can be found in the vicinity of Montrose and north and 
east of Gunnison.  Mountain region aquifers are found in areas of high relief, shallow soils 
and extensive areas of exposed bedrock and are composed primarily of crystalline, volcanic 
and igneous intrusive rocks. While not generally considered significant sources of 
groundwater, in areas of high secondary porosity (due to fracturing or dissolution of 
minerals), significant amounts of groundwater may exist. 
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Bedrock Hydrogeology Map 

A hydrogeology map is the base level source of information for determining the location and 
extent of groundwater resources. Hydrogeology maps are typically generated from geology 
maps. For most areas of the western United States this data is available at a scale of 
1:500,000 though some states have this data for certain areas at scales of 1:100,000 or lower. 
These geology maps represent bedrock geology (the geologic unit at or near the surface) and 
therefore result in the creation of bedrock hydrogeology maps. Activities on NFS lands that 
result in disturbance below the bedrock may require additional, project-level characterization 
of the hydrogeologic units present at greater depths. If this data doesn’t exist for the project 
area and it is impractical or unnecessary to drill new wells or boreholes, a general, and 
sometimes detailed, characterization can be determined based on known stratigraphic 
sequences of geologic units (Table 1). This data is readily available from the USGS and peer-
reviewed studies for most of the United States. 

Table 1 - Hydrogeologic Units of the Piceance Basin (CGS 2003) 

 
Hydrogeologic units are generally labeled as either aquifers or confining units. At a scale of 
1:500,000 multiple geologic units may be lumped together, resulting in hydrogeologic units 
that can act as both aquifers and confining unit. These labels are general and apply to large 
areas but locally a unit may deviate from its designation (e.g. a confining unit composed 
primarily of marine shale, typically a very impermeable rock, may contains sand lenses that 
store and transmit water much more readily than the shale). Also, a unit that may not be 
considered an aquifer for large-scale industrial or municipal use may yield sufficient water 
for domestic or stock use. 
The amount of information available for unit descriptions varies greatly. In general, regional 
aquifers tend to be well-characterized due to the large number of wells developed in them. 
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For all units, the aquifer media, or rock type, is available from geologic maps. Hydrogeologic 
properties, which may or may not be available for a unit, include: 

• Thickness: may be for a single unit or multiple units 

• Yield: volume of water that can be extracted per unit of time (e.g. gallons per minute) 

• Hydraulic conductivity: the rate at which water can move through a permeable 
medium; expressed in units of length per unit of time (e.g. feet per day) 

• Transmissivity: the rate at which water is transmitted through a unit width a 
hydrogeologic unit; expressed in units of area per unit of time (e.g. square feet per 
day) 

For the GMUG Forest Plan Revision, water quality data, including total dissolved solids 
(TDS), is also described where available as well as water use and withdrawals. This data is 
from the 2003 Groundwater Atlas of Colorado and may not reflect current conditions. 
 
Total dissolved solids (TDS) concentrations and specific conductance are commonly used to 
define the various classes of groundwater (Table 2). The classifications are used to establish 
in situ water-quality standards for implementing groundwater protection programs, 
permitting discharges to groundwater, and setting cleanup goals at contaminated sites.  

Table 2 - A common groundwater classification system based on TDS concentration 
(mg/L). 

TDS* Classification 
Less than 1,000 
1,000 to 3,000 
3,000 to 10,000 

10,000 to 50,000 
More than 50,000 

Fresh 
Slightly brackish 

Brackish 
Saline 
Brine 

*As a point of reference, the TDS concentration in seawater is approximately 35,000 mg/L. 
 
Uncontaminated fresh groundwater is generally suitable for human consumption, for 
livestock and other agricultural uses, and for most industrial uses. Slightly brackish water 
may not be suitable for those uses, depending on the relative amounts of the various major 
ions and trace elements. Brackish, saline, and brine waters are never suitable for human 
consumption. In some cases, brackish water can be used for livestock, but saline and brine 
waters never can (National Research Council 1981). 
 
The GMUG Bedrock Hydrogeology Map (Appendix C) was created using the USGS Digital 
Geologic Map of Colorado (Green 1992). Units were labeled and described primarily using 
the Groundwater Atlas of Colorado (CGS 2003). Additional information came from 
Barkmann et al. (2015), Robson and Banta (1995) and Wood and Fernandez (1988). Detailed 
descriptions of the units can be found in Appendix D. The units are grouped in the following 
categories: Major or Principal Aquifers, Minor Aquifers and Confining Units, and Other 
Units. Table 3 summarizes the percentage of the plan area that each group and unit occupies. 
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Table 3 - GMUG hydrogeologic groups and units and percentage of plan area 
occupied. 

Group or Unit Percentage of Plan Area* 
Major or Principal Aquifers 62.7 
Alluvial Aquifers 0.9 
Tertiary Igneous Rock Aquifers 31.2 
Mesaverde Aquifer 3.6 
Dakota, Morrison and Entrada Aquifers 16.6 
Precambrian Crystalline Rock Aquifers 10.4 
Minor Aquifers and Confining Units 23.0 
Tertiary Sedimentary Aquifers 0.3 
Upper and Lower Piceance Basin Aquifer and Confining Units 9.0 
Mancos Confining Unit 6.6 
Mesozoic Sandstone Aquifer and Confining Units 3.0 
Mesozoic-Upper Paleozoic Confining Units 0.5 
Maroon and Minturn Aquifers; Belden Confining Unit 2.1 
Paleozoic Carbonate Rock Aquifers 1.5 
Other Units 13.9 
Quaternary Eolian Deposits <0 
Quaternary Mass Movement Deposits 6.2 
Quaternary Glacial Deposits 7.7 

 *Percentages are approximate and do not add up to 100% due to rounding. 

Existing Groundwater Vulnerability Information 
An assessment of groundwater vulnerability using the DRASTIC method has already been 
conducted for approximately 24% of the GMUG in 2008 and 2010 (Appendix A), but the 
remaining areas represent a data gap. A hydrological model of the Grand Mesa Area, Delta 
County was prepared by the Colorado School of Mines in 2003 (Appendix B).  
Additional data such as usage and quality is useful for planning purposes, but due to the high 
resource cost to obtain that data (and data gaps), this data is usually acquired and applied to 
the decision-making process at the project level. 
A groundwater vulnerability (or susceptibility) map is created by assigning values and 
weights to a number of physical and hydraulic properties and calculating a vulnerability 
index. This is most often done using the DRASTIC method (Aller et al. 1987) which is 
described in more detail in Appendix A. Generally, aquifers that readily transmit water, are 
close to the surface and are in areas of low topographical relief are the most vulnerable. 
Vulnerability studies are usually only conducted for the hydrogeologic units that are present 
at the surface (due to shallow groundwater pollution being the most prevalent), but can be 
conducted for any unit at any depth.  
The index is not absolute, but relative; one area is more susceptible than another. There is no 
unit of susceptibility or threshold that would enable an immediate assessment of the degree 
of susceptibility of groundwater in a particular area to potential adverse impacts. The index is 
intended to be used as an interpretive tool that allows decision makers to easily distinguish 
areas where groundwater is more susceptible to adverse impacts from areas where adverse 
impacts are less or unlikely. 
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The 2008 GMUG study indicated that susceptibility was relatively highest on the Grand 
Mesa and valleys in the northern West Elk Mountains where glacial drift and Quaternary-
Tertiary alluvium is present at the surface. Relatively lower indices of susceptibility are 
found primarily in areas of high relief (mountainous/steep) or where there is little to no 
surface water and near-surface groundwater. 
The 2003 School of Mines study produced the following results that characterize 
groundwater resources in the Delta County study area: 

• The vast majority (99%) of groundwater flow in the Delta County watershed occurs 
within the shallow alluvial aquifer with very little recharge of surface water features 
from the Mesaverde aquifer. 

• Pumping of the deep coalbed methane wells produced no significant impacts 
(drawdown) on the shallow aquifer that is the source of groundwater that supplies 
many drinking water wells. 

• The Mesaverde aquifer was not impacted more than 3000 ft. from the wells after 
pumping over long periods of time. 

These results indicate, at least for the Delta County study area, that there is very little to no 
seepage through confining units that separate the shallow aquifer, the Mesaverde aquifer and 
deeper areas of interest for coalbed methane and other potential developments. This lack or 
near-lack of connection between the Mesaverde Aquifer and the shallow aquifer is confirmed 
in McMahon (2007). 

Existing Groundwater Development 
A well permit search was performed on August 4, 2017 on the Colorado Division of Water 
Resources site using the counties within the GUMG administrative boundary and the action 
of “Permit Issued.” This resulted in a snapshot of past and existing groundwater 
development. 755 records were returned with status of the permitted wells explained in Table 
4. Of the 755 permits issued, only 435 or 58% of the permits had status description of “Well 
Constructed” or “Well Replaced” (Table 5), potentially providing some indication of how 
many wells are in use at this time. Of these wells, the vast majority (367 or 84%) are 
permitted for domestic or household use only. While it is likely most of these wells exist on 
private inholdings within the GMUG administrative boundary, the aquifers they utilize are 
transboundary and this should be considered when assessing groundwater usage within the 
greater GMUG administrative boundary. 

Table 4 - Status of permitted wells on GMUG NFS lands. 
Status Application 

Denied 

Permit 

Cancelled 

Permit 

Expired 

Permit 

Extended 

Permit 

Issued 

Well 

Abandoned 

Well 

Constructed 

Well 

Replaced 

Number 17 64 80 3 145 12 428 6 

  

Table 5 - Use of permitted wells on GMUG NFS lands (with status description of 
“Well Constructed” or “Well Replaced”). 
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Use Amount Use Amount 

None Given/Other 21 (14) Household Use Only 305 (193) 

Commercial 52 (20) Industrial 2 (0) 

Domestic 266 (174) Irrigation 5 (3) 

Evaporation 1 (1) Monitoring/Sampling 82 (26) 

Fishery 1 (0) Municipal 13 (2) 

Geothermal 2 (0) Stock 5(2) 

 
Of the 755 wells permitted, only ten identify the aquifer name associated with the well. Six 
are in the Dakota, two in the Mancos, and one each in the Morrison and the unconfined San 
Luis Valley. Well depths are reported for 441 wells, ranging from 6-5132 feet.  
By comparison, 50,096 well permits have been issued on private lands in the plan area.  Of 
those, 30,081 or 60% have a status description of “Well Constructed” or “Well Replaced.” 
Of these wells, the majority (21,470 or 71%) are permitted for domestic or household use 
only. From these statistics we can glean two things. First, the majority of wells on the 
GMUG and surrounding areas have been permitted and constructed for domestic and 
household use. Second, the average density of constructed wells on private lands in the plan 
area (which are not densely populated) is an order of magnitude higher than for just GMUG 
NFS lands (Table 6). Local population growth and regional climate change could shift trends 
towards more wells being constructed for municipal and industrial use and higher well 
density, which could lead to higher extraction than recharge rates. 

Table 6 - Density of constructed wells in the counties sharing land with the GMUG 
and the GMUG itself. 
 Wells Constructed/Replaced Area (mi2) Density (wells/mi2) 

GMUG Counties 30,081 23412 1.2 

GMUG 435 4531 0.1 

 

Information Gaps 

• Groundwater Resource Evaluation (groundwater vulnerability assessment): While 
approximately 24% of the GMUG was addressed in the 2008 and 2010 assessments 
(see Appendix A), an assessment has not been completed for the entirety of the 
GMUG.  

• GDEs not already inventoried in the 2014 GMUG Wetland and Fen Inventory, 
National Wetlands Inventory or other spatially referenced inventories that include 
GDEs. The emphasis would be on springs and fens, the most common discharge 
GDEs in mountainous areas. Wetlands located but not surveyed should be surveyed 
to determine whether or not they are peat-forming, and if so meet the requirement for 
classification as a fen (i.e. groundwater-dependent and peat thickness ≥ 20 cm). 
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• Location of potential (i.e., those that can reasonably be used in the future) 
underground sources of drinking water. 

• Whether there are any groundwater quality violations or requirements of increased 
frequency of groundwater monitoring for contaminants within the planning area. 

• Forthcoming results of the Department of Energy East River Watershed Function 
Scientific Focus Area study, Gunnison Basin Geographic Area. 

• Environmental Flows and Levels for springs. 

• Identification of specific springs that have sustained damage due to grazing. 

• Identification of specific springs that have been dewatered due to diversions. 

• Identification of specific culturally important springs in the plan area  

Sustainability 

Environmental Sustainability of Groundwater Resources 
In order to analyze the environmental sustainability of groundwater resources, it is necessary 
to determine the amount, timing and quality of groundwater needed by GDEs and use that 
information to determine what is available for other uses (Aldous and Bach 2014),including 
municipal, agricultural, domestic and industrial water supply. That determination requires a 
robust methodology for determining the hydrological needs of ecosystems that is 
straightforward to implement, monitor and adapt to a variety of situations. The Nature 
Conservancy (TNC) and the USDA Forest Service have developed such a method to inform 
decision-making related to groundwater development that are protective of GDEs and seek to 
meet societal needs (USDA 2017). Environmental Flows and Levels (EFL) are defined as 
follows:  

Environmental flows and levels describe the quantity, quality, timing and range of 
variability of water flows and levels required to sustain or restore freshwater and 
estuarine ecosystem and the functions and services they provide. EFL include 
instream flows, geomorphic and flood flows, groundwater levels and lake and 
wetland levels established for environmental purposes. 

Aquifers support GDEs, so any activity that lowers or raises the water table, piezometric 
surface (an imaginary surface that represents the level to which water in a confined aquifer 
would rise in a well placed in it), or groundwater discharge rate or timing that alters 
groundwater chemistry can affect the integrity of GDE habitat. The EFL approach balances 
the water needs of human activities with the water needs of GDEs. 
Determining quantitative EFLs is important for ensuring adequate water to sustain GDEs in 
cases in which activities affect groundwater flow to GDEs. These activities include wells for 
municipal water supply, water withdrawals for livestock operations, diversion, groundwater 
developments, and mining within a GDE’s recharge zone. When use of water resources shifts 
the hydrologic conditions below the thresholds defined by the EFL, irreversible ecological 
harm may occur, including impairment or loss of ecological structure and function. 
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An EFL establishes the limit to water-level change for an aquifer, spring or wetland. It is the 
limit at which further withdrawals or flooding would be significantly harmful to the GDE. If 
monitoring indicates that the actual water levels or flows are below the defined EFL, a 
recovery plan can be developed to reach acceptable levels. EFL accounts for varying 
drawdown (or flooding) thresholds of different species or ecosystem processes within the 
GDE by allowing for an acceptable level of change to occur relative to the reference 
hydrologic conditions. 
Due to the relatively recent development of the EFL method, it is unlikely that thresholds 
have been determined for GDEs on the GMUG. Data from previous GDE and instream flow 
studies could be referenced. The EFL method should be used for any project that has the 
potential to affect groundwater resource, groundwater resources in need of management 
attention, or particularly vulnerable groundwater resources. 

Economic Sustainability of Groundwater Resources 
The economic sustainability of GMUG groundwater resources is dependent on the 
environmental sustainability of those resources. Depletion or contamination of existing 
resources could have major economic consequences due to the scarcity of and cost of water 
resources in the arid west. 

Social Sustainability of Groundwater Resources 
The two dimensions of social sustainability most dependent on groundwater resources are 
equity and quality of life. Both of these dimensions are dependent on the environmental 
sustainability of groundwater resources. 

Current Forest Plan and its Context within the Broader 

Landscape 

Existing Forest Plan Management Direction for Groundwater Resources 
Planning Question 10 of the existing forest plan asks, “How should the forest respond to 
increasing demands for water?” The answer is, “The scope of the planning question includes 
public issues and management concerns for surface and groundwater management.” This is 
the first and last time groundwater is mentioned in the plan. Groundwater and surface water 
are interconnected and interdependent in almost all ecosystems. At the time of publication of 
the current Forest Plan in 1983, this concept was rarely considered outside of academia. 
Because of this interconnectedness, most if not all existing and future direction regarding 
water resources could affect both surface and groundwater resources. 
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Potential Need for Plan Changes to Respond to Groundwater 
Resource Issues 
A need exists for a comprehensive evaluation of the vulnerability of groundwater resources 
on the GMUG. A need also exists to recognize that groundwater and surface water are 
interconnected and interdependent in almost all ecosystems, and that they need to be 
considered as one resource in all planning and decision-making processes.  
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Appendix A – Existing GMUG Groundwater Resources 
Evaluations 

Groundwater Resource Evaluation for Lands with Oil and Gas 
Resource Potential (2008) 
During the initial consideration of oil and gas leasing revision that was not completed on the 
GMUG, a groundwater resource evaluation for lands with oil and gas resource potential was 
conducted by a contractor, Noblis, in 2008. 
The DRASTIC system (Aller et al. 1987) was used in the evaluation of susceptibility of 
groundwater resources to adverse effects. For this study an index was calculated for the 
entire project area (Figure 3) as well as four aquifers (unconsolidated, Mesaverde, Dakota 
and Morrison) that are present to varying degrees at the surface or below the study area 
(Figure 4).  The evaluation was not performed for the entire forest, only lands that are 
available for oil and gas leasing per the 1993 Oil & Gas Leasing Availability Decision, or 
24% of the GMUG. The DRASTIC method evaluates seven parameters to determine 
susceptibility: 

• D: Depth to groundwater (shallow aquifers are more vulnerable than deeper aquifers) 

• R: Net recharge (how much rain, snowmelt or surface water reenters the aquifer) 

• A: Aquifer media (unconsolidated material such as alluvium or the type of rock the 
aquifer is composed of) 

• S: Soil media (the type of soil overlying an aquifer will determine how much and how 
fast recharge occurs) 

• T: General Topography or slope (more runoff occurs on steeper slopes and more 
infiltration occurs in flatter areas) 

• I: Vadose zone (the unsaturated zone between the ground surface and the water table 
the properties of which can affect how vulnerable the aquifer below it is) 

• C: Hydraulic conductivity of the aquifer (the rate at which water can move through a 
permeable medium) 

Each parameter is assigned a rate and a weight to calculate the DRASTIC Index. The index is 
not absolute, but relative; one area is more susceptible than another. There is no unit of 
susceptibility or threshold that would enable an immediate assessment of the degree of 
susceptibility of groundwater in a particular area to potential adverse impacts. The index is 
intended to be used as an interpretive tool that allows decision makers to easily distinguish 
areas where groundwater is more susceptible to adverse impacts from areas where adverse 
impacts are less or unlikely. 
The index revealed that, for the areas evaluated in this study, susceptibility was highest on 
the Grand Mesa and valleys in the northern West Elk Mountains where glacial drift and 
Quaternary-Tertiary alluvium is present at the surface. Lower indices of susceptibility are 
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found primarily in areas of high relief (mountainous/steep) or where there is little to no 
surface water and near-surface groundwater. 

Groundwater Resource Evaluation for the East River Watershed 
(2010) 
This 2010 report describes the geology, hydrology, and hydrostratigraphy of groundwater 
resources in the East River watershed, Gunnison County, Colorado. The principle focus of 
this study was to evaluate the pollution potential and associated vulnerability of groundwater 
in this watershed to contamination from surface pollution sources. The DRASTIC method 
was employed in this study. This study encourages future development efforts in this multi-
use watershed to consider groundwater vulnerability in planning. 
This evaluation determined the DRASTIC index for the entire watershed and for seven 
different hydrostratigraphic units/layers (Figure 3): 

• Unit A: Quaternary deposits 

• Unit B: Tertiary igneous rocks 

• Unit C: Mesaverde Formation 

• Unit D: Mancos Shale 

• Unit E: Dakota, Morrison and Entrada Formations 

• Unit F: Paleozoic sedimentary rocks 

• Unit G: Precambrian granitic rock 
Unit A is the youngest and shallowest while Unit G is the oldest and deepest. The highest 
indexes of susceptibility were found in the Quaternary deposits primarily found in the 
alluvial deposits of streams while the lowest indexes are found among aquitards and deeper 
units such as the Mancos Shale and Precambrian crystalline rocks. 
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Figure 2- DRASTIC evaluation of susceptibility of groundwater resources to adverse effects- 
complete GMUG project area (2008). 
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Figure 3 - DRASTIC evaluation of susceptibility of groundwater resources to adverse effects - 
separate aquifers (2008). 
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Figure 4- Final DRASTIC index for all hydrostratigraphic units, East River Watershed (2010). 
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Appendix B – Existing GMUG Groundwater Models 

Hydrological Model for the Grand Mesa Area, Delta County, 
Colorado 
In 2003 the Colorado School of Mines developed a hydrologic model to evaluate the 
potential impact of four coalbed methane (CBM) wells on water resources in the northern 
portion of Delta County (Figure 6). Objectives of the study that are relevant to this 
assessment were: 

• Evaluate existing hydrologic data. 

• Develop computer model of hydrology 
 

 

Figure 5 – Delta County study area (2003).  

The study produced the following results that characterize groundwater resources in the study 
area: 

• The vast majority (99%) of groundwater flow in the watershed occurs within the 
shallow alluvial aquifer with very little recharge of surface water features from the 
Mesaverde aquifer. 

• Pumping of the deep coalbed methane wells produced no significant impacts 
(drawdown) on the shallow aquifer that is the source of groundwater that supplies 
many drinking water wells. 
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• The Mesaverde aquifer was not impacted more than 3000 ft. from the wells after 
pumping over long periods of time. 

These results indicate, at least for the study area, that there is very little to no seepage 
through confining units that separate the shallow aquifer, the Mesaverde aquifer and deeper 
areas of interest for coalbed methane and other potential developments. This lack or near-
lack of connection between the Mesaverde Aquifer and the shallow aquifer is confirmed in 
McMahon (2007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Grand Mesa, Uncompahgre, and Gunnison National Forests 
SUPPLEMENTAL Forest Plan Assessments: Groundwater 

 
 

1 
 

Appendix C – Bedrock Hydrogeology Map 
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Appendix D – Hydrogeologic Unit Descriptions 
In this section, the hydrogeologic units are described with respect to: 

• Percentage of plan area 

• Aquifer media 

• Hydrogeologic properties 

• Water quality 

• Water use/withdrawals 
As discussed earlier, these units represent what is present at or near the land surface. The 
units are organized by the following types: 

• Major and/or Principal Aquifers – While yields may vary by orders of magnitude 
between these aquifers they are used extensively for many purposes (i.e. domestic, 
industrial and municipal) 

• Minor Aquifers and Confining Units – These units are either composed of a 
combination of aquifers and confining units or just a confining unit. In all cases, 
yields may be sufficient, locally, to provide water for domestic or stock use. 

• Other – These are typically unconsolidated materials that readily transmit but store 
little water. Locally or seasonally they may be utilized as aquifers. 

Within type, the units are organized by age with the youngest units first. 

Major and Principal Aquifers 

Alluvial Aquifers (Aqu) 
Percentage of Plan Area: 0.9 
Aquifer Media: Quaternary: Modern alluvium (Qa) - Unconsolidated sand, silt, clay and 
gravel deposited by modern streams. Gravels and alluviums (Qg) - Includes Broadway and 
Louviers Alluviums. Older gravels and alluviums (Qgo) - Includes Slocum, Verdos, Rocky 
Flats and Nussbaum Alluviums. Tertiary and Quaternary: Ancient alluvium (QTa) - In 
isolated patches that may not all be of the same age. 
Hydrogeologic Properties: Alluvial aquifers are composed of sand and gravel deposits 
associated with stream systems. As such, the aquifer forms a network of narrow belts along 
streams yet with wide aerial distribution. Alluvial thickness can range from less than 10 to 
greater than 200 feet (ft) with less than 30 ft in tributary valleys. Water level measurements 
reported for completed wells range from 1-130 ft below land surface. Yields range between 
1-750 gallons per minute (gpm). Transmissivities range from 5-800 square feet per day 
(ft2/d) with general transmissivity for alluvium in the upper Colorado River basin (including 
the Gunnison River basin) reported as high as 12,000 ft2/d. Hydraulic conductivity is 5-100 
feet per day (ft/d). 
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Water Quality: Generally suitable for agriculture, domestic, and industrial purposes. 
Localized areas of high radon or iron concentrations. In the North Fork Gunnison Valley the 
groundwater is a calcium bicarbonate type. TDS concentrations range from 110-2,300 
milligrams per liter (mg/L). TDS in the Gunnison-Crested Butte area range from 47-533 
mg/L.  
Water Use/Withdrawals: The majority of wells in the Gunnison River Basin are used for 
domestic purposes. In 1995 there were at least 25 alluvial wells utilized for public water 
supply. 

Tertiary Igneous Rock Aquifers (Avi) 
Percentage of Plan Area: 31.2 
Aquifer Media: Pliocene and Miocene: Rhyolitic intrusive rocks and flows of late-volcanic 
bimodal suite (Tbr). Upper Tertiary intrusive rocks (Tui) - Intermediate to felsic 
compositions. Miocene: Basaltic intrusive rocks related to basalt flows (Tbbi) - In dikes and 
plugs. Ash-flow tuff of late-volcanic bimodal suite (Tbrt). Miocene to Eocene: Middle 
Tertiary intrusive rocks (Tmi) - Intermediate to felsic compositions. Oligocene: Ash-flow tuff 
of main volcanic sequences (Taf) - Includes many named units. Basalt flows and associated 
tuff, breccia and conglomerate of late-volcanic bimodal suite (Tbb). Intra-ash flow andesitic 
lavas (Tial). Intra-ash flow quartz latitic lavas (Tiql). Oligocene and Eocene: Pre-ashflow 
andesitic lavas, breccias, tuffs and conglomerates (Tpl) - Includes several named units. 
Eocene: Eocene to Late-Cretaceous: Laramide intrusive rocks (TKi) - Mainly intermediate to 
felsic compositions; some mafic. 
Hydrogeologic Properties: Igneous: Essentially no primary porosity in these rocks with 
secondary fractures storing and transmitting groundwater. Faulting can influence 
groundwater storage and flow through this unit to a great extent. As with the Precambrian 
crystalline bedrock units, faults and fault zones may form preferential groundwater pathways 
and may be areas with higher well productivity. Intrusive bodies can serve as conduits or 
barriers for groundwater flow depending on degree of alteration and fracturing. These bodies 
have some relevance to groundwater quality. Potential alteration can also introduce 
mineralogy such as metal sulfides that can impact natural water quality conditions Most 
wells completed in Tertiary igneous rocks have low yields with 90% of the wells of record 
reporting yields of less than 18 gpm. Mean yield is 14 gpm and median yield is 10 gpm. 
Wells completed in Tertiary igneous rocks are shallower and have slightly higher yield than 
wells in Precambrian crystalline rocks. Volcanic: Hydrogeologic properties can be quite 
variable and site-specific. Primary porosity and permeability can be found in intergranular 
pore spaces of ash fall tuff deposits, lahar deposits and fluvial sediments in the unit. 
Secondary porosity and permeability can be found in fractures within volcanic flow units, 
welded tuff deposits and well cemented sedimentary deposits. Reported well depths range 
from 3-763 ft with water levels ranging from 1-540 ft below ground surface. Reported 
production rates of 0.01-100 gpm. 
Water Quality: Due to thin soil cover in mountainous regions and direct fracture connection 
to the water table, these aquifers are susceptible to bacterial contamination from leach fields 
or other waste disposal facilities. The risk of contamination is potentially higher where 
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individual well and septic disposal systems are common, concentrated and increasing in 
number (e.g. the wildland-urban interface (WUI) surrounding resort communities). 
Water Use/Withdrawals: Tens of thousands of small wells have been drilled in mountainous 
regions and demand for these aquifers continues to increase with population growth. The 
principal use of water from these aquifers is for domestic supply. 

Mesaverde Aquifer (Amv) 
Percentage of Plan Area: 3.6 
Aquifer Media: Late-Cretaceous: Mesaverde Fm, undivided (Kmv) - In northwest and west-
central: Major coal beds in lower part; Rollins Sandstone Member at base in Delta, 
Gunnison, and Pitkin Counties.  In southwest: sandstone and shale. Mesaverde Group or Fm-
-Upper part (Kmvu) - In Moffat and Rio Blanco Counties, sandstone, shale, and coal beds 
above Sego Sandstone. Along Grand Hogback south of Colorado River, sandstone and shale 
above coal-bearing sequence. 
Hydrogeologic Properties: Deeply buried in most areas resulting in low transmissivity 
despite an average thickness of 3,000 ft (> than 7,000 ft in some areas). Saturated thickness 
of <500 to 2000 ft. Transmissivity of 50 ft2/d but can be locally as much as 100 times greater 
where extensive fracturing exists. 
Water Quality: Quality is extremely variable with TDS concentrations ranging from less than 
1,000 to more than 35,000 mg/L. 
Water Use/Withdrawals: No data. 

Dakota, Morrison and Entrada Aquifers (Adm) 
Percentage of Plan Area: 16.6 
Aquifer Media: Early and Late-Cretaceous: Dakota Sandstone or Group (Kd). Dakota 
Sandstone and Burro Canyon Fm (Kdb) - Sandstone, shale, and conglomerate.  In northwest 
and west-central: Lower Cretaceous.  In southwest: Lower and Upper Cretaceous. Cretaceous 
and Jurassic: Dakota, Burro Canyon, Morrison, Wanakah and Entrada Fms in Gunnison 
River area (KJde). Dakota, Burro Canyon, Morrison, and Junction Creek Fms (KJdj) - Burro 
Canyon is locally absent. Dakota and Morrison Formations (KJdm). Late-Jurassic: Morrison 
Fm (Jm) - Variegated claystone, mudstone, sandstone, and local beds of limestone. Morrison 
Fm and Entrada Sandstone (Jme). Morrison Fm and Junction Creek Sandstone (Jmj) - In 
Gunnison River area east of wedgeout of all units of Wanakah Fm (Jmw) except for the 
Junction Creek Member. Morrison Fm, Summerville Fm, and Entrada Sandstone (Jmse) - 
Summerville Fm:  Shale and siltstone. Morrison Fm and Wanakah Fm (Junction Creek 
Sandstone Member at or near top; Pony Express Limestone Member at base) (Jmw) -
Wanakah Fm:  Sandstone, shale, limestone, and local gypsum. Morrison, Wanakah, and 
Entrada Fms (Jmwe). 
Hydrogeologic Properties: Thickness up to 1,200 ft. All units may yield sufficient water for 
springs, stock and domestic uses. In some areas yield may be sufficient for municipal and 
industrial use. Dakota: Yields less than 10 gpm. Wells may be flowing where overlain by 
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Mancos Shale. Morrison: Yields up to 25 gpm where sandstone lenses are present. Confining 
layer elsewhere. 
Water Quality: Dependent on the geologic composition but generally good. TDS 
concentrations range from 200-2,500 mg/L. 
Water Use/Withdrawals: Reliable source of water in most areas of Colorado. Primary use is 
domestic. 

Precambrian Crystalline Rock Aquifers (Apx) 
Percentage of Plan Area: 10.4 
Aquifer Media: Mesoproterozoic: Granitic rocks of 1400-m.y. age group (Yg) - Includes 
Silver Plume, Sherman, Cripple Creek and St. Kevin Quartz Monzonites; also, San Isabel 
Granite of Boyer (1962) and unnamed granitic rocks. Granitic rocks of 1400 and 1700-m.y. 
age groups (YXg) - undivided. Paleoproterozoic to Mesoproterozoic: Uncompahgre Fm 
(YXu) - Quartzite, slate, and phyllite. Paleoproterozoic: Biotitic gneiss, schist, and migmatite 
(Xb) - Locally contains minor hornblende gneiss, calc-silicate rock, quartzite, and marble.  
Derived principally from sedimentary rocks. Felsic and hornblendic gneisses, either separate 
or interlayered (Xfh) - Includes metabasalt, metatuff, and interbedded metagraywacke; 
locally contains interlayered biotite gneiss.  Derived principally from volcanic rocks. Granitic 
rocks of 1700-m.y. age group (Xg) - Includes Boulder Creek -M.Y. AGE GROUP (AGE 
1650-1730 M.Y.)--Includes Boulder Creek, Cross Creek, Denny Creek, Kroenke, Browns 
Pass, Powderhorn, Pitts Meadow, Bakers Bridge, and Tenmile Granites, Quartz Monzonites, 
or Granodiorites. 
Hydrogeologic Properties: Well yields from Precambrian rocks are generally only a few gpm 
although wells that penetrate extensively fractured zones, fault zones or shear zones may 
produce up to 50 gpm or more. Analysis of well permit records indicates that 90% of the 
wells completed in Precambrian rocks yield less than 15 gpm with a median yield of only 4 
gpm. Well productivity may be related to rock type, amount and orientation of fracturing and 
topographic position. The transmissivity of the aquifer is highly variable. Investigators have 
reported a range of transmissivity values from single digits to 13,000 gpd/ft. 
Water Quality: TDS concentrations of 500 mg/L or less. Radon concentrations can range 
from hundreds to hundreds of thousands picocuries per liter (pCi/L) where naturally 
occurring radium and uranium are present. Due to thin soil cover in mountainous regions and 
direct fracture connection to the water table these aquifers are susceptible to bacterial 
contamination from leach fields or other waste disposal facilities. The risk of contamination 
is potentially higher where individual well and septic disposal systems are common, 
concentrated and increasing in number (e.g. the wildland-urban interface (WUI) surrounding 
resort communities). 
Water Use/Withdrawals: As populations in the mountainous regions of Colorado continue to 
grow increasing demands will be placed on fractured, crystalline-rock aquifers. As of 2003, 
tens of thousands of small-diameter wells had been drilled in mountainous regions 
throughout the state and the demand upon these aquifers continues to increase with 
population growth. Decisions on GMUG actions that would utilize groundwater from these 
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aquifers must consider their inability to transmit and store large amounts of water and their 
principal use should be for domestic supply. 

Minor Aquifers and Confining Units 

Tertiary Sedimentary Aquifers (Ats) 
Percentage of Plan Area: 0.3 
Aquifer Media: Oligocene and Eocene: Oligocene sedimentary rocks (Tos) - Includes 
Florissant Lake beds (tuffaceous shale and tuff) and Antero Formation (limestone). Eocene: 
Eocene to Late-Cretaceous: Telluride conglomerate of Eocene prevolcanic sedimentary rocks 
(Te) and Cimarron Ridge Fm (TKec) - In northwestern San Juan Mountains. Cimarron Ridge 
Fm: volcanic breccia and conglomerate. 
Hydrogeologic Properties: No data. 
Water Quality: No data. 
Water Use/Withdrawals: No data. 

Upper and Lower Piceance Basin Aquifer and Confining Units (ACpb) 
Percentage of Plan Area: 9.0 
Aquifer Media: Eocene: Eocene prevolcanic sedimentary rocks (Te) - Arkosic sand and 
bouldery gravel of Echo Park Alluvium. Green River Fm (Tg) - Marlstone, sandstone, and oil 
shale. Green River Fm--Lower Part - Shale, sandstone, marlstone, and limestone in Anvil 
Points, Garden Gulch, and Douglas Creek Members; in Piceance basin. Green River Fm--
Parachute Creek Member - Parachute Creek Member--Oil shale, marlstone, and siltstone; in 
Piceance basin. Uinta Fm (Tu) - Sandstone and siltstone; in Piceance basin. Formerly 
Evacuation Creek Member of Green River Fm. Eocene and Paleocene: Wasatch Fm 
(including Fort Union equivalent at base) and Ohio Creek Fm (Two) - Claystone, mudstone, 
sandstone, and conglomerate. 
Hydrogeologic Properties: Hydraulic conductivity of the sedimentary rocks in the Piceance 
Basin is generally low due to the fine-grained nature of the rocks. Fracturing has enhanced 
the conductivity of aquifer system. South of the Colorado River the bedrock is primarily the 
confining unit of the lower Green River and Wasatch Formations. Local bedrock aquifers 
may include the Upper Piceance Basin aquifer (Thickness: 0-1,700 ft. Conductivity: <0.2 to 
>1.6 ft/d. Yield: 1-900 gpm. Transmissivity: 610-770 ft2/d.), Lower Piceance Basin aquifer 
(Thickness: 0-1,600 ft. Conductivity: <0.1 to >1.2 ft/d. Yield: 1-1,000 gpm. Transmissivity: 
260-380 ft2/d) and the Fort Union aquifer (very thin where present). 
Water Quality: TDS concentrations range from 500-1,000 mg/L in the upper aquifer and 
1,000-10,000 mg/L in the lower aquifer. 
Water Use/Withdrawals: The principal uses of groundwater from this aquifer vary by county. 
Dominant uses are irrigation, public supply and mining. 
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Mancos Confining Unit (Cm) 
Percentage of Plan Area: 6.6 
Aquifer Media: Early and Late-Cretaceous: Mancos Shale (Km) - Intertongues complexly 
with units overlying Mesaverde Group or Formation; lower part consists of a calcareous 
Niobrara equivalent and Frontier Sandstone and Mowry Shale Members; in areas where the 
Frontier and Mowry Members (Kmfm), or these and the Dakota Sandstone (Kfd) are 
distinguished, map unit (Km) consists of shale above Frontier Member. 
Hydrogeologic Properties: Extensive and thick confining unit that is a barrier to vertical and 
lateral groundwater flow. Mainly marine shale but in some areas, where the Frontier 
Sandstone is present, a local aquifer may exist. Thicknesses of greater that 7,000 ft. 
Water Quality: No data. 
Water Use/Withdrawals: No data. 

Mesozoic Sandstone Aquifer and Confining Units (ACms) 
Percentage of Plan Area: 3.0 
Aquifer Media: Late-Triassic to Late-Jurassic: Kayenta Fm, Wingate Sandstone, and Chinle 
Fm (TRkc) - Kayenta Fm: red siltstone, shale, and sandstone. Chinle Fm: red siltstone and 
sandstone. Wingate Sandstone and Chinle Fm (TRwc). 
Hydrogeologic Properties: Kyenta Fm and Wingate Sandstone comprise the bottom of the 
Mesozoic sandstone aquifer in southwest Colorado with a combined thickness of up to 600 
ft. The Kayenta Fm yields little to no water and the Wingate sandstone yields water to 
numerous springs. The Chinle Fm underlies the aquifer with a thickness of up to 500 ft. 
Where fractured, it can yield sufficient water for stock and domestic use. 
Water Quality: TDS concentrations range from 1,000 where the aquifer is less than 2,000 ft 
below land surface to greater than 35,000 where it is deeply buried. 
Water Use/Withdrawals: Where aquifer is present similar use to the Dakota Aquifer. 

Mesozoic-Upper Paleozoic Confining Units (Cmp) 
Percentage of Plan Area: 0.5 
Aquifer Media: Late-Triassic: Chinle Fm (TRc) - Red siltstone, sandstone, and limestone-
pellet conglomerate. Dolores Fm (TRd) - Red siltstone, shale, sandstone, and limestone-
pellet conglomerate. Permian to Late-Triassic: Dolores and Cutler Fm (TRPdc) - Red 
siltstone, sandstone, and conglomerate. Permian: Cutler Fm (Pc) - Arkosic sandstone, 
siltstone, and conglomerate. Pennsylvanian: Hermosa Fm (PAh) - Arkosic sandstone, 
conglomerate, shale, and limestone; gypsum and salt in Paradox Member present in salt 
anticlines near Utah border. 
Hydrogeologic Properties: Dolores: 150-230 ft thick. Not water bearing. Chinle: 0-500 ft 
thick. Where fractured can yield enough water for stock and domestic use. Cutler: 0-3,500 ft 
thick. Where fractured can yield enough water for stock and domestic use. 
Water Quality: No data. 
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Water Use/Withdrawals: No data. 

Maroon and Minturn Aquifers; Belden Confining Unit (ACmb) 
Percentage of Plan Area: 2.1 
Aquifer Media: Pennsylvanian and Permian: Maroon Formation (PPAm) - Arkosic 
sandstone, siltstone, conglomerate and local limestone. Pennsylvanian: Belden Fm (PAb) - 
Shale, limestone, and sandstone. Includes Kerber Fm in south-central. Minturn Formation in 
west-central and south-central and other units (PAm) - Arkosic sandstone, conglomerate, 
shale and limestone. Includes Madera Formation and Sharpsdale Formation of Chronic 
(1958) in Sangre de Cristo Range and Gothic Formation of Langenheim (1952) in Elk 
Mountains. Other units of Middle Pennsylvanian age. Minturn and Belden Formations 
(PAmb). 
Hydrogeologic Properties: The Belden Fm is shale-dominated and a confining unit on a 
regional basis. Locally it contains sandstone and limestone beds that can produce water. Well 
depths range from 12-600 ft with water levels ranging from 1-250 ft below ground surface. 
Productions rates range from 1.5-15 gpm. The basal Belden Fm is fine grained marine shale 
with minor limestone, siltstone and sandstone that is exposed along the western edge of 
South Park. It grades upward into the coarser-grained Minturn Fm which contains 
interbedded sandstone, conglomerate, limestone and shale. The Minturn Fm is considered a 
single hydrogeologic unit and is highly deformed and cross-cut by a number of faults. An 
evaporite facies that contains beds of halite and gypsum is present in the middle of the 
Minturn Fm. Well depths range from 10-700 ft with water levels ranging from 1-540 ft below 
ground surface. Production rates range from 0.5-100 gpm. The Maroon Fm is a 
heterogeneous assemblage of sandstone, conglomerate, rare limestone and shale considered a 
single hydrogeologic unit. Well depths range from 40-480 ft with water levels ranging from 
3-225 ft below ground surface. Production rates range from 0.5-280 gpm. Most of these wells 
are in a small remote area south of Trout Creek Pass where the unit outcrops along the 
county boundary. Maroon and Minturn Aquifer: Conductivity range 0.0001-2.0 ft/day. 
Belden Confining Unit: Conductivity range 0.0039 ft/d. 
Water Quality: No data. 
Water Use/Withdrawals: The vast majority of wells are permitted for domestic use. Other 
uses include stock, monitoring and municipal, industrial or commercial. 
Confining Units 

Paleozoic Carbonate Rock Aquifers (Apc) 
Percentage of Plan Area: 1.5 
Aquifer Media: Ordovician to Mississippian: Leadville Limestone, Williams Canyon 
Limestone, and one or more of:  Fremont Limestone, Harding Sandstone, and Manitou 
Limestone (MDO). Ordovician to Devonian: Leadville Limestone, Gilman Sandstone, Dyer 
Dolomite, and Parting Fm (MD) - Parting Fm: quartzite and shale. Cambrian to 
Mississippian: Leadville Limestone, Williams Canyon Limestone, Manitou Limestone, and 
Sawatch Quartzite (MCA). 
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Hydrogeologic Properties: Primary porosity in the clastic sediment, which is mostly quartzite 
and shale, tends to be quite low and groundwater is stored and transmitted through fractures. 
Porosity and permeability in the carbonate units tend higher with flow in fractures, solution 
channels and cavities. Conductivities of 0.0001-170 ft/day; yields of 0.2-30 gpm. Aquifers, 
springs and groundwater dependent wetlands and streams in carbonate geology may support 
higher levels of biodiversity or endemic species. 
Water Quality: No data. 
Water Use/Withdrawals: Most if not all use if for domestic use. 

Other Units 

Quaternary Eolian Deposits (Qe) 
Percentage of Plan Area: <0 
Aquifer Media: Quaternary: Eolian deposits (Qe) - Includes dune sand and silt and Peoria 
Loess. 
Hydrogeologic Properties: These wind deposited dune sands and silt generally do not contain 
significant groundwater. 
Water Quality: No data. 
Water Use/Withdrawals: No data. 

Quaternary Mass Movement Deposits (Qm) 
Percentage of Plan Area: 6.2 
Aquifer Media: Quaternary: Landslide deposits (Ql) - Locally includes talus, rock-glacier and 
thick colluvial deposits. 
Hydrogeologic Properties: Unstable deposits. Springs are common at the toes of these 
features. Generally do not contain significant groundwater. 
Water Quality: No data. 
Water Use/Withdrawals: No data. 

Quaternary Glacial Deposits (Qg) 
Percentage of Plan Area: 7.7 
Aquifer Media: Quaternary: Glacial drift and older glacial drift (Qd and Qdo) - Includes 
some unclassified glacial deposits. 
Hydrogeologic Properties: Glacial deposits consist of sand, gravel, silt and clay, similar to 
alluvium. However, the material tends to be poorly sorted and can contain very large 
boulders interspersed with the fines. In places the till can be very dense if it had been over-
ridden by an advancing glacier. The lack of sorting can reduce permeability considerably in 
comparison with alluvial deposits. Older moraine deposits may contain clasts that are very 
weathered where some minerals may have degraded to clay, which can further reduce 
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permeability. Forms a local aquifer where saturated. Generally unconfined. Commonly 
supports springs and groundwater fed wetlands. Groundwater discharging from glacial 
materials derived from calcareous rock units may support higher biodiversity or endemic 
species. 
Water Quality: No data. 
Water Use/Withdrawals: No data.  
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