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6.0 GROUNDWATER RESOURCES IN THE STUDY AREA 

Groundwater resources within the study area have been the focus of numerous investigations 

(both published and unpublished) by public and private entities.  These include state, federal and 

municipal entities as well as individuals and corporations.5 

For example, the USGS has conducted several water resources investigations in or near the study 

area.  These include, but are not limited to, two groundwater resource reconnaissance studies 

(Brooks and Ackerman 1985; Ackerman and Brooks 1986) and an investigation of the hydrology 

and subsidence potential of proposed coal-lease tracts (Brooks 1983).  The entire study area 

boundary is included within the combined reconnaissance studies.  These studies were 

geographically divided into the North Fork of the Gunnison River Basin and the Lower 

Gunnison River Basin relative to the confluence of the North Fork of the Gunnison River and the 

main stem of the Gunnison River.  The subject of the hydrology and subsidence investigation 

was two coal-lease tracts; one located west of Cedaredge (Cedaredge Study Area) and the other 

principally within the Steven’s Gulch drainage (Paonia Study Area). 

In addition, private coal mining companies within the study area have also conducted numerous 

studies.  Data collected from these investigations are generally unpublished but were included as 

the Probable Hydrologic Consequences (or the equivalent) sections of permitting documents 

submitted to the CDMG.  The CDMG periodically compiles the information from the various 

mines into a Cumulative Hydrologic Impact Analysis (CHIA) for a given geographical area.  For 

example, the CDMG has prepared a CHIA for the North Fork of the Gunnison River (2001) and 

Tongue Creek (1991), representing mining impacts within the eastern and western portions of 

the study area, respectively.  The coal seams are located in the Mesaverde Formation as 

described in Section 4.  Coal mines provide considerable insight into the hydrogeology of the 

                                                 
5 Information presented in this section represents data available as of December 2002.  Databases, such as those 
provided on the Internet by the USGS and SEO, are updated periodically and are subject to change. 
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Mesaverde Formation, particularly since fractures from the mining operation (either room and 

pillar or longwall) often extend hundreds of feet upwards from the mined area. 

Probably the most significant source of information regarding the use of groundwater within the 

state is maintained by the SEO Colorado Division of Water Resources (DWR) in their well 

permit records.   These required records include the location, depth, completion, testing and use 

data (as available) for all permitted water supply wells within the state.  It is from these 

documents that much of the groundwater resources and use information has been obtained for 

this study. 

Prior to discussing groundwater, it is important to have a clear understanding of the term 

“aquifer” which appears frequently in this report, particularly when other references are being 

quoted/cited.  The definitions of “aquifer” vary substantially, as do individual interpretations of 

the term.  For example, the Tenth Edition of Merriam-Webster’s Collegiate Dictionary (1999) 

states that an aquifer is:  “A water-bearing stratum of permeable rock, sand or gravel.”  Many 

groundwater reference books go beyond this simple definition of aquifer and refer to the 

magnitude of water contained within the geologic units.  For example, the widely-referenced text 

book, Groundwater (Freeze and Cherry 1979), defines aquifer as:  “A saturated permeable 

geologic unit that can transmit significant quantities of water under ordinary hydraulic 

gradients.”  Another frequently-cited reference is the Third Edition of the Glossary of Geology 

(Bates and Jackson 1987), which defines aquifer as:  “A body of rock that is sufficiently 

permeable to conduct groundwater and to yield economically significant quantities of waters to 

wells and springs.” 

 

The authors and reviewers of this report believe that the definitions found in Groundwater and 

Glossary of Geology are scientifically based and appropriate; consequently, WWE’s use of 

aquifer throughout this report refers to “a geologic unit that will consistently yield significant 

groundwater, regardless of where or how often the geologic unit is penetrated by wells.”  

Conversely, a geologic unit that inconsistently produces groundwater is not defined as an aquifer 

by WWE in this report.  However, it should be noted that when this report quotes or paraphrases 
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other references that use the term aquifer, the relevant text is presented as it was originally 

written, with no attempt to adjust the word usage to comport with WWE’s interpretation of 

“aquifer.” 

6.1 Nature of Groundwater Resources and Beneficial Uses 

Review of the published and unpublished groundwater investigations described above shows that 

the most significant groundwater resource within the study boundary is the unconsolidated 

alluvial and colluvial deposits.  A secondary, locally important, groundwater resource is bedrock.  

Each of these groundwater resources is described below. 

6.1.1 Alluvial and Colluvial Groundwater 

The unconsolidated and unconfined alluvial and colluvial deposits of the study area are 

principally comprised of silt, sand and gravel of Quaternary age.  The thickest and most 

commonly saturated deposits are the alluvium of the eroded valleys (Ackerman and Brooks 

1986). These deposits are generally less than 100 feet thick but can exceed more than 200 feet in 

thickness in some locations, such as near Cedaredge. 

In this report, these deposits are described in many different ways.  The terms alluvium, 

colluvium and glacio-fluvial materials all refer to these same deposits, yet attempt to provide 

additional information regarding the conditions in which the materials were deposited.  Alluvial 

deposits generally refer to unconsolidated materials laid down and/or reworked by rivers, 

streams and flowing water.  Colluvial deposits generally refer to unconsolidated materials 

deposited or transported by gravity, such as rockfalls and landslides, or by unconcentrated water 

action, such as rainwash or sheet flows.  Glacio-fluvial deposits are those unconsolidated 

materials emplaced and/or reworked by glacial (glacio) and river (fluvial) activities.  Each term 

generally means unconsolidated surficial deposits; thus, the terms are used interchangeably 

throughout this report. 

 Most of the water supply wells in the study area are completed in the alluvium or glacio-fluvial 

materials (Brooks and Ackerman 1985).  WWE’s research of the SEO well permit database 
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(described later in this section) shows that approximately 85 percent of the permitted wells 

within the study area boundary are completed partially, if not totally, within the unconsolidated 

deposits.  According to the SEO records, wells completed in these deposits have reported well 

yields from as low as 0.25 gpm for domestic and livestock watering purposes to as much as 85 

gpm for irrigation.  

The Tongue Creek CHIA (CDMG 1991) identifies the surficial glacial/alluvial deposits as one of 

the most important water sources in the area west of the Red Canyon Mine (west of Cedaredge).  

These deposits mantle about two-thirds of the surface in the mine area to depths of greater than 

200 feet.  This description of unconsolidated deposits is notably different than that provided in 

the North Fork of the Gunnison River CHIA (CDMG 2001) for the eastern portion of the study 

area.  That report states that the unconsolidated deposits are principally alluvium found along the 

lower branches of tributaries to the North Fork of the Gunnison River.  The alluvium is 

predominantly thin and confined to discontinuous narrow bands along stream courses.  The 

deeply incised channels of the tributaries restrict the width of the alluvium, while the stream 

gradient and the presence of resistant sandstone in the stream channels limit the thickness and 

extent of these deposits (CDMG 1991). 

The unconsolidated deposits of the study area are generally recharged by infiltration of surface 

water resulting from precipitation events and snowmelt at higher elevations.  These 

unconsolidated deposits can transmit a significant quantity of water.  Brooks (1983) states that 

the more extensive the deposit, the more potential there is for groundwater recharge, discharge, 

and storage for long periods.  Ackerman and Brooks (1986) report that these unconsolidated 

deposits are likely in hydraulic connection with the underlying consolidated bedrock and, as a 

result, intermixing of the groundwater within these formations occurs as connectivity and 

permeability allow. 

Water chemistry data from unconsolidated deposits show that the dominant cation and anion are 

calcium and bicarbonate, respectively.  According to Ackerman and Brooks (1986), the water 

quality of most wells completed in the alluvial aquifers is more suitable for domestic and 

agricultural use than that of wells completed in bedrock aquifers.  The moderate permeability 
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and good water quality characteristics make the unconsolidated deposits a source for domestic, 

irrigation, stock watering and industrial purposes in the area near Cedaredge (CDMG 1991). 

Most of the springs in the study area emanate from the unconsolidated deposits.  The North Fork 

of the Gunnison River CHIA (CDMG 2001) discusses numerous springs monitored by the coal 

mines in the eastern portion of the study area.  These include approximately 40 springs in the 

Hubbard Creek drainage and over one hundred springs located near the West Elk Mine.  CDMG 

(2001) reported that several of the coal mines had conducted studies to identify the source of the 

spring water using geochemical and isotopic investigations, as well as spatial and temporal data.  

These studies concluded that nearly all of the springs originate from landslide complexes, faults 

and fractures, areas of colluvium/alluvium where groundwater has accumulated, or the discharge 

points at the contact of the Rollins Sandstone with the lenticular sandstones of the Mesaverde 

Formation.  Brooks (1983) states that all inventoried springs in the Paonia study area originate 

from unconsolidated deposits, which in many places are underlain by the less permeable 

Mesaverde Formation.  Only one spring is noted in the Tongue Creek CHIA relative to the coal 

mining in the Cedaredge area.  This perennial 1-5 gpm spring, located north of the Tomahawk 

mine, is reported to be associated with an ancient debris flow deposit (CDMG 1991). 

6.1.2 Bedrock Groundwater 

This section briefly describes the bedrock groundwater within the study area.  Bedrock 

hydrogeology was initially presented in Section 4.0, and the information presented there is not 

repeated.  The Mesaverde Formation is emphasized within this section because this formation is 

the focus of proposed natural gas exploration wells within the study area. 

Water supply wells suitable to sustain domestic or stock uses have been completed in the Uinta, 

Green River, Wasatch, Mesaverde and Mancos formations.  The bedrock formations, where 

saturated, are usually confined except near their outcrops.  The groundwater resource within 

these formations is generally limited to the most permeable bedrock units of sandstone and those 

sandstone, shale, siltstone and coal units with enhanced secondary permeability from fractures 

and weathering.  Ackerman and Brooks (1986) state that sandstone beds (and even coal seams) 
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within the Mesaverde Formation of the Lower Gunnison River Basin generally have minimal 

primary permeability, although secondary permeability, such as fractures, can locally yield 

enough water for domestic well production.  This is consistent with the inter-bedded and 

lenticular nature of the lithologic units within the Mesaverde Formation as described in Section 

4.0. 

The Tongue Creek CHIA (CDMG 1991) also states that the coal seams act as minor aquifers in 

the area near Cedaredge.  However, water movement through these seams is very slow due to its 

low permeability where unaffected by faulting, weathering or spontaneous combustion.  The low 

permeability of the coal seams is also noted in the North Fork of the Gunnison River CHIA 

(CDMG 2001) as evidenced by the lack of inflows into the underground coal mines. 

Brooks (1983) states that a lithologic examination of the Mesaverde Formation reveals that the 

150- to 200-feet thick basal Rollins Sandstone can conduct water, although its near vertical 

exposures permit little recharge.  Additionally, the 600-feet-thick coal member above the Rollins 

Sandstone conducts more water through secondary hydraulic conductivity features such as 

fractures than it does otherwise; however, core drilling indicates that fracture zones probably are 

not areally extensive. 

The North Fork of the Gunnison River CHIA (CDMG 2001) indicates that coal seams in the 

region are poor aquifers with very low permeabilities based on observations at mines throughout 

the study area.  The laterally discontinuous lenticular sandstones in the Upper Mesaverde 

Formation support only localized groundwater flows and are considered to be insignificant in 

terms of the overall hydrologic balance (CDMG 2001).    

According to the CHIA the only potential regional bedrock aquifer in the general area is the 

laterally continuous Rollins Sandstone.  However, the CHIA goes on to characterize the Rollins 

Sandstone in a manner that is clearly inconsistent with the definition of an aquifer.  Recharge to 

the Rollins Sandstone occurs along outcrops, along sub-crops beneath stream alluvium and in the 

channels of the North Fork and its tributaries; however, due to the steepness of the topography 

and the narrowness of the stream valleys, the Rollins Sandstone receives little recharge, except in 
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the area under the North Fork of the Gunnison River and its alluvial deposits.  Data indicate that 

recharge is generally insufficient to sustain groundwater wells in the Rollins Sandstone.  In the 

North Fork of the Gunnison River Basin, the only reported domestic use of the water from the 

Rollins Sandstone is from wells along the North Fork of the Gunnison River near the Hawksnest 

Mine.  The water quality elsewhere is considered too saline for domestic use (CDMG 2001). 

In the area of the Tomahawk Mine, the Tongue Creek CHIA (CDMG 1991) identifies the 

Rollins Sandstone as the only continuous sandstone (potential aquifer) given that the other 

sandstones exhibit little lateral continuity.  However, the Rollins Sandstone in the area is 

generally dry because the unit is a cliff-former and little recharge is possible. 

Fracturing and faulting of the bedrock formations tend to improve the water-bearing qualities of 

the discontinuous sandstones and shales of the Mesaverde Formation.  The North Fork of the 

Gunnison River CHIA (CDMG 2001) states that some faults and fractures at or near coal mines 

extend vertically to the surface and produce narrow bands of secondary porosity within the rock 

strata.  Due to the low primary permeability of the Mesaverde Formation, these faults and 

fractures provide the primary path through which water flows both vertically between and 

horizontally within the rock strata.  Those mine water inflows that do occur are generally 

associated with faults and fractures and produce inflow quantities that diminish over time, 

suggesting the fractures have a limited storage volume and recharge source.  

The North Fork of the Gunnison River CHIA (CDMG 2001) also indicates that where water 

enters a coal mine in a newly opened mining area, sources of mine inflow usually dry up within 

one to two weeks.  This is particularly noteworthy since mining-induced fractures often extend 

upwards hundreds of feet above the mined seam.  The minor amount of water resulting from 

these dewatering activities indicates that the coals and the overlying strata in the Mesaverde 

Formation have very low permeabilities.  Thus, they store and transmit very little water and are 

not considered to be aquifers.  The CHIA reports that dewatering the coals and the strata 

immediately above and below the coals within the Mesaverde Formation would be expected to 

have an insignificant impact on the hydrologic balance.  Also, the very slow rates of inflows 
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resulting from dewatering strata indicate that the quantity of water transmitted by these strata 

would not result in depletion of groundwater sources (CDMG 2001).   

This general lack of groundwater within the Mesaverde Formation, where unaltered by 

secondary permeability, is also evidenced by the amount of water produced in oil and gas 

production wells in the study area.  A detailed discussion of this issue can be found in Section 

6.4.2. 

A review of the SEO well records (discussed in Section 6.2) showed that there are 36 wells 

within the study area that appear to produce water solely from the Mesaverde Formation.  

Approximately two-thirds of these wells are located in the Cedaredge area with the remainder 

located near the North Fork of the Gunnison River or its tributaries.  Brooks (1983) provides at 

least a partial explanation for this unequal distribution of wells as follows: 

There is less opportunity in the Paonia study area for precipitation and runoff to infiltrate 

into the exposed area of the Mesaverde Formation because the terrain is very steep and 

ravines are numerous.  Limited infiltration results in limited groundwater recharge and 

ravines also allow rapid drainage of infiltration water.  The slopes in the Cedaredge study 

area are less steep, and the area has sufficient unconsolidated cover to allow more time 

for water to infiltrate into the Mesaverde Formation. 

The SEO records also show that within the study area, there are an additional 27 wells that 

appear to produce water from other non-Mesaverde bedrock formations.  

Groundwater samples obtained from the bedrock formation tend to be of the sodium-bicarbonate 

type and have greater TDS values than those of the unconsolidated deposits.  This is because the 

flow paths and residence times of water within the bedrock formations are longer than those of 

the unconsolidated deposits, which therefore produce larger concentrations of dissolved solids 

(Ackerman and Brooks 1986).    
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6.2  Colorado State Engineer’s Office Well Completion/Permit Search 

WWE performed an extensive search of the SEO’s water supply well permit and completion 

database in Denver as a means to further examine groundwater resources in the 756-square-mile 

study area.  A general description of the information contained within the SEO database is 

provided below, along with a summary and explanation of the information obtained from 

WWE’s research of these records.  Exhibit 7 graphically presents the information available from 

the SEO. 

6.2.1 Overview 

Well construction and pump installation contractors are licensed through the Colorado Board of 

Examiners of Water Well Construction and Pump Installation Contractors and subject to the 

conditions imposed on them by holding that license.  One such condition is that a permit issued 

by the SEO is required prior to constructing a new well and prior to the repair, replacement or 

modification of an existing well.  In addition, the license holder is required to submit a viable 

site location, well completion and/or pump installation report to the SEO after the drilling, 

constructing and/or testing of a water supply well is complete. As such, the SEO maintains a 

database that represents the official compilation of water supply well permits and completion 

information in the State.  The accuracy and completeness of the information contained within the 

database is a direct function of the information provided to the SEO.  Older permitted wells may 

not have completion information because of installation prior to the SEO’s current reporting 

requirements.  Information on drilling and construction for non-permitted wells is not included in 

the database and is, therefore, generally unavailable for review and research by the public. 

Water supply well completion information within the SEO database includes, but is not limited 

to, the following: location, total depth, depth of completion, casing construction, perforation 

intervals, filter pack intervals, geologic log (a lithologic description of the materials 

encountered), water location, and water production (well yield).  A review of the information 

contained within the SEO database shows that, in many cases, this information is incomplete or 

misleading.  Some of the information provided is factual while other information is subjective.  
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For example, well depth, casing size and perforated intervals are generally provided based on 

factual data while geologic logs, depth to water and well yield are subject to the interpretation of 

the observations in the field.  Interpretation of pumping test data requires scrutiny of the water 

level observations made and reported during the test.  Many water wells in the study area have 

reported yields that are inconsistent with the reported water level observations.  For example, a 

water well that was pumped at 15 gpm for 2 hours and withdrew most, if not all, of the water in 

the well, does not have a sustainable yield of 15 gpm.  In addition, exempt wells will often report 

a maximum yield of 15 gpm because the SEO limits pumping rates to that value.  Therefore, well 

yields as described in this section are as reported to the SEO and are likely overestimates of 

actual well yields. 

This subjective interpretation of subsurface observations can create some difficulty while 

researching well permit and completion information over a large area.  In particular, when trying 

to assess the source of water to a supply well and the well yield, the interpretive description of 

materials encountered (geologic log) and assessment of data obtained from pumping tests can be 

diverse depending on the number of contractors drilling wells in the area and the experience of 

the drilling crews.  Vocabulary differs from driller to driller, year to year, and with experience.   

In many cases, the lack of geologic knowledge or experience leads to vague material 

descriptions and/or inaccurate identification of formation names.  However, much of this 

inconsistency can be overcome by comparing the geologic logs of several wells to ascertain the 

most accurate description of the subsurface materials encountered in a particular area.  This 

information can be used in combination with available geologic mapping to create a more 

complete hydrogeologic understanding of the area. 

6.2.2 Methodology 

General information about permitted wells in a particular area can be obtained from the 

computer files of the SEO in either a summary or detailed format.  The water well summary 

format provides up to 26 individual permits per page. Well summaries, including ownership 

information, well location, well depth, static water level, and yield were examined for all 
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permitted wells within the 756-square-mile study area which includes Townships 11 through 13 

South and Ranges 89 to 95 West.  A total of 1,022 water well summary entries are included in 

the SEO database for the study area.  A compilation of these summary pages is provided as 

Appendix D. 

From these well summaries, WWE identified 495 permitted water wells (48 percent) with 

sufficient completion information to potentially assess the well depth and aquifer source. 

Permitted wells without construction details, production information and/or geologic logs were 

considered  insufficient to provide a reliable determination of groundwater source and/or aquifer 

characteristics and, therefore, were excluded from the research.  Permitted wells with an “MH” 

designation (monitoring hole) were also generally excluded from the research in that monitoring 

wells are used for observational purposes (no beneficial use) and usually do not include 

production information. In those cases where monitoring wells had sufficient completion 

information (i.e., were converted to production wells), they were included in the research. 

Using the refined list of permitted water wells from the SEO database, WWE obtained and 

printed hard copies of the well permits and completion data from the DWR records. These 

records were reviewed and analyzed by WWE regarding water well completion information and 

geologic logs.  From this, the permitted water supply wells within the study area were 

categorized into broad sub-groups according to the geologic formation in which they were 

completed (i.e., bedrock, unconsolidated alluvium/colluvium or both).  Those permitted wells 

completed in the unconsolidated alluvium/colluvium were assumed to have little or no hydraulic 

interaction with, or influence from, the Mesaverde Formation or any other bedrock formations 

unless otherwise specified.  Nonetheless, all water wells with bedrock noted in the geologic log 

were specifically reviewed for potential inclusion in the bedrock aquifer sub-category.     

Water wells documented as having a bedrock or combined bedrock and alluvial/colluvial 

completion were examined in detail to assess the source of groundwater.  Geologic logs were 

used in combination with available geologic mapping to identify the bedrock formation in which 

the well was completed and/or producing water.  Well construction information (specifically 



Characterization and Assessment of Water Resources on the Southeastern Flank of the Grand Mesa,  
Delta, Gunnison and Mesa Counties, Colorado 

 
 

 
021-082.000 Wright Water Engineers Page 93 
January 2003  

 

perforation and filter pack intervals) was used to identify those intervals through which water 

entered the well.   

In the case of a water well that was perforated or filter packed in both bedrock and 

unconsolidated materials, the static water level and driller’s notations regarding water location 

were used as an indication of the water source. Wells with perforations only in the bedrock or 

with a static water level associated with the bedrock interval were considered to be producing 

water entirely from a bedrock aquifer source.  Using these criteria, WWE categorized each of the 

refined list of permitted wells according to its water source.  These included: 1) unconsolidated, 

2) unconsolidated and bedrock (with a formation assigned if known) and 3) bedrock (see Figure 

13). An undetermined source implies that the completion information, geologic log, and local 

geologic information were insufficient to specify a particular source of groundwater.     
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6.2.3 Findings 

As previously noted, WWE thoroughly reviewed the SEO drilling and completion records of 495 

permitted water wells in the study area relative to water source.  The tabulation of these records 

fills seven 3-ring notebooks, which are available for review in the Denver office of WWE.  Of 

these 495 records, 55 did not include a geologic log or sufficient water information to be 

assigned to a groundwater source.  As a result, an aquifer source was identified for 440 wells in 

the study area.    The location of each of these wells is shown on Exhibit 7.  The findings 

presented below include discussion of: 1) wells completed in unconsolidated deposits or 

unconsolidated deposits and bedrock formations; 2) wells completed in bedrock formations; and 

3) the relative significance of wells completed in the Mesaverde Formation. 

6.2.3.1 Wells Completed in Unconsolidated Deposits 

Based on the available information, WWE found that of these 440 records, the large majority of 

water wells (313 wells or 71 percent) were completed entirely in unconsolidated deposits of 

alluvium, colluvium or, in some cases, landslide deposits.  This finding is strongly supported by 

the references which were reviewed during preparation of this report.  The bedrock formations 

appear to be the sole source of supply for 63 water wells (about 14 percent) in the study area.  

The remaining 64 water wells (about 15 percent) derive their supply from a combination of 

bedrock and unconsolidated deposits.  This is graphically represented in Figure 14. 

As part of this research, WWE found that a number of permitted wells obtaining groundwater 

from the unconsolidated deposits were drilled to a depth that included penetration into an 

underlying bedrock formation.  In those cases, WWE specifically reviewed the driller’s notes 

and recorded perforated intervals to assess whether the bedrock was contributing groundwater to 

the well.  In most cases, the well penetrated the bedrock formation only a few feet and the 

bedrock interval was not included in the perforated portion of the well.  In those cases where the 

bedrock formation was also perforated, the permit records were evaluated according to other 

information such as the driller’s notes, filter pack interval and static water level.  If the bedrock 

formation was considered to be a contributor to the groundwater produced from the well, it was 
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identified as having at least a partial bedrock source and included in the combined bedrock and 

unconsolidated deposit source category.  As previously introduced, a schematic representation of 

these well completions and their interpreted groundwater source is provided as Figure 13. 

The 313 water wells with completions in the unconsolidated deposits represent the largest group 

within the SEO database.  These wells appear to be scattered throughout the study area, but are 

principally located in the Cedaredge area and along the North Fork of the Gunnison River near 

Paonia.  Wells with their apparent source in the unconsolidated deposits have reported yields 

ranging from 1 to 85 gpm. 

 

 Figure 14

General Distribution of Groundwater Sources in Study Area 
from Water Well Records of the Colorado State Engineer's Office 
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