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III Available Surface Water and Groundwater Determination

This chapter presents estimates of the availability of both surface water and ground water
for future uses.  Surface water availability is determined by naturally available water at
various points in the Basin, minus existing uses.  Groundwater availability is a function
of hydrogeologic conditions and current use as described in existing reports and well
records.

As with all chapters in this final plan report, explicit lists of references are not provided.
Instead, all references to reports, documents, maps, and personal communications are
maintained in the Technical Memoranda that were prepared during the current planning
process.  Should the reader desire to review a complete list of references for the
information presented in this chapter, the following memoranda should be consulted:

� Surface Water Data Collection and Study Period Selection

� Surface Water Data Synthesis and Spreadsheet Model Development

� Available Surface Water Determination

� Available Groundwater Determination

A. Surface Water

The following subsections describe the analysis of existing surface water data, creation of
a spreadsheet-based surface water model, and the use of model output to estimate water
availability.  It should be noted that the results described herein denote physical
availability over and above existing uses, which is to be distinguished from legal or
permitted availability.  As projects are proposed in the future, surface water physical
availability will be reduced due to environmental and administrative requirements.
However, physical availability is the important first step in assessing the viability of any
future project.  Lack of physical availability of water for a project is an obvious fatal flaw
for any water development.

Study Period Selection

Modeling the Green River Basin requires selection of an appropriate period of record for
hydrologic analysis.  The feasibility study determined that three 12-month spreadsheet
models (one each representing normal-year, dry-year, and wet-year streamflows)
constitute an appropriate level of detail for a modeling tool to verify existing uses and
evaluate future surface water uses. Gage flows used in the three spreadsheets are to be
typical of three different conditions and are to be developed by averaging observed
streamflows that occurred during historical normal, wet, or dry years. Accordingly, the
objectives of this task were to:
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� determine the study period to be used to develop normal, wet, and dry year flow
estimates for the Green River Basin spreadsheet models;

� select index gages and identify the historical normal, wet, and dry years out of the
study period;

� assemble surface water information required for the spreadsheet.

Review of Reservoirs

Because a single annual cycle will be used to model each hydrologic condition, the
normal data developed for input to the model is best derived from an operationally
consistent time period. Construction or major modification of a reservoir during the study
period would influence the downstream gages, hence reservoir history places significant
control on selection of the study period. For this reason, major reservoirs (greater than
10,000 acre-feet) that have been constructed or modified during the past fifty years were
reviewed to consider their influence on selection of the study period, with the following
summarized results:

� Upper Green River - Construction of Fontenelle Reservoir was completed in April
1964 and the reservoir became fully functional during the late 1960’s. During the late
1980's, Fontenelle Reservoir was drawn down for repair. This was taken into
consideration during modeling, but not for selection of the proposed study period.
Other major reservoirs (>10,000 ACRE-FEET) within the Upper Green River Basin,
including Big Sandy, Eden, New Fork, Willow, Fremont and Boulder, were permitted
and constructed prior to Fontenelle Reservoir. Fremont Lake was modified in the
1990's.  As with the work on Fontenelle Reservoir, the impacts of this modification
were taken into consideration during modeling.

� Blacks Fork River – Viva Naughton Reservoir was completed in 1960 and raised to
its present level in 1967. Meeks Cabin Reservoir was completed in June 1971.
Stateline Reservoir was completed in May 1979.

� Little Snake River –There are no major reservoirs currently in operation in this sub-
basin.  High Savery Dam, currently under design, can be included in future scenarios
but does not influence choice of the historical study period.

� Henrys Fork River – There are no reservoirs within the Henrys Fork Basin of
sufficient size to impact the study period selection.

Initial screening of current basin operations suggests that the study period begin in 1971
and end in 1998. By 1971, every major existing reservoir except for Stateline was in
place. A twenty-year study period (1979-1998) consistent with the post-construction
period of Stateline Reservoir may be too short for a quantitative analysis. An alternative
is to select 1971 through 1998 and adjust the gage below Stateline Reservoir (09220000 –
East Fork of Smith Fork below Robertson) from 1971 to 1979 to reflect representative
operations of Stateline Reservoir, had it existed during this time period.
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Review of Streamflow Records

Analysis of available streamflow data consisted of reviewing the USGS Water-Data
Report, Volume 1, Surface Water. This report lists discontinued and active surface water
discharge, water quality, sediment and biological stations. This information was
supplemented by a review of data reported in the SEO Annual Hydrographers Report.

Review of Hydrologic Conditions

The reservoir history and availability of gage records led to a preliminary conclusion that
1971-1998 should serve as the study period. Ideally, the modeling study period should be
representative of long-term hydrologic conditions in the Basin. To analyze this aspect of
the proposed study period, annual flows were reviewed for the USGS gage 09188500
Green River at Warren Bridge near Daniel (Figure III-1 p.III-29). This gage has the
longest record of the Green River Basin gages in Wyoming (1932-1998, excluding 1993),
and as an indicator of long-term versus short-term statistics, is assumed applicable to the
entire Basin. Characteristics of the long-term record and the proposed study period are
tabulated below:

Characteristics of Annual Flow Series for
091885500 Green River at Warren Bridge near Daniel

1932-1998 (excluding 1993) Record 1971-1998 (excluding 1993) Record

Mean (AF) 367,426 368,744

Standard Deviation 82,724 99,929

Three highest years 1986 / 1997 / 1971 1986 / 1997 / 1971

Three highest values (AF) 556,150 / 513,080 / 499,510 556,150 / 513,080 / 499,510

Three lowest years 1977 / 1934 /1992 1977 / 1992 / 1988

Three lowest values (AF) 203,260   /   208,720   /   213,910 203,260   /   213,910   /   232,330

The table shows that the means of the two periods are very similar. The standard
deviation for the shorter period is higher due to the smaller sample size. Most notably, the
short period includes the three highest annual flows of record, as well as two of the three
driest. Furthermore, Figure III-1 shows that the most enduring drought of record (1987-
1992) is captured in the model study period. Usually the concern is that the short period
does not include extremes found in the longer record, but in this case, extremes of both
wet and dry are clearly included in the proposed study period.

Selected Study Period

Based on available records, existence of reservoirs, and representativeness of the period,
1971-1998 is selected as the modeling study period. This 28-year period, on average,
appears similar to long-term conditions, and includes wet, dry and normal years.
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In this evaluation, traditional hydrologic techniques were used to estimate missing data.
Typically, this means beginning by looking for a strong linear relationship between data
that overlap in time at gages with similar hydrology.  The basis of success for this
procedure hinges on finding similarity in runoff characteristics between two streams, then
using that similarity to “rebuild” missing data values at the deficient gage for the years
when no overlap exists.

Index Gage Selection

The objective of this work was to identify gages to be used to identify normal, wet and
dry years by ranking of annual flows.  The gages selected as representative for this
purpose were termed “index” gages.  Ultimately, the top (largest annual flow amounts)
20 percent of the years were designated as wet years, the middle 60 percent designated as
normal years, and the 20 percent with lowest annual flows designated as dry years.  The
purpose of this subtask was to select gages for this ranking task that provided coverage of
the Basin, were relatively free of influence by man’s activities, and which were relatively
complete during the study period.  Gages in operation during most, if not all, of the study
period were selected for evaluation as index gages.  Additionally, if a gage was in
operation seasonally throughout the study period, it was included in the evaluation as a
potential index gage.

Results

The index gages and corresponding wet and dry year selection are shown in Table III-1.
There was no exact duplication of hydrologic condition (i.e. wet and dry years did not
correspond at all gages all the time), so all seven index gages were used, applied to
geographical areas as follows (see Figure III-2 through Figure III-5 beginning on p.III-
30):

� 09188500 Green River at Warren Bridge - Upper Green River mainstem and
tributaries located upstream of this gage

� 09196500 Pine Creek above Fremont Lake - New Fork River and its tributaries

� 09210500 Fontenelle Creek near Herschler Ranch, near Fontenelle - Upper Green
River tributaries that rise in the Wyoming Range

� 09216050 Big Sandy River at Gasson Bridge - Big Sandy River and its tributaries

� 09218500 Blacks Fork near Millburne - Blacks Fork, Smiths Fork and Henrys Fork
and their tributaries

� 09223000 Hams Fork below Pole Creek near Frontier - Hams Fork and its tributaries.

� 09229500 Henrys Fork near Manila – Henrys Fork and its tributaries

� 09253000 Little Snake near Slater, CO - Little Snake River and its tributaries.
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Table III-1  Wet, Normal and Dry Years for Green River Basin Index Gages

Gage No. Gage Name 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98

09188500 Green River at
Warren Bridge

09196500 Pine Creek
above Fremont
Lake

09210500 Fontenelle
Creek near
Herschler
Ranch, near
Fontenelle

09216050 Big Sandy
River at
Gasson Bridge

09218500 Blacks Fork
near Millburne

09223000 Hams Fork
below Pole
Creek near
Frontier

09229500 Henrys Fork
near Manila

09253000 Little Snake
near Slater,
CO

     Wet year                                      Normal Year                          Dry Year

Spreadsheet Model Development

Spreadsheet models were developed to determine average monthly streamflow in the
Basin during normal, wet, and dry years. The purpose of these models was to validate
existing basin uses, assist in determining the timing and location of water available for
future development, and help to assess impacts of future water supply alternatives.

This work resulted in the creation of twelve spreadsheet workbooks, one for each of the
three hydrologic conditions and four distinct sub-basins:

� Upper Green River Basin from the Green River headwaters to Flaming Gorge

� Blacks Fork River Basin from the Blacks Fork and Smiths Fork headwaters to
Flaming Gorge
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� Henrys Fork River Basin from the Henrys Fork headwaters to Flaming Gorge, and

� Little Snake River Basin from the Little Snake headwaters to the USGS stream
gaging station at Little Snake near Lily, CO.

The three workbooks for each sub-basin are yoked together with a simple menu-driven
graphical user interface (GUI), effectively creating four sub-basin models.

Model Overview

For each Green River sub-basin, three models were developed, reflecting each of three
hydrologic conditions: dry, normal, and wet year water supply. The spreadsheets each
represent one calendar year of flows, on a monthly time step. The modelers relied on
historical gage data from 1971 to 1998 to identify the hydrologic conditions for each year
in the study period, as discussed in the technical memorandum for Surface Water Data
Collection and Study Period Selection. Streamflow, consumptive use, diversions,
irrigation returns, and reservoir conditions are the basic input data to the model. For all of
these data, average values drawn from the dry, normal, or wet subset of the study period
were computed for use in the spreadsheets. The models do not explicitly account for
water rights, appropriations, or Compact allocations nor is the model operated based on
these legal constraints. It is assumed that the historical data reflect effects of any
limitations that may have been placed upon water users by water rights restrictions.

To mathematically represent each sub-basin system, the river system was divided into
reaches based primarily upon the location of major tributary confluences. Each reach was
then sub-divided by identifying a series of individual nodes representing diversions,
reservoirs, tributary confluences, gages, or other significant water resources features. The
resulting network is the simplification of the real world which the model represents.
Figure III-2 through Figure III-5 (beginning on p. III-30) present node diagrams of the
models developed for the Green River. Each numbered node in the figure is a node in the
model.

Natural or virgin flow for each month is supplied to the model by specifying flow at
every headwater node, and incremental stream gains and losses within each downstream
reach. Where available, upper basin gages were selected as headwater nodes; in their
absence, flow at the ungaged headwater point was estimated outside the spreadsheet.

Model output includes the diversion demand and simulated diversions at each of the
diversion points, and streamflow at each of the Green River Basin nodes. Estimates of
impacts associated with various water projects can be analyzed by changing input data, as
decreases in available streamflow or as changes to diversions occur.  New storage
projects that alter the timing of streamflows or shortages may also be evaluated.

Model Development

The model was developed using Microsoft® Excel 97. The workbooks contain macros
written in Microsoft® Excel Visual Basic programming language. The primary function
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of the macros is to facilitate navigation within the workbook.  There are no macros that
need to be executed to complete computation of any formulas or results.  In other words,
whenever a number is input into any cell anywhere in the workbook, the entire workbook
is recalculated and updated automatically.

The delineation of a river basin by reaches and nodes is more an art than a science.  The
choice of nodes must consider the objectives of the study and the available data.  It also
must contain all the water resource features that govern the operation of the Basin.  The
analysis of results and their adequacy in addressing the objectives of the study are based
on the input data and the configuration of the river basin by the computer model.

The following reaches and nodes are contained in each basin model:

� Upper Green River Basin: 24 reaches, 111 nodes

� Blacks Fork River Basin: 13 reaches, 44 nodes

� Henrys Fork River Basin: 7 reaches, 16 nodes

� Little Snake River Basin: 16 reaches, 48 nodes

Gage Data

Monthly stream gage data were obtained from the Wyoming Water Resources Data
System (WRDS) for each of the stream gages used in the model. Linear regression
techniques were used to estimate missing values for the many  gages that had incomplete
records. Once the gages were filled in for the study period, monthly values for Dry,
Normal, and Wet conditions were averaged from the Dry, Normal, or Wet years of the
study period.

Headwater inflow at several ungaged locations is also on the Gage Data worksheet.
Different approaches to estimating the flow were used, depending on the complexity of
the stream system and availability of data. The model uses estimated flow at ungaged
headwater nodes as if they were gages.

Diversion Data

Diversions in the Green River Basin Models are attributable either to Municipal and
Industrial use, or Agricultural use.  The spreadsheets model only the consumptive portion
of all municipal and industrial diversions. Agricultural diversion nodes fall into two
categories: explicitly modeled structures, and aggregated structures. Explicitly modeled
structures were structures for which adequate historical diversion records and a high
confidence estimate of irrigated area were available. These structures generally served as
indicators of irrigation practice throughout the Basin. Their entire diversions and
resulting return flows were included in the model. For the aggregate structures,
consumptive use only was modeled.
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Data on the diversion data sheet are used to calculate ungaged reach gains and losses, and
in some cases, inflow at ungaged headwater nodes.  They are also used as the diversion
demand in the Reach/Node worksheets.

Collection of agricultural diversion data is discussed in the technical memorandum
Irrigation Diversion Operation and Description. These data were reviewed and ditches
that had sufficient diversion data for analysis of average dry, normal and wet year
conditions were selected for explicit modeling. No attempts were made to fill missing
records. Diversion data for explicitly modeled structures are the average dry, normal and
wet year monthly diversions, calculated from the available records.

Diversions for aggregated structures were calculated as the product of estimated irrigated
acreage, monthly consumptive irrigation requirement (CIR), and the fraction of the
month in which diversion was practiced. Monthly CIR is estimated as a function of
latitude, precipitation, and temperature, and therefore varies for dry, normal, and wet
conditions.

Municipal and industrial diversions were taken from the technical memoranda Basin
Water Use Profile – Municipal and Basin Water Use Profile – Industrial. Values
reported in these memoranda represent the consumptive use portion of the municipal and
industrial diversions.  No attempts were made to estimate return flows. With the
exception of the Cheyenne Stage I and II diversions discussed below, no attempts were
made to develop dry, normal and wet year municipal and industrial diversions.

Surface Water Availability

The Green River Basin spreadsheet model is a tool for identifying flows that are available
to Wyoming water users for future development, and evaluating yield and impacts of
potential projects at a planning level. The purpose of this task is to analyze historical runs
developed during spreadsheet calibration to determine location, quantity, and timing of
available flows. The calibration spreadsheets represent conditions in the four sub-basins
(Little Snake, Henrys Fork, Blacks Fork, and Green River) under current levels of
development for three hydrologic conditions: Dry, Normal, and Wet year water supply.
Background information on the spreadsheet model can be found in other technical memos
prepared for this project.

Available Flow

Each basin model is divided into a number of reaches, each composed of several nodes,
or water balance points. Reaches are typically defined by gages or confluences, and
represent tributary basins or subsections of the mainstem. An output worksheet in each
spreadsheet model summarizes monthly flow at the downstream end of each reach, and
provides the basis of this analysis.

While simulated flow at the reach terminus indicates estimated amount of water
physically present, it does not fully reflect availability. If a downstream diverter has
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historically diverted the entire stream at its headgate, the water supply at the upper point
is not available for future development; it is already needed to meet current requirements.

Available Water Determination

To determine how much of the physical supply is actually available to future uses,
“available water” at a reach terminus was defined as the minimum of the physically
available flow at that point, and “available water” at all downstream reaches. Thus
available flow must be defined first at the most downstream point, with upstream
availability calculated in stream order. These calculations were made on a monthly basis,
and annual availability was computed as the sum of monthly availabilities. Note that
calculating annual availability in this way yields a different value than applying the same
logic to annual flows for each reach. The summation of monthly values is more accurate,
reflecting constraints of downstream use on a monthly basis.

Instream Flow Right Considerations

Instream flow rights exert a demand on the river but do not affect physical supply,
because the water is not removed from the stream. Thus any reach terminus located
immediately upstream of a reach that contained an instream flow right had to be handled
specially. That is, available flow at the upstream reach terminus was determined as the
minimum of physical flow at that point, and “available water” less the instream flow
requirement at the downstream reach terminus.

The two permitted instream flow rights and 32 pending instream flow applications were
reviewed for applicability of the special handling described above. (See the technical
memorandum—Instream Flows in Wyoming) Except for one, all the instream flow rights
are located high enough in the Basin that they  have no upstream reach in the model. The
exception is a 1.5-mile long reach of the West Fork New Fork River, under permit #7IF.
Available water at the downstream terminus of Reach 8 in the Green River sub-basin
spreadsheet was calculated taking the instream flow demand into consideration.

Compact Considerations

The spreadsheet models do not contain logic to simulate curtailment of water rights on a
priority basis in order to meet the State’s obligations under the Upper Colorado River
Basin Compact (the Compact). The models were developed to portray historical use over
the study period 1971-1998. Never during that time, nor since the Compact was ratified,
have diversions been curtailed pursuant to Article IV of the Compact. While the
principles under which such  administration should be conducted are set forth in the
Compact, actual details of their application have not been worked out by the Upper
Colorado River Commission. Accordingly, simulation of curtailment was outside the
scope of this effort. The models could be used, however, to test the impacts of a future
downstream demand representing a Compact delivery obligation.

Article XI of the Compact addresses the division of the waters of the Little Snake River,
whose tributaries lie on both sides of the Colorado-Wyoming state line, and whose
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mainstem crosses the boundary numerous times. The Compact identifies a point 100 feet
below the mouth of Savery Creek, above which pre-Compact rights are not subject to
calls emanating from below the point. This administrative nuance does not alter the
definition of available flow for new or future uses above the so-called Compact point,
however, since they could be regulated to satisfy senior pre-Compact priority date water
rights below the Compact point. Post-Compact rights, including future uses, below the
Compact point, “shall be administered on the basis of an interstate priority schedule
prepared by the Commission in conformity with priority dates established by the laws of
the respective States,” according to Article XI. Therefore, calculation of “available
water” in this part of the Basin must take into consideration the needs of downstream
users in Colorado. To summarize, the method of calculating available water described
above, when applied to the Little Snake including the Colorado sections of the river, is in
accordance with Article XI of the Compact.

Results

Table III-2 through Table III-13 (beginning on p.III-11) summarize water availability for
the four sub-basins and three hydrologic conditions on a monthly basis.

Figure III-6 through Figure III-8 (beginning on p. III-34) show the annual surface water
physical availability for dry, wet, and normal year scenarios.  The tabulations show
annual available supply at the bottom of the system for each basin as follows:

Annual Available Supply—(acre-feet per year)
Basin Dry Condition Normal Condition Wet Condition

Little Snake 189,000 449,000 665,000
Henrys Fork 23,000 60,000 125,000
Blacks Fork 101,000 229,000 422,000
Green River 620,000 1,269,000 1,924,000
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B. Ground Water

The following subsections describe groundwater conditions, groundwater quality, and
groundwater development potential in the Greater Green River Basin of Wyoming.

Basin Overview

There has been relatively little development of the groundwater resources of Wyoming’s
Green River Basin. As a result, information on well yield, aquifer properties, water
quality, and recharge and discharge relationships is sparse relative to other, more
developed areas of the State. Well yield and aquifer data were inferred from available
information from the existing wells and previous studies.

Basin Groundwater Conditions

Eight major aquifer systems have been identified within the study area. These aquifer
systems (or in some cases individual aquifers) are identified by the geologic formation
within which they occur. This definition allows for a simplified presentation of the
relatively abundant and complex aquifers that underlie the Greater Green River Basin.

The eight major water-bearing systems are, in ascending order:

1) Flathead aquifer;

2) Paleozoic-age aquifer system (including the Madison Limestone);

3) (Sundance-) Nugget aquifer system;

4) Upper Jurassic-Lower Cretaceous age aquifers;

5) Frontier aquifer;

6) Mesaverde-Adaville aquifers;

7) Tertiary-age aquifers;

8) Quaternary-age sands and gravels associated with major river courses through the
Basin.

The major aquifer systems are also identified and described in Figure III-9 (p.III-43), a
Generalized Hydrostratigraphic Column.  The majority of the bedrock surface exposures
are Cretaceous and Tertiary age rocks. These rocks are host to several important aquifers,
including the Frontier aquifer (western part of the Basin), the Mesaverde aquifer system,
and the Tertiary aquifer system. The Tertiary aquifer system includes a number of water-
bearing formations, including the Green River, Wasatch, Battle Springs, and Fort Union
Formations.

Groundwater resources of the Basin are largely undeveloped at this time. Ground water is
principally used for drinking water supplies and industrial use.  The majority of the
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supplies are developed from Quaternary and Tertiary aquifers.  Current groundwater use
within the Greater Green River Basin is estimated to be between 5,300 and 7,200 acre-
feet per year for all uses (estimates derived in this study).

A plot of well yields derived from the US Geological Survey’s Groundwater Site
Inventory, or GWSI database, vary over a broad range, as shown in Figure III-10 (p.III-
44).

Basin Groundwater Quality

Water quality data were obtained from a groundwater quality database (GWSI database)
maintained by the U.S. Geological Survey. Data were retrieved for 24 parameters
including major cations, major ions, dissolved metals, dissolved solids, pH, and several
other parameters that serve as useful indicators of the quality of water. The data obtained
for this study contain reports for over 800 analyses obtained from a total of about 600
wells and springs.

A plot of the GWSI database shown in Figure III-11 (p.III-45) indicates no apparent
tendencies in terms of the concentration of Total Dissolved Solids (TDS) by aquifer, nor
does there appear to be a conspicuous tendency in the distribution of TDS concentrations
across the Basin. Water quality likely varies by location within an aquifer, in relation to
the depth of a well, and by aquifer.

Concentrations of TDS exceed the secondary drinking water standard in over one-half the
wells sampled. Concentrations of sulfate exceed the secondary drinking water standards
in about one-third of the wells sampled. Although these conditions do not necessarily
prevent use of the water, there may be limitations on the types of uses for which this
water is suitable. The quality of water at several locations is considered poor, and would
require extensive treatment to render it suitable for drinking. There are insufficient data
available to assess whether alternate groundwater sources of better quality might be
available at these locations.

Groundwater Development Potential

There is virtually no information on the overall groundwater basin water budget, such
that major inflow and outflow components may be quantified. Accordingly, it is difficult
to evaluate the Basin’s safe, long-term yield for purposes of defining future groundwater
development potential.

The Basin has a total area of about 20,000 square miles (12.8 million acres). However,
there are large areas of the Basin in which potential evapotranspiration (ET) significantly
exceeds average rainfall. For purposes of this analysis, it is assumed that recharge is
effectively zero in areas where ET significantly exceeds rainfall. In the remaining parts of
the Basin, mainly the mountain and foothills areas, rainfall exceeds potential (ET). These
areas have been mapped and are estimated to have an area of approximately 925,000
acres. The average “surplus” rainfall (where annual rainfall exceeds annual ET) is
assumed to be about 6 inches. It is also assumed that approximately 10 percent of the
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surplus rainfall recharges the groundwater system. This approach yields an estimate of
about 50,000 acre-feet per year of groundwater recharge, and is considered to be an
approximation of basin groundwater yield. These estimates neglect the potential for
interbasin movement of ground water. They also neglect the large quantity of ground
water in storage that could potentially be developed without experiencing significant
basin-wide impacts.

By comparison, the USGS (Martin, 1996; Glover, et al, 1998) estimates approximately
100,000 acre-feet per year of groundwater recharge by precipitation to the Tertiary-age
rocks. For planning purposes, it is concluded that basin yield is on the order of between
50,000 and 100,000 acre-feet per year.

Currently, there is no evidence to suggest over-development of the principal aquifer
systems. It may be concluded that there is significant potential for additional
development of these aquifer systems, with little risk of depleting this resource.  In fact,
the lack of over-development means there is a smaller chance that aquifer storage and
retrieval techniques will be successful.

There are many factors that may affect future development and availability of
groundwater resources.  In the case of the Quaternary-age alluvial aquifers, any future
development of groundwater resources may be expected to have a direct and near-
immediate impact on the adjacent rivers and streams within the alluvial system. Another
factor is the potential development of ground water associated with the coal bed methane
(CBM) extraction industry.

The extent to which CBM resources are developed will depend on a number of factors,
including current and forecasted energy costs, and the economics of the CBM projects.
One important factor affecting a project’s economics is the quality of water co-produced
in the recovery process. The quality of water associated with the coals is reportedly
significantly worse in the Greater Green River Basin than in the Powder River Basin.
Water quality standards for salinity in the Colorado River System (adopted by each state
and approved by the EPA in 1974) may require that the co-produced water be reinjected
or treated before discharge. The impacts of the added costs of treatment or reinjection are
unclear, but may render some CBM projects uneconomical. At this time, it appears
unlikely that the level of development of CBM resources in the Greater Green River
Basin will match the levels of development anticipated in the Powder River Basin given
current market conditions and environmental mandates.
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Figure III-6  Available Flow Modeling Results, Dry Year (3 pages)
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Figure III-7  Available Flow Modeling Results, Normal Year (3 pages)
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Figure III-8  Available Flow Modeling Results, Wet Year (3 pages)
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[##] = thickness in feet
1Utah and Northwest Colorado terminology, used in Wyoming only in the subsurface.

Geologic 
Age

Overthrust Belt
 Northwest 
Green River 

Basin

Great Divide, Washakie, 
and Little Snake River 

Basins

Hydrologic 
Unit

Description/Properties

Quaternary

Aluvial, terrace, 
glacial, landslide 
dep., slopewash 

and talus material. 
[50-410]

Alluvial, terrace, 
and glacial 

deposits [0-200]

Alluvial, dune, lacustrine, and 
glacial deposits [0-70]

Quaternary 
Aquifers

Discontinuous, major aquifer

Camp 
Davis/Teewinot 

Fms. [2250-5200]
Browns 

Park/Bishop 
Conglomerate 

[~4400]
Fowkes Fm. 
[500-2600]

Bridger Fm. 
[1700-2300]

Bridger/Uinta Fms. [0-3200]

Green River Fm. (Interfingers 
with Wasatch) [0-1500]

Wasatch Fm. 
[2500-3600]

Wasatch Fm. 
[4100-5250]

Wasatch (South & 
West)/Battle Springs 

(Northeast) Fms. [0-4700]

Hoback Fm. [8000-
18500]

Harebell Fm.

Almond [0-1000]

Ericson SS [400-700]

Rock Springs [900-1700]

Adaville Fm. [1400-
5000]

Blair [900-1800]

Hilliard Shale 
[3000-6800]

Cody Shale (Great 
Divide)/Baxter Shale 
(West)/Steele Shale & 
Niobrara Fm. (East) 
[2000-5000]

Frontier Fm. [1100-
3000]

Frontier Fm. [190-900] Frontier Aquifer
Minor aquifer, greatest potential in 

Overthrust Belt and Western 
Green River Basin.

Gannett Group 
"Lakota 

Conglomerate" 
[800-5000]

Cloverly Fm. "Dakota 
Sandstone," "Lakota 
Conglomerate" [45-240]

Stump-Preuss 
Fms. [160-530]

Nugget SS 
[750-1300]

Nugget SS (absent SE)      [0-
650+]

Ankareh Fm. 
[330-500]
Thaynes LS [0-
500]

Lower 
Triassic

Woodside 
Shale/Dinwoody 
Fm. [600-1300]

Permian

Wells Fm. 
[450-1800]

Tensleep SS 
[350-700]

Tensleep SS [0-840]

Madison LS [5-325]

Devonian
Ordovician

Flathead 
Aquifer

May be good source to exploit due 
to characteristic permeable 

sandstone, basal conglomerate 
and secondary permeability along 
bedding plane partings in outcrop 
and where the rocks are highly 

fractured.

Pre-
cambrian

Minor aquifer where highly 
fractured and weathered in 

outcrop, or near the surface.

Figure III-9 - Generalized Hydrostratigaphic Column of the Greater Green River Basin, Wyoming
Modified from Ahern, et al, 1981, Collentine, et al, 1981, and Love, et al, 1993.

Phosphoria Fm. [200-400]

Cambrian

Pennsyl-
vanian

Amsden Fm. [0-260]
Mississip-

pian Madison LS, Darby Fm. [650-
1300]

Flathead SS [175-200]

Gallatin LS [0-200]

Salt Lake Fm. [0-
1000]

Aquitard

Green River Fm. [400-600]

Paleozoic 
Aquifer System

Undifferentiated 
Cambrian/Flathead SS [0-
800]

Amsden Fm. [300-700]

Madison LS, Darby Fm., Bighorn 
Dolomite [780-1800]

Mowry/Muddy/Thermopolis 
Fms. [200-900]

Dinwoody/Phosphoria Fms. 
(Goose Egg Fm.) [170-460]

Aspen Shale [400-2200]

Major aquifers are the Bighorn 
Dolomite, Darby Formation, 

Madison Limestone, Tensleep 
Sandstone, and Phosphoria 

Formation.  These are primarily 
carbonate, so significant yields 
occur where there are solution 

openings and fractures, especially 
in the Madison with its well-
developed paleokarst.  The 

Amsden and Phosphoria are 
locally confining, minor aquifers.

Aquitard

Discontinuous, minor aquifer; 
Cloverly major aquifer (esp. 

sandstones & conglomerates of 
lower member) near recharge area 
in Great Divide & Washakie Basin. 

Aquitard (Recent, unpublished work by the Wyoming 
State Geological Survey suggest the possibility that a 
number of wells yield a reasonable water supply from 

portions of the Hilliard Shale).

Aquitard

Upper Jurassic-
Lower 

Cretaceous 
Aquifers

Aquitard

Nugget Sandstone is the major 
aquifer throughout the area, 

although the Nugget is absent in 
the far southeast.  The lower part 
of the Twin Creek Limestone, and 
the Thaynes Limestone are minor, 
regional aquifers in the Overthrust 

Belt.

North Park/South Pass is 
discontinuous, minor aquifer 

(topographically high and well-
drained, predominantly).

Complex intertonguing fluvial and 
lacustrine sediments. The 
Wasatch Formation, the 

Fowkes/Bridger Formations in the 
southwest Overthrust and Green 

River Basins near outcrop, as well 
as Ft Union in Great Divide, 
Washakie, and Little Snake 

Basins are major aquifers.  Ft 
Union elsewhere, Evanston 

Formation, and Fox Hills SS are 
minor aquifers.

Major aquifer:  Rock Springs and 
Ericson formations are the most 
permeable units, as is the basal 

member of the Adaville Formation 
(Lazeart Sandstone).

Mesaverde 
Aquifer

Aquitard

Tertiary Aquifer 
System

Alluvial, floodplain, terrace, and 
glacial deposits [0-100]

South & East Green River 
Basin

South Pass Fm. [0-200]

Browns Park/Bishop 
Conglomerate [0-200+]

Lewis Shale [0-2700]

North Park/South Pass Fms. 
Browns Park/Bishop 

Conglomerate [0-1200]

Mesaverde Fm. Mesaverde Fm. [0-5600]

Green River Fm. (Wasatch-
Cathedral Bluffs) [100-2800]

Wasatch Fm. (Main Body) [0-
7000]

Ft Union Fm. [0-2700]

Upper 
Cretaceous

Frontier Fm. [1800-2700]

Evanston Fm. 
[1350-2900]

Tertiary

Meeteetse Fm.

Bridger Fm. [500-2300]

Lance Fm./Fox Hills SS [0-4900]
M

esaverde G
roup

Baxter Shale [2700-4500]

Precambrian Rocks

(Sundance-) 
Nugget Aquifer 

System
Nugget SS [400-700]

Chugwater [900-1500] Chugwater Group [900-1500]

Weber SS/Morgan Fm./Round 
Valley LS [650-1300]1

Gypsum Spring Fm. [0-725]
Twin Creek LS 

[150-725]

Curtis Fm./Entrada SS [35-530]

Gros Ventre Fm. [500-1000]

Triassic

Lower 
Cretaceous

Mowry/Muddy/Thermopolis 
Fms. [100-1000]

Morrison Fm. [170-450+]

Bear River Fm. [800-1500]

Cloverly Fm. "Dakota Sandstone"

Jurassic
Sundance Fm. [130-450+]

Dinwoody Fm. [250-450]
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