4.0 Procedures And Layer Descriptions:
The complexity of the hydrogeology in the Middle and Upper Roaring Fork study
area and the disparity in type, distribution and accuracy of available data do not support
the preparation of a single-layer, multi-feature map addressing the area’s ground water
availability, sustainability of its utilization, and its vulnerability. To achieve the project’s
objectives, an intuitive and flexible analysis procedure has been developed that optimally
utilizes the capabilities of the GIS. This stepwise procedure facilitates the evaluation of
ground water availability, sustainability and vulnerability on a site-specific base. At each
step, notes refer to individual layers in the MRF and URF GIS maps. For ease of
reference, each layer in both maps has been numbered as shown in Figures 12a and 12b.
When a layer is referenced in the text, a check mark needs to be placed in the layer’s box
in the contents column of the GIS map for the layer to be viewed. These check marks
should be removed when moving to the next step in the procedure.

Figure 12a. Table of Contents for
MRF GIS Map.

Figure 12b. Table of Contents for
URF GIS Map.

It is assumed that the starting point of the analysis procedure is a permit
application for development of one or more parcels in the MRF or URF study area. Upon
receipt of a permit application, the first step is to determine the precise location or
platting of the permit site (PS), and to use this location in conjunction with the hydrology
and hydrogeology GIS layers to determine the presence of ground water (Objective 1a).
The succeeding tasks include determining the level of ground water availability
(Objective 1b), its sustainability as a resource at the site (Objective 2), and its
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vulnerability to contamination and subsequent loss of supply (Objective 3). It should be
noted that due to limitations in data availability and quality, this analysis is primarily
qualitative in nature. It does not replace due diligence on the side of the permit applicant.

4.1. Potential Availability Of Ground Water For Water Supply
This section provides a description of how objective 1a is achieved: determining
the potential availability of ground water for water supply by identifying the areas
covered by hydrogeologic formations that may be an aquifer (either unconsolidated
surficial materials or bedrock). Excluded will be areas that consist mainly of shale. The
aquifer may be in surficial material or bedrock formations.

4.1.1. Potential Unconfined Surficial Aquifer Material In Study Area
The following surficial materials may be aquifers in the study area:
Unit 1: Modern Alluvium (Qal; alluvium). This material is primarily located
along the modern streams, such as Owl Creek and Brush Creek, and rivers, such
as the Roaring Fork (Figure 1). These materials usually are natural aquifers that
have direct connection to and are sustained by the nearby surface water bodies,
and are most likely vulnerable due to being prone to seasonal fluctuations and
changes in surface water body use (withdrawal for irrigation, for example). In the
MRF GIS map: switch on layer S (Figure 12a); in the URF GIS map: switch on
layer Q or layer R(Figure 12b).
Unit 2: Terrace Gravels (Q or Qg; young terrace gravels, fans, colluvium). This
material is primarily located above the modern stream levels on the hillslopes.
These materials usually are dry, or can be aquifers created and sustained by
anthropogenic activity, such as irrigation ditches or irrigation return flow. In the
MRF GIS map: switch on layer T (Figure 12a); in the URF GIS map: switch on
layer Q or layer R (Figure 12b).
Unit 3: Moraines (Qm; moraines). This material is primarily located at mountain
canyon mouths, such as the Roaring Fork River, and Castle and Maroon Creek
canyons, or along the higher hillslope locations near the high glacially carved
hanging valleys and cirques, such as the slopes along Burnt Mountain near
Snowmass Village. The moraines of the Roaring Fork River and Castle and
Maroon Creeks are dry near the surface, but frequently contain natural ground
water at depth. The moraines and associated mass wasting deposits of the Owl
and Brush Creek areas also contain natural ground water at depth, and are
sustained by natural climate and underlying Dakota Formation in some locations.
In the MRF GIS map: switch on layer U (Figure 12a); in the URF GIS map:
switch on layer Q or layer R (Figure 12b).
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Unit 4: Landslides (Qls). This material is primarily located along the hillslopes
surrounding the populated areas of Pitkin County. These materials are primarily
dry, but in areas of irrigation ditches and other anthropogenic activity, may
become aquifers. In the MRF GIS map: switch on layer V (Figure 12a); in the
URF GIS map: switch on layer Q or layer R (Figure 12b).
Unit 5: Older terrace gravels and fans (Ts). This material is primarily located
along the hillslopes. These materials usually are dry, or can be aquifers created
and sustained by anthropogenic activity, such as irrigation ditches or irrigation
return flow. In the MRF GIS map: switch on layer W (Figure 12a); in the URF
GIS map: switch on layer Q or layer R (Figure 12b).
These surficial materials, when saturated, will be primarily unconfined or water table
systems. Therefore, the water table will fluctuate naturally with climate input (seasonal
rainfall and snowmelt). In addition, these aquifers will be vulnerable to contamination
from land surface activity, such as irrigation, industrial, or urban uses.

4.1.2 Potential Unconfined And Confined Bedrock Aquifer Material
The following bedrock materials may be aquifers in the study area:
Unit 6: Dakota Sandstone (unconfined or confined). This unit is primarily a
sandstone that may have either matrix or fracture permeability. Given the age of
the unit, fracture permeability is likely to be most significant for water supply.
Typically, this unit is located at a depth greater than 200 feet under most of the
study area west of the City of Aspen. In the MRF GIS map: switch on layers Y
and/or BB (Figure 12a); in the URF GIS map: switch on layer Q or layer R
(Figure 12b).
Unit 7: Leadville Limestone (Carbonates) (unconfined or confined). This unit is
primarily a limestone that has mostly fracture and karst permeability. The unit is
located a depths greater than 1,000 feet under most of the study area west of the
City of Aspen.
Unit 8: Fractured Crystalline Material (Granite, Gneiss, etc) (unconfined). This
unit is primarily igneous or metamorphic crystalline rocks that have mostly
fracture permeability. The unit has vast thicknesses, however, the depth to which
saturated thickness of this unit is maintained is usually not greater than 500 feet.
Note that the fractured crystalline material is found primarily beneath BLM and
U.S. Forest Service lands, and is located in the upper Roaring Fork Drainage and
North Star area.

For the current study area, only the surficial material, the Dakota Sandstone, and
the fractured crystalline rocks are of interest. The Leadville Limestone will be of interest
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when the study is extended to Aspen and nearby areas. In the MRF GIS map: switch on
layers Z and/or CC (Figure 12a); in the URF GIS map: switch on layer Q or layer R
(Figure 12b).
With the above discussion in mind, there are three layers in the MRF GIS map
used to determine the presence of potential aquifer materials:
1) A set of layers showing the outcrops of all hydrogeologic units combined
(MRF layers R and EE combined; Figure 12a). All of the potential
hydrogeologic units are represented in these two layers. The combined layers
show the distribution of all the potential hydrogeologic units as they appear on the
land surface in the study area.
2): A set of layers showing the extent of each of the unconsolidated
hydrogeologic units (MRF layers S, T, U, V and W). All of the potential
unconsolidated hydrogeologic units are represented in these five layers.
3): A set of layers showing the extent of each of the bedrock hydrogeologic units.
All of the potential bedrock hydrogeologic units are represented in these three
layers (MRF layers AA, BB and CC).
For the URF study area, the presence of potential aquifer materials is determined using
layers Q or R. A legend for these layers is included in Appendix A2 and A3 and in the set
of GIS files.

4.1.3 Is The Potential Alluvial/Colluvial Aquifer Connected/Not Connected With A
Bedrock Aquifer?
If it has been determined (Section 4.1.1) that the site is located in an area with a
potential alluvial/colluvial aquifer, the presence of a direct connection with an underlying
bedrock aquifer needs to be established. This connection may indicate a more regional
availability of ground water than would be the case if only an alluvial/colluvial aquifer is
present. This alluvial/colluvial–bedrock aquifer connectivity can be evaluated by
locating the permit site with respect to the layers discussed in sections 4.1.1 and 4.1.2.
Sites where unconsolidated materials overlie shale (Km) or the combined lower bedrock
unit (LB) are areas where no such connectivity is present. Areas where landslide and
alluvial material overlie Dakota Sandstone, the Leadville Formation or Precambrian
rocks have direct bedrock connectivity.

4.2 Is Alluvial/Colluvial Material Saturated Or Unsaturated?
The final questions in determining the availability of ground water as water
supply relate to the actual presence of ground water in the potential aquifer units, the
saturated thickness, and the potential yield (Objective 1b). In order to answer these

GIS-Based Evaluation of Ground Water Resources of Upper & Middle Roaring Fork Area

HSA/HHI – 03/24/06

page 23

questions, information from nearby wells is evaluated. Only wells located in the same
hydrogeologic unit are of interest. Layer GG in the MRF map and layer P in the URF
map show the locations of the Pitkin County wells recorded in the state well data base.
The attribute table for this layer contains information with respect to depth to water table,
screen placing, depth to bottom, saturated thickness (if bottom of aquifer has been
reached), and well yields, among others. In some cases, ground elevation is included; if
not, it can be obtained from the DEM layer, the 10ft elevation contours layers, or the
topographic map layers in the GIS maps.

4.3 Potential Sustainability Of Water Supply From Ground Water
This section describes the approach to accomplish objective 2: potential
sustainability of water supply from ground water. This is done through the performance
of a 3-step qualitative analysis of the aquifer recharge mechanisms and dynamics. A
major consideration in this phase of the analysis procedure is the distinction that exists
between aquifers subject primarily to natural recharge (precipitation and influent streams)
and aquifers dependent on anthropogenic recharge (leakage from irrigation ditches and
irrigation return flow). At this time, data are lacking for a quantitative approach with
respect to water budget terms and their fluctuations in time.

4.3.1 Is There Direct Infiltration Of Precipitation Into The Alluvial/Colluvial
Aquifer Or The Bedrock Aquifer And How Much?
Every part of the aquifers in the study area has the potential for ground water
recharge, and downward gradients potentially exist for all aquifers. Actual recharge is
dependent on local slope steepness, slope aspect, soils and geomorphic deposits, bedrock,
vegetation type and distribution, human activity, and other factors. Generally, recharge
potential is about 10 percent of precipitation in the 10-15 inch per year range, and
recharge percentage increases with increasing precipitation above 15 inches per year. To
determine the recharge potential from precipitation in the vicinity of the site, a
precipitation layer is included in the GIS maps (layer C in both MRF and URF GIS
maps). This layer contains an estimated annual precipitation distribution for the county
based on point measurements and various characteristics derived from a Digital Elevation
Model (DEM) for the area. Note that low-lying areas (valley bottoms) receive
significantly less precipitation than higher elevations.

4.3.2 Is The Alluvial/Colluvial Aquifer Connected/Not Connected With A Perennial
Stream?
In order to determine if the aquifer of interest is recharged by an influent stream,
the presence of a direct hydraulic connection between the aquifer and the stream needs to
be established, the stream must be perennial (or at least flowing for most of the year), and
the water table near the stream should be below stream level. GIS layer F in both MRF
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and URF GIS maps is Pitkin County’s water GIS layer, containing, among others, a field
indicating intermittent stream flow (ephemeral stream) or continuous stream flow
(perennial stream). By combining hydrogeologic unit information from layer O (for both
MRF and URF GIS maps) with the county’s streams layer F, the existence of a hydraulic
connection can be established. There is no hydraulic connection between a stream and
the aquifer if no streams intersect or border the hydrogeologic unit of interest in the
vicinity of the permit site. Sites that are close to a stream may experience seasonal water
fluctuations in the water table in sync with those of the stream. Sites located near
perennial streams will tend to be sustainable for longer time periods. Finally,
determining if the aquifer’s water table is below stream level involves comparing water
table information from wells in the vicinity of the stream (form the wells layer) with
stream elevation data (for example, from the topographic map layers). Note that the
existence of a stream/aquifer connection in developing a ground water supply in the area
may have implications regarding water rights issues.

4.3.3

Is The Saturated Alluvial/Colluvial Aquifer Connected With An Irrigation
Ditch Or Return Flow Of Irrigation Water?

This step determines if recharge occurs as a result of irrigation practices. There
are two potential recharge mechanisms related to such practices: infiltration of nonconsumed irrigation water (return flow) and leakage from unlined irrigation ditches.
Sites located near irrigated acreages and active (i.e., regularly water-carrying) upgradient
irrigation ditches are mostly sustained by irrigation activity, and changes in irrigation
practices, water rights and long-term land use may greatly affect the sustainability of a
ground water supply. In addition, wells in such locations may see fluctuations in water
levels based on irrigation schedules.
In order to establish if the saturated portion of the potential aquifer of interest is
connected with an irrigation ditch, hydrogeologic unit information from layer O (for both
MRF and URF GIS maps) is combined with the county’s ditches layer H. There is no
recharge if no active ditches intersect or border the hydrogeologic unit of interest in the
vicinity of the permit site. The absence in the county’s ditch attribute table d information
regarding major versus minor ditches, mostly continuous versus intermittent water
carrying, in-use versus out-of-use, precludes the quantification of this step in the analysis.
The potential effect of the return flow of irrigated acreage on recharge can be
evaluated by plotting the permit site on the 2000 or 1993 irrigated acreage layer (D and
E, respectively). There is no recharge if irrigation is not or no longer present at or near
the permit site. Note the decrease in irrigated acreage between 1993 and 2000.

4.4 Vulnerability Of Ground Water Supplies To Contamination From The Surface
This section describes the approach to accomplish objective 3: determining the
vulnerability of a ground water supply to contamination from the surface. Virtually all of
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the hydrogeologic units in the study area lack the presence of a confining layer (shale,
clay, peat) protecting the aquifer from contamination originating at the land surface or
near surface (for example, ISDSs, agricultural chemicals). Therefore, the ranking (high
versus low) of the vulnerability of these aquifers is high, except for the areas where
Dakota Sandstone is overlain by Mancos Shale.
All ground water in the area shown in the MRF layers R (unconsolidated
sediments), Y (Dakota Sandstone outcrops) & Z (Lower Bedrock outcrops) is vulnerable;
natural protection is only available in areas shown by the MRF layer DD (extent Mancos
Shale) for ground water in the Dakota Sandstone underneath the Mancos Shale; all
ground water in Quarternary and Tertiary unconsolidated sediments, landslides and
moraines in the URF area are vulnerable (see layers Q and R)].
In order to further evaluate aquifer vulnerability, the potential for occurrence of
contamination needs to be determined. The location, characteristics and likelihood of
potential contamination sources need to be identified. For example, some sites may be
vulnerable to contamination from one or more ISDSs nearby, a rather likely and
continuing point source. Others may be vulnerable to contamination from agricultural
land use, a seasonal, distributed source. To determine ground water vulnerability,
separate potential source layers need to be constructed, for example, showing location
and density of ISDS, gas stations, and agricultural land use. However, such an analysis
goes beyond the scope of this project.
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5.0 Case History Examples And Discussion
Three case history examples are presented to illustrate the approach for
determining if ground water can provide the water supply for a given site: 5.1)
Unavailable or Undetermined Ground Water Resources in the MRF Study Area; 5.2)
Available Ground Water Resources for Water Supplies in the MRF Study Area; and 5.3)
Available Ground Water Resources for Water Supplies in the URF Study Area. Example
5.1 and 5.2 illustrates the variability of drinking water supplies, both in availability and
sustainability, within the same region of the Middle Roaring Fork region. Example 5.3
illustrates that drinking water supplies are readily available and sustainable for residence
wells in the Upper Roaring Fork region. All three sites are vulnerable to ground water
pollution. The examples are illustrated using the ArcMAPTM program (version 8.3;
ESRI® 2002) of ArcGISTM; examples 5.1 and 5.2 use the PitkinCounty_GWGIS_MRF
map; example 5.3 uses the PitkinCounty_GWGIS_URF map.
5.1 Example Of Unavailable Or Undetermined Presence Of Ground Water For
Water Supplies (MRF Area)
Example 5.1 is a site located on parcel #264322300015 [at about coordinate
2619602, 1518679], directly south of subdivision 170 [W/J Ranch Homes] (red marker
dot; Figures 13 and 14). Parcel details are found by using the ‘Identify’ function on the
menu bar (Figure 14). The site is located in the disconnected glacial terrace region
(DTH), and the hydrogeologic conceptual model of what is expected is shown in Figure 8
(Unconsolidated materials located on top of Mancos Shale).

Figure 13. Example 5.1 – Permit Application Site Location [Regional View] – GIS Layers F, K and L.
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Figure 14. Example 5.1 – Site and Parcel Location [Local View] – GIS Layers F, K and L.

The site is located on unconsolidated materials (Figure 15; see section 4.1.1, layer
R). Using the ‘Identify’ option from the menu bar for layer R, the potential aquifer
material is Qg (Figure 15), and from section 4.1.2 (layer DD) follows that the bedrock
underneath the Qg is Km (Mancos Shale) (Figure 16).
Using the step described in section 4.1.3, the shallow unconsolidated gravel
aquifer materials (Qg) lie directly on top of Mancos Shale (Km) and alluvium/colluviumbedrock aquifer connectivity is absent. This means that the surficial aquifer is not
connected to or sustained by an underlying bedrock aquifer, and that the only shallow
potential aquifer is Qg.
The next step is identifying one or more relevant, nearby wells (see section 4.2).
In this case, well #23223 is selected by switching on layer GG (Figure 17). According to
the well’s attributes (use ‘Identify’ function on the menu bar), this well was drilled to a
depth of 73 feet and was dry. The question remains: was the well drilled deep enough,
or did the driller stop at the Mancos Shale? Switching on layer FF shows that there are
no nearby wells with significant geologic information. No further information is available
regarding the elevation of the top of the bedrock. A conservative approach leads to the
conclusion that the current location does not have available or sustainable water, and it is
recommended that the parcel development is restricted to either being part of a
community city water supply system. An alternative course of action requires the
performance of an in-depth hydrogeologic study at the site to evaluate the resource for
water supply. Note that well data shown were obtained in 2002 and that new wells may
have been drilled in the area.
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Figure 15. Example 5.1 – Site Is Located in Unconsolidated Sediments (Qg) – GIS Layer R.

Figure 16. Example 5.1 – Site is Located above Mancos Shale Bedrock (Km) – GIS Layer DD.
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Figure 17. Example 5.1 – Location and Attributes of Nearby Well – GIS Layer GG.

5.2 Example Of Available Ground Water For Drinking Water Supplies (MRF Area)
Example 5.2 is a site located on Parcel # 264327100001, 400 ft west of McLain
Flats Road [at about coordinate 2612041, 1517310] (red marker dot; Figures 18 and 19).
The site is located in the discontinuous glacial terrace region (DTH), and the
hydrogeologic conceptual model of what is expected is shown in Figure 8
(Unconsolidated materials located on top of Mancos Shale).
The site is located on unconsolidated materials (Figure 20; see section 4.1.1, layer
R). Using the ‘Identify’ option from the menu bar for layer R, the potential aquifer
material is Qg (Figure 20), and from section 4.1.2 (layer DD) follows that the bedrock
underneath the Qg is Km (Mancos Shale) (Figure 21).
Using the step described in section 4.1.3, the shallow unconsolidated gravel
aquifer materials (Qg) lie directly on top of Mancos Shale (Km) and alluvium/colluviumbedrock aquifer connectivity is absent. This means that the surficial aquifer is not
connected to or sustained by an underlying bedrock aquifer, and that the only shallow
potential aquifer is Qg, as is the case in example 4.1.
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Figure 18. Example 5.2 - Permit Application Site Location [Regional View] – GIS Layers F, K and L.

Figure 19. Example 5.2 – Site and Parcel Location [Local View] – GIS Layers F, K and L.
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Figure 20. Example 5.2 – Site is Located in Unconsolidated Sediments (Qg) – GIS Layer R.

Figure 21. Example 5.2 – Location Site on Top of Mancos Shale Bedrock (Km) – GIS Layer DD.
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The next step is identifying one or more relevant wells (see section 4.2). In this
case, switching on Layer GG shows that well #25921 is near the site (Figure 22).
According to the attribute table, this well was drilled to a depth of 320 feet, encountered
water at 110 ft below the surface (saturated thickness of 210 feet), and produced at 15 gal
per minute (yield) (Figure 22).

Figure 22. Example 5.2 – Location and Attributes of Nearest Well – GIS Layer GG.

Layer C is activated to evaluate recharge from precipitation (section 4.3.1). The
site is located in an area that receives about 20 inches of precipitation on an average
year, or an estimate of 2.0 inches of recharge per year (Figure 23).
From layer F and using the ‘Measure’ function from the ‘Tools’ toolbar, it
appears that the site is located about 655 ft west of Trentez Gulch (Figure 5.24; left
lower corner shows distance). According to the attribute table provided by the county,
Trentez Gulch is intermittent, which means that reliable ground water recharge from or
significant discharge to Trentez Gulch at this site is not expected. This layer also shows
that there are no other nearby perennial streams. Therefore, the water table is most likely
controlled by other factors (section 4.3.2).
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Figure 23. Example 5.2 – Annual Precipitation (inches/year) – GIS Layer C.

Figure 24. Example 5.2 – Nearby Stream(s) – Layer F.
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The next step is evaluating recharge from irrigation ditches and/or irrigation
return flow (section 4.3.3). Layer H shows that there are irrigation ditches in the direct
vicinity of the site connected to Trentez Gulch (Figure 25). This indicates that the gulch
may be the major source of irrigation water contributing to ground water recharge from
return flow, and that the site is sustained based on the ditch water flow and water rights.
Furthermore, layers D and E show that there is significant irrigated acreage above or near
the site (Figure 26). It appears that no perennial ditches are present in the direct vicinity
of the site contributing to recharge from leakage. In addition to recharge from
precipitation, the ground water resources at this site are sustained by irrigation return
flow water. Seasonal fluctuations in the well would be directly related to ditch flow
periodicity.

Figure 25. Example 5.2 – Irrigation Ditches near Site – Layer H.

Displaying of layers R and EE (i.e., potential potable aquifers) shows that most of
the aquifer materials at the site are not protected by low-permeable or impermeable
unconsolidated sediments or rock (section 4.4). Thus the natural vulnerability of the site
is high since there is no protective geologic layer to prevent infiltration of pollutants from
the (near-) surface (Figure 27). The selected site seems to have available, but not
naturally sustainable water, and it is recommended that the site development be studied
with regards to irrigation ditch, irrigation return flow, and water rights issues.
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Figure 26. Example 5.2 – Irrigated Areas near Site – GIS Layer D.

Figure 27. Example 5.2 – Hydrogeologic Site Vulnerability Considerations – GIS Layers R and EE.
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5.3 Example Of Available Ground Water For Drinking Water Supplies (URF Area)
Example 5.3 is a site located on parcel #273718120018 between Eastwood Drive
and Highway 82 [at about coordinate 2630002, 1494100] (Figure 28). The site is located
in the Upper Roaring Fork region, and the hydrogeologic conceptual model of what is
expected is shown in Figure 2 (Unconsolidated materials located on top of Precambrian
Crystalline Materials).

Figure 28. Example 5.3 – Location of Site and Parcel – GIS Layers F, K and L.

Applying the steps described in section 4.1-1-4.1.3 and using layer Q (USGS
geology map of the Aspen quadrangle), it appears that the site is located on
unconsolidated materials and that the potential aquifer material is Qmb. The underlying
bedrock is Precambrian Crystalline Material (Pc) (Figure 29). This shows that the
surficial aquifer is connected to and sustained by an underlying bedrock aquifer. Note
that the less detailed Leadville geology map (layer R) can be used for URF areas not
covered by the Aspen geology map (layer Q) the less detailed Leadville geology map
(layer R) can be used.
Using layer P, a nearby well is located (#85737; Figure 30). According to its
attributes, this well was drilled to a depth of 256 feet, intersected the water table at 140
feet (116 feet of saturated thickness), and produced 3 gal per min. Apparently, this is a
low-yielding bedrock well.
The parcel is located in an area that receives about 19 inches of precipitation on
an average year, or an estimate of 2 inches of recharge per year. (Figure 31; layer C).
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Figure 29. Example 5.3 – Site Location and Hydrogeology – GIS Layer Q.

Figure 30. Example 5.3 – Location and Attributes of Nearest Well – GIS Layer P.
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Figure 31. Example 5.3 – Annual Precipitation (inches/year) – GIS Layer C.

Layer F shows that the site is located near the Roaring Fork River (Figure 28).
However, at an elevation of 8045 ft (see topographic map or 10ft elevation contours), the
site is probably not affected by the seasonality of the River (around 7990 ft). If the site
use necessitates a large well pumping rate, hydrologic studies would be necessary to
determine if the well cone of depression would affect the River, and therefore be an
infringement on surface water rights. Layer F also shows that no other nearby streams
are perennial, therefore, the water table is most likely controlled by the bedrock system
and would have little seasonal fluctuation.
Layers H and I show that there are no irrigation ditches, golf courses or parks
above or near the site. Layers D and E show that there is no irrigated acreage above or
near the site. Therefore, the dominant source of water to the well will be from
precipitation-induced recharge, and from the regional crystalline aquifer system.
The vulnerability analysis (section 4.4) shows that the site is highly vulnerable
since there is no protective geologic layer to prevent infiltration of pollutants (Figure 29;
layer Q).
The current location seems to have available and sustainable water, and it is
recommended that the parcel development is not restricted except as it may affect
neighboring water users. However, the vulnerability of the parcel drinking water supply
is high.
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6.0 Conclusions And Recommendations
Under an agreement with Pitkin County, Hydrologic Systems Analysis, LLC
(HSA) of Golden, Colorado, in cooperation with Heath Hydrology, Inc. (HHI) of
Boulder, Colorado, created a GIS-based step-wise ground water resources evaluation
procedure for use as decision/land use management tools by Pitkin County. The
procedure, supported by two GIS maps and supporting data bases, guides the site-specific
analysis with respect to: 1) ground water resources availability in terms of sufficient
quantities for the purpose of its usage, and its economical exploitability (e.g., at
reasonable depth and with sufficient permeability); 2) long term sustainability of the
utilization of the resources for water supply (i.e., presence of long term continuous
recharge mechanisms, and absence of excessive water table fluctuations, for example,
due to spring runoff or upland flood irrigation); and 3) the vulnerability of the resources
to contamination. Note that availability and sustainability should be judged in relation to
yield requirements, presence of other resource usages, ecological requirements, water
right issues, and physical constraints, such as limitations on drawdown, among others.
The GIS maps and data bases developed for this project are limited to the area
subject to previous studies conducted for Pitkin County by HSA (study area),
specifically, (1) Middle Roaring Fork study area or MRF (Kolm and Gillson, 2004); and
(2) Upper Roaring Fork study area or URF, comprising of the Upper Roaring Fork
watershed including the North Star preserve (Kolm and others, 2000; Hickey and others,
2000).
The data bases developed for this project include original GIS layers from the
aforementioned studies, as well as GIS layers and data bases from Pitkin County,
Colorado Division of Water Resources/Colorado Water Conservation Board, Natural
Resources Conservation Survey (USDA), and U.S. Geological Survey.
A key element in the development of the step-wise evaluation procedure of
ground water resources presented in this report has been availability of the results from
the Hydrologic System Analysis (HSA) performed for the Middle and Upper Roaring
Fork study areas (Kolm and Gillson, 2004; Kolm and others, 2000). Expansion of the
GIS maps and data bases to other parts of Pitkin County will require the performance of a
HSA in conjunction with the development of the supporting data bases.
Three case history examples are presented to illustrate the analysis procedure,
using the GIS maps and data bases provided in this report. The examples are: 1) Site
without available ground water for water supplies in the Middle Roaring Fork area; 2)
Site with available ground water for water supplies in the Middle Roaring Fork area; and
3) Site with available ground water for water supplies in the Upper Roaring Fork area.
The two Middle Roaring Fork sites illustrate the variability of drinking water supplies,
both in availability and sustainability, within the same region and located near to each
other. The Upper Roaring Fork site illustrates that drinking water supplies are readily
available and sustainable for house wells in this region. All three sites are vulnerable to
ground water pollution. The examples demonstrate the utility of the presented GIS- based
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analysis procedure and its advantages over simple, one-layer paper maps showing some
general ground water characteristics, and. They also demonstrate the need for sitespecific hydrogeologic investigation to obtain quantitative resource management answers
and well design parameters.

6.1 General Recommendations
Pitkin County has six regions that contain parcels of potentially developable land:
1) Upper Roaring Fork Drainage; 2) Town of Aspen; 3) Middle Roaring Fork Drainage;
4) Castle, Maroon, and Woody Creeks, and Frying Pan River; 5) Snowmass and Capitol
Creek Drainage; and 6) Crystal River Drainage. Three levels of information are required
in order to fully understand the ground water- derived drinking water availability,
sustainability, and vulnerability: 1) Hydrologic Systems Analysis (HSA); 2) Data base
and GIS development; and 3) Acquisition of site-specific hydrologic parameters. The
hydrogeologic information processing and analysis begins at the conceptual level
integrating regional, subregional, and local information, followed by data base
development and GIS evaluation. Finally, hydrologic parameters are needed at each
specific site based on due diligence.
Examples of Hydrologic Systems Analysis are found in the MRF and URF reports
by Kolm and Gillson (2002) and Kolm and others (1998). The ultimate goal of this
analysis is a conceptual model describing how the hydrogeologic framework and
hydrologic system functions. Data base development and GIS Evaluation are described in
this report.
Hydrologic parameters, including quantitative measures of aquifer thickness,
water table levels (depth to water table), hydraulic conductivity, recharge amounts and
ground-water flow paths, are the result of in-depth site analysis and testing. The goal of
the third aspect of this analysis is site-specific drinking water well yields and water
quality, and the impact of the drinking water well on surrounding wells and ecosystems.
The existing data could be analyzed for specific sites and generalized to hydrogeologic
regions. However, each new site will need due diligence by the land owner, and the
results of their studies can be integrated into the existing data and each hydrogeologic
region can be updated continuously.

6.2 Recommendations By Site
The Upper Roaring Fork Drainage area has a complete HSA, and most of the GIS
data base development and evaluation is completed. The hydrogeologic data layers could
be improved upon by separating the potential unconsolidated aquifers from the bedrock
aquifer. The hydrologic parameters for the State Route 82 corridor would need to be
evaluated as these were not assessed as part of the North Star study. The priority for this
work is low compared with the assessment needs of other areas.
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The Town of Aspen area has no formal HSA completed, and the region is
complex due to urbanization, shallow aquifers of various types (moraines, outwash
plains, alluvium), and a complex, faulted bedrock system (Leadville Limestone). Some
of the GIS data base development is completed, but additional data layers and evaluation
are needed – particularly with respect to the hydrogeologic data base. The hydrologic
parameters for the Town of Aspen area would need to be evaluated as these were not
assessed as part of any of the previous studies. The priority for this work is high
compared with the assessment needs of other areas.
The Middle Roaring Fork Drainage area has a complete HSA, and most of the
GIS data base development and evaluation is completed. The hydrologic parameters for
the Middle Roaring Fork Drainage area would need to be evaluated as these were not
assessed in-depth as part of the current study. The priority for this work is low compared
with the assessment needs of other areas.
The Castle, Maroon, Woody Creeks, and Frying Pan River areas have no formal
HSA completed, and the region is complex due to some urbanization, shallow aquifers of
various types (moraines, outwash plains, alluvium), and a complex, faulted bedrock
system (including the Leadville Limestone and the Dakota Fm., and Tertiary intrusive
rocks). Some of the GIS data base development is completed, but additional data layers
and evaluation are needed – particularly with respect to the hydrogeologic data base. The
hydrologic parameters for the Castle, Maroon, Woody Creeks, and Frying Pan River
areas would need to be evaluated as these were not assessed as part of any of the previous
studies. The priority for this work is moderate (Castle and Maroon Creek, and Frying Pan
River areas) and high (Woody Creek area) compared with the assessment needs of other
areas.
The Snowmass and Capitol Creek areas have no formal HSA completed, and the
region is complex due to some urbanization, shallow aquifers of various types (moraines,
outwash plains, alluvium), and a complex, faulted bedrock system (possibly including the
Dakota Fm.). Some of the GIS data base development is completed, but additional data
layers and evaluation are needed – particularly with respect to the hydrogeologic data
base. The hydrologic parameters for the Snowmass and Capitol Creek areas would need
to be evaluated as these were not assessed as part of any of the previous studies. The
priority for this work is high compared with the assessment needs of other areas.
The Crystal River area has no formal HSA completed, and the region is complex
due to some urbanization, shallow aquifers of various types (moraines, outwash plains,
alluvium), and a complex, faulted bedrock system (possibly including the Leadville
Limestone, the Dakota Fm., and Tertiary intrusive bedrock). Some of the GIS data base
development is completed, but additional data layers and evaluation are needed –
particularly with respect to the hydrogeologic data base. The hydrologic parameters for
the Crystal River area would need to be evaluated as these were not assessed as part of
any of the previous studies. The priority for this work is high compared with the
assessment needs of other areas.
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In all of these areas, the completion of HSA and GIS data base and evaluation
should be concurrent and of higher priority before the hydrologic parameters analysis
being undertaken. The higher priority areas are based on the rate at which urbanization is
occurring and corresponding demand for permits.
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