3. GIS Map, Layers, and Data Sources
3.1 GIS and GIS Maps
Geographical information system (GIS)-based maps provide a flexible and efficient way
to analyze and display spatial information. The strength of a GIS system is that data from
various sources can be collected in local or remotely accessed databases, which can be easily
maintained and updated. GIS maps support optimal analysis, specifically in hydrogeologic
evaluations at different scales, geographic distribution densities, and different levels of accuracy
and information value.
A GIS map consists of a series of layers, each containing a single or multiple topological
features. These features can represent a variety of geographic items, such as rivers and lakes,
roads, towns and cities, landuse, land ownership, wells, etc. Selected features can be further
described with associated attribute tables and linked to other types of information by their
attribute tables or via their spatial location. At each step of a geographic analysis, individual
features can be displayed, analyzed, and combined with other features via layers, and individual
features interrogated with respect to their attributes. Switching scales, like enlarging (zooming
in to) a particular detail or regionalizing (zooming out) to encompass a larger set of features can
be accomplished at any time; the ability to randomly visualize (switch) between layers; and the
availability of advanced search, selection and overlay capabilities further enhances the utility of a
GIS map.
The GIS-based evaluation of ground water resources in the CRWS study areas makes
extensive use of the aforementioned GIS capabilities. The database formats that have been used
in this study include: ESRI shape files, database tables (e.g., the well database), georeferenced
images (e.g., aerial photographs and topographic maps) and ESRI GRID file (for the digital
elevation model (DEM)).
The GIS map and database for the CRWS study were prepared using ArcGISTM (ESRI®,
Redlands, California), and requires ArcGISTM version 8.3 or higher to utilize. The ArcGIS
system contains three components: ArcMap, ArcCatalog and ArcToolbox. ArcCatalog is
specifically used as a GIS data browser and data management tool. ArcMap is used to view and
analyze GIS data and compile maps serving a particular application. ArcToolbox is the
component of ArcGIS which is primarily used for data conversion operations. For applying the
ground water resources evaluation procedure in the CRWS study area, the use of ArcMap is
sufficient.

3.2 Use of GIS in the CRWS Study
In this report, the ground water resources evaluation procedure developed by HSA/HHI
for Pitkin County (Kolm and van der Heijde, 2006; Kolm and Others, 2007) has been applied to
the CRWS study area using a multi-layer GIS map [ArcGISTM file:
PitkinCounty_GWGIS_CRWS.mxd] (Figure 41). The GIS map consists of a number of layers
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representing various data types relevant to the assessment of the ground water resources at userspecified locations. Below is a detailed description of the layers and the related data sources.

Figure 41. Pitkin County GIS Map Showing the CRWS Study Area Covering the In-County Sections of the
Crystal River (CR) and West Sopris/Sopris Creek (WS) Watersheds on Top of the County-Wide Stream
Layer. (The Left Display Area is the Table of Contents (TOC) Showing All Available Layers;
the Right Side of the Window Is the Map Display Area showing the Activated Layers.)

The CRWS GIS map consists of a Table of Contents (TOC; the left display area of Figure
41) and a Map Display area (the right display area of Figure 41). The GIS layers of the CRWS
map contain four types of geographic information (Figure 42): 1) general geographic and land
use information (county border, roads, parks, parcels, structures, mine locations, etc.); 2)
hydrologic information (including precipitation, watersheds, perennial and intermittent streams,
lakes/ponds, irrigation ditches, and irrigated areas); 3) hydrogeologic information (including
hydrogeologic units, faults and hydro-structures, geothermal springs, and wells); and 4)
topographic information (topo maps, DEM, and 50m elevation contours). Type 1 information is
used to locate the site of interest and obtain some general geographic and land use data
potentially indicative of anthropogenic influences on the ground water systems. Type 2 and Type
3 information is integral to the evaluation of ground water resources. Type 4 information
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provides elevations and background data as needed and has been used in the delineation of the
Crystal River and West Sopris/Sopris Creek watersheds and the determination of slope aspect
and low versus high gradient areas. All layers have been georeferenced with respect to Pitkin
County’s projection and datum: State Plane, Colorado Central Zone, NAD83 (units of measure
in feet).

Figure 42. Table of Contents of the Pitkin County Ground Water GIS Map with Layers
Grouped by Information Types.

3.3 GIS Map, Layers, and File Structure
Each line in the Table of Contents (TOC) is a GIS layer representing a set of features of
the same type, such as streams, parcels, wells, etc. By clicking on a check box in the TOC,
elements of the activated layer become visible in the map display area. A layer may consist of
point values (e.g., wells), line features (e.g., roads, streams, ditches), and area features (e.g.,
parcels, parks, lakes, hydrogeologic units). Right-clicking on a layer and selecting the open
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attribute table option, provides additional information on the layer, such as the names of
particular features (Figure 43). This additional information can be used to label the features in
the map display area.

Figure 43. Pitkin County Ground Water GIS Map Showing the Main Watersheds and Perennial and
Intermittent Streams in the CRWS Study Area.
(At the bottom the Attribute Table of the Perennial Streams Layer Is Shown.)

The layers in the CRWS GIS map are purposely listed in the order as shown in Figure 41
to enable the use of the GIS based ground water resources assessment procedure described in
Chapter 4. When enabled, a layer is shown on top of the layer listed below it in the table of
contents. When this layer is opaque, the layer beneath it is not visible. Some layers are
(partially) transparent, others are opaque, dependent on the type of information they display and
the use in the assessment procedure. Layer transparency/opaqueness can be changed by the user
using the layer properties option under the display tab. The order of the layers can be changed by
the user by dragging a layer to the desired location in the table of contents.
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The map is designed to show relevant labels (text) for most of the layers based on the
contents of one of the fields in the attribute table, such as stream name, well number, etc. When
zooming in on a particular area of the map, additional information of a selected layer can be
displayed by activating the label feature. This can be done by right-clicking the layer and
selecting label feature. The label feature can be set by right-clicking the layer, selecting
properties, clicking the label tab, and selecting the appropriate field of the database table.
Database information regarding a particular feature on the map can also be obtained by using the
(identify) option from the Tools toolbar, clicking on the feature of interest, and selecting the
appropriate layer in the popup Identify Results window.
3.4 Data Sources
The CRWS ground water GIS map calls up various files included in five relative-path
subdirectories: 1) NRCS_Data_Gateway; 2) Colorado_DSS (CDSS); 3) Pitkin_County_GIS; 4)
HSA_PCGIS; and 5) Wells_DWRSC_Pitkin. The directories reflect the various data sources
used for the map. Selection of the relative-path option of ArcMAP provides for straightforward
portability between computers. Note, that layers that refer to a state-wide data set (such as the
NRCS precipitation file) or a multi-county data set (such as the CDSS irrigated areas files) have
been clipped on the map to show only the Pitkin County area coverage.
The NRCS_Data_Gateway subdirectory contains state-wide averaged annual
precipitation data from the Natural Resources Conservation Service of the USDA (precip_a_co
files). These data have been developed using PRISM (Parameter elevation Regression on
Independent Slopes Model) which utilizes a rule-based combination of point measurements and a
digital elevation model (DEM) and includes consideration of topographic facets. A description of
PRISM can be found in the PRISGUID.PDF file in the metadata subdirectory (Daly and
Johnson, 1999). The NRCS data source and additional information can be found at:
http://datagateway.nrcs.usda.gov/GatewayHome.html. The GIS map layer based on this data set
is referenced as USDA_NRCS 2005 (Figure 44).
The Colorado_DSS subdirectory contains 2 sets of GIS files downloaded from the
Colorado Decision Support System (CDSS), which is under development by the Colorado Water
Conservation Board and the Colorado Division of Water Resources
(http://165.127.23.116/website/cdss/). These file sets are: 1) irrigated areas on the Western Slope
as of 1993 (WS_Irrig_93 files); and 2) irrigated areas on the Western Slope as of 2000
(WS_Irrig_2000 files). Layers based on these data are referenced as CDSS 2005. The irrigated
areas layers are based on compilations of the irrigated lands data from the 4 Western Slope
Divisions of the Colorado Division of Water Resources. These data sets provide a single year
snapshot of the irrigated lands and crop types of the western slope of Colorado. In the GIS map,
the 2000 data layer lies on top of the 1993 data layer, showing the irrigated acreage taken out
between 1993 and 2000 in pink (Figure 45). According to the 2005 Annual Report of the CDSS,
a new compilation of the irrigated land data is planned, covering the 2006 irrigation season. Thus
far, the results have not been published.
The information presented in these layers indicates that only a small portion of the study
area is or has been subject to irrigation, primarily in the Crystal River valley near the northern
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county boundary, the major portion of the West Sopris Creek watershed, and the area between
the confluence of East Sopris and West Sopris Creeks and the Roaring Fork River. Initially, a
third layer from the CDSS was considered, showing the state-wide presence of an alluvial
aquifer. Information provide by this latter layer, together with information from many other
sources, has been used in the development of the hydrogeological layers presented in this report.

Figure 44. Detail of the Pitkin County GIS Map Showing the CRWS Study Area with Streams
and Spatially Distributed Precipitation.

The Pitkin County GIS subdirectory for the CRWS study areas contains the shape, DEM
and DRG files from the Pitkin County GIS, as well as the relevant meta files, as received in
February 2007. Coverages include county border and area, roads, streams (water_line files),
lakes and ponds (water_poly files), irrigation ditches, parcels, subdivisions, structures, forest and
open space coverage, mining claims, relevant topographic maps, and the county-wide digital
elevation model (DEM). The water_line files have been used to create two separate layers:
streams-perennial (or continuous) and streams-intermittent. Examples of layers based on the
county GIS data are the stream layers presented in Figure 43, the ditch layer in Figure 46, and the
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various land use layers shown in Figure 47. Note that the ditch layer includes active and nonactive ditches, and primary, secondary and tertiary ditches, but the distinction between active and
inactive ditches as well as size of the ditches cannot be determined within this GIS layer.
Additional field verification is needed to assess the hydrologic importance of individual ditches.
Pitkin County’s GIS data were made available to HSA by the County as part of the project
agreement. Layers based on these data are referenced as PC_GIS 2007.

Figure 45. Detail of the Pitkin County GIS Map Showing the CRWS Study Area
and the CDSS 1993 and 2000 Irrigation Layers.

The HSA_PCGIS subdirectory contains the HSA/HHI-produced file for the CRWS study
area outline and includes the boundary of the two main watersheds in the study area: 1) Crystal
River (CR) and West Sopris/Sopris Creek (WS) (CRWS_studyareas files) (Figure 41). The study
area focuses on the portion of the two watersheds that contain non-public lands (Figure 47). The
watershed boundaries were derived by a watershed analysis performed on the DEM
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Figure 46. Detail of the Pitkin County GIS Map Showing the CRWS Study Area,
the Perennial Streams Layer, and the Irrigation Ditch Layer.

provided by Pitkin County. The HSA_PCGIS subdirectory also contains various HSA/HHIproduced hydrogeology files (CRWS_HydroUnits_All, CRWS_HydroUnits_Aquifers,
CRWS_HydroUnits_Bedrock, CRWS_HydroUnits_Unconsolidated,
CRWS_HydroUnits_cross_sections, CRWS_CarbondaleCollapse_polygon, and
CRWS_faults_structures), and the file CRWS_wellswithgeology, containing a subset of the State
well database with additional hydrogeologic information collected from well logs filed with the
Colorado State Engineer Office. The HSA_PCGIS subdirectory also contains two databases: 1)
point location and type of existing and historic mine sites in the study area for use in identifying
anthropogenic influences (WestPitkinMines.csv); and 2) a geothermal springs set, currently
containing only the location of Penny Hot Springs (WestPitkinSprings.csv). The hydrogeology
layers resulted from digitizing and evaluating the 1:24,000 scale geologic quadrangle maps
Basalt (Streufert and Others, 1998), and Mount Sopris (Streufert, 1999) produced by the
Colorado Geological Survey, the Leadville 1o x 2o quadrangle geologic map (scale 1:250,000)
(Tweto, and Others, 1978) published by the U.S. Geological Survey, and maps in the report "An
Environmental and Engineering Geology Study, Eagle, Garfield, Gunnison and Pitkin Counties,
Colorado" (Olander and Others, 1974), published by the Colorado Geological Survey. The
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Figure 47. Detail of the Pitkin County GIS Map Showing the CRWS Study Area with Roads, Mining Claims,
Current and Historic Mine and Quarry Sites, County Parcels (light yellow), Subdivisions (light brown), and
Non-developable Federal Lands (green).

faults/structures layer is based on the 1:24,000 scale Basalt and Mount Sopris geologic
quadrangle maps, the Leadville 1o x 2o quadrangle geologic map, and studies of the Carbondale
Collapse structure (Kirkham and Others, 2002).
There are 4 hydrogeologic system layers and 2 hydro-structure layers on the GIS map
(i.e., "hydro units" for short): 1) layer showing the top of the hydrogeologic system with all units
present (CRWS hydro units - Top all units) (Figure 48); 2) layer showing the Quaternary and
Tertiary unconsolidated deposits only (CRWS hydro units - Quarternary/Tertiary deposits); 3)
layer showing the bedrock units at the surface of the bedrock, i.e., subcrop where overlain by
unconsolidated Quarternary or Tertiary deposits, or outcrop where top bedrock is exposed
(CRWS hydro units - Top bedrock); 4) layer showing the potential aquifer units (CRWS hydro
units - Potential aquifers) (Figure 49); 5) layer showing linear hydro structures (CRWS
faults/structure) (Figure 50); and 6) layer showing the Pitkin County section of the Carbondale
Collapse structure (CRWS Carbondale Collapse) (Figure 50). All HSA/HHI produced layers are
referenced as HSA 2008. Note that the geologic maps used for the digitizing are on different
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scales, the digitized maps show different levels of resolution with respect to the (hydro)geology.
Part of the area not covered by the Mount Sopris and Basalt 1:24,000 geological quadrangle
maps has been digitized using the Environmental and Engineering Geology Study, Eagle,
Garfield, Gunnison and Pitkin Counties, Colorado" (scale 1:48,000; Olander and Others, 1974).
The area outside the fore mentioned maps was digitized based on the Leadville 1:250,000
geologic map resulting in a less detailed coverage than the rest of the area. The faults/structures
layers have been prepared by combining the faults layers of the three geological quadrangle
maps and adding the manually digitized extent of the Carbondale Collapse structure. The CRWS
GIS map also includes a layer showing the location of the hydrogeological cross-sections
discussed in Chapter 2.

Figure 48. Detail of the Pitkin County GIS Map Showing the CRWS Study Area with
CRWS Hydro - All Units Layer Activated. (See Chapter 2 for
Explanation of Abbreviations and Details of Color Scheme).

The Wells_DWRSC_Pitkin subdirectory contains a subset of the August 2006 version of
the state-wide well database, maintained by the State of Colorado Division of Water Resources
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(http://www.water.state.co.us/pubs/welldata.asp ). The database subset is restricted to Pitkin
County (county code 49) and includes both well permits (drilled or not) and drilled wells. The

Figure 49. Detail of the Pitkin County GIS Map Showing the CRWS Study Area with
CRWS Hydro - Potential Aquifers Layer Activated. (Note That the Maroon Formation [Not Shown]
May Locally Provide a Source of Water, Especially in Areas where Geo-structures
Have Increased the Permeability.)

well coordinates are transformed 'on the fly' from UTM Zone 13N, NAD 1983 to CSP/NAD83
when the wells.dbf file is accessed by ArcMap. The attribute table [right-click on layer in
contents column and select Open Attribute Table) includes fields for completion date, total well
depth and depth to water (water table), as well as fields containing information regarding
required augmentation plans and permit status. The subdirectory also contains the file
WELLVIEW_CODES.pdf with explanations of the fields in the wells attribute table (also
included in an Appendix of this report). Layers based on these data are referenced as CWCB
Aug2006. The state database has been used to prepare separate GIS layers to identify drilled
wells grouped by depths, locations with approved drilling permits (drilled or not drilled), and
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wells with required augmentation (Figures 51 shows the drilled wells by depth). Note that these
different well layers use the same data source-file (wells.dbf).

Figure 50. Detail of the Pitkin County GIS Map Showing the CRWS Study Area and the Faults/Structures
and the Carbondale Collapse Layers. (The Streams Layers are Include as a Reference Layer.)

The files in the Colorado DSS, Pitkin County GIS, NRCS Data Gateway and
Wells_DWRCS_Pitkin directories may require regular updating from the data
source/owner/custodian. Specifically, the well database maintained by the State of Colorado is
updated on a quarterly basis. An appendix to this report describes the procedure for updating the
GIS files for these well data.
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Figure 51. Detail of the Pitkin County GIS Map Showing the CRWS Study Areas and
All Drilled Wells Grouped by Depth.
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