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Abstract 

 
The Barrington Area Council of Governments (BACOG) Water Resources Committee is 
studying groundwater resources in the region for the purpose establishing a plan for 
development.  By analyzing data layers in GIS including subsurface bedrock, groundwater 
wells, wetlands, watersheds, land use, zoning, and population, BACOG will project the amount 
of population growth that current water resources will sustain, while providing recommendations 
for protecting sensitive environments and offering limitations on land development.  The paper 
will focus on the strategies and methodologies incorporated in the analysis and 
recommendations for future development.  Potential applications include other municipalities 
that face the same sustainable development issues.  
 
 

Background 
 
The BACOG geographic area is located approximately 40 miles northwest of the Chicago loop 
in northeastern Illinois.  Politically, BACOG jurisdiction covers portions of  four counties, Cook, 
Lake, McHenry and Kane, and includes  multiple townships and seven villages, all of which 
have independent governing bodies.  The area is a unique regional community with a central 
business district and village atmosphere surrounded by semi-rural countryside residential areas 
and extensive acreage in wetlands, forest preserves, parks, agriculture and horse farms.  As a 
regional planning organization, BACOG’s primary functions are to promote the regional 
comprehensive land use plan and protect environmental resources, for the greater good and 
preservation of the community. 
 
Over 30 years ago, community and municipal leaders joined together to develop the first 
regional comprehensive plan for BACOG.  The plan was based on the relationship of land uses 
to natural resources, and development was limited by the resources available to support it.  This 
plan has been implemented substantially, but there is still much development and build-out to 
occur within BACOG.  The concept of development being limited to naturally sustainable levels 
has been steadfastly maintained since 1970 through the BACOG comprehensive plan and other 
planning policies. 
 
Water from the local shallow aquifers is the lifeblood of the BACOG area.  Residents are 
dependent on water from the underground aquifers for all water needs.  Only the central “hub” 
village of Barrington and small sections of the other member communities offer public water and 
sewer, with the water coming primarily from the shallow aquifers.  The other countryside 
communities require well and septic systems that utilize the shallow aquifer and large lot zoning 
(one or more acres) that are necessary for proper functioning of those septic systems.  With 
very few exceptions, public water is not offered or planned for the area.  Any threat to the 
quantity or quality of water in the aquifers would threaten our community structure, the public 
health, safety and welfare, and the ability of families and businesses to survive.  Public water 
usage is currently un-estimated. 
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As more development occurs all around the BACOG area, the BACOG municipalities 
experience increasing pressures for higher density development and higher intensity uses.  
Development sometimes attempts to break zoning and planning by threatening lawsuits and 
disconnection in order to negotiate higher densities and provision of water and sewers from 
other towns.  The BACOG towns find it more and more difficult to fend off development that 
would negatively affect the wetlands, natural areas, and aquifers of the area.   
 
High density and commercial/industrial development in villages and areas adjacent to BACOG 
also may have an effect on water resources locally.  Peaker power plants, users of extremely 
high amounts of water, continue to attempt to locate in nearby communities.  Water resources 
do not respect political boundaries, and the water that is available today to residents and to 
sustain sensitive natural areas could be compromised by intense development in surrounding 
communities or by mining and other industrial uses nearby.   
 
Concerns about groundwater supply and quality have been prominent for some time because of 
the dependence of BACOG’s 40,000+ residents on groundwater.  There is virtually no possibility 
of obtaining water from Lake Michigan.  The maximum allocation, governed by an international 
contract, is being used by other northeastern Illinois communities; regardless, the cost of 
providing infrastructure from so far away would be prohibitive.  Available allocation and 
infrastructure costs would also be impediments to obtaining water from the Fox River.  As water 
quality and quantity in the deep aquifer have declined over past decades, fewer deep wells have 
been developed, and in fact, numerous municipalities have abandoned their deep wells.  
Developing trends towards higher usage of the shallow aquifer, the vulnerability of the shallow 
aquifer to contamination, and the lack of an alternative water supply have resulted in concern for 
the sustainability of groundwater in the BACOG area.   
 
In October of 2000, BACOG proposed to the member villages a study of groundwater 
resources.  The Executive Board agreed and authorized the formation of a committee to begin a 
study.  Under the direction of the BACOG Executive Director, the Water Resources Committee 
conducted its first meeting in April 2001 and has continued to work through regular meetings of 
the committee and its five subcommittees since then. 
 
Other governmental entities have recognized the importance and vulnerability of water 
resources.  The Illinois Department of Natural Resources will conduct a groundwater study over 
the next several years, the Northeastern Illinois Planning Commission completed a water 
resource management plan for the metropolitan area in 2002, McHenry County completed an 
aquifer mapping project and is currently developing a water management plan, and Kane 
County has just begun a similar project, for example.  The BACOG Water Resources Project will 
complement and build upon these and other efforts by creating a detailed database with 
accompanying planning recommendations and education programs for a specific geographical 
area within the larger regions. 
 
Through this project, BACOG will expand its base of knowledge and technical data on water 
resources.  Specific data on water conditions and availability, rough modeling of the aquifers, 
estimates of current and projected water consumption, the potential for pollution, a network of 
private monitoring wells, and future monitoring against current conditions are all critical to the 
desired goals of sustainability of natural resources and balance with development.   
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Challenges 

There have been challenges in several areas, including overall implementation/organization of 
the project and GIS data challenges.   

Educating the Committee.  Subsurface water resources is a complex subject that is difficult to 
envision.  For productive work to occur, volunteers need a depth of knowledge of environmental 
science that most did not bring to the committee.  A considerable amount of time has been 
spent on educating the committee members.  It is equally difficult to communicate what GIS is 
and how it will be used to query databases, answer questions and communicate ideas. 

Funding.  Funds are needed to support the work of staff for basic GIS work, GIS software and 
equipment; for professional hydrogeology services; for GIS specialists; and to fund special 
needs such as digitizing soil maps and purchasing well records.  Groundwater management is a 
relatively new field in government, and few -- if any -- public dollars are currently available 
through grants to fund such work. 

Public Understanding.  On the part of the public, there is little understanding in general or 
concern about groundwater, its sustainability and the coming crisis in the state.  Although public 
officials are aware of the concern for groundwater resources, there is some uncertainty about 
how this complex study will be accomplished by volunteers and how the anticipated scientific 
products will be used for practical purposes.  Local officials also have limited experience with 
GIS and its capabilities, and a goal of BACOG is to familiarize the villages with GIS so that they 
may efficiently use the system and the new groundwater data. 

GIS Technology and Data.  While BACOG has had the Barrington Area Geographic Information 
System (BAGIS) built on ArcView 3.2 technology in place since 1999, this system contained 
primarily political and property ownership features, and limited environmental data that would 
aid in the groundwater study.  With the addition of environmental data for the groundwater 
study, the software platform moved to ESRI ArcGIS 8.  The member villages of BACOG also 
migrated to ArcGIS 8 to increase their ability to utilize the new groundwater data. 

Given the geographic location of BACOG, acquiring consistent and applicable GIS data for the 
study has been a major challenge for the committee.  Land use layers in existence at the county 
level, while detailed, were not best classified for use to evaluate water resources, nor were they 
consistent across county lines.  Given budget restraints, it was determined that the best 
classified, most consistent land use available for the study area would be USGS 1992 National 
Land Cover Data.  Soils data for two of the counties, Kane and McHenry, were available in GIS 
format from the Natural Resource Conservation Service (NRCS).  Lake County provided 
BACOG with preliminary electronic soil data which may be modified in the near future.  Soil data 
for Cook County is not in existence digitally, and this remains an obstacle for the study.  
Watersheds, a digital elevation model, and many other data sets in GIS format were provided to 
BACOG courtesy of the Illinois State Water Survey.  These watersheds will serve as a basis for 
evaluating water resources, yet further sub-watersheds of smaller acreage will need to be 
developed in order to complete a more detailed analysis of surface conditions. 

Much of the activity in the last two years has involved determining what data was needed to 
complete the study, the sources of such data, the cost, if any, of obtaining the data, obtaining 
the software tools necessary to conduct the evaluation, identifying staffing and volunteer 
resources necessary to perform required GIS work (e.g., manipulation of data to model 
anticipated development, matching well logs to local volunteers) and insuring that the GIS tools 
and best practices to analyze the data would be in place for the Committee’s use.  This process 
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continues to create challenges as the project moves towards the ultimate goals of the study, 
those being creation and analysis of environmental data for BAGIS and policy recommendations 
on future development and protection of natural resources. 
 
 

Procedures 
 
Since the footprint of the communities that comprise the BACOG area is irregular, a square was 
drawn around the extent of the seven communities to establish the BACOG area for the 
purposes of this study.  The extent of the BACOG area is approximately 175 square miles 

(Figure 1).  A six-mile wide buffer was 
established around the BACOG area to 
identify the entire BACOG study area.  
This buffer zone was included to insure 
that the system characteristics at the 
border of the BACOG area can be 
established.  The complete BACOG 
study area contains about 600 square 
miles. 
 
The public water supply in the BACOG 
study area is derived entirely from 
groundwater, which makes the 
groundwater resource of vital 
importance to the residents and the 
economy of the area.  The population of 
the area has been increasing because 
of its proximity to the city of Chicago 
and the substantial new development 

occurring in the collar counties especially to the north and west of the BACOG area; 
consequently groundwater withdrawals have increased in proportion to the increased 
development of the area. 
 
The groundwater system in this study area includes the unconsolidated sand and gravel 
aquifers located in the glacial drift as well as the uppermost bedrock immediately underlying the 
glacial drift.  The bedrock unit is a Silurian dolomite/limestone and is located at 150 to 350 feet 
below the ground surface.  One to five water-bearing units may be present at any given location 
within this study area (Meyer, 1998).  These units may be interconnected or they may be 
separated by impermeable or semi-permeable units of glacial till.  Therefore, these units may 
exhibit unconfined, semi-confined or confined hydraulic conditions. 
 
A water balance approach was used to characterize the groundwater system in the study area.  
The water balance approach is used to develop a conceptual model of the study area that 
indicates that the change in groundwater storage is equal to the sum of the groundwater inflows 
minus the sum of the groundwater outflows.  Inflows to the groundwater system include the 
groundwater flow that flows across the site boundary into the study area, groundwater recharge, 
and upward seepage from the underlying bedrock.  Outflows include the groundwater flow that 
flows across the site boundary out of the study area, the groundwater that is withdrawn for 
consumption, seepage to the underlying bedrock, and groundwater discharging to the surface 
system (Figure 2). 

Figure1.  BACOG Study Area and Buffer Zone 
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Inflow and outflow rates are 
determined by developing a cross-
section that is parallel to the site 
borders.  The occurrence of regions 
where groundwater flow is into or 
out of the study area is determined 
using a potentiometric map.  This 
information combined with 
characteristics of the soil that 
include hydraulic conductivity and 
effective porosity is used to 
determine the groundwater flow 
rates into and out of the study area 
boundaries. 
 
The volume of groundwater that is 
stored within the study area is 

determined by establishing the volume of the water-bearing units and then using the porosity of 
the units along with groundwater water levels to determine the actual volume of water contained 
in these units. 
 
Recharge areas are determined by establishing the water transmission characteristics of the 
topsoil and the underlying materials.  This information is used to develop a map that depicts the 
distribution of water transmission rates throughout the study area.  These transmission rates are 
then ranked to indicate the areas that have high potential for recharge and those that have 
lesser potential for recharge. 
 
The annual water consumption rate is determined by establishing the residential, commercial, 
and industrial water use within the study area.  This information is used to determine a per 
capita water use rate.  Census information is used to determine the population of the study area 
and this information combined with the current per capita use rate yields the annual water 
consumption rate for the study area. 
 
The value for groundwater discharge is determined from stream flow data within the study area.  
Stream flow characteristics are analyzed to establish the base flow.  The base flow of streams is 
equivalent to groundwater discharge.  The base flow value is manipulated to provide a value for 
the annual groundwater discharge rate. 
 
Before conducting a water balance, the study area needs to be completely characterized.  This 
is done by viewing the study area as a box having a surface area of approximately 600 square 
miles and an average depth of about 250 feet.  Groundwater inflows and outflows flow into and 
out of the sides of the box respectively.  In addition, groundwater is withdrawn for consumption 
and discharged to the surface system.  Recharge flows into the box through the surface while 
groundwater withdrawals flow out of the box through the surface.  In addition, groundwater 
discharges to the surface and seepage to the underlying bedrock flows out of the bottom of the 
box and/or flows into the box. 
 
The data used to characterize the study area come from well logs supplied by the Illinois State 
Geologic Survey. These logs are submitted to the State by drillers when they have completed 
drilling water wells, exploratory wells, and engineering boreholes.  There are approximately 
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Figure 2: Conceptual Model of the Groundwater System 
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15,000 well logs available in the BACOG study area.  Data contained in the well logs are fairly 
general, not consistent, and loaded with errors.  Fortunately, the coverage is good, the data is 
generally good enough to broadly define major hydrogeologic units, and the data are ideal for 
developing baseline conditions.  Unfortunately, the disadvantages of the well log data make it 
difficult but not impossible to conduct GIS queries.  
  
The development of a bedrock topographic map is important in that it shows pre-glacial 
drainage patterns in the area.  Within these drainage patterns, coarse material is usually found 
making these areas some of the most productive for the placement of water wells.  In addition, 
the types of bedrock encountered can also be shown and will indicate variation in downward 
seepage rates due to the variation of hydraulic conductivity of the material composing bedrock. 
 
To develop a topographic bedrock map using GIS techniques, all the well log data were queried 
using standard bedrock descriptors.  Several more queries were required to account for slang, 
misspelled words, and abbreviations.  Altogether it required about 20 queries to establish an 
accurate database of bedrock wells.   
 
The next step was to determine the surface elevation of each well.  Only about 20 percent of the 
well logs had elevation data.  Elevations for the other wells were determined by merging well 
locations with digital surface topographic information and interpolating between topographic 

elevations and the well locations.  At 
this point the depth to bedrock for 
each location was subtracted from the 
surface elevation to establish the 
elevation of bedrock.  These data 
were used in ArcGIS Spatial Analyst 
to interpolate a raster image and 
contour map of bedrock elevation 
(Figure3). 
 
In addition, a bedrock map showing 
the distribution of bedrock type was 
also created.  The BACOG study area 
lies near the transition zone of the 
Silurian age dolomite/limestone and 
the older Ordovician age Maquoketa 
shale. Having this information 

available allows for a determination of the variation of the seepage rate of the groundwater to 
the underlying bedrock since the hydraulic conductivity of the dolomite/limestone is greater than 
that of the shale.  The outflow to (or inflow from) the underlying bedrock component of the water 
balance is estimated using this information. 
 
A map was developed depicting the location of recharge areas within the BACOG study area.  
Recharge areas are important because precipitation enters and supplies the unconfined 
groundwater system through these areas.  Any obstruction of these areas will prevent 
groundwater from being recharged.  The characteristics of these areas that make them 
important to refreshing groundwater also make them very susceptible as pathways for surface 
pollution to reach the groundwater. 
 
Recharge areas have permeable materials (materials composed of sand, gravel or 
combinations of the two) underlying the topsoil.  Non-recharge areas have impermeable 

Figure 3: Raster Image of Bedrock Elevation 
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materials (materials composed of silt, clay or combinations of the two) underlying the topsoil.  
The majority of the well logs do not record drilling through the topsoil and begin the record with 
the material underlying topsoil.  Using the wildcard descriptors sand, gravel, silt and clay, the 
well log database was queried to select wells having one of these materials in the upper layer.  
Once completed, a small group of non-selected wells remained.  Data from this group of non-
selected wells was reviewed by hand to determine if any of the wells should have been included 
in the other database.  Upper layer material for the non-selected wells included topsoil, fill, 
asphalt, concrete, etc.  Then this group of data was queried to determine the nature of the 
underlying material and this information was added to the first database.  A map was generated 
from the information in the first database that provided the distribution of the material underlying 
the topsoil within the study area.  The material underlying the topsoil was classified using 
various combinations of gravel, sand, silt, and clay.  The combinations were numbered from 1 
(gravel) to 10 (clay) reflecting the increasing difficulty of the soil combination to transmit water. 
 
Electronic copies of soil maps for the BACOG study area were obtained from the local county 
offices of the National Resource Conservation Service (NRCS).  Included in this information 
were the hydrologic soil group designations for each soil type found in the area.  The hydrologic 
soil group designation describes the soil’s ability to transmit water once the soil is saturated.  
The hydrologic soil group designations are A through D signifying a high through low water 
transmission rate.  The soils map was recreated using the hydrologic soil group designators 
rather than soil codes. 
 
The map containing the materials underlying the topsoil and the soils map were combined using 
the union feature of GIS to create new polygons having water transmission characteristics of 
both the soils and the underlying material.  The result was a map containing polygons of water 
transmission characteristics from gravel underlying an A hydrologic soil group soil representing 
the highest water transmission rate to clay underlying a D hydrologic soil group soil representing 
the lowest rate.  There are 40 possible combinations of water transmission characteristics for 
these new polygons, but quite a number of these combinations were not present.  This map 
became the basis for determining the recharge areas. 
 
The most productive region in terms of water production within the groundwater system is the 
region located directly above bedrock.  This region is composed of weathered and broken 
bedrock and combinations of sand and gravel.  This water-bearing unit is the most extensive in 
the BACOG study area and is present everywhere except for a small portion of the area.  Three 
maps were produced to define this unit.  A unit isopach map was produced to show the variation 
of the unit thickness over the study area.  Another map was produced to establish the 
topography of the unit surface, and a third map was produced to document the areas where the 
unit was not present. 
 
Data used to create these maps were taken from the database that was generated to develop 
the bedrock map.  The database was queried to isolate the unit overlying bedrock.  Descriptors 
defining the unit included weathered, broken, gravel, and sand.  Descriptors used to establish 
the upper boundary of the unit included clay, silt, and till.  These descriptors were augmented by 
others that accounted for unique nouns and adjectives, mis-spelled words and abbreviations.  
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Future Work 
 
Work required to define the water resources of the BACOG study is about 40 percent complete.  
More mapping is required to establish the stratigraphy of the BACOG study area.  Once the 
stratigraphy is established, the volume of the water bearing material can be calculated and the 
volume of water that is stored in this material can be determined.  Water level information will be 
used to determine the ground water flow patterns.  Using the stratigraphic information and water 
level and groundwater flow information, inflows and out flows can be determined.  At this point 
all information is available to determine the value of each inflow and outflow component of our 
conceptual model.  If the inflow is greater than the outflow there will be a net gain in 
groundwater storage meaning that the groundwater resource is not used to capacity.  On the 
other hand, if the outflows are greater than the inflows, there will be a net loss in groundwater 
storage, which means that the groundwater is being used faster than it is being replaced.   
 
Regardless what the outcome, the positive or negative change in storage value will be used by 
planners to determine if future planned growth will be sustainable by existing groundwater 
resources and the direction growth will take.  Planners will also be able to use this information to 
determine what effect future development may have on the water resources of the area and to 
identify potential contamination areas and issues. 
 

Potential Recommendations 

While it is premature at this point in the BACOG water resources study for policy 
recommendations, some might include water recharge protection areas, development 
restrictions, zoning considerations and conservation easements.  The study will be especially 
valuable if it is determined that there are prime recharge areas that are not currently protected 
or are slated for high intensity development in the future. 

Policy could also formalize the establishment and funding of a network of private and public 
wells for future monitoring, which is currently another project under the BACOG water resources 
initiative.  Other initiatives within BACOG include identifying trends over time per household, per 
business, and per industrial use, and creating education materials for homeowners and 
business owners about water conservation and groundwater protection, specific to the natural 
resources of the BACOG area. 

 

Conclusion 

The study of water resources for BACOG is an ongoing process.  By using GIS to analyze both 
the surface and subsurface water activity in the geographic area, BACOG will provide quality 
scientific data and sound policy recommendations to the community in order to preserve natural 
resources and quality of life.  Critical elements to the success of the study thus far include the 
cooperation of local, regional  and state governments in supporting and guiding the project;  the 
use of GIS to accumulate and analyze data;  and the donation by volunteers of hundreds of 
hours of time -- professionals and laypersons alike -- to achieve the project’s goals.  With 
continued work of the committee and investment in GIS, BACOG’s efforts will enhance the 
region’s capabilities to respond to development and plan appropriately for the future.   
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