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1.0 INTRODUCTION
This study of water resources of eastern Arapahoe County was done in conjunction with the 2000
update of the County Comprehensive Plan. The County staff identified that the magnitude and
type of water resources available in the County were not well documented. They also recognized
that water resources might be a critical issue in the eastern rural portion of the County.
Consequently, we were retained to conduct a planning level study and to summarize:







the existing water supplies utilized within the entire county;
the current and projected water demand for the eastern portion of the County;
future water sources that could be developed for use in the County;
the hydrogeology and ground water resources of the eastern portion of the County;
the water quality of the ground water available beneath the eastern portion of the County;
and
in a general way the institutional constraints affecting ground water development within
the County.

Because the Comprehensive Plan update covers the period 2000 to 2020, this study also uses that
planning period.
Although the primary focus of the project was on the eastern rural portion of the County, the
County staff directed us to document the current demand and water supplies used in the entire
County including the urban portion. An assessment of the adequacy of the supply, both current
and future, for the urban portion of the County was not done because most of the supply is provided
by four large water providing entities that have the responsibility to provide adequate water
service, as well as, the planning, engineering and financial resources to meet the future water
demand.
While surface water from the Platte River drainage system and surface water imported into the
basin are a major source of supply for the urban part of the County, they are not likely to be a
source of supply for the eastern part of the County because the cost to transport the water to the
eastern part of the County is too great. Furthermore, the surface water supply available from the
drainage basins within the eastern portion of the County is too small and unreliable to be a
significant source of future supply. Consequently, ground water which is currently the primary
source of supply, will also be the future source of supply for the eastern portion of Arapahoe
County.
1.1 STUDY AREA
For this study, the eastern or rural portion of Arapahoe County was defined as that portion of the
County east of Gun Club Road as shown on Figure 1-1. This includes all of T. 4 and 5 S., and
R. 57-64 W.
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1.2 METHODS USED
We were directed to utilize publically available data and to conform to the current methods of the
Office of the State Engineer (SEO) regarding assessment of the ground water resource of the study
area. The principal source of data was developed in 1985 by the SEO. Since that time, additional
wells have been drilled in the study area for which there is accurate data on water levels, well
yields, aquifer properties, and aquifer saturated thickness. Because the SEO has not updated its
database, this data was not gathered or interpreted in this study. Had this been done, the resource
assessment included in this report would not have be consistent with the SEO. Our judgement is
the assessment would have changed less than 10 percent; consequently, the assessment provided
in this report is sufficient for its general planning purpose.
To facilitate interpretation and mapping, we obtained the SEO database in digital form. It was
then converted to a format useable by our mapping software. We gathered, reviewed and
summarized all of the water quality data available for the study area from the U.S. Geological
Survey and the Colorado Department of Health and Environment. We also gathered and reviewed
publications of the U.S. Geological Survey and the State Engineers Office regarding the
hydrogeology of the study area.
Along with members of the County's Planning and Engineering staff we met with the water
providers (both urban and rural) of Arapahoe County that rely on ground water as a significant
source of their total supply to discuss their current supplies and future plans. In addition, we
obtained and reviewed annual reports of water providers that supply surface water within the
County.
1.3 CONCLUSIONS
Based upon our evaluation, we conclude the following:
1) Current water demand in the urban portion of Arapahoe County is approximately 88,000
acre feet per year. Approximately 15 percent of this demand is met by ground water, the
rest is provided by surface water from the South Platte River or surface water imported
from outside the South Platte River drainage basin.
2) Future water demand in urban Arapahoe County will mostly be met by a combination of
importing surface water, converting agricultural surface water irrigation rights in the South
Platte River Basin to municipal use, storing excess surface water in reservoirs, and by
ground water. To a much lesser extent, the demand will be met by conservation, reuse of
waste water, artificial recharge of excess surface water to the ground water system and
conjunctive use of surface and ground water.
3) The current water demand in eastern Arapahoe County is approximately 1,200 acre feet
per year. Essentially all of the demand is met by ground water.
©Leonard Rice Consulting Water Engineers, Inc.
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4) The future demand, in the year 2020, is estimated to be approximately 4,300 acre feet per
year. All of this demand will likely be met by ground water.
5) Eastern Arapahoe County is underlain by the Denver Basin Aquifers and alluvial aquifers
associated with the major intermittent streams that flow across the County.
6) The Denver Basin Aquifers contain approximately 22 million acre feet of water beneath
the eastern portion of Arapahoe County. About 50 percent if this recoverable. The annual
recharge is about 8,000 acre feet per year.
7) In eastern Arapahoe County, the alluvial aquifers contain about 200,000 acre feet of water.
Approximately 10,000 acre feet per year of alluvial aquifer ground water could be
developed without exceeding the annual inflow and recharge. Currently, approximately
4,000 acre feet per year are pumped from the alluvial aquifers.
8) The water quality of all of the aquifers ranges from good on the west side of the County to
fair to poor on the east side. Total dissolved solids, sulfate and hardness tend to increase
from west to east across the County.
9) The development of ground water is regulated and limited by State and County statutes,
rules, regulations and policies. Ground water use requires a permit from the State
Engineers Office of the Colorado Division of Water Resources. The Colorado Department
of Health and Environment regulates well locations relative to septic fields and also
regulates water quality for municipal supplies. The County regulates land use which
indirectly regulates ground water use. The County, as a consequence of this evaluation,
has developed a policy to limit ground water development.
1.4 POLICY RECOMMENDATIONS
During the course of the evaluation several study sessions were conducted with the Board of
County Commissioners (BOCC), meetings were held with the managers of water providing entities
in the eastern portion of Arapahoe County and a town meeting was held in Strasburg. The purpose
of all of these meetings was to identify water supply issues. Once the issues were identified, the
County staff, with our input, recommended preliminary policies that were adopted by the BOCC.
The important issues that were identified were:





Should the County adopt a policy to limit water development to less than that allowed by
State law?
Should the County encourage water conservation?
Should the County establish priorities for water use?
What would be the policy toward formation of new water districts?
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We provided the County staff with our recommendations for each of these issues. Our
recommendations considered the finite nature of the water resource available, as well as, the
infrastructure requirements and the general feasibility of constructing various water supply
facilities.
We recommended that the County limit Denver Basin ground water development to the
nontributary class of ground water (see Section 7) and that it be limited to 50 percent of that
allowed by Colorado statutes. Our belief is that approximately 50 percent of the theoretically
recoverable ground water stored in the Denver Basin Aquifers is economically recoverable. We
feel that it is prudent for the County to adopt a conservative ground water development policy that
is based upon the practical limitation that not all ground water is economically recoverable. To
maximize the probability that the resource will last longer than the 100 year statutory life, we
recommended that ground water development also be limited to only the nontributary class of
ground water. This effectively limits ground water development to 60 percent of the recoverable
ground water.
We recommended that the County adopt a policy to encourage water conservation and the reuse
of waste “gray” water. Although we did not recommend one specific strategy, clearly the most
effective conservation practice is to limit lawn irrigation.
We did not recommend a water priority policy. We feel that the water development limitation
policy described above sufficiently protects domestic water supplies.
We recommended that the new formation of water districts be allowed. Our experience is that, by
and large, water districts capably provide water to their customers. Only rarely are districts so
mismanaged that they do not reliably supply water to their customers. To the extent possible, we
recommended that existing districts expand to serve new customers. We feel that this would help
promote the development of larger more financially capable districts rather than a proliferation of
districts too small in size.
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2.0 EXISTING WATER SUPPLIES IN THE COUNTY
2.1 WATER SUPPLIES IN URBAN PORTIONS OF ARAPAHOE COUNTY
The major water suppliers within Arapahoe County include the Denver Water Board, City of
Aurora, City of Englewood, Arapahoe County Water and Waste Water Authority (ACWWA) and
East Cherry Creek Valley Water and Sanitation District (ECCV). The Denver Water Board
provides water to approximately forty special districts, towns and cities within the County. Its
water supply consists of a complex surface water collection system that includes the South Platte
River, the Blue River, the Fraser River, the Williams Fork River, Boulder Creek and Ralston
Creek. Denver Water stores raw water in Dillon, Antero, Eleven Mile Canyon, Cheeseman,
Strontia Springs, Gross, Chatfield, Platte Canyon and Ralston Reservoirs, and Marston, Soda and
Long Lakes. It maintains its own treatment and distribution facilities that serve its customers in
Arapahoe County. The Arapahoe County area served by Denver Water is nearly fully developed
and Denver Water is not actively increasing its customer base in Arapahoe County.
The City of Aurora serves essentially only customers within its City Limits. Its water supply
consists of a complex surface water collection system that includes the South Platte River, the
Arkansas River and the Colorado River. Aurora stores raw water in Antero, Spinney Mountain,
Strontia Springs, Aurora and Rampart Reservoirs, as well as, Jefferson Lake. Aurora also utilizes
some ground water from the Cherry Creek Alluvial Aquifer. Aurora is actively expanding its
service area, customer base, treatment, storage, transmission and distribution facilities. To meet
future demand, Aurora is actively developing and adding to its portfolio of water rights.
Both the ACWWA and ECCV rely on Denver Basin ground water as their source of supply.
ACWWA also utilizes ground water from the Cherry Creek Alluvial Aquifer. They each maintain
and develop their own treatment and distribution systems. Neither has significant raw water
storage reservoirs because they utilize the aquifers as reservoirs. Both districts contain significant
undeveloped land, so their customer base and water demand are both increasing.
Figure 2-1 is a map that shows water supplier boundaries. It also shows the source of supply for
each entity. Denver Water supplies approximately 38,000 acre-feet per year of surface water to
Arapahoe County residents. Aurora and Englewood, together supply approximately another
33,000 acre-feet of surface water annually to Arapahoe County residents. Various water or water
and sanitation districts supply approximately 13,000 acre-feet per year of ground water, mostly
from the Denver Basin Aquifers. Other small districts supply about 4,000 acre-feet per year of
water from unidentified sources, most probably from Denver Water.
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2.2 WATER SUPPLIERS IN EASTERN ARAPAHOE COUNTY
The communities of Bennett, Strasburg, Byers and Deer Trail in the eastern, rural portion of the
County, all rely on the Denver Basin Aquifers for their water supply.
The Rangeview District in the western portion of the study area has a lease from the Colorado
State Land Board for the development of the Denver Basin Aquifers beneath approximately 37.5
square miles. The District's lease allows it to re-lease up to 11,000 acre feet per year of water to
other entities for use outside the district boundary. A portion of the water available for lease has
been leased to the ECCV. Information indicates that no additional leases have been made. The
agreement between the District and State Land Board provides that the remaining water, estimated
to be approximately 20,000 acre feet per year may be developed and used within the District's
boundary.
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3.0 CURRENT AND PROJECTED WATER DEMAND
IN EASTERN ARAPAHOE COUNTY
Current and projected water demand through the year 2020 within the study area was estimated by
first determining the likely water demand factors for various uses then applying them to estimates
of the current and projected number of households in the study area. The County supplied the
estimates of the number of current and projected households used on this analysis. The water
demand factors for various uses were generated from research conducted for this project. No
actual comprehensive water use data from the study area are available.
3.1 EXISTING LAND USE
Figure 3-1 is a generalized current land use map of the study area. It is a simplification of a map
provided by the County. This figure groups land use into the following six categories:
Agricultural, Developed, Open Space, Public Land, Right-of-Ways and Housing. The map shows
that the current land use of the vast majority of the study area is agricultural and that the areas used
for housing are for the most part within or adjacent to the existing towns. The lot size for the
housing categories ranges from typically 0.1 acres within the towns up to 35 acres in the rural
residential areas.
3.2 EXPECTED FUTURE GROWTH
The County expects that as future growth occurs, it will be dominated by growth in the towns and
in rural residential subdivisions containing lots of 35 acres in size or smaller. We assume that the
future lot size distribution will be generally similar to the current distribution.
Table 3-1 shows the current and year 2020 household forecast. This forecast is broken down into
town and rural categories. The town category includes the towns of Strasburg (part), Bennett
(part), Byers and Deer Trail. The rural category includes all other categories.
3.3 WATER DEMAND BY USE
Table 3-2 shows the compilation of water demand by type of use as well as the source of the
information. This table also provides data on the percentage of the water demand for several use
categories that are consumed and not returned to the hydrologic system. This consumptive use has
important water rights implications because in Colorado the consumptive use must be replaced to
the hydrologic system to prevent injury to senior water rights. This concept is discussed in more
detail in Section 7 of this report.
3.4 PRESENT AND FUTURE WATER DEMAND
Estimates of current and future household data were converted to current and future water demand
by multiplying the number of households times the water use demand factors as follows:
©Leonard Rice Consulting Water Engineers, Inc.
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3.4.1

Water Demand Factors

1) Town households were assumed to have a domestic demand of 0.5 acre feet per year.
Current lot size and irrigation patterns were assumed to continue in the future. The town
demand per household was the rounded average of the single family demand from the
various studies shown on Table 3-2.
2) Commercial, industrial and public facility demand were assumed to be equivalent to 15
percent of the total domestic demand.
3) Rural households were assumed to have a water demand of 0.35 acre feet per year including
an average lawn irrigation demand of approximately 0.10 acre feet per year. We believe
that the rural demand is less than the town demand because it is met by individual wells.
Our experience is that the homeowners that rely on individual wells limit irrigation to
preserve their water supply and to minimize cost. From our field inspection of the area,
we conclude that outside lawn or other water use of the rural homeowners is limited. We
believe that a rural demand of 0.35 acre feet per year per household may overstate the water
demand and is thus conservative.
Table 3-1 shows that the current annual estimated water demand in the study area is about 1,200
acre feet. It shows that in 2020, the estimated annual water demand will be about 4,300 acre feet.
This is an increase of about 3,100 acre feet per year.
The water demand factors and the consumptive use percentages presented in Table 3-2 are general
estimates intended for planning purposes only. Actual water demand and consumptive use are
functions of many variables specific to each use. If a more precise estimate is necessary for some
purpose, they should be independently evaluated.
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4.0 SOURCES OF FUTURE WATER SUPPLY
FOR ARAPAHOE COUNTY
The possible conventional sources of future water supplies for Arapahoe County consist of the
following:
1) Importing surface water or ground water from outside the South Platte River basin;
2) Converting surface water agricultural irrigation water rights within the South Platte River
drainage basin to municipal use;
3) Storing excess surface water in reservoirs for periods when demand exceeds supply;
4) Denver Basin ground water; and
5) Alluvial aquifer ground water.
All of these sources are currently being used in Arapahoe County.
Possible non-traditional sources of future supply are:
1) Conservation to reduce demand;
2) Reusing waste water;
3) Artificially recharging surface water into aquifers to provide storage during periods of
excess supply and withdrawing it later during periods of high demand; and
4) Conjunctive use of surface water and ground water.
To a varying extent, water suppliers in Arapahoe County are utilizing all of these non-traditional
approaches.
Historically, the choice of supply was dependent solely on the cost of the supply. Today, cost is
still important, but environmental and water rights considerations have become major factors in
deciding what additional supplies can be developed.
4.1 TRADITIONAL SOURCES
4.1.1

Importing Water From Other Basins

Initially, water supplies for the Denver area were developed from the South Platte River Basin.
Traditionally, more water was acquired than was necessary to meet average demand, so that during
times of drought, the water supply would be adequate. Eventually, demand increased beyond the
available supply during droughts, so water outside the basin was developed and imported into the
basin.
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Water planners still prefer developing water outside the South Platte Basin because in this way the
greatest increment of reliable additional supply can be developed at the least cost. Examples of
this approach are the Two Forks project proposed by the Denver Water Board and the Union Park
Project proposed by a group including Arapahoe County. An example of an attempt to import
ground water was the ADWI plan and the current Stockman's plan to import ground water from
the San Luis Valley.
4.1.2

Converting Agricultural Water Rights to Municipal Use

Conversion of senior agricultural surface water irrigation rights within the basin to municipal use
is less preferred for areas like Arapahoe County, because there is little or no senior surface water
irrigation either upstream or in the vicinity of Arapahoe County. Surface water rights downstream
could be converted to municipal use but either a pipeline with pump stations would be necessary
to deliver the water, or a court approved exchange plan would be necessary to allow senior down
stream water rights to be diverted upstream from their historic diversion points. A pipeline would
be extremely expensive and require extensive maintenance. An exchange plan would be difficult
to accomplish because it would have to prevent injury to all of the water rights between the original
down stream diversion point and the new upstream diversion point. In the past, injury was
expressed only in turns of flow rate, now the courts also consider injury to include changes in
water quality. This greatly complicates approval of an exchange plan.
Because irrigation water was historically diverted only in the summer, converting it to municipal
use typically results in the water only being available in summer. Consequently, a storage reservoir
is required. Storage reservoirs have various environmental and public perception problems
associated with them that has made them difficult to permit, finance and construct in the recent
past. This is discussed in more detail in the next section of this report.
4.1.3

Storing Excess Water in Reservoirs

Early on in the development of water in the Denver area, planners realized that during the spring
runoff of melting snow in the mountains there was excess water in streams that could be diverted
for use during the late summer and winter when there was a shortage of runoff. The solution to
this problem was the construction of storage reservoirs. Planners realized that if the reservoirs
were large enough, they could store water for use during droughts. Thus, storage reservoirs
became a way to provide a drought supply and to reduce cost by acquiring and developing less
water.
Unfortunately, state and federal legislation that has accumulated over the years complicates or
prohibits development of import/reservoir projects. Compounded on this legislation is the general
public perception that reservoirs create severe environmental problems and the perceptions of
western slope residents that 1) they own the water on the west side of the continental divide and
2) the diversion to the eastern slope would cause economic ruin of western slope communities.
4.1.4 Denver Basin Ground Water
©Leonard Rice Consulting Water Engineers, Inc.
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Denver Basin ground water has several significant advantages. First, it can usually be developed
near the point of use, so transmission pipelines or canals are normally not necessary. Second,
storage reservoirs are not needed because the aquifer acts like a reservoir. Third, Colorado law
allows this water to be reused. Fourth, only limited treatment is necessary. The disadvantages
are: 1) the resource is finite and will eventually be consumed to its economic limit; and 2) operating
and maintenance costs increase over time as water levels decline in the aquifers.
4.1.5 Alluvial Ground Water
Alluvial ground water has the first two advantages of Denver Basin ground water (i.e., can be
developed near point of use and the aquifer acts like a storage reservoir). The most significant
disadvantage is that it is administered like surface water. Wells into alluvial aquifers are
considered so junior that they are not allowed to pump without an augmentation plan that protects
all senior water rights. The cost in legal and engineering fees and the limitations on allowable
pumping that often result from augmentation plans, make the new use of alluvial ground water for
a municipal supply either uneconomic or impractical.
4.2 NON-TRADITIONAL SOURCES
4.2.1 Conservation
Historically, conservation has been used to minimize the peak day demand. This is usually done
to prevent the cost of adding additional treatment capacity that serves only to meet the peak
summer lawn irrigation demand. In addition, there have been some efforts to reduce indoor use.
Things like low volume toilets and restricted shower nozzles are required by some water providers.
These conservation attempts are thought to reduce annual water demand by about 10 percent.
Meaningful conservation, would have to include eliminating or severely restricting outside
irrigation. This would be effective because lawn irrigation is typically about 40 percent of the total
water demand in the Denver area. This would result in xeriscape landscaping somewhat similar
to Phoenix or Tucson, Arizona.
4.2.2

Reuse of Waste Water

A few water providers are considering, and a few are implementing, programs to use untreated
raw water or reuse treated waste water for outside irrigation. At first, their intent was to reduce
treatment costs, in the same way water conservation has been practiced. Some water providers are
now reducing demand by using treated waste water for park, open space, or golf course irrigation.
Other water suppliers are currently evaluating the potential of using reuse water to reduce the
demand for future supplies.
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The problems associated with reusing waste water are:
1) A second and entirely new distribution system is required to transport the waste water to the
point of use in an already developed area;
2) The public’s perception of possible spread of infectious disease through the use of waste water;
and
3) Current Colorado law only allows nontributary Denver Basin Aquifer water and water
imported from other basins to be reused.
4.2.3

Artificial Recharge

Two districts, Willows Water District in Arapahoe County and Centennial Water and Sanitation
District in Douglas County have experimented with injecting (recharging) treated water into the
Denver Basin Aquifers during times of excess supply and excess treatment capacity and then
withdrawing the water during periods of higher demand. Detailed information of the economics and
technical issues are generally unavailable.
We discussed the Centennial Water and Sanitation District’s artificial recharge program with Mr. Rick
McLoud, Water Resources Manager for the District. He indicated that they currently have nine wells
that they use as injection/recovery wells – six in the Arapahoe Aquifer and three in the Denver Aquifer.
They inject treated water during periods of excess supply, typically in the fall, winter, and spring then
pump out the water during the peak summer months. During the last year, they injected a total of
approximately 765 acre feet of water into the Denver and Arapahoe Aquifers. Over the seven year life
of the project, the District has been increasing the injected amount as they convert wells or add wells
to their system. The District will be equipping three additional wells for injection in 2001, including
a well in the Laramie-Foxhills Aquifer. To date, a total of about 5,200 acre-feet have been injected.
Currently the annual amount recharged is approximately 7 percent of the Districts’s total annual usage,
and about 50 percent of the District’s annual ground water usage. Only about 10 percent of the
District’s current demand is met by ground water. In the future with current supplies, about one-third
of the demand will be met by ground water (including artificial recharge).
During the last several years, the Willows Water District abandoned its artificial recharge project when
it became a Denver Water Board customer. Apparently, there were some technical difficulties that the
District was not able to overcome. We presume that these difficulties and the cost associated with
them were factors considered in the District’s decision to abandon the program.
Based upon the limited history of artificial recharge of the Denver Basin Aquifers, it is difficult to
conclude that artificial recharge can be done on a significant scale. We expect that water suppliers will
continue to evaluate the technology and cost involved. We expect that artificial recharge will be done
on a limited scale by water providers who have high quality surface water available at various times
during the year.

©Leonard Rice Consulting Water Engineers, Inc.

March 7, 2001 ‐ 1059ARP01

Water Resource Study
for Eastern Arapahoe County
page 15

4.2.4

Conjunctive Use

Conjunctive use of surface water and ground water is simply having a supply system that can
utilize either or both surface water and ground water. Typically surface water is utilized when it
is available and ground water is used when insufficient surface water is available. Several
operational styles could be used. First, ground water is only used during periods of drought. This
style reduces the need to acquire and develop surface water that would be senior enough that it
would remain in priority during a drought, as well as reducing the need for a storage reservoir
sized to meet demand for an extended drought period.
The second style is to utilize ground water during short periods when demand exceeds surface
water supply. This is typically during the summer irrigation season. This operational style reduces
the need for peak storage reservoirs and also reduces the need to acquire additional senior surface
water rights that are not needed during most years. This style would also rely on ground water
during an extended drought to meet demand. A disadvantage of conjunctive use is the need to
develop two treatment systems since the raw water quality is often significantly different. An
additional disadvantage is that the supply system is more complex and requires water system
operators to be knowledgeable about both surface water and ground water collection systems.
A few water suppliers are creating conjunctive use systems. Those that are, usually relied initially
on ground water as the source of supply. To meet growing demand, to lessen their reliance on a
depleting resource, and to lengthen the life of the ground water resource, they have begun to
develop surface water supplies. To utilize the existing infrastructure and to minimize cost,
conjunctive use makes sense for these water suppliers.
4.3 TRADITIONAL SOURCES AS A COMPONENT OF FUTURE SUPPLY IN
ARAPAHOE COUNTY
We believe that traditional supply sources will probably provide about 65 percent of the future
supply necessary in the front range region. The percentage attributable to each source will likely
be as shown on the following table.
Table 4-1, Mix of Traditional Supplies in the Future
Urbanized Area
Import
Agricultural Conversion
Denver Basin Ground Water
Alluvial Ground Water
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The relative amounts are dependent upon a favorable change in legal, environmental and public
perception from the status quo. If these changes do not occur, Denver Basin ground water will
probably provide a greater percentage of the future supply.
4.4 NON-TRADITIONAL SUPPLY AS A COMPONENT OF FUTURE SUPPLY IN
URBANIZED ARAPAHOE COUNTY
We believe that all of the non-traditional sources of supply will be more widely used in the future,
particularly if the environmental regulations and public perception do not change. We expect
combined together, they will account for about 35 percent of the future supply in urban areas.
Unless outside irrigation is severely limited, we doubt that conservation will provide a reduction
in demand of more than 10 percent of future water supply development.
Artificial recharge may or may not be a significant factor in the future. Its development will
entirely be dependent upon overcoming the current technical difficulties. We believe that it will
not account for more than 5 percent of the future additional supply.
Reuse of waste water will probably be widely practiced, particularly in newly developing portions
of the Denver Metropolitan area. We estimate that reuse will provide approximately 20 percent of
the future supply.
Conjunctive use will likely be essential in the future as the available surface water supply is
consumed. Therefore, it will not provide a portion of the supply, rather it will become an operating
style.
4.5 TRADITIONAL AND NON-TRADITIONAL SOURCES AS A FUTURE SUPPLY IN
EASTERN ARAPAHOE COUNTY
The source of current domestic and municipal water supply in the study area, eastern Arapahoe
County, excluding the portion of the study area within the Aurora City limits, is about 95 percent
from the Denver Basin Aquifers and about five percent from alluvial aquifers. In the future, it is
likely that the part of the County that remains rural will continue to rely on Denver Basin and
alluvial ground water in about the same relative percentages as the current supply. We doubt that
non-traditional sources, for example waste water reuse, will be practical or cost effective in rural
Arapahoe County.
If a portion of the rural area becomes urbanized, it will probably not be able to rely solely on
Denver Basin ground water. We expect that Denver Basin ground water could be used initially
and then imported water and water resulting from the conversion of agricultural surface water to
municipal use could be used. We believe that the ultimate mix of traditional supplies would be
similar to that shown in Table 3-1. We also expect that non-traditional supplies would be
developed in percentages similar to that presented in the preceding section.
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5.0 GROUND WATER RESOURCES
OF EASTERN ARAPAHOE COUNTY
Arapahoe County is underlain by two groups of aquifers. The most important group because of
their large areal extent and significant thickness are the Denver Basin Aquifers. Of lesser
importance are the Alluvial Aquifers associated with major intermittent streams drainage.
5.1 HYDROGEOLOGY OF THE DENVER BASIN AQUIFERS
The Denver Basin Aquifers from youngest and most shallow, to oldest and deepest are as follows:
Upper Dawson Aquifer
Lower Dawson Aquifer
Denver Aquifer
Upper Arapahoe Aquifer
Lower Arapahoe Aquifer
Laramie-Foxhills Aquifer
The aquifers were deposited over a 20 million year period that began about 70 million years ago.
They consist of an interlayered mixture of poorly cemented sand, small gravel, silt and clay that
resulted from the erosion of the uplifting Rocky Mountains. Streams carried sediment off the
mountains and deposited it on the low lying plains east of the mountain front. As the streams left
the mountains, their gradient became much more gentle and the velocity of the water decreased as
the streams flowed to the east. Because of the lower velocity, the larger grains of sand and gravel
could not be carried by the streams, so they were deposited near the mountain front. The finer
sand, silt and clay were carried further east and then deposited. Consequently, the size of the grains
of sand and gravel tend to decrease from west to east across the County.
As the aquifers were being deposited, the depositional plain slowly subsided (sank) so that the
Denver Basin was formed. This basin extends from El Paso County to the south to Weld County
to the north and from the mountain front to eastern Arapahoe County as shown on Figure 5-1. The
basin is an asymmetrical bowl that is deepest just west of the study area in the vicinity of Cherry
Creek State Park. It is the most shallow around the edges of the basin.
5.1.1

Denver Basin Aquifer Depth, Thickness and Extent in Eastern Arapahoe County

Over the last 50 million years, erosion has removed the sediment deposited on top of the aquifers and
created the current topography. Figure 5-2 shows a geologic cross section of the Denver Basin Aquifers
west to east across the study area. It shows how the elevation of each aquifer increases from west to
east and similarly how the depth to the aquifers decreases from west to east. For example, the elevation
of the bottom of the Laramie-Foxhills Aquifer is at an elevation of about 3,800
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feet on the west side of the study area and at an elevation of about 5,000 feet on the east side of
the study area. Similarly the depth to the bottom of the Laramie-Foxhills Aquifer is about 2,300
feet below the ground surface on the west side, while the bottom of the aquifer is exposed at the
ground surface near the eastern border of the County. The cross section also shows that from west
to east, the shallowest aquifer has successively been removed by erosion, so that in the farthest
eastern part of the County none of the Denver Basin Aquifers remain.
The cross section shows how the thickness of each of the aquifers varies across the study area.
The following table lists the thickness of each aquifer (where not partially or completely eroded):
TABLE 5-1 - Denver Basin Aquifer Thickness
Aquifer
Upper Dawson
Lower Dawson
Denver
Arapahoe
Laramie-Foxhills

Thickness (ft)
0
150
900
500
200

-

300
350
1100
600
400

Comment
Full aquifer not present

Upper and Lower Aquifers
combined

Figure 5-2 also includes a geologic map that shows the approximate lateral limit of each aquifer.
The geologic map shows that the Upper Dawson Aquifer is limited to a small area in the southwest
portion of the study area while the Laramie-Foxhills Aquifer underlies the entire study area except
for the eastern-most portion of the County.
Figures 5-3 and 5-4 show the depth below the ground surface to the bottom of each of the Denver
Basin Aquifers for all but the Upper and Lower Dawson Aquifers. Depth maps for the Upper and
Lower Dawson Aquifers were not prepared because 1) these aquifers are limited to a small area in
the southwest portion of the study area and 2) essentially all of the ground water stored in these
aquifers is classed as either tributary or not non-tributary (see Section 7 for a discussion of ground
water classes).
5.1.2

Denver Basin Well Yields in Eastern Arapahoe County

Typically, the Upper and Lower Dawson Aquifers have the highest percentage of sand and gravel
and contain the most space between the sand and gravel grains where water can be stored. This
means that these aquifers have the greatest permeability, the ability for water to flow through the
aquifers. The Arapahoe Aquifer has the second highest percentage of sand and gravel and
permeability. Or conversely, the Denver Aquifer has a comparatively high percentage of silt and
clay and a relatively low permeability and water storing capacity. The Laramie-Foxhills Aquifer
contains the smallest
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average sand size, but also has the lowest percentage of silt and clay. Therefore, it has an
intermediate permeability, somewhere between the Arapahoe and Denver Aquifers.
Well yields are a function of permeability, saturated thickness and aquifer depth, so well yields
vary between aquifers and across the study area. This variability means that it is difficult to
generalize well yields. The following table provides a range of typical well yields.
Table 5-2 - General Denver Basin Aquifer
Yields
Aquifer
Upper Dawson
Lower Dawson
Denver
Arapahoe
Laramie-Foxhills

Yield (gpm)
0-50
0-50
0-100
0-400
0-200

In all cases, the yield for each aquifer is greatest in the west part of the study area and lowest in
the east part.
5.1.3

Denver Basin Aquifer Annual Recharge

The annual recharge to the Denver Basin Aquifers is unknown; however it is generally thought to
be small. We estimate that recharge is about two percent of precipitation, or about 8,000 acre feet
per year within the study area. This is about equal to three percent of the ground water that could
theoretically be withdrawn annually under current Colorado Statutes.
5.1.4

Denver Basin Aquifer Water Level Trends

When the water level rises above the top of the aquifer in a well, the aquifer is considered to be an
artesian aquifer. While artesian aquifers some times flow naturally at the surface, this is not necessary
for an aquifer to be considered artesian. When the water level in a well is below the top of the aquifer,
the aquifer is considered to be unconfined or under water table conditions (the two terms are
interchangeable). The Denver Basin Aquifers prior to development were artesian in the center of the
basin and unconfined on the edges where they were exposed at the land surface. An artesian aquifer
can become unconfined when pumping causes the water level to decline below the top of the aquifer.
In artesian aquifers, the level that the water level rises above the top of the aquifer in wells is called
the potentiometric head. As the potentiometric head declines during well pumping, water expands
very slightly as the pressure is reduced and flows into a well. As long as the potentiometric head
remains above the top of the aquifer, the aquifer in the vicinity of the well remains fully saturated and
the entire well yield results from the expansion of the water. Since water is nearly incompressible,
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the amount of water produced by a well as a consequence of the removal of all the potentiometric
head is only a very small fraction of the total amount of water stored within the aquifer. This is
on the order of one or two percent.
As ground water is withdrawn by wells from the aquifers, the water level or potentiometric surface
drops in the well compared to the level in the rest of the aquifer. This creates a cone of depression
around the well. The water level difference between the well and the aquifer is the source of
energy that allows water to flow into the well where it is pumped to the surface. The cone of
depression becomes deeper and covers a larger area the longer a well is pumped. Ultimately, the
cones of nearby wells coalesce to form a regional cone of depression.
The short term consequence of the formation of a regional cone of depression is that pumping costs
are increased because the water must be lifted farther. The long term consequence is that
eventually well yields decline as the elevation difference between the water level in the aquifer
and well becomes less. The loss of yield can be made up by adding additional wells. Eventually,
it becomes cost prohibitive to add wells and to pay the pumping costs. At that point, the aquifers
reach their economic limit. Analysis of the point that the economic limit is reached is complex,
uncertain and beyond the scope of this project. It could be as little as fifty years or as much as
several hundred years into the future. Undoubtedly, the economic limit in each aquifer will be
reached at different points in time at different points in the Denver Basin because the pumping
rate, aquifer saturated thickness and aquifer potentiometric head all vary from place to place.
Significant ground water pumping, mostly from the Arapahoe Aquifer, has occurred in
southwestern Arapahoe County and Northern Douglas County for the last thirty years. A regional
cone of depression centered around the Town of Parker has formed in this area. The decline in the
center of the regional cone of depression exceeds 800 feet. The cone extends over a large part of
the Denver Basin. Figure 5-5 shows how much the potentiometric head has dropped from
predevelopment conditions to the present within the study area. The decline varies from about 700
feet in the western part of the study area to zero in the eastern part. The decline in all of the other
aquifers is significantly less than it is in the Arapahoe Aquifer because the pumping in these other
aquifers is much less; however, the shape of the cone of depression is similar.
Since the Arapahoe Aquifer remains under artesian conditions over most of its extent, most of the
water produced has been a result of decompression of the water in the aquifer. Therefore, the
aquifer remains fully saturated in most areas and about 98 percent of the original resource is still
present in the aquifer, even though over the last 30 years the potentiometric surface has declined
by over 800 feet in some places in the Denver Basin. The consequence of the decline in
potentiometric head beneath eastern Arapahoe County, is the potential of increased pumping costs
compared to pre-development conditions. This is most particularly true in the western part of the
study area.
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5.2 HYDROGEOLOGY OF THE ALLUVIAL AQUIFERS
The alluvial aquifers present in the eastern portion of Arapahoe County are associated with the
major intermittent streams that flow south to north across the County as shown on Figure 5-6. The
aquifers were deposited during the last three million years during and following the ice ages. As
glaciers melted, water and sediment were carried out of the mountains and deposited in the stream
channels. The alluvial aquifers consist of sand and gravel with zones of clay.
5.2.1 Alluvial Aquifer Thickness, Extent, Well Yield and Recharge in Rural Arapahoe
County
The aquifers range up to 2 miles wide and are from 0 to 40 feet thick. Well yields range from a
few gallons per minute (gpm) up to 700 to 1,000 gpm. The aquifers supply some irrigation and
domestic water in the study area. The annual recharge to the alluvial aquifers in eastern Arapahoe
County is approximately 7,000 acre feet per year.
5.2.2

Alluvial Aquifer Water Level Trends

Water levels are not measured in the alluvial aquifers within the study area, so we do not know for
certain what changes have occurred in water levels. We know that water levels in southern Adams
County gave generally risen two to five feet since 1960 as irrigated agriculture has declined in the
area. Since very little irrigation pumping has occurred from these aquifers in Arapahoe County,
we believe that water levels are only slightly lower (a few feet) than they were prior to irrigation
well development that began in the 1930's. Water levels probably declined until about 1960, then
rose two to five feet over the years in the same way they have in Adams County. Since water
levels are stable or even rising, we conclude that the alluvial aquifers are not being depleted by the
current level of pumping.
5.3 DENVER BASIN AQUIFER RESOURCE ASSESSMENT IN EASTERN ARAPAHOE
COUNTY
Available water that can be developed and well yield are not only a function of mean grain size,
but are also functions of aquifer thickness and lateral extent. All of these factors were considered
in preparing our estimate of the in-place and recoverable ground water resource in the Denver
Basin Aquifers within eastern portions of Arapahoe County.
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The methodology that we used to prepare our estimate is the same as that used by the State
Engineers Office of the Colorado Division of Water Resources. The equation for in-place resource
is:

Resource = Area * Saturated thickness * Specific Yield
where:
Resource –

in-place volume of ground water that can be drained
by gravity in units of acre-feet

Area –

land area underlain by the aquifer in units of acres

Saturated Thickness –

total thickness of water saturated sand, silt and gravel
within the aquifer (excluded clay) in units of feet.

Specific Yield –

the ratio of drainable water to rock volume expressed
as a dimensionless decimal
Specific Yield

Aquifer
Upper and Lower Dawson
Denver, Upper and Lower Arapahoe
Laramie-Foxhills

0.20
0.17
0.15

Because the saturated thickness varies from one locality to another, the calculation was done on a
section by section basis (one square mile) for each aquifer and then the totals were summed. The
saturated thickness was taken from a database prepared by the State Engineers Office.
It is not physically or economically possible to produce all of the drainable ground water within
these aquifers. Therefore, the recoverable resource is less than the in-place resource. No one
knows what proportion of the in-place resource will ultimately be recovered. The generally
accepted range is between 30 and 70 percent. For this study, we have used 50 percent, the midpoint
of the range. Table 5-3 shows our estimate of the in-place and recoverable Denver Basin ground
water resource within rural Arapahoe County. In addition, the table shows the amount of ground
water that could be produced annually if 50 percent of the resource is recoverable and the aquifers
are depleted 100 years from now.
Colorado administers ground water in the Denver Basin by class. Three classes exist, nontributary,
not non-tributary and tributary. The differences are discussed in Section 7 of this report. For the
purposes of preparing Table 5-3, the not non-tributary and tributary classes have been combined.
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The relative percentage of the total in-place resource in each aquifer is as follows:
TABLE 5-4 - Relative Percent of Total Resource
Aquifer
Dawson
Denver
Arapahoe
Laramie-Foxhills
5.3.1

Percent
1
30
32
37

Comments
Combined Upper and Lower; underlies small area
Combined Upper and Lower
Underlies most of County

Denver Basin Aquifer Resource Distribution in Rural Arapahoe County

Figure 5-7 shows how the in-place Denver Basin Aquifer resource varies across the rural part of
the County. The map was prepared by summing the nontributary ground water class for all
aquifers beneath each section (square mile) of land then dividing the total by 640 acres per section.
This quantity was in turn divided by 100 years, the legislated life of the aquifer (see Section 7 of
this report), to estimate the in-place acre feet per year per acre. Thus, the map shows the ground
water in-place in acre feet per year per acre of land area. Using the water demand factors (0.35 to
0.5 acre feet per year per household) determined in Section 3 of this report and the recommended
limitation on ground water development outlined in Section 1 (limit development to 50 percent of
the nontributary ground water class). The resource could supply 60,000 to 100,000 households.
Figure 5-7 shows that the in-place resource decreases from a maximum of about 1.2 acre-feet per
year per acre in the western part of the study area to zero in the eastern part. This trend occurs
because:
1. The aquifers have been successively removed by erosion from west to east (See Figure 52, Geologic Cross Section), so the combined thickness of the aquifers decreases from west
to east.
2. There is a greater proportion of sand and gravel in the western portion of the study area
than there is in the eastern part.
The average in-place resource in the study area is about 0.5 acre feet per year per acre, while the
median is about 0.2 acre feet per year per acre. The median is significantly less than the average
because so much of the resource is concentrated in the western portion of the study area.
We estimate that the total Denver Basin in-place ground water resource beneath the entire County is
approximately 32 million acre-feet. This means that the study area (rural Arapahoe County) contains
about 70 percent of the total resource and about 80 percent of the land area. The urban (western)
portion of the County contains about 30 percent of the in-place resource and about 20
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percent of the area. Thus the urban portion of the County has an average in-place resource of about
0.62 acre-feet per year per acre compared to the rural part of the County that has an average inplace resource of about 0.5 acre-feet per year per acre.
5.4 ALLUVIAL AQUIFER RESOURCE ASSESSMENT IN EASTERN ARAPAHOE
COUNTY
Table 5-5 shows our estimate of the amount of ground water inflow, outflow, natural
evapotranspiration, pumping and annual recharge to the Alluvial Aquifers within the study area.
The saturated maximum amount of ground water that could be developed from these aquifers
without exceeding the annual recharge and inflow, or reducing the outflow into Adams County is:
Inflow + Recharge - Outflow = Ground Water Available
From Table 5-5 - 22,000 + 7,000 - 19,000 = 10,000 acre-feet/year
Currently, this 10,000 acre-feet is divided between pumping (4,000 af/yr) and natural
evapotranspiration (6,000 af/yr). Prior to pumping, essentially the entire 10,000 af/yr was
consumed by natural evapotranspiration in riparian zones and wetlands zones associated with the
streams. Thus, the areal extent of these zones has been reduced from historic levels by pumping.
Additional pumping would further reduce the extent of these zones.
The amount of water stored in the Alluvial Aquifers is on the order of 200,000 acre feet. This is
only a tiny fraction (about one percent) of the volume of water stored in the Denver Basin Aquifers
beneath the study area.
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6.0 WATER QUALITY
There is only limited water quality data available for eastern Arapahoe County. We have compiled
the publically available data from the U.S. Geological Survey (USGS) and the Colorado
Department of Health and Environment for the study area plus a six mile wide buffer around the
study area. The data are presented in tabular form for each aquifer as Tables 6-1 through 6-5.
Tables are included for the Dawson, Denver, Arapahoe and Laramie-Foxhills Aquifers, as well as,
a composited table for the Alluvial Aquifers.
Typically, there are less than twenty sample points for each aquifer (except for the alluvial
aquifers) and none of the samples included a full analysis of all currently regulated parameters.
Consequently, detailed mapping is not possible. Most of the data for the Alluvial Aquifers was
for the Alluvial Aquifers of Cherry Creek and Sand Creek, both of which are outside the study
area.
In 1981, the USGS published a series of Water Quality Maps of the Denver Basin Aquifers.
Generally, these maps show that the key indicators of overall water quality: total dissolved solids,
hardness and sulfate, increase from west to east across the study area in each aquifer. The
exception is the Dawson Aquifer where the indicators increase from south to north. The water
quality can be characterized as good on the west side, to fair to poor on the east side of the study
area. The data compiled for this study are consistent with the general observations.
The tabulated data, Tables 6-1 through 6-5, suggest that the Arapahoe Aquifer has the lowest total
dissolved solids and sulfate while the Alluvial Aquifers and the Laramie-Foxhills Aquifer have
the highest level of total dissolved solids, sulfate and hardness. Nitrate levels that exceed the
Drinking Water Standards were detected in about 40 percent of the Alluvial Aquifer samples. This
is commonly the result of fertilizer application on irrigated cropland. For the other aquifers, the
parameters for which one or more samples exceed the standards are typically total dissolved solids,
sulfate, manganese, iron, sodium, and chlorine. The localities where the samples exceed the
standards are commonly along the eastern limit of each aquifer.
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7.0 SUMMARY OF INSTITUTIONAL CONSTRAINTS AFFECTING
GROUND WATER DEVELOPMENT
7.1 STATE REGULATIONS
The development of ground water is regulated and limited by both state and county statutes, rules,
regulations and policies. Because the Colorado State Constitution established the appropriation
doctrine with regard to developing water supplies, water (both surface and ground water) may be
developed only if all older senior water rights are not injured. Injury usually is considered as a
reduction in the ability to divert for beneficial use, the full quantity of the right at the time the right
is in priority. Over the last decade, injury has also come to include a reduction in water quality.
The Colorado State Engineer administers water rights on a priority basis. This means that if
sufficient water is not available to meet the demand, junior water rights may not divert and are
considered at that time to be out-of-priority. Because most of the surface water was appropriated
early in Colorado's history, before the technology to develop ground water existed, ground water
is almost universally so junior that it is out-of-priority most of the time.
To permit economic development, the State legislature has over the years, provided means so that
ground water can be developed. They created in the Denver Basin a nontributary class of ground
water that is not subject to the prior appropriation doctrine. They also created a process where
both junior surface water and ground water supplies can be developed provided there is a court
approved augmentation plan that prevents injury to senior water rights. This is done by replacing
in the stream the depletion caused by junior diversions so that there is sufficient water in the stream
for the senior rights.
A depletion to a stream is that amount of water that is consumptively used and never returned to
the stream. The consumptive use is less than the amount diverted because some portion of the
diversion returns to the river system. In the case of ground water, the concept of a stream depletion
is somewhat more complex because a well may either intercept ground water that was flowing to
a stream and cause a future depletion; or it may induce water to flow out of the stream and into the
aquifer and thereby also cause a stream depletion. Because ground water flows through an aquifer
very slowly, a stream depletion resulting from well pumping is delayed by days, months or years.
This time delay must be considered in the augmentation plan.
A common practice in Colorado is to retire irrigated crop land from production and to change the
use of the portion of the water right that was consumed (evapotranspired) by the plants to municipal
use. The portion that was not consumed is no longer diverted and remains in the river for use by
other senior water rights. Diversion could either be by an irrigation canal or by an irrigation well.
The portion that historically was consumptively used, can then be used for municipal purposes
without causing injury, providing that the timing of the use is not changed or if the timing of the
unconsumed portion, the return flow, is not changed. If the timing is changed, additional
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protection of senior water rights is required. This can be in the form of storing the return flow
component in a reservoir and releasing it at the proper times to the river to protect the senior water
rights.
To develop a ground water supply in Colorado requires a well permit issued by the State Engineers
Office (SEO) of the Colorado Division of Water Resources or the Colorado Ground Water
Commission if the well is located in a designated ground water basin. The applicable well permit
regulations depend upon the intended use, the aquifer that is the source of supply and, for the
Denver Basin Aquifers, the class of the aquifer.
7.1.1

Limitations Related to Use

From a use perspective, the well permitting procedures generally fall into the following three
categories:
1) Domestic well serving a single household on a lot of at least 35 acres in size.
2) Domestic wells on lots less than 35 acres in size.
3) All other uses.
The SEO will issue a well permit for homes on lots at least 35 acres in size. The well may only be
used for in-house purposes. Domestic wells on lots less than 35 acres in size will only be issued
if either of the following conditions are met:
1) There is an adjudicated plan for augmentation that protects senior water rights.
2) The wells will produce water from the nontributary Denver Basin Aquifers. The use may
not be limited to in-house use only; however, it is commonly limited.
All other uses require either an adjudicated augmentation plan or the wells must produce water
from the nontributary portion of the Denver Basin Aquifers.
7.1.2

Limitations by Aquifer

The permit regulations differ by aquifer in the following ways:
1) All wells, regardless of use (except domestic wells on 35 acres or larger lots) that are
completed into alluvial aquifers or the tributary and not non-tributary portion of the Denver
Basin Aquifers require an adjudicated augmentation plan before a permit will be granted.
2) No augmentation plan is required for wells completed in the nontributary portion of the
Denver Basin Aquifers.
7.1.3

Denver Basin Aquifer Regulations
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Denver Basin Aquifer ground water can be appropriated by permit upon application to the
Colorado Division of Water Resources provided that the ground water has not been previously
appropriated.
The total appropriation for each aquifer is determined by multiplying the total land area claimed
to be owned or controlled by the applicant by the water saturated thickness of sand, silt and gravel
contained in the aquifer as portrayed on maps included in the State Engineer's Denver Basin Rules.
This is then multiplied by the specific yield contained in those same rules for the appropriate
aquifer. Specific yield is the ratio of water drainable by gravity to the rock volume including the
water (both drainable and undrainable). The amount that may be withdrawn annually is one
percent of the total appropriation. In this way, the aquifer life is theoretically a minimum of 100
years. The parcels of land included in the application need to be contiguous, or nearly so, to be
considered as a single appropriation.
Ownership of the land is not required; however, a lease of the right to appropriate the ground water
is required. While all of the ground water in the various aquifers beneath a parcel may be
appropriated, a well may only withdraw water from one aquifer. Therefore, to develop multiple
aquifers requires multiple wells. As many wells as are required to withdraw the water can be
permitted.
Colorado allows the appropriation to be adjudicated in Water Court. This process quantifies the
appropriation. The primary purpose of adjudicating a ground water appropriation fixes the amount
so that it can not be reduced by future changes in the law. The Water Court routinely retains
jurisdiction to adjust the adjudicated appropriation based upon the actual saturated thickness
determined when wells are drilled.
Within the Denver Basin, there are three classes of ground water: tributary, not non-tributary and
nontributary. These classes have varying requirements related to the relative connection between
the ground water and surface water systems as shown in the following table.
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Table 7-1 – Denver Basin Ground Water Classes

Class

Requirement

Comment

nontributary

2% of the annual appropriation as Not administered in the priority
assumed to return to the river system. May be used and reused an
system.
unlimited number of times.

not non-tributary

4% of the appropriation must be Requires a Water Court Adjudication
augmented to protect senior water of the augmentation plan before the
rights. After pumping stops the water may be used.
continuing depletions must be
augmented.

tributary

Actual depletions
augmented.

must

be Administered in the surface water
priority system.
Water Court
adjudication of Augmentation Plan
required.

Each Denver Basin aquifer contains all three classes of ground water.
Generally, tributary Denver Basin ground water is located within one mile of a flowing stream that
crosses the exposure of the particular aquifer. Not non-tributary ground water extends from one
mile from a live stream to a line, determined by the State Engineer for each aquifer, beyond which
is nontributary ground water.
The foregoing discussion applies to the portions of the Denver Basin Aquifers that are outside of
designated ground water management districts. Within the management districts, the districts
adopt their own rules for appropriation of Denver Basin ground water. Generally, these districts
have adopted the same procedures and rules used by the State Engineer outside of the districts.
The study area contains portions of the Lost Creek and Kiowa-Bijou ground water management
districts as shown on Figure 5-6.
Current legislation and rules allow ground water to be appropriated and exported beyond the land
area used to create the appropriation. This allows a portion of a piece of property to be developed
at a higher density than would be otherwise possible; however, the balance of the area would
remain underdeveloped if all of the ground water was exported.
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7.2 COUNTY REGULATIONS AFFECTING GROUND WATER DEVELOPMENT
Adams, El Paso, Elbert and Douglas Counties have all adopted land use regulations that limit the
amount of ground water that can be developed. The typical approach is to require the applicant to
demonstrate that there is a 300 year water supply available. For the Denver Basin Aquifers, this
requirement is usually met by reducing the land development density so that the water demand is
one-third of what could be appropriated by a well permit. Other methods of supplying water such
as reusing water, or using a combination of both surface water and ground water are usually
permissible.
We recommended that Arapahoe County also adopt a policy that limits the development of ground
water. Our recommendation differs from that typically adopted because it is based upon the
amount of water that is likely to be economically recoverable rather than some particular aquifer
life criteria. It also differs because it limits development to only the nontributary class of ground
water. Limiting the development to 50 percent of the in-place nontributary ground water conserves
the resource and maximizes the probability that it will last longer than the 100 year statutory life.
7.3 OTHER GROUND WATER REGULATIONS
The State and local health departments regulate both domestic and municipal wells. Their primary
focus is on water quality issues. Domestic well regulation is limited to requiring a well to be a
specific distance from septic leach fields. Municipal wells, whether owned by a community,
special district or private water company, are required to meet water quality standards mandated
in the Federal Safe Drinking Water Act. Generally, water treatment is limited to disinfection.
Occasionally, treatment to remove iron and manganese is also done. Consequently, the health
department regulations do not tend to limit the use of ground water.
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