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FOREWORD 
 
This report, Artificial Recharge of Ground Water in Colorado – A Statewide Assessment, was 
requested by the Executive Director of the Department of Natural Resources in June 2003 to 
assess the underground water storage options potentially available in our state. The study was a 
special assignment for the Colorado Geological Survey — information and recommendations 
were requested within six months of the study’s commencement.  
 
The urgency of the request came in response to several years of lower than average precipitation, 
culminating in the extraordinary drought conditions of 2002. The drought highlighted the need 
for additional water storage to help Colorado store available water from rivers originating in the 
state. With a growing population and substantial agricultural production, underground storage of 
water through artificial recharge could provide an important water storage option for the future 
of Colorado. 
 
Funding for this project was provided by the Colorado Geological Survey’s portion of the 
Colorado Department of Natural Resources Severance Tax Operational Fund. Severance taxes 
are derived from the production of gas, oil, coal, and minerals. 
 
Matthew A. Sares      Vincent Matthews 
Chief, Environmental Geology Section   State Geologist and Director 
        Colorado Geological Survey 
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Executive Summary 
 
Throughout the Centennial State’s history, its semi-arid climate, periodic multi-year drought 
cycles, and the needs of its growing population have all conspired to highlight the need for water 
storage.  Once again, recent drought and increasing water demands of a growing population have 
made Coloradans critically aware of the need for additional water storage.  Surface-water 
reservoirs have been the primary means of storing water to meet Colorado’s needs, but due to 
site logistics, regulatory requirements, and public opinion, building large new reservoirs has 
become more complicated, requiring years of planning and ever-increasing construction costs.  
An alternative means of increasing water storage capacity is to store water underground in 
aquifers and voids.  
 
The extreme drought conditions experienced in 2002 solidified the value of ground water as part 
of an overall water management strategy.  In 2003, the director of the Colorado Department of 
Natural Resources requested that the Colorado Geological Survey conduct a statewide 
assessment study of artificial recharge potential.  This study assessed the opportunities for using 
artificial recharge to meet water storage needs statewide, focusing primarily on the 
hydrogeologic properties of aquifers and other underground storage options.  The American 
Society of Civil Engineers has recently identified six phases of planning that are typically needed 
to develop, operate, and maintain a project for artificial recharge of ground water. This study 
parallels this process, but represents only the beginning physical data collection and technology 
assessment stages of the initial phase. 
 
Artificial recharge (AR) is defined as any engineered system designed to introduce water to, and 
store water in, underlying aquifers. This report discusses several aspects important to the 
understanding of artificial recharge potential in Colorado, including 

¾ the design objectives for implementing artificial recharge; 
¾ the various artificial recharge technologies available; 
¾ the current application of artificial recharge in other states and countries; 
¾ the present practice of artificial recharge in Colorado; and 
¾ the physical suitability of various aquifers, abandoned mines, and caves to store 

water. 
 
The objectives of most AR applications fall into one, or a combination, of the following 
categories: 

• Manage water supply, including short-term water supply regulation, seasonal storage, 
long-term storage (drought mitigation), emergency supply, and conjunctive use; 

• Meet legal obligations, such as providing augmentation water, supplementing 
downstream water rights, or facilitating compliance with interstate agreements; 

• Manage/mitigate water quality through the improvement of surface- or ground-water 
quality or treated wastewater disposal; 

• Restore/protect aquifers by restoring ground-water levels, limiting aquifer compaction 
and surface subsidence resulting from excessive ground-water withdrawals, or mitigating 
saltwater intrusion; 

• Protection of the environment by maintaining wetland hydrology, enhancing endangered 
species habitat, or controlling the migration of ground-water contamination. 
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Artificial recharge technologies are broadly grouped according to whether water is recharged at 
the surface or underground, and then by whether water is recharged into the unsaturated zone or 
directly into the saturated zone of the aquifer. 

• Surface infiltration is the impoundment of water at the ground surface for the purpose of 
infiltration to the underlying near-surface, unconfined aquifer. 

• Subsurface infiltration is the application of water below the ground surface for 
infiltration to the underlying unconfined aquifer. 

• Direct injection differs from infiltration systems by recharging water directly into the 
saturated zone of the aquifer. 

• Aquifer storage and recovery (ASR) wells are wells through which water is injected into 
aquifer storage during times of low demand and high surface-water supply and 
subsequently recovered by pumping at a later date when demand exceeds surface supply. 

• Modification of natural recharge involves man-made changes to the land surface or 
hydrogeologic conditions to increase the amount of recharge from natural and local 
sources.   

• Underground (non-aquifer) water storage technologies apply to storage and retrieval of 
water in natural or manmade voids in the subsurface, such as abandoned mines or natural 
caverns. 

The selection of a particular technology requires detailed site investigation and depends on the 
hydrogeologic setting of the target aquifer, land availability and uses, and the project objectives. 
 
Artificial recharge is being used in at least 32 states in the U.S. and at least 26 countries 
worldwide. The methods used span the entire spectrum of known technologies, but the dominant 
methods are injection wells and infiltration basins. The larger scale projects are generally located 
in drier areas of the U.S. (i.e., the west and southwest), or areas in which the growing population 
has overtaxed the available water supply (e.g., California, Florida, New Jersey, New York). 
 
An inventory of artificial recharge projects within Colorado identified 19 active operations 
including 

• augmentation in the lower South Platte River basin, 
• seasonal storage as part of conjunctive use of ground water and surface water in the San 

Luis Valley, 
• direct injection by two water districts in the Denver Basin, and 
• regulation of water supply and water quality at several smaller municipal water systems. 

 
The occurrence and distribution of Colorado’s water resources are inherently linked to the state’s 
geography and underlying geology.  As a result of Colorado’s complex geology, a multitude of 
aquifers in various areas of the state are suitable for artificial recharge projects.  The geologic 
units containing these aquifers can be broadly classified as unconsolidated sediments, poorly 
consolidated sediments, or consolidated rock.  The amount of storage available in an aquifer is 
dependent upon the aquifer’s (1) storage coefficient (storage ability), (2) areal extent, and (3) 
freeboard (amount the water level could rise above present water level).  In general, unconfined 
aquifers have smaller areal extent, tens of feet of freeboard, and a high storage coefficient.  
Confined aquifers, on the other hand, often have a large areal extent and hundreds of feet of 
available freeboard, but a very low storage coefficient.   
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A weighted ranking system was established to evaluate the key physical properties of the state’s 
16 highest-potential unconsolidated aquifers and 29 highest-potential consolidated aquifers. 
Hydrogeologic parameters taken into account in the “aquifer ranking value” include areal extent, 
depth, saturated thickness, head freeboard, storage coefficient, and hydraulic conductivity.   In 
addition to calculating a final ranking for the aquifer, the quality of the input data was also 
assessed.  The alluvial deposits of the South Platte River, its tributary Bijou Creek, and the 
Arkansas River are the top three ranked unconsolidated aquifers.  The High Plains Aquifer, 
Dakota-Cheyenne Group of southeast Colorado, and the Denver Basin aquifers are the top three 
ranked consolidated bedrock aquifers. 
 
The evaluation of the available storage capacity in Colorado’s highest-potential aquifers was 
guided by the desire to find opportunities to develop large-scale artificial recharge projects, i.e. 
defined as having storage capacity in excess of 100,000 acre-feet.  Thirteen of the 16 primary 
unconsolidated rock aquifers have sufficient storage capacity to accommodate a large-scale 
project.  In aggregate, the lower South Platte River alluvium and the San Luis Valley alluvium 
have the capacity to store in excess of one million acre-feet.  All but two of the 26 primary 
consolidated rock aquifers have sufficient storage capacity available to meet the 100,000 acre-
feet criterion.  Because of their large areal extent and head freeboard, the majority of these 
aquifers can store millions of acre-feet of water. 
 
Three types of non-aquifer underground water storage possibilities were assessed statewide: 
abandoned coal mines, abandoned metal mines, and caves. Storage of water in abandoned 
underground coal mines is not a new concept, but has only recently been tried in Colorado, most 
notably by the City of Arvada at the former Leyden coal mine.  Overall, the estimated storage 
capacities of non-aquifer alternatives are much smaller than those of aquifers.  An estimated 
55,000 acre-feet of underground water storage is available for artificial recharge in inactive coal 
mines, statewide.  Major technical challenges to water storage projects in coal mines include 
maintaining hydraulic control of stored water, poor water quality (high salinity), and mine 
subsidence.  The potential water storage volumes for abandoned metal mines and natural cave 
systems are much smaller than for coal mines.  Metal mines and natural caves are not a viable 
option for water storage because of their limited storage capacity, water quality issues, leakage of 
stored water, and land ownership issues. 
 
Artificial recharge projects can increase the total amount of stored ground water in a very 
specific and calculated fashion. In addition, indirect or passive methods of ground-water 
recharge such as vegetation control, storm-water retention basins, and leaky ditches are non-
specific in application, but can significantly increase overall ground-water storage. Similar to 
water conservation measures, some changes in legislation and water facility design and 
engineering, combined with passive recharge structures, would benefit both ground-water and 
surface-water resources. 
 
This study assesses the best aquifers in Colorado for their artificial recharge potential of ground 
water based primarily on their hydrogeological suitability.  Implementation of an AR project 
must also consider several other factors, including (1) project objectives; (2) site-specific 
hydrogeologic conditions; (3) source water availability; (4) water law and water rights; (5) 
available land surface area and compatible land-use activities; (6) governing water-management 
districts or entities; (7) facility design criteria; (8) capital costs to construct; (9) operation and 
maintenance costs; and (10) general storage efficiency, recovery, and deliverability.
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“It is no secret in Colorado that 2002 saw the worst drought in our state in 
recorded history.  In many areas, it was the third consecutive dry year, 
and it stressed the water supply capabilities of many water providers and 
users.  The value of reservoir water and ground water was clearly realized, 
and we all recognize that additional storage would have reduced the 
impact of the drought.” 

Hal Simpson, State Engineer 
--Division of Water Resources 
  2002 Annual Report 

 
 
 
 

I. Introduction - Statement of Problem 
 
Colorado experienced the worst drought in recorded history in 2002 and is currently in the fifth 
consecutive year of the driest five-year period in a century of record keeping (Stein, 2004).  
Colorado has been subject to recurring multiple-year drought cycles through history (McKee and 
others, 2000).  Even during times of normal precipitation, Colorado’s relatively low precipitation 
rate (statewide average of approximately 16 inches per year) combined with high evaporative 
losses (statewide average of approximately 81 percent) result in a water balance deficit over most 
of the state, with the exception of the higher mountainous regions (Topper and others, 2003).  
The opening quote by Hal Simpson stresses the importance of ground water within the state’s 
overall water management, and indicates a need for additional storage capacity.  This storage 
capacity can take the form of surface-water reservoirs or underground water storage. 
 
The impacts of the current drought cycle on the state’s agriculture, water supply systems, 
industry, citizens, and natural resources have been substantial and measurable.  Colorado’s 
accelerated population growth has also placed increasing demands on its limited water resources.  
Periods of drought highlight this resource limitation and raise serious concerns about the 
sustainability of our state’s water resources.  Surface-water reservoirs have been the primary 
means of storing water to meet Colorado’s needs. This study looks at an alternative means of 
increasing water storage capacity by storing water underground in aquifers and voids.  
 
Scope and Objectives  
 
This study is a statewide assessment of the potential for artificial recharge of ground water in 
Colorado.  Artificial recharge is defined as any engineered or designed system that puts water on 
or in the ground for the purpose of infiltration and subsequent migration into underlying aquifers. 
The study focuses on the location, geology, and physical ability of various aquifers within 
Colorado to store additional water supplies.  In addition, other unconventional means of 
underground water storage through the use of abandoned coal mines, metal mines, and caves are 
assessed. 
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This study discusses several aspects important to the understanding of artificial recharge 
potential in Colorado, including 

• the various artificial recharge technologies available; 
• the application of artificial recharge in other states and countries; 
• the present practice of artificial recharge in Colorado; and 
• the physical suitability of various aquifers, abandoned mines, and caves to store 

water. 
 
The suitability of an aquifer to store water is not the only consideration involved in a successful 
artificial recharge project.  Two other factors are crucial: available water supply for recharge and 
a supportive legal policy.  This report does not address either water supply or legal structure in a 
comprehensive manner, but does touch on these factors because they bear on the implementation 
of any potential artificial recharge project.  The Colorado Water Conservation Board is in the 
midst (2003-04) of the Statewide Water Supply Initiative, a study that will help address both of 
these factors.  
 
Artificial recharge is most commonly implemented on a local basis, primarily by individual 
water districts.  Development of an artificial recharge project can take years to accomplish 
between the initial concept and full-scale implementation.  The process requires interdisciplinary 
data gathering and research to determine applicability and design criteria.  The American Society 
of Civil Engineers (ASCE) recently established a set of standard guidelines to develop, operate, 
and maintain a project for artificial recharge of ground water (ASCE, 2001).  The phased 
progression as outlined by ASCE is as follows: 
 

Phase I—Preliminary activities: 
• Data collection and organization, resource evaluation (including identification of 

source water alternatives), alternative site evaluation, and preliminary studies; and 
• Conceptual plan development, environmental assessment, and public involvement 

Phase II—Field investigation and test program 
Phase III—Design: 

• Preliminary design, public involvement, engineering reports; and  
• Final design, draft final report, public hearings, response to comments, and final 

report 

Phase IV—Construction and start up 
Phase V—Operation, maintenance, project review, and project modification 
Phase VI—Closure 

 
This study represents only the beginning of Phase I activities in this process. It includes data 
collection and organization, alternate site evaluation, and preliminary studies on a statewide 
basis.  Not included in this investigation, yet an important part of Phase I, are evaluation of 
potential source-water supplies, development of a detailed conceptual plan, environmental 
assessments, and public involvement. These activities and additional data gathering are best done 
by local entities when a specific local project is identified.  The results of this study provide the 
scientific background for the development of underground water storage in Colorado.  It 
provides the foundation for the development of a conceptual plan, site-specific field 
investigation, and the construction of a pilot test program. 
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Background 
 
Colorado is a semi-arid state with a rapidly growing population that is straining a limited water-
resource base.  Compounding the situation is the geographic imbalance of water supply with 
water demand.  The greatest amount of precipitation, and hence the greatest runoff of surface 
water, occurs on the Western Slope of Colorado’s Rocky Mountains, yet the greatest number of 
people live on the Eastern Slope of the Rockies.  A second imbalance exists in the relative timing 
of supply and demand.  The greatest supply falls in the late winter and spring, while the greatest 
demand occurs in the summer, well after the snowmelt runoff has peaked.  These factors 
mandate careful management of the limited resource to provide a sustainable supply.  In 
Colorado, management of the water resource has evolved into a complex system of water law, 
which attempts to allocate the limited resource fairly, and a complex infrastructure system to 
distribute the limited resource.  The infrastructure system includes numerous water storage and 
diversion facilities, which include a series of trans-basin diversions that generally move water 
from west to east, across and under the Continental Divide. 
 
Sustainable water management relies on the ability to store water.  The traditional method of 
storing water has been to construct dams and develop reservoirs (Fig I-1).  However, the high 
cost and long timeframes combined with adverse ecological, environmental, and socio-cultural 
impacts have hindered construction of new large reservoir projects in the west.  In addition, 
surface reservoirs lose tremendous amounts of water to evaporation (especially in the semi-arid 
west), require expensive maintenance, accumulate sediment, have the potential of structural 
failure, are vulnerable to contamination whether accidental or by criminal acts, increase breeding 
areas for disease carrying insects, and interfere with river ecology.  A viable alternative is the 
storage of water below ground in aquifers, which are natural reservoirs. 
 
Ground water has long been an important water resource in parts of Colorado, particularly on the 
Eastern Slope where surface-water supplies are limited.  In fact, many regions and communities 
are completely dependant on ground water for agricultural and municipal supplies.  Much of the 
rapidly growing southern Denver metropolitan region is currently dependant on non-renewable 
ground water extracted from the Denver Basin aquifer system.  As a result of the extensive 
development of ground water to meet a rapidly growing population, ground-water supplies are 
being depleted and water levels are declining.  For example, water levels in the Denver Basin 
Arapahoe aquifer southeast of Denver are dropping at rates up to 30 feet per year (ft/yr) (DWR, 
2000). 
 
In addition to water supply, aquifer storage can be utilized as part of an overall water 
management strategy.  This storage potential can be used in the short-term, season-to-season 
balancing act between natural supply and demand, or to provide a cushion for periods of drought.  
Referred to as conjunctive use, surface water is used as the primary source of water in periods of 
abundance, while ground water is reserved for times when surface water is limited.  When 
necessary, natural ground-water recharge can be enhanced to take advantage of peak surface-
water flows.  Aquifers represent tremendous opportunities for underground storage of water with 
essentially zero evaporative losses. 
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Artificial recharge in some fashion has been used for centuries.  During the last several hundred 
years, nomads in Turkmenistan have been collecting infrequent surface runoff into an infiltration 
pit located in sand dunes where the surface water recharges near-surface ground water.  Ground 
water is then available for extraction from a series of hand-dug wells surrounding the pit even 
during dry periods (Pyne, 1995).  A tribal community in western India has also been applying 
artificial recharge to enhance water supply and improve water quality obtained from a tank 
excavated in fine sand and clay (Pyne, 1995).  Closer to home, California began practicing 
artificial recharge by routing storm runoff into infiltration (spreading) basins around the turn of 
the century.  Interest in artificial recharge grew in California and New York during the 1930s as 
a way to conserve or enhance ground-water resources (Weeks, 2002). 
 
In Colorado, the earliest documented application of artificial recharge began at Olds Reservoir in 
Weld County when local farmers took advantage of a leaky reservoir built several decades 
earlier.  Surface water was diverted into the little used structure in order to maintain water levels 
in the underlying alluvial aquifer (Skinner, 1963).  In 1959, the Colorado Agricultural 
Experiment Station (CAES) initiated a study of artificial and natural recharge in Colorado that 
was funded by the Forty-second Colorado General Assembly under Senate Bill No. 336.  This 
study was initiated to consider artificial recharge in the following basins (CSU, 1960): 

• South Platte River Basin 
• Arkansas River Basin 
• Colorado High Plains Ogallala formation 
• San Luis Valley 
• Denver Basin bedrock aquifers 
• Dakota and Cheyenne sandstone 
• Grand Junction Basin 

Figure I-1. Construction of dams and the development of surface-water reservoirs has been the traditional means of 
storing water.  An environmentally sensitive, low-cost, flexible alternative is to store water underground in aquifers.

Denver Basin Aquifer Recharge Demonstration 
Project well house A-6a. 

The Frisco Marina 
on Dillon Reservoir 
during the summer 
2002 drought. 
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A progress report was prepared in 1960 addressing artificial recharge at Olds Reservoir and 
Kiowa Creek (CSU, 1960). 
  
Application of artificial recharge in Colorado blossomed in the 1980s following the drought of 
1977 as farmers in the South Platte River Basin and the San Luis Valley realized that artificial 
recharge could be used to restore water levels in the near-surface aquifers as well as to manage 
timing of available surface-water supplies with high demands during crop growing seasons.  
Recently, artificial recharge is being developed in the Denver Basin by several municipal water 
districts for long-term storage.  An in-depth discussion of artificial recharge projects in Colorado 
is presented in Section VI. 
 

II. Definitions of Recharge 
The original source of ground water is precipitation (rain, hail, or snow).  Natural recharge 
occurs when precipitation percolates into the ground and reaches the water table.  Natural 
recharge rates in Colorado are highly variable, with only 0-12 percent of precipitation 
contributing to recharge of long-term ground-water storage.  Enhanced recharge has historically 
consisted of vegetation management, where deep-rooted, water-loving vegetation is replaced by 
shallow-rooted water-conserving vegetation or bare soil.  Enhanced recharge can also be 
achieved by routing storm-water runoff from urban areas to designed infiltration facilities.  
Induced recharge is created by the pumping of alluvial wells adjacent to streams and rivers.  
Decreased water tables around the wells increase flow to the alluvial aquifer through the riverbed 
and stream banks.  Incidental recharge is the unintentional recharge of ground water including 
return flows from septic-tank leach fields and deep percolation from irrigation.  The reduction in 
evapotranspiration and increased runoff resulting from urbanization (more land surface covered 
by impermeable materials) may also be considered incidental recharge in circumstances where 
that water flows to natural surfaces or ephemeral streams. Various types of recharge and 
underground water storage are illustrated in Figure II-1.  
 
Artificial recharge, aquifer storage and recovery, and underground water storage are terms that 
are central to the topics of this study.  The definitions of these terms as used in this report are: 

Artificial Recharge (AR):  Engineered or designed systems that put water on, or in, the 
ground for the purpose of infiltration and subsequent migration to underlying aquifers to 
augment ground-water resources.  (the term “artificial” implies a mechanism other than 
natural meteoric ground-water formation) 

Aquifer Storage and Recovery (ASR):  ASR is a type of artificial recharge that focuses 
on the use of injection/pumping well systems to inject water directly into the receiving 
aquifer for future recovery at the same location. 

Underground Water Storage:  The storage of water beneath the ground surface in large 
caverns, voids, or mines in which hydraulic control can be maintained. 
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Figure II-1. Types of ground water recharge.  Schematic block diagram illustrating examples of natural, enhanced, induced, and incidental recharge and 
water storage in man-made cavities. 

Natural Recharge 

2 Enhanced Recharge 

3 Induced Recharge 

4 Incidental Recharge 

5 Artificial Recharge 

6 Underground Water Storage 
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III. Objectives of Artificial Recharge 
Although the basic concept of AR is simple – purposefully filling void spaces in earth materials 
with water – the applications vary considerably depending on the objective.  The applications are 
quite versatile given the many options of geologic environment, source of water, and intended 
use of the stored water.  The intended use of the stored water is a primary consideration in the 
planning of AR facilities.  The technology, location, design, permit requirements, and operation 
of an AR system are dependent upon the primary water management objective(s).  Clearly 
defining the objectives of an AR project is a prerequisite to its initiation. 
 
Most AR applications are for seasonal, long-term, or emergency storage of drinking water 
supplies.  Recent interest in AR in Colorado evolved from several factors, including the 2002 
drought, water supply security issues since 9/11/2001, limited ability to construct new surface-
water reservoirs, the need for additional water supplies for new developments, documented 
declines in the potentiometric head of many aquifers, and legislative funding opportunities for 
new projects.  In addition to storing water, AR projects can influence water quality, 
environmental impacts, water system operations and capital costs, ground-water levels, and 
agricultural water supplies. 
 
The objectives of most AR applications fall into any one, or a combination of, the categories 
listed below and shown in Figure III-1.  These categories have been compiled from literature 
and cover a wide spectrum of possible objectives, some of which may not apply to Colorado 
(e.g., mitigate saltwater intrusion).  Furthermore, the categories listed below can overlap such 
that any given AR project may meet several objectives.  For example, an AR application may be 
primarily designed for short-term, seasonal storage, but may also improve surface and/or ground-
water quality.  The potential for meeting multiple objectives demonstrates the versatility of AR. 

 
 Figure III-1. Objectives of artificial recharge.  Artificial recharge projects may meet one or more objectives including 

water supply management, meeting water delivery obligations, management of water quality, aquifer restoration, and 
environmental protection. 
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 Figure III-4. Artificial recharge as augmentation for tributary ground water.  During the wet season, water is diverted in-
priority for artificial recharge (upper block diagram).  Water continues to be diverted later in the dry season (Alternative 
A or B), this time for irrigation, even if the junior water rights are out of priority.  Augmentation credits from the artificial 
recharge allow for continuing diversions. 
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Table IV-1.  Comparisons of Artificial Recharge Technologies 

Technology Description 
Active 

Colorado 
Examples 

Advantages Limitations Aquifer 
Suitability 

Surface Infiltration 
(General comments apply 
to all technologies within 
this category) 

  • Initial low capital cost 
• Maintenance can be 

simple and low cost 
• Low O&M costs 
• Can use untreated 

surface water 
• Can co-exist with 

recreation use or wildlife 
habitat 

• Require near-surface aquifer 
• Require permeable soil 

profile/high vertical 
permeability 

• Require frequent maintenance 
to prevent clogging 

• Evaporation losses can be high 
• Vulnerable to surface 

contamination 
• May be incompatible with 

nearby land uses 

• Unconfined 
aquifers with 
surface exposure 

• Alluvium 
• Semi-

consolidated 
sediments at 
outcrop 

• Highly fractured 
bedrock 

¾ Infiltration Ponds and 
Basins, 

¾ Spreading Basins 

Engineered off-channel 
structures (rectilinear) 

San Luis Valley • Can adapt former gravel 
pits/quarries 

• Can require large tracts of land 

¾ Leaky Ponds and 
Reservoirs 

Allow existing structure to 
leak 

Olds Reservoir • Take advantage of 
existing structure 

 

• Very site specific 
 

¾ Infiltration Ditches 
¾ Ditch/Furrow 

Engineered off-channel 
structures (linear) 

None • Adapt to irregular 
topography 

• Very site specific 
 

¾ Leaky Ditches Allow existing structure to 
leak 

South Platte 
River Basin 

• Take advantage of 
existing structure 

 

• Very site specific 
 

¾ Dry Stream Channels Divert flow into the natural 
channel of an ephemeral 
stream 

Bijou Creek • Take advantage of 
natural topographic 
feature 

• Very site specific 
• Environmental concerns 

¾ Playa Lakes Use natural depressions that 
catch water in wet cycles 

Akron playa 
experiment 

• Take advantage of 
natural topographic 
feature 

• Very site specific 
• Require soil modification to 

break-up/remove native low 
permeability soils.  

¾ Land Application Surface irrigation at rates 
that exceed crop 
consumptive use 

None • Combine with 
agricultural or 
recreational land use 

• Generate revenue from 
crops or recreational fees 

• Require large tracts of land 
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Table IV-1.  Comparisons of Artificial Recharge Technologies  (Cont’d) 

 

Technology Description 
Active 

Colorado 
Examples 

Advantages Limitations Aquifer Suitability 

Subsurface Infiltration 
(General comments apply 
to all technologies within 
this category) 

  • Can be used where 
surface layers of low 
permeability preclude 
surface infiltration 

• Can co-exist with other 
surface urban uses such as 
parking lots and 
recreation facilities 

• Minimize evaporation 
losses 

 

• Higher initial capital 
costs 

• Limited aerial extent 
• Difficult to 

clean/maintain 
• Dependent upon near-

surface geology 

• Unconfined aquifers 
• Alluvium 
• Semi-consolidated 

sediments at outcrop 
• Highly fractured bedrock 

¾ Infiltration Trenches Perforated pipe embedded 
in a gravel-filled ditch 

None • Compatible with urban 
land uses 

 

¾ Infiltration Galleries Similar to trenches except 
in arrays  

None • Can cover larger areas  

¾ Dry Wells Wells completed above 
the water table 

None • Can be used where space 
is limited 

 

 

¾ Infiltration Pits/Shafts Large diameter bore or 
excavation to penetrate 
near-surface low 
permeability soils 

None   
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Table IV-1.  Comparisons of Artificial Recharge Technologies (Cont’d) 

 

Technology Description 
Active 

Colorado 
Examples 

Advantages Limitations Aquifer Suitability 

Direct Injection 
(General comments apply 
to all technologies within 
this category) 

  • Work where vertical 
permeability is limited 

• Occupy small surface 
areas 

• Can fit in with most 
land-use patterns 

• Can utilize existing 
water supply 
infrastructure 

 

• Require pre-treatment to 
drinking water standards 

• Require tight control 
over source water quality 

• High capital costs, when 
existing infrastructure is 
not available 

• High energy 
requirements, high O & 
M costs 

• Require frequent 
pumping to remove 
clogging 

• Contamination from 
recharge would be 
difficult to remediate 

• Unconfined aquifers 
with limited surface 
exposure 

• Confined aquifers 
• Deep alluvium 
• Sedimentary bedrock 

aquifers 
 

¾ Injection Wells/ ASR 
Wells 

Wells that are either used 
solely for injecting water 
(injection wells) or both 
injection and recovery (ASR 
wells) 

Centennial 
Water District 

• Can be used for deep 
aquifers  

• Low capital costs, when 
existing infrastructure is 
available 

 • All of above 
• Abandoned mines 
• Karst, caverns 

¾ Radial Collection 
Wells (Raney Well) 

Large diameter collector 
well with horizontal radial 
bores 

None • High infiltration rates 
from a single point 

• High initial capital costs • Unconsolidated 
aquifers 

 
¾ Horizontal Wells Small diameter well that 

deviates from vertical to 
horizontal with depth 

None • High infiltration rates 
from a single point 

• High initial capital costs 
• Un-proven technology 

• All of above 



Artificial Recharge of Ground Water in Colorado 
A Statewide Assessment  

 

27 

 
Table IV-1.  Comparisons of Artificial Recharge Technologies (Cont’d) 

 

Technology Description 
Active 

Colorado 
Examples 

Advantages Limitations Aquifer Suitability 

Other  

Detention Dams, Dikes 
and Weirs 

Engineered structures in the 
channel of a stream to catch 
natural flow and enhance 
natural recharge 

Indian Hills • Low O & M costs • Very site specific 
• Environmental 

concerns  

• Unconfined aquifers 
with surface exposure 

• Alluvium 
• Semi-consolidated 

sediments at outcrop 
• Highly fractured 

bedrock 
Ground-Water Dams Structures in the aquifer that 

intercept or obstruct natural 
ground-water flow 

 • Do not necessarily 
require outside source 
of water 

• Low O & M costs 
• Low evaporation losses 

• Site specific and limited 
to shallow aquifers with 
small cross-sectional 
areas. 

• High construction costs 
for larger, deeper 
aquifers. 

• Unconfined aquifers 
with surface exposure 

• Alluvium 
 

Adits/Shafts/Natural 
Openings 

Allow water to flow into 
cavern or mine using open 
shaft 

Leyden Coal 
Mine 

• High recharge rates  • Vulnerability to 
contamination 

• Site specific 

• Abandoned coal and 
metal mines, caverns 

• Karst  
• Caverns 
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V. Selected National and International Artificial Recharge Applications 
 
Artificial recharge (AR) is being used in at least 32 states in the U.S. (Figure V-1) and at least 
26 countries worldwide (Figure V-2).  Methods used span the entire spectrum of known 
technologies, but the dominant methods are injection wells and infiltration basins.  Currently, 
more than 60 aquifer storage and recovery (ASR) sites are in operation around the U.S. These 
projects range from a single well to networks of 30 wells, with recovery capacities ranging from 
500,000 gallons per day from single wells to 100 million gallons per day (mgd) from well fields 
(Tampa Water Dept., 2003). The larger scale projects are generally located in drier areas of the 
U.S. (i.e., the west and southwest), or areas in which the growing population has overtaxed the 
available water supply (e.g., California, Florida, New Jersey, New York).  The following section 
provides brief descriptions of some of the higher profile projects in the U.S. and around the 
globe. 
  
NATIONAL PROJECTS 
 

High Plains Aquifer System 
The High Plains Aquifer system forms one of the largest and most important ground-water 
resources in the United States, supplying agriculture as well as municipal water providers in the 
states of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, Texas, and New 
Mexico.  Comprised of late Tertiary sediments, the aquifer covers approximately 156,000 square 
miles and includes a number of recognized geologic units.  The Pliocene Ogallala Formation is 
the most widespread and commonly recognized geologic unit within the High Plains Aquifer and 
consists of quartz-rich sand, silt and gravel in varying degrees of consolidation. 
 
Withdrawal of ground water from the Ogallala on a large-scale basis began in the 1930s 
predominantly for agricultural purposes (Robertson, 2003).  By the 1980s, about 16 million 
acres, more than 20 percent of the nation’s irrigated land, were watered from the Ogallala 
Aquifer (Longenbaugh and others, 1984).  Municipal and industrial use occurs to a lesser degree.   
High salinity often makes the resource undesirable for drinking water.  The aggressive ground-
water withdrawal has caused a decline in the water table, producing concerns that the resource 
might be locally depleted in a few decades. 
 
Among the many recharge projects undertaken in the High Plains within the Ogallala Aquifer 
have been: the Holcomb Irrigation Farm operated by Kansas State University; the investigation 
in Wet Walnut Creek Valley in Rush County, Kansas; tests in Scott County, Kansas conducted 
by USGS and Western Kansas Groundwater Management District No.1 (Gillespie and Slagle, 
1972; Gillespie and others, 1977; Stullken, 1988).  In Texas, the USGS has partnered with Texas 
Tech on recharge projects near Lubbock and Wolfforth, and has worked with the Agricultural 
Research Service on projects near Hereford and in Hale County (Brown and Keys, 1985).  In 
Nebraska, which contains the largest area underlain by the Ogallala, the Upper Big Blue Natural 
Resources District, with funding from the U.S. Bureau of Reclamation, conducted a recharge 
project near York in the southeastern part of the state (Western States Water Council, 1998). 
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Figure V-1. Artificial recharge is being implemented in at least 32 states in the U.S. and in Canada. 
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 Figure V-2. At a minimum, 26 countries worldwide use artificial recharge with injection wells and infiltration basins dominating the technology. 
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California 
The AR of ground water in California dates back to the late 1800s (Calif. Dept. of Water 
Resources, 2003).  Recharge of alluvial aquifers with storm water runoff through use of 
spreading basins began in the early 1900s, and was a widespread practice by the 1930s (Weeks, 
2002).  The original California Water Plan, completed by the Department of Water Resources in 
1957, contained provisions for importation of water from northern California and storage in the 
southern California subsurface through AR. 
 
Central Coast Hydrologic Region 
Although several large aquifer recharge projects have been implemented as water supply 
projects, many smaller projects were implemented to mitigate saltwater intrusion and land 
subsidence.  Several reservoirs including Hernandez, Twitchell, Lake San Antonio, and Lake 
Nacimiento are operated primarily for the purpose of ground water recharge. 
 
South Coast Hydrologic Region 
At present, approximately 2 million acre-feet (ac-ft) per year of potable water used in Southern 
California are imported from the Colorado River and from sources in the eastern Sierra Nevada 
Mountains and Northern California.  Though reservoirs are the primary storage mechanism, 
management objectives include recharge of ground-water basins from the outflow of some 
reservoirs to maintain streamflow over a longer period of time and thus provide for increased 
recharge of ground water through streambed infiltration.  Recharge is also used to maintain 
seawater intrusion barriers along the Los Angeles and Orange County sections of the coastal 
plain. 
  
Tulare Lake Hydrologic Region (Southern Central Valley)   
The cities of Fresno, Bakersfield and Visalia have ground-water recharge programs to ensure that 
ground water will continue to be a viable water supply in the future.  Extensive ground-water 
recharge programs are also in place in the south valley, especially Kern County, where water 
districts have recharged several million acre-feet since the early 1950s for future use and transfer 
through water-banking programs (Balch and Jans, 1957). 
 
South Lahontan Hydrologic Region (Owens Valley and Mojave Desert)  
Conjunctive use of surface water and ground water is practiced in the more heavily pumped 
basins. Some of the water imported from Northern California by the State Water Project is used 
to recharge ground water in the Mojave River Valley basins. 
 
Colorado River Hydrologic Region   
Conjunctive use of surface water and ground water is a long-standing practice in the region. The 
concept of utilizing ground-water basins in this sparsely populated region for storing water that is 
available during periods of drought is getting much attention. By example, the Hayfield Ground 
Water Storage Project, consisting of 390 acres of spreading basins and 40 extraction wells, will 
eventually store 800,000 acre-feet of Colorado River Aqueduct water and will yield 150,000 
acre-feet annually. 
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Arizona 
Municipalities and special districts manage most of the recharge projects in Arizona with some 
projects partially managed and/or funded by the Bureau of Reclamation.  Recharge is focused on 
unconsolidated to semi-consolidated basin-fill aquifers.  The primary recharge objectives include 
stabilizing ground-water levels to reduce subsidence impacts and to store Arizona’s excess 
Colorado River allotment.  Recharge occurs primarily by injection and infiltration, with volumes 
ranging from approximately 3500 to 200,000 ac-ft per year. 
 
The Granite Reef Underground Storage Project (GRUSP) has used four infiltration basins to 
recharge 194,000 ac-ft per year since 1994. The source water is conveyed via the Central 
Arizona Project Aqueduct. The Vidler Recharge Project, slated to become operational this year, 
proposes to recharge 100,000 ac-ft per year of Central Arizona Project water. The city of Tucson 
artificially recharges a small quantity of treated wastewater and uses it for irrigation. 
 

Florida 
Florida has 13 operating ASR projects using a total of 43 injection wells, most of which are 
located in the southern half of the state (ASR Forum, 2004).  In the Orlando area, a relatively 
impervious surface geologic formation retards natural recharge to the underlying limestone.  Due 
to the lack of adequate surface drainage, a network of wells were drilled into the limestone in the 
1940s to act as surface drains thereby recharging the underlying aquifer (Unklesbay and Cooper, 
1946).   Over 400 such wells are located in the Orlando area (German and Bradner, 1988). 
 

Kansas 
Since 1997, 5 percent of Wichita’s water needs, over 3,000 acre-feet, have been met by an AR 
project administered by the Equus Beds Groundwater Management District (Ziegler and Ross, 
2002; Sophocleous and Buchanan, 2003). Treated source water from the Little Arkansas River is 
piped and transferred to wells, ponds, and other structures where it recharges the Equus Beds 
portion of the High Plains Aquifer, an important source of drinking water for the city of Wichita 
and other cities, and a source of water for irrigation and domestic use in central Kansas. The 
project also keeps the water table high enough to prevent a salt plume (originating from the briny 
Arkansas River) from migrating into the Wichita water-supply well-field. While the project is 
still in its initial stages, it seems to have been successful in artificially moving water from a 
surface source (the Little Arkansas River) into the Equus Beds portion of the High Plains 
Aquifer. The quality of ground water has remained mostly unchanged over the life of the project.  
 

Nebraska 
Ground-water resources in Nebraska occur in alluvial aquifers associated with the Platte River 
and its tributaries, and in the High Plains Aquifer.  Concerns with declining water levels and 
deterioration in water quality, due primarily to agricultural fertilizers, have prompted AR pilot 
studies in several locations in Nebraska.  In 1978, the USGS investigated recharging an alluvial 
aquifer tributary to the Platte River in south-central Nebraska in order to restore water levels.  
Recharge of alluvial aquifers has also been investigated by the Nebraska Water Resources Center 
with USGS support at Platte River and at Aurora by the Old West Regional Council.  Aurora is 
in the Big Blue River basin in southeast Nebraska.  At York, the Upper Big Blue Natural 
Resources District took part in the US Bureau of Reclamation’s High Plains States Groundwater 
Demonstration Project with a pilot study recharging the Ogallala aquifer.  There has also been 
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use of an injection well completed in the Dakota sandstone at Lincoln for storage using water 
pumped from the alluvial aquifer.  It is not clear from the literature whether there are any 
ongoing AR applications at this time in Nebraska. 
 

New Jersey 
The state of New Jersey has nine relatively new ASR projects (ASR Forum, 2004). The nation’s 
first ASR well, operating since the late 1960s, is located at the Wildwood site and is now part of 
a system of four wells. New Jersey utilizes ASR to augment municipal water supplies during 
periods of high demand. 
 

New York 
AR has been practiced on Long Island since the 1930s. To help replenish the aquifer, as well as 
reduce urban flooding and control saltwater intrusion, more than 3,000 recharge basins dispose 
of storm runoff at an average rate of about 150 million gallons per day. Initially, many of these 
basins were abandoned gravel pits, but since 1936 urban planners require developers to construct 
recharge basins with new developments. Practically all basins are unlined excavations in the 
upper glacial deposits and have areas from less than 0.1 to more than 30 acres (Alley and others, 
1999). 
 

Nevada 
The Southern Nevada Water Authority has been using ASR to augment water supply since 1988, 
and is currently cycling 60,000 to 72,000 ac-ft per year.  The program was also designed to 
partially abate a severe ground subsidence problem that has existed in the Las Vegas Valley 
because of excessive ground-water withdrawal over the past several decades. 
 

Texas 
Projects in Texas primarily conduct AR into unconsolidated to semi-consolidated basin-fill 
aquifers.  Municipalities appear to be the primary operators of recharge projects with the primary 
objectives being disposal of treated wastewater and storage of excess seasonal surface-water 
resources.  Injection is the dominant recharge method being used and volumes range from 33 to 
12,000 ac-ft per year.  Several small ASR projects are scattered around Texas, including El Paso, 
Kerrville, and San Antonio.  
 
INTERNATIONAL PROJECTS 
The use of AR internationally is concentrated within developed countries in Europe, the Middle 
East, and in the South Pacific.  A representation of the international recharge projects reviewed 
for this study is presented in figure V-2.  A brief discussion of some of the more significant 
international projects follows. 
 

Australia 
The literature documents several small ASR projects scattered around Australia.  At the Andrews 
Farm project, passively treated storm water is injected into a brackish aquifer to improve water 
quality for irrigation (UNEP, 2004).  At the Burdekin River Delta project, about 50 gallons per 
minute (gpm) of water is pumped from Burdekin River to a distribution network of natural and 
artificial channels for surface infiltration.  The system is the primary water source for the highest 
yielding sugarcane farm in Australia.  In the town of Clayton, one ASR well injects storm water 
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into a limestone aquifer (Gerges and others, 1998).  An AR system using 6 infiltration ponds 
recharges aquifers supplying the town of Newman and iron mining operations of Mt. Newman 
Mining Co (Foo and others, 1989). 
 

England 
The North London Artificial Recharge Scheme provides up to 46,000 ac-ft per year to the 
London area. Surplus surface water from the river Thames and Lee is treated and recharged into 
the Chalk aquifer beneath London (Ramsay, 2002).  In dry summers, the stored water is pumped 
from the aquifers, treated once again and then distributed.  The Chalk aquifer was heavily 
depleted in the early half of the 20th century, but due to a combination of ASR and declining 
industrial water usage, ground-water levels beneath London are actually rising at the rate of 2.5 
m/yr, currently threatening tunnels and building foundations (Oldershaw, 2002). 
 

Germany 
Bank filtration and ground-water recharge have been used for treatment of drinking water for 
more than a hundred years in Germany (Jekel and Heinzmann, 2003).  Approximately 15 percent 
of drinking water in Germany is derived through the bank filtration method of AR (Schöttler, 
1996).  Seventy percent of Berlin’s drinking water comes from ground water that originated from 
surface waters, either by bank filtration or AR (Jekel and Heinzmann, 2003).  Artificial recharge 
is commonly used in Germany to purify water, in combination with chemical treatment 
techniques. 
 

Israel 
In Israel, approximately 70 percent of the national wastewater is reclaimed for use in irrigation.  
The Dan Reclamation projects in the Tel Aviv area, plus several other projects, artificially 
recharge over 200,000 ac-ft per year of treated wastewater into an aquifer for later agricultural 
withdrawals.  The wastewater effluent is first treated and then injected into the ground for soil 
aquifer treatment.  The system also helps prevent seawater intrusion (Oron, 2002). 
 

Netherlands 
Various forms of AR have been operating in the Netherlands since 1957.  About 5 percent of the 
country’s drinking water is Rhine bank infiltrate, and 14 percent is pretreated surface water from 
the Rhine and Meuse Rivers that is artificially recharged in 25 recharge basins within dune areas 
(Stuyfzand and Kooiman, 1996; Schijven and others, 1999).  Recharge to spreading basins 
accounts for around 120,000 ac-ft per year.  A deep well infiltration plant also operates in the 
dune area, west of Amsterdam (Stakelbeek and others, 1996).  In this system pre-treated surface 
water is injected into semi-confined aquifers at greater depths (50-100 meters). 
 

Sweden 
Approximately 25 percent of Sweden’s public water supply is derived from artificially recharged 
ground water (Sundlöf and Kronqvist, 1992).  Most AR recharge plants in Sweden are located in 
glaciofluvial deposits.  Sweden’s first artificial ground-water recharge system was developed in 
the 1890s by J.G. Richert in Gothenburg utilizing recharge through an old gravel-pit 
(Gudmundson, 1971).  
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VI. Inventory of Artificial Recharge Projects in Colorado 
 
In 1990, the Western States Water Council reported that there were over 150 existing AR 
facilities operated by municipalities, ditch companies, water supply districts, and other public 
agencies in Colorado (WSWC, 1990).  The CGS used this as a benchmark for conducting an 
inventory of current AR facilities for this investigation.  The results of the inventory have 
confirmed that there are more than 150 individual recharge sites in Colorado, if not many more.  
However, many of the individual sites that make up this impressive number should be considered 
parts of larger AR systems, as will be described for the lower South Platte River basin and San 
Luis Valley. 
 
The compilation of an inventory of AR projects in Colorado consisted of conducting a thorough 
literature search of geologic and water-resource publications as well as interviewing personnel in 
a number of state agencies and local water entities.  Personnel from the following entities were 
interviewed: 

• Division of Water Resources (DWR) – including technical staff at the main office in 
Denver, each of the seven division engineers, and select district commissioners;  

 
• Water Conservancy Districts – established to construct, pay for, and operate water 

projects in a number of regions in the state; and 
 

• Water providers – individual water providers identified during the literature search or 
other interviews. 

 
Water rights tabulations were researched (at the DWR) for water rights that include recharge as a 
decreed beneficial use.  Using water rights alone as an indication of AR can be misleading, since 
that right may not have been exercised.  Water rights listings did, however, provide a good 
source of leads for subsequent interviews. 
 
The intent of this inventory is to understand the current extent of AR application in Colorado.  
AR projects identified in the inventory are divided into two categories: 1) recharge operations 
that are currently active, and 2) projects that are currently inactive, whether they be one-time 
pilot studies, operations that have since been terminated, or proposed projects that are only in the 
initial planning stages. 
 
Active Recharge Operations 
Currently, the application of AR in Colorado is somewhat limited in scope and geographical 
distribution due primarily to a lack of incentives to implement AR, which may include a paucity 
of source water.  Table VI-1 lists the active AR projects in Colorado, identified by this 
inventory, with their locations shown in Figure VI-1.  In locations where AR has been 
recognized as a useful tool in water management and a water source has been present, the 
applications have evolved to meet a number of objectives. 
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 Figure VI-1. This map shows the locations of 16 individual sites and two regions identified in the inventory (Table VI-1) where artificial recharge is currently 
being implemented in Colorado. 
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This inventory has identified 19 active AR operations within the state (Table VI-1).  The actual 
number of specific points of recharge is much higher.  For purposes of this inventory, AR 
projects within common management regions such as the San Luis Valley and lower South Platte 
River basin are treated as single operations because the objectives, technologies, and operations 
within the regions are similar.  Furthermore, the many individual sites within the two regions are 
poorly documented and, therefore, difficult to inventory in detail. 
 
Recharge volumes for all of the individual sites are not readily available.  However, recharge 
volumes have been obtained for AR operations in the Denver Basin, decreed ditch companies in 
the San Luis Valley, and lower South Platte River basin.  Total recharge volumes for these 
operations over the period of 1992 through 2002 are listed in Table VI-2.  As shown, the annual 
recharge volumes range from just over 65,200 acre-feet (ac-ft) in 1992 to a high approaching 
285,000 ac-ft in 1995.  The total volume of water recharged by these operations alone for that 
period is approximately 2.4 million ac-ft.  The statewide total is likely to be somewhat higher 
taking into account the individual sites for which records could not be obtained. 
 
The following discussion will first address regional AR activity in the lower South Platte River 
basin and San Luis Valley, both areas where many individual AR sites create large AR systems.  
Next will be a brief discussion of emerging application of ASR technology in the Denver Basin.  
Lastly, there are a number of relatively small AR operations at other locations in the state that 
meet various objectives.  
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Table VI-1.  Active Artificial Recharge Sites in Colorado 
 

Objective Technology 

ID Site Operator Basin/Aquifer System 
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CAS 1 Animas Springs Individual owners of small 
capacity wells 

Animas River Unknown X     X    

CPG 1 Cache le Poudre Gravel Pits  Gravel quarry operators Cache la Poudre Unknown  X    X    

CPA 2 Castle Pines Castle Pines Metropolitan 
District 

Denver Basin / 
Arapahoe Aquifer 

1998 X     X       X   

CNT 1 Centennial Denver Basin ASR Centennial Water District Denver Basin / 
Arapahoe, Denver, 
Laramie-Fox Hills 
Aquifers 

1992 X     X       X   

CRS 1 Clear Creek Recharge Ponds Coors Brewing Company Clear Creek Alluvium ~ 1988  X X   X    

CEC 1 Eastern Colorado Plains Ground Water 
Management District 

High Plains / Ogallala 1971       X   X       

CGR 1 Gold Run Ditch Individual owners of small 
capacity wells 

East Fork Mancos 
River 

Unknown X     X    

CIH 1 Indian Hills Indian Hills Water District Turkey Creek 1963- X   X    X       

CLY 1 Leyden Coal Mine City of Arvada Boulder Creek 2003- X       X  
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Table VI-1.  Active Artificial Recharge Sites in Colorado (Cont’d) 
 

Objective Technology 

ID Site Operator Basin/Aquifer System 
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CPD 1 Palisade Public Water Palisade Public Works Colorado River Prior to 1963 X   X   X X       

CUO 1 Parachute Gravel Pits Union Oil Parachute Creek Unknown  X    X    

CRD 1 Ridgway Public Water Town of Ridgway Gunnison Prior to 1963 X   X   X X       

CSL 1 Salida Public Water Salida Public Works South Arkansas Prior to 1963 X   X   X X       

CSV 1 San Luis Valley Closed Basin 
Irrigation Management 

Five ditch companies:  Billings, 
Farmers Union, Prairie l, Rio 
Grande, and San Luis Valley.   

San Luis Valley Approx. 1977 X X    X   X       

CSV 2 San Luis Valley Rio Grande 
Water Users 

Six ditch Companies: 
Centennial, Empire, Farmers 
Union, Monte Vista, Prairie, Rio 
Grande Canals 

San Luis Valley 1980 X X X X   X       

CKS 1 Snake River Recharge Keystone Resorts Snake River Unknown X   X  X    

CSP South Platte Irrigation 
Management 

Twenty-seven ditches 
companies, at least 79 sites 

South Platte River 
Basin 

1939 X X   X   X       

CTM 1 Tamarack Wildlife Area Colorado Division of Wildlife South Platte River 
Basin 

1979 X X     X X       

CTL 1 Tarryall Recharge Centennial Water District Tarryall Creek Unknown  X    X    



Artificial Recharge of Ground Water in Colorado 
A Statewide Assessment  

 

40 

Table VI-2. 
Recharge Volumes for the Denver Basin, San Luis Valley, and the Lower South Platte River Basin 

(in acre feet) 
 

Denver Basin San Luis Valley 4) South Platte Basin 5) 
Centennial ASR 2) San Luis Valley, Closed Basin 
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Total South 
Platte Basin

Total 
Colorado 

1992     79   143 222 22,773 18,648 65,267 106,688 14,334 121,022 80,634   80,634 201,878 
1993     5   300 305 41,923 24,550 85,926 152,399 10,729 163,128 80,472   80,472 243,905 
1994     70   310 380 39,497 20,084 70,294 129,875 10,299 140,174 68,995   68,995 209,549 
1995     186   328 514 51,275 29,300 102,551 183,126 11,741 194,867 89,508   89,508 284,889 
1996     652   201 853 22,615 14,547 50,914 88,076 19,955 108,031 90,571   90,571 199,455 
1997   24 1,166     1,190 58,409 22,555 78,944 159,908 13,340 173,248 96,734   96,734 271,172 
1998 153 86 1,168     1,407 19,634 20,134 70,468 110,236 0 110,236 102,888   102,888 214,530 
1999 71 62 663     796 57,459 27,389 95,860 180,708 19,236 199,944 116,584   116,584 317,325 
2000 11 215 803     1,029 17,823 12,088 42,309 72,220 5,162 77,382 78,946   78,946 157,357 
2001 10 227 549     786 42,332 No Report No Report 42,332 7,452 49,784 148,548 2,140 150,688 201,257 
2002 0 68 197 111   376 0 No Report No Report 0 5,906 5,906 55,471 3,424 58,895 65,177 
Total  245 682 5,538 111 1,283 7,858 373,740 189,295 662,533 1,225,568 118,153 1,343,721 1,009,351 5,564 1,014,915 2,366,494 

 
Notes: 
1) Source: Jehn Water Consultants, unpub data, August 2003 
2) Source: Rick Mcloud, unpub data, August 2003  
3) Source: Halepaska, J.C. and Assoc, 1997  
4) Source: Steve Vandiver, unpub data, October 2003 
5) Source: Jim Hall, unpub data, October 2003 
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Lower South Platte River Basin 

Associated with the South Platte River and its tributaries are Pleistocene alluvial and eolian 
deposits covering an area of over 4,000 square miles (Figure VI-2).  These deposits form a vital 
aquifer in what is referred to as the lower South Platte River basin (LSPRB), which extends from 
the foothills of the Rocky Mountains east to the state’s border with Nebraska.  The same 
geographic region also hosts more than 60 percent of Colorado’s population and a thriving 
agricultural economy that rely on both surface water from the South Platte River and ground 
water from the underlying alluvial aquifer for crop irrigation, municipal supplies, and industrial 
uses.  A complex system of water distribution canals and ditches has evolved since the late 19th 
century to distribute that water while several diversion and reservoir projects have been 
constructed to import and store more than 1.5 million ac-ft of water. 
 
The alluvial aquifer is estimated to hold as much as 8.3 million ac-ft of water, and over 3,200 
wells tapping the alluvial aquifer extract as much as 0.6 million ac-ft per year (Topper and 
others, 2003).  Furthermore, wells in this alluvium can yield up to 3,000 gpm (CWCB, South 
Platte River Basin fact sheet). 
 
AR is being used extensively throughout the LSPRB as part of a number of augmentation plans 
and substitute supply plans.  Most of the alluvial wells have original water rights that are junior 
to the majority of the surface-water diversions.  The augmentation and substitute supply plans 
that incorporate AR allow those junior rights to continue to pump ground water, and therefore to 
continue to irrigate their crops, even when their original water rights are out-of-priority.  This 
application of AR relies on lagged replacement of water to the mainstem of the affected river.   
Water from ditches, and to a lesser extent from wells, is recharged through infiltration ponds, dry 
streambeds, leaky reservoirs, and leaky ditches.  When possible, distances between point of 
recharge and the river are selected to time the replacement to the river when natural flows are 
generally low.  Recharge site selection utilizes stream depletion factors (SDFs) that have been 
calculated and mapped for the entire reach of the LSPRB by the USGS (Hurr and others, 1972a, 
1972b, 1972c, 1972d, 1972e, 1972f).   
 
Although the primary objective of AR in the LSPRB is to meet legal obligations, there is also a 
component of water storage involved.  Many of these recharge projects allow greater utilization 
of the agricultural water in the LSPRB, so that water is available during high demand times 
(April-October).  These projects also promote aquifer restoration by mitigating decreasing water 
levels.  In fact, the original application of AR in the LSPRB at Olds Reservoir (COR-1 in Figure 
VI-2) in 1939 was done with the objective of restoring declining water levels (Skinner, 1963).  
Water levels in the aquifer had decreased by up to 36 feet as of 1970, prior to widespread 
application of AR (Topper, and others, 2003).  Since that time the rate of water-level decline has 
appeared to decrease, much of which may be attributable to increased use of AR.  
 
Artificial recharge in the LSPRB has been an active part of ground-water management since the 
1940s, when Olds Reservoir was first utilized, although recharge incidental to agricultural land-
use had occurred prior to that.  Leaky irrigation ditches and reservoirs have been unofficially 
recharging the aquifer since they were first constructed.  Most of the AR projects in the LSPRB 
were initiated in the late 1970s to mid 1980s.  The actual number of individual AR sites currently 
active in the LSPRB is difficult to tally.  New sites are being added while others are taken out of 
service (R.V. Stroud, pers. com., 2003), and the number is always changing.  Furthermore, most 
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individual sites have not been documented in the literature outside of individual court decrees 
and substitute supply plans.   
 
Warner and others (1994) described 54 individual sites, identified in Figure VI –2, operated by 
17 organizations and individual farmers.  The organizations cited by Warner that operate 
recharge sites include 

• Central Colorado Water Conservancy District, 
• Henry Lyn Irrigation Company, 
• Ground-Water Appropriators of the South Platte (GASP), 
• Bijou Irrigation Company, 
• Fort Morgan Reservoir and Irrigation Company, 
• Pioneer Water and Irrigation Company, 
• Upper Platte and Beaver Canal Company, 
• Lower Platte and Beaver Canal Company, and 
• Riverside Irrigation Company. 

 
Artificial recharge as augmentation along the LSPRB is being implemented in Water Districts 1, 
2 and 64, all within Division I.  Records from DWR Division 1 indicate that, as of September 
2003, there are 27 ditches along which AR is being implemented (shown in Figure VI -2), and 
that there are 79 designated recharge locations (Jim Hall, oral commun. and unpublished data, 
2003).  The water rights database lists 118 water rights for Water Districts 1, 2, and 64 that 
include AR as a beneficial use.  Since 1992, annual recharge totals along the LSPRB have ranged 
between 58,900 to 150,700 ac-ft per year and over 1.0 million ac-ft have been recharged as part 
of augmentation to the tributary system. 
 
The Colorado Division of Wildlife (DOW) owns and operates the Tamarack Ranch State 
Wildlife Area on the south side of the South Platte River in Logan County (CTM-1 in Figure VI-
2).  In cooperation with the Colorado Water Conservation Board and a coalition of water users, 
AR is being implemented at Tamarack Ranch as part of an augmentation plan that allowsthe 
DOW to divert water to maintain wildlife habitat (Watt, 2003a).  The Tamarack AR project is 
also a main component of the State of Colorado proposal for a recovery program for endangered 
species in Nebraska.  Recharge ponds are filled by discharge from wells completed near the 
South Platte River.  This site is listed as a separate site in the inventory since wildlife habitat 
maintenance is the primary objective of the ranch, although the operation of AR at the ranch for 
augmentation is similar to AR operations throughout the LSPRB.  It is also significant that the 
recharge basins utilized at Tamarack are located in the sand hills formed on eolian deposits that 
overlie the alluvium south of the valley. 
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