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EXECUTIVE SUMMARY

Lytle Water Solutions, LLC (LWS) has completed a multi-phase investigation of the feasibility and
benefits of aquifer storage and recovery (ASR) technologies at applicable Cheyenne Board of Public
Utilities (BOPU) well fields. This Managed Aquifer Recharge, Storage and Recovery Project
(Project) was jointly sponsored by BOPU and the Wyoming Water Development Commission
(WWDC). LWS was assisted in this study by States West Water Resources Corporation (States
West) of Cheyenne, Wyoming and Hahn Water Resources, LLC (HWR) of Evergreen, Colorado. 

The BOPU operates four separate well fields that cumulatively produce approximately 30 percent
of the water used to meet potable demands (based on 2003 Master Plan figures prepared by Black
and Veatch, 2004).  BOPU primarily uses its well field to assist with meeting peak demands during
the summertime and for blending at the water treatment plant to help meet treated drinking water
quality parameters. However, these well fields, with wells primarily completed in the Ogallala
aquifer, are experiencing water level declines and it is LWS’ conclusion that the observed declines
in the BOPU wells are causing well production loss. The long-term reliability and sustainability of
these well fields could be maintained or increased if ASR technologies could be effectively
implemented. Therefore, this study has evaluated available hydrologic, geologic, hydrogeologic,
water quality, and water availability data to initially assess the ability of applicable ASR technologies
to increase sustainability of the aquifers at each of BOPU’s well fields. One of the keys to evaluating
the effectiveness of ASR technologies is selecting suitable sites where recharged water can benefit
the well field, and the water can be maintained under the dominion and control of BOPU.

While each of BOPU’s well fields and several ASR technologies (rapid infiltration basins (RIBs)),
vadose zone wells, and injection wells) were evaluated as part of the initial assessment, only the Bell
and Happy Jack well fields were identified as good candidates for ASR technologies for this pilot
study, and only the ASR technologies of RIBs and injection wells. These well fields are good
candidates for ASR, as they produce most of the ground water BOPU uses, they have good
hydrogeologic characteristics, and they are located in close proximity to pipelines which carry BOPU
surface water supplies. The Federal well field was not considered to be a good candidate for ASR
technologies due to unfavorable hydrogeologic conditions and the Borie well field was not
considered a good candidate for ASR technology due to hydrogeologic conditions and the presence
of trichloroethylene (TCE) in the ground water in some areas of the Borie well field. 

After the screening process had been completed, LWS provided a draft Technical Memorandum on
the results of the screening process, and a meeting was held on April 13, 2009 to discuss the results
of our ASR analyses. LWS’ recommendations included evaluation of the construction of two pilot
facilities at the Bell well field, either a RIB or a vadose zone well, and an ASR well located
approximately in the vicinity of Bell 8, Bell 11, or Bell 12. For the RIB, it was determined that
recharge water for the pilot study could be delivered from North Crow Reservoir without treatment,
and could be delivered through a pipeline lateral or by conveyance in Crow Creek. LWS also
recommended the Happy Jack well field for construction of both an ASR well and a RIB. The ASR
well was proposed to be in the vicinity of either the King 2 or Koppes 3 well and 
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the RIB to be in the vicinity of the Koppes 2 well. Since it was not practical or economical to deliver
surface water for a proposed pilot study at the Happy Jack well field, it was concluded that the source
water for the Happy Jack well field RIB  and  ASR  well  would  be  other  Happy  Jack wells.   From
these recommendations, the study team decided to pursue an ASR well at Bell 8 and a RIB near Bell
5, as well as a RIB near Koppes 2 in the Happy Jack well field. With these selections, permitting
then proceeded for these sites.

A number of permits had to be obtained, both from the Wyoming State Engineer’s Office (SEO) and
the Wyoming Department of Environmental Quality (DEQ). While the necessary permits were
obtained from the SEO in a timely manner, separate permitting had to be pursued with the DEQ for
a RIB and for the ASR well. For the RIB, permits had to be in compliance with Chapter 7, Section
17 and Chapter 11 of the Wyoming Water Quality Rules and Regulations, while for the ASR well,
the permit application to the DEQ had to be for an Underground Injection Control (UIC) permit.
While LWS was able to obtain DEQ permits for the RIB at the Happy Jack well field and the ASR
well at the Happy Jack well field, it was not able to obtain a RIB permit on the Bell well field
because the permit requires a signature from the landowner, which was not obtained. 

The permit for the Happy Jack RIB was approved by the DEQ on August 25, 2009, and construction
of facilities related to the RIB pilot study commenced thereafter. Initially, six test pits were
excavated to evaluate the variability and near-surface geologic conditions that could affect the
infiltration capacity of the RIB. Based on the results of the test pits, an approximate 0.5-acre RIB was
sited adjacent to the Koppes 2 well house. The RIB was completed on November 11, 2009, along
with the necessary piping to provide source water from the Koppes 2 well to the RIB, and the
instrumentation in the RIB for monitoring during the pilot study.

Concurrent with the construction of the RIB, four monitoring wells were installed to track water
level changes as a result of recharge in the RIB. Two monitoring wells were completed in the
Ogallala aquifer (ASR-1 Deep and ASR-2 Deep) to monitor how water levels would change in the
Ogallala aquifer as a result of the recharge. In addition, based on the geologic logs obtained from
drilling the wells into the Ogallala aquifer, overlying clay layers in the unsaturated zone were
identified, as they could impede the vertical movement of water infiltrating from the RIB to the
underlying Ogallala aquifer. Based on the locations of these overlying clay layers, monitoring wells
were installed immediately above each of the major clay layers in the unsaturated zone so that water
level buildup and water movement through the clay layers could be monitored. These two monitoring
wells (ASR-1 Shallow and ASR-1 Middle) monitored the zone above clay layers at 17 feet and at
44 feet, respectively. Each of these monitoring wells, in addition to a stilling well in the RIB, were
equipped with data loggers and pressure transducers so that water levels were continuously
monitored throughout the pilot study at each location. In addition, water quality monitoring occurred
on a monthly basis at each of the monitoring points to evaluate any significant changes in water
quality that potentially could be the result of recharge operations in the RIB. 
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The RIB pilot study commenced on December 15, 2009 and continued through June 19, 2010. RIB
infiltration rates were generally high throughout the course of the pilot study, ranging from
approximately 1 foot  per  day  (ft/day)  to  1.8 ft/day.  While  the  two  shallow  monitoring  wells
completed in the unsaturated sediments above the Ogallala aquifer (ASR-1 Shallow and ASR-1
Middle) were initially dry, a water table was established in just one day after the initiation of the
filling of the RIB at ASR-1 Shallow  well. Within approximately two weeks, the entire zone from
the first clay layer up to the bottom of the basin was saturated. Approximately two days after
observing the full saturation of the sediments above the first clay layer, a water table was established
above the second clay layer, as observed at the ASR-1 Middle well. Approximately 45 feet of
saturation, from the top of the lower clay to the base of the upper clay, occurred over the next two
months. However, while water saturation was very evident in the unsaturated zones above the
Ogallala aquifer, during the course of the six-month pilot study there was never any significant,
measurable water level response in either of the monitoring wells completed in the Ogallala aquifer.
The data available to LWS as part of this pilot study suggest that water percolating from the RIB was
perched on the second clay layer and did not reach the Ogallala aquifer, or the water from the RIB
was recharging the Ogallala aquifer at a location further away from the deep monitoring wells. In
either case, there were no observed water level changes in the Ogallala aquifer as a result of the
recharge from RIB. The total volume of water recharged from the RIB during the pilot study was
109.7 acre-feet (ac-ft). 

Discussions were held during the course of the pilot study with the study team as to the means which
could be used to more effectively recharge the Ogallala aquifer when there are intervening clay
layers. A proposal was made to the DEQ UIC to modify the Happy Jack RIB by installing a rock
chimney, i.e., a borehole filled with higher-permeability porous media that would penetrate through
the low-permeability zones to the unsaturated Ogallala aquifer. This rock chimney would allow
water to move more freely through the lower-permeability porous media and recharge the underlying
Ogallala aquifer. Since a rock chimney is just a modified, and higher-permeability, porous media that
would still provide 115 ft of filtering prior to reaching the local water table, we believe that this
would provide a significant benefit to recharge at the RIB. However, the DEQ rejected this proposal
because it felt that the construction of rock chimneys in the RIB would not have allowed for
sufficient protection of the ground water and that a rock chimney would not meet DEQ construction
standards for a well. Therefore, the enhancement of RIB recharge by using a rock chimney was not
able to be evaluated as part of this pilot study. 

Based on the geology of the Ogallala unsaturated sediments, with low-permeability strata, recharge
through RIBs may have limited success. However, if recharge can be enhanced through rock
chimneys, RIBs could provide a very cost-effective ASR technology.
 
Water quality samples were taken on a monthly basis during the course of the RIB pilot study. While
there were a few sporadic positive total coliform results in the monitoring wells, it was determined
that they were not caused by the recharge activities. There were no other significant changes in water
quality observed as part of this study. This was not an unexpected result, as the source water for the
RIB was the Koppes 2 well, which is also sourced from the Ogallala aquifer.
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At the conclusion of the RIB pilot study, the RIB was filled in, the land re-contoured and re-seeded,
and the Koppes 2 well was retrofitted to its pre-study configuration. 

It was originally anticipated that an ASR well would be evaluated as part of the pilot study on a
parallel basis with the RIB pilot study. However, when the ASR well at the Bell well field was
initially rejected because the approval of the landowner could not be obtained, an ASR well pilot
study was not pursued due to the lack of another suitable location. However, in January 2010 it was
determined that an in-line retrofit could be completed that would allow sufficient back pressure  at 
the  Koppes  3  well  to  facilitate  injection  at  that  location.   Therefore,  LWS  was requested to
initiate the necessary DEQ UIC application for retrofitting the Koppes 3 well for injection and
conducting a pilot study at this well. On April 1, 2010, a Permit by Rule Authorization was granted
by the DEQ and construction of the ASR well pilot study facilities commenced thereafter.

On June 15, 2010, the Koppes 3 well was retrofitted to allow both pumping and injection to occur
at this well. In addition to the pump and pump column currently installed in the Koppes 3 well,
which allows pumping of the well, a second pipe to allow injection into the well was also installed.
These two pipes then facilitated injection cycles being completed, whereby water would be injected
into the Koppes 3 well for a period of time and then the well would be pumped periodically to
evaluate the efficiency of the injection process and to clean the Koppes 3 well. 

At the same time, two new monitoring wells were completed at varying distances from the Koppes
3 well (123 and 190 feet) so that monitoring of injection head buildup and pumping drawdown could
be observed away from the injection well. In addition, the old Koppes 3 well, located 73 feet from
the Koppes 3 injection well, was retrofitted to allow monitoring of water levels in that well.
Therefore, monitoring was provided at distances of 73, 123, and 190 feet from the injection well. 

Prior to the initiation of injection at the Koppes 3 well, a constant-rate discharge test was conducted
on June 24, 2010 so that current aquifer hydraulic characteristics could be developed to provide a
baseline against which the injection process could be evaluated. After the pre-injection pump test
was completed, four injection runs and associated pump cycles were completed as part of the pilot
study. The results of the injection runs indicate that this ASR technology may be very applicable for
the BOPU well fields, as water was accepted by the Ogallala aquifer very efficiently, without
significant head buildup, and the intervening pump cycles indicated that there were essentially no
clogging issues associated with the injection process.  In fact, the injection process indicated greater
than 99 percent efficiency.  A total of 93.6 ac-ft of water was injected into Koppes 3 during this pilot
study.

Limited water quality monitoring during the ASR well pilot study indicated no significant changes
in water chemistry, which was to be expected, given that Ogallala aquifer water was being injected
back into the Ogallala aquifer. 
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While it was originally intended that both the RIB and the ASR well pilot studies would be
conducted in parallel during the same six-month period, due to the delays in permitting the ASR
well, the pilot studies were actually conducted in a series. Because of this, the fixed budget for the
study  did  not  allow  for  a  full  six-month  pilot  study  of  the  ASR  well.   ASR  operations 
commenced on July 1, 2010 and were completed on September 29, 2010. While a full six-month
pilot study was not completed for the ASR well, LWS believes that it obtained sufficient information
to evaluate the applicability of deep well injection for further research and/or a full-scale project. 

The following conclusions and recommendations are made related to RIBs and ASR wells:

(1) The Ogallala aquifer is currently experiencing water level declines in most of the
BOPU wells.  These declines may be related to a number of factors, such as climatic
variability, regional production from the Ogallala aquifer, and/or local production
from some wells which exceeds the local recharge. Recharge operations, such as
through a RIB and/or an ASR injection well, can help forestall or reverse these water
level declines. 

(2) An evaluation of BOPU’s future expected water supplies and demands (2003 Master
Plan) indicate that there will most likely be years where there is sufficient excess
water available for a full-scale recharge operation. It has been our experience that one
of the principal drawbacks to a successful recharge operation is having sufficient
excess water supplies. Therefore, BOPU is in an excellent position to operate a full-
scale recharge operation, given the potential for significant excess future water
supplies. 

(3) To be applicable for BOPU, ASR technologies need to improve the reliability and
sustainability of the Ogallala aquifer and have to be located such that dominion and
control of the water can be shown so the recharged water can be put to beneficial use.

(4) Suitable means are currently available to convey water to the BOPU well fields for
recharge and to treat the water, if necessary (ASR injection wells), as both raw
untreated water and treated drinking water are in close proximity to the Bell and
Happy Jack well fields. It has been our experience that infrastructure costs can
sometimes make recharge operations prohibitive, due to extensive retrofitting and/or
installation of pipelines and/or treatment. Therefore, BOPU having minimal
additional costs related to either infrastructure or treatment makes further
consideration for recharge operations through a RIB and/or ASR well economically
feasible.
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(5) Both the RIB and ASR recharge technologies show significant promise, especially
compared to other projects that the LWS team has completed. The infiltration rates
that were observed at the RIB were very high and were sustained over a six-month
period with no operation and maintenance issues associated with the RIB.  Similarly,
the ASR injection well operated at a very high efficiency, with very little cleaning
required in the pump cycles between the injection runs.  

(6) If BOPU wishes to further evaluate RIB applicability in the BOPU well fields, we
would recommend scheduling a meeting with the DEQ to discuss the potential for
improving RIB recharge efficiency by enhancing vertical flow movement, possibly
through the use of modified rock chimneys, vadose zone wells, a deep sump, or other
similar concepts. 

(7) LWS believes that ASR injection well technology is very applicable and efficient in
the Ogallala aquifer, and would recommend further research relative to higher rates
of injection that can be achieved. The head buildup responses observed in this pilot
study indicate that a highly efficient ASR process can be developed at the BOPU
wells when compared to other ASR projects that we have completed.

(8) Laboratory column testing to evaluate the leaching potential of constituents from the
soil profile should be completed prior to any full-scale RIB or ASR injection well
operation using surface water supplies to understand water quality compatibility
issues. It has been our experience that chemical compatibility can be an issue
between source water and aquifer water at times, so potential issues should be
identified prior to proceeding with any full-scale project.

(9) In addition to assessing the chemical compatibility between the source water and the
aquifer water, the relative treatment requirements between a RIB operation and an
ASR injection well need to be understood. It is likely that no treatment will be
required at a RIB, other than potentially having a forebay to settle out solids when a
surface water source is being used. Conversely, water treatment will be required for
an ASR injection well, as it is anticipated that a Class V UIC Permit will be required.
Class V UIC Permits allow the injection into an aquifer used for potable purposes;
therefore,  the injection water has to be of potable quality. While the Sherard Water
Treatment Plant can provide this treatment, there is the additional cost of transporting
the treated water back to ASR injection well sites.

(10) While treatment is required in an ASR injection well, recharge to specific locations
in the aquifer can be controlled more efficiently and directed to where supplemental
water needs to be provided to the aquifer to sustain productivity and sustainability.
Therefore, treatment costs and the ability to direct recharge efforts are offsetting
factors in evaluating which recharge technologies are most applicable for the BOPU
well fields. 
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(11) Cost/benefit analyses should be conducted relative to (a) the availability of water, (b)
the means to deliver water to recharge site(s), whether it is a RIB or an ASR injection
well, (c) the cost of treatment, and (d) the cost of infrastructure. These costs need to
be weighed against the expected increase in sustainability and the reliability of the
BOPU well fields as a result of sustained recharge. 

(12) If BOPU is interested in the further pursuit of ASR technologies, LWS can arrange
for you to visit the sites of ongoing ASR injection well operations and potentially
also RIB operations.

In conclusion, we believe that the pilot studies on ASR technologies were very successful in
advancing the knowledge of what types of recharge may be beneficial for the BOPU well fields to
increase their reliability and sustainability.
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FINAL REPORT

MANAGED AQUIFER RECHARGE, STORAGE

AND RECOVERY PROJECT

INTRODUCTION

The City of Cheyenne Board of Public Utilities (BOPU) retained Lytle Water Solutions, LLC (LWS)

to conduct a multi-phase investigation of the feasibility and benefits of aquifer storage and recovery

(ASR) at one or more of BOPU’s well fields, based on an evaluation of the applicability of the ASR

technologies. This investigation is being jointly sponsored by BOPU and the Wyoming Water

Development Commission (WWDC).  Assisting LWS in this study effort are States West Water

Resources Corporation (States West) of Cheyenne, Wyoming and Hahn Water Resources, LLC

(HWR) of Evergreen, Colorado. 

The BOPU has undertaken this project to assess whether there are existing ASR technologies that

can maintain and/or improve well yields, and the sustainability of these yields, at BOPU’s existing

well fields. Therefore, the primary objectives of this Managed Aquifer Recharge, Storage and

Recovery Project (ASR Project) were to identify feasible ASR technologies for the given

hydrogeologic conditions and then to construct and implement pilot ASR studies to evaluate if these

technologies can provide a long-term benefit to the BOPU well fields through the implementation

of a full-scale ASR project(s). Results from the pilot studies were then used by LWS to provide

recommendations on the feasibility of ASR technologies to be implemented on a full-scale basis.

Pilot studies, while conducted on a small scale for specific ASR technologies, can provide very

useful information regarding whether these technologies are worthy of further research and/or full-

scale implementation. This study provided such useful information, as described herein.

This Final Report details the work that was conducted for the ASR Project.  

BACKGROUND

The City of Cheyenne (City) is located in southeastern Wyoming and, and according to the recent

United States Census, has a population of approximately 57,500. However, BOPU has a current

water service area population of approximately 70,000.  The BOPU is responsible for providing

affordable water that meets all standards for quality and safety to the City. Historically, the BOPU

has operated four well fields to help meet part of this demand. The Federal well field is completed
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in the White River aquifer, while the Bell, Borie and Happy Jack well fields are primarily completed

in the Ogallala aquifer.  In June 2003, the BOPU and the City purchased 17,000 acres directly south

of the Borie well field, known as the Belvoir Ranch property. This property includes several wells

completed in the Ogallala aquifer that may be used to help meet demand in the future; however, at

this time they are adjudicated as irrigation only wells and cannot be used for municipal purposes.

Water supply potential from the underlying Casper Formation is also being evaluated at the Belvoir

Ranch. There is currently no infrastructure connecting the existing Belvoir Ranch wells to the BOPU

treatment and distribution system.  Figure 1 shows an overview of the five well fields and the

pipelines used to deliver water to the City.  Appendix A shows the individual well and pipeline

details for the four well fields that are currently used to meet demands.

From 1941 to 2002 the average annual well field production was 3,400 acre-feet per year (ac-ft/yr). 

This amount has increased as the City has grown.  From 1991 to 2000 the average annual withdrawal

of ground water was approximately 4,860 ac-ft/yr, or approximately 30 percent of the water used to

meet 2003 projected potable demands (BOPU 2003 Master Plan, prepared by Black and Veatch,

2004).  In addition to BOPU’s municipal use of ground water, the BOPU 2003 Master Plan

estimated approximately 14,000 ac-ft of additional non-municipal pumping in the vicinity of the

BOPU well fields by others, which competes for the overall ground water supply.    The consistent

withdrawal of water from the BOPU well fields, combined with the increased demand for ground

water for non-municipal uses by others, has resulted in ground water declines and subsequent

declines in well yields. 

Figure 2 shows the historic water levels at the United States Geological Survey Bell 14 (Bell well

field), King 3 (Happy Jack well field), and Borie (Borie well field) monitoring wells.  As Figure 2

indicates, over the last 15 years water levels have dropped approximately 30, 20, and 20 feet (ft) at

each site, respectively. While there are no systematic long-term water level measurements in the

Federal well field, limited water level data from the time when the wells were installed to today

indicate that a similar decline in water levels is occurring in the Federal well field. 

The use of ground water will continue to  play an important role in meeting the City’s demands as

it continues to grow into the future.  The BOPU is concerned about ongoing declining water levels

and the long term life of the White River and Ogallala aquifers; therefore, it would like to know if

ASR technologies can be used to maintain or increase water levels and extend the useful life of the
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aquifers in its well fields. Using available hydrologic, geologic, hydrogeologic, water quality, and

water availability data, LWS initially evaluated the ability of each ASR technology to potentially

increase sustainability of the aquifers at each of BOPU’s well fields. This analysis ultimately resulted

in the construction/retrofitting of two ASR pilot facilities, a rapid infiltration basin (RIB) in the

Happy Jack well field and an injection well in the Happy Jack well field.

HYDROGEOLOGIC SETTING

BOPU’s well fields lie to the west of the City.  This area is situated on the northwestern, upturned

edge of the Denver Basin. The rocks and sediments in this area generally dip to the east and south

(American Association of Petroleum Geologists, 1972). The well fields are bounded on the west by

the Laramie Range. The Laramie Range exposes granites, gneisses, and schists of Precambrian age

(Lowry and Crist, 1967). The oldest sedimentary rocks in this area include sandstones, siltstones, and

limestones, and include the Casper Formation. These rocks are exposed on the eastern flank of the

Laramie Range. The beds are generally steeply tilted and, in some cases, overturned.

Figure 3  shows the surface geology over the area containing BOPU’s well fields. All but the Federal

well field, and portions of the Belvoir Ranch well field, are located in areas underlain by the Ogallala

Formation. The Federal well field overlies an area that has been mapped as the White River Group.

The westernmost limits of the Belvoir Ranch well field overlie rocks mapped as Casper Formation. 

Therefore, the rocks and sediments of interest in this investigation have been limited to  the Tertiary-

aged White River Group and the Ogallala Formations, and the Paleozoic-aged Casper Formation.

Also shown in Figure 3 are deposits of Quaternary-aged stream alluvium. These are limited in extent,

low-yielding, and unsaturated in some locations and are, therefore, not of interest to this

investigation.

The White River Group has a relatively uniform composition, consisting of massive, brittle siltstone

with minor beds of volcanic ash, sandstone, and occasional gravel. The White River Group has been

divided into two formations, the Brule Formation and the underlying Chadron Formation. The

distinction between these formations in the subsurface is difficult. In the absence of fracturing or

other structural discontinuities, the White River Group yields little or no water. Subsurface

investigations of the White River Group in the Bell well field (LWS, 2008) and the  Belvoir Ranch

well field, indicate that at least at these locations, the White River Group exhibits very low
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permeability and is incapable of yielding significant quantities of water to wells. However, where

the rocks of the White River Group are fractured, or where they contain channeling or other physical

discontinuities, they are capable of yielding significant quantities of water to wells. There is clear

evidence of these types of conditions in other areas east of Cheyenne where the White River Group

is exposed at the surface, such as in the Pine Bluffs area of eastern Wyoming (Lowry and Crist,

1967). 

The Federal well field lies in an area where the exposed rocks are mapped as belonging to the White

River Group (Lowry and Crist, 1967, JR Engineering, et al, 2008). Recent drilling of a replacement

well for the State 1 well (LWS, 2009) encountered partially-consolidated siltstones and claystones

fitting the description of the White River Group, underlain by relatively loose, granitic gravels that

resemble gravels encountered at other locations that have been assigned to the Ogallala Formation.

If the subsurface materials encountered at this location are properly assigned to the White River

Group, it could be inferred that well yields from the White River Group depend on whether the

sediments are buried (as in the case of the Bell well field and Belvoir Ranch), or exposed (as in the

Federal well field).

The vadose zone in the Federal well field consists of sediments belonging to the White River Group,

overlain by a thin veneer of soil and wind-blown sediments. In this area, the White River Group

consists of variably cemented, fine-grained silt and clay, with minor amounts of sand. There are only

traces of gravel in the vadose zone sediments. Lateral and vertical permeability of the vadose zone

in the Federal well field is expected to be low, and provide little or no opportunity for efficient use

of surface recharge or vadose zone well recharge. 

In many areas, the White River Group is overlain by sandstone and siltstone of the Arikaree

Formation. In the area of the BOPU well fields, the Arikaree Formation is absent, and the White

River Group is directly overlain by the Ogallala Formation. 

The Ogallala Formation is the principal source of water for the Bell, Borie, Happy Jack, and Belvoir

Ranch well fields (for currently-completed wells). The Ogallala Formation consists of a

heterogeneous mix of silt, clay, sand and gravel. The sands and gravels tend to occur in lens-shaped

beds. As a result, there is significant variation in the thickness of water-bearing sand and gravel

encountered over short distances, as well as in the yields of wells completed within the water-bearing
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portions of the formation. There are varying degrees of cementation in the Ogallala Formation,

giving rise to varying degrees of difficulty in drilling and varying degrees of permeability. 

The vadose zone in the Bell, Borie, Happy Jack, and Belvoir Ranch well fields consists of sediments

belonging to the Ogallala Formation, overlain by a thin veneer of soil and fine-grained, wind-blown

sediments. These sediments are a heterogeneous mix of clay, silt, sand, and gravel, with the fine-

grained sediments making up a major portion of the vertical thickness of the vadose zone. These

sediments are generally loose and unconsolidated, although there is some evidence of cementing of

some of the coarse-grained sands and gravels. There appears to be very little lateral continuity in

individual layers of sand and gravel. Individual bed thicknesses have been observed to change by as

much as 5 ft over lateral distances of less than 50 ft within the vadose zone. It is likely that many of

the sand and gravel beds are lens-shaped in cross-section, having been deposited by rapidly

migrating, high-energy streams. Similarly, there appears to be limited lateral continuity in the beds

of fine-grained silts and clays. Permeability within the vadose zone is expected to be highly variable

both laterally and vertically. 

The Casper Formation, of Paleozoic age, is exposed in a narrow band along the western margin of

the Belvoir Ranch well field. The beds dip to the east in this area at a relatively steep angle. As a

result, the depth of this formation increases rapidly in an easterly direction, quickly reaching several

thousand feet,  beyond that normally reached by a water well. The Casper Formation consists of

interbedded sandstone, limestone, dolomite, gypsum, and occasional sandstone and shale (Lowry and

Crist, 1967). The limestone, dolomite, and gypsum within the Casper Formation are prone to

dissolution, particularly where the rocks are fractured. As a result, the Casper Formation is capable

of yielding moderate to large quantities of water to wells. The water-yielding potential of the Casper

Formation at the Belvoir Ranch is currently being investigated.

AVAILABLE ASR TECHNOLOGIES

The term ASR, as used herein, represents the processes and facilities involved in the artificial storage

of water in the subsurface and the subsequent recovery of that water. The term ASR has been used

by some authors (e.g. Pyne, 1995) in a narrow sense to describe the storage and recovery of water

through a single well, at a single location. ASR, as used herein, encompasses a broader range of

facilities used to place water into storage (e.g. RIBs, vadose zone wells, injection wells, infiltration
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galleries, etc.). Similarly, in the present context, recovery may also be accomplished by a broad range

of facilities (e.g. wells, infiltration galleries, radial collectors, etc.) and is not limited to the case

where recovery of water occurs at the same location as where the water was stored. The term ASR

is considered by many to be interchangeable with the term “water banking.”

ASR has a number of potential applications (Pyne, 1995), among them the following:

• Seasonal storage of excess water;

• Long-term storage of excess water;

• Emergency storage;

• Restoration of ground water levels;

• Reduction of subsidence;

• Offsetting of peak demands;

• Water quality improvement;

• Prevention of salt water intrusion in coastal areas;

• Enhancing well field production; and 

• Deferring the need for expansion of water treatment facilities (related to use of ASR in

offsetting peak demands that might otherwise require expansion of treatment capacity).

The BOPU’s primary interests in this investigation are related to the ability for ASR to arrest

declining water levels in the four main well fields (Federal, Borie, Happy Jack and Bell). This

includes the opportunity to improve well yields by raising ground water levels and to provide

sustainable aquifer conditions. ASR may also provide BOPU with the opportunity to store

intermittent surpluses of surface water that cannot be used directly or otherwise stored for later use. 

Equally important to raising ground water levels to improve reliability and sustainability of the

Ogallala aquifer in the BOPU well field is maintaining “dominion and control” of the recharged

water. By this we mean that it has to be shown that the recharged water is accruing within the BOPU

well field, is physically available for use, and will be put to beneficial use by BOPU.

There are several means by which water may be artificially placed into aquifer storage. The most

common include (a) conventional wells (used to inject water), (b) RIBs, (c) vadose zone wells (also

known as dry wells), and (d) in rarer cases, infiltration galleries. Recovery of water placed in storage
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is most commonly done via wells. While there are other means for recovering the water (e.g.

galleries, collectors), these are far less common, likely have little applicability in this case, and are

not considered further in this investigation. The following sections describe in general terms the ASR

systems that were initially weighed as part of this study; aquifer injection wells, vadose zone wells,

and RIBs.

Aquifer Injection Wells

Wells completed into an aquifer can serve the dual functions of placing water into storage and

recovering water from storage at a later time. In such cases, the wells are referred to as ASR wells.

ASR wells are typically used in aquifers with highly transmissive aquifer characteristics to facilitate

both recharge and recovery operations. The design of an ASR well resembles that of a conventional

well, with a few exceptions. Wells used to inject water are susceptible to plugging by solids in the

injected water, even where solids content is low.  Therefore, where well screen is required to

stabilize subsurface materials (as in the case of BOPU’s wells), it is advantageous to employ wire-

wrap well screen, where the effective open-area is large, and able to function for longer periods

before the open-area is effectively plugged. Because ASR wells are typically equipped with both a

pump for recovering stored water and a pipe for injection of water, an orifice installed at the

downstream end of the injection tubing to control recharge rates and maintain a positive back

pressure to prevent cascading water, the well diameter has to be able to accommodate both strings

of pipe.  Surface  plumbing at an ASR well must be able to deliver, measure, and control flow in two

directions; water delivered to the well for storage, and water pumped from the well during recovery.

BOPU’s wells are completed with a sufficient diameter and completion to be conducive for use as

ASR wells.

ASR wells are suited for environments where the aquifer permeability is high enough to allow

injection and recovery of water without requiring inordinately high pressures for injection or water

level drawdown during recovery. The use of ASR wells also provides greater flexibility in placing

the recharge water in specific zones or at specific locations when compared to other alternatives.

This form of storage and recovery may be required where the target aquifer is confined, i.e. overlain

by low-permeability sediments. In such a case, recharge through RIBs would be ineffective, as the

recharge water would not reach the target aquifer, but would instead accumulate at shallower levels. 
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Injection of water into an aquifer will create a water mound in the vicinity of the well. The shape and

extent of the mound will be a function of the aquifer hydraulic characteristics and whether the

aquifer is in an unconfined or a confined state. In an unconfined aquifer, the recharge mound

typically will be limited to the general vicinity of the injection well as the water is filling the

unsaturated pore space adjacent to the well, and then will begin to move downgradient based on the

prevailing hydraulic gradients in the aquifer. Conversely, in a confined aquifer, water that is injected

is increasing the pressure in the system; therefore, while the highest pressure change will be near the

injection well, the effects of the pressure change from injection will be distributed over a much larger

area, coincident with the area of the aquifer that is continuously confined by overlying low-

permeability materials. However, the area of impact from injection will not necessarily be coincident

with the area of confinement. Because of the issue of understanding the area of impact, it is very

important to understand whether the water is being injected into an unconfined, or a confined,

aquifer condition. In either case, ground water monitoring wells are necessary to track the extent and

direction of the recharged water. 

The quality of water delivered to ASR wells is critical to their successful operation. The chemistry

of the recharge water must be compatible with the native formation water to avoid adverse chemical

reactions, such as precipitation of minerals at the mixing front, or leaching of minerals by the

recharge water. The suspended solids content is also critical, as the ASR wells are highly susceptible

to plugging. ASR wells are susceptible to biological fouling, a condition that can usually be reversed

during maintenance and redevelopment. Typically, injection in an ASR well is cyclic in nature, with

recharge occurring over a period of time while head buildup in the well and recharge rates are

monitored. As head buildup becomes excessive and/or recharge rates begin to decline, recharge is

shut down and the well is pumped to reverse the flow and clean the aquifer face, gravel pack, and

well screen. Once the ASR well has been cleaned, injection can resume. This cyclic operation helps

to minimize negative impacts associated with mechanical and biological fouling.

Vadose Zone Wells

Vadose zone wells, also called dry wells, are so named because they are completed in the unsaturated

zone, and stop short of penetrating the underlying saturated zone (aquifer). As a result, vadose zone

wells may be used to recharge water to an aquifer, but cannot be used to recover water. Therefore,

vadose zone wells cannot be considered ASR wells. Vadose zone wells are more common in
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environments where the depth to water is large, i.e. hundreds of feet and greater, and in areas where

there is a thick silt/clay sequence at, or near, the surface which makes RIBs ineffective, but there are

coarse materials at depth above the local water table. The principal advantage of installing a vadose

zone well is in conditions where the well depth can be much shallower than that required to fully

penetrate the saturated zone, with the attendant reduction in drilling costs, casing costs, gravel

packing costs, and cementing costs. 

The principal disadvantage of a vadose zone well is related to the difficulty of developing the well.

When a well fully penetrates an aquifer, well development is typically achieved by drawing water

from the aquifer into the well and discharging this water to the surface. This removes most of the

silts and clays from the aquifer near the well screen. Because a vadose zone well is completed in the

unsaturated zone, there is no way to draw water in from the aquifer to the surface. The best way to

minimize silt and clay near the perforated casing that surrounds the inner injection tube is by

utilizing a drilling method that can advance the hole and stabilize the hole for installation of the

perforated casing and gravel pack without the addition of fluids and fluid additives that would tend

to plug the receiving sediments.

There are a limited number of drilling methods capable of accomplishing this vadose zone well

completion. They include cable-tool drilling and methods that advance a retractable casing,   usually

by percussion drilling. Caisson drilling equipment and large diameter auger drilling may also be

suitable for constructing a vadose zone well, depending on the depth of the well. While these

methods minimize  the difficulties of well development at the time of construction, it is still possible

for the well to plug after a period of operation.  Re-developing the well after it has plugged is also

very difficult.  

Another drilling alternative designed to address the difficulties in developing vadose zone wells, is

to use a larger  diameter bore hole than an equivalent well completed in the saturated zone. A larger

diameter well  provides greater open-area for movement of water from the well into the adjacent

sediments.  The diameter of vadose zone wells is typically in the range of 3 to 6 ft. For the well to

operate at a high efficiency, water quality of injection water must be of a high quality similar to the 

water quality requirements of ASR wells. Regardless of the drilling method and well completion

method used, development of a vadose zone well after it has plugged is very difficult, time

consuming, and expensive.
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Even though vadose zone wells are designed to inject water below surficial, low-permeability

sediments and into coarser materials overlying the saturated zone, there likely will still be fines in

the soil matrix which could affect the rate and direction of flow movement. Therefore, monitoring

wells in the vicinity of the vadose zone wells, completed in the underlying aquifer, are necessary to

track the direction and movement of water injected in vadose zone wells.

RIBs

RIBs provide a relatively inexpensive alternative for recharging the ground water system. RIBs are

simply excavated basins used to recharge surplus water. RIBs are successful at locations where the

near-surface sediments are permeable, e.g., sand and gravel, and where there is a relatively

unimpeded path in the subsurface between the RIBs and the water table. It is not necessary that the

entire vertical column of sediments be high-permeability materials. Intermittent, discontinuous layers

of low-permeability sediments will slow, but not prevent, recharge  water originating at the surface

from reaching the target aquifer. However, as the fraction of low-permeability layers increases, there

is an increasing likelihood that these layers will cause the effective rate of infiltration to slow, cause

the water to move laterally to areas where recharge is not desired, and/or cause water levels beneath

the basin to rise to the point where they are impinging on the basin’s floor.

The water quality requirements of RIBs are not as rigorous as those associated with ASR wells or

vadose zone wells, because water is not being placed directly into a potable aquifer system; rather,

it is indirectly recharging the aquifer by percolating through extensive overlying unsaturated

material. There are few, if any, compatibility problems that arise with RIBs, since the area of mixing

between recharge water and native formation water is typically large. Leaching of minerals from the

underlying sediments is a potential risk where the sediments contain a high fraction of leachable

minerals, such as salts. Suspended solids are of some importance in the successful operation of a

recharge basin; however, since the surface area over which infiltration occurs is large compared to

wells, plugging of the interface occurs slowly. Maintenance of the floor of a RIB, such as scarifying

the base and removing accumulated solids, is typically effective in reversing the effects of this

plugging and can be accomplished relatively easily and inexpensively. RIBs can be susceptible to

biological fouling, including algal blooms, in cases where the water remains in the basin for

extended periods and is allowed to stagnate, and where there is no aeration or mixing.
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In contrast to wells, RIBs do not provide a great deal of control in where, and at what depth, the

recharge water will accumulate.  For this reason, monitoring of the water movement out of RIBs is

very important to understand if the recharged water is reaching its targeted location and, therefore,

is both beneficial to the well field, and BOPU can maintain dominion and control of the recharged

water.

RECHARGE WATER SUPPLY AND AVAILABILITY

Critical to the selection of specific ASR technologies is an appraisal of available recharge water, both

on a quantity and a quality basis.  Without the long-term availability of sufficient recharge water,

meaningful aquifer recharge to increase the sustainability of an aquifer by any ASR technology is

not possible.  Additionally, without the short-term availability of recharge water, a pilot study of

ASR technologies cannot be completed. In both cases, the water quality of the source water has to

be compatible with the target aquifer. This is most critical with ASR wells, but can also be important

with vadose zone wells and RIBs. Because this pilot study was conducted over the short term, water

quality issues were minimized by using source water that was the same as the aquifer receiving water

(Ogallala aquifer). However, this will not be the case for any long-term, full-scale ASR project, and

water quality compatibility will be an issue that will need to be evaluated in the latter case. 

To determine the long-term availability of recharge water, LWS conducted a review of the current

BOPU water supply system, with a focus on identifying  potential excess water which could be used

for recharge. The 2003 Master Plan estimates a potable water supply available to BOPU associated

with Rob Roy Reservoir, Granite Springs, and Crystal Lake Reservoirs, and the Douglas Creek

system to be approximately 21,800 ac-ft/yr (Table 3-28 of the 2003 Master Plan). Table 3-14 from

the 2003 Master Plan indicates approximately 3,990 ac-ft/yr of ground water production, which

increases the total potable water available to BOPU to approximately 25,790. This includes imported

water and water captured from Crow Creek and stored in Granite Springs and Crystal Lake

Reservoirs.  

The future potable water demand projection in 2003 was 14,700 ac-ft/yr, leaving an excess water

availability of 11,090 ac-ft/yr available.  In addition to this excess water, LWS estimates a total of

4,035 ac-ft/yr of non-potable reuse water is discharged at the Crow Creek Water Reuse facility, of

which approximately 1,280 ac-ft/yr was used during 2003, leaving an excess of 2,755 ac-ft/yr (data
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provided by Jack Meena at States West). Lastly, Table 3-28 from the 2003 Master Plan indicates a

total of 1,530 ac-ft/yr of water available from North Crow, Old North Crow, and South Crow

Reservoirs, of which approximately 350 ac-ft/yr was used in 2003, leaving an excess of

approximately 1,180 ac-ft/yr. Therefore, the estimated total excess water available in 2003 is

approximately 13,800 ac-ft/yr. 

In 2052, excess potable water decreases to 4,600 ac-ft, based on values in the Master Plan, and

excess reuse water and North Crow Reservoir water decrease to 1,900 and 900 ac-ft/yr, respectively

(Black and Veatch, 2004). Therefore, it is estimated that there will be a total of 7,400 ac-ft/yr of

excess water that potentially could be used for recharge in 2052. These quantities should provide

sufficient amounts for any full-scale ASR project.

The City uses three distinct supplies to meet its demands, surface water from the Crow Creek basin,

imported water from the Medicine Bow Mountains, and ground water extracted from four well

fields.

Crow Creek Basin Surface Water

The Crow Creek basin provided the original water source for the City.  Historically, water from the

Crow Creek basin has been used to  meet approximately 23 percent of the City’s demand. The

majority of flows in the Crow Creek basin occur during the spring runoff period. On average, the

basin yields approximately 4,000 ac-ft/yr (Table 3-28 of the 2003 Master Plan).  To capture these

flows and provide a consistent yield throughout the year, the BOPU operates  three main reservoirs

in the Crow Creek basin. Figure 4 shows this system.  Two storage reservoirs are located on Middle

Crow Creek, Granite Springs Reservoir and Crystal Lake Reservoir. Granite Springs is directly

upstream of Crystal Lake and the combined storage of these two reservoirs is approximately 8,730

ac-ft. According to the Master Plan, Granite Springs and Crystal Lake Reservoirs capture an average

of 3,000 ac-ft of native Crow Creek flows (Table 3-28 of the 2003 Master Plan). Granite Springs and

Crystal Lake also store import water as discussed in the next section. The water from these storage

reservoirs is sent via pipelines to the Sherard Water Treatment Plant (Sherard WTP) and then on to

the City’s distribution system. The wastewater return flows associated with native Crow Creek  water

have  historically been discharged to Crow Creek.
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A third storage reservoir, North Crow Reservoir (located on North Crow Creek), can store

approximately 1,870 ac-ft (Figure 4). While there are no specific  water quality issues associated

with water from North Crow Creek, it  cannot be treated at the same time as  water stored in Granite

Springs and Crystal Lake Reservoirs, due to pipeline pressure issues at Sherard WTP between the

pressure head on Granite Springs/Crystal Lake pipeline versus the pressure head in the North Crow

Reservoir pipeline. To solve this problem, the surface water from North Crow Reservoir is sent via

a separate pipeline to the site of the City’s Round Top treatment plant.  The raw water is then sent,

without treatment, to several ponds on the west side of the City where it is used  for raw water

irrigation. Based on the historic maximum delivery of raw water, approximately 600 ac-ft/yr could

be used in the future for raw water irrigation.  

Because of the inability to mix Granite Springs/Crystal Lake water and North Crow Creek water due

to pressure issues, water in North Crow Reservoir is currently not fully used.  Additionally, the

BOPU is currently working on creating a system where treated wastewater will be used in place of

raw water for non-potable irrigation requirements.  This potentially will further increase the

availability of surface water stored in North Crow Reservoir.  Figure 5 shows the  annual 

synthesized natural inflows to North Crow Reservoir (Black and Veatch, 2004).  Based on these data,

LWS estimates an average of approximately 1,000 to 1,200 ac-ft/yr of surface water from North

Crow Reservoir that may be available for recharge. However, it should be noted that, based on the

synthesized inflow record, there are periods where recharge potential is reduced due to the lack of

inflow. According to these records, reduced inflow could occur for as many as seven consecutive

years. During these seven years, inflows to North Crow Reservoir, and subsequently recharge water

availability, were estimated to be as low as 250 ac-ft/yr.  

Water quality data obtained from the BOPU laboratory indicate that North Crow Creek stream water

quality is excellent, with some noted exceedances of the secondary drinking water standards for iron

and manganese. Total dissolved solids (TDS) concentrations are relatively low, averaging 31

milligrams per liter (mg/L). One note regarding North Crow Creek water, as well as all surface water

supplies within the BOPU system, is the relatively high dissolved oxygen concentrations, which can

act as an oxidizing agent when recharge water is introduced into a typically-reducing environment

in the ground water. Dissolved oxygen in the water needs to be evaluated for its potential to cause

oxidizing reactions in the aquifer, but the dissolved oxygen level in the surface water can not easily

be changed and must be dealt with. This is an issue that would need to be addressed in any full-scale
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recharge project using ASR wells to evaluate if dissolved oxygen levels will be a problem. These

issues are not as relevant for RIBs or vadose zone wells.

Total suspended solids (TSS) in surface water supplies will also have to be addressed. For RIBs, TSS

could be an issue with clogging the basin and reducing infiltration rates. For ASR wells, TSS likely

is not an issue, as the water will need to be treated.

Imported Surface Water

As the City continued to grow,  BOPU expanded its system by developing additional water supplies

over 100 miles to the west, in the Little Snake River basin. However, the cost of delivering this water

was very high, so BOPU worked with the Wyoming State Engineer’s Office (SEO) to adjudicate an

exchange of water from the Douglas Creek basin, located only 75 miles west of Cheyenne (Figure

4).  An exchange of water was necessary because the Douglas Creek basin drains to the North Platte

River basin, which is fully appropriated. The City cannot use the water in Douglas Creek basin

without first providing equal amounts of water from another source, i.e the Little Snake River.

   

The Little Snake River basin is  located on the west side of the Continental Divide in the Sierra

Madre Mountains.  Through a series of pipelines and tunnels the City captures water bound for the

Colorado River from the Little Snake River basin and transports it under the divide to Hog Park

Reservoir.  Ideally, water from Hog Park Reservoir is released at the same rate as water entering

another BOPU reservoir, Rob Roy, built to capture Douglas Creek flows (Figure 4). The BOPU  may

store water from the Little Snake River but must pass all natural inflows from Hog Park Creek

through  Hog Park Reservoir.  The maximum release rate from Hog Park is limited to 200 cubic feet

per second (cfs) to help control erosion, unless natural inflows are higher, in which case they must

be passed. In the spring, when flows are high in both the Hog Park Creek basin, and the Douglas

Creek basin, this limit restricts the amount of water that can be exchanged from Hog Park Reservoir

to Rob Roy Reservoir.

To solve this problem the BOPU contracts with the United States Bureau of Reclamation for 15,700

ac-ft of storage in Seminoe Reservoir on the North Platte River. Water from Hog Park Reservoir is

released throughout the year and stored in Seminoe Reservoir. When spring runoff begins in the

Douglas Creek basin, water from both Seminoe Reservoir and Hog Park Reservoir is released to the
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North Platte River as an exchange source so that the City can capture the water in the Douglas Creek

basin. This water is captured and stored in Rob Roy Reservoir and sent via two pipelines to Granite

Springs or Crystal Lake Reservoirs. From here it continues on to the Sherard WTP, and then to the

City’s distribution.  Figure 4 shows the entire surface water system, along with reservoir sizes.

Historically, imported water accounts for  approximately 47 percent of the water used to meet the

City’s demands. All of the imported water is considered reusable. Today, the City reuses some of

the wastewater return flows associated with import water for irrigation. Therefore, it is possible that

import water could provide a good option for long-term recharge water.

Based on the 2003 Master Plan, approximately 11,090 ac-ft/yr of potable water was available in

2003. This value drops to approximately 4,600 ac-ft/yr in 2052, based on supply and demand

projections presented in Table 3-30 of the Master Plan and projected potable water available,

assuming an additional 1,500 ac-ft/yr of Belvoir Ranch ground water production (Black and Veatch,

2004).  LWS believes this is a significant amount of available recharge water that could support a

long-term, full-scale ASR project. As with water from the North Crow Reservoir, import water can

be used directly in a RIB, but would have to be treated prior to use in an ASR well or a vadose zone

well. 

Water quality data from the BOPU laboratory from inflows to, and outflows from, Granite

Springs/Crystal Lake Reservoir indicates a high-quality water with an average TDS of 12 mg/L and

relatively low iron and manganese concentrations. With the water quality data we have available to

us, there are no exceedances of either primary or secondary drinking water standards.  Dissolved

oxygen concentrations are likely to be high in this surface water source and its potential effects on

recharge operations will need to be evaluated, although there is no practical means to lower dissolved

oxygen concentrations in this water supply.

Ground Water

Historically, ground water accounts for approximately 30 percent of the water used to meet the City’s

potable demands. Ground water is primarily used in the BOPU system to assist with meeting peak

summertime demands and as blend water to meet Lead and Copper Rule compliance for drinking

water supply systems.  From 1991 to 2002, approximately 4,450 ac-ft/yr of ground water was

pumped to meet demands (Table 3-14 of the 2003 Master Plan). This ground water was withdrawn
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from the Federal, Bell, Borie, and Happy Jack well fields.  The Federal well field currently provides

approximately 12 percent of the total ground water supply to the City, while the Bell well field

provides 37 percent, the Happy Jack well field provides 40 percent, and the Borie well field provides

11 percent (Figure 1). Today, the BOPU estimates approximately 4,000 ac-ft/yr of demand  is met

with ground water from these four well fields.  The BOPU recently acquired a fifth well field,

Belvoir Ranch, but is not currently using it to meet demands due to water quality, infrastructure, and

permitting issues. Figure 1 shows the location of each well field.

While ground water is not a practical source for a long term supply of recharge water, it was

determined to be the only economic alternative for a short-term recharge water supply related to ASR

facilities in the pilot study. Surface water was the preferred recharge source for RIBs; however, based

on the proposed location(s) of RIBs to the existing pipeline infrastructure, it was prohibitively

expensive to construct pipeline laterals of long distances solely for the pilot study. Therefore, ground

water was used as the recharge source for RIBs. Because the pilot study withdrew water from the

same aquifer as that being recharged , the water was considered native and did not require treatment

prior to injection, resulting in significant economic savings.

The water quality of the BOPU ground water supply is very good. The majority of TDS

concentrations are below 250 mg/L, with a maximum TDS of 350 mg/L. TSS concentrations in the

ground water produced is very low (less than 5 mg/L). 

SCREENING OF ASR TECHNOLOGIES BY WELL FIELD

The screening of ASR technologies was completed by LWS in March 2009 and represented the first

step in the pilot study process. The results of this assessment were first presented in a Technical

Memorandum prepared by LWS and presented to the BOPU, WWDC, SEO, and Wyoming

Department of Environmental Quality (DEQ) staff on April 13, 2009. While a RIB and ASR well

in the Happy Jack well field were the only facilities constructed during the pilot study, the results

of the screening, which include the appraisal of all technologies and well fields, have largely been

reproduced in this report to provide a single document which summarizes the entire process. 

The potential for ASR was gauged on a comparative basis at the Federal, Borie, Happy Jack and Bell

well fields as a means to select well field(s) where ASR would be appropriate for this pilot study,

and potentially for a full-scale ASR project.  The fifth BOPU well field (the Belvoir Ranch) was

-16-1175g-rpt



LWS                                     Final Report, Managed ASR Project                            January 2011

preliminarily evaluated, but was eliminated from further consideration based on the following

factors:

(1) The wells on the Belvoir Ranch are currently permitted for irrigation use only;

(2) There is no infrastructure which could provide water to the Belvoir Ranch for RIBs;

(3) There are significant water quality issues with the Ogallala aquifer on the Belvoir

Ranch associated with trichloroethylene (TCE); and

(4) There are more suitable sites for testing ASR technology given the limited scope of

the pilot study.

Therefore, the Belvoir Ranch was not further considered in the alternative screening analysis.

The use of injection wells, vadose zone wells and RIBs was considered at each of the four well

fields.  Screening  criteria included hydrogeology, water supply availability, water quality issues, and

overall benefit from aquifer recharge (including maintaining dominion and control over this water).

Relevant data were collated and mapped for the White River Group (Federal well field) and for the

Ogallala aquifer (Bell, Happy Jack, and Borie well fields). Mapping of relevant parameters that were

used in this evaluation for the Federal well field is presented in Appendix B, while mapping of

relevant parameters of the combined Bell, Happy Jack, and Borie well fields is presented in

Appendix C. In addition, summary tables of BOPU well field wells and aquifer data used in this

evaluation are presented in Appendix D. Based on the mapping and screening criteria, a description

of the advantages and limitations for each well field produced from our assessment is provided in

the following sections.

Federal Well Field

The Federal well field draws water from the White River Formation. Overall, the Federal well field

has historically produced approximately 12 percent of the total ground water supply that is being

provided by the City to its customers (480 ac-ft). The unsaturated zone above the aquifer also

contains sediments belonging to the White River Group. The wells completed in the Federal well

field are shown in Appendix A, Figure A-4. Typical well yields in the Federal well field range from

approximately 135 to 360 gallons per minute (gpm), and these wells are generally maintaining

approximately 90 percent of the design well yields at this time (Appendix D, Table D-4). There have

been historic water level declines in the Federal well field, ranging from virtually no change to a loss
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of approximately 48 ft (Appendix D, Table D-4). However, there has been virtually no change in

saturated thickness in the Federal well field, as the change in water levels has been primarily related

to a loss of head resulting from the White River aquifer being in a confined state (Appendix D, Table

D-3).

Figure B-7 in Appendix B shows the percent low-permeability materials in the unsaturated zone at

the Federal well field, based on available geophysical logs from BOPU wells. As this figure shows,

except for an isolated area in the vicinity of Merritt 14, there is a high clay content in the unsaturated

zone. The depth to ground water is quite variable in the Federal well field, ranging from

approximately 15 to 112 ft below ground surface (Appendix B, Figure B-4 and Appendix D, Table

D-4).  Based on the geophysical logs and the information from the Federal well field wells, it appears

that the White River aquifer is confined in this area, which would not indicate favorable conditions

for surface recharge through RIBs. Therefore, weighing applicable ASR technologies, we concluded

that RIBs could not be effectively used at the Federal well field.

For the Federal well field, since it is in a confined aquifer condition, a vadose zone well would have

to penetrate the confining layer, which essentially means that it would have to be completed into the

top of the saturated zone. Given the difficulty associated with developing vadose zone wells and the

potential for future plugging of these wells (since they cannot be re-developed) and the lack of

substantial cost savings related to drilling and installing a well to the top of the saturated zone, we

concluded that vadose zone wells are not a preferred ASR technology alternative for the Federal well

field.

For the Federal well field, aquifer transmissivities range from approximately 3,200 to 25,000 gallons

per day per foot (gpd/ft) (Appendix B, Figure B-3 and Appendix D, Table D-3). The areas where the

aquifer transmissivity is the highest (Merritt 5 and Merritt 8) (Appendix B, Figure B-3) could support

relatively high recharge rates for an ASR well (150 to 200 gpm). However, when these areas of high

transmissivity are correlated with the ground water gradients (Appendix B, Figure B-1), recharge

water in the vicinity of Merritt 5 would move off site to the northeast, while recharge water in the

vicinity of Merritt 8 would move off site based on a ground water gradient to the southeast.

Therefore, the hydraulic ground water gradients do not match well to the areas of high transmissivity

in the Federal well field. Because of this, it would be difficult to store water in the White River

aquifer in the Federal well field for a long period of time and recharge in the area of these two wells

would not provide a net benefit to the other Federal well field wells, as the recharge water would
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move away from these wells, rather than toward them. Therefore, dominion and control of the water

would be lost and there would not be a net benefit to the Federal well field. Based on the information

available at the Federal well field, it was concluded that this well field could not be effectively used

for ASR well technology, because ASR in this well field would not provide significant benefits to

BOPU.

Borie Well Field

The Borie well field draws water from the Ogallala aquifer, and the unsaturated zone above the

aquifer also contain sediments belonging to the Ogallala aquifer. Overall, the Borie well field has

historically produced approximately 11 percent of the total ground water supply that is being

provided by the City to its customers (440 ac-ft). The wells completed in the Borie well field are

shown in Appendix A, Figure A-3. Typical well yields in the Borie well field range from

approximately 315 to 630 gpm, and these wells are generally maintaining approximately 80 to 90

percent of the design well yields at this time (Appendix D, Table D-2). There have been historic

water level declines in the Borie well field, ranging from 34 to 50 ft (Appendix D, Table D-2).

However, there has been virtually no change in saturated thickness in the Borie well field, as the

change in water levels has been primarily related to a loss of head resulting from the Ogallala aquifer

being in a confined state (Appendix D, Table D-1).

Figure C-7 in Appendix C shows the percent low-permeability materials in the unsaturated zone at

the Borie well field, based on available geophysical logs from BOPU wells. As this figure shows,

the geophysical logs show relatively low clay content in the unsaturated zone, generally less than 30

percent. The depth to ground water is quite variable in the Borie well field, ranging from

approximately 18 to 139 ft below ground surface (Appendix C, Figure C-4 and Appendix D, Table

D-2). It appears that the Ogallala aquifer is locally confined in this area, which would not indicate

favorable conditions for surface recharge through RIBs. Based on available data, we concluded that

RIBs could not be effectively used as an ASR technology at the Borie well field.

For the Borie well field, since it is in a confined aquifer condition, a vadose zone well would have

to penetrate the confining layer, which essentially means that it would have to be completed into the

top of the saturated zone. Given the difficulty associated with developing vadose zone wells and the

potential for future plugging of these wells (since they cannot be re-developed) and the lack of

substantial cost savings related to drilling and installing a well to the top of the saturated zone, it was
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our conclusion that vadose zone wells are not a preferred ASR technology alternative for the Borie

well field.

For the Borie well field, aquifer transmissivities range from approximately 5,800 to 43,000 gpd/ft

(Appendix C, Figure C-3 and Appendix D, Table D-1). The areas where the aquifer transmissivity

is the highest (Borie 1 and Elkar 7) (Appendix C, Figure C-3) could support relatively high recharge

rates for an ASR well (250 to 350 gpm). However, when these areas of high transmissivity are

correlated with the ground water gradients (Appendix C, Figure C-1), recharge water in the vicinity

of Elkar 7 would move off site to the northeast without providing any recharge benefit to the other

Borie wells.  Conversely, recharge water in the vicinity of Borie 1 would be more beneficial as the

ground water gradient data indicate that recharge water would migrate downgradient to the other

Borie wells (Appendix C, Figure C-1).  However, there is a water quality issue associated with the

Borie well field. Figure 6 shows measured TCE concentrations in the Borie and Belvoir well fields.

While the Borie 1 well indicates TCE concentrations below the maximum contaminant level, an

increase in the hydraulic gradient due to recharge could potentially move higher TCE concentrations

located downgradient of Borie 1 at a faster rate than what would be observed under current hydraulic

gradient conditions. 

The hydraulic ground water gradients do not match well to the area of high transmissivity in the

Elkar 7 well. While the aquifer transmissivity and hydraulic ground water gradient data are better

suited for potential recharge at the Borie 1 well, water quality conditions related to TCE

concentrations indicate that this would not be the best site for an ASR well. In addition, since the

Borie well field only produces approximately 11 percent of the total ground water production for the

City, this well field is not currently one of the major producing systems for the City’s water supply. 

Based on the information available to us at the Borie well field, it was concluded that this well field

would not be the best-suited candidate for ASR well technology.

Happy Jack Well Field

The Happy Jack well field draws water from the Ogallala aquifer. The unsaturated zone above the

aquifer also contains sediments belonging to the Ogallala aquifer. The wells completed in the Happy

Jack well field are shown in Appendix A, Figure A-2. Typical well yields in the Happy Jack well

field range from approximately 100 to 630 gpm. Due to water level declines, in the aquifer, the

yields of the Happy Jack wells have been reduced to 50 to 90 percent of their original design yields
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(Appendix D, Table D-2). There have been historic water level declines in the Happy Jack well field,

ranging from 36 to 92 ft (Appendix D, Table D-2).  There has been a highly variable change in

saturated thickness in the Happy Jack well field, as the decline in water levels in some wells has been

primarily related to a loss of head (water level declines above the top of the aquifer), while other

wells have lost significant saturated thickness (water level declines in the aquifer) (Appendix D,

Table D-1). Therefore, even though water levels have declined at some wells, there has not been a

reduction in saturated thickness, while at wells where water levels have declined in the aquifer,

saturated thickness has decreased 20 to 87 percent (Appendix D, Table D-1). 

Overall, the Happy Jack well field has historically produced approximately 40 percent of the total

ground water supply that is being provided by the City to its customers (1,600 ac-ft). Given the

importance of this well field, producing nearly half of the total ground water volume for BOPU, and

the significant decline in aquifer saturated thickness in some wells, this well field was judged to be

a good candidate for ASR technologies. 

Figure C-7 in Appendix C shows the percent low-permeability materials in the unsaturated zone at

the Happy Jack well field, based on available geophysical logs from BOPU wells. As this figure

shows, except for an isolated area in the vicinity of King 2 and King 5, there is a high clay content

in the unsaturated zone, exceeding 50 percent in some areas. The depth to ground water is also quite

variable in the Happy Jack well field, ranging from approximately 42 to 242 ft below ground surface

(Appendix C, Figure C-4 and Appendix D, Table D-2).  

It appears that the southwestern portion of the Happy Jack well field is generally unconfined, while

the northeastern portion of the wellfield is generally confined. In addition, in the unconfined area of

the Happy Jack well field, there has been a substantial observed decrease in aquifer saturated

thickness. These factors combined to indicate that a RIB in the southwestern portion of the Happy

Jack well field could be applicable. When this area is correlated with the hydraulic ground water

gradients (Appendix C, Figure C-1), water recharge through a RIB in the southwestern portion of

the Happy Jack well field was judged to provide tangible benefits to the other Happy Jack wells, as

the hydraulic gradient is generally to the northeast, and dominion and control of this water could be

demonstrated.  However, this assumed that there is sufficient lateral and vertical permeability so that

the recharge water introduced into the vadose zone is able to reach the saturated zone reasonably

efficiently. Given the relatively large depth to the water table in this vicinity (100 to 150 ft), RIB
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efficiency would be contingent upon moving water through the lower-permeability layers in the

vadose zone. 

LWS identified a potential RIB site on the southwestern portion of the Happy Jack well field and

needed to identify the source of water to provide recharge at this site.  As shown in Figure A-2

(Appendix A), there is a surface water pipeline running through the northern portion of the Happy

Jack well field that carries surface water from Granite Springs and Crystal Lake Reservoirs to the

Sherard WTP. This pipeline was one option for providing water to a RIB. It would allow imported

water potentially to be used as the recharge source and, for this water, there would not be issues

related to the ability to fully consume this water. A second option appraised was that water could

also be delivered to the Happy Jack well field through this pipeline from the North Crow Reservoir

if there were not water needs for Granite Springs/Crystal Lake Reservoir water. However, it was

identified in our evaluation that there may be more permitting issues associated with this water

supply based on the potential need to maintain a return flow component.  The permitting issue

identified in the Water Agreements for Temporary Use of Water (Temporary Agreements) (Appendix

F, Paragraph 3 of the Temporary Agreements) is that BOPU may be required to forego the use of up

to double the amount of water diverted under the Agreements to satisfy return flow obligations,

unless an adjustment to this requirement is made by the SEO.

In either case, while there is an existing surface water pipeline which crosses the Happy Jack well

field, there would need to be an approximate two-mile extension lateral from the pipeline to bring

water to a proposed RIB site in the southwestern portion of the well field. Based on cost

considerations, our evaluation also concluded that local ground water from the Happy Jack well field

could be used for the limited purpose of this pilot study. Therefore, we concluded that the Happy

Jack well field was a candidate site for a RIB, based on geologic and aquifer conditions, as well as

having a water supply available for the pilot study (and for a potential full-scale project). The pilot

study gauged the efficiency of recharging water to the Ogallala aquifer through some low-

permeability layers in the unsaturated zone.

While portions of the Happy Jack well field are unconfined and other portions are in a confined

aquifer condition, there are significant clay layers in the unsaturated zone throughout the well field

and a vadose zone well would have to penetrate these clay layers. In areas where the well field is

unconfined, it is likely that the clay layers are above the saturated interval and, therefore, do not

locally confine the aquifer.  Given the relatively deep water table at the Happy Jack well field, this
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was a location where a vadose zone well was considered potentially applicable. However, given the

difficulty associated with developing vadose zone wells and the potential for future plugging of these

wells (since they cannot be easily and/or economically re-developed), it was our conclusion that a

RIB would be preferable over a vadose zone well as an ASR technology alternative for the Happy

Jack well field.

For the Happy Jack well field, aquifer transmissivities range from approximately 2,480 to 36,500

gpd/ft (Appendix C, Figure C-3 and Appendix D, Table D-1). The areas where the aquifer

transmissivity is the highest (King 2 and Koppes 3) (Appendix C, Figure C-3) could support

relatively high recharge rates for an ASR well (200 to 250 gpm). When these areas of high

transmissivity are correlated with the ground water gradients (Appendix C, Figure C-1), recharge

water in the vicinity of both wells would move to the northeast, providing a net recharge benefit to

most of the wells in the Happy Jack well field, and dominion and control of the water within the

BOPU well field. Therefore, the hydraulic ground water gradients match well to the areas of high

transmissivity in the Happy Jack well field. Because of this, it was concluded that the Happy Jack

well field was a good candidate for an efficient ASR well. It was initially recommended that ASR

could be accomplished either through a new well, or the King 2 or Koppes 3 wells could be

retrofitted to allow recharge and pumping operations.  

Based on our survey of water supply sources and the nature of the pilot study, the source of water

for an ASR well at the Happy Jack well field for the pilot study would be water from other Happy

Jack well field wells. While water from the Sherard WTP could potentially be provided on a long-

term basis if an ASR well provided a significant net benefit to the well field’s sustainability, we

concluded that the use of Sherard WTP water for the pilot study would be prohibitively expensive,

due to the need for a pipeline of approximately three miles in length (Appendix A, Figure A-2). The

use of native Ogallala aquifer water would also obviate any water quality issues associated with this

recharge water source.  Based on the information available to us to date, we concluded that the

Happy Jack well field was applicable for ASR well technology.

Bell Well Field

The Bell well field draws water from the Ogallala aquifer. The unsaturated zone above the aquifer

are also sediments belonging to the Ogallala aquifer. The wells completed in the Bell well field are

shown in Appendix A, Figure A-1. Typical well yields in the Bell well field range from

-23-1175g-rpt



LWS                                     Final Report, Managed ASR Project                            January 2011

approximately 135 to 360 gpm, and these well yields have generally been reduced to approximately

50 to 90 percent of the design well yields at this time (Appendix D, Table D-2). There have been

historic water level declines in the Bell well field, ranging from 5 to 88 ft (Appendix D, Table D-2). 

Similar to the Happy Jack well field, some wells have had virtually no change in saturated thickness,

while other wells in the Bell well field have observed declines in saturated thickness of 15 to 69

percent (Appendix D, Table D-1). 

Overall, the Bell well field has historically produced approximately 37 percent of the total ground

water supply that is being provided by the City to its customers (1,480 ac-ft). Again, similar to the

Happy Jack well field, the Bell well field is an important ground water supply source to BOPU and,

because of its importance and favorable geologic and hydrogeologic conditions, this well field was

considered in our assessment to be a good candidate for ASR. 

Figure C-7 in Appendix C shows the percent low-permeability materials in the unsaturated zone at

the Bell well field, based on available geophysical logs from BOPU wells. As this figure shows,

except for an isolated area in the vicinity of Bell 5, there is a relatively high clay content in the

unsaturated zone. The depth to ground water is quite variable in the Bell well field, ranging from

approximately 10 to 123 ft below ground surface (Appendix C, Figure C-4 and Appendix D, Table

D-2). There appear to be areas in the central portion of the Bell well field that are confined, while

the southwestern portion and northeastern portion of the Bell well field appear to be unconfined.

Since the hydraulic ground water gradient in the Bell well field is generally to the northeast

(Appendix C, Figure C-1), it was concluded that a preferable location for ASR technologies would

be in the southwestern portion of the Bell well field, rather than the northeastern portion, as it would

provide more recharge benefit to the well field as a whole, and would allow dominion and control

over this recharged water. Given this fact, it was concluded that the area near Bell 8 and Bell 12

could be a good candidate for a RIB. 

As shown in Figure A-1 (Appendix A), there is a surface water pipeline that passes within one-half

to three-quarters of a mile of the proposed RIB site. This raw water pipeline could bring water from

either the North Crow Reservoir or Crystal Lake Reservoir and the water quality from this source

would be sufficient for use in a RIB. Alternatively, a second RIB site could be located in close

proximity to Crow Creek and BOPU could release water from North Crow Reservoir and re-divert

it near the RIB for the limited purpose of the pilot study, thus avoiding significant infrastructure

costs. However, there were issues related to permitting, as the water supply may have a return flow
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component which must be maintained, as described in Paragraph 3 of the Temporary Agreements

presented in Appendix F. Therefore, we concluded that a RIB in the southwestern portion of the Bell

well field would be an applicable ASR technology for the pilot study, but only using local ground

water supplies.

For the Bell well field, while portions of it are unconfined and other portions are in a confined

aquifer condition, there are significant clay layers in the unsaturated zone throughout the well field

and a vadose zone well would have to penetrate these clay layers. The lateral extent of clay layers

in the unsaturated zone could be a determining factor as to whether the preferable ASR technology

is a RIB or a vadose zone well.  However, given the difficulty associated with developing vadose

zone wells and the potential for future plugging of these wells (since they cannot be re-developed),

it was our conclusion that a RIB would be preferable over a vadose zone well as the preferred ASR

technology alternative for the Bell well field.

For the Bell well field, aquifer transmissivities range from approximately 6,600 to 36,300 gpd/ft

(Appendix C, Figure C-3 and Appendix D, Table D-1). The areas where the aquifer transmissivity

is the highest (Bell 8, Bell 11, and Bell 12) (Appendix C, Figure C-3) could support relatively high

recharge rates for an ASR well (150 to 300 gpm). When these areas of high transmissivity are

correlated with the ground water gradients (Appendix C, Figure C-1), recharge at any of these wells

could provide some benefit to the Bell well field. However, based on location and the ground water

gradient, Bell 8 and Bell 12 would provide a greater benefit, as they are located more to the

upgradient end of the well field than is Bell 11 (Appendix A, Figure A-1). It was determined that

ASR could be accomplished either through a new well or the existing Bell wells identified in our

initial evaluation (by retrofitting the well to allow recharge and pumping operations).  Given the

intermittent unconfined and confined aquifer conditions in the Bell well field, recharge at this

location could also increase saturated thickness in some of the unconfined areas and provide

additional head in some wells if the recharge mound spreads to the confined aquifer areas. 

Given the location of the Bell well field, it was concluded that the only economical source of

recharge water for the pilot ASR well would be ground water from other Bell well field wells. On

a long-term basis, it may be possible to provide treated water from the Sherard WTP. Since native

Ogallala aquifer water would be recharged back into the Ogallala aquifer, it was unlikely that there

would be water quality issues associated with a pilot study ASR well in the Bell well field.
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Therefore, based on the information from our initial survey, we concluded that ASR well technology

would be applicable in the Bell well field.  

ASR SCREENING SELECTION PROCESS

As part of our well field appraisals, there were a number of issues that were assessed, as they could

affect the selection of specific ASR technologies and/or the locations where these technologies may

be applicable. These issues included a) permitting related to the legal ability to use water for ASR,

b) permitting issues related to the maintenance of a return flow component versus totally consumable

water (imported water), c) the availability of a water supply for recharge, both for the pilot study and

on a long-term basis, d) the use of existing wells which can be retrofitted versus the drilling of new

wells for ASR, e) land access issues, and f) the cost to construct pipeline extensions to provide

recharge water supplies.  All of the above-described issues were evaluated as part of the process to

provide our recommendations on candidate ASR technologies to be used at specific locations.

Because there were a number of issues which had to be considered, we first provided

recommendations on preferred alternatives for discussion purposes and then the ASR technologies

and locations were selected, so we could move into the permitting, construction, and pilot study

phases of this work.

Preferred Alternatives

After weighing all of the options for ASR at each of the BOPU well fields, LWS recommended that

both the Bell and Happy Jack well fields meet the criteria to be selected as alternatives for ASR pilot

study facilities. Specifically, we recommended further evaluation of the construction of two pilot

facilities at the Bell well field, a RIB and an ASR well located approximately in the vicinity of Bell

8, Bell 11, or Bell 12, as shown in Figure 7 (or in the alternative, one of the existing Bell wells).  It

was determined that recharge water for the pilot study could be delivered from North Crow

Reservoir, without treatment, for the RIB. This would have required either an approximate one-half

to three-quarters of a mile pipeline lateral to reach the ASR site or conveyance by Crow Creek. If

a vadose zone well was used, treatment would be necessary, or Bell well field water would need to

be used.  Well water from other Bell well field wells could be used as a source of recharge water for

the ASR well.  Using these water supplies would obviate the need for treatment for use in either an

ASR well or vadose zone well, as the recharge water for the ASR well is native to the aquifer being

recharged. For a RIB, the water was native to Crow Creek, which naturally recharges the Ogallala
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aquifer in this area.  It was also concluded that Bell well field wells would be the source water for

an ASR well.

Based on our research, we also recommended the Happy Jack well field as a candidate for an ASR

pilot study for both an ASR well and a RIB. Based on our analyses, an ASR well could be placed

in the vicinity of the King 2 and Koppes 3 wells, as shown in Figure 8 (or one of these existing wells

could be retrofitted and used as an ASR well). As with the Bell well field ASR well, the only

practical source of recharge water for this pilot study is water from other Happy Jack well field wells.

We recommended a RIB at a similar location to the proposed ASR well, as shown in Figure 8.

Because of the cost to deliver surface water for the pilot study, it was decided that the source water

for the Happy Jack well field RIB would be other Happy Jack wells. Because the source water was

to be from other Happy Jack wells, the Koppes 2 well was selected for the RIB site, as the Koppes

2 well was the more accessible and reliable well source. 

While we identified areas where a potential new ASR well could be installed at both the Bell well

field and the Happy Jack well field, we also assessed the potential to retrofit one of the existing wells

in each of the well fields to obviate the costs for a new well and potentially use additional funds for

the operation of the pilot study. Based on our review of well completions, it was our

recommendation that either the Bell 8, Bell 11, or Bell 12 well in the Bell well field and either the

King 2 or Koppes 3 well in the Happy Jack well field could be retrofitted as an ASR well so that

water could be both injected at the well and recovered from the well using the existing submersible

pump (Figures 7 and 8). 

Selected Alternatives

It was the preference of the study participants that ASR technologies be evaluated at a pilot scale at

both the Bell and Happy Jack well fields. Therefore, an ASR well at Bell 8 was proposed (Figure 7)

and a RIB near Bell 5 (Figure 7) for the Bell well field. A RIB was proposed near Koppes 2 for the

Happy Jack well field (Figure 8), with the possible retrofitting of either King 2 or Koppes 3 as an

ASR well.

With the selection of these three sites for the pilot study, the necessary permitting of these facilities

through the SEO and DEQ was initiated. The subsequent permitting of the ASR facilities is

discussed in the following sections.  
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ASR PILOT STUDY PERMITTING PROCESS 

This pilot study involved constructing and operating ASR technologies on a small, temporary scale

to gauge whether or not such methods would be beneficial and practical as a full-scale project. 

Because of the temporary nature of the pilot study, the SEO and the DEQ did not have a set

permitting policy.  Therefore, existing regulations for comparable operations were used as applicable

for these temporary recharge studies.  Since this ASR pilot study involved recharging water into the

Ogallala aquifer via both aquifer injection into an ASR well and RIBs, permits were required by both

the SEO and the DEQ.

During the February 3, 2009 Scoping Meeting for the ASR Project, members of the SEO, DEQ,

BOPU, WWDC, and LWS discussed the legal and permitting issues associated with an ASR pilot

study.  It was concluded that the SEO would require a Temporary Water Use Agreement, as well as

a permit to appropriate surface water and a permit to appropriate ground water for the pilot-scale

studies of an ASR well and RIB.  The DEQ required an Underground Injection Control (UIC) permit

for an injection well and required that the RIB application address Chapters 3 and 11 of the

Wyoming Water Quality Rules and Regulations.

Permitting for a RIB located in the Happy Jack Well Field and a RIB and injection well located in

the Bell well field commenced in May 2009. Permits were drafted in compliance with SEO and DEQ

rules and regulations.  Permits were then completed consistent with discussions held with relevant

parties, Mr. Jason Feltner and Mr. Jeremy Manley of the SEO, and Mr. Richard Cripe, Mr. Peter

Vogel, and Ms. Adrienne Nunn of the DEQ, via telephone and email.  Permission was required by

the BOPU as the landowner at the Happy Jack well field RIB site and Mr. John Morris, landowner

at the Bell well field RIB and ASR well sites, as part of the permit applications.

The following sections summarize the permits that were applicable to this study, as well as the

permitting process.

Happy Jack and Bell Well Field RIB

Permits were required by both the SEO and DEQ for RIB operations.  Permits were obtained from

the SEO for RIBs at both the Happy Jack and Bell well fields, and from the DEQ for the Happy Jack
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Well Field RIB.  A DEQ permit for the Bell well field RIB was prepared by LWS, but the permit

required a landowner signature, which was not obtained.

The SEO required three permits for each RIB, (1) Form S.W. 3: Application for Permit to

Appropriate Surface Water, (2) Form S.W. 3-A Reservoir Application Supplemental Sheet, and (3)

Water Agreement for Temporary Use of Water.  

Form S.W.3 was completed using Special Application rules with the understanding that any issued

permits apply only to temporary pilot study facilities and that permanent facilities would require a

new application.   Form S.W. 3-A was required in conjunction with Form S.W.3 for the Bell well

field RIB and Happy Jack well field RIB.  These supplemental forms included preliminary details

on the design of the RIBs.  Applications for the Happy Jack and Bell RIBs were approved by the

SEO on August 3, 2009, permit numbers 13450R and 13449R, respectively, with a priority date of

July 9, 2009.  The approved SEO permits for the Happy Jack and Bell well field RIBs are presented

in Appendix E.

A Temporary Agreement was deemed appropriate for this study because it provided the ability to

use water for a use other than what it was originally permitted or decreed. These Temporary

Agreements are valid  for a period of two years.  The BOPU was both the appropriator and the user

in the agreement for use of water from the Koppes 2 well to recharge the Happy Jack RIB and the

Bell 12 well to recharge the Bell RIB.  Temporary Agreements were also made to use stored water

from the North Crow Reservoir and Crystal Lake Reservoir to recharge both RIBs.  However, further

study indicated that well water was a better short-term water supply for a pilot study.  Copies of the

Temporary Agreements are presented in Appendix F.  

DEQ permit applications for the Happy Jack and Bell well field RIBs were made in compliance with

Chapter 3, Section 17, and Chapter 11 of the Wyoming Water Quality Rules and Regulations. 

Chapter 3, Section 17, Environmental Monitoring Program for Protection of Waters of the State,

was required for the permitting process to show that the RIBs would not cause any violation of

ground water standards.  Chapter 11 of the rules and regulations, Design and Construction Standards

for Sewerage Systems, Treatment Works, Disposal System of other Facilities Capable of Causing

or Contributing to Pollution, includes septic tanks/leach fields, monitoring wells, and road

application of wastewater, addresses the design and construction of wastewater treatment ponds. 

Although the RIBs would not be used for wastewater treatment, the design and construction
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regulations outlined in Chapter 11 were deemed applicable to this pilot study by the DEQ.  Wyoming

Water Quality Application Forms, used for construction, ground water monitoring, ground water

remediation, subdivisions, and land application of wastewater, were submitted in conjunction with

the applicable sections of Chapters 3 and 11. 

The DEQ could not process the permit application for the Bell well field RIB because a signature

was not received from the landowner. The BOPU chose not to pursue this issue due to time

constraints.  However, the Happy Jack RIB was approved by the DEQ in a letter dated August 25,

2009 (Application No. 09-465).  A copy of the letter from Mr. Rich Cripe of the DEQ approving the

Happy Jack RIB is presented in Appendix G.

Bell Well Field Injection Well

It was initially proposed that either a new well be drilled in the Bell well field for injection or the

existing Bell 8 well be retrofitted for injection.  Permits were required by the SEO and the DEQ UIC

for either option. Therefore, LWS prepared the required permits for both a new well and a retrofit

well. 

The SEO required Form U.W. 5: Application for Permit to Appropriate Ground Water for the new

Bell ASR well.  The Bell ASR well was permitted as a “test” well.  The application for the Bell well

field ASR well was approved by the SEO on August 20, 2009, permit number U.W. 191105.  A copy

of the approved U.W.5 Permit is presented in Appendix H.  

A Temporary Water Use Agreement was made by the BOPU as both appropriator and the user, to

allow for use of water from the Bell 12 well for injection through either the new injection well or the

retrofitted Bell 8 well.  This agreement was approved by the SEO on July 15, 2009, and a copy of

this Temporary Water Use Agreement is included in Appendix F. 

UIC applications required by the DEQ were completed for the Bell 8 retrofit ASR well and the new

Bell well field ASR well.  UIC permits for the Bell well field ASR wells never proceeded past the

DEQ review phase due to issues associated with the landowner. The BOPU chose not to pursue this

issue due to time constraints. In October 2009, work on obtaining permits for the Bell 8 retrofit ASR

well and new Bell well field ASR well ceased.
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Koppes 3 Injection Well

With the cessation of work on the Bell well field ASR well in October 2009, no further work was

conducted relative to an ASR well until January 2010. At that time, it was determined that an in-line

retrofit could be completed to allow sufficient back pressure at the Koppes 3 well to facilitate

injection. Therefore, LWS commenced an assessment of Koppes 3 in the Happy Jack well field as

a pilot study ASR well.  Based on our initial evaluation and the new data provided relative to line

back pressure, it was concluded that the Koppes 3 could be retrofitted as an ASR well for this pilot

study.

The SEO did not require a new Temporary Water Use Agreement for Koppes 3.  The SEO instead

allowed  the Temporary Water Use Agreement for Bell 12 to be amended to apply to Koppes 3. The

SEO issued the amended agreement on March 4, 2010, and a copy of the amended Temporary Water

Use Agreement is presented in Appendix F.

The DEQ was contacted relative to re-activating the permit application which was currently on file

with the UIC for Bell 8.  A revised UIC application was completed for the Koppes 3 retrofit injection

well and the Koppes 3 injection well permit was issued under “Permit-by-Rule” procedures. This

authorization was made by the DEQ on April 1, 2010, and a copy of the approval letter from the

DEQ is included in Appendix I.

QA/QC Protocols

A quality assurance and quality control (QA/QC) sampling protocol was developed for both the RIB

and ASR portions of the pilot study. The Source Water and Ground Water Monitoring Plan for the

BOPU ASR Pilot Study prepared for the BOPU was approved by the DEQ as part of the RIB

approval on August 25, 2009, and the QA/QC sampling protocols outlined in this document were

followed by LWS personnel during the course of the pilot study.

CONSTRUCTION PHASE-HAPPY JACK WELL FIELD RIB

Once the permits were obtained for the Happy Jack RIB, construction commenced with the siting

study for the RIB and the installation of the necessary facilities to conduct the pilot-scale study. The

following sections describe the construction phase process for the Happy Jack RIB.
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Test Pits/RIB Siting

The ASR screening analysis indicated a RIB near Koppes 2 in the Happy Jack well field was the

preferred site. The analysis also identified that there were varying degrees of fine, low-permeability

material in the near-surface soils around Koppes 2, depending on location. As such, test pits were

initially excavated to evaluate variability in near-surface geologic conditions which could effect the

infiltration capacity of the RIB. Six 10-ft deep test pits were excavated via backhoe by Grosch

Irrigation of Ogallala, Nebraska, on October 19, 2009 (Figure 9). Lithologic logs were developed

from the materials excavated and the walls of the test pits.  The lithology was relatively uniform

between test pits, consisting of unconsolidated sand and gravel near the surface, underlain by

partially-cemented sand and silt with trace gravel (Appendix J). 

Because of the uniformity of the near-surface materials, it did not appear that there were concerns

related to the exact siting of the RIB. As such, the RIB was sited to take advantage of the proximity

to the source water for the RIB, the Koppes 2 well. The location of the RIB relative to Koppes 2 is

shown in Figure 9.

Monitoring Well Installations

Once the RIB had been sited and construction commenced on the excavation of the RIB, monitoring

well locations were determined and drilling was initiated. The initial borehole was drilled through

the unsaturated sediments of the Ogallala aquifer, and into the underlying Ogallala aquifer, to

evaluate the presence of low-permeability layers in the unsaturated zone. In this way, the low-

permeability layers could be identified and a monitoring well plan developed for both the saturated

and unsaturated zones. It was desired that there be monitoring in the saturated sediments of the

Ogallala aquifer, as well as above each significant low-permeability layer to assess the vertical

movement of water through these low-permeability layers.

Initial analysis of geophysical logs for Koppes 1 and Koppes 2 indicated the presence of two clay

layers at 30 ft and 45 ft below ground surface for Koppes 2, which were not present at Koppes 1. The

clay layers at Koppes 2 were approximately 5 ft and 15 ft thick, respectively. The lateral extent of

these layers was unknown prior to installation of the monitoring wells, but the lack of similar clay

layers at Koppes 1 implied that these layers were discontinuous laterally. An analysis of correlation
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of clay layers was made, but it indicated no correlation of these units among the BOPU Happy Jack

wells.

  

The initial borehole for the first monitoring well (105 ft from Koppes 2) also encountered the two

low-permeability layers identified in the unsaturated zone in the Koppes 2 geophysical log, i.e., a 5-ft

thick layer which started at 16 ft below ground surface and a 13-ft thick layer which started at 44 ft

below ground surface. As such, three monitoring wells were drilled adjacent to the northern side of

the Happy Jack RIB to monitor the unsaturated zone intervals above each low-permeability zone and

the Ogallala aquifer itself, and one monitoring well was drilled approximately 70 ft north of the RIB

to monitor the Ogallala aquifer at a downgradient location (Figure 9).  The wells were drilled at

varying depths from 17 ft to 145 ft.  

The following sections describe the drilling, well completion, and development activities associated

with the four monitoring wells. 

ASR-1 Deep: Monitoring well ASR-1 Deep is located approximately 15 ft downgradient from the

RIB (Figure 9).  ASR-1 Deep was drilled by Grosch Irrigation, and the drilling commenced and was

completed on October 20, 2009.  An 8-inch diameter borehole was drilled to a depth of 145 ft using

a direct rotary drill rig.

 

The lithology of the borehole was highly variable.  Medium-grained, unconsolidated gravel with

trace amounts of silt and sand were encountered from ground surface to 5 ft below ground surface. 

At 15 ft below ground surface, a consolidated, carbonate-cemented  sand layer was encountered.  A

clay layer, with some silt, was encountered from 16 to 21 ft and was the first low-permeability layer

encountered in this borehole. Below this clay layer were gravels, with some clay, until a second clay

layer was encountered from 44 to 57 ft. Below this layer, fine- to medium-grained, unconsolidated

sand and gravel were found between approximately 57 ft and 145 ft below ground surface. A

summary lithologic log for the ASR-1 Deep borehole can be found in Figure 10 and the detailed field

lithologic log for this borehole is included in Appendix K.

Once the borehole was drilled to total depth, it was completed as a monitoring well.  The well casing

schedule included blank 2-inch diameter polyvinyl chloride (PVC) casing and 2-inch diameter well

screen, with casing emplaced from approximately 2 ft above ground surface to a depth of 122 ft and 

two 10-ft sections of PVC well screen placed from a depth of 122 to 142 ft.  The bottom of the well
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was sealed with a PVC cap. The screens were set opposite coarse-grained sands and gravels of the

Ogallala aquifer.  Total depth of the monitoring well was 142 ft. An 8-12 silica sand pack was then

placed in the annular space from total depth  to a depth of 118 ft.  A bentonite clay seal was set from

118 ft to ground surface, and a locking cover and cement pad were placed at ground surface.  The

completion diagram for the ASR-1 Deep well is presented in Figure 10. At the time that the well was

completed, the static water level in the borehole was 120 ft below ground surface.

Development at the ASR-1 Deep well commenced on October 20, 2009 and was completed on

November 10, 2009.  There was a delay in completing the development of this well due to a large

winter storm that shut down all field operations for approximately 2 weeks. Development consisted

of  airlifting in the well for approximately 8 hours to remove heavy residual material from the

drilling operation so the pump could produce clear water that would be representative of the aquifer.

After airlifting was completed, LWS set a temporary pump approximately 5 ft from the bottom of

the screened interval and began pumping at a rate of approximately 3 gpm for about 8 hours.  The

pump was periodically moved up and down the full length of the screen to further develop the

screened section. The well was developed until it was essentially clear and sand-free.  No water level

drawdown measurements were taken during this pumping due to the limited space in the well casing.

ASR-1 Middle: The ASR-1 Middle well was drilled to monitor the unsaturated zone above the clay

layer, estimated from the ASR-1 deep geologic log to be at a depth of 44 to 57 ft. This well was

located adjacent to the ASR-1 Deep well, approximately 15 ft downgradient from the RIB (Figure

9). The drilling of the ASR-1 Middle well commenced and was completed on October 21, 2009 by

Grosch Irrigation.  An 8-inch diameter borehole was drilled to a depth of 47 ft using a direct rotary

drill rig.  

The lithology of the borehole was predominantly medium to coarse-grained gravel with trace

amounts of silt and clay.  The clay content of the borehole increased with depth. A total depth of 47

ft was chosen to monitor whether water infiltrating from the basin would pond on top of the clay

layer, starting at 44 ft below ground surface and extending to 57 ft below ground surface. A summary

lithologic log for the ASR-1 Middle borehole is presented in Figure 11 and the detailed field

lithologic log for this borehole is included in Appendix K.

Once the borehole was drilled to the top of the clay layer, the borehole was completed as a

monitoring well with blank 2-inch diameter PVC casing and 2-inch diameter well screen.  A 10-ft
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screen was emplaced opposite a medium-to-coarse  gravel layer from 36 ft to 46 ft. The bottom of

the well was sealed with a PVC cap.  An 8-12 silica sand pack was then placed in the annular space

from total depth to a depth of 33 ft.  A bentonite clay seal was set from 33 ft to ground surface, and

a locking cover and cement pad were set at ground surface.  The completion diagram for the ASR-1

Middle well is presented in Figure 11. 

The monitoring well was completed in unsaturated sediments; therefore, the well was not initially

developed.

ASR-1 Shallow: The ASR-1 Shallow well was drilled to monitor the unsaturated zone above the

clay layer, estimated from the ASR-1 Deep geologic log to be at a depth of 16 to 21 ft. This well was

located adjacent to the ASR-1 Deep well, approximately 15 ft downgradient from the RIB (Figure

9).   Drilling  commenced  and  was  completed  on  October  21,  2009  by  Grosch Irrigation. An

8-inch diameter borehole was drilled to a depth of 18 ft using a direct rotary drill rig.  

The lithology of the borehole was predominantly medium-grained gravel with trace amounts of clay

and sand. A total depth of 18 ft was chosen to monitor whether water infiltrating from the basin

would pond on top of the clay layer starting at 17 ft below ground surface and extending to 21 ft

below ground surface.  A summary lithologic log for the ASR-1 Shallow borehole is presented in

Figure 12 and the detailed field lithologic log for this borehole is included in Appendix K.

Once the borehole was drilled to the top of the clay layer, the borehole was completed as a

monitoring well with 2-inch diameter blank casing emplaced from approximately 2 ft above ground

surface to 7 ft below ground surface.  Two-inch diameter well screen was emplaced from 7 ft below

ground surface to 17 ft below ground surface.  The bottom of the well was sealed with a PVC cap.

An 8-12 silica sand pack was then placed in the annular space from total depth up to a depth of 6 ft. 

A bentonite clay seal was set from 6 ft to ground surface, and a locking cover and cement pad were

set at ground surface. The completion diagram for the ASR-1 Shallow well is presented in Figure

12. 

The monitoring well was completed in unsaturated sediments; therefore, the well was not initially

developed.
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ASR-2 Deep: Monitoring well ASR-2 Deep is located approximately 55 ft downgradient from the

RIB (Figure 9). Monitoring well ASR-2 Deep was drilled by Grosch Irrigation and the drilling

commenced and was completed on October 22, 2009.  An 8-inch diameter borehole was drilled to

a depth of 145 ft using a direct rotary drill rig.  

The lithology of the borehole was highly variable.  Medium-grained, unconsolidated gravel with

trace amounts of silt and sand were encountered from ground surface to 5 ft below ground surface.

At 14 ft below ground surface, a partially-cemented sand layer was encountered.  The clay layer

encountered at ASR-1 Deep at 16 ft was thinner at this borehole location (approximately 3 ft, versus

6 ft at ASR-1 Deep), indicating either a discontinuous clay or variable-thickness near-surface clay

in the vicinity of the RIB. The lower clay layer encountered at ASR-1 Deep (44 to 57 ft) was present

in ASR-2 Deep, but had more coarse material in the matrix. This layer was also thicker at this

location (39 to 59 ft). The silt and clay content increased to a depth of approximately 111 ft, where

a layer of medium gravel was present. The lithology of the borehole generally consisted of

alternating layers of medium-grained gravel and silty clay for the remaining 34 ft of the borehole. 

A summary lithologic log for the ASR-2 Deep borehole is presented in Figure 13 and the detailed

field lithologic log for this borehole is included in Appendix K.

Once the borehole was drilled to total depth, the borehole was completed as a monitoring well.  The

well casing schedule included blank 2-inch diameter PVC casing and 2-inch diameter well screen,

with casing emplaced from approximately 2 ft above ground surface to a depth of 125 ft and two 10-

ft sections of PVC well screen placed from a depth of 125 to 145 ft.  The bottom of the well was

sealed with a PVC cap. The total depth of the monitoring well is 145 ft. The screens were set

opposite a coarse-grained sand layer with trace gravel.  An 8-12 silica sand pack was then placed in

the annular space from total depth up to a depth of 121 ft.  A bentonite clay seal was set from 121

ft to ground surface, and a locking cover and cement pad were set at ground surface.  The completion

diagram for the ASR-2 Deep well is presented in Figure 13.  The static water level at the time of

drilling was 123 ft below ground surface. 

Development of the ASR-2 Deep well started on October 22, 2009 and was completed on November

9, 2009.  There was a delay in completing the development of this well due to a large winter storm

that shut down all field operations for approximately 2 weeks. Development of the well consisted

of  airlifting in the well for approximately 2.5 hours to remove heavy residual material from the

drilling operation so the pump would produce clear water that would be representative of the aquifer.
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After airlifting was completed, LWS set a temporary pump approximately 5 ft from the bottom of

the screened interval and began pumping at a rate of approximately 3 gpm for about 8 hours.  The

pump was periodically moved up and down the full length of the screen to develop the entire

screened section. The well was developed until it was essentially clear and sand free.  No water level

drawdown measurements were taken during the pumping due to limited space in the well casing.

RIB Construction

Construction of the RIB happened concurrently with the monitoring well installations. Construction

of the Happy Jack RIB commenced on October 26, 2009 and was completed on November 11, 2009. 

A backhoe and small bulldozer were used to excavate a basin with the approximate dimensions of

110 ft by 130 ft (Figure 9).  The RIB sides were sloped such that machinery would have easy access

to the basin for any necessary maintenance operations during the pilot study. In total, approximately

65,750 cubic ft of soil was removed and placed around the perimeter of the basin.

At the completion of the construction of the RIB, the basin was surveyed so that an elevation-area-

capacity curve could be developed for the RIB. These data are presented in Appendix L. 

To connect the water source at Koppes 2 to the RIB, it was necessary to dig a180-ft trench from the

Koppes 2 well house to the north corner of the basin.  The trench ranged in depth from 2 ft below

ground surface to 6 ft below ground surface to avoid pre-existing water lines.  A 3-inch diameter

PVC pipe was emplaced in the trench for the water line to the basin and PVC electrical conduit was

also installed in the trench to run wires for the float valve.

The RIB supply line was connected to Koppes 2 through the well house, where the pressure release

valve (PRV) had previously been located.  The float valve was connected to a valve in the well house

that controlled the flow of water into the basin, depending on the water level in the basin.

Water pumped from Koppes 2 could be sent to either the RIB via the 3-inch diameter PVC pipe or

to the Sherard WTP via the main line. To control the flow from Koppes 2 into the RIB, a float valve

was used at the downstream end of the water delivery pipe as water entered the RIB. A stilling well

constructed of 2-inch diameter PVC was installed at the end of the trench at a depth of 10 ft. The 10-

ft deep stilling well was used to house the float valve for maintaining basin water levels. A second

stilling well was installed in the RIB and set to a depth of 14 ft. This stilling well contained a data
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logger to monitor and record water levels in the RIB. The bottom 3 ft of both stilling wells were

wrapped in heat tape to prevent them from freezing. 

The float valve maintained a constant water level in the basin by cycling the supply line valve on and

off when there were significant changes in the water level of the basin. Because the float valve

evaluated changes at 15-second intervals, the water level in the basin remained constant. The data

logger was installed to monitor the rate that the basin filled to capacity and to confirm that water

levels were being maintained at a constant elevation within the RIB.

At the completion of the drilling and RIB construction, a fence was constructed around the RIB and

the close-in monitoring wells (ASR-1 Deep, ASR-1 Middle, and ASR-1 Shallow). The fence was

constructed to keep cattle out of the RIB area and to limit access into the RIB area.

Photographs showing the construction of the RIB and the monitoring wells at Koppes 2 are presented

in Appendix M. 

PILOT STUDY MONITORING AT HAPPY JACK WELL FIELD RIB

Both water levels and water quality parameters were monitored at each monitoring well throughout

the course of the study. The following sections describe the details of each component of monitoring.

Water Level Monitoring

Water levels in the monitoring wells were measured regularly to evaluate the vertical movement of

water infiltrating from the RIB and saturation changes in the initially-unsaturated zones.  Observing

the movement of water from the RIB was essential to establish the dominion and control of water

percolating from the RIB so it could be confirmed that water infiltrating from the RIB could be

recaptured by production wells in the Happy Jack well field.  Also, water level monitoring was

conducted to assess changes to the saturated thickness of the Ogallala aquifer and to gauge whether

RIB technology could be a viable method for improving the production of the BOPU wells by raising

water levels in the aquifer surrounding the production wells.

Water level measurements in ASR-1 Shallow, ASR-1 Middle, ASR-1 Deep, and ASR-2 Deep were

taken every 8 hours using Global Water Instrumentation, Inc. (Global) WL16 water level loggers. 

-38-1175g-rpt



LWS                                     Final Report, Managed ASR Project                            January 2011

ASR-1 Shallow and ASR-1 Middle were completed initially in the unsaturated zone and, therefore,

were used to monitor changes in saturation to the unsaturated zone as recharge progressed at the RIB. 

ASR-1 Deep and ASR-2 Deep were completed in the Ogallala aquifer and were used to monitor

changes to the saturated thickness of the Ogallala aquifer as a result of RIB recharge.  A water level

logger was also installed in a stilling well adjacent to the RIB to monitor water level changes in the

RIB.  

Flow meters were placed on Koppes 2 and on the supply line to the RIB, which allowed the amount

of water pumped by Koppes 2 and the amount of water sent to the basin to be monitored. Water level

data from the loggers and the totalizer readings from the meters were collected approximately three

times per week by Mr. Nathan Werner of States West.  The data were then e-mailed to LWS for

evaluation.  Hydrographs of water levels in each monitoring well and the stilling well for the period

of the RIB operations are provided in Appendix N.

 

The water level logger that was placed in the stilling well to measure water level changes in the RIB

was initially programmed to measure changes in RIB water levels using a 1-minute recording

interval. Initially, water level changes measured by the logger were going to be used to calculate

infiltration rates, hence the short interval time.   However, the float valve controlling flow into the

basin kept water levels relatively constant, thereby allowing calculation of infiltration rates using

totalizer readings from the flow meter leading into the RIB. This was accomplished by dividing the

flow rate by the cross-sectional area of the RIB floor.  The data from the stilling well,  along with

visual inspection of a staff gage installed in the basin, were used to verify basin water levels.  In May

2010, the data logger in ASR-1 Shallow malfunctioned; therefore, the data logger from the stilling

well was used to replace it and the stilling well was left without a logger.  Throughout this time,

water levels in the basin were manually verified approximately three times per week using the staff

gage.

Water Quality Monitoring

Water quality sampling was performed to classify both aquifer and source water quality and to assess

if water quality degradation was occurring as a result of RIB operations. During the operation of the

RIB, monitoring wells were sampled monthly for the operational water quality parameters listed in

Table 1 of the Source Water and Ground Water Monitoring Plan in the DEQ permit.  Regulatory

water quality sampling, as required by the DEQ, was to occur quarterly during the study; where
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ASR-1 Deep and ASR-2 Deep would be measured for the parameters described in Environmental

Protection Agency (EPA) Method 624 and Chapter 8, Table 1 (from DEQ regulations).  However,

quarterly regulatory samples were not collected during this study because RIB water was not

observed to recharge the Ogallala aquifer at these locations.  This was discussed with the DEQ and

was deemed acceptable by Mr. Rich Cripe of the DEQ in a telephone conversation on February 22,

2010.

Water quality samples were collected monthly from January 2010 through June 2010.  Prior to

collection of the samples, the specific conductance, pH, and temperature of each well were measured

in the field, in accordance with the project’s QA/QC protocols, so a representative ground water

sample was obtained. Samples were collected from Koppes 2 and the four RIB monitoring wells

once each of the zones being monitored by these wells became saturated. Wells that were originally

unsaturated were developed by LWS staff prior to obtaining water quality samples.  Table 1

summarizes the dates when the monitoring wells and Koppes 2 pumping well were sampled. 

Samples were sent to Accutest Laboratories in Wheat Ridge, Colorado, where they were analyzed

for the parameters shown in Table 2.  These parameters were selected by LWS for analysis because

they are considered to be good indicators of the chemical shifts that could occur in the Ogallala

aquifer as water from the RIB percolates through the unsaturated zone. 

Results and discussion of water level monitoring and water quality monitoring are provided in the

following sections.

EVALUATION OF HAPPY JACK WELL FIELD RIB DATA

The data collected during the 6-month RIB pilot study have been assessed in light of our

understanding of local geologic conditions in the unsaturated zone between the RIB and the Ogallala

aquifer.  The following sections describe the results related to water level changes, infiltration rates

and water quality.

Water Level Changes and Infiltration Rates

The RIB pilot study at the Happy Jack well field commenced on December 15, 2009.  Ogallala

aquifer water was pumped into the RIB via Koppes 2, initially filling the basin at a rate of 190 gpm. 
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The RIB was completely filled to a depth of approximately 4 ft, seven hours after the study

commenced.  This equated to a volume of water of approximately 0.61 ac-ft.   

Over the course of the first two weeks of recharge, the RIB was alternately frozen and thawed, as air

temperatures frequently dropped below freezing.  Infiltration rates during this time remained at a

relatively constant 1 ft/day.  However, over the course of the study, infiltration rates varied

considerably, from a high of 1.80 ft/day to a low of 0.7 ft/day. Basin infiltration rates were calculated

using the totalizer on the line into the basin and the area-capacity curve. Figure 14 shows basin

infiltration rates over time for the duration of the pilot study.  

The principal objective of recharge at the RIB was to gauge if water could percolate through the

unsaturated sediments to the underlying Ogallala aquifer. As such, early in the study the focus was

on the two wells completed in the unsaturated zone as the means to track the downward movement

of the RIB recharge. 

A water level increase was first observed in ASR-1 Shallow on December 16, 2009, just one day

after the initiation of the filling of the RIB.  The 20-ft thick unsaturated zone between the first clay

layer and the base of the RIB was substantially saturated by January 1, 2010, providing a saturated

recharge mound below the RIB.   During this period, infiltration rates increased from 1 ft/day to

approximately 1.2 ft/day (Figure 14).   Infiltration rates continued to increase after the zone above

the first clay layer was completely saturated.  These initial increases in infiltration rates were likely

caused by an increase in permeability as the unsaturated zone above the first clay layer became

saturated, forming a recharge mound.  This recharge mound was most likely spreading laterally along

the clay layer, since no water level changes were observed in ASR-1 Middle, ASR-1 Deep, or ASR-2

Deep during this time frame.  Figure 15 shows changes in RIB water levels and water levels in the

unsaturated zone above the first clay layer during the first two weeks of the study. Figure 15 shows

the significant change above the uppermost clay layer, but no changes in water level below this layer.

Water level changes in ASR-1 Shallow are shown in Appendix N,  Figure N-1.  

A water level increase was first observed above the second clay layer in the ASR-1 Middle well on

January 3, 2010, approximately 3 weeks after the initiation of recharge at the RIB.  Water level

changes in ASR-1 Middle are shown in Appendix N, Figure N-2.  The 45 ft of unsaturated zone

between the second clay layer and the first clay layer was substantially saturated by mid-March. 

Figure 16 shows changes in RIB water levels, changes in water levels in the unsaturated zone above
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the first clay layer, and changes in the unsaturated zone above the second clay layer from January

through mid-March 2010. As Figure 16 shows, during this time frame water was infiltrating and

percolating either through or around the upper clay layer, saturating the zone between the clay layers.

However, no water level response related to the recharge was being measured at the wells completed

in the Ogallala aquifer.

The float valve regulating basin water levels was raised one foot in late January to increase the

volume of water in the basin, once it was established that increasing water levels in the basin would

not cause the basin to overflow.  With this change in water level elevation in the RIB, the volume

of water in the basin increased from approximately 0.61 ac-ft to 1.3 ac-ft.  This one-foot increase of

the head level in the basin  potentially aided in increasing infiltration rates (Figure 14).  

Basin infiltration rates increased significantly from 1 ft/day at the beginning of the study  to 1.8

ft/day by mid-March, when the zone above the second clay layer became substantially saturated

(Figures 14 and 16).  The continual increase in infiltration rates from December to March could have

been caused by two possible infiltration scenarios, each of which facilitated the downward

movement of water as the soils saturated and the hydraulic conductivity of those previously-

unsaturated soils increased. One scenario is that the first clay layer was not laterally extensive and

water from the RIB infiltrated around it, saturating the area above the second clay layer.  A second

scenario is that it is also possible that the first clay layer was fractured or contained sand or gravel

lenses which allowed water travel through the clay layer. This would cause localized hydraulic

conductivity in the clay layer to be relatively high and would allow water infiltrating from the RIB

to continue at the observed high rates.  

Beginning in mid-March, infiltration rates began to steadily decrease until they reached a low of 0.7

ft/day in mid-May (Figure 14). The rapid decrease in infiltration rates was initially thought to be

related to silt clogging the bottom of the basin.  It was anticipated that maintenance of the floor of

the RIB, such as drying out and scarifying the base and removing accumulated solids and organic

matter, may be required periodically to reverse the effects of plugging.  However, infiltration rates

rapidly increased from 0.7 ft/day in mid-May to 1.4 ft/day in mid-June (Figure 14).  Since

mechanical clogging is unlikely to reverse itself, the increase in infiltration rates could be attributed

to a reduction in the biological growth that had occurred in the basin.  In the beginning of March,

algal blooms began to form in the basin, and by mid-March approximately one-third of the basin was

covered in algal blooms and aquatic plants.  Algal blooms were still present in the basin in April;
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however, the number of blooms were drastically reduced by mid-May and were no longer present

in June.  The absence of plant matter and algal blooms clogging the basin could have caused

infiltration rates to increase once again. 

Water levels were also observed in the two Ogallala aquifer wells throughout the study period.

Because these wells are located in close proximity to the source water for the RIB (Koppes 2), it was

necessary to evaluate water level changes in the monitoring wells relative to Koppes 2 water level

drawdown effects and RIB water level recharge effects. Water levels in ASR-1 Deep and ASR-2

Deep did decrease over the RIB study period due to pumping from Koppes 2.  Changes in ASR-1

Deep and ASR-2 Deep water levels are shown in Figures N-3 and N-4, Appendix N.  Since the goal

of the pilot study was to evaluate whether water percolating from the RIB was increasing the

saturated thickness of the Ogallala aquifer underlying Koppes 2, drawdown caused by the pumping

of Koppes 2 had to be taken into consideration when evaluating water level data from ASR-1 Deep

and ASR-2 Deep.  

Predicted drawdown at ASR-1 Deep and ASR-2 Deep was calculated using the Theis equation. The

aquifer properties used in the equation were derived from geophysical logs and available well test

data.  These calculated drawdown values were then compared to the water level measurements taken

from the ASR-1 Deep and ASR-2 Deep water level loggers.  Measured drawdown that was

consistently less than the predicted drawdown, or a measured increase in water levels, would indicate

that water infiltrating from the basin was recharging the aquifer.  

Figures 17 and 18 show calculated drawdown and measured drawdown over time for ASR-1 Deep

and ASR-2 Deep, respectively.  At no point during the study was the measured drawdown at ASR-1

Deep less than the calculated drawdown.  This suggests that water percolating from the RIB was

perched on the second clay layer and did not reach the aquifer, or that water from the RIB was

recharging the Ogallala aquifer at a location further away from the deep monitoring wells and the

monitoring wells were, therefore, not recording any increases in saturated thickness.  Another

possibility is that very small amounts of water from the RIB were recharging the aquifer at Koppes

2; however, the effects of the recharge could not be isolated from the drawdown caused by pumping. 

In May of 2010, water levels in ASR-2 Deep rose approximately 2 ft.  This change in water level was

initially attributed to seasonal fluctuations; however, no change in water levels was recorded in ASR-

1Deep. Other monitoring wells in the Happy Jack well field and the adjacent Bell well field also did

-43-1175g-rpt



LWS                                     Final Report, Managed ASR Project                            January 2011

not register similar water level changes. This increase in ASR-2 Deep water levels did not persist;

water levels dropped shortly thereafter, even though recharge continued. Therefore, it is difficult to

determine what caused the change in water levels in ASR-2 Deep. 

Since the recharge through the RIB was within the cone of influence of Koppes 2 (which was

providing the recharge water), it is possible that there was vertical percolation of RIB water that was

captured within this area of influence and moved towards Koppes 2 without observing changes in

water levels in the RIB monitoring wells. Therefore, it is possible that recharge water could be

successfully migrating to the Ogallala aquifer but, due to the setup of the pilot study, these effects

were not being observed. While this may be an unintended consequence in this pilot study, any full-

scale RIB project would use surface water sources, and wells in the vicinity of the RIB would likely

not be operating during recharge operations.

Recharge at the RIB ceased on June 19, 2010, which completed a six-month pilot study.

The pilot study results show that water percolating from the RIB successfully saturated the

unsaturated zones above the first and second clay layers.  However, water level data from ASR-1

Deep and ASR-2 Deep suggest that water infiltrating from the RIB did not significantly recharge the

Ogallala aquifer in the vicinity of these wells . 

Because of the intermittent clay layers underlying the Happy Jack well field, a RIB may not be the

most efficient or beneficial technology for recharging the Ogallala aquifer at the Happy Jack well

field.  For future ASR studies, RIB technology coupled with vadose zone wells could provide a more

effective means for recharging the Ogallala aquifer by drilling through the intervening clay layers

to allow water to infiltrate through to the aquifer. In an attempt to evaluate this method, a proposal

was made to the DEQ UIC Program to modify the Happy Jack RIB by installing rock chimneys, i.e.,

boreholes filled with higher-permeability porous media that would penetrate through the second low-

permeability zone to the unsaturated Ogallala aquifer.  An example of a rock chimney, as proposed

to the DEQ, is presented in Figure 19.  These rock chimneys would have been installed in the bottom

of the RIB to allow water from the RIB to pass more freely through the lower-permeability porous

media and recharge the underlying Ogallala aquifer.  Unlike a well, the rock chimneys would allow

water to percolate through the porous media of the unsaturated zone, providing 115 ft of filtering

prior to reaching the local water table. Another benefit to installing rock chimneys is that it would

provide a more direct path to the aquifer for water infiltrating from the RIB, as well as allow for
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more control as to where water from the RIB would recharge the aquifer, e.g., recharging the

Ogallala aquifer adjacent to Koppes 2.

The DEQ rejected this proposal because it felt that the construction of rock chimneys in the RIB

would not have allowed for sufficient protection of the ground water and the chimneys did not meet

DEQ construction standards for a well. A copy of the letter from the DEQ in response to the rock

chimney proposal is provided in Appendix O. However, LWS believes some form of enhancement

to vertical flow movement, such as a vadose zone well, modified rock chimney, deep sump, or other

concept could be a viable option if a long-term RIB project is pursued, because vertical flow

enhancement would still allow the filtering of surface water recharge into an aquifer through 115 ft

of unsaturated porous media. We believe that design changes to meet the DEQ’s concerns could be

provided so that the concept of vertical flow enhancement could potentially be allowed.

Because recharged water could not be tracked to the Ogallala aquifer in this RIB portion of the pilot

study, dominion and control of this water cannot be demonstrated. Using surface water sources

(rather than an adjacent well) and enhancing vertical flow movement will allow dominion and

control for a full-scale project to be demonstrated. 

Water Quality Results

Since the recharge water for the RIB was from the same source as the receiving aquifer, chemical

compatibility issues were not a major point of concern for this pilot study.  However, since the water

from the RIB was infiltrating through more than 100 ft of unsaturated material, the principal focus

of the water quality testing and analysis was on chemical changes occurring as this water percolated

through the unsaturated sediments.  The results of the water quality testing at Koppes 2 and the four

RIB monitoring wells are summarized in the Water Quality Analysis Reports in Appendix P.  

Source water and receiver water quality results were consistent throughout the pilot study, principally

related to the fact that the source water used to fill the RIB was the same as the receiving aquifer

water.  Specific conductance, pH, and temperature were consistent between the monitoring wells and

Koppes 2 over time, indicating that no chemical interaction occurred during infiltration.  Specific

conductance ranged between 208 microsiemens per centimeter  (ìs/cm) to 231 ìs/cm and the pH of

each well was circumneutral throughout the study.  Concentrations of major cations and anions were

relatively consistent with no significant differences between wells or changes over time. 
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Stiff diagrams were used to evaluate chemical changes that may have occurred when source water

was pumped from the Ogallala aquifer via Koppes 2, and recharged into the unsaturated Ogallala

aquifer via the RIB.  Stiff diagrams provide a graphical representation of water chemistry and are

useful in determining water “type” based on the relative proportions of major ions (Hem, 1970). 

Chemical typing is often useful for differentiating waters originating from different sources or hosted

within differing environments.   Stiff diagrams were prepared for all water quality samples obtained

during the pilot study.  These diagrams are shown in the Water Quality Analysis Reports in

Appendix P.  The stiff diagrams created for each well after each sampling show that water quality

was similar between the monitoring wells and Koppes 2 and that water quality did not vary over

time.  Therefore, source water chemistry did not change as it percolated through the unsaturated

zone.

The stiff diagrams demonstrate that this system is dominated by calcium bicarbonate-rich water,

most likely due to the high concentrations of caliche found in the soil.  Koppes 2 had average

calcium and bicarbonate concentrations of 43.9 mg/l and 160.3 mg/l, respectively, whereas the

monitoring wells had average calcium and bicarbonate concentrations of 43.8 mg/l and 163.3 mg/l,

respectively.  The similarities between Koppes 2 and the monitoring wells’ calcium and bicarbonate

concentrations suggests that water percolating from the RIB was not causing further dissolution of

calcium and bicarbonate minerals as it traveled through the unsaturated zone.

Iron and manganese concentrations were below detection levels throughout the study.  Iron and

manganese, if present in the unsaturated zone, remain complexed in the soil structure.  Iron and

manganese, which typically occur in their reduced state in soils, may be oxidized when exposed to

dissolved oxygen, which can be a problem when recharging with surface water that is typically high

in dissolved oxygen. However, no iron or manganese problems were encountered as part of the pilot

study, which is not unexpected, since the Ogallala water being used as the source water is likely low

in dissolved oxygen.

The similar concentrations of major ions in the Koppes 2 source water and the monitoring wells

suggests that no major chemical reactions occurred to degrade the water quality when Ogallala

aquifer water was pumped to the surface and allowed to infiltrate through the RIB. This is to be

expected, given that the source water and receiver water were from the same source (the Ogallala

aquifer). While this pilot-scale study used aquifer water to recharge, a full-scale project would likely

use surface water as the source water. Once dissimilar water is used as the recharge source, this
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condition would likely require column leach testing to determine the compatibility between source

water and receiver water.

All monitoring wells were tested for total coliforms on a monthly basis, with samples being taken

from the unsaturated zone wells once a water table was established from the recharge operation. 

ASR-1 Shallow, ASR-1 Deep and ASR-2 Deep tested positive for total coliforms sporadically. In

early January, at the first monthly operational sampling period, ASR-1 Deep and ASR-2 Deep both

tested positive for total coliform.  However, ASR-1 Shallow, which had developed a water table in

this well, did not test positive for total coliforms. This would indicate that the coliforms in ASR-2

Deep were not being sourced from the RIB. However, both deep wells were chlorinated in late

January to disinfect these wells in case there were some remnants from the drilling operations that

caused the positive coliform results.  In February, ASR-2 Deep tested  negative for total coliforms;

however, ASR-1 Deep tested positive (Table 4).

Although the positive total coliform results were initially attributed to the drilling process because

the shallow wells below the RIB were negative for total coliforms in January and February, a

positive total coliform result in ASR-1 Shallow in March suggested that an alternate source was

possible.  During this time, cattle had been found inside the RIB fence and some biological fouling

was present in the basin.  Therefore, water percolating from the basin was considered a potential

source of  coliforms.  All wells were chlorinated in March (Table 5).  However, after chlorination

in March, ASR-2 Deep still tested positive for coliforms in April and May, and ASR-1Deep also

tested positive in May (Table 4). However, none of the shallow wells tested positive for coliforms

during this period. Because of the positive coliform results from multiple wells and the presence of

cattle within the RIB fence, all wells were also tested by the BOPU laboratory for Escherichia coli

(E. coli) and fecal coliforms in May, however, no E.coli or fecal coliform were  present in the wells.

Based on the results from the coliform testing, where the shallow wells directly affected by the RIB

recharge were generally negative for coliforms suggests that coliforms could be naturally occurring

in the formation.  Although cattle were found within the basin fence, water quality samples taken

in May tested negative for E. coli and fecal coliform, and ASR-1 Middle tested negative for coliform

every month and ASR-1 Shallow was negative for all but one month of testing (Table 4).  This

suggests that water infiltrating from the RIB was not the source of total coliforms.  Koppes 2 also

consistently tested negative for coliforms, indicating that the coliforms did not affect BOPU’s water

supply.
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Basin Decommissioning

The RIB pilot study was concluded on June 19, 2010.  The RIB was filled in, the land re-contoured

and re-seeded, and the fence disassembled by Mechanical Systems, Inc. from September 13–27,

2010.  The supply line from Koppes 2 to the RIB was also removed and the well house plumbing

was returned to its original configuration. 

Applicability for Full-Scale Project

Based on the results from the RIB pilot study and our review of the geophysical logs from all of the

wells in the BOPU well fields, it appears that recharge from a surface RIB to the underlying Ogallala

aquifer could be impeded by low-permeability strata. While our review of the geophysical logs has

indicated that most of these low-permeability strata are not laterally continuous, recharge is typically

targeted at a specific zone or area and lateral movement along low-permeability strata reduces the

ability to provide recharge to a targeted zone or area. 

While these low-permeability strata can impede the vertical infiltration of water through unsaturated

Ogallala Formation sediments, the results from the RIB pilot study indicate that infiltration rates are

relatively high in the higher-permeability sediments and can move significant quantities of water

vertically towards the Ogallala aquifer. Therefore, the primary issue associated with using RIB

technology to recharge the Ogallala aquifer relates to the ability to move water through the lower-

permeability strata. The concept of installing rock chimneys in the base of the RIB that would create

higher-permeability conduits through these lower-permeability strata was developed to address this

issue. However, upon initial review, the DEQ did not approve this concept. We believe that, with

further discussions with DEQ, it is possible that this concept could be approved, as the rock

chimneys also represent porous media and this concept would be no different than if a RIB could be

sited above permeable Ogallala Formation  sediments with no intervening low-permeability strata,

which likely would be permitted by the DEQ.

One of the principal advantages of advancing RIB technology is that untreated surface water could

be delivered into the RIB for ultimate recharge to the Ogallala aquifer. The lack of need for pre-

treatment of the surface water supplies makes RIB technology an attractive alternative from a cost

standpoint and could provide high recharge rates to the underlying aquifer. Therefore, we believe
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that there is applicability of RIB technology for future recharge research and/or a full-scale project

if some enhancements are allowed for the recharge technology.

Because of the low-permeability strata in the unsaturated zone, recharged water above the clay layers

moved laterally as the path of least resistance. As such, we were not able to track the movement of

this water in the pilot study. Any full-scale RIB project would need to control the fate of the

recharged water so its beneficial impact could be measured in the area targeted for recharge. The

ability to control the movement of the water will be key for a full-scale RIB project. 

Since there are unresolved issues regarding the design of any full-scale RIB project, we have not

prepared cost estimates at this time. If further work is conducted to resolve this issue, we will be

better prepared to address design and associated cost issues.

CONSTRUCTION PHASE-KOPPES 3 WELL

Existing Well Retrofit

The Koppes 3 production well is located in the Happy Jack well field.  Koppes 3 was chosen as the

well to be retrofitted for the following reasons: 

(1) It is located in a zone of relatively high aquifer transmissivity, which would facilitate

the injection process;

(2) The depth to ground water allows for a large storage potential which, in turn, allows

for a greater increase in water levels once injection begins;

(3) Koppes 3 was not being used for production and water could be delivered from

Koppes 4 to Koppes 3 for injection via the main supply line, as shown in Figure 21;

and

(4) An in-line valve could be installed to provide the necessary back pressure to operate

the injection line without cascading water down the well. 
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On June 15, 2010, Koppes 3 was retrofitted by Sargent Irrigation Co. (Sargent), of Broken Bow,

Nebraska to allow injection into the well.  Sargent initially removed the 6-inch pump from a 220-ft

depth setting in the Koppes 3 production well, along with the Drexelbrook water level probe, pitless

adaptor spool, and airline.  The pump was reinstalled in the well using a 4-inch drop pipe and was

set at approximately 210 ft, as shown in Figure 21. The Drexelbrook water level probe was

reinstalled, along with an airline, in a 1.5-inch PVC pipe at an approximate depth of 190 ft below

ground surface.  A 2-inch steel injection line with a 1.25-inch orifice on the downstream end of the

pipe was also installed in the well at an approximate depth of 168 ft below ground surface (Figure

21). The depth of the injection line allowed water to be injected into the saturated interval, but at a

depth sufficiently above the intake of the pump to minimize the amount of entrained air created

while injecting.

Sargent also modified the well house configuration to allow water to be delivered from the main

line. This was accomplished by connecting 100 ft of 2-inch diameter hose to the main line via a

quick-release coupling.  The hose exits the well house through the pressure reducing value (PRV)

port and connects to a 3-inch irrigation meter with 2 ft long, 2-inch diameter steel pipes on each side

of the meter. These pipes were required to ensure accurate readings from the irrigation meter.  Both

the 2-inch injection line and the 4-inch discharge line were fitted with 2-inch quick-release couplings

so that the meter could be easily moved from a discharge position to an injection position, as shown

in Figure 22.

Under the original well configuration, the main supply line did not have adequate pressure to deliver

suitable water to Koppes 3 for injection. To increase the line pressure and provide suitable water for

injection, the BOPU installed an in-line valve below the confluence of Koppes 3 and Koppes 4 on

the main line. This is shown schematically in Figure 20. 

Monitoring Well Installations 

Monitoring wells were installed downgradient of the Koppes 3 injection well to monitor water levels

in the Ogallala aquifer so that changes in aquifer saturated thickness caused by injection of water at

Koppes 3 could be calculated, as well as monitoring shifts in water quality due to injection.  A pre-

existing monitoring well, K3-MW1 (the old Koppes 3 production  well), located 73 ft from Koppes

3, and two new monitoring wells were used to monitor the Ogallala aquifer during the pilot study. 

Figure 23 shows the locations of the monitoring wells in relation to the Koppes 3 well house. 
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Monitoring wells K3-MW2 and K3-MW3 were installed approximately 123 ft and 190 ft,

respectively, from the Koppes 3 well house.  Locations for the two new monitoring wells were

restricted by the presence of overhead power lines, which prevented easy access of the drill rig.  

The following sections describe the location and completion of the previously-drilled monitoring

well and the drilling, completion, and development activities associated with the two new monitoring

wells.

K3-MW1: Monitoring well K3-MW1 is located approximately 73 ft from the Koppes 3 well house

(Figure 24).  The well was drilled by Archibald in 1943 and originally served as a BOPU production

well.  In July 1998,  a replacement well was drilled and the old production well was converted to a

monitoring well.  The total depth of the well is 202 ft, with 102 ft of blank casing and 100 ft of

perforated screen that is 10-inch diameter from ground surface to 162 ft and changes to 8-inch

diameter approximately 162 ft below ground surface to total depth of 202 ft.  Figure 24 is a

completion diagram of K3-MW1 based on information provided to us by BOPU staff; however,

gravel pack and grout intervals were not recorded in the completion report and are unknown. 

Because K3-MW1 was converted from a production well to a monitoring well, it did not require any

well development.

K3-MW2:  Monitoring well K3-MW2 is located approximately 123 ft north of the Koppes 3 well

house (Figure 25).  K3-MW2 was drilled by Grosch Irrigation (Grosch), and drilling commenced and

was completed on June 9, 2010.  A 9-inch diameter borehole was drilled to a depth of 195 ft using

a direct rotary drill rig.

The lithology of the borehole was relatively consistent; however, due to gravel circulating within the

borehole during drilling, it was difficult to determine distinct layering.  Figure 25 illustrates the

borehole lithology of K3-MW2.  The lithology was dominated by medium- to fine-grained gravel

with trace amounts of sand and silt from ground surface to a depth of approximately 45 ft, where it

changed to predominantly sand with trace amounts of gravel.  However, the gravel content increased

with depth, and at approximately 80 ft below ground surface, clay lenses between 2 and 3 inches

thick were encountered.  Clay content continued to increase until approximately 110 ft below ground

surface, where the lithology changed to medium-grained gravel with no clay. The lithology was

predominantly fine- to medium-grained gravel until 180 ft below ground surface, where trace
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amounts of clay were present.  A clay layer was encountered at 185 to 195 ft.  The layer of relatively

clean gravel from 45 to 180 ft below ground surface provides approximately 90 ft of storage above

the static water level to the overlying clay layer, which was measured at 137 ft below ground surface

on June 9, 2010.  

Once the borehole was drilled to total depth, the borehole was completed as a monitoring well.  The

well casing schedule included blank 2-inch diameter PVC casing and screen, with casing emplaced

from approximately 2 ft above ground surface to a depth of 135 ft below ground surface. Three 20-ft

sections of PVC well screen were placed from a depth of 135 to 195 ft.  The screens were set

opposite fine- to coarse-grained gravel layers.  The bottom of the well was sealed with a PVC cap.

An 8-12 silica sand gravel pack was then placed in the annular space from total depth to a depth of

195 to 50 ft.  A bentonite clay seal was set from 50 to 1 ft below ground surface and a grout seal was

set from 1 ft to ground surface and the locking cover was set into the grout.  The well was completed

on the surface with a locking cover and cement pad.  Well completion details are shown in Figure

25.  

On June 10, 2010, the well was airlifted by Grosch for approximately 5.5 hours.  Airlifting was done

to remove heavy residual material from the drilling operation so the development pump would not

pump heavy, or coarse, material. On June 16, 2010, after airlifting was completed, LWS set a

temporary pump approximately 15 ft from the bottom of the screened interval and began pumping

at a rate of approximately 0.5 gpm for approximately 4 hours.  The pump was periodically moved

up and down the full length of the screen to develop the entire screened section.  The pumping rate

was increased to approximately 3 gpm for 30 minutes.  The well was developed until it was

essentially clear and sand free at the maximum discharge rate allowed by the temporary pump.  No

drawdown measurements were taken during development, due to limited space in the well casing.

K3-MW3:  Monitoring well K3-MW3 is located approximately 190 ft north of the Koppes 3 well

house (Figure 26).  K3-MW3 was drilled and completed by Grosch on June 11, 2010.  A 9-inch

diameter borehole was drilled to a depth of 185 ft using a direct rotary drill rig.  

The lithology of the borehole was highly variable, with fine- to medium-grained, unconsolidated

gravel with trace amounts of silt and sand encountered from 2 to 20 ft below ground surface.  A clay

layer with trace amounts of sand was encountered from approximately 20 to 25 ft.  The sand content

gradually increased from 25 to 35 ft below ground surface, where interspersed gravel lenses were
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encountered.  The remainder of the borehole was characterized by alternating layers of gravelly clay,

gravel, and clayey gravel.  The White River Formation was encountered at approximately 181 ft. 

The layers of sand and gravel encountered from 25 to 181 ft below ground surface provide

approximately 112 ft of storage above the static water level to the overlying clay layer, which was

measured at 137 ft below ground surface on June 9, 2010. 

Once the borehole was drilled to total depth, the borehole was completed as a monitoring well.  The

well casing schedule included blank 2-inch diameter PVC casing and screen, with casing emplaced

from approximately 2 ft above ground surface to a depth of 120 ft below ground surface.  Three 20-ft

sections of PVC well screen were placed from a depth of 120 to 180 ft (Figure 26). The bottom of

the well was sealed with a PVC cap.  The screens were set opposite fine- to medium-grained gravel

layers.  An 8-12 silica sand gravel pack was then placed in the annular space from total depth up to

a depth of 68 ft.  A bentonite clay seal was set from 68 to 1 ft below ground surface and a grout seal

was set from 1 ft to ground surface. The locking well cover was set into the grout.  The well was

completed on the surface with a locking cover and cement pad.

Development of K3-MW3 commenced on June 11, 2010 and was completed on June 16, 2010. 

After completion of the well, the well was airlifted for approximately 2.25 hours.  Airlifting was

done to remove heavy residual material from the drilling operation so the pump would not pump

heavy, or coarse, material. After airlifting was completed, LWS set a temporary pump approximately

5 ft from the bottom of the screened interval and began pumping at a rate between 1.5 and 3 gpm for

approximately 2 hours.  The pump was periodically moved up and down the full length of the screen

to develop the entire screened section.  The well was developed until it was essentially clear and

sand-free at the maximum allowable flow rate of the temporary pump.  No drawdown measurements

were taken during development due to limited space in the well casing.

Photographs showing construction activities at the Koppes 3 injection well, and the associated

monitoring wells, are presented in Appendix M. 

PILOT STUDY MONITORING AT KOPPES 3 ASR WELL

Initial testing was conducted at the Koppes 3 injection well to collect pre-injection aquifer and well

data. Thereafter, water level and injection data were collected throughout the injection cycles and

during the intervening pump cycles. Water quality data were collected from the source well, injection
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well, and monitoring wells during the pump cycles. The following sections describe the basic data

collection effort that was done throughout the pilot study on the Koppes 3 ASR well. 

Pre-Injection Testing

LWS conducted a constant rate test on Koppes 3 on June 24, 2010, prior to the injection of any

water.  Because the last constant rate test conducted at the Koppes 3 well was in 1998, LWS

conducted a constant rate test to calculate current aquifer transmissivity and storage coefficients. By

providing data on current aquifer and well conditions, the pre-injection pump test could then be used

to provide an estimate as to how water levels in the aquifer might respond due to injection.

Deviations from the theoretical response could then be used to assess whether aquifer or well issues

were arising as a result of the injection process.

During the pre-injection constant rate test, LWS personnel measured water levels in Koppes 3 using

a water level probe placed down the injection line. Koppes 3 was pumped for approximately 4 hours

at an average rate of 208 gpm, with a water level drawdown of 15.5 ft. A plot of the pre-injection

constant rate test data are presented in Figure 27. A transmissivity of 28,160 gpd/ft was calculated

from the Koppes 3 drawdown curve, which is similar to the value of 26,125 gpd/ft calculated by

Weston Engineering, Inc. (Weston) in 1998.  At the conclusion of the pre-injection test, water level

recovery data were also obtained and the Koppes 3 well recovered nearly to its static water level after

approximately 40 minutes. 

Drawdown of monitoring wells K3-MW1 (73 ft from Koppes 3) and K3-MW2 (120 ft from Koppes

3) was also recorded during the pre-injection test, and the corresponding drawdown plots are

presented in Figures 28 and 29, respectively. Aquifer transmissivity values calculated at these

monitoring wells are similar to that calculated for the Koppes 3 well. In addition, storage coefficients

were calculated using the monitoring well data. The storage coefficients that were calculated are

0.00018 and 0.00013 using the pre-injection pump test data from K3-MW1 and K3-MW2,

respectively. Weston calculated a similar storage coefficient during their test in 1998 of 0.00045. All

of these storage coefficient values indicate that Ogallala aquifer at Koppes 3 is locally confined. 

As a check of the aquifer conditions at Koppes 3, LWS compared the water level response time and

magnitude of the water level change at the monitoring wells during the pre-injection test to

calculated values using the Theis equation. This check confirmed that the response observed at
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Koppes 3 and the monitoring wells is consistent with confined aquifer conditions. In addition, LWS

reviewed the geophysical and geologic logs from Koppes 3 and from Koppes 4, King 2, and King

4 (which are all adjacent to Koppes 3). All of these logs show clay layers at varying distances below

ground surface; however, it is difficult to determine whether or not the clay layers are laterally

continuous, as they are difficult to correlate due to the relatively large distances between the wells.

It does appear that the Ogallala aquifer acts as a confined aquifer in the vicinity of Koppes 3 ASR

well. 

Water Level Monitoring

Water levels in the injection well and the monitoring wells were measured continuously to evaluate

(a) the change(s) in the water levels in the Ogallala aquifer caused by injection, (b) the horizontal

movement of the injected water, (c) the efficiency of the injection process by comparing actual water

changes to theoretical water level changes, and (d) whether the injection locally increases the

saturated thickness of the Ogallala aquifer.

Water level measurements in monitoring wells K3-MW1, K3-MW2, and K3-MW3 were recorded

every hour using Global WL16 water level loggers. Two of the three monitoring wells  (K3-MW2

and K3-MW3) were completed and screened in the Ogallala aquifer for this study, while monitoring

well K3-MW1 is the old Koppes 3 well completed in the Ogallala aquifer and the underlying White

River formation (Figures 24–26). All of the monitoring well data loggers were used to evaluate water

level changes associated with both the injection runs and the intervening pump cycles. The Koppes

3 well was equipped with a Drexelbrook probe, which was installed in the well prior to this study.

Issues with the Drexelbrook probe during the pilot study are described below. 

An in-line flow meter was installed to measure flows into and out of Koppes 3 (Figure 22), which

allowed the amount of water injected into, and discharged from, Koppes 3 to be monitored. A

pressure gage on the injection line inside the Koppes 3 well house was also monitored regularly to

confirm that a relatively constant injection pressure was maintained. Water level data from the

loggers, and totalizer and pressure gage readings, were collected approximately 3 times per week by

Mr. Nathan Werner of States West. The data were then transmitted to LWS for evaluation via email.

Hydrographs of the water levels in each monitoring well for the period of the ASR operations are

provided in Appendix R. 
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Injection was initially slated to commence on June 24, 2010. However, the Drexelbrook probe

installed in Koppes 3 to measure water levels was not functioning properly at that time. The

Drexelbrook probe was not communicating with BOPU’s Supervisory Control and Data Acquisition

(SCADA) system and the readout on the liquid crystal display (LCD) in the pump house was

erroneous.  Therefore, the start of injection was delayed. After BOPU staff established

communication between the SCADA system and the Drexelbrook probe, LWS personnel returned

to Koppes 3 on July 1, 2010 to start injection. However, the Drexelbrook probe was still not

communicating properly with the SCADA system. Despite the malfunctioning Drexelbrook probe

relative to the SCADA system, injection commenced on July 1, 2010; however, no water levels were

recorded in Koppes 3 for the first two weeks of the study. 

On July 15, 2010, LWS and BOPU personnel met with the intent to either repair the Drexelbrook

probe or replace it. As such, injection was shut down on July 15, 2010 to allow work on the

Drexelbrook probe. After BOPU staff inspected the Drexelbrook probe, it was determined that 

replacement with a new probe was necessary. BOPU staff installed a new Drexelbrook probe to a

depth of 190 ft and calibrated the new probe by matching a static water level and a pumping water

level over a range of approximately 9 ft. The actual water level measurements were taken by LWS

personnel using a water level probe installed in the injection pipe. As this time, the Koppes 3

reference elevation in the SCADA system was also adjusted from 200 ft to 190 ft to compensate for

the new probe setting depth. 

Despite the initial calibration, the water level measurements taken by the new Drexelbrook probe

and recorded by the SCADA system showed no change in Koppes 3 water levels over the next three

weeks of injection, although a significant amount of water had been injected into the well during that

time. Recorded water level increases at the monitoring wells of between 6 and 10 ft indicated that

the new Drexelbrook probe was still not recording the correct water levels in Koppes 3. Therefore,

a second attempt was made to calibrate the new Drexelbrook probe on August 11, 2010. The

injection well was shut down and an initial water level measurement was taken by hand using the

water level probe. Once again, the new Drexelbrook probe was calibrated to static and pumping

water levels over a range of 15 ft. 

During the shutdown of injection and after the new Drexelbrook probe had been re-calibrated, the

first pump cycle after an injection period of approximately 6 weeks’ duration was conducted on

August 12, 2010. One of the objectives of the pump cycle (other than to evaluate changes in the
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aquifer that may have occurred since injection commenced) was to check if the Drexelbrook had

been accurately calibrated and was now reading the correct water levels in Koppes 3. However, the

water levels, as measured by the water level probe, were not consistent with the readouts from the

Drexelbrook probe during this pump cycle. Initially, prior to the pump cycle the static water level

in Koppes 3 was measured at 139 ft using the water level probe, whereas the Drexelbrook probe

initially read 140 ft, which indicated good correlation between the two readings.  When the variable

frequency drive (VFD) was turned on and the pump was off, the Drexelbrook probe water level

reading increased to 134 ft, even though the water level probe was still reading 139 ft. This suggests

that the VFD creates an interference which causes the Drexelbrook probe to read different water

levels in Koppes 3 when the VFD is on, versus when it is off. However, even when the VFD was off

during the injection cycles, the Drexelbrook probe continued to provide erroneous water level

readings.  Therefore, the decision was made to continue the injection process and rely on water levels

from the monitoring wells to evaluate the injection process. Water levels were able to be measured

in Koppes 3 during the pump cycles by taking hand measurements with a water level meter inserted

down into the injection column. As such, LWS believes that sufficient data have been collected to

appraise the efficiency of the injection process. However, in the absence of water level information

in the injection well during the injection period, it is not possible to evaluate changes in well

performance that might have been associated with injection.

Water Quality Monitoring

Water quality sampling was performed to classify both aquifer and source water quality, and to

evaluate if water quality degradation was occurring as a result of ASR operations. During the

operation of the ASR well, monitoring wells were sampled monthly for the operational water quality

parameters listed in Table 1 of the Source Water and Ground Water Monitoring Plan  in the DEQ

UIC permit. This parameter list is also included herein as Table 2, and represents the parameters

most likely to change as a result of injection operations. 

While the UIC permit application that LWS submitted to the DEQ included quarterly sampling for

parameters listed in Chapter 8, Table 1, of the DEQ regulations and EPA Method 624, since the

permit was issued by Permit-by-Rule Authorization, there are no specific requirements for water

quality sampling. Based on a conversation with Ms. Adrienne Nunn (personal communication,

August 30, 2010), she confirmed that quarterly regulatory samples were not required. Therefore, the
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decision was made to limit water quality sampling to the monthly operational sampling (parameters

listed in Table 2). 

Water quality samples were collected monthly from August 2010 through October 2010. LWS staff

developed the three monitoring wells prior to collecting any water quality samples, so representative

samples were obtained during the pilot study. Prior to the collection of the samples, the specific

conductance, pH, and temperature of each well were measured in the field until they had stabilized,

consistent with the Source Water and Ground Water Monitoring Plan, so that a representative

ground water sample could be obtained from each well. At each sampling event (which occurred

during a pump cycle), a source water quality sample was collected from Koppes 3, and aquifer water

samples produced from Koppes 3 and the three monitoring wells were also collected. The samples

were sent to AccuTest Laboratories in Wheat Ridge, Colorado, where they were analyzed for the

parameters shown in Table 2. 

Results and discussion of water level monitoring and water quality monitoring are provided in the

following sections. 

EVALUATION OF KOPPES 3 ASR DATA

During the ASR pilot study (July 1, 2010 through September 29,  2010), water was injected into the

Koppes 3 well, with intervening pump cycles to calculate the efficiency of the injection process and

to periodically clean the injection well. A total of four injection runs/pump cycles were completed

during the pilot study, the results of these runs and the water quality analyses are presented in the

following sections.

Injection Runs

A total of four injection runs were completed during this pilot study, and Table 6 shows a summary

of the injection run data for the study. There were a total of 85 days of injection during the pilot

study at an average rate of 165 gpm. A total of 93.6 ac-ft of water was injected over the three-month

study period. 

Injection rates were limited in this pilot study based on the line pressure that could be developed at

Koppes 3 with the in-line valve and the size of the injection pipe that could be installed in the well,
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due to the diameter of the existing Koppes 3 well. Because of these limitations, injection capacity

at Koppes 3 was not maximized, as head buildups in the monitoring wells were typically in the range

of 7 to 14 ft at the closest monitoring well (K3-MW1), to 3 to 7 ft at the furthest monitoring well

(K3-MW3).  Maximum head buildups in the injection well were estimated to be only 16 to 20 ft,

based on head buildup data in the monitoring wells and a theoretical Theis analysis.  Given an initial

static water level of approximately 140 ft, there was a large volume of storage space available in the

unsaturated Ogallala aquifer sediments which were not evaluated as part of this study.

The initial Koppes 3 ASR injection run commenced on July 1, 2010, with an injection rate of

approximately 150 gpm and an observed back pressure of 21 pounds per square inch (psi). The run

continued until July 15, 2010, when it was shut down in an attempt to re-calibrate the Drexelbrook

probe (discussed in more detail in the “Water Level Monitoring” section).  Because injection had

only been operating for a short period of time and the principal purpose of the shutdown was to re-

calibrate the Drexelbrook probe, no pump cycle was conducted on July 15. Injection re-commenced

on July 16 and continued through August 12, when the injection well was once again shut down to

re-calibrate the Drexelbrook probe and conduct the first pump cycle. Subsequent injection runs were

conducted from August 13 to September 10, 2010 and from September 13 to September 28, 2010. 

For each injection run, and at each monitoring well, head buildup data were plotted versus the

theoretical head buildup curve, which was developed from the pre-injection pump test data. Figure

30 shows a comparison of the injection head buildup curves at monitoring well K3-MW1 for each

of the four injection runs. As this set of graphs shows, at the first injection run the theoretical head

buildup and the actual head buildup were virtually identical. As the injection process continued

through the second, third, and fourth runs, the actual head buildup curves were slightly above the

expected theoretical head buildup. As shown in these graphs, there are some significant changes in

water levels with time. This is related to changes in back pressure associated with water being

delivered from the distribution system, which causes some abrupt changes in water levels. Therefore,

these abrupt changes are not related to the efficiency of the injection process but, rather, to the

fluctuation in injection rates. 

Figure 31 shows a similar comparison of the expected theoretical head buildup obtained from the

pre-injection pump test data to the actual measured head buildup during each of the injection runs

for K3-MW2. As Figure 31 shows, the actual head buildup curves in well K3-MW2 are very similar

to the expected theoretical response. Given the greater distance of monitoring well K3-MW2 from
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the Koppes 3 injection well, the observed shifts in water level related to changes in injection rate are

more muted at this well. 

Figure 32 shows a similar head buildup comparison between the theoretical head buildup at well K3-

MW3 and the actual head buildup data for the four injection runs. Similar to monitoring well K3-

MW2, these graphs show good correlation between the theoretical head buildup curve that was

derived from the pre-injection pump test data and the actual injection run head buildup data. The

good comparison of theoretical to actual head buildup is significant, because it indicates minimal

losses related to the injection process. In fact, given our past experience with injection head buildup

in other aquifers studied, this is the best theoretical to actual data that we have observed. 

Overall, the comparison of actual head buildup data to the theoretically-expected head buildup in the

monitoring wells (as shown in Figures 30 through 32) indicate that the actual head response is very

similar to the head response  which is theoretically predicted.  This implies little, to no, losses

associated with the injection process relative to the mode of injection, the well design, or the aquifer

matrix in the immediate vicinity of the injection well. While losses are expected to be less at distance

from the injection well, losses could not be assessed at the injection well due to lack of water level

data. 

Due to the limited capacity of injection, the first three injection runs were operated in the range of

approximately 159 to 164 gpm (Table 6). For the fourth injection run, the back pressure at the

wellhead was allowed to increase to 41 psi, and the injection rate averaged 186 gpm (Table 6). As

such, a wide range of injection rates was not able to be accomplished in this pilot study. However,

the data from these four injection runs indicate that injection is a very efficient process in the

Ogallala aquifer, principally due to the high transmissivity of the these unconsolidated deposits. Only

a small fraction of the available storage space in the Ogallala aquifer was utilized as part of this pilot

study (approximately 15 ft of an available 140 ft). The injection data collected during this study

indicate that significantly higher injection rates could be efficiently achieved in this, and other,

Ogallala aquifer wells in the well fields.  The primary limitations on injection rates may be the size

of the injection pipe that can be placed downhole in existing wells and the line pressure that can be

provided at an injection well.

Given that the Ogallala aquifer appears to be locally confined at the Koppes 3 well, the effects of

injection can be observed at relatively large distances from the injection well in a relatively short
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period of time. Figure 37 illustrates the theoretical water level change with distance under confined

versus unconfined aquifer conditions. As this figure shows, having locally-confined aquifer

conditions can be beneficial over a larger portion of a BOPU well field because the head buildup is

transmitted over a larger area, and is less dependent on the prevailing natural hydraulic gradient to

provide benefits to adjacent wells. 

Since LWS was not able to evaluate the efficiency of injection over a large range of rates due to

restrictions in casing size and injection piping size, we have developed estimates of potential

injection rates which could be achieved, given the range of aquifer hydraulic characteristics that are

known in the Bell and Happy Jack well fields. These estimates assume that water in these quantities

would be available for injection and that there would be no restrictions associated with injection

related to casing size. Therefore, these data are being provided for illustrative purposes to

demonstrate that it is likely that significantly highly injection rates can be achieved in the Ogallala

aquifer. Figure 38 shows the relationship of potential injection rates to given aquifer transmissivities

under confined and unconfined aquifer conditions.  As this figure shows, given the known range of

aquifer transmissivities in the Bell and Happy Jack well fields, potentially very high rates of injection

are possible. However, it is likely that injection rates would be limited to a range of 400 to 500 gpm

in the existing wells. New, larger-diameter wells may be necessary to achieve higher rates.  It should

be noted that at higher injection rates, there will be increased head losses, which could result in some

loss in efficiency. 

No operational problems were observed during the course of this pilot study. In fact, the injection

process was very efficient. Even though approximately 160 to 185 gpm was injected down a two-

inch injection pipe with expected exit velocities of 18.9 ft per second, no entrained air was observed

in the pump cycles of the well. In addition, as will be discussed in the following section, very little

water was pumped to clean the well after the injection cycle; in fact, most of the water pumped

during the pump cycles was to evaluate changes in aquifer characteristics, rather than to clean the

well. 

The demonstration of the recharge mound in the vicinity of the Koppes 3 well shows dominion and

control of the recharged water. While demonstrating dominion and control, the recharge mound in

the vicinity of the injection well (and possibly extending some distance from the well) also provides

the more practical advantage of raising water levels and, therefore, the sustainability and reliability
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of the aquifer system for BOPU.  These types of data can be used in the future if a full-scale ASR

well project is pursued so the recharged water can be put to beneficial use by BOPU. 

Pump Cycles

While there were four injection runs, there were actually only three pump cycles, because a pump

cycle was not conducted after the first injection run (July 1 through July 15, 2010). However, after

the last three injection runs, constant-rate tests were conducted when injection was shut down to

evaluate if the well needed cleaning and to assess whether aquifer hydraulic characteristics had

changed from the pre-injection pump test. A summary of the pump cycle data for this pilot study are

presented in Table 6.

The constant-rate pump tests were generally conducted at a pumping rate of approximately 156 gpm

for approximately 1.5 to 2 hours. By plotting each of these pump cycle data sets with the pre-

injection pump test data, LWS was able to evaluate changes in aquifer hydraulic characteristics

which resulted from the injection process. Figure 35 shows the comparison of these data at the

Koppes 3 injection well.  As this figure shows, there was virtually no change in Ogallala aquifer

characteristics as a result of the first three injection runs, although there were some minor changes

after the fourth injection run. These data indicate that there is only minor measurable impact to the

Ogallala aquifer from the injection process. The pump test data compare very favorably to our past

experience with injection studies in other aquifers. Not only do the pump test data show minimal

changes after 3 months of injection, but there was also virtually no cleaning required, as the water

was clear from the first few minutes of the pump tests. Significant aquifer cleaning was required in

past studies we have completed, and those studies’ pump tests indicated substantial aquifer hydraulic

characteristic changes with time (although some of the changes measured in our previous studies

were related to temperature variations between the source water and the aquifer water, which were

not issues in this pilot study) (Denver Basin Aquifer Recharge Demonstration Project, 1997).  

Similar plots comparing the pre-injection pump test data to the subsequent pump cycle data are

presented in Figures 36 and 37 for monitoring wells K3-MW1 and K3-MW2, respectively. While

the pre-injection pump test data and the first pump cycle data are very similar for both monitoring

wells, there was a shift to less drawdown during the third pump cycle. We do not have a readily-

evident explanation for why the drawdown at these monitoring wells would actually be reduced

during a later pump cycle, but the cumulative evaluation of these pump cycle data would indicate
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that there are no significant, or measurable, impacts to the Ogallala aquifer from the injection process

at locations remote from the injection well.

Figure 38 shows a similar comparison for drawdown at well K3-MW3. However, there are no pre-

injection pump test data for this monitoring well, as the pre-injection test was conducted prior to the

data logger being delivered for this well. Therefore, Figure 38 simply shows a comparison of the

pump test data conducted during the injection process. As this figure shows, there is no significant

shift in drawdown at this monitoring well over the course of the injection pilot study.

These pump cycle data, when viewed in conjunction with the injection run data, indicate that the

injection process from the Koppes 3 well into the Ogallala aquifer is a very efficient process and one

which is capable of even higher injection rates than were tested as part of this pilot study.  

LWS evaluated the efficiency of the injection process by comparing the volume of water that was

injected during an injection run to the volume of water pumped during a pump cycle to clean the well

and prepare it for the next injection run. As shown in Table 6, the injection efficiency is greater than

99 percent for all of the injection runs. It should also be noted that most of the water pumped was

not for aquifer cleaning, but to evaluate aquifer parameters.  Therefore, the injection efficiency is

actually higher than the efficiency shown in Table 6. 

Typically, solids were removed from the injection well during the first minute, or less, of each pump

cycle; however, the water was clear and sediment-free for the duration of the cycle. In addition, no

entrained air was observed in any of the discharged water during the pump cycles, indicating that

entrained air was not a problem during the injection process. 

Near the completion of each pump cycle, operational water quality samples were obtained from the

discharge at Koppes 3. In addition, during the same time frame, water quality samples were also

obtained from the main line which provides injection to Koppes 3 (the source water) and from each

of the three monitoring wells. Water quality results from these water samples are presented in the

following section.

Water Quality Results

The principal focus of the monthly operational water quality testing and analysis was to monitor

source and receiver water quality to evaluate if any water quality shifts were occurring as a result of
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the injection process, which could degrade aquifer water quality and/or affect the performance of the

Koppes 3 well. The results of the water quality testing as part of the ASR injection well pilot study

at Koppes 3, Koppes 4, and the three monitoring wells are summarized in Appendix S.

Source water and injection water quality were consistent throughout the pilot study, principally

related to the fact that the water used for injection was from the same source as the receiving aquifer

water. Field parameters measured prior to each of the sampling events were also very consistent,

with specific conductance ranging between 225 and 239 ìs/cm, pH ranging from 7.7 to 7.9 standard

units, and temperature ranging from 11.9 to 14.3 degrees Celsius. 

Similar to the RIB water quality evaluations, stiff diagrams were used to evaluate chemical changes

which may have occurred when source water was injected into Koppes 3. Stiff diagrams were

prepared for each water quality sample that was obtained during the pilot study and are shown on

the Water Quality Analysis Reports presented in Appendix S.  As the stiff diagrams show, the

Ogallala aquifer water is principally a calcium bicarbonate-type water, and the predominant typing

of the water did not change during the course of the study and there was also very little shift in the

concentrations of the major cations and anions present in these samples over time. 

While LWS previously concluded that higher injection rates could likely be successfully

accomplished in wells in both the Bell and Happy Jack well fields, that assessment was based on the

hydraulic properties observed during this pilot study. However, if BOPU chooses to extend the

evaluation of ASR injection wells at higher rates and/or proceed to a full-scale project, it is likely

that the source water could be from its excess surface water supplies. In this event, there could be

additional issues associated with injection, due to the potential for some incompatibilities between

the source water and the receiving aquifer water. As a preliminary to any such undertaking, LWS

recommends that bench scale mixing and leach testing be conducted using the proposed source water

and Ogallala aquifer  sediments to evaluate potential leaching issues which could arise from that type

of operation, or reactions that might occur when the waters are mixed. While we do not have any

reason to suspect that there will be water quality compatibility issues with your available surface

water supplies, water quality compatibility will be need to be assessed.
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Well Retrofit

When the injection at Koppes 3 was shut down on September 28, 2010, Sargent was on site to

remove the injection plate and injection piping, and reset the pitless adapter at the Koppes 3 well,

thus returning this well to its pre-injection piping and pumping configuration.  

Applicability for Full-Scale Project

While a six-month pilot study was not completed for the ASR well, the results that were obtained

indicate that aquifer injection directly into a well is a very viable technology for the BOPU well

fields. Based on the results from the pilot study and the aquifer hydraulic characteristics in the Bell

and Happy Jack well fields, it is estimated that injection rates in the range of 400–500 gpm could be

achieved and that injection could continue for long periods of time, with little need to reverse the

flow to clean the aquifer face. Given that the Ogallala aquifer acts as a confined aquifer, head

changes associated with injection will be observed at a relatively large distance from any point of

injection, thereby increasing the effectiveness of the injection process to improve water levels at

nearby wells within the well field. 

Because injection will be into a potable aquifer, any water supplies that are injected by this method

will have to be treated to potable standards prior to injection, which will increase the cost for

recharge of the Ogallala aquifer using injection wells. 

Depending on whether BOPU might pursue the retrofit of existing wells for ASR at lower injection

rates, or opt to construct larger-diameter wells capable of higher injection rates, the cost to

implement ASR through wells will vary. We estimate the cost to retrofit a typical BOPU Ogallala

aquifer well to be in the range of $15,000 to $20,000, but recharge rates would likely be limited to

the range of 150 to 200 gpm. Conversely, a new ASR well would cost in the range of $125,000 to

$150,000 to drill, install, and equip, but may be able to facilitate injection at rates up to 400 50 500

gpm. There will also be additional costs related to source water delivery, treatment, and

infrastructure to connect to the distribution system that are, as yet, unidentified and, therefore,

beyond the scope of this study.
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SUMMARY OF PILOT STUDY OPERATIONS

Based on the results of the pilot study operations under the ASR Project, we have identified a

number of conclusions regarding the technical feasibility, cost-effectiveness , and permitting issues

of various ASR technologies, as well as providing recommendations regarding our results and

potential future studies of ASR technologies. 

Technical Feasibility and Cost Effectiveness

Both RIBs and ASR wells show promise relative to the ability to recharge water into the Ogallala

aquifer. While ASR wells indicated a higher efficiency of moving water into the Ogallala aquifer 

due to the direct injection of the water into the aquifer, high infiltration rates associated with the RIB

also indicated good promise for this ASR technology. If areas where low-permeability strata are

absent (or do not significantly retard vertical percolation of recharged water) are identified, RIB

technology can be very effective. Alternatively, if a methodology can be developed for vertical flow

enhancement that is acceptable to the DEQ for moving water through the low-permeability strata that

tend to occur in the unsaturated sediments of the Ogallala aquifer, this technology would be very

competitive with that of the ASR well. 

Recharge through RIBs will generally be less expensive due to the low cost of initial installation and

that the water will not need to be treated prior to recharge. Conversely, recharge rates are likely to

be higher through ASR wells and will provide an immediate, direct impact on water levels in the

Ogallala aquifer; however, the capital and operating costs associated with ASR well injection will

be higher than that for RIBs.  

Permitting Issues

Based on the permit that was required for the pilot study, there appears to be a clear permitting

pathway with the SEO for both RIBs and ASR wells. For the DEQ, there are two distinct permitting

pathways relative to whether the recharge is through a RIB (Water Quality Division) or an ASR

injection well (Underground Injection Control).

The permitting pathway for the SEO for a RIB project would include the following steps:
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(1) Submittal of Form S.W.3–Application for Permit to Appropriate Surface Water from

the SEO to describe the proposed RIB facility and the source of water for the

proposed appropriation. This application would include detailed certified mapping

of the proposed facility;

(2) Submittal of a petition, Change of Place of Storage, for any water used as a recharge

source. This submittal could include Crystal Lake, Granite Springs, and/ or North

Crow Reservoirs, and would be submitted to the SEO; and

(3) Submittal of a petition, Change of Use, for the recharge source. This petition may be

required by the SEO, should the State Engineer determine that recharge is not a

municipal use.

The permitting pathway for the DEQ for a RIB project would include the following steps:

(1) Comply with the requirements of Chapter 3, Section 17 of the Wyoming Water

Quality Rules and Regulations, Environmental Monitoring Program for Protection

of Waters of the State. Chapter 3, Section 17 requires a showing in the permitting

process that the RIB would not cause any violation of ground water standards; and

(2) Comply with the requirements of Chapter 11 of the Wyoming Water Quality Rules

and Regulations, Design and Construction Standards for Sewerage Systems,

Treatment Works, Disposal System of other Facilities Capable of Causing or

Contributing to Pollution, includes septic tanks/leach fields, monitoring wells, and

road application of wastewater. Chapter 11 is required in the permitting process to

address the design and construction of the RIB.

The permitting pathway for the SEO for an ASR injection well includes the following steps:

(1) Submittal of Form U.W.5–Application for Permit to Appropriate Ground Water is

required because of the change of use of an existing well; and

(2) Submittal of Form S.W.3–Application for Permit to Appropriate Surface Water if this

application was to include surface water supplies as the source water for injection.
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The permitting pathway for the DEQ for an ASR injection well would include the following step:

(1) Submittal of a UIC Permit which demonstrates that ground water resources would

be protected from contamination as a result of the injection process. While the pilot

study was allowed an Authorization by Rule, it is likely that a full-scale project would

require a Class V UIC Permit.   

While there appears to be a clear permitting pathway for both RIBs and ASR wells, proposed

enhancements to the RIB process did encounter some resistence from the DEQ based on the potential

for untreated surface water being recharged into a potable aquifer.  This issue needs to be addressed

prior to when further recharge efforts are undertaken and/or areas where low-permeability strata do

not significantly impede vertical percolation need to be identified.

One other permitting issue that surfaced as part of this ASR Project was the need for landowner

approval prior to implementing any of the recharge projects. This obstacle did create problems with

doing recharge pilot studies at the Bell well field. 

Conclusions and Recommendations

Based on the results from this ASR pilot study project, we would offer the following conclusions

and recommendations related to RIBs and ASR wells:

(1) The Ogallala aquifer is currently experiencing water level declines in most of the

BOPU wells. This may be related to a number of factors, such as climatic variability,

regional production from the Ogallala aquifer, and/or local production from some

wells which exceeds the local recharge. Recharge operations, such as through a RIB

and/or an ASR injection well, can help forestall or reverse these water level declines. 

(2) An evaluation of BOPU’s future expected water supplies and demands (2003 Master

Plan) indicate that there will most likely be years when there is sufficient excess

water available for a full-scale recharge operation. It has been our experience that one

of the principal drawbacks to a successful recharge operation is having sufficient

excess water supplies. Therefore, BOPU is in an excellent position to operate a full-

scale recharge operation, given the potential for significant excess future water

supplies. 
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(3) To be applicable for BOPU, ASR technologies need to improve the reliability and

sustainability of the Ogallala aquifer and have to be located such that dominion and

control of the water can be shown so the recharged water can be put to beneficial use.

(4) Suitable means are currently available to convey water to the BOPU well fields for

recharge and to treat the water, if necessary (ASR injection wells), as both raw

untreated water and treated drinking water are in close proximity to the Bell and

Happy Jack well fields. It has been our experience that infrastructure costs can

sometimes make recharge operations prohibitive, due to extensive retrofitting and/or

installation of pipelines and/or treatment. Therefore, BOPU having minimal

additional costs related to either infrastructure or treatment makes further

consideration for recharge operations through a RIB and/or ASR well economically

feasible.

(5) Both the RIB and ASR recharge technologies show significant promise, especially

compared to other projects that the LWS team has completed. The infiltration rates

that were observed at the RIB were very high and were sustained over a six-month

period with no operation and maintenance issues associated with the RIB.  Similarly,

the ASR injection well operated at a very high efficiency, with very little cleaning

required in the pump cycles between the injection runs.  

(6) If BOPU wishes to further evaluate RIB applicability in the BOPU well fields, we

would recommend scheduling a meeting with the DEQ to discuss the potential for

improving RIB recharge efficiency by enhancing vertical flow movement, possibly

through the use of modified rock chimneys, vadose zone wells, a deep sump, or other

concepts. 

(7) LWS believes that ASR injection well technology is very applicable and efficient in

the Ogallala aquifer, and would recommend further research relative to higher rates

of injection that can be achieved. The head buildup responses observed in this pilot

study indicate that a highly efficient ASR process can be developed at the BOPU

wells when compared to other ASR projects that we have completed.

(8) Laboratory column testing to evaluate the leaching potential of constituents from the

soil profile should be completed prior to any full-scale RIB or ASR injection well
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operation using surface water supplies to understand water quality compatibility

issues. It has been our experience that chemical compatibility can be an issue

between source water and aquifer water at times, so potential issues should be

identified prior to proceeding with any full-scale project.

(9) In addition to assessing the chemical compatibility between the source water and the

aquifer water, the relative treatment requirements between a RIB operation and an

ASR injection well need to be understood. It is likely that no treatment will be

required at a RIB, other than potentially having a forebay to settle out solids when a

surface water source is being used. Conversely, water treatment will be required for

an ASR injection well, as it is anticipated that a Class V UIC Permit will be required.

Class V UIC Permits allow the injection of water into an aquifer used for potable

purposes; therefore, the injection water has to be of potable quality. While the

Sherard WTP can provide this treatment, there is the additional cost of transporting

the treated water back to ASR injection well sites.

(10) While treatment is required in an ASR injection well, recharge to specific locations

in the aquifer can be controlled more efficiently and directed to where supplemental

water needs to be provided to the aquifer to sustain productivity and sustainability.

Therefore, treatment costs and the ability to direct recharge efforts are offsetting

factors in evaluating which recharge technologies are most applicable for the BOPU

well fields. 

(11) Cost/benefit analyses should be conducted relative to (a) the availability of water, (b)

the means to deliver water to recharge site(s), whether it is a RIB or an ASR injection

well, (c) the cost of treatment, and (d) the cost of infrastructure. These costs need to

be weighed against the expected increase in sustainability and the reliability of the

BOPU well fields as a result of sustained recharge. 

(12) If BOPU is interested in the further pursuit of ASR technologies, LWS can arrange

for you to visit the sites of ongoing ASR injection well operations and potentially

also RIB operations.
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PROFESSIONAL OPINIONS REGARDING ASR TECHNOLOGIES 

The knowledge gained from the BOPU pilot study of RIB and ASR well technology can be

combined with our collective knowledge gained from numerous previous ASR studies to provide

professional opinions of the future, full-scale use of ASR technologies in the BOPU well fields to

improve reliability and sustainability of the Ogallala aquifer. Prior to the completion of this pilot

study, both Messrs. Lytle and Hahn managed and completed a number of ASR projects, including:

• ASR well (A-2) at the Willows Water District (Centennial, Colorado) (1985) 

• ASR well (Parker North Dawson) at the Parker Water and Sanitation District (Douglas

County, Colorado) (1987)

• ASR well (A-6A) at the Willows Water District (Centennial, Colorado) as part of the U.S.

Bureau of Reclamation’s High Plains States Ground Water Recharge Demonstration Project

(1990–1996)

• Eleven ASR wells at the Peace River/Manasota Regional Water Supply Facility, Florida

(2005)

• Pilot RIB and vadose zone well near El Paso, Texas, as part of a study jointly sponsored by

the American Water Works Association Research Foundation (AWWARF), El Paso Water 

Utilities, and the U.S. Bureau of Reclamation (2003)

• Multiple RIBs (Cherry Valley Spreading Grounds - operational) and a stream channel

infiltration facility (Brookside South - under construction) in the Beaumont Basin of southern

California for the San Gorgonio Pass Water Agency (ongoing project).

• Pre-feasibility investigation of recharge through off-channel basins and conveyance canals,

Platte River of central Nebraska for the Platte River Recovery Implementation Program

(ongoing project).

This experience also allows us to evaluate the results of this pilot study in light of the LWS team’s

previous experience with similar ASR technologies. Since our previous studies were completed in

varying geologic terranes, this also allows us to assess the BOPU pilot study results against studies

completed in diverse geologic and hydrogeologic conditions. Therefore, we compared our

knowledge gained in previous studies to the results of this pilot study. However, it should be noted

that no matter how much experience has been gained and/or data collected, ASR projects in new

areas and/or using new technologies do require some level of site-specific evaluation, regardless of

knowledge of similar geologic and/or hydrogeologic conditions.
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The primary technical issues with RIBs are the infiltration rates from the RIB into the underlying

soils and the subsequent vertical movement of this water to the aquifer to provide tangible results

related to beneficial use. The infiltration rates out of the RIB for this pilot study were considered

good, averaging approximately 1.5 ft/day. These rates are comparable to infiltration rates we

observed at the RIB facilities in the Beaumont Basin of southern California owned by the San

Gorgonio Pass Water Agency (Agency). The Beaumont Basin contains sediments of comparable

composition, degree of cementing, and degree of stratification as those found in the BOPU well

fields. Significantly, infiltration rates in the Beaumont Basin are highly variable, in some areas

exceeding 3 ft/day. As with the BOPU well fields, the stratification of sediments has the potential

to impede the free passage of recharge water from the surface to the water table. Although it is likely

that the vertical movement of recharge water has been slowed somewhat, the Agency’s RIBs have

performed successfully since 2003 (the first year in which water was delivered for recharge).

In contrast to the infiltration rates observed in the Beaumont Basin of southern California, the pilot

RIB in El Paso, Texas exhibited sustained infiltration rates of over 6 feet per day in unconsolidated

sediments. A principal concern at the El Paso location was related to the existence of a number of

caliche beds at varying depths above the water table. In this case, it was found that the caliche beds

do not significantly impede the vertical travel of the recharge water, nor do they cause any

measurable degradation in water quality.

Clearly, further work needs to be completed to address both enhancing the vertical movement of

water, and showing dominion and control over the water recharged through the RIB. In addition (or

alternatively), further work could be conducted to evaluate if there are areas where low-permeability

strata in the unsaturated zone are either absent or more discontinuous in nature. Exploratory drilling

at other locations, possibly in combination with shallow surface geophysical methods, could provide

a relatively inexpensive means to identify favorable locations for surface recharge. 

Previous projects conducted by the LWS team relative to ASR wells have been primarily done in

bedrock wells completed in sedimentary and karst formations. Our previous ASR projects using the

sedimentary formation wells of the Denver Basin generally yielded favorable hydraulic results,

although injection rates were somewhat limited by the hydraulic conductivity of the formations and

the layering within the formations. Because of the consolidated nature of the Denver Basin

formations and the layering of the formations (with multiple water-bearing layers within the

formation which had variable hydraulic conductivities), recharge water was not equally distributed

across the formation. Layers of higher-permeability material tended to be recharged faster than the
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low-permeability layers. Hydraulically, this created some problems, as the injected water was

significantly cooler than the ambient aquifer water temperature, which caused viscosity changes

within the aquifer that were manifested as apparent changes in aquifer transmissivity. While the

viscosity changes did not impede the overall efficiency of the injection process, they did result in

additional head buildup during injection and additional drawdown during pumping, which resulted

in a lower hydraulic conductivity in the vicinity of the well. Because of the high heads that were

applied to the injection wells in the Denver Basin, there typically was significant cleaning which

occurred during pump cycles when flows were reversed. Injection efficiencies still remained high,

but pump cycles occurred every 3 to 4 weeks to keep mechanical plugging from becoming a

problem.

Injection into the Floridan aquifer at the Peace River site in Florida was significantly different from

the Denver Basin, as the water was being injected into a highly fractured and solutioned limestone

formation. In this case, the primary objective of the ASR facility was to store treated surface water

in a brackish water environment for subsequent recovery. The treated water is injected in a manner

that promotes the development of cylinder-like bubbles of fresh water within the brackish water

system. The receiving aquifer at this location contains a static pressure of about 15 pounds per square

inch. As a result, the treated water must be injected under pressure. The injection and recovery

capacity of wells at this location is on the order of 500 gallons per minute per well. The ability to

control the shape, movement, and coalescence of the injection bubbles is critical to the recovery of

water that does not require treatment. This technology is also important to the success of ASR at the

BOPU well fields, as it demonstrates the ability to manage water quality and, perhaps more

importantly, the ability to maintain control over the injected water.

In contrast with our experience in other aquifers, particularly the sedimentary Denver Basin aquifers,

none of the hydraulic issues materialized that we observed in previous ASR projects in sedimentary

formation wells with the higher-permeability Ogallala aquifer for this project. While our past ASR

well projects showed a significant deviation of actual head buildup from theoretically-expected head

buildup, we did not see a similar trend with the Ogallala aquifer for this pilot study project. The

coarse, unconsolidated materials of the Ogallala aquifer and the single layer of saturated material

proved to be ideal for injecting significant quantities of water with limited head buildup. In fact, the

pilot study results indicate that relatively large injection rates can be achieved in the BOPU wells

located in the Bell and Happy Jack well fields. In addition, there was virtually no sediment pumped

from the injection well during the pump cycles, and it appears that  injection runs could potentially

run multiple months between cycling the well for cleaning, since we observed virtually no cleaning
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issues related to intervening pump cycles. This would imply that the Ogallala aquifer is a more

efficient aquifer system for ASR wells than our previous projects with Denver Basin wells and the

Floridan aquifer wells, although further study is needed to confirm the pilot study results when

dissimilar quality BOPU surface water is used as the source water. These two factors indicate that

ASR wells could be very efficient in achieving the BOPU’s objective of using ASR to increase the

reliability and sustainability of its well fields.

No significant water quality issues were encountered in our previous ASR projects in the Denver

Basin; however, there were water quality issues associated with injection into the Floridan aquifer

in the Peace River project. In that project, injected water tended to mobilize arsenic in the formation

and the water being produced after recharge was exceeding the primary drinking water standard for

arsenic. This has become a significant issue related to ASR wells in Florida, although recent

investigations have succeeded in identifying both the source of the arsenic and the chemical pre-

treatment needed to avoid its mobilization. While we do not expect similar water quality issues with

the Ogallala aquifer in the BOPU well fields, this would be part of the site-specific evaluations

which must be done for any full-scale ASR project, particularly since the source water will be excess

surface water from BOPU’s system, not the Ogallala water that was used for this pilot study.

Based on the LWS team’s experience with past ASR projects and the results of this pilot study, it

is our professional opinion that both RIBs and ASR wells show excellent promise for success to

promote an increase in the sustainability and reliability of water supplies in the BOPU well fields. 

Key components for any successful ASR project hinge on there being (a) an adequate source water

supply in terms of both quantity and quality, (b) facilities which can be effectively used to recharge

the aquifer, and (c) the economics which make ASR viable. It is our professional opinion that all of

these required components are available to BOPU to implement a successful recharge program. 

However, our experience with a range of different ASR technologies in varying geologic terranes

indicates that each site is unique, in that while general results may be applicable under many

different geologic and hydrologic conditions, each site must be individually evaluated for:

(1) geologic conditions;

(2) aquifer characteristics;

(3) water quality compatibility; and

(4) overall economic benefit relative to increased beneficial use of water.
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Based on our previous experience, the LWS team believes that the geologic and hydrogeologic

conditions at the BOPU well fields (specifically, the Bell and Happy Jack well fields) is as favorable

for implementation of ASR technologies as any of the previously-successful projects that we have

accomplished for our clients.

We understand BOPU may also undertake an evaluation of recharge at the Bell well field via the

alluvium associated with Crow Creek. Crow Creek and its associated alluvium are eroded into the

upper surface of the Ogallala aquifer over a significant distance, beginning from the contact between

the Ogallala and the underlying White River Formation and extending east to the easternmost limits

of the BOPU well fields. Recharge of alluvial sediments can often be accomplished with limited land

disturbance. Further, the alluvial environment typically consists of relatively coarse high

permeability sediments as a result of the natural sorting of sediments by the stream. We have

observed such conditions at several recharge sites, including one that is now under construction in

the Beaumont Basin on behalf of the San Gorgonio Pass Water Agency (Brookside South site).

Accordingly, we encourage that BOPU proceed with their planned investigation of Crow Creek as

a supplemental and/or alternate means for recharging of the Ogallala aquifer.
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CROSS-SECTION OF WATER LEVEL
PROFILE AT HAPPY JACK RIB
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CROSS-SECTION OF WATER LEVEL
PROFILE AT HAPPY JACK RIB
JAN 2010 - MAR 15, 2010
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TABLE 1

SUMMARY OF MONITORING WELL AND KOPPES 2 SAMPLING EVENTS 1)

          Well         

  

January February March April May June

ASR-1 Shallow X X X X X X

ASR-1 Middle X X X X X

ASR-1 Deep X X X X X X

ASR-2 Deep X X X X X X

Koppes 2 X X X X X X

1) Water quality samples were collected in the middle of each month.



TABLE 2

WATER QUALITY PARAMETER LIST

Calcium

Magnesium

Potassium

Sodium

Bicarbonate

Chloride

Fluoride

Sulfate

Nitrate

Iron

Manganese

Total Dissolved Solids

Total Coliforms

pH

Specific Conductance

Temperature



TABLE 3

SUMMARY OF RIB OPERATIONS

Infiltration Period

 Number 

  of Days  

 Infiltration

Rate (ft/day)1)

 Total Volume Added to Basin

         gal                    ac-ft  

December 15–31, 2009 16 0.98 2,546,100 7.64

January 1–31, 2010 31 1.20 4,810,110 14.43

February 1–28, 2010 28 1.61 6,314,410 18.94

March 1–31, 2010 31 1.70 7,928,180 23.78

April 1–30, 2010 30 1.55 6,579,350 19.74

May 1–31, 2010 31 1.06 4,177,290 12.53

June 1–19, 2010 19 1.36 4,221,070 12.66

TOTALS: 36,576,510 109.73

1) Averaged over the duration of the month.



TABLE 4

SUMMARY OF POSITIVE TOTAL COLIFORM RESULTS AT RIB

        Well         January February March April May  June  1)  1) 1) 1) 2) 1)

ASR-1 Shallow X

ASR-1 Middle 3)

ASR-1 Deep X X X X

ASR-2 Deep X X X

Koppes 2

1) Total coliform analyses were conducted by Industrial Laboratories.

2) Total coliform analyses were conducted by BOPU Laboratory.

3) Not sampled.



TABLE 5

SUMMARY OF MONITORING WELL CHLORINATION AT RIB 1)

          Well         January February March April May June

ASR-1 Shallow X X

ASR-1 Middle X

ASR-1 Deep X X X

ASR-2 Deep X X

Koppes 2

1) Monitoring wells were chlorinated after testing positive for total coliforms or to prevent

future growth of coliforms.



TABLE 6

INJECTION RUNS AND PUMP CYCLE SUMMARY

Injection Run

         Duration         

Number

of Days

Injection

Rate (gpm)1)

Back Pressure

        (psi)        

  Total Volume Injected

       (gal)               (ac-ft)     2)

   

July 1–15, 2010 14 164 12  3,027,670 9.29

July 16, 2010-

August 12, 2010

28 159 11  8,801,370 27.01

August 13, 2010-

September 10, 2010

28 162 14  15,598,885 46.80

September 13–28,

2010

15 186 41 3,492,811 10.48

TOTALS:  30,920,736 93.58

PUMP  CYCLES

Pump Cycle

Date

Duration

(hours)

Discharge

Rate (gpm)

Total Volume Discharged

        (gal)                 (ac-ft)   

Injection 3)

Efficiency (%)

August 12,

2010

2 153 18,300 0.060 99.4

September

13, 2010

2 158 18,705 0.056 99.9

September

29, 2010

1.5 153 13,524 0.041 99.6

1) Averaged over the duration of the run.

2) From the totalizing meter.

3) (Total Water Injected-Total Water Pumped)/(Total Water Injected)



APPENDIX A

WELL FIELD DETAILS











APPENDIX B

FEDERAL WELL FIELD MAPPING

















APPENDIX C

OGALLALA WELL FIELDS MAPPING (BELL, HAPPY JACK, BORIE)





















APPENDIX D

WELL FIELD WELL AND AQUIFER SUMMARY TABLES
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Table D-1  
Ogallala Aquifer Properties1)      

Well Name Well Field Transmissivity 
(gpd/ft)

Earliest Measured 
Saturated 

Thickness (ft)

Current Saturated 
Thickness (ft) 2)

Change in 
Saturated 

Thickness (ft)

Percent Change In 
Saturated 
Thickness

Percent Clay In 
Unsaturated 

Zone 3)

Depth to Coarse 
Material Above 

Water Table (ft) 3)

Depth to 
Ogallala Base 

(ft)

Ogallala Base 
Elevation (ft MSL)

BELL 10 BELL 11,000 24 24 0 0% 50% 86 4) 233 6,102
BELL 8 BELL 29,000 81 25 56 69% 26% 93 166 6,182
BELL 12 BELL 19,200 29 10 19 66% 48% 114 175 6,169
BELL 17 BELL 6,600 43 43 0 0% 66% 168 4) 212 6,110
BELL 11 BELL 36,300 39 33 6 15% 33% 15 153 6,127
BELL 5 BELL 8,800 28 28 0 0% 0% 0 5) 95 6,168
BELL 6 BELL 13,600 31 31 0 0% 73% 100 4) 120 6,150
BELL 25 BELL 13,900 21 21 0 0% 84% 244 4) 260 6,120
BELL 24 BELL ND 84 43 41 49% 35% 210 4) 290 6,045
BORIE 1 BORIE 43,000 45 41 4 9% 25% 92 180 6,460
FINNERTY 2 BORIE 19,000 98 98 0 0% 20% 42 252 6,308
WEBER 1 BORIE 5,800 79 79 0 0% 0% 0 5) 264 6,151
ELKAR 7 BORIE 37,000 98 98 0 0% 36% 68 270 6,331
KOPPES 1 HAPPY JACK 20,000 87 57 30 34% 52% 86 258 6,207
KOPPES 2 HAPPY JACK 20,000 75 69 6 8% 48% 115 244 6,310
BAILEY 5 HAPPY JACK 16,000 54 54 0 0% 39% 52 214 6,186
EDDY 2 HAPPY JACK 6,000 95 95 0 0% 70% 67 236 6,154
ELKAR 1 HAPPY JACK 8,800 30 30 0 0% 57% 36 290 6,120
HOLMAN 1 HAPPY JACK 17,500 38 38 0 0% 60% 28 283 6,039
KING 5 HAPPY JACK 9,100 81 38 43 53% 12% 220 285 6,399
KING 1 HAPPY JACK 13,200 24 4 20 83% 43% 185 200 6,427
KING 2 HAPPY JACK 36,500 51 24 27 53% 10% 90 190 6,364
KOPPES 4 HAPPY JACK 2,480 65 47 18 28% 59% 177 4) 239 6,321
KOPPES 3 HAPPY JACK 26,000 65 52 13 20% 55% 112 185 6,342
KING 4 HAPPY JACK 16,500 73 50 23 32% 48% 105 237 6,275
CONREY 1 HAPPY JACK 12,500 54 7 47 87% 43% 180 221 6,427

NOTES: 1) Aquifer properties derived from geophysical logs and available well test data.
2) Current saturated thickness based on 2002 static water level measurements from 2003 Master Plan or most current available static water level measurements.
3) Unsaturated zone and water table determined from 2002 static water level measurements from 2003 Master Plan or most current available static water level measurements.
4) Depth to coarse material values coincident with top of saturated sands in Ogallala Formation because of confining clays.
5) A zero value indicates that no low permeability layers exist between the surface and the current static water level.
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Table D-2
Ogallala Water Levels and Well Yields

Well Name Well Field Surface Elevation 
(ft MSL)

Current Water 
Level Elevation (ft 

MSL) 1)

Current Depth 
To Ground 
Water (ft) 1)

Earliest 
Measured Static 
Water Level (ft)

Change in 
Static Water 

Level (ft)

Current Well 
Yield (gpm) 2)

Design Well 
Yield (gpm) 2)

BELL 10 BELL 6,335 6,290 45 40 -5 225 250
BELL 8 BELL 6,348 6,225 123 35 -88 230 300
BELL 12 BELL 6,344 6,224 120 82 -38 200 400
BELL 17 BELL 6,322 6,254 68 42 -26 135 195
BELL 11 BELL 6,280 6,259 21 Flowing -21 630 700
BELL 5 BELL 6,263 6,253 10 1 -10 270 400
BELL 6 BELL 6,270 6,215 55 Flowing -55 280 400
BELL 25 BELL 6,380 6,276 104 88 -16 360 425
BELL 24 BELL 6,335 6,222 113 53 -60 ND ND
BORIE 1 BORIE 6,640 6,501 139 98 -41 549 750
FINNERTY 2 BORIE 6,560 6,510 100 45 -50 ND 550
WEBER 1 BORIE 6,415 6,397 18 43 25 315 350
ELKAR 7 BORIE 6,601 6,482 119 85 -34 630 700
KOPPES 1 HAPPY JACK 6,465 6,359 106 19 -87 405 500
KOPPES 2 HAPPY JACK 6,554 6,432 122 30 -92 630 650
BAILEY 5 HAPPY JACK 6,400 6,322 78 12 -66 ND 80
EDDY 2 HAPPY JACK 6,390 6,317 73 27 -46 290 325
ELKAR 1 HAPPY JACK 6,410 6,359 51 29 -22 180 200
HOLMAN 1 HAPPY JACK 6,322 6,280 42 17 -25 180 200
KING 5 HAPPY JACK 6,684 6,442 242 173 -69 180 300
KING 1 HAPPY JACK 6,627 6,431 196 118 -78 100 200
KING 2 HAPPY JACK 6,554 6,404 150 76 -74 ND 150
KOPPES 4 HAPPY JACK 6,560 6,439 121 85 -36 360 400
KOPPES 3 HAPPY JACK 6,527 6,399 128 70 -58 360 475
KING 4 HAPPY JACK 6,512 6,390 122 77 -45 380 450
CONREY 1 HAPPY JACK 6,648 6,434 214 145 -69 ND ND

NOTES: 1) Current water levels reflect 2002 static water level measurements from 2003 Master Plan or most current available static water level measurements.
2) Current and Design Well yields provided by Cheyenne BOPU.
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Table D-3  
Federal Well Field Aquifer Properties 1)        

Well Name Well Field Transmissivity 
(gpd/ft)

Earliest Measured 
Saturated 

Thickness (ft)

Current Saturated 
Thickness (ft) 2)

Change in 
Saturated 

Thickness (ft)

Percent Change In 
Saturated 
Thickness

Percent Clay In 
Unsaturated 

Zone 3)

Depth to Coarse 
Material above 

Water Table (ft) 3)

Depth to 
White River 

Base (ft)

White River Base 
Elevation (ft MSL)

MERRITT 5 FEDERAL 13000 ND ND ND ND ND ND ND ND
MERRITT 6 FEDERAL 4200 66 66 0 0% 61% 92 4) 104 6576
MERRITT 1 FEDERAL ND 127 108 19 15% 72% 133 4) 305 6552
STATE 2 FEDERAL 3220 91 91 0 0% 83% 206 4) 349 6431
MERRITT 14 FEDERAL 2600 175 175 0 0% 0% 0 5) 245 6412
STATE 1 FEDERAL 5900 44 44 0 0% 70% 65 4) 154 6510
MERRITT 15 FEDERAL 8600 ND ND ND ND ND ND ND ND
MERRITT 8 FEDERAL 25000 36 36 0 0% 50% 113 4) 175 6445
MERRITT 9 FEDERAL 7800 45 45 0 0% 50% 13 151 6444

NOTES: 1) Aquifer properties derived from geophysical logs and available well test data.
2) Current saturated thickness based on 2002 static water level measurements from 2003 Master Plan or most current available static water level measurements.
3) Unsaturated zone and water table determined from 2002 static water level measurements from 2003 Master Plan or most current available static water level measurements.
4) Depth to coarse material values coincident with top of saturated sands in White River Formation because of confining clays.
5) A zero value indicates that no low permeability layers exist between the surface and the current static water level.
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Table D-4
Federal Well Field Water Levels and Wells Yields

Well Name Well Field Surface Elevation 
(ft MSL)

Current Water 
Level Elevation (ft 

MSL) 1)

Current Depth 
To Ground 
Water (ft) 1)

Earliest 
Measured Static 
Water Level (ft)

Change in 
Static Water 

Level (ft)

Current Well 
Yield (gpm) 2)

Design Well 
Yield (gpm) 2)

MERRITT 5 FEDERAL 6841 6763 78 30 -48 315 350
MERRITT 6 FEDERAL 6680 6598 82 86 4 135 150
MERRITT 1 FEDERAL 6857 6745 112 73 -39 ND ND
STATE 2 FEDERAL 6780 6720 60 23 -37 360 350
MERRITT 14 FEDERAL 6657 6631 26 Flowing -26 180 200
STATE 1 FEDERAL 6664 6604 60 16 -44 45 175
MERRITT 15 FEDERAL 6680 6606 74 30 -44 315 350
MERRITT 8 FEDERAL 6620 6605 15 Flowing -15 360 400
MERRITT 9 FEDERAL 6595 6573 22 16 -6 290 320

NOTES: 1) Current water levels reflect 2002 static water level measurements from 2003 Master Plan or most current available static water level measurements.
2) Current and Design Well yields provided by Cheyenne BOPU.



APPENDIX E

SEO RIB PERMITS



State Engineer's Office 
HERSCHLER BUILDING, 4-E CHEYENNE, WYOMING 82002 

Cheyenne Board of Public Utilities 
ATTN: Bud Spillman 
2100 Pioneer Avenue 
Cheyenne, WY 82001 

(307) 777-7354 FAX (307) 777-5451 
seoleq@seo.wvo.qov 

August 4, 2009 

RE: Bell RIB Reservoir, Permit No. 13449R 
Happy Jack RIB Reservoir, Permit No. 13450R 

Dear Mr, Spillman: 

DAVE FREUDENTHAL 
GOVERNOR 

PATRICK TYRRELL 
STATE ENGINEER 

Enclosed please find copies of the referenced permits and the accompanying maps, The time limit for 
completion of construction is indicated in each of the enclosed permits, Furnished herewith are 
partially filled out notice forms which must be completed and sent to this office within the time limit 
specified on each of the permits in order to keep the filing in good standing on our records. 

Should the enclosed copies of the permits or print of the map be lost or destroyed, additional copies 
may be obtained for a nominal charge. 

If the work proposed under the permit cannot be accomplished within the time allowed, an extension 
of time within which to file any of the notices may be granted by the State Engineer if you request 
such extension in writing before the specified time expires and give reason for the State Engineer to 
grant the extended time, 

If you have any questions regarding this permit, please feel free to contact this office at 307-777-6475. 

JRB/cme 
Enclosures 

ec: Randy Tullis, Superintendent 
Water Division I 
510 West 27th Avenue 
Torrington, WY 82240 

Surface Water 
(307) 777-6475 

cc: 

With best regards, 

J 
Administrator, Surface Water & 
Engineering Division 

Scott Ross 
Hydrographer-Commissioner 
PO Box 218 
Medden, WY 82081 

Ground Waler 
(307) 777-6163 

/ 

Board of Control 
(307) 777-6178 



NOTICE OF COMPLETION OF CONSTRUCTION 

This form is to be filled in with the date that all of the construction work 
required under the permit referenced below has been finished. 

If all of the construction work cannot be finished by the expiration date for 
completion of construction given on the permit, write the State Engineer and request 
an extension of time to finish the work, giving the reasons why more time is required. 
Such request must be received prior to the expiration date for completion of 
construction shown on the permit above the State Engineer's signature. IF THIS 
NOTICE IS NOT RETURNED OR AN EXTENSION OF TIME IS NOT 
REQUESTED BEFORE THE EXPIRATION DATE, YOUR PERMIT WILL BE 
SUBJECT TO CANCELLATION. 

(Fill out and return Form below) 

NOTICE OF COMPLETION OF CONSTRUCTION 

WYOMING STATE ENGINEER 
HERSCHLER BUILDING 4-EAST 
CHEYENNE WY 82002 

___________ County, Wyoming 

_____________ :,20 ____ __ 

PERMIT NO. 13449R 

I hereby notify that on the __ day of , ~ construction work was 

entirely completed under the terms of Permit No. 13449R on the Bell RIB Reservoir, 

which is proposed to appropriate water from the drainage of Crow Creek. 

Signature of Applicant or Authorized Agent 

Printed Name of Applicant/Authorized Agent 



NOTICE OF COMPLETION OF CONSTRUCTION 

This form is to be filled in with the date that all of the construction work 
required under the permit referenced below has been finished. 

If all of the construction work cannot be finished by the expiration date for 
completion of construction given on the permit, write the State Engineer and request 
an extension of time to finish the work, giving the reasons why more time is required. 
Such request must be received prior to the expiration date for completion of 
construction shown on the permit above the State Engineer's signature. IF THIS 
NOTICE IS NOT RETURNED OR AN EXTENSION OF TIME IS NOT 
REQUESTED BEFORE THE EXPIRATION DATE, YOUR PERMIT WILL BE 
SUBJECT TO CANCELLATION. 

(Fill out and return Form below) 

NOTICE OF COMPLETION OF CONSTRUCTION 

WYOMING STATE ENGINEER 
HERSCHLER BUILDING 4-EAST 
CHEYENNE WY 82002 

_________ County, Wyoming 

___________ ,20 ____ __ 

PERMIT NO. 13450R 

I hereby notify that on the __ day of , 2fL, construction work was 

entirely completed under the terms of Permit No. 13450R on the Happy Jack RIB 

Reservoir, which is proposed to appropriate water from the drainage of Spring Creek 
(18-14-67). 

Signature of Applicant or Authorized Agent 

Printed Name of Applicant/Authorized Agent 



I RECEIVED OF: I 

RECEIPT 

NUMBER 

SEO 40795 

TRANSACTION 

T.W.A. 

T.W.A. 

T.W.A. 

-/ S.W. 3, Reservoirs 

T.W.A. 

V S.W. 3, Reservoirs 

RECEIPT 

WYOMING STATE ENGINEER'S OFFICE 
Herschler Bldg 4£, Cheyenne WY 82002 
Phone: (307) 777-7355 or (307) 777-6977 
Fax: (307) 777-5451 

Lytle Water Solutions LLC 

640 Plaza Drive Ste 170 

Highlands Ranch CO 80129 

RECEIPT 

DATE 

07/09/2009 

POST 

DATE 

07/09/2009 

CHECK 

NUMBER 

6993 

DESCRIPTION 

P479G 

P1317R 

P270C 

Happy Jack RIB 

P4152R 

Bell RIB 

PREPARED 

BY 

Shappell 

QTY FEE 

1 $50.00 

1 $50.00 

$50.00 

1 $25.00 

1 $50.00 

1 $25.00 

TOTAL 

$50.00 

$50.00 

$50.00 

$25.00 

$50.00 

$25.00 

If you have any questions, please contact Steven Winders at (307) 777-6977. Thank you for your business. 

Agency Copy 



I RECEIVED OF: I 

RECEIPT 

NUMBER 

SE~ 40795 

TRANSACTION 

RECEIPT 

WYOMING STATE ENGINEER'S OFFICE 
Herschler Bldg 4E, Cheyenne WY 82002 
Phone: (307) 777-7355 or (307) 777-6977 
Fax: (307) 777-5451 

Lytle Water Solutions LLC 

640 Plaza Drive Ste 170 

Highlands Ranch CO 80129 

RECEIPT 

DATE 

07/09/2009 

POST 

DATE 

07/09/2009 

CHECK 

NUMBER 

6993 

DESCRIPTION 

PREPARED 

BY 

Shappell 

QTY FEE TOTAL 

TOTAL $250.00 

lfyou have any questions, please contact Steven Winders at (307) 777-6977. Thank you/or your business. 

Agency Copy 



Form S.W. 3 
R'Y.11n12ODB 

NOTE: Do Dol Cold lhis form. U.e typewrUu 
01' print n ... l1~ wilh bf •• " InI<. 

.stJJ l.(07crS STATE OF WYOMING 
~:5'/OO OFl!ICE OF TIlE STATE .ENGINEER 

'7 ) '1' t () ., -:r. f~j,.,.u~1L APPLICATION FOR PERMIT TO APPROPRIATE SURFACE WATER 

THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT 

THE STATE OF WYOMING 

STATE ENOINEER'S OFFICE 
} SS. 

Piling/Priorily DaIo 

Tbis instrument was received and filed for rcoord on the 9 th 
20 09 ,at 2:53 o'clock-2M. 

Recorded inBOOk _____ f_~'_:, __ 

Map Filed _-""SA",--_ Fee Paid $ 25 .00 

WATER DIVISION NO. 
;; 

1 'DISTRICT NO. _-=..1_TBMPORARY FILING NO. _:e.34,,--o2'-'./.:o::3.::.62=------

PERMlTNO. 1 3 4 4 9 RESERVOIR 
SA-31. 

NAME OF FACILITY 
THE Bell RIB RESERVOIR 
1. Name(~), mailing address and pho~ no. ofapplicant(s) is/are Cheyenne Board of Public Utilities 
2100 Pioneer Ave., Cheyenne, WY 82001 

307 - 63 7 - 6 460 E-mail address: bspillman@cheyennebopu. org 
(itmot&dlm oa.~r,d.:sI&lUCll9MIDu.lu.A&ISlIbrCb~01brn) 

2. Name & address C!fogentto receivcco:aespondllllceandnolices Bud Spillman - Cheyenne Board of public 
Utilities, 2100 Pioneer Ave., Cheyenne, WY 82001 
___________________ B-mail address; bspillman@cheyennebopu.org 

3. The use to which the water Is to be applied Is ....!:G~r~o:;:un7!.d~.!:W~a~t"'e::::r'7-'R=e"'c~h"'a"'r::.:g:Ee~....,,;--..,.....,;-;-_----;;,....,.-:-:-=-_;--__ 
(a) If more than one beneficial use ofwater is applied for, the reservoir capacity must be allocated in acre-feet to the various uses: 

Active Capacity 

(b) Tbe area oflhe high water line oftbe reservoir is 0 .5 acres. 
(c) Thelotsl available capacity of the reservoir is 2 .3 acre-fect. 
(d) Iferumgement. tliecapacity of Ibis' enlargement is N/A acre-feet. 

4. The source oftbe proposed appropriation is Surface water released from North Crow and/or 
crystal Lake Reservoir. "'I/Ooelt wilrltfl. cd" ""If~~ ....... w.T~ ''If.b~1L If)'H t).'~'f.J1-6'-¥.l. 
NoTl! IN D-«"'N"'J~ ,,( ~IR.""" '.£JIl.<~J< ) ."f"/t ttl .. rltiH'. ?ploorH 'Plltrt~ 'RillE-if.. 

.\ ... 
5. The outlet oftIi,e··proposed reservoir is located feet distl\ll1 ftom the __ -=--=-:--::-:-corner of Section 
;-: __ -=-;-T._· _. N.,R. ___ W .• andislnthe NE SE ofSeetlon 13 T.~N~R.~W.~ 
Lot Block . Subdivision Name f 
Latitude (Decimal Degrees) 41"...a,;, 9 a 8 i /tJ' ft-?" ~ J..pngitude {Decimal Degrees} -104": ~ i,' '13.,""" 
6. Are any of the lands covered by the proposed reservoir. owned by the State or Federal government? If so. ~ribe lands and 
designate whether State or Federally owned. --=N~O=-_____________________ ,--__ _ 

7. Flll out fur either (a) o~ (b); . . 
(a)Thereservolrislocatedinthe~ DI'l.AlItI,fJe ,.~. (!l.6V e~~~Jc:. . 
(b) The reservoir is to be filled througb the Relea@e of water· PrOUl North Crow ..x.d/or Crypt:al: Lake Re~ervoir 
Canal which has a carrying capacity of N/A cubic feet per second (c.f.s.) 

8. (a) The dam is to be constructed as follows: Excavate an approximate one-half aore area 5 feet deep 
and use excavated materials for small embankment. 

---::-:-=:-__ -:-_-:-,---:-:---:-_____ ,.--_ contents = Excavate Approximately 3800 cubic yards. 
(b) The wllter face oftbe dam is to be protected from wllve action in the fullowing manner: _:--....".--:_--;-:--___ -::-~ 
(c) The dam height. as measured by the dam crest elevation minus the lowest downstream toe elevation is N /A feet. 

13449 PonnltNo. _______ --!Rcs. 
= -;;:--

~. :;.:':-."._4;;,-;9-,--
(Leavo BlBIIk) 



9. The estimated time required for completion of construction is __ 4=----W=e~ek=s~ ___________ . 
10. The accompanying map is prepared in accordance witb the State Engineer's Rules and Regulations for filing applications and is 
hereby declared a part of this application. The State Engineer may require the filing of detailed construction plans. 

REMARKS 
This rapid infiltration basin will be used as part of an aquifer storage and 
recovery (ASR) pilot study beinq conducted by the Cheyenne Board of Public 
utilities. 

NOTICE 

A copy oftbe Rules and Regulations manual for filing applicatiollS will be furnished by the State Engineer's Office upon request. 

This applicatioll (on 24 lb., 25% cotton bond paper, top-bound) must be acoompanied by the required map, prepared in a""ordance 
with the instructions contained in the manual and by the required filing fee. All applications and maps are reviewed by the State 
Bogineer's Office to assure compliance With both the Rules and Regulations by the applicant, the professional engineer or land 
surveyor. 

This application is not your authority to begin construction work. You can coJUlnellce work only after a permit is approved by the 
State Engineer. 

CONSENT TO ENLARGE (if applicable) 

Consent to Enlarge must be requested from all owners of reservoirs described in existing water rights, pennlls or appllclIlions for 
permits for the facility to be enlarged before tbe State Engineer win OOIIsider approval of the application. Where the reservoir 
operator is an incorporated company or irrigation district, caUSeDt may be made on behalf of the individual owners by that enlity 
where the COllsent is an excerpt of meeting minutes showing approval and Btlthorily for tlte individual signing for lite company or 
district to act in such capacity. Consent to Enlarge Reservoir forms lire availiible on the State Engineer's website or may be obtained 
ftom lite Slate EngiDeer's Office. 

I declare that I have examined this application Rnd to the h .... t of my knowledge and bellllf It b true, correct lind complete. 



FonnS.W. 3-A 
Rey. 11n/200B 

RESERVOIR APPLICATION SUPPLEMENTAL SHEET 
(Use with Form S. W. 3) 

THE Bell RIB 

SHOW CROSS-SECTION AND HYDRAULIC 
PROPERTlES OF THE SPILL WAY IN THE 
SPACE PROVIDED BELOW: 

for 

RESERVOIR 

fREeIlOAADAIlOVE 
SPILlWAY __ 

DETAILS OF DAM 

TOP WIDTH 
I \_. 

Temporary 
Filing No. 34 2/362 

~I 

D. 
TOTJii:HEiGHT __ SLOP ~ 

__ INCHOUllETPIP2 l ~ ____ .•• __________ ••• _______________ ••• ___ ._R 
CROSS·SECTION OF DAM-No Scale 

CAPACITY 
Area at High Water Line (HWL): (a) O. 5 acres 
Area at elevation of Outlet (Invert): (b) N /A acres 
(0",) Maximum water Depth (less freeboard): (e) 5 feet 
(Ot) Water Depth below Outlet: (d) N/A feet 
TOTAL CAPACITY .. (a) x (e) ... 3 - 2 _ 3 acre-feat 
INACTIVE CAPACITY = (b) x (d» ... 3 = 2. 3 acre-feet 
ACTIVE CAPACITY .. TOTAL CAPACITY -INACTIVE CAPACITY =_O_acre-feet 

BODY OF RESERVOIR 
Length: 150 faet Width: 150 feet Average Depth: • 46 feet 
NOTES: Measure length as straIght line distance (at HWL) from dam to most remote poInt. 

Measure wiQI.b. at HWL along dam. 
Average Depth = TOTAL CAPACITY + Area at HWL. 

SHOW PLAN VIEW IN THE SPACE PROVIDED AND IDENTIFY SCALE: 

i Bank Slope, 2,1 

l.50· 

·--'"'i5~O==l.OO ft 

Horizontal Sual", 
o 50 ft 

Vertical Scale 
0------'10 ft 

PROFILBOF DAMSITE(LookingUpslre8m) SCALB: VERTlCAL-l"= See Scale Bar HORIZONTAL-I" see Scale Bar 

DECLARATION 

I de&!lare that I have eYlimined this applkationlmap and to the best of my knowledge and beUefit Is true, correct and complete. 

V,#I I\'--~ 
Printed N&me and SignatUm of AppJ1con1 or Agent 

13449 PennltNO. _______ ...JRes. 

Dale 

Page No.--;;-=4;;;:9~_ 
(Leave BJIIIIk) 



THBSTA'mOFWYOMlNG } 

STA'm ENGlNEER mMPORARYFILINGNO. ~ 

THIS IS TO CERTIFY that 1 have examined the furegoing application and do hc:reby gIlIIlt tho 81118e subject to the funowlng limitations and 
conditions: 

This pennit grants Quly the right IQ USe the water IIvallable in the stream after all prior rights arc satisfied. 

This permit is granted for storage of 2: 3 acre-feet of water from 
all sources in anyone year, for groWldwater recharge purposes only. 
Water shall be provided .to the basins via water use agreements under 
Order Nos. 09-42 and 09-43. 

This permit ·will be automatically cancelled on December 31, 2010, 
unless proper request for an extension of time is submitted to the state 
Engineer prior to this date. 

Since the plans show that no outlet works and no method of regulating 
the subsurface inflows are contemplated, the State' Engineer may upon 
prope~ complaint by other interested water appropriators or appropriator, 
or when in his judgment it is necessary, require the later closing of this 
pit or excavation with earth fill or other means which will permit proper 
regulation. 

If the material excavated from this pit is spoiled on the downstream 
side of the pit, proper measures must be tajcen by the holder of this 
permit to ensure that no water is impounded against the resulting berm in 
excess of the storage capacity authorized by this permit. . 

No final proof to be accepted under this permit. 

This permit is issued subject to the terms of the Platte River 
Recovery Implementation Program (PRRIP) of January 1, 2007. This permit. 
was reviewed by the PRRIP Coordinator. No Program related limitations 
are required because facility will not affect flows at the Colorado / 

.Wyoming state line within the South Platte River Basin. 

The State Engineer may, at his discretion, require and order that 
suitable measurement devices be installed at this facility to determine 
the quantity of water depleted under this permit, and may also require 
submission of written record of these quantities, at any future date, for 
the purpose of enforcing provisions of the PRRIP of January 1, 2007. 
Suitability of measuring devices so installed or records so submitted 
upon the State Engineeris order shall be determined by the State Engineer 
or his deSignated water administration Officials. 

This permit is conditioned on the holder of this permit securing. 
and/or providing free and unencumbered access to this reservoir site to 
allow State Engineer personnel to perform their duties as prescribed by 
Law. These duties include, but are not limited to, construction 
inspections and water administration. 

The time for completing the llWlSIrucIion of the reseIVOir sha1I1erolinaIc on December 31. 20~. 

Witnessmybandthis~Of f4Qdj~r . A.D. W<8'. 

PennitNo. _1---,,3--,4=--=4--,9~Res. 



PERMITNo._---.JlI.-----l'L3~4 ........ 4_'91<__REs. 
SA-31 

PERMlT STATUS 

Priority Date July 9. 2009 Approval Date August 3. 2009 

NOTICE 

This pennit, dollS not constitute a complete water right. It is your authority to begin construction work. 

Notice of completion of the work described in the permit, mus(be filed in the State Engineer's Office befall' the el(pinrtion of the time 
allowed in the permit. -

If extensions of time beyond the time limits set forth in the pennit ere required, requests for same must be in writing. stating why the 
additional lime is requin:d, and must be received in the State Engineets. ()ffire befure the expiIation of the time allowed in the permit. 

Once !he Notice of Completion has been filed, Proof of Appropriation will be prepared Illld smt to your Water Division Superintendent. 
The Superintendent will arrange wifb you for an inspection of the fil!:iIity. /iller ClI:ecution. !he Proof will be considered by !he Board of 
Control, and, iffuund to besatisfuc:tory, the Board will issue to you a C'erlifu:ate ofConstrnction which will eonstitnte II completed walerright. 

The granting of a pennit dOel! not constitute the granting of rigbt-1lf-way. If any right-of-way is necessary in connection with the 
application it should be undemood !bat this responsibility is !he applicanfs. 
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1 inch = 2,000 feet 
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"MAP TO.ACCOMPANY 
ApPL.ICATION FOR 
BEL.L. WEL.L FIELD 

RAPID INFILTRATION.BASIN 

APPL.ICANT: 
Cheyenne Board of Public Utilities' 

. 2100 Pioneer Ave. 
Cheyenne, WY 82001 

1 3 44 9 RC!f 



State Engineer's Office 
HERSCHLER BUILDING, 4-E CHEYENNE, WYOMING 82002 

(307) 777-7354 FAX (307) 777·5451 
seoleg@seo.wyo.gov 

IMPORTANT NOTICE - PLEASE READ CAREFULLY 

DAVE FREUDENTHAL 
GOVERNOR 

PATRICK TYRRELL 
STATE ENGINEER 

The approval by the State Engineer of a permit grants an 
appropriation of water only, and does not grant any authority or 
permission to use the property of someone else. 

If you do not own the land upon which your facility will be 
constructed, you should, before starting construction, take 
immediate steps to secure a permanent right-of-way. 

If any part of the facility is located on State Land, and you 
are the lessee of record, communicate with the State Land 
Commission for necessary applications for construction of 
improvements. If you are not the lessee of record, Land Board 
approval is needed for right-of-way across or upon the leased 
area. 

If the facility is to be located on Federal Lands, it will be 
necessary that you contact the Bureau of Land Management, 
PO Box 1828, Cheyenne, Wyoming 82003, for information as to. what 
is needed. If lands controlled by the Forest Service are involved 
with this facility, the local Forest Service Office should be 
contacted for the proper procedure required to obtain a 
right-of-way. 

If privately owned lands are involved with this facility, 
right-of-way should be secured by written agreement from the land 
owner, securing sufficient land to properly allow any work that 
may be necessary. This written agreement should be made a matter 
of record in the Office of the County Clerk of the County in which 
the land is situated, and the State Engineer's Office. 

Such procedure will save you a great deal of unnecessary 
expense in the future, as any person subsequently filing on 
Federal Lands or purchasing State Lands, may claim damages, unless 
such right-of-way is made a matter of record and patent given 
subject to a right-of-way for existing facilities. 

Construction of this facility may require the discharge of 
dredged or fill material into Wyoming water bodies and wetlands, 
including intermittent streams, as authorized· by Section 404 of 
the Clean Water Act (33 U.S.C. 1344). The permittee is advised to 
contact the Corps of Engineers I office to determine if their 
proposed work requires authorization from that agency. The Corps 
office is located as follows: 

Cheyenne Regulatory Office 
2232 Dell Range, Suite 210 
Cheyenne, Wyoming 82009 
(307) 772-2300 

Surface Water 
(307) 777-6475 

Ground Water 
(307) 777-6163 

Board of Control 
(307) 777·6178 



Important Notice 
Page 2 

If the water right is for a source to be developed for human 
consumption serving 15 or more service connections, or 25 or more 
persons, for 60 days or more of the year, then regulations 
developed under the Federal Safe Drinking Water Act apply. 
Specific requirements of the Act are available from the Water 
Supply section, Region VIII, U. S. Environmental Protection 
Agency, One Denver Place, 999 18th Street, Suite 500, Denver, 
Colorado 80202-2405. 

If water is to be supplied for human consumption to 20 or 
more service connections, the provisions of Chapter III of the 
Wyoming Water Quality Rules and Regulations apply. You are 
advised that plans and specifications covering the proposed 
construction, installation, or modification of any system designed 
for this purpose are required to be submitted to and a permit to 
construct obtained prior to the start of construction from, the 
Water Quality Division, Wyoming Department of Environmental 
Quality, Herschler Building-4th Floor West, Cheyenne, 
Wyoming 82002. 

If the water right facilities are to be constructed in areas 
subject to local zoning regulations, the proper zoning authorities 
should be contacted to avoid violation of established zoning laws. 

PTT/sjt 

Rev. 1/24/01 

Very truly yours, 

PATRICK T. TYRRELL 
State Engineer 



FormS.W.3 
R6'I. unl2OO6 

S~LfOf7S
Ot.S"'.OO 

NOTE: Do !lot rold this 'orm. u •• typewriter 
or print uoaUy with bl •• k ink. 

STATE OF WYOMING 
OFFICE OFTHt:STA'fE ENGINEER 1hlC'T 

-.r. ft. (, ",tJfdL 
APPLICATION FOR PERMIT TO APPROPRIATE SURFACE WATER 

THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT 

THE STATE OF WYOMING 

STATE ENGINEER'S OFFICE 
} SS. 

FiliDglPrionlY Date 

This InJitrumentwas received and filed for Iecord on lhe 9th 
20 09 , at 2; 53 o'clock ---.:e. M. 

Recorded in BoOk ______ 7_0 __ ofReservol~·Permits. on P"I5'. ___ -'-~_u __ 

Fee Paid $ 25 .00 Map! Filed ~S;uA,,-__ 

WATER DIVISION NO. _----"l_DISTRlcrNO. _-",l~_TEMPORARY FILING NO. _~3",4'---'<.3/,-,3""6,,,2~ __ _ 

PERMITNO._.,..lc--.~il:-:':~I:-:~"'~J-Ov---RESERVOIR 

NAME OF FACILITY 
THE Happy Jack RIB RESERVOIR 
1. Name(s), mailing address and phone no. ofapplicanl{s) is/are Cheyenne Board of Publ ic Util i ties 
2100 Pioneer Ave .. Cheyenne. WY 82001 

307 - 637 - 6460 E-mail address: bSp illman@cheyennebopu . org 
(itD&1(Otblll OGO~Qd,dc:al§WoGD6I1)KtP.AkMltor1h~olbMl) 

2. Name & address of agent to receive correspondence and notices Bud Spillman - Cheyenne Board of Public 
Utilities, 2100 Pioneer Ave., Cheyenne, WY 82001 
__________________ E-mail address: bspillman@cheyenne bopu.org 

3. The use 10 which the water is to be applied is Ground Water Recharge 
(a) If more than one beneficial use of water-is a-pp~li;.!;ed7ti~o~r."'t:-he.!!r'-"e'-!see.!rv""'o~ir:-'c~a!::p!::IICI~·ty=m::;u:2.:8"ct b;-e-al"-;:l:-oca-:-ted-:;-;in---acre--""'fe:-e:-t:-to""t:-h-e v-a-rl:-' o-us-us-es-: 

ActiveCapacily 

_--,-0-,,, c"-5~.:-- acres. 
--:: __ -=2:....;-.:3=-__ scre-feet. 

_.......,N .. /,..A"'-__ ~acre-teet. 

5. The outlet ofllle proposed reservoir is located -:-;-;--.-_-=-=-=_ feet dlslant from the __ -;::--::;-:;-~comer of Secllon 
~:--_-=:-:-T. __ N .• R. ___ W.,andisinthc NW NE of Sec lion 34 T.~N .• R.~ W.,.~S 
Lot Blook Subdivision Name 
Latitude (Decimal Degrees) 41 _145341 Longitude (Decimal Degrees) ____ --=1""0::..4'"-'-. :.9.::&~8",3,-,8,-,9=--_ 

6. Are any of the lands covered by the proposed reservoir owned by the State or Fedeml government? If so, describe lands and 
designQte whether State or Federally owned. ---'N""o"'-________________________ _ 

7. Fill out for either (a) or (b): .. -). ..' 
(a) The reservoir is located In the'e!i&t!Relllf 'D~".,ltIifbe- of $IIdl1t,1 ~p'~e4<. (J '-1'1-' 7 ; . 
(b) The reservoir is to be filled through1he Release of water From North Cro,,' and/or Crystal Lake ReB~oir 
Canal which has a carrying capacity of N/A cubic feet per second (c.f.s.) 

8. (a) The dam is 10 be constructed as fullows: Excavate an approximate one-hal f acre area 5 feet' deep 
and uae excavated materiala for ama1l embankment. 

----:;;-;--:;;-__ ----:_~:__:_-:--:-_---:'_-contents= Excavate Approximately 3800 cubic yards. 
(b) The water face of the dam is to be protected from wave action in the following manner: --:--"'"'7--;,..--~----::--:--
(0) The dam height, as measured by the dam crest elevation minus the lowest downstream toe elevation is N fA feet. 

pennitNo._l~·...!.3,-4",,·-:"5£,.. ...... O'--......JR ••. 
.50 

Pago NO.--;;--~~.
(Leave Blank) 



9. The estimated time required for completion of construction is __ 4=-W:.:B=e=.;k;::s:...... __________ _ 

10. The IWCOmpanying map is prepPfCd In IIccordllllCe with the state Engineer's Rules and Regulations for filing applications and is 
hereby declared a part of this application. The State Engineer may require the :filing of detailed construction plans. 

REMARKS 
This rapid "infiltration basin will be used as part of an aquifer storage and 
recovery CASRI pilot study being conducted by the Cheyenne Board of Public 
Utilities. 

NOTICE 

A copy of the Rules and Regulations manual for filing applications will be furnished by the State Engineer's Office upon request. 

This application (on 24 lb .• 25% cotton bond paper, top-bound) tiiust be accompanied by the required map. prepared In 8<lCOrdance 
with the instructions contained in the manual and by tbe required filing fee. All applications and maps are reviewed by the Slate 
Engineer's Office to assure compliance with botb the Rules and Regulations by the applicant, the professional engineer or lillld 
surveyor. 

This application is not your autbority to begin construction work. You can commence work only after a pennit is approved by the 
State Engineer. 

;"; * CONSENT TO ENLARGE (if applicable) 

Consent 10 Enlarge must be requested from all owners of reservoirs described in existing water rights, permits or applications for 
permits for the facility to be enlarged before tbe Slnte Engineer wiu consider approval of the application. Where the reservoir 
"operator is an incorporated company or irrigation district, consent may be made on behalf of tbe individual owners by that entity 
where the consent is an excerpt of meeting minutes sbowing approval and authority for the individual signing for the company or 
dislriclto ael in such capacity. Consent to Enlarge Reservoir forms are available on the State Engineer's website or may be obtained 
from the Slate Engineer's Office. 

I deelare that I have examioed tbis application and to 'be best of my kIIowledge and belief It Is true, correct Bnd complete. 

Printed Name and Signature or Applicant or Agent 



form S.w. 3-A 
Rev. 11012006 

THE Happy Jack RIB 

RESERVOIR APPLICATION SUPPLEMENTAL SHEET 
(Use with Form S. W. 3) 

for . 

RESERVOIR 

DETAILS OF DAM 

Temporary 
Filing No. 34 3/362 

SHOW CROSS·SECTION AND HYDRAULIC 
PROPERTIES OF THE SPlLLW AY IN THE 
SPACE PROVIDED BELOW: 

~~:ii~~VE TOP WIDTH 

TOPOFDAMEL~=-____ ~~~~ ____ ~ ____ ~ 

-----
ToriiLHEiGHT __ SlOP ~ 

__ INCH OlJl\.ET PIPE I ~ -.---_.-- __________________ • _______ •• _____ • ______ ••• a 

I t 0, 
CROSS-8nCfION OF DAM-No S<III. 

CAPACITY 
Area at High Water Line (HWL): (a) 0 _ 5 acres 
Area at elevation of Outlet (invert): (b) N/A acres 
(Ow Maximum water Depth (less freeboard): (e) 5 feet 
(01) Water Depth below Olltlet: (d) N/A feet 
TOTAL CAPACITY ;; (a) x (e) .. 3 '" ;;1.3 acre-feet 
INACTIVE CAPACITY ;; (b) X (d» .. 3 = ;;I • 3 acre-feet 
ACTIVE CAPACITY = TOTAL CAPACITY - INACTIVE CAPACITY =_O_acre-feet 

BODY OF RESERVOIR 
Length: 150 feet Width: 150 feet Average Depth: • 46 feet 
NOTES: Measure length as straight line dIstance (at HWL) from dam to most remote point. 

Measure width at HWL along dam. 
Average Depth;; TOTAL CAPACITY .. Area at HWL. 

SHOW PLAN VIEW IN THE SPACE PROVIDED AND IDENTtFY SCALE: 

i ~3Q' 

Bank Slop": 2,1 

150' 

1 
~1S0' )1 

50 100 Lt. 

Hori-z:onta1 Scale o 50 ft 

Vertical Scale 
o 10 ft 

PROFll.ROJlDAMSITIl(LoolcingUp.!lream) SCALE: VERTICAL-In-See SCale Bar HORlZONTAL·j'·See Scale Bar 

DECLARATION 

I dcclue that I have examined tbi. appUcation/map and to the hest of my knowledge and beUefit i. true, coned and complete. 

13450 PennitNo. _________ ~--~R.'. 

---------- -

Poge No. --;;-::' ::-::5~O=-_ 
(L •• veBJIIIIk) 



THE STATE OFWYOMlNG } 

STATE ENGINEER TEMPORARYFILINGNO. 3431362 

nus IS TO CERTIFY that I have examined the filregoiog application and do hereby grant the same 'lIIbjccl: to the following limitations and 
conditions: 

This pennit grants only the tight to use the water available in the stream after alf prior rights are satisfied. 

This permit is granted for storage of 2.3 acre-feet of water from 
all sources in anyone year, for groundwater recharge purposes only. 
Water shall be provided to the basins via 'water use agreements under 
Order Nos. 09-041, 09-42 and 09-43. 

This permit will be automatically cancelled on December 31, 2010, 
unless proper request for an extension of time is submitted to the State 
Engineer prior to this date. 

Since the plans show ~hat no outlet works and no method of regulating 
the subsurface inflows are contemplated, the State Engineer may upon 
proper complaint by other interested water appropriators or appropriator, 
or when in his judgment it is necessary, require the later closing of this 
pit or excavation with earth fill or other means which will permit proper 
regulation. 

If the material excavated from this pit is spoiled on the downstream 
side of the pit, proper measures must be taken by the holder of this 
permit to ensure that no water is impounded. against the resulting berm in 
excess of the storage capacity authorized by this permit.' . 

No final proof to be accepted under this permit. 

This permit is issued subject to the terms of the Platte River 
Recovery Implementation Program (PRRIP) of January 1, 2007. This permit 
was reviewed by the PRRIP Coordinator. No program related limitations 
are required because facility will not· affect flows at the Colorado / 
Wyoming state line within the South platte River Basin. 

The State Engineer may, at his discre~ion, require and order that 
suitable measurement devices be installed at this facility to determine 
the quantity of water depleted under this permit, and may also require 
submission of written record of these quantities, at any future date, for 
the purpose of enforcing provisions of the PRR!P of January 1, 2007. 
Suitability of measuring devices so installed or records BO submitted 
upon the State Engineer's order shall be determined by the State Engineer 
or his designated water administration officials. 

This permit is conditioned on the holder of this permit securing 
and/or providing free and unencumbered access to this reservoir site to 
allow State Engineer personnel to perform their duties as prescribed by 
Law. These duties include, but are not limited to, construction 
inspections and water administration. 

The time for completing the constructiQn /lfthe £eaerYolr sbaIl tennlnate onD=mber31, 20~. 

Witnessmybaodthis .;?~of Rlli0~~r ,A.D. w9=. 

~ 
PcnnitNo._l_3_4_5~O_Res. PIIgCNo. QAa"B~P . 



13450 PERMITNO. ________ RES • 

. SA.-31 

PBRMITSTA11JS 

Priority Dale .Ju1y 9. 2009 ApprovalDate August. 3, 2009 

NOTICE 

This permit, does not COD5Iitute a complete water right. It is your aUlhority to begin construction work. 

Notice of completion of the work described in the penni!, DI1I8t be filed in the Stale Engineers Office befure the expiratioo of1he time 
8IIowed in the penniL 

If l»I1enSions of time beyond the time limits set furth in the pernIit are required, requests for same must be in writing, staling wby the 
addilional time is n:quired, and must be received in the Stste Engineer's Office bGfu1c \be expiration of the time allowed in the pcnnit. 

Once the Notice of Completion has heen filed, Proof of Appropriation will be preplll"Cld and 8ent In your Water Division Superintendent. 
The Superintendent willllITIlOge with you for an inspection of the fiIciliLy. After execution, the Proof wlll be considered by the Board of 
Conlml, and, iffound 10 be satisfactory, the Board will issue 10 you a ~cAAl of Construction which will constitule a completed water right 

The granting of Ii penni! does not COIlstilnte the granting of right-of-way. If any riglrt-of-way is necessary in connection with the 
applil:a!ion it should be understood that this responslbilily is the applicant's. 
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APPENDIX F

WATER AGREEMENTS FOR

TEMPORARY USE OF WATER



State Engineer's Office DAVE FREUDENTHAL 
GOVERNOR 

HERSCHLER BUILDING. 4-E CHEYENNE. WYOMING 82002 PATRICK TYRRELL 
STATE ENGINEER (307) n7-7354 FAX (307) 777-5451 

Cheyenne Board of Public Utilities 
2100 Pioneer Avenue 
Cheyenne WY 82001 

seoleg@seo.wyo.gov 

July 15, 2009 

Re: Temporary Water Agreement Order Number Nos: 
09-40, Bell No. 12 Well, U.W. 479 
09-41, Koppes #1 (Cheyenne #25) Well, U.W. SC 270 
09-42, Crystal Lake Reservoir, P1317R 
09-43, Upper Van Tassel Reservoir, P4152R 

Dear Applicant: 

i~~- > 

! >W~~~~;·:·~·Q··R:: 

··~~~~~;j~~i .. · .. ·· 
'. .. ~ . "'.:; 
.. :.::~~'.~ .. ): )~', '.~' .. ";;::::';:":':':c' . 

;. _~: .... l,. _. __ 

Enclosed are copies of the Orders, Agreements and maps for your use of water from the 
sources listed above. Copies of the Orders and maps will be sent to Randy Tullis, Superintendent 
of Water Division No. I and Scott Ross, Hydrographer-Commissioner of Water District 1. 

You must notilY Mr. Ross (307-246-3528) prior to using water from these sources. Please 
refer to the Order Numbers referenced above when notilYing Mr. Ross. 

In addition, you are hereby reminded that the granting of a Water Agreement by the State 
Engineer does not constitute the granting of a right-of-way. Proper rights-of-way for access to 
point of diversion, haul route and point(s) of use must be obtained by the permittee. In the case 
where rights-of-way of public roads or highways are involved, it is necessary that proper right of 
access be obtained from the controlling authority. Approval of the Wyoming Department of 
Transportation is required for use of highway rights-of-way. The loading of water trucks from 
bridges will generally be prohibited. 

With best regards, 

J~~~ 
Administrator, Surface Water and 
Engineering Division 

JRB/cae 

Enclosures 

cc: Randy TulliS, Superintendent, Water Division I 
510 West 27th, Torrington WY 82240 

Scott Ross, Hydrographer-Commissioner 
PO Box 218, Meriden WY 82081 

Surface Water 
(307) 777-6475 

Ground Water 
(307) 777-6163 

Cheryl Verplancke, Ground Water 
(ground water orders only) 

Board of Control 
(307) 777-6178 



ORDER NO. 09-40 

The Cheyenne Board of Public Utilities, having filed a Water Agreement for 
Temporary Use of Water for the use of ground water from the Bell No. 12 Well, 
located in the SW1f4SE1f4 of Section 14, T14N, R68W, Permit No. U.W. 479; 

and the State Engineer finds as follows: 

That said the Cheyenne Board of Public Utilities wishes to use this water for 
recharging through injection wells in the Bell Well Field (SW1f4NE1f4 of Section 
23, T14N, R68W and SE1f4SE1f4 of Section 33, T14N, R68W) as part of an 
Aquifer Storage and Recovery (ASR) pilot study conducted by the Cheyenne 
Board of Public Utilities. See the attached map marked "Exhibit B." 

That the most practicable source of said water is from: 

The Bell No. 12 Well, located in the SW1f4SEV4 of Section 14, T14N, 
R68W, Permit No. U.W. 479. The well is adjudicated and the priority date is 
August 28, 1956. The well is part of a well field with an appropriation amount 
of 5,500 af per year. The well is used for irrigation, stock and domestic 
purposes. The right is held by the Cheyenne Board of Public Utilities. 

That said water is to be used for recharging through injection wells in the 
Bell Well Field (SW1f4NE1f4 of Section 23, T14N, R68W and SE1f4SE1f4 of Section 
33, T14N, R68W) as part of an Aquifer Storage and Recovery (ASR) pilot study 
conducted by the Cheyenne Board of Public Utilities. See the attached map 
marked "Exhibit B." 

That the Cheyenne Board of Public Utilities and the Cheyenne Board of 
Public Utilities have made and entered into a certain agreement, dated July 6, 2009, 
relating to the use and purchase of said water in the amount of approximately 
66,000,000 gallons. Water is to be diverted at a rate not to exceed 250 gallons per 
minute or 360,000 gallons per day as stated in the executed agreement marked 
"Exhibit A," attached hereto, and by reference made a part thereof, and the sketch map 
showing the proposed point of diversion and points of use are marked "Exhibit B," 
attached hereto, and by this reference made a part thereof: 

That said Water Agreement should be granted and said agreement ratified and 
approved. 

If the source is from a ground water right, in order to insure no additional volume 
of water is withdrawn from the ground water source in excess of what is historically 
withdrawn for the use(s) authorized by the ground water permit described above in this 
Order, an equivalent volume of water will be changed from the use(s) authorized in the 



permit, to this temporary use, and the appropriator will forego the amount of water 
pumped under this agreement, for the original use(s). 

A record shall be kept of the amount of water diverted under this Order. 
The records and tabulation of the total amount of water used shall be sent to 
Randy Tullis, Division Superintendent, 510 West 27ti1 Avenue, Torrington, WY 
82240, Phone: 307-532-2248, FAX: 307-532-5558 with a copy to the State 
Engineer's Office, Herschler Building, 4E, Cheyenne, WY 82002, Phone: 307-
777-6475, FAX: 307-777-5451, and to Scott Ross, PO Box 218, Meriden WY 
82081, Phone: 307-246-3528. The records shall be submitted whether water 
is diverted or not on a weekly basis showing the daily use of water under this 
Order. Said records shall be used as necessary for water administration and 
water accounting purposes. The report shall be submitted no later than noon 
on Tuesday of each week. Please refer to the Order number when submitting 
the weekly reports. Failure to file the weekly report may be grounds for denial 
of use of water under this Order. 

The Cheyenne Board of Public Utilities is to inform the Water Commissioner of 
the date they wish to begin diverting water, and this diversion of water will be done at all 
times under the supervision of the Water Commissioner. 

The maximum rate of diversion will be 250 gallons per minute or 360,000 
gallons per day. The total amount of water used under this agreement must not exceed 
a total of 66,000,000 gallons. 

IT IS, THEREFORE, ORDERED that said agreement be, and the same is hereby 
ratified and approved, and that the Cheyenne Board of Public Utilities is authorized to 
purchase and use said water, as provided for in said agreement, until July 15, 2011, or 
until said uses are complete, whichever comes first, at which time said water shall revert 
to their former use, all as provided by Wyoming Statute 41-3-110. 

~) fo ATE ENGINEER 

July 15, 2009 
Order Number 09-40 
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WATER AGREEMENT 

For Temporary Use of Water 

THIS AGREEMENT, made and entered into this 6 day of July 
--~~-- ~~-~---------

19 2009, by and between Cheyenne Board of Public Utilities 

of 2100 Pioneer Ave., Cheyenne, WY 82001 hereinafter referred to as 
(address) 

Cheyenne Board of Public Utilities, 
the Temporary ~later "USER" and 2100 Pioneer Ave., Cheyenne, WY 82001 

(water right holder's name and full address) 

hereinafter referred to as "APPROPRIATOR." 

WITNESSETH: 

1. Upon receiving authority from the State Engineer, State of 
Wyoming, 

Appropriator shall deliver to 

gallons) 66 Million Gallons 

the User, a total amount 
(number 

of water f'rom the following described appropriation: 

P479G Bell #12 
(Permi t Number) (Name of Well, Ditch or Reservoir) 

8/28/1956 Ogallala Formation 
(Priority) 

Part of well field' 
{Source of Supply} 

SW 1/4 SE 1/4' Sect. 14 T 14N R 68W 

of 
of 

appropriation of 5500 ac-ft/yr 
(Amount of Appropriation) (Location of Record Point of Diversion of 

Di tch or Outlet or Reservoir or Well under 
this Appropriation) 

All 
{Portion of this Appropria
tion held by Wa~er Appro
priator} 

SW NE Sect. 23, T 14N, R 6BW & SE SE Sect. 33, T 14N, R 6BW 
(Location of User's Point of Diversion) 

2. The water to be supplied by Appropriator to the User shall be 

supplied at a maximum rate of ------~(~g-a~1~1-0-n-:-5-:-e-r--m~i~n-u~t-e~)---------------------

with total daily diversion of ______ ,-~~3~6~0~,~0~O~0~~~-----------------------
(gallons per day) 

and said water shall be used for recharging through injection wells in 
(Indicate where the water will be used 

and 
the Bell Well Field (BW NE S 23, T 14N, R 68W and BE SE S 33, T 14N R 68W 

for what purpose and describe method and point of withdrawal, etc.) 

as a part of an Aquifer Storage and Recovery (ASR) pilot study conducted by the 

Cheyenne Board of Public Utilities. 

OFFICE USE ONLY 

This Agreement was received __________ ~ __________________________________ ___ 

Fee paid $ 

,[)\V I 
f1 ~l', 

_I 

:fc(' I Si::~/ ~D,". 



Water Use Agreement 
Page 2 

3. It is understood and agreed by the Appropriator that in order to 

satisfy the consumptive use-return flow formula set forth in Wyoming law, as 

it applies to direct flow appropriation, it will be necessary for the 

Appropriation to forego the use of up to double the amount of water diverted 

under this Agreement as specified in paragraphs 1 and 2, unless an 

adjustment is made in this requirement by the State Engineer. 

4. Throughout the term of this Agreement, the User agrees that day to 

day water withdrawals hereunder shall be in such nearly even quantities as 

possible to the end that waste thereof shall not be created either by the 

User or by the Appropriator. 

5. The User agrees to furnish one (1) copy of a sketch map, labeled 

as "Exhibit Bn or any other map necessary for transmittal with this 

Agreement showing the User's proposed point of use, as well as location of 

the point of diversion, water right involved, and the temporary water user's 

point of diversion, if different from the appropriation point of diversion. 

The items to be depicted on said map shall be shown with reasonable 

accuracy within the proper legal subdivision, section, township and range. 

6. For and in consideration of the water to be furnished under the 

terms of this Agreement, the User agrees that Appropriator shall receive in 

payment thereof o cents per M gallon, the foregoing to be 

full consideration for this Agreement and paid or performed by the User at 

its sale cost and expense. 

7. This Agreement shall be in existence and binding upon the parties 
hereto for a term of 2 years from and after the date of 

(length of time) 
approval by the State Engineer or until such time as the total amount of 

water contracted for has been supplied, whichever occurs first, but in no 

event shall exceed a period of two years from the date of approval by the 

State Engineer. 

This Agreement is made pursuant to Wyoming Statute 41-3-110 authorizing 

the temporary acquisition of adjudicated or valid unadjudicated water rights 

for highway, railroad construction or repair, drilling operations or other 

temporary purposes by purchase, gift or lease by the User and providing for 

the method of said acquisition. 



water Use Agreement 
Page 3 

By 

Title 

By 

vJ C'Q APPROPRIATOR: 

~, S;---
Title 
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Injection Well Locations 



ORDER NO. 09-41 

The Cheyenne Board of Public Utilities, having filed a Water Agreement for 
Temporary Use of Water for the use of ground water from the Koppes #1 
(Cheyenne #25) Well, located in the NE1f4NE1f4 of Section 34, T14N, R68W, 
Permit No. U.W. SC 270; 

and the State Engineer finds as follows: 

That said the Cheyenne Board of Public Utilities wishes to use this water for 
recharging a rapid infiltration basin in the Happy Jack Well Field (NW1f4NE1f4 of 
Section 34, T14N, R68W) as part of an Aquifer Storage and Recovery (ASR) 
pilot study conducted by the Cheyenne Board of Public Utilities. See the 
attached map marked "Exhibit B. " 

That the most practicable source of said water is from: 

The Koppes #1 (Cheyenne #25) Well, located in the NE1f4NE1f4 of Section 
34, T14N, R68W, Permit No. U.W. SC 270. The well is adjudicated and the 
priority date is December 31, 1940. The well is part of a well field with an 
appropriation amount of 5,500 af per year. The well is used for municipal 
purposes. The right is held by the Cheyenne Board of Public Utilities. 

That said water is to be used for recharging a rapid infiltration basin in the 
Happy Jack Well Field (NW1f4NEY4 of Section 34, T14N, R68W) as part of an 
Aquifer Storage and Recovery (ASR) pilot study conducted by the Cheyenne 
Board of Public Utilities. See the attached map marked "Exhibit B." 

That the Cheyenne Board of Public Utilities and the Cheyenne Board of 
Public Utilities have made and entered into a certain agreement, dated July 6, 2009, 
relating to the use and purchase of said water in the amount of approximately 
92,000,000 gallons. Water is to be diverted at a rate not to exceed 350 gallons per 
minute or 504,000 gallons per day as stated in the executed agreement marked 
"Exhibit A, n attached hereto, and by reference made a part thereof, and the sketch map 
showing the proposed pOint of diversion and points of use are marked "Exhibit B," 
attached hereto, and by this reference made a part thereof: 

That said Water Agreement should be granted and said agreement ratified and 
approved. 

If the source is from a ground water right, in order to insure no additional volume 
of water is withdrawn from the ground water source in excess of what is historically 
withdrawn for the use(s) authorized by the ground water permit described above in this 
Order, an equivalent volume of water will be changed from the use(s) authorized in the 



permit, to this temporary use, and the appropriator will forego the amount of water 
pumped under this agreement, for the original use(s). 

A record shall be kept of the amount of water diverted under this Order. 
The records and tabulation of the total amount of water used shall be sent to 
Randy Tullis, Division Superintendent, 510 West 27ti1 Avenue, Torrington, WY 
82240, Phone: 307-532-2248, FAX: 307-532-5558 with a copy to the State 
Engineer's Office, Herschler Building, 4E, Cheyenne, WY 82002, Phone: 307-
777-6475, FAX: 307-777-5451, and to Scott Ross, PO Box 218, Meriden WY 
82081, Phone: 307-246-3528. The records shall be submitted whether water 
is diverted or not on a weekly basis showing the daily use of water under this 
Order. Said records shall be used as necessary for water administration and 
water accounting purposes. The report shall be submitted no later than noon 
on Tuesday of each week. Please refer to the Order number when submitting 
the weekly reports. Failure to file the weekly report may be grounds for denial 
of use of water under this Order. 

The Cheyenne Board of Public Utilities is to inform the Water Commissioner of 
the date they wish to begin diverting water, and this diversion of water will be done at all 
times under the supervision of the Water Commissioner. 

The maximum rate of diversion will be 350 gallons per minute or 504,000 
gallons per day. The total amount of water used under this agreement must not exceed 
a total of 92,000,000 gallons. 

IT IS, THEREFORE, ORDERED that said agreement be, and the same is hereby 
ratified and approved, and that the Cheyenne Board of Public Utilities is authorized to 
purchase and use said water, as provided for in said agreement, until July 15, 2011, or 
until said uses are complete, whichever comes first, at which time said water shall revert 
to their former use, all as provided by Wyoming Statute 41-3-110. 

July 15, 2009 
Order Number 09-41 
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if ~Jo~ WATER AGREEMENT 

For Temporary Use of Water 

THIS AGREEMENT, made and entered into this __ 6=--__ day of _J=.1.;::1"'1..LV _____ _ 

19 2009 , by and between Cheyenne Board of Public Utilities 

of 2100 Pioneer Ave., Cheyenne, WY 82001 hereinafter referred to as 
(address) 

Cheyenne Board of Public Utilities, 
the Temporary Water "USER" and 2100 Pioneer Ave. I Cheyenne, WY 82001 

(water right holder's name and full address) 

hereinafter referred to as "APPROPRIATOR." 

WITNESSETH: 

1. Upon receiving authority from the State Engineer, State of 
Wyoming, 

Appropriator shall deliver to 

gallons) 92 Million Gallons 

the User, a total amount 
(number 

of water from the following described appropriation: 

P270C 
(Permit Number) 

12/31/1940 
(Priority) 

Part of well field 

Koppes #1 (Cheyenne # 25) 
(Name of Well, Ditch or Reservoir) 

Ogallala Formation 
(Source of Supply) 
tJf:. 

..NW"" 1/4 NE 1/4 Sect. 34 T 15N R 68W 

of 
of 

appropriation of 5500 ac-ft/yr 
(Amount of Appropriation) (Location of Record Point of Diversion of 

Ditch or Outlet or Reservoir or Well under 
this Appropriation) 

All 
(Portion of this Appropria
tion held by Water Appro
priator) 

SE 1/4 NE 1/4 Sect. 27, T 14N, R 67W 
(Location of User's Point of Diversion) 

2. The water to be supplied by Appropriator to the User shall be 

supplied at a maximum rate of ----~(~g-a~1~1-o-n-:-5-:-e-r--m~i-n-u~t-e~)-------------------

with total daily diversion of ____ ~~~5~0~4~/0~0~0~~~----------------
(gallons per day) 

and said water shall be used for recharging a rapid infiltration basin in 
(Indicate where the water will be used 

and 
the Happy Jack Well Field ( NW NE S 34, T 14N, R 68W) as a part of an 

for what purpose and describe method and point of withdrawal, etc.) 

Aquifer Storage and Recovery (ASR) pilot study conducted by the Cheyenne Board 

of P1lblic Utilities. 

OFFICE USE ONLY 

This Agreement was received 

Fee paid $ 

'i),v \ \:>\* \ 

AolJ 
VI\1V(I,t\pD.\ 



Water Use Agreement 
Page 2 

3. It is understood and agreed by the Appropriator that in order to 

satisfy the consumptive use-return flow formula set forth in Wyoming law, as 

it applies to direct flow appropriation, it will be necessary for the 

Appropriation to forego the use of up to double the amount of water diverted 

under this Agreement as specified in paragraphs 1 and 2, unless an 

adjustment is made in this requirement by the State Engineer. 

4. Throughout the term of this Agreement, the User agrees that day to 

day water withdrawals hereunder shall be in such nearly even quantities as 

possible to the end that waste thereof shall not be created either by the 

User or by the Appropriator. 

5. The User agrees to furnish one (1) copy of a sketch map, labeled 

as "Exhibit En or any other map necessary for transmittal with this 

Agreement showing the User's proposed point of use, as well as location of 

the point of diversion, water rigr.t involved, and the temporary water user's 

point of diversion, if different from the appropriation point of diversion. 

The items to be depicted on said map shall be shown with reasonable 

accuracy within the proper legal subdivision, section, township and range. 

6. For and in consideration of the water to be furnished under the 

terms of this Agreement, the User agrees that Appropriator shall receive in 

payment thereof o cents per M gallon, the foregoing to be 

full consideration for this Agreement and paid or performed by the User at 

its sole cost and expense. 

7. This Agreement shall be in existence and binding upon the parties 
hereto for a term of 2 years from and after the date of 

(length of time) 
approval by the State Engineer or until such time as the total amount of 

water contracted for has been supplied, whichever occurs first, but in no 

event shall exceed a period of two years from the date of approval by the 

State Engineer. 

This Agreement is made pursuant to Wyoming Statute 41-3-110 authorizing 

the temporary acquisition of adjudicated or valid unadjudicated water rights 

for highway, railroad construction or repair, drilling operations or other 

temporary purposes by purchase, gift or lease by the User and providing for 

the method of said acquisition. 
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ORDER NO. 09-42 

The Cheyenne Board of Public Utilities, having filed a Water Agreement for 
Temporal)' Use of Water for the use of stored water from the Crystal Lake 
Reservoir located in NW1f4NE1f4, Section 26, T14N, R70W, diverting from 
Middle Crow Creek, tributary of Crow Creek, Permit No. 1317Ri 

and the State Engineer finds as follows: 

That said the Cheyenne Board of Public Utilities wishes to use this water 
for recharging rapid infiltration basins in both the Happy Jack and Bell Well 
Fields (NW1f4NE1f4, Section 34, T14N, R68W and NE1f4SE1f4, Section 13, T14N, 
R68W respectively) as part of an Aquifer Storage and Recovery (ASR) pilot 
study conducted by the Cheyenne Board of Public Utilities. See the attached 
map marked "Exhibit B." 

That, in connection with said work, it is necessary that the Cheyenne Board of 
Public utilities have considerable water available to it; 

That the most practicable source of said water is from Crystal Lake Reservoir 
located in the NW1f4NE1f4, Section 26, T14N, R70W, Permit No. 1317R. The 
right is adjudicated and the priority date is October 10, 1906. The 
appropriation is for 3,618.00 acre-feet for power and municipal purposes. The 
right is held by the City of Cheyenne. 

That said water is to be diverted at a points in the SW1f4SW1f4, Section 7, T14N, 
R67W and the SE1f4NE1f4, Sect!on 27, T14N, R67W. 

That the Cheyenne Board of Public Utilities and the Cheyenne Board of 
Public Utilities have made and entered into a certain agreement, dated July 6, 2009 
relating to the use and purchase of said water in the amount of apprOximately 
118,000,000 gallons to be diverted at a rate not to exceed 450 gallons per minute 
or 648,000 gallons per day maximum as the agreement is marked "Exhibit A," 
attached hereto, and by reference made a part thereof, and a sketch map showing the 
proposed point of diversion and pOint of use is marked "Exhibit S," attached hereto, and 
by this reference made a part thereof: 

That said Water Agreement should be granted and said agreement ratified and 
approved. 

The right to refill this reservoir by the amount of depletion prior to 
September 30, 2009, cannot be exercised until after October 1, 2009. 



Any remaining water depleted under this temporary use after September 
30,2009, cannot be refilled until after October 1,2010. 

A record shall be kept of the amount of water diverted under this Order. 
The records and tabulation of the total amount of water used shall be sent to 
Randy Tullis, Division Superintendent, 510 West 27tn, Torrington, WY 82240, 
Phone: 307-532-2248, FAX 307-532-5558 with a copy to the State Engineer's 
Office, Herschler Building, 4E, Cheyenne, WY 82002, Phone: 307-777-6475, 
FAX: 307-777-5451, and to Scott Ross, PO Box 218, Meriden WY 82081, Phone: 
307-246-3528. The records shall be submitted whether water is diverted or 
not on a weekly basis showing the daily use of water under this Order. Said 
records shall be used as necessary for water administration and water 
accounting purposes. The report shall be submitted no later than noon on 
Tuesday of each week. Please refer to the Order number when submitting the 
weekly reports. Failure to file the weekly report may be grounds for denial of 
use of water under this Order. 

The water is to be diverted at points in the SW1f4SW1f4, Section 7, T14N, 
R67W and the SE1f4NE1f4, Section 27, T14N, R67W. See the attached map 
marked "Exhibit B." 

The Cheyenne Board of Public Utilities is to inform the Water Commissioner of 
the date they wish to begin diverting water, and this diversion of water will be done at all 
times under the supervision of the Water Commissioner. 

The maximum rate of diversion will be 450 gallons per minute or 648,000 
gallons per day maximum. The total amount of water used under this agreement 
must not exceed 118,000,000 gallons. 

IT IS, THEREFORE, ORDERED that said agreement be, and the same is hereby 
ratified and approved/ and that the Cheyenne Board of Public Utilities is authorized to 
purchase and use said water/ as provided for in said agreement, until July 15, 2011, or 
until said project is complete, whichever comes first, at which time said water shall revert 
to their former use, all as provided by Wyoming Statute 41-3-110. 

July 15, 2009 
Order Number 09-42 
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' .... 1\l1)01 WATER AGREEMENT 

For Temporary Use of Water 

THIS AGREEMENT, made and entered into this _~6,--_ day of -.:J"-u"'l=..v'-____ _ 

19 2009, by and between Cheyenne Board of Public Utilities 

of 2100 Pioneer Ave., Cheyenne, WY 82001 hereinafter referred to as 
(address) 

Cheyenne Board of Public Utilities, 
the Temporary Water "USER" and 2100 Pioneer Ave., Cheyenne, WY 82001 

(water right holder's name and full address) 

hereinafter referred to as "APPROPRIATOR." 

WITNESSETH: 

1. Upon receiving authority from the State Engineer, State of 
Wyoming, 

Appropriator shall deliver to 

gallons) 118 Million Gallons 

the User, a total amount 
(number 

of water from the following described appropriation: 

P1317R Crystal Lake Reservoir 
(Permit Number) (Name of Well, Ditch or Reservoir) 

10/10/1906 Middle Crow Creek 
(Priority) (Source of Supply) 

3618 ac-ft NW 1/4 NE 1/4 Sect. 26 T 14N R 70W 

of 
of 

(Amount of Appropriation) (Location of Record Point of Diversion of 
Ditch or Outlet or Reservoir or Well under 
this Appropriation) 

All 
(Portion of this Appropria
tion held by Water Appro
priator) 

SW SW Sect. 7, T 14N, R 67W & SE NE Sect. 27, T 14N, R 67W 

(Location of User's Point of Diversion) 

2. The water to be supplied by Appropriator to the User shall be 

supplied at a maximum rate of ----'(-g-a'1'I~o~n-:-5~:~e~r~m~i~n~u~t~e~)-------------------

with total daily diversion of ______ ~~~6~4~8~,~0~0~0~~~-----------------------
(gallons per day) 

and said water shall be used for recharging rapid infiltration basin in both 
(Indicate where the water will be used 

and 
the Happy Jack and Bell Well Fields (NW NE S 34, T 14N, R 68W and 

for what purpose and describe method and point of withdrawal, etc.) 

NE SE S 13, T 14N, R 68W respectively) as part of an Aquifer Storage and Recovery 

(ASR) pilot study conducted by the Cheyenne Board of PUblic Utilities. 

OFFICE USE ONLY 

This Agreement was received ______________________________________________ ___ 

Fee paid $ 
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3. It is understood and agreed by the Appropriator that in order to 

satisfy the consumptive use-return flow formula set forth in wyoming law, as 

it applies to direct flow appropriation, will be necessary for the 

Appropriation to forego the use of up to double the amount of water diverted 

under this Agreement as specified in paragraphs 1 and 2, unless an 

adjustment is made in this requirement by the State Engineer. 

4. Throughout the term of this Agreement, the User agrees that day to 

day water withdrawals hereunder shall be in such nearly even quantities as 

possible to the end that waste thereof shall not be created either by the 

User or by the Appropriator. 

5. The User agrees to furnish one (1) copy of a sketch map, labeled 

as "Exhibit B" or any other map necessary for transmittal with this 

Agreement showing the User's proposed point of use, as well as location of 

the point of diversion, water right involved, and the temporary water user's 

point of diversion, if different from the appropriation point of diversion. 

The items to be depicted on said map shall be shown with reasonable 

accuracy within the proper legal subdivision, section, township and range. 

6. For and in consideration of the water to be furnished under the 

terms of this Agreement, the User agrees that Appropriator shall receive in 

payment thereof ___________ 0 ________ ___ cents per M gallon, the foregoing to be 

full consideration for this Agreement and paid or performed by the User at 

its sale cost and expense. 

7. This Agreement shall be in existence and binding upon the parties 
hereto for a term of 2 years from and after the date of 

(length of time) 
approval by the State Engineer or until such time as the total amount of 

water contracted for has been supplied, whichever occurs first, but in no 

event shall exceed a period of two years from the date of approval by the 

State Engineer. 

This Agreement is made pursuant to Wyoming Statute 41-3-110 authorizing 

the temporary acquisition of adjudicated or valid unadjudicated water rights 

for highway, railroad construction or repair, drilling operations or other 

temporary purposes by purchase, gift or lease by the User and providing for 

the method of said acquisition. 
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Title 

By 
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Title 
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ORDER NO. 09-43 

The Cheyenne Board of Public utilities, having filed a Water Agreement for 
Temporary Use of Water for the use of surface water from the Upper Van Tassell 
Reservoir located in SW1f4SE1f4, Section 30, T15N, R70W, diverting from North 
Crow Creek, tributary of Crow Creek, Permit No. 4152R; 

and the State Engineer finds as follows: 

That said the Cheyenne Board of Public Utilities·wishes to use this water 
for recharging rapid infiltration basins in both the Happy Jack and Bell Well 
Fields (NW1f4NE1f4, Section 34, T14N, R68W and NEV4SEV4, Section· 13, T14N, 
R68W respectively) as part of an Aquifer Storage and Recovery (ASR) pilot 

. study conducted by the Cheyenne Board of Public Utilities. See the attached 
map marked "Exhibit B.n 

That, in connection with said work, it is necessary that the Cheyenne Board of 
Public Utilities have considerable water available to it; 

That the most practicable source· of said water is from the Upper Van Tassell 
Reservoir located in SW1f4SE1f4, Section 30, T15N, R70W, Permit No. 4152R. 
The right is unadjudicated and the priority date is October 24, 1912. The 
appropriation is for 1,867 acre-feet for municipal purposes. The right is held by 
the Cheyenne Board of Public Utilities. 

That said water is to be diverted at a points in the SW1f4SW1f4, Section 7, T14N, 
R67W and the SE1f4NE1f4, Section 27, T14N, R67W. 

That the Cheyenne Board of Public Utilities and the Cheyenne Board of 
Public Utilities have made and entered into a certain agreement, dated July 6, 2009 
relating to the use and purchase of said water in the amount of apprOximately 
118,000,000 gallons to be diverted at a rate ·not to exceed 450 gallons per minute 
or 648,000 gallons per day maximum as the agreement is marked "Exhibit A," 
attached hereto,. and by reference made a part thereof, and a sketch map showing the 
proposed point of diversion and point of use is marked "Exhibit B," attached hereto, and 
by this reference made a part thereof: 

That said Water Agreement should be granted and said agreement ratified and 
approved. 

The right to refill this reservoir by the amount of deple~on prior to 
September 30, 2009, cannot be exercised until after October 1, 2009. 



',' ".::; 

Any remaining water depleted under this temporary use after September 
30, 2009, cannot be refilled until after O~ober 1[ 2010. 

A record shall be kept of the am.ount of water diverted under this Order. 
The records arid tabulation of the total amount of water used shall be sent to 
Randy Tullis, Division Superintendent, 510 West 27th, Torrington, WY 82240, 
Phone: 307-532-2248, FAX 307-532-5558 with a copy to the State Engineer's 
Office, Herschler Building, 4E, Cheyenne, WY 82002, Phone: 307-777-6475, 
FAX: 307-777-5451, and to Scott Ross, PO Box 218, Meriden WY 82081,J'hone: 
307-246-3528. The records shall be submitted whether water is diverted or 
not on a weekly basis showing the daily use of water under this Order. Said 
records shall be used as neCessary for water administration and water 
accounting purposes. The report shall be submitted no later than noon .on 
Tuesday of each week. PleaSe refer to the Oroer number when submitting the 
weekly reports. Failure to file the· weekly report may be grounds for deriial of 
use of water under this Order. 

The water is to be diverted at points in the SW1f4SW1f4, Section 7, T14N, 
R67W and the SE1f4NE1f4, Section 27, T14N, R67W. See the attached map 
marked "Exhibit B." 

The Cheyenne Board of Public Utilities is to inform the Water Commissioner of 
the date they wish to begin diverting water, and this diversion of water will be done at all 
times under the supervision of the Water Commissioner. 

The maximum rate of diversion will be 450 gallons per minute or 648,000 
gallons per day maximum. The total amount of water used under this agreement 
must not exceed 118,000,000 gallons. 

IT IS, THEREFORE, ORDERED that said agreement be, and the same is hereby 
ratified and approved, and that the Cheyenne Boar:d of Public Utilities is authorized to 
purchase and use said water, as provided for in said agreement, until July 15, 2011, or 
until said project is complete, whichever comes first, at which time said water shall revert 
to their former use, all as provided by Wyoming Statute 41-3-110. . 

July 15, 2009 
Order Number 09-43 
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WATER AGREEMENT 

For Temporary Use of Water 

THIS AGREEMENT, made and entered into this 6 day of _J~'~~~l~y __________ _ 

19 2009, by and between Cheyenne Board of Public Utilities 

of 2100 Pioneer Ave., Cheyenne, WY 82001 hereinafter referred to as 
(address) 

Cheyenne Board of Public Utilities, 
the Temporary Water "USER" and 2100 Pioneer Ave., Cheyenne, WY 82001 

(water right holder's name and full address) 

hereinafter referred to as "APPROPRIATOR." 

WITNESSETH: 

1. Upon receiving authority from the State Engineer, State of 
Wyoming, 

Appropriator shall deliver to the User, a total amount 
(number 

of 
of 

gallons) 118 Million Gallons 

of water from the following described appropriation: 

P4152R 
(Permit Number) 

10/24/1912 
(Priority) 

1867 ac-ft 
(Amount of Appropriation) 

All 
(Portion of this Appropria
tion held by Water Appro
priator) 

Upper Van Tassell Reservoir (North Crow) 
(Name of Well, Ditch or Reservoir) 

North Crow Creek 
(Source of Supply) 

SW 1/4 SE 1/4 Sect. 30 T 1SN R 70W 
(Location of Record Point of Diversion of 
Di tch or Outlet or Reservoir or Well under 
this Appropriation) 

SW SW Sect. 7, T 14N, R 67W & SE NE Sect. 27, T 14N, R 67W 

(Location of User's Point of Diversion) 

2. The water to be supplied by Appropriator to the User shall be 

supplied at a maximum rate of ______ ~~,---4-5-0--__ ~~~---------------------
(gallons per minute) 

with total daily diversion of ______ ~~~6~4~8~,O~O~O~~~-----------------------
(gallons per day) 

and said water shall be used for recharging rapid infiltration basin in both 
(Indicate where the water will be used 

and 
the Happy Jack and Bell Well Fields (NW NE S 34, T 14N, R 68W and 

for what purpose and describe method and point of withdrawal, etc,) 

NE SE S 13, T 14N, R 68W respectively} as part of an Aquifer Storage and Recovery 

(ASR) pilot study conducted by the Cheyenne Board of Public Utilities. 

OFFICE USE ONLY 
" 
This Agreement was received 

Fee paid $ 
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3. It is u~de~stood and agreed by the Appropriator that in order to 

satisfy the consumptive use-return flow formula set forth in Wyoming law, as 

it applies to direct flow appropriation, it will be necessary for the 

Appropriation to forego the use of up to double the amount of water diverted 

under this Agreement as specified in paragraphs 1 and 2, unless an 

adjustment is made in this requirement by the State Engineer. 

4. Throughout the term of this Agreement, the User agrees that day to 

day water withdrawals hereu~der shall be in such nearly even quantities as 

possible to the end that waste thereof shall not be created either by the 

User or by the Appropriator. 

5. The User agrees to furnish one (1) copy of a sketch map, labeled 

as "Exhibit B" or any other map necessary for transmittal with this 

Agreement showing the User's proposed point of use, as well as location of 

the point of diversion, water right involved, and the temporary water user's 

point of diversion, if different from the appropriation point of diversion. 

The items to be depicted on said map shall be shown with reasonable 

accuracy within the proper legal subdivision, section, township and range. 

6. For and in cons idera tion of the water to be furnished under the 

terms of this Agreement, the User agrees that Appropriator shall receive in 

payment thereof o cents per M gallon, the foregoing to be 

full consideration for this Agreement and paid or perfol~ed by the User at 

its sale cost and expense. 

7. This Agreement shall be in existence and binding upon the parties 
hereto for a term of 2 years from and after the date of 

(length of time) 
approval by the State Engineer or until such time as the total amount of 

water contracted for has been supplied, whichever occurs first, but in no 

event shall exceed a period of two years from the date of approval by the 

State Engineer. 

This Agreement is made pursuant to Wyoming Statute 41-3-110 authorizing 

the temporary acquisition of adjudicated or valid unadjudicated water rights 

for highway, railroad construction or repair, drilling operations or other 

temporary purposes by purchase, gift or lease by the User and providing for 

the method of said acquisition. 
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RECEIPT 

WYOMING STATE ENGINEER'S OFFICE 
Herschler Blc(f!;. 4£, Cheyenne WY 82002 
Phone: (307) 777-7355 or (307) 777-6977 
Fax: (307) 777-5451 

[RECEIVED OF; I 
.' Lytle Water Solutions LLC 

RECEIPT 
NUMBER 

SE~ 40795 

TRANSACTION 

.IT.W.A. 

./T.W.A. 

.IT.W.A. 

S.W.3, Reservoirs 

.IT.W.A. 

S.W.3, Reservoirs 

640 Plaza Drive Ste 170 

Highlands Ranch CO 80129 

RECEIPT POST 
DATE DATE 

07/09/2009 07/09/2009 

CHECK 
NUMBER 

6993 

DESCRIPTION 

P479G 

P1317R 

P270C 

Happy Jack RID 

P4152R 

Bell RIB 

PREPARED 
BY 

Shappell 

QTY FEE TOTAL 

$50.00 $50.00 

$50.00 $50.00 

$50.00 $50.00 

$25.00 $25.00 

$50.00 $50.00 

$25.00 $25.00 

lfYOli have (tIlY questions, please contact Stevell 'Winders at (307) 777-6977. Tlumk YOIl/or your busilless. 

Agency Copy 



[ RECEIVE~ OF: I 

RECEIPT 

NUMBER 

SEO 40795 

TRANSACTION 

RECEIPT 

WYOMING STATE ENGINEER'S OFFICE 
Herschler Bldf{. 4£, Cheyenne WY 82002 
Phone: (307) 777-7355 or (307) 777-6977 
Fax: (307) 777-5451 

Lytle Water Solutions LLC 

640 Plaza Drive Ste 170 

Highlands Ranch CO 80129 

RECEIPT 

DATE 

07/09/2009 

POST 

DATE 

07/09/2009 

CHECK 

NUMBER 

6993 

DESCRIPTION 

PREPARED 

BY 

Shappell 

QTY FEE TOTAL 

TOTAL $250.00 

lfyou have (lny questions, please contact Steven Winders at (307) 777-6977. Thankyollfor your business. 

Agency Copy 



State Ellgineer's Office 
HERSCHLER BUILDING, 4-E CHEYENNE, WYOMING 82002 

(307) 777-7354 FA): (307) 777-5451 

Cheyenne Board of Public Utilities 
2100 Pioneer Avenue 
Cheyenne WY 82001 

seoleq®seo.wvo.qov 

lv1arch 4, 2010 

Re: Temporary Water Agreement Order Number 09-40 AMENDED 
Cheyenne No. 42 Well, Permit No. 281C 

Dear Applicant: 

DAVE FREUDENTHAL 
GOV!::RNOR 

PATRICK TYRRELL 
STATE ENGINEER 

Enclosed is a copy of the Amended Order and map for your use of water from this 
source. Copies of these documents will also be sent to Randy Tullis, Superintendent of 
Water Division No. I and Scott Ross, Hydrographer-Commissioner of Water District 1. 

You must notify Mr. Ross (307-245-3528) prior to using water from this source. 
Please refer to the Order Number referenced above when notifying IVir. Ross. 

In addition, you are hereby reminded that the granting of a Water Agreement by 
the State Engineer does not constitute the granting of a right-or-way. Proper rights-of
way ror access to point of diversion, haul route and point(s) of USE: must be obtained by 
the permittee. In the case where rights-or-way of public roads or highways are involved, 
it is necessary that proper right of access be obtained from the controlling authority. 
Approval of the Wyoming Department of Transportation is required for use of highway 
rl'ght<:-or-W::l\f The> IO::ld'lnli Of W:::l1-e>r 1-rll,..,v<: from br'ldge><: Will lie>ne>rall\f bo prf"'lh'lhi1-e>" 
I 1100..,.1 I """'1" 11'- .... 11'::::1 I \.01,-_1 1..1-""'_''''-, I III· I _..., III ::,._1 _I II)' "- IVI ,-,I\"._U. 

JRBjcae 

Enclosures 

cc: Randy Tullis, Superintendent 

With best regards, 

~~ 
JO~~. ~ARNES 
Administrator, Surface Water and 
Engineering Division 

510 West 2fh Avenue,Torrington WY 82240 

Scott Ross, Hydrographer-Commissioner 
PO Box 218, Meriden WY 82081 

Lisa Lindemann, Ground Water 
Surface Water 

(307) 777-6475 
Ground Water 

(307) 777-6163 
Board of Control 
(307) 777-6178 



OR.DER NO. Og.-40*~~AMENDED 

The Cheyenne Soard of Public Utilities, having filed a Water Agreement for 
Temporary Use of Water for the use of ground water from the **BeH No. 12 WeHr 
located in the SWV4SEV4 of Section 14, Ti4Nr R68W/ Permit No. U.W. 479; 

**this order is amended to change the water supply to, the Cheyenne No, 42 WeHr 
located in the 5EV4SEV4 of Section 34r T14N r R58W, Permit No. 281C; 

and the State Engineer finds as follows: 

That said the Cheyenne Board of Public Utilities wishes to use this water for 
recharging through injection wells in the Happy Jack Well Field as part of an Aquifer 
Storage and Recovery (ASR) pilot study conducted by the Cheyenne Board of Public 
Utiiities. See the at""..acned map marked "E~hibit B.'t 

That the most practicable source of said water is from: 

The **Bel! No, 12 Welt, iocated in the SWV4SEV4 of Section 14r T14N r R68W, 
Permit No. U.W. 479. The well is adjudicated and the priority date is August 28, 
1956. The welt is part of a welt field with an appropriation amount of 5,500 af per 
year. The welt is used for irrigationr stock and domestic purposes. The right is held 
by the Cheyenne Board of Public Utilities. 

**this order is amended to change the water suppiy to the Cheyenne No. 42 WeH, 
iocated in the SE1f4SEV4 of Section 34, Ti4N, R68W, Permit No. 28iC. The weB is 
adiun"lr"at-l:ar! ~n,..{ t-hQ !"\r-ir.r-;;"v d::3t-Q ic r.1:ar"I:a~hl:ar- ~1 1944 Thl:a u'l:al l ic n.a~ Of ::I u'l:aH 

.]" ..... ".. ............ ~Ii.~ "'11 _ t" ... ...,. .... ""r .... ___ • ..., ...... -... ........... .liD ............. 1 .... .-, - • II II -- iili,_.t _. t"'" 11.-.. l: ""'- ifii' .... ai. 

field with an appropriation amount of 5,500 af per year. The well is used for 
municipal purposes. The right is held by the Cheyenne Board of Public Utilities. 

That said water is to be used for recharging through injection wells in the Happy 
Jack Well Field as part of an Aquifer Storage and Recovery (ASR) pilot study 
conducted by the Cheyenne Board of Public Utilities. See the attached map marked 
"Exhibit B. It 

That the Cheyenne Board of Public Utilities and the Cheyenne Board of Public 
Utilities have made and entered into a certain agreement, dated July 6, 2009, relating to the 
use and purchase of said water in the amount of approximately 66,000,000 gallons. Water is 
to be diverted at a rate not to exceed 250 gallons per minute or 360,000 gallons per day 
as stated in the executed agreement marked "Exhibit A;" attached hereto, and by reference 
made a part thereof, and the sketch map showing the proposed point of diversion and pOints of 
use are marked "Exhibit B/, attached hereto, and by this reference made a part thereof: 



That said Water Agreement should be granted and said agreement ratified and approved. 

If the source is from a ground water right, in order to insure no additional volume of water 
is withdrawn from the ground water source in excess of what is historically withdrawn for the 
use(s) authorized by the ground water permit described above in this Order, an equivalent 
volume of water will be changed from the use(s) authorized in the permit, to this temporary use, 
and the appropriator will forego the amount of water pumped under this agreement, for the 
original use(s). 

A record shaH be kept of the amount of water diverted under this Order. The 
records and tabu,ation of the total amount of water used shall be sent to Randy 
Tullis, Division Superintendent, 510 West 27th Avenue, Torringtonr WY 82240, 
Phone: 3Q7-532-2248r FAX: 307-532-5558 with a copy to the State Engineer's Office, 
Hersch&er Building, 4Er Cheyenne, WY 82002, Phone: 307-777-5475{ FAX: 307-777-
5451r and to Scott Ross, PO Box 2i8, Meriden \A'Y 82081, Phone: 307-246-3528. The 
records shall be submitted whether water is diverted or not on a weekly basis 
showing the daily use of water under this Order. Said records shall be used as 
necessary for water admin!stration and water accounting purposes. The report shalf 
be submitted no later than noon on Tuesday of each week. Please refer to the Order 
number when submitting the weekiy reports, Failure to file the weekly report may 
be grounds for deniaI of use of water under this Order, 

The Cheyenne Soard of Pubiic Utmties is to inform the Water Commissi:mer of the 
date they wish to begin diverting water, and this diversion of water will be done at all times 
under the supervision of the Water Commissioner. 

The maximum rate of diversion will be 250 gallons per minute or 350,000 gaUons 
per day. The total amount of water used under this agreement must not exceed a total of 
55,000,000 gallons. 

IT IS, THEREFORE, ORDERED that said agreement be, and the same is hereby ratified 
and approved, and that the Cheyenne Soard of Public Utilities is authorized to purchase and 
use said water, as provided for in said agreement, until July 15, 2011, or until said uses are 
complete, whichever comes first, at which time said water shall revert to their former use, all as 
provided by Wyoming Statute 41-3-110. 

/ 
/ 

March 4, 2010 
Order Number 09-40**Amended 
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APPENDIX G

DEQ RIB APPROVAL LETTER



Department of Environmental Quality 

Dave Freudenthal, Governor 

August 25, 2009 

To protect, conserve and enhance the quality of Wyoming's 
environment for the benefit of current and future generations. 

NOTIFICATION OF COVERAGE 

Bud Spillman, Manager of Water Treatment 
Cheyenne Board of Public Utilities 
2100 Pioneer Ave. 
Cheyenne WY 82001 

RE: Happy Jack Well Field Rapid Infiltration Basin Pilot Plant, 
Application No. 09-465, Laramie County 

. Dear Mr. Spillman: 

John Corra, Director 

The above application for coverage under General Permit to Construct and Operate a Pilot Plant in 
accordance with Chapter 3, Section 7 of the Wyoming Water Quality Rules and Regulations has been 
reviewed and is hereby approved. You are authorized to construct and operate the pilot plant in 
accordance with Chapter 11, Section 5 of the Water Quality Division Rules and Regulations, the general 
permit and the materials submitted in your application package. All construction, installation, or 
modification allowed by this notification of coverage shall be completed by August 24,2011. Your 
attention is directed to the mandatory reporting requirements outlined in Part V, Section 0 of the general 
permit. 

This Notice of Coverage is covered under the General Permits on the Wyoming Department of 
Environmental Quality webpage. The General Permits can be viewed at the following path: 
http://deg.state.wy.us/wgd/www/Permitting/Pages/general permits.asp. Please reference Application No. 
09-465 in any future correspondence. 

The intent of the Pilot Plant is to determine infiltration rates, changes in the infiltration rates over time, 
identifying the proposed site and analyzing the results. More specifically, the overall purpose will be to see 
if the Rapid Infiltration Basin will effectively recharge water into the Ogallala aquifer. If you have any 
questions, please contact me at 307-777-7075. 

Sincerely, 

, n ,-., ~ 

f,:·A.ui/'-{JJ-Ji f2- ~AsLi.R 
I 

Richard R. Cripe PE 
Southeast District Engineer 
Water Quality Division 

RRC/rm/9-0749 

cc: IPS, Cheyenne 
Bruce A. Lytle, Lytle Water Solutions, 640 Plaza Dr., Suite 170, Highlands Ranch, Co 80129 

ADMIN/OUTREACH 
(307) 777·7937 
"AX 777-3610 

Herschler Building • 122 West 25th Street • Cheyenne, WY 82002 • http://deq.state.wy.us 
ABANDONED MINES 

(307) 777·6145 
FAX 777·6462 

AIR QUALITY 
(307) 777·7391 
FAX 777·5616 

INDUSTRIAL SITING 
(307) 777·7369 
FAX 777·5973 

LAND QUALITY 
(307) 777·7756 
FAX 777·5864 

SOLID & HAZ. WASTE 
(307) 777·7752 
FAX 777 ·5973 

WATER QUALITY 
(307) 777·7781 
FAX 777·5973 



APPENDIX H

SEO INJECTION WELL PERMITS



State Engineer's Office 
HERSCHLER BUILDING, 4-E CHEYENNE, WYOMING 82002 

(307) 777-7354 FAX (307) m-5451 
ht1p:llseo.state.wy.us 

DAVE FREUDEN'THAL 
GOVERNOR 

PATRlCKT.1YRRELL 
STATE ENGINEER 

August 21, 2009 

LYrLEWATE 
IT SOLUTIONS i ., Bud Spillman/Cheyenne Board Of Public Utilities 

2100 Pioneer Ave 
Cheyenne, Wyoming 82001 AUG 2 7 2009" .t·,. 

Dear Applicant or Agent: fiE 
You are advised that the State Engineer approved the following application(s) to appropriate ground CE1V12D 
water for MONITOR/TEST on August 20, 2009. A copy of each permit is enclosed, Also enclosed are 
forms and instructions for submitting data to the State Engineer relating to the completion of the 
well, as required by law, 

PERMIT NUMBER 
U.W.19110S 

WELL LOCATION -SWl/4NE1/4 23-014N-068W 

By Statute the well must be completed by -DECEMBER 31, 2010. IF THE REQUIRED N071CES ARE 
NOT RETURNED TO THIS OFFICE WITHIN THE STATUTORY71ME UMITS SET FORTH, THE PERMIT(S) 
WILL BE SUBJECT TO CANCEUA 710N, WHICH ACTS AS A FORFEITURE OF THE WATER RIGHT 
GRANTED BY THIS PERMIT. 

An extension of time may be requested for completion of work when good reason is provided. A 
request for such extension must be received in the State Engineer's Office prior to the expiration 
date shown on the permit. Requests for extension of time must indicate due diligence on the part of 
the applicant to comply with the time limits imposed by this permit. 

xc: DIV 1 (1) 

Surface Water 
(307) 777-6475 

~,' .. G4L."'~, .. (I .:.. ~I 
'\.!-<:<.,... ~ 

Usa Lindemann 
Ground Water Division 

Ground Water 
(307) m-6163 

Board of Control 
(307) 777-6178 



State Engineer's Office 
HERSCHLER BUILDING, 4-E CHEYENNE, WYOMING 82002 

(307) m-7354 . FAX (307) m-5451 
seoleg@seo.wyo.gov 

DAVE FREUDENTHAL 
. GOVERNOR 

PATRICK TYRREll. 
STATE ENGINEER 

IMPORTANT NOTlCE- PLEASE READ CAREFULLY 

The approval by the State Engineer of a permit grants an appropriation of water 
oilly and does not grant any authority or permission to use the property of someone else, or 
the requirement to obtain other state aDd federal permits as required. 

If the water well to be constructed will be utilized by more than one {l) landowner, a 
written water users agreement should be secured and filed with the State Engineer's Office 
stating all conditions relating to the use of the water well. 

If you do not own the land upon.which your facility will be constructed, you should, 
before starting construction, take immediate steps to secure a permanent right~of-way. 

If any part of the facility is located on State Land, and you are the lessee of record, 
communicate with the State Land Commission for necessary applications for' construction 
of improvements. If you are not the lessee of record, Land Board approval is needed for 
right-of-way across or upon the leased area. 

If the facility is to be located on Federal Lands, it will be necessary that you contact 
the Bureau of Land Management, P.O_ Box 1828, Cheyenne, WY 82003, for information 
as to what is· needed. If lands controlled by the Forest Service are involved with this 
facility, the local Forest Service Office should be contacted for the proper procedure 
required to obtain a right-of-way. 

If privately owned lands are involved with this facility, right-of-way should be 
secured by written agreement from the land owner, securing sufficient land to properly 
allow any work that may be necessary. This written agreement should be made a matter 
of record in the Office of the County Clerk of the County in which the land is situated ind 
the State Engineer's Office. . 

Such procedure will save you a great deal of unnecessary exPense in the future, as 
any person subsequently filing on Federal Lands or purchasing State Lands, may claim 
damages, unless such right-of-way is made a matter of record and patent given subject to a 
right-of-way for existing facilities, 

Construction of this facility may require the discharge of dredged or fill material 
into Wyoming water bodies and wetlands, including intermittent streams, as authorized by 
Section 404 of the Clean Water Act (33 U.S.C. 1344), the permittee is advised to contact 
the nearest Corps qf Engineers' office to determine if their proposed work requires 
authorization from that agency. The Corp office is located as follows: U.S. Army Corps of 
Engineers, Wyoming Regulatory Office, 2232 Dell Range, Suite 210, Cheyenne, WY 82009, 
307 -772-2300. 

Surface Water 
(307) 777-6475 

(Over) 

Ground Water 
(307) 777-6163 

Board of Control 
(307) 777-6178 



Important Notice 
Page 2 

If the water right is for a source to be developed for human consumption serving 15 
or 'more service connections, or 25 or more persons, for 60 days or more of the year, then 
regulations developed Under the Federal Safe Drinlcing Water Act apply. Specific 

. requirements of the Act are available from the Water Supply Section, Region VIII, U. S. 
Environmental Protection Agency, One Denver Place, 999 18th Street., Suite 500, Denver, 
CO 80202-2405. The provisions of Chapter ill .of the Wyoming Water Quality Rules and 
Regulations also apply. You are' advised that plans and specifications covering the 
proposed construction, i:i:Lstallation, or modification of any system designed for this pUrpose 
are required to be submitted to and a permit to construct obtained prior to the start of 
construction from, the Water Quality Division, Wyoming Department of Environmental 
Quality (WDEQIWQD), Herschler Building-4th Floor West, Cheyenne, WY82002; phone 
number 307-777-7781. 

If construction of the facility will disturb one' (1) or more surface acres, a Wyoming 
Pollutant Discharge Elimination System (WYPDES) storm water permit will be required 
by the Wyoming Department of Environmental Quality, Water Quality Division 
(WDEQfWQD). If there will be any discharge of produced waStewater or drilling muds to 
the surface, a WYPDES permit may be required by the WDEQ!WQD. The permittee is 
advised to contact WDEQIWQD, Herschler Building-4th Floor West, Cheyenne, WY 
82002; phone numqer 307-777-.7781 to determlne specific WDEQIWQD WYPDES 
requirements. 

If the water right facilities are to be constructed in areas subject to local 
governmental laws and regulations, the proper authorities should be contacted to avoid 
violation of established laws, such as zoning. 

Statutory time limits during which the project must be completed and notices filed 
with the State Engineer's office are set forth for each approved permit. Failure to return 
the required notices withili the statutorily required time limits acts as forfeiture of the 
water right granted by the permit and will cause the permit to be subject to cancellation. 

Rev. 3/4/2008 

With best regards, 

~~ 
PATRICK T. TYRRELL, 
State Engineer 



U'W6&S IN~UC..u\..U.Vf"r.) 

REV.nI~ 

INSTRUCTIONS FOR COMPLETING 
STATEMENT OF COMl'LrnON AND DESCRIPTION OF WELL OR SPRlNG, FORM U.W. 6 

AND 
PROOF OF APPROPRIATION AND BENEFICIAL USE OF GROUND WATER, FORM U.W. 8 

Ge:'e:a'lns ..... dions 
+ Address all communications to the State Engineer, Hersdi1er Building 4-E, OIeyenne, WY 82002. Please put your Permit N1l.lIIber on 

all communicalions sent to this office. 
• These forms must be signed in ink by the well (spring) owner or authorized agent. 
• PHOTOCOPIES OR POOR QUAUT'iREPRODUcnONS AREUNAc:c:EP"rAllLE.. 
• When a Statement of Completion is returned to the pemtittee or authorized agent for correction, it should be understood that the 

corrections are required for tne protection of the applicant and in the interest of mamtaiIrlng accurate records. Please make the 
corrections and return to this office as promptly as possible. 

• The Statement of Completion is required by law to be submitted within thirty (30) days of the date that a well is completed and ready 
for use. 

• Proof of Appropriation and Beneficial Use of Ground Water (Form U.W. 8) is required to be. submitted by Derember 31 of the year 
following the year in which the permit was granted. This form is not required for wells utilized for. DOMESrIC, STOCK.. MONITOR, 
TEST' or other uses where the requirement for the Proof of Appropriation and Beneficial Use of Ground Water has been waived. 

STATEMENT OF COMPLEl10N AND DESCRIP.T.ION OF WELL ORSPRlNG 
(FORMU.W.6) 

Statements of Completion mustllOl be folded. 
Statements of Completion must not be defaced by crossing out, erasing or whiting-out printed matter, or by changing/cutting the 
form in any way. Preferably, the form should by typed. If a typewriter is not available, the fOIm should be lettered neatly with black 
ink or ball point pen. (Colored inks do not microfilm) 
PLEASE NOTE: If any of the infoImation required in the Statement of Completion is not available or is unknown, yoU! best estimate 
will be acceptable. 
stA1EvfENTS OF mMPI maN MIJST BE SIGNED IN INK ON 1BF 2ND srm By THE PERMlJTI1' OR AIITHORJ7FD A GENT 

The Statement of Completion should c:ompleted as follows: 

. Item..lIla.. & Desa:iptiop . 
PER.J'v.!1T NO. &: NAME OF WELL (SPRING) - These should be the exact pennitITUlI1ber &: name as shown on the permit. 
1. NAME OF OWNER - This should be the name of the onginalapplicant (pemdttee) or present OWIlE!1-" of the well,. .' 
2. ADDRESS - Give the respective mailing address of each permittee or present owner. Please check the box if address has. c:har:ged 

from that shown on permit. .. . 
3. USE OF THE WATER - If use of water is not the same as shown on the approved permit, a:n explanatory note should be included on 

the back in the R.EMARKS section. In some cases, an ENLAl.ZGEMENT (expansion of the water right) of the original pemtit will 
necessary. 

4. LOCATION OF WELL - A specific 4O-a.c:re location must be submitted. A surveyor's tie is requlred. for all irrigation, industrial, 
municipal and mis<::ellaneous use wells. If a surveyor's tie is not available, a distance measurement from a known reference point Slch 
as a section or quarter comer must be provided. . 

5. TIPE OF CONSTRUCTION - This item is self~lanatory. 
6. CONSTRUCTION - Method by which the well was completed. 

Total Depth of Well !Spring- How deep is the well drilled or spring dug? 
Depth to Static Water I evel· Static Water Level is the level at which the water stands in a well when no water is being removed, ei!her 
by pumping or free flow. It is generally expressed as the distance from ground surface to the water level in the well. !fa wcll/sp:ing 
is flowing - "flowing" should be written here. 
C.sing Hei&h l ahOlrp ground (ft) - This item is self-explanatory. 

a. Diameter ofhorehole (Bit size)' What is the diameter of the drilling bit used to constmct the well or spring? . 
b. Casing Scbo dl1Jo• This is the pipe that's placed in the hole. Is the casing new or used? VVhat is the diameter of the <:ring? 

Did the diameter of the casing change at a certain depth? If so, please show the depths. 
Jain I Type' Indicate the type of joint used to connect the caslng together. 

c. Grouled Interval· Is the'pipe grouted/cemented into the hole? If so, at what depth interval is it grouted/cemented? Alos 
indicate the amount and type of grout/cement used. 

d. Type of Completion' Indicate what type of completion was made. 
Perforation: What type of perforator was used? What are the sizes of the openings and at what depth are they located? How 
were the openings in the casing made to allow water to flow into the pipe? 
Open Hole: If no casing was installed, what is the open hole interval? 
Well Screen: Well screen is a factory constmcted perforated casing. If it was installed, indicate diamet~r, slot size: and ine-.-al 
it was set. . 

e. Wel1 Development Method' All new wells should be developed before being put into production. What method was usi:C to 
develop the well? Overpumping, backwashing,.mec:hl!nical surging, air development, jetting, etc. How long die! develop::tent 
last? 

SEE REVERSE SIDE 



f. WaS" fjlter pack instilled' Was gravel added between the pipe and the drill hole? Size of sandi gravel? lnterval? 
g. Was smmce casing "sed' Was·larger diameter casing·used to seal off a sballow aquifer or contaminated section before 

drilling? Was is cemented in place? . 
7. NAME & ADDRESS OF DRILLING CONTRAcrOR - This item is self-explanatory 
8. DATE OF COMPLETION OF WELL - This item should reflect the date the pumping facility was installed and water put to Benefici~1 

Use. If for a spxing and no pump is in.~tallcd, indic<tlc the date the facility was first put to Beneficial Use Eo.ll=.I:c.g.i"e.d:ltc-w.iU.dcJ,;,:y 
ptocessi",S gf YCl.tr Sbtc=l:-o!-Colnplctjotl.---Xhe-State-Engi.ncC<-<J.o""-'>Ot...coAJ;id~pletl:-u"tU.."-P='P~l 
~ (For Monitor /T,,,;\ Wells US" U,,, dnt(\ the drilling was comrlcL~d, since no beneficial usc of water is made.) 

9. PUMP INFORMATION - Thi:: item ~hnulcl be completed as accurately and lh(}roughly as p().%'ible. Xbc..numbcr..of-s;>Uoru:..pcr 
!pi",,,." bomg p'lmpcd,-thc.Ly.pc.of.pump"'"d_thc.dcpth.o£.pump-""Uing-MllST..bc..hown.. Monitol'rr"st uses need not fill uul this 
Item. 
Total Volumetric GallonS r ked p,'r C'al"od.-u:-Yem: The unit or mcasul'am(mtsnould be in acre-feet per year. 

10. Flowing WelIJSprlng: If the wel1 or spring fl()w~, lbe yield should be w)'ilt~n here. Surface pressUJ:e should be shown here also. 
Infonnation relating to this item should be available from th~ driller and should be as complete as possible. It is the permittee's 
respOIlSibility to obtain this information. How is the flow controlled? Does well leak around the casing? 

11. If this is a spring describe method of development and means of conveyance to point of use. Some method of artificial divexsiol'l, i.e., 
spring box, cribbing, etc., is necessaxy to qualify for a water right 

12. Pump Test lnformation relating to these items should be available from the driller and should be as complete as possible. It is the 
pennittee's responsibility to obtain this information. 

13. Log of WellIDrlIl Cuttings Desc:iption: Information relating to these items should be available from the driller and should be as 
complete as possible. It is the permittee's responsibility to obtain this infonnation. Land surlace elevation (£t. above mean sea level): If 
this infcm:nalion is avallable to you, please provide it and how it was detemlined. 

14. QUALTIY OF WATER lNFORMAnqN - This item is self-explanatory. Water quality information is not required for our records; 
however, we would like a copy to be filmed as part of the permanent record associated with your well/spring. 

REM AVTr.5: This is where you can explain any special or unusual peculiarity of your well and your water system or conveyance. 

SIGIIWIllRE OF OWNEB OIl AlJ'I'HOlUZEO A CENT - This f= MUST BE SIGNED with an original signatw:e in ink by the 
pemtittee or authorized agent (Stamped signatures are not acceptable.) Failure to do so will delay processing of the Statement of 
Completion, as it will be returned to yo1,l for signature. 

PROOF OF APPROPRIATION AND BENEFICIAL USE OF GROUND WATER 
(FORM U.W. 8) 

(Eon A LI WEI I S EYCEJ'T POIIdl'STIC, s:t:OCK, MOIlll"J:cm OR TESl'l 

THIS FOlUIt! (UW S) MUST BE SIGNED ON:mE R'EV'ERSF SIDE llY'l'HF PERMl1TF.E OIl AUUIOIUZED 4C1llllT Failure to do 
so will delay processing of the form, as it will be retumed to you for signature. 

~. 

The information submitted on this form will be usru;J. as a basis for the adjudication of the ground water right The items are se1f
explanatory and each item should ~ completed as accurately and thoroughly as possible. 

~ 
For lIrigation, Industrial, Municipal and Misccllaneous Wells. 1£ the £0= is sb"'ped "MAP NOT VEQUIltED", ports IT 8. m af thjs 

£0= a:e w:oi:\red . 

THE PRFPAR ATION OF THE PI AT - This should be read carefully BEFORE the form is completed. 

CERTIFICATE OF OWNERSHlP - This may be obtained from the County Qerk's Office showing ownership or control of lmd(s) 
involved and MUST ACCOMPANY the Proof of Appropriation and Beneficial Use of Ground Water Form (L).W.8). 

l!a::tlIl: 
A State Engineer Representative will prepare part ill at time of inspection. 

PHOTOCOPIES OF THE FORMS ARE UNACCEPTABLE 
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State Engineer's Office 
Herschler Buildillg, 4-E Cheyenne, Wyoming 82002 

(307) 777·7354 FAX (307) 777·5451 
seoleg@sea.",yo.gov 

:MEMORANDUM 

F.ebruary9,2006 

DAVE FREUDENTHAL 
GOVERNOR 

PATRICKT. TYRRELL 
STATE ENGINEER 

FROM: 

State Engineer's Office I r/7.....-/ . 
Patrick T. Tyrrell, State Engineer 'f¥~~~ 

TO: 

SUBJECT: State Engineer's Office Requirements for Coordinates on Permits and 
Petitions. . . 

Effective Date: April 1, 2006 

Background 

The . State Engineer's Q.f:!i:ce,(.8.EQ) .lscurrently :implemeJ;l.~g, an information 
. management technqlogy .systeDl,fOI the entire,agency. This ID'stem Will allow for more 
. efficient data retneval and is the lrlitiai step :in creating a siaieWiae geographic 

inforInation system (GIS) for water rights :in the state. A key"comp'orient for GIS is 
accurate locations of the spatial data being depiCted. Historically, the SEO haS required 
maps prepared by an engineer or surveyor for larger projects to depict locations. On 
stock pond permits and well permits, only the Public Land S1t.rVey·':quartet/quaiter 
locatio:qs~ve been required. ',~ .. 

With fue adv!nt or' harid held Gl~bai POSitioning System (GP'S) :ur&s;'~ciordin.ates for 
specific locations are easier to acquire. As such, the SEQ' will' begin requiring 
·coordina,tes for per:rQ,itting and, pe.titioning processes in the agency. The ,respective 
divisions wi11be administered as follows:· , 

Surlace Water Division 

Prior to the SEO issuing a new permit, the applicantshaJ.l provide coordinates on all 
propose~ points of cliversion and centerlines of dam embankments. 

Ground Water Division 

This division will continue to issue permits without the requirement of the applicant 
providing coordinates on the application form (UW-5). The ·permittee .vill be required to 
provide coordinates when filing the Statement of Completion (UW-6) for completed 
wells or spring .developments. A Statement of Completion will not be considered 

. acceptable until coordinates have been provided, 

Surface Water 
(307) 777-6475 

Ground Water 
(307) 777·6163 

Board of Control 
(307) 777·6178 
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State Engineer's Requirements for Coordinates on Permits and Petitions 
FebrUary 9, 200.6,' "-.:, ' .•.. . .. 
Page 2 

Board of Control 

In the State Board of Control (BOC) Rules and Regulations, approved in November, 
2004, all maps and surveys submitted to the BOC are to indicate the location of pDints of 
diversion, reservoir outlets, wells, pumps and pivot points by latitude and longitude 
(coordinates). 'The BOC considers coordinates to be an essential component of any map 
submitted to the BOC . 

. ·1 " " ~"".'" •. 

Coordinates' SyStems 

The SE~ will accept coordinates in one of three coordinate systems. They are as follows: 

1. Latitude and Longitude - Preferred 
2. Universal Transverse Mercator (UTM) 
3. StatePlane·Coordinates 

.•••. : •• ,''' .. I 

:.·:.Accuracy ~ I. : 

,"" , .. . . 

The SEO will 'allow two levels of accuracy to' 'be used in' ptovidiilg ~obrdinates on 
.~ttalS toth.e ~gency .. The, accuracy level ~M11 be dependent on the type Df submittal 
~eing lliEidear;.d described aSfollo~: . . . . '. . ' 

. " .' L' 'For th;se 'appllcirti.6nsr~~t&nep.tsof'.Com:pletiD~~r~.bfs;·P~b~, etc. that 
require a map prepared by a licensed su:rvey()t:o~"~ngineer;:the 'coorclinates 
shall be .f!.Scertained using survey-grade equipmen~ with an accuracy Df ±5 
feet. . ,,;. 

2. For :tho~e ~'pplications, S:tatements of Completion, etc. that do not require a 
." "1· .... ".' ... .... 

deta.rr~d 'i;o.ap ,(stock pondS, Stock ana domeStic wells), thec60rdinates may be 
determmed Using a hand-held' recreational GPSunit. Using the Wide Area 
Augmentation System (W AAS) feature on GPS units generally achieves an 
accuracy of ± 10 feet and is preferred. However, CD ordinates generated with 
recreational GPS units without W AAS capability are also acceptable. 



FORM U.W.6 
Rev. 2/07 

STATE OF WYOMING 
OFFICE OF THE STATE ENGINEER 

HERSCHLER BLDG., 4-E 
CHEYENNE, WYOMING 82002 

(307) 777-6163 

STATEMENT OF COMPLETION AND DESCRIPTION OF WELL OR SPRING 

NOTE: 00 not fold this form. Use typewriter or print 
neaUy with black ink. 

PERMIT NO. U.W. 191105 NAME OF WELL/SPRING .=.B.=.EL==L=---.:I:.:...N:.:..JE=-CTI~O.=..:..:.N ______ _ 

1. NAME OF OWNER CHEYENNE BOARD OF PUBLIC UTILITIES 

2. ADDRESS ____________________________________________________________ _ 

o Please check If address has cnanged from that Shown on permit. 
City ________ _ State Zip Code _____ _ Phone No. ___________ _ 

3. USE OF WATER 0 Domestic 0 Stock Watering 0 Irrigation 0 Municipal 0 Industrial 0 Miscellaneous 
o Monitor or Test 0 Coal Bed Methane Explain proposed use (Example: One single family dwelling) ___________ _ 

4. LOCATION OF WELL/SPRING __ 1/4 __ 1/4 of Section __ , T. __ N., R __ W., of the 6th P.M. (or W.R.M.) 
Subdivision Name _______________________ Lot ______ Block _______ __ 

Resurvey Location Tract _____ or Lot ______ Datum 0 NAD27 0 NAD83 ____________ __ 

Geographic Coordinates: Latitude ________ N Longitude ________ W (degrees, minutes, seconds) 
UTM: Zone Northing ___________ Easting _________ _ (meters) 

State Plane Coordinates: Zone Northing Eastlng __________ (Feet) 

Land surface elevation (ft. above mean sea level) Datum 0 NAVD29 0 NAVD88 
Source 0 GPS 0 Map 0 Survey 0 Unknown 0 Other 0 Altimeter (for elevation only) 

5. TYPE OF CONSTRUCTION 0 Drilled ---;:--7":"-:-::-:"--.......,,.......,,----
(type of (Ig, and fluid used/ If any) 

o Dug 0 Driven 0 Other 

Describe ___________________________________________ _ 

6. CONSTRUCTION Total depth of well/spring ________ ft. 
Depth to static water level _______ ft. (below land surface) casing height _________ ft. above ground 

a. Diameter of borehole (bit size) inches 
b. Casing schedule 0 New 0 Used Joint type 0 Threaded 0 Glued 0 Welded 

diameter from ft. to ft. Material _________ Gage _______ _ 

diameter from ft. to ft. Materlal _________ Gage _______ _ 

c. Cemented/grouted interval, from ________ ft. to _________ ft. 

Amount of grout used type ___________ ~-~.,-.....,-..".._,_---------
(example! 10 sacks) (example: bentonite pellets) 

d. Type of completion 0 Customized perforations 0 Open hole 0 Factory screen 
Type of perforator used ____________________________________ _ 

Size of perforations inc:hes by inches 
Number of perforations and depths where perforated 
___ perforations from ___ ft. to ___ ft. 

___ perforations from ___ ft. to ___ ft. 

Open hole from ft. to ft. 
Well screen details 

Diameter _______ slot size _______ set from _______ ft. to _______ ft. 

Diameter slot size set from ft. to ft. 
e. Well development method How long was well developed? ______ '--_____ _ 

f. Was a filter/gravel pac:k installed? 0 Yes 0 No Size of sand/gravel ___________________ _ 

Filter pack/gravel installed from ,-:-C--"':':':--: ft. to _____ ft. 
g. Was surface casing used? 0 Yes 0 No Was it cemented in place? 0 Yes 0 No 

Surface casing installed from ft. to ft. 

7. NAME AND ADDRESS OF DRILLING COMPANY _________________________ _ 

8. DATE OF COMPLETION OF WELL (inC:ludlng pump installation) OR SPRING (first used) ___________ _ 

9. PUMP INFORMATION Manufacturer ________________ Type __________ _ 

Sourc:e of power __________ Horsepower Depth of pump setting or intake ________ ft. 

Amount of water being pumped gal./mln.* (For springs or flowing wells, see Item 10) 
Total volumetric quantity used per calendar year." _____________________________ _ 

10. FLOWING WELL OR SPRING (Owner is responsible for control of flowing well) 

If well yields artesian flow or if spring, yield is __ gal./min." Surfac:e pressure Is __ Ib./sq.inch, or __ feet of water 
The flow is controlled by 0 Valve 0 cap 0 Plug 
Does well leak around casing? 0 Yes 0 No 

*If these amounts exceed permitted amount an enlargement is required. 

Permit No. U.W. ""1""9_11;.,.0;.,.;5 ______ _ Book No. _1_3_7_9 __ __ Page No • ..:.1..:.0;::,5 __ _ 

SEE REVERSE SIDE 



11. IF SPRING, HOW WAS IT CONSTRUCTED? (Some method of artificial diversion, i.e., springbox, cribbing, etc., is 
necessary to qualify for a water right) _____________________________ _ 

12. PUMP TEST Was a pump test conducted? 0 Yes 0 No 
If so, bywhom _______________________________________ _ 

Yield ________ gal./min. with _______ ft. drawdown after ______ hours 
Yield _______ gal./min. with ft. drawdown after hours 

13. LOG OF WELL Total depth drilled ________ ft. 
Depth of completed well ft. Diameter of well _____ _ inches. 
Depth to first water bearing formation ft. 
Depth to principal water bearing formation Top _______ ft. to bottom ________ ft. 

DRILL CUTTINGS DESCRIPTION' 
From To Feet Rock Type Or Water Bearing? 
Feet Description Formation (Yes or no) 

Surface 

14. DOES A GEOPHYSICAL LOG ACCOMPANY THIS FORM? 0 Yes 0 No 

15. QUAUTY OF WATER INFORMATION 
Does a chemical and/or bacteriological water quality analysis accompany this form? 0 Yes 0 No 
It is recommended that chemical and bacteriologic water quality analyses be performed and that the report(s) be filed 
with the records of this well. (Contact Department of Agriculture, Analytical Lab Services, Laramie, 742-2984.) 
If not, do you consider the quality of water as 0 Good 0 Acceptable 0 Poor 0 Unusable 

REMARKS 

Under penalties of perjury, I declare that I have examined this form and to the best of my knowledge and belief it is 
true, correct, and complete. 

Signature of Owner or Authorized Agent 

___ --: ________ ,20_ 

Date 

FOR STATE ENGINEER'S USE ONLY 

Permit No. U.W • .::.1:::,9::..11"'0:.;5=--________ _ 

Date of Receipt ____________ _ Date of Approval _________ , 20 __ 

Date of Priority :...7L/1"'4!l/.",2"'0"'0,:c9 ________ _ 
for State Engineer 



FORMU.W.5 
Rev. 6107 STATE OF WYOMING 
FlUNG FEE SCHEDULE 
ON RIOVERSIO Sloe 

OFFICE OF THE STATE ENGINEER 
HERSCHLER BLDG., 4-E CHEYENNE, WYOMING 82002 

(307) 777-6163 

APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER 
APPUCAnON FOR WELLS AND SPRINGS 

Note: Only springs flowing 25 gallons per minute or less, where the proposed use is 
.Qomestic and lor stock watering, will be conSidered as ground water appropriatiop5f \ • "'': :-

FOR OFFICE USE ONLY . Temporary Rnng No. U.W. ::t (Y-;J. i> d. 

PERMIT NO. U.W. _---..&.1 .... 9'-'1_t'-'O~5'__ __ 
WATER DIVISION NO.-.L Dls:mLCI. I .... . .. _~ ___ 

NOTE: Do not !Old this 10m. Use typewriter or print neatly I' 
with black Ink. 

ALL ITEMS MUST BE COMPLETED BEFORE 
APPLICATION IS ACCEPTABLE U.W. DISTRICT~""'e ~".Jw.J.e.D.}.\ 

NAME AND NUMBER OF WELL or SPRING Bell - Injection 

1. Nameofapplicant(s) Cheyenne Board of Public Utilities Phone: 307-637-6460 

82001 2. Address of applicant(s) 2100 Pioneer Ave., Cheyenne, WY 
(MAILING ADDRESS) (CITY) (STATE) (ZIP) 

3. Name & address of agent to receive correspondence and notices Bud Spillman - Cheyenne Board of Public Utilities 

2100 Pioneer Ave., Cheyenne, WY 82001 Phone: 307-632-9890 
(MAILING ADDRESS) (CITY) (STATE) (ZIP) 

4. Use to which the water wiU be applied: 

0 Domestic: 

0 Stock Watering: 

0 Irrigation: 

0 'Municipal: 

0 Industrial: 

D Miscellaneous: 

0 Coalbed Methane 

Use of water in 3 Single family dwellings or less, noncommercial watering of lawns and gardens 
totaling one acre or less. Number of houses served1 __ • 

Normal livestock use at four tanks or less within one mile of well or spring. Stockwatering pipelines 
and commercial feedlots are a miscellaneous use. Number of stock tanks?_ . . 

Watering of any lands for agricultural purposes not covered by the definition of domestic use (large
scale lawn watering of golf courses, cemeteries, recreation areas, etc., is miscellaneous use). 

Use of water In incorporated Towns and Cities. Note 1: use of water in unincorporated towns, sub
divisions, improvement districts, mobile home parks, etc. is classified as miscellaneous use. Note 2: 
a permit may be required by the Wyoming Department of Environmental Quality (WDEQ) if the well 
will be classified as a public water supply under the WOEQ's rules and regula~ons. 

Long term use of water for the manufacture of a product or production of oiVgas or other minerals 
(on field water flood operations. power plant water supply, etc.). (Oescn'be in REMARKS) 

Any use of water not defined under previous definitions such as stock water pipelines, subdivisions, 
mine dewatering, mineral/oil exploration dnlling, potable supplies in office, etc. (Describe in Remarks). 
Note: a permit may be required by the WDEQ if the well will be classified as a public water supply 
under the WDEQ's rules and regulations. 

Water produced in the production of coal bed methane gas. Note: wells used in the production of coal bed 
methane gas will require a permit from the Wyoming on and Gas Conservation Commission. 

D Monitor, Observation Note: a WDeQ permit may be required IKI Test Well: (Descnbe in REMARKS) 

5. Location of the well or spring: (NOTE: Quarter-quarter (40 acre subdivision) MUST be shown. EXAMPLE: SE 1/4 NW 1/4 of Sec. 
12, Township 14 North, Range 68 West.) 

Laramie County, SW 1/4 ~ 1/4 of Sec • ..1.L, T . ...1.1.. N., R. 68 W. of the 6th P.M. (W.R.M.), 
Wyoming. If located in a pla1ted subdivision, also provide LotlTract _Block __ of the ____________ _ 
Subdivision (or Add'n) of . Resurvey location: Tract ___ , (or Lot) _____ _ 

6. Estimated depth of the well or spring is _--£,2"'0"'O'--__ feet Estimated production interval is--,1",5,,-O~ __ ft. to 2 00 

7. (a) MAXIMUM instantaneous flow of water to be'developed and beneficially used: 0 gallons per minute. 
NOTE: if for domestiC and 1 or stock use, this applica~on will be processed for a maximum of 25 gallons per minute. For a spring, 
after approval of this application, some type of artificial diversion or improvement must be constructed ·to qualify for a water right. 

(b) MAXIMUM volumetric quantity of water to be developed and beneficially used per calendar year: 0 

ft. 

Circle appropriate units: (Gallons) (Acre Feet) A four person family utilizes approximately one (1) acre·foot of water per year 
or 325,000 gallons. 

8. Mark the point(s) or area(s) of use in the tabulation box below. Note: Upper row refers to the quarter of the section. Next row 
refers to the quarter of the quarter section. 

TABULATION BOX 

TWP RNG SEC NE'I. NW'I. SW'I. SE'I. TOTAL 

NE'4 NW'I. SW'I, SE'I. NE'I, NWV. SW'I, SE'I. NE~ NW'/4 SW'/4 SE~4 NE1J. NW'4 SW'I. SElf. 

~3 ~ e@C ~ 
luA 

1911 0 5 SEE REVERSE SIDE 13 7 9 
Permit No. U.W. ___ =-.=:..:::...:::..::~~ _________ Book No. ---.:::::..=-.:..-;~- Page No. --dli::-\::O,..5~--



9. H for irrigation use: 
a Describe MAXIMUM acreage to be irrigated in each 40 acre subdMsion in the tabulation box above. 
b. 0 Land will be irrigated' from this well only. . , 
c. 0 Land is irrigated from existing water right(s) with water from this well to be additional supply. Describe existing water right(s) 

under REMARKS. 

10. If for irrigation use, describe method of irrigation, i.e. center pivot sprinkler, flood, etc.: __ N=/.£A=-. ___________ _ 

11. The well or spring is to be constructed on lands owned by-,"M""r ........ -"'J~o""h"'n"'_M~o"'r ... r~~'"· 8"-_____________ _ 
(The granting of a permit does not constitute the granting of a right-of-way. If any easement or right-of-way is necessary in connection 
with this application, it should be understood that the responsibility is the applicant's. A copy of the agreement should accompany this 
application, H the land is privately owned and the owner is not the co-appJicant.) 

12. The water is to be used on lands owned by _...:;M:;:r:..;.:....-J=-=o;;:hn=_M=o:;:r:..:r::.l.::· =8:..-. _________________ _ 
(If the landowner is not the applicant, a copy of the agreement relating to the usage of the appropriated water on the land 
should be submitted to this office. If the landowner Is included as co-applicant on the application, this procedure need 
not be followed.) NOTE: Water rights attach to the area(s) andlor point(s) of use. 

REMARKS: This well will be used for injecting water into the Ogallala formation 

as art of an A ifer Stora e and Recove ASR ilot st d ~ <' 
(.u..e~~ ~2-¥o iMt ~ &e,:}C '¥~, ~Qm e<: ((-41./2 t.J..rGI..{ 4."J~'{ 

UndJr)eWes~W~Ury, I ~~~e 'th\jt I have exa~:tti~Pllcatio,.a~ t1~fb~st of my knowledge and belief it is 

true, corrDJct and 11'mPletec p&! I!J ___ 
J~~ 0...,0(· ___ y.J'Ijoq ,20_ 

Signature of Applicant or Authorized Agent Date -+ 
THE LEGALLY REQUIRED FILING FEE MUST ACCOMPANY THIS APPUCATION 

DOMESTIC AND/OR STOCK WATERING USES 
(Domestic use is defined as use of water In 3 single family dwellings or less. 
noncommercial Walering of lawns and gardens totalling one acre or less.) 

IRRIGATION, MUNICIPAL, INDUSTRIAL, MISCELLANEOUS, COAL BED METHANE 

MONITOR (For water level measurements or chemical quality sampling) or TEST WELL 

$25.00 

$50.00 

No Fee 

IF WELL WILL SERVE MULTIPLE USES, SUBMIT ONLY ONE (THE HIGHER) FlUNG FEE. 

THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT 

THE STATE OF WYOMING ) 
) ss. 

STATE ENGINEER'S OFFICE ) 
This instrument was received and filed for record on the __ "'"-"L-______ day of ~TU1.l.l1J.;YI'__-----' A.D. 

2O-..mL , at 1· 4 5 o'clock .A...-. M. 

Permit No. U.W. 191105 
THIS IS TO CERTIFY that I have examined the foregoing appl' 
and conditions: 

This application is approved subject to the condition that the proposed use shall not interfere w~h any existing rights to ground water from 
the same source of supply and is subject to regulation and correlation With surface water rights. if the ground and surface waters are 
interconnected. The use of water hereunder Is subject to the further provisions of Chapter 169, Session Laws of Wyoming, 1957, and any 
subsequent amendments thereto. 
Granting of a permit does not guarantee the right to have the water level or artesian pressure In the well maintained at any specific level. 
The well should be constructed to a depth adequate to allow for the maximum development and beneficial use of ground water in the 
source of supply. 
If the wen is a flowing arteSian well, it shall be so constructed and equipped that the flow may be shut off when not in use without loss of 
water into sub-surface formations or at the land surface. 

FOR
Coal Bed~ethane wells ha.vJ) Mditipml Conditions and Umitations on attachment sheet 

AlJ1JITIONAL CONDlnONS AND LIMITATIONS SEE ATTACHED STATUS SHEET_ 
This application is for test purposes only; no water will b~eficially used. The appro~al 
of this permit does not obligate the State Engineer to approve the permanent prod1!ctj on 
permit. This permit will be automatically cancelled on December 31. 20ll'.::>· Proof of 
Appropriation and Beneficial Use of Ground Water (Form U.W. 8) is waived under this permit_ 

Approval of this application may be considered as authorization to proceed with construction of the proposed well or spring. A Statement 
of Completion will be filed within thirty (30) days of completion of construction, including pump installation. 

Completion of construction 2nd ans I/W'9P pi th hcpofidal ::sa M 'PIQ'c- for the purposes specified in Item 4 of this application will be 
made by December 31, 20-LD. 

rts asS''?' s' app ar "afaR cbs" be 'jmjt:cd to tho q''Optitl' to which (t97PittOQ is cditlad GO de' . 1111\ r 6 sf rs e f of applicatiofl or 

PATRiCK: TYRRELL, &ate Engineer 



C&L 
REV: 6-30-0U 
LaranUe County JI'=tioc 

PERMIT NO. U.W. 191105 
T.F. No. U. W. 41-2-505 

PERMIT STATUS 

Priority Date July 14. 2009 Approval Date _______ .,--

ADDITIONAL CONDITIONS AND LIMITATIONS: 

1. Testing of the injection and recovery of water from this well shall be limited to 
either the High Plains aquifer or the Lance Formation. Dual completions in the 
Lance Formation and the High Plains aquifer will not be allowed and filter (gravel 
or sand) pack must not extend across the formation boundary. If the well 
penetrates through the High Plains aquifer into the Lance Formation, the 
applicant must select one of the following two options: 

a.) Seal off the Lance Formation by filling that part of the borehole that 
contacts the Lance Formation with grout, and complete the well only 
in the High Plains aquifer, thus effectively eliminating water 
production from the Lance Formation; OR 

b.) Seal off the High Plains aquifer with blank (non-perforated) casing 
and grout in the annulus from the top of the Lance Formation to the 
surface. Cement must be used to grout the annulus through the 
bottom 10 feet of the High Plains aquifer but bentonite may be used 
above that interval to the land surface. (See Policy Memo, dated 
June 27, 2006). . 

2. The applicant must obtain written consent from the State Engineer prior to 
perforating or producing any ground water from any geologic formation other 
than the Lance Formation or the High Plains aquifer. 

3. A meter acceptable to the State Engineer is required to accurately measure the 
total quantity of water produced from this well. 

4. A final report shall be submitted to the State Engineer no later than February 
15, 2C112 stating the total amount of water injected and produced from this well 
during the testing period. 

5. The report shall identify the well by name, location, permit number and shall 
identify the type of meter used for the measurement. 

6. The State Engineer reserves the right, upon written request, to modify or waive 
all or any portion of these conditions and limitations. 

w.-f 7.0 -ZOO? 
Approval r~T!{'ICK T. TYRRELL, State Engineer 



APPENDIX I

DEQ AUTHORIZATION BY RULE APPROVAL



Dave Freudenthal, Governor 

April 1, 201 0 

Department of Environmental Quality 

To protect, conserve and enhance the quality of Wyoming's 
environment for the benefit of current and future generations. 

John Corra, Director 

Bud Spillman 
Cheyenne Board of Public Utilities 
2100 Pioneer Ave 

LYTLE WATER SOLUTIONS. LLC 

Cheyenne, WY 82001 

RE: Koppes 3 Retrofit Injection Well 

APR 3 2010 
RECEIVED 

Permit by Rule (UIC Class 5B2), UIC Facility WYS-021-00096 
Larmie County, Wyoming 

Dear Mr. Spillman: 

The aquifer recharge wells described in your application received dated February 22, 2010 are 
authorized by rule as per Wyoming Water Quality Rules and Regulations, Chapter 16, Section 8. 
The groundwater is Class I according to WQRR Chapter 8. This classification is made because 
the groundwater within the area of review is used for municipal purposes. 

In the event that activities at this facility result in any kind of discharge to a surface drainage, 
please let this department know as required by Chapter 16. Please supply a copy of the final 
report to the Water Quality Division once the pilot study is finished. 

The mission of the UIC program is to protect groundwater resources from direct injection of 
pollutants, for uses now and many years into the future. Your cooperation with our program is 
appreciated. 

::~~r~~ ,,/ -~t~fri1fo.-
Adrienne Nunn '----
Project Engineer 
Water Quality Division 

ADN/rmll 0-0262 

cc: Bruce Lytle P.E., Lytle Water Solutions, LLC, 640 Plaza Drive, Suite 170, Highlands 
Ranch, CO 80129 

ADMIN/OUTREACH 
(307) 777-7937 
FAX 777-3610 

Herschler Building • 122 West 25th Street • Cheyenne, WY 82002 • http://deq.state.wy.us 
ABANDONED MINES 

(307) 777-6145 
FAX 777-6462 

AIR QUALITY 
(307) 777-7391 
FAX 777-5616 

INDUSTRIAL SITING 
(307) 777-7369 
FAX 777-5973 

LAND QUALITY 
(307) 777-7756 
FAX 777-5864 

SOLID & HAZ. WASTE 
(307) 777-7752 
FAX 777-5973 

WATER QUALITY 
(307) 777-7781 
FAX 777-5973 



APPENDIX J

TEST PIT LITHOLOGIC LOGS
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APPENDIX K

RIB MONITORING WELL LITHOLOGIC LOGS



LYTLE WATER. SOLUTIONS, LLC 
LITHOLOGIC LOG (ceNT.) 

PageLof~ 

Project Name '3 0 ~ u· A <s '2 Q \ l Q\ ~ \. L..9'1 No. II?$" - 0 ~ Well No. H r iZlf3' .- I 
Location AJQ.a.c Korr' Z· etoH -\4 ~ro~oJ ... J Io .... S(,.... Drilled By Grose."'- TCC'·js..\tr . ., 

Logged By ---I.2,"-",f.~W:=.... ______________ Method QiN sJ 'Kc.h"r ~ 
Bit Size and Type __ ~~~ •• ___________ Date Started 10 lio {09 

Drilling Fluid blc..-\tr -t I, (pu,e\( G-s.\ \. Date Completed 10/40/09 
GL Elevation ______ Stick-up _______ TOC Elev. __________ _ 

Total Depth I,{.r ' Static Water Level-U,'1...,.5::",·o..J!J.!o..' ____ _ 

Depth (ft) Description 

lof> SCI' I, Ja.,.!,.:: ''0 (c,w r'I, 'S; \ \-
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LYTLE WATER SOLUTIONS, LLC 
I...ITHOI...OI3IC 1...013 (CDNT.) 

PageLof 2.. 

ProjectName '9,oeu - AS\? ~dcrr 'S!uD'! No. \\75"" -08" Well No. Wre\8- \ 
Location Ua<>c \(oW~S - '2.. - C\c&-f :\-0 ~rC4(O$e)) asi" Drilled By G-"o~c \..... Ie. ;Cr-~\'CI"'" 
Logged By---'2=----:::~;...:vJ~ ____________ Method Q'l'Qc+ 9 g \Q'1 
Bit Size and Type 8 " Date Started IQ J z c I 09 r • 
Drilling Fluid INC.¥> r ~ I' CO...,,' c~ ,*,'" Date Completed -L:.J0=f/ ..... z-=:c-,f-'/o"-S'--___ _ 
GL Elevation ______ Stick-up ______ TOC Elev. _________ _ 

Total Depth --,-J--,4,-,,)~' ___ Static Water Level---!.JCJ2.2 .... S'-'-....... Z_· ___ _ 

Depth (ft) Description 



LYTLE WATER SOLUTIONS, LLC 
L.ITHOL.OGIC L.OG (CDNT.) 

Page -L of ----t-

Project Name \3opu ~ Ase 21l OT 5tuO) 
Location __________________ Drilled By Gr",Sc\o 

No. 117f"-o &' Well No. I-tIRH3- Z 

Logged By Method Q",- d ~Q. \c..ry 

Bit Size and Type ~ ,. Or ,\\ Bi \.. Date Started IOIz, ICJ 0, 
• 

Drilling Fluid \dg,~ r... I. d1 VI' C k G..c \ " Date Completed /0 Iz, 10 c . ,-1 
GL Elevation Stick-up TOC Elev. _________ _ 

Total Depth I.f 7 ' Static Water Level _______ _ 

Depth (ft) 

10 

Description 

,-0 ~ So 1\ - "5,. \ \- I '\)o.r k- '0 rOo vJ " 

~~;.,..... ZJ'e..V'(.\, c.\"'1s\o,'t /s,,-,) "5 ~()"'<.. I 1YI.,t\'j ~r"""\~. 

. ..C."'-~61ll~~~ .. 
-\ , "'- c . ..\. S c"':\ ",".) 



LYTLE WATER SOLUTIONS, LLC 
LITHOLOGIC LOG (ceNT.) 

Page --L- of ---L 

ProjectName BoVO-M.lZ Q,'urr SruO; No. 112S:-0X- Well No. WII7II3-~ 
Location __________________ Drilled By Gras ~ \.. =r;,.r i '00 '~J y.. 

Logged By Zz w Method 'ViN C \ 'i2o.\.cry 
Bit Size and Type CO" Date Started to /1. I I Q 'I 

DriliingFluid I."'olpr ~ "(OVle!:: Crt \ I' Date Completed {ohl/o'? , I 
GL Elevation Stick-up TOC Elev. _________ _ 

Total Depth _-'"I ...... ~_I ____ Static Water Level _______ _ 

Depth (ft) 

Of "So i\ / S; \\, ~u k \(:,tcw", 3: ~~~\ .... "" ~Jrc...,'{' '.-1,\-'"" 
{'o-r , ; t ".1 So , 

M.c..< ,.."\ ~r(V'\" ok 

Description 



LYTLE WATER SOLUTIONS, LLC 
L.ITHOL.OGIC L.OG (ceNT.) 

Page-L-0f~ 

Project Name BOP\) ... AS,? PqO'T S'Cu01 No, "7£-05" Well No, Hlf2113-~ 
Location __________________ Drilled By Grose\.." --r-7c';jQ \J't,.." 

Logged By ----'2""-L.s:~vJ=__ ____________ Method Qil't.d.. fG~c..ry 

Bit Size and Type g I> Date Started ,ohz/G'i 
Drilling Fluid Wo.\Dr ~ /. COwcl.;- Gt..\ " Date Completed _"""(/+/-"z""''Z+l-'-O...l,] ____ _ 

GL Elevation Stick-up TOC Elev, __________ _ 

Total Depth 14f I Static Water Level _______ _ 

Depth (ft) Description 

TOf :So, \ - Sf It, Jc..r,k 'f-l row", 
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LYTLE WATER SOLUTIONS, LLC 
LITHOLOGIC LOG (ceNT.) 

PageLof-L-

Project Name Goeu -Asg Q){ ... OI stlOj No. 117 s: -0 % Well No. +lTQ {13 -~ 

~:~::~nB-y-4-v.l--------------- ~::I;:dBY t::: ~ ~:~~~y\ \.~ 
Bit Size and Type ~' Date Started 10/22/Q S 

• I 
Drilling Fluid I.VIl..\e [ ~" (]"i C \<, eN \ " Date Completed I Q J Z Z (rt) 
GL Elevation Stick-up TOC Elev. _________ _ 

Total Depth 14. S" . Static Water Level ______ _ 

Depth (ft) Description 



APPENDIX L

ELEVATION-AREA-CAPACITY DATA FOR 

HAPPY JACK WELL FIELD RIB



L:\Projects\Cheyenne BOPU ASR\Draft Final Report\Final Report Appendices\Appendix L - Elevation-Area0capacity Data for Happy Jack Well Field 
RIB\RIB_Elev_Capacity.xls Page 1

Elevation Surface Area Surface Area Average Surface Area Incremental Volume Basin Elevation Cumulative Volume Cumulative Volume
ft ft2 ac ft2 ft3 ft ft3 ac-ft

6478.75 11492.89 0.26 0.00 0.00 0.00 0.00
6479.00 12568.73 0.29 12030.81 3007.70 0.25 3,007.70 0.07
6479.25 13370.07 0.31 12969.40 3242.35 0.50 6,250.05 0.14
6479.50 14057.77 0.32 13713.92 3428.48 0.75 9,678.53 0.22
6479.75 14649.08 0.34 14353.43 3588.36 1.00 13,266.89 0.30
6480.00 15201.66 0.35 14925.37 3731.34 1.25 16,998.23 0.39
6480.25 15707.99 0.36 15454.83 3863.71 1.50 20,861.94 0.48
6480.50 16156.2 0.37 15932.10 3983.02 1.75 24,844.96 0.57
6480.75 16578.16 0.38 16367.18 4091.80 2.00 28,936.76 0.66
6481.00 17030.38 0.39 16804.27 4201.07 2.25 33,137.82 0.76
6481.25 17440.62 0.40 17235.50 4308.88 2.50 37,446.70 0.86
6481.50 17904.78 0.41 17672.70 4418.18 2.75 41,864.87 0.96
6481.75 18411.85 0.42 18158.32 4539.58 3.00 46,404.45 1.07
6482.00 18922.03 0.43 18666.94 4666.74 3.25 51,071.19 1.17
6482.25 19377.86 0.44 19149.95 4787.49 3.50 55,858.67 1.28
6482.50 19866.61 0.46 19622.24 4905.56 3.75 60,764.23 1.39
6482.75 19978.09 0.46 19922.35 4980.59 4.00 65,744.82 1.51

ELEVATION AREA CAPACITY CURVE, HAPPY JACK RAPID INFILTRATION BASIN
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APPENDIX M

RIB PHOTOGRAPHS



RIB suoolv line and trench 
Initial RIB excavation 



Monitoring well construction 



APPENDIX N

RIB WATER LEVEL DATA













APPENDIX O

DEQ RESPONSE TO ROCK CHIMNEY PROPOSAL



Dave Freudenthal, Governor 

May 27, 2010 

Zach Wengrovius 

Department of Environmental Quality 

To protect, conserve and enhance the quality of Wyoming's 
environment for the benefit of current and future generations. 

Lytle Water Solutions, LLC 
640 Plaza Drive, Suite 170 
Highlands Ranch, CO 80129 

RE: Happy Jack RIB Modification 

Dear Mr. Wengrovius: 

John Corra, Diredor 

The Wyoming Department of Environmental Quality (WDEQ) Water Quality Division (WQD) received 
the Happy Jack RIB Modification Memorandum on May 3, 2010 via email. The memorandum proposes 
to install "rock chimneys" into the bottom of the Rapid Infiltration Basin (RIB). The rock chimneys are 
designed to promote recharge to the High Plains Aquifer by creating a more transmissive path to the water 
table. . 

The Underground Injection Control (UIC) Program will not approve the proposed modification. There 
are several water quality and well constmction standards in Wyoming that could not be met with the 
proposal. According to Wyoming Water Quality Rules and Regulations (WQRR) Chapter 8, the 
groundwater within the area of interest is Class I by use. The City of Cheyenne uses the groundwater as a 
municipal water supply. Chapter 8, section 4 (d) (vi) states that any discharge to the aquifer will not 
degrade its quality. The construction of a rock chimney in a RIB will not allow for sufficient protection 
of groundwater: Cows have been able to get into the basin, which degrades the water quality. Also, the 
rock chimney greatly reduces the ability of the soil to treat the surface water before it reaches the 
groundwater. This may cause a mixture of incompatible waters that would degrade the groundw'ater 
quality. 

WQRR Chapter 11, PaJ.i G aJ.·e the constmction standards for a well. The proposed modification cannot 
meet several of the constmction standards. Section 64 is well location and siting. Wells are to be 
constructed to prevent surface nmoff from entering the well. This cannot be accomplished with the 
proposed rock chimney. According to Section 68, wells must be constructed to not allow mixing of 
aquifers or water bearing strata. The proposed construction would likely allow mixing of water between 
the White River and Ogallala Formations. Finally, the wells must be able to be plugged aJ.ld abaJ.ldoned 
according to Section 70. The proposed rock chimneys do not appear that they can be properly plugged 
and abandoned. 

ADMIN/OUTREACH 
(307) 777-7937 
FAX 777-3610 

Herschler Building • 122 West 25th Street· Cheyenne, WY 82002 • http://deq.state.wy.us 

ABANDONED MINES 
(307) 777·6145 
FAX 777-6462 

AIR QUALITY 
(307) 777-7391 
FAX 777-5616 

INDUSTRIAL SITING 
(307) 777-7369 
FAX 777-5973 

LAND QUALITY 
(307) 777-7756 
FAX 777·5864 

SOLID & HAZ. WASTE 
(307) 777·7752 
FAX 777-5973 

WATER QUALITY 
(307) 777-7781 
FAX 777-5973 



The mission of the UIC program is to protect grOlmdwater resources from direct injection of pollutants, 
for uses now and many years into the future. Your cooperation with our program is appreciated. 

Sincerely, 

c::::.::==-..... -..., 

Project Engineer 
Water Quality Division 

ADN/nn/lO-0444 

cc: Bud Spillman, Cheyenne Board of Public Utilities, 2100 Pioneer Ave, Cheyenne, WY 82001 
John Passehl, WDEQ 
Rich Cripe, WDEQ 



APPENDIX P

RIB WATER QUALITY ANALYSIS REPORTS



Date Collected: 1/11/2010
Well: ASR-1 Deep

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 46.30 20.04 2.31
Magnesium (Mg) 6.29 12.16 0.52
Sodium (Na) 5.35 22.99 0.23
Potassium (K) 2.26 39.10 0.06

TOTAL CATION:   3.12
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 164.00 61.02 2.69
Sulfate (SO4) 7.00 48.03 0.15
Chloride (Cl) 2.60 35.45 0.07
Nitrate (NO3N) 1.90 76.00 0.03
Fluoride (F) 0.54 18.90 0.03
TOTAL ION:   236.24 TOTAL ANION:   2.96

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 208 Ion Balance 1.05  .96 to 1.04
 TDS (calculated)1)2) 195 TDS Balance 1.07  .90 to 1.10

pH: 7.82
Specific Conductance (mS/cm): 0.216
Temperature (°C): 11.7

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration

Sample Concentration CONSTITUENT (mg/L) MCL (mg/L)
CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <.072 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) 0.0157 0.05 Total Coliforms (2) TNTC CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.

Lytle Water Solutions, LLC
Water Quality Analysis Report

-100.00 -80.00 -60.00 -40.00 -20.00 0.00 20.00 40.00 60.00 80.00 100.00

ASR-1 Deep Stiff Diagram

Na+K

Ca

Mg SO4

HCO3

Cl



Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 1/11/2010
Well: ASR-2 Deep

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 46.60 20.04 2.33
Magnesium (Mg) 6.37 12.16 0.52
Sodium (Na) 6.76 22.99 0.29
Potassium (K) 2.29 39.10 0.06

TOTAL CATION:   3.20
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 161.00 61.02 2.64
Sulfate (SO4) 7.40 48.03 0.15
Chloride (Cl) 2.50 35.45 0.07
Nitrate (NO3N) 2.10 76.00 0.03
Fluoride (F) 0.52 18.9 0.03
Silica (SiO2) TOTAL ANION:   2.92
TOTAL ION:   235.54

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 202 Ion Balance 1.10  .96 to 1.04
 TDS (calculated) 195 TDS Balance 1.03  .90 to 1.10

pH: 7.92
Specific Conductance (mS/cm): 0.214
Temperature (°C): 12.1

PRIMARY/SECONDARY CONSTITUENTS

Sample Concentration
Sample Concentration CONSTITUENT (mg/L) MCL (mg/L)

CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <.072 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) 0.0079 0.05 Total Coliforms (2) 138 CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 1/11/2010
Well: Koppes 2

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 44.10 20.04 2.20
Magnesium (Mg) 6.65 12.16 0.55
Sodium (Na) 5.66 22.99 0.25
Potassium (K) 2.43 39.10 0.06

TOTAL CATION:   3.06
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 159.00 61.02 2.61
Sulfate (SO4) 2.20 48.03 0.05
Chloride (Cl) 2.50 35.45 0.07
Nitrate (NO3N) 2.00 76.00 0.03
Fluoride (F) 0.56 18.90 0.03
Silica (SiO2) TOTAL ANION:   2.78
TOTAL ION:   225.10

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 198 Ion Balance 1.10  .96 to 1.04
 TDS (calculated) 185 TDS Balance 1.07  .90 to 1.10

pH: 8.00
Specific Conductance (mS/cm): 0.221
Temperature (°C): 10

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration

Sample Concentration CONSTITUENT (mg/L) MCL (mg/L)
CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) 0.3 Gross Alpha (1) 15
Lead (Pb) <.072 0.015 Gross Beta (1) 50
Manganese (Mn) 0.0052 0.05 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 1/11/2010
Well: ASR-1 Shallow

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 41.30 20.04 2.06
Magnesium (Mg) 9.52 12.16 0.78
Sodium (Na) 6.54 22.99 0.28
Potassium (K) 1.31 39.10 0.03

TOTAL CATION:   3.16
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 168.00 61.02 2.75
Sulfate (SO4) 7.80 48.03 0.16
Chloride (Cl) 2.60 35.45 0.07
Nitrate (NO3N) 2.00 62.00 0.03
Fluoride (F) 0.62 18.9 0.03
Silica (SiO2) TOTAL ANION:   3.05
TOTAL ION:   239.69

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 204 Ion Balance 1.04  .96 to 1.04

 TDS (calculated) 198 TDS Balance 1.03  .90 to 1.10

pH: 8.11
Specific Conductance (mS/cm): 0.212
Temperature (°C): 2.6

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <.072 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) 0.0052 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) <1 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.
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Date Collected: 2/9/2010
Well: ASR-1 Deep

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 46.50 20.04 2.32
Magnesium (Mg) 6.24 12.16 0.51
Sodium (Na) 6.52 22.99 0.28
Potassium (K) 2.11 39.10 0.05

TOTAL CATION:   3.17
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 162.00 61.02 2.65
Sulfate (SO4) 6.90 48.03 0.14
Chloride (Cl) 3.50 35.45 0.10
Nitrate (NO3N) 2.20 76.00 0.03
Fluoride (F) 0.52 18.90 0.03
TOTAL ION:   236.49 TOTAL ANION:   2.95

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 212 Ion Balance 1.07  .96 to 1.04
 TDS (calculated)1)2) 196 TDS Balance 1.08  .90 to 1.10

pH:
Specific Conductance (mS/cm):
Temperature (°C):

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration

Sample Concentration CONSTITUENT (mg/L) MCL (mg/L)
CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <.070 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) 0.0173 0.05 Total Coliforms (2) TNTC CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.

Lytle Water Solutions, LLC
Water Quality Analysis Report
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 2/9/2010
Well: ASR-2 Deep

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 44.30 20.04 2.21
Magnesium (Mg) 6.00 12.16 0.49
Sodium (Na) 5.75 22.99 0.25
Potassium (K) 2.02 39.10 0.05

TOTAL CATION:   3.01
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 158.00 61.02 2.59
Sulfate (SO4) 7.10 48.03 0.15
Chloride (Cl) 2.50 35.45 0.07
Nitrate (NO3N) 2.20 76.00 0.03
Fluoride (F) 0.54 18.9 0.03
Silica (SiO2) TOTAL ANION:   2.87
TOTAL ION:   228.41

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 198 Ion Balance 1.05  .96 to 1.04
 TDS (calculated) 189 TDS Balance 1.05  .90 to 1.10

pH:
Specific Conductance (mS/cm):
Temperature (°C):

PRIMARY/SECONDARY CONSTITUENTS

Sample Concentration
Sample Concentration CONSTITUENT (mg/L) MCL (mg/L)

CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <.070 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <.005 0.05 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 2/9/2010
Well: Koppes 2

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 44.00 20.04 2.20
Magnesium (Mg) 6.45 12.16 0.53
Sodium (Na) 5.82 22.99 0.25
Potassium (K) 2.23 39.10 0.06

TOTAL CATION:   3.04
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 156.00 61.02 2.56
Sulfate (SO4) 7.60 48.03 0.16
Chloride (Cl) 2.60 35.45 0.07
Nitrate (NO3N) 2.10 76.00 0.03
Fluoride (F) 0.51 18.90 0.03
Silica (SiO2) TOTAL ANION:   2.84
TOTAL ION:   227.31

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 208 Ion Balance 1.07  .96 to 1.04
 TDS (calculated) 188 TDS Balance 1.10  .90 to 1.10

pH: 8.00
Specific Conductance (mS/cm): 0.221
Temperature (°C): 10

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration

Sample Concentration CONSTITUENT (mg/L) MCL (mg/L)
CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <.070 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <.005 0.05 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 2/9/2010
Well: ASR-1 Shallow

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 40.80 20.04 2.04
Magnesium (Mg) 8.18 12.16 0.67
Sodium (Na) 5.91 22.99 0.26
Potassium (K) 2.32 39.10 0.06

TOTAL CATION:   3.03
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 157.00 61.02 2.57
Sulfate (SO4) 7.80 48.03 0.16
Chloride (Cl) 2.60 35.45 0.07
Nitrate (NO3N) 2.10 62.00 0.03
Fluoride (F) 0.66 18.9 0.03
Silica (SiO2) TOTAL ANION:   2.88
TOTAL ION:   227.37

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 224 Ion Balance 1.05  .96 to 1.04

 TDS (calculated) 188 TDS Balance 1.19  .90 to 1.10

pH:
Specific Conductance (mS/cm):
Temperature (°C):

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <.070 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) <1 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 2/9/2010
Well: ASR-1 MID

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 47.30 20.04 2.36
Magnesium (Mg) 5.07 12.16 0.42
Sodium (Na) 16.20 22.99 0.70
Potassium (K) 1.55 39.10 0.04

TOTAL CATION:   3.52
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 177.00 61.02 2.90
Sulfate (SO4) 21.20 48.03 0.44
Chloride (Cl) 3.60 35.45 0.10
Nitrate (NO3N) 2.80
Fluoride (F) 0.40
Silica (SiO2) TOTAL ANION:   3.44
TOTAL ION:   275.12

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 238 Ion Balance 1.02  .96 to 1.04

 TDS (calculated) 187 TDS Balance 1  .90 to 1.10

pH:
Specific Conductance (mS/cm):
Temperature (°C):

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

(mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
CONSTITUENT 0.05 Thallium (Th) 0.002
Arsenic (As) 2 Uranium (U)    0.03
Barium (Ba) 0.005 Zinc (Zn) 5
Cadmium (Cd) 0.1
Chromium (Cr) 1.3 Radium 226 (1) (3) 5
Copper (Cu) 0.3 Radium 228 (1) (Combined)
Iron (Fe) <0.70 0.015 Gross Alpha (1) 15
Lead (Pb) 0.05 Gross Beta (1) 50
Manganese (Mn) <0.005 0.002 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) --
Nickel (Ni) 0.05 (1)  pCi/L
Selenium (Se) 0.1 (2)  counts/100mL
Silver (Ag)       (3) Analysis not required.
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Date Collected: 3/17/2010
Well: ASR-1 Deep

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 46.10 20.04 2.30
Magnesium (Mg) 6.44 12.16 0.53
Sodium (Na) 5.25 22.99 0.23
Potassium (K) 2.24 39.10 0.06

TOTAL CATION:   3.12
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 162.00 61.02 2.65
Sulfate (SO4) 6.60 48.03 0.14
Chloride (Cl) 2.40 35.45 0.07
Nitrate (NO3N) 2.10 76.00 0.03
Fluoride (F) 0.58 18.90 0.03
TOTAL ION:   233.71 TOTAL ANION:   2.92

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 210 Ion Balance 1.07  .96 to 1.04
 TDS (calculated)1)2) 193 TDS Balance 1.09  .90 to 1.10

pH: 8.04
Specific Conductance (mS/cm): 0.405
Temperature (°C): 12.2

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration

Sample Concentration CONSTITUENT (mg/L) MCL (mg/L)
CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <.005 0.05 Total Coliforms (2) TNTC CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.

Lytle Water Solutions, LLC
Water Quality Analysis Report
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 3/17/2010
Well: ASR-2 Deep

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 44.70 20.04 2.23
Magnesium (Mg) 6.35 12.16 0.52
Sodium (Na) 5.59 22.99 0.24
Potassium (K) 2.18 39.10 0.06

TOTAL CATION:   3.05
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 160.00 61.02 2.62
Sulfate (SO4) 6.90 48.03 0.14
Chloride (Cl) 2.40 35.45 0.07
Nitrate (NO3N) 2.00 76.00 0.03
Fluoride (F) 0.51 18.9 0.03
Silica (SiO2) TOTAL ANION:   2.89
TOTAL ION:   230.63

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 212 Ion Balance 1.06  .96 to 1.04
 TDS (calculated) 191 TDS Balance 1.11  .90 to 1.10

pH: 8.4
Specific Conductance (mS/cm): 0.401
Temperature (°C): 12.3

PRIMARY/SECONDARY CONSTITUENTS

Sample Concentration
Sample Concentration CONSTITUENT (mg/L) MCL (mg/L

CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <0.005 0.05 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 3/17/2010
Well: Koppes 2

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 44.70 20.04 2.23
Magnesium (Mg) 6.67 12.16 0.55
Sodium (Na) 2.36 22.99 0.10
Potassium (K) 39.10 0.00

TOTAL CATION:   2.88
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 161.00 61.02 2.64
Sulfate (SO4) 7.30 48.03 0.15
Chloride (Cl) 2.60 35.45 0.07
Nitrate (NO3N) 2.10 76.00 0.03
Fluoride (F) 0.50 18.90 0.03
Silica (SiO2) TOTAL ANION:   2.92
TOTAL ION:   227.23

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 210 Ion Balance 0.99  .96 to 1.04
 TDS (calculated) 187 TDS Balance 1.12  .90 to 1.10

pH: 8.07
Specific Conductance (mS/cm): 0.452
Temperature (°C): 10.5

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration

Sample Concentration CONSTITUENT (mg/L) MCL (mg/L
CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <0.005 0.05 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 3/17/2010
Well: ASR-1 Shallow

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 42.40 20.04 2.12
Magnesium (Mg) 7.61 12.16 0.63
Sodium (Na) 5.74 22.99 0.25
Potassium (K) 2.46 39.10 0.06

TOTAL CATION:   3.05
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 157.00 61.02 2.57
Sulfate (SO4) 7.30 48.03 0.15
Chloride (Cl) 2.60 35.45 0.07
Nitrate (NO3N) 1.90 62.00 0.03
Fluoride (F) 0.61 18.9 0.03
Silica (SiO2) TOTAL ANION:   2.86
TOTAL ION:   227.62

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 210 Ion Balance 1.07  .96 to 1.04

 TDS (calculated) 188 TDS Balance 1.11  .90 to 1.10

pH: 8.6
Specific Conductance (mS/cm): 0.404
Temperature (°C): 9.8

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <0.07 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) 62 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 3/17/2010
Well: ASR-1 MID

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 43.50 20.04 2.17
Magnesium (Mg) 4.77 12.16 0.39
Sodium (Na) 15.20 22.99 0.66
Potassium (K) 1.87 39.10 0.05

TOTAL CATION:   3.27
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 163.00 61.02 2.67
Sulfate (SO4) 12.40 48.03 0.26
Chloride (Cl) 2.80 35.45 0.08
Nitrate (NO3N) 2.20
Fluoride (F) 0.42
Silica (SiO2) TOTAL ANION:   3.01
TOTAL ION:   246.16

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 218 Ion Balance 1.09  .96 to 1.04

 TDS (calculated) 165 TDS Balance 1  .90 to 1.10

pH: 8.4
Specific Conductance (mS/cm): 0.401
Temperature (°C): 12.3

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

(mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L
CONSTITUENT 0.05 Thallium (Th) 0.002
Arsenic (As) 2 Uranium (U)    0.03
Barium (Ba) 0.005 Zinc (Zn) 5
Cadmium (Cd) 0.1
Chromium (Cr) 1.3 Radium 226 (1) (3) 5
Copper (Cu) 0.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.015 Gross Alpha (1) 15
Lead (Pb) 0.05 Gross Beta (1) 50
Manganese (Mn) <0.005 0.002 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) --
Nickel (Ni) 0.05 (1)  pCi/L
Selenium (Se) 0.1 (2)  counts/100mL
Silver (Ag)       (3) Analysis not required.
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Date Collected: 4/21/2010
Well: ASR-1 Deep

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 43.50 20.04 2.17
Magnesium (Mg) 6.07 12.16 0.50
Sodium (Na) 5.68 22.99 0.25
Potassium (K) 1.91 39.10 0.05

TOTAL CATION:   2.97
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 158.00 61.02 2.59
Sulfate (SO4) 6.60 48.03 0.14
Chloride (Cl) 2.50 35.45 0.07
Nitrate (NO3N) 2.10 76.00 0.03
Fluoride (F) 0.51 18.90 0.03
TOTAL ION:   226.87 TOTAL ANION:   2.85

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 204 Ion Balance 1.04  .96 to 1.04
 TDS (calculated)1)2) 187 TDS Balance 1.09  .90 to 1.10

pH: 7.86
Specific Conductance (mS/cm): 0.221
Temperature (°C): 12.5

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration

Sample Concentration CONSTITUENT (mg/L) MCL (mg/L)
CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <.005 0.05 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.

Lytle Water Solutions, LLC
Water Quality Analysis Report
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 4/21/2010
Well: ASR-2 Deep

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 42.90 20.04 2.14
Magnesium (Mg) 6.00 12.16 0.49
Sodium (Na) 5.54 22.99 0.24
Potassium (K) 1.85 39.10 0.05

TOTAL CATION:   2.92
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 158.00 61.02 2.59
Sulfate (SO4) 6.90 48.03 0.14
Chloride (Cl) 2.60 35.45 0.07
Nitrate (NO3N) 2.00 76.00 0.03
Fluoride (F) 0.42 18.9 0.02
Silica (SiO2) TOTAL ANION:   2.85
TOTAL ION:   226.21

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 218 Ion Balance 1.02  .96 to 1.04
 TDS (calculated) 187 TDS Balance 1.17  .90 to 1.10

pH: 7.66
Specific Conductance (mS/cm): 0.22
Temperature (°C): 11.7

PRIMARY/SECONDARY CONSTITUENTS

Sample Concentration
Sample Concentration CONSTITUENT (mg/L) MCL (mg/L)

CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <0.005 0.05 Total Coliforms (2) TNTC CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 4/21/2010
Well: Koppes 2

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 42.00 20.04 2.10
Magnesium (Mg) 6.33 12.16 0.52
Sodium (Na) 5.65 22.99 0.25
Potassium (K) 2.05 39.10 0.05

TOTAL CATION:   2.91
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 156.00 61.02 2.56
Sulfate (SO4) 7.50 48.03 0.16
Chloride (Cl) 2.70 35.45 0.08
Nitrate (NO3N) 2.10 76.00 0.03
Fluoride (F) 0.43 18.90 0.02
Silica (SiO2) TOTAL ANION:   2.84
TOTAL ION:   224.76

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 204 Ion Balance 1.03  .96 to 1.04
 TDS (calculated) 186 TDS Balance 1.10  .90 to 1.10

pH: 8.07
Specific Conductance (mS/cm): 0.452
Temperature (°C): 10.5

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration

Sample Concentration CONSTITUENT (mg/L) MCL (mg/L)
CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <0.005 0.05 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 4/21/2010
Well: ASR-1 Shallow

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 41.30 20.04 2.06
Magnesium (Mg) 6.99 12.16 0.57
Sodium (Na) 5.65 22.99 0.25
Potassium (K) 2.34 39.10 0.06

TOTAL CATION:   2.94
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 164.00 61.02 2.69
Sulfate (SO4) 7.70 48.03 0.16
Chloride (Cl) 2.70 35.45 0.08
Nitrate (NO3N) 1.60 62.00 0.03
Fluoride (F) 0.45 18.9 0.02
Silica (SiO2) TOTAL ANION:   2.97
TOTAL ION:   232.73

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 218 Ion Balance 0.99  .96 to 1.04

 TDS (calculated) 192 TDS Balance 1.14  .90 to 1.10

pH: 8.11
Specific Conductance (mS/cm): 0.222
Temperature (°C): 11.4

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <0.07 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) <1 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 4/21/2010
Well: ASR-1 MID

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 39.90 20.04 1.99
Magnesium (Mg) 4.25 12.16 0.35
Sodium (Na) 15.10 22.99 0.66
Potassium (K) 1.65 39.10 0.04

TOTAL CATION:   3.04
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 154.00 61.02 2.52
Sulfate (SO4) 10.50 48.03 0.22
Chloride (Cl) 3.10 35.45 0.09
Nitrate (NO3N) 2.00
Fluoride (F) 0.36
Silica (SiO2) TOTAL ANION:   2.83
TOTAL ION:   230.86

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 212 Ion Balance 1.07  .96 to 1.04

 TDS (calculated) 154 TDS Balance 1  .90 to 1.10

pH: 7.96
Specific Conductance (mS/cm): 0.231
Temperature (°C): 8.2

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

(mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
CONSTITUENT 0.05 Thallium (Th) 0.002
Arsenic (As) 2 Uranium (U)    0.03
Barium (Ba) 0.005 Zinc (Zn) 5
Cadmium (Cd) 0.1
Chromium (Cr) 1.3 Radium 226 (1) (3) 5
Copper (Cu) 0.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.015 Gross Alpha (1) 15
Lead (Pb) 0.05 Gross Beta (1) 50
Manganese (Mn) <0.005 0.002 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) --
Nickel (Ni) 0.05 (1)  pCi/L
Selenium (Se) 0.1 (2)  counts/100mL
Silver (Ag)       (3) Analysis not required.
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Date Collected: 5/18/2010
Well: ASR-1 Deep

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 44.70 20.04 2.23
Magnesium (Mg) 6.10 12.16 0.50
Sodium (Na) 5.25 22.99 0.23
Potassium (K) 1.94 39.10 0.05

TOTAL CATION:   3.01
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 170.00 61.02 2.79
Sulfate (SO4) 6.70 48.03 0.14
Chloride (Cl) 2.40 35.45 0.07
Nitrate (NO3N) 2.10 76.00 0.03
Fluoride (F) 0.42 18.90 0.02
TOTAL ION:   239.61 TOTAL ANION:   3.04

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 166 Ion Balance 0.99  .96 to 1.04
 TDS (calculated)1)2) 197 TDS Balance 0.84  .90 to 1.10

pH: 7.38
Specific Conductance (mS/cm): 0.219
Temperature (°C): 11.5

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration

Sample Concentration CONSTITUENT (mg/L) MCL (mg/L)
CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <.005 0.05 Total Coliforms (2) TNTC CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.

Lytle Water Solutions, LLC
Water Quality Analysis Report
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 5/18/2010
Well: ASR-2 Deep

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 48.00 20.04 2.40
Magnesium (Mg) 6.20 12.16 0.51
Sodium (Na) 1.73 22.99 0.08
Potassium (K) 5.40 39.10 0.14

TOTAL CATION:   3.12
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 171.00 61.02 2.80
Sulfate (SO4) 9.60 48.03 0.20
Chloride (Cl) 4.00 35.45 0.11
Nitrate (NO3N) 3.30 76.00 0.04
Fluoride (F) 0.38 18.9 0.02
Silica (SiO2) TOTAL ANION:   3.18
TOTAL ION:   249.61

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 198 Ion Balance 0.98  .96 to 1.04
 TDS (calculated) 207 TDS Balance 0.96  .90 to 1.10

pH: 7.53
Specific Conductance (mS/cm): 0.235
Temperature (°C): 14.9

PRIMARY/SECONDARY CONSTITUENTS

Sample Concentration
Sample Concentration CONSTITUENT (mg/L) MCL (mg/L

CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <0.005 0.05 Total Coliforms (2) TNTC CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 5/18/2010
Well: Koppes 2

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 44.00 20.04 2.20
Magnesium (Mg) 6.32 12.16 0.52
Sodium (Na) 5.45 22.99 0.24
Potassium (K) 2.06 39.10 0.05

TOTAL CATION:   3.01
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 167.00 61.02 2.74
Sulfate (SO4) 7.40 48.03 0.15
Chloride (Cl) 2.60 35.45 0.07
Nitrate (NO3N) 2.20 76.00 0.03
Fluoride (F) 0.40 18.90 0.02
Silica (SiO2) TOTAL ANION:   3.01
TOTAL ION:   237.43

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 176 Ion Balance 1.00  .96 to 1.04
 TDS (calculated) 196 TDS Balance 0.90  .90 to 1.10

pH: 7.29
Specific Conductance (mS/cm): 0.219
Temperature (°C): 11.4

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration

Sample Concentration CONSTITUENT (mg/L) MCL (mg/L
CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <0.005 0.05 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 5/18/2010
Well: ASR-1 Shallow

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 43.10 20.04 2.15
Magnesium (Mg) 6.80 12.16 0.56
Sodium (Na) 6.21 22.99 0.27
Potassium (K) 2.15 39.10 0.05

TOTAL CATION:   3.04
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 174.00 61.02 2.85
Sulfate (SO4) 7.40 48.03 0.15
Chloride (Cl) 2.60 35.45 0.07
Nitrate (NO3N) 1.70 62.00 0.03
Fluoride (F) 0.51 18.9 0.03
Silica (SiO2) TOTAL ANION:   3.13
TOTAL ION:   244.47

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 178 Ion Balance 0.97  .96 to 1.04

 TDS (calculated) 201 TDS Balance 0.89  .90 to 1.10

pH: 7.41
Specific Conductance (mS/cm): 0.227
Temperature (°C): 11.8

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <0.07 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) <1 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 5/18/2010
Well: ASR-1 MID

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 39.40 20.04 1.97
Magnesium (Mg) 4.14 12.16 0.34
Sodium (Na) 14.40 22.99 0.63
Potassium (K) 1.61 39.10 0.04

TOTAL CATION:   2.97
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 164.00 61.02 2.69
Sulfate (SO4) 9.60 48.03 0.20
Chloride (Cl) 2.80 35.45 0.08
Nitrate (NO3N) 2.00
Fluoride (F) 0.37
Silica (SiO2) TOTAL ANION:   2.97
TOTAL ION:   238.32

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 168 Ion Balance 1.00  .96 to 1.04

 TDS (calculated) 156 TDS Balance 1  .90 to 1.10

pH: 7.05
Specific Conductance (mS/cm): 0.253
Temperature (°C): 10.3

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

(mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L
CONSTITUENT 0.05 Thallium (Th) 0.002
Arsenic (As) 2 Uranium (U)    0.03
Barium (Ba) 0.005 Zinc (Zn) 5
Cadmium (Cd) 0.1
Chromium (Cr) 1.3 Radium 226 (1) (3) 5
Copper (Cu) 0.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.015 Gross Alpha (1) 15
Lead (Pb) 0.05 Gross Beta (1) 50
Manganese (Mn) <0.005 0.002 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) --
Nickel (Ni) 0.05 (1)  pCi/L
Selenium (Se) 0.1 (2)  counts/100mL
Silver (Ag)       (3) Analysis not required.
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Date Collected: 6/15/2010
Well: ASR-1 Deep

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 45.20 20.04 2.26
Magnesium (Mg) 6.17 12.16 0.51
Sodium (Na) 2.11 22.99 0.09
Potassium (K) 5.04 39.10 0.13

TOTAL CATION:   2.98
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 164.00 61.02 2.69
Sulfate (SO4) 6.50 48.03 0.14
Chloride (Cl) 2.60 35.45 0.07
Nitrate (NO3N) 2.10 76.00 0.03
Fluoride (F) 0.31 18.90 0.02
TOTAL ION:   234.03 TOTAL ANION:   2.94

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 204 Ion Balance 1.01  .96 to 1.04
 TDS (calculated)1)2) 193 TDS Balance 1.06  .90 to 1.10

pH: 7.93
Specific Conductance (mS/cm): 0.220
Temperature (°C): 13.8

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration

Sample Concentration CONSTITUENT (mg/L) MCL (mg/L)
CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <.005 0.05 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.

Lytle Water Solutions, LLC
Water Quality Analysis Report
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 6/15/2010
Well: ASR-2 Deep

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 49.40 20.04 2.47
Magnesium (Mg) 6.20 12.16 0.51
Sodium (Na) 5.21 22.99 0.23
Potassium (K) 1.88 39.10 0.05

TOTAL CATION:   3.25
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 166.00 61.02 2.72
Sulfate (SO4) 8.60 48.03 0.18
Chloride (Cl) 3.80 35.45 0.11
Nitrate (NO3N) 3.10 76.00 0.04
Fluoride (F) 0.32 18.9 0.02
Silica (SiO2) TOTAL ANION:   3.06
TOTAL ION:   244.51

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 208 Ion Balance 1.06  .96 to 1.04
 TDS (calculated) 203 TDS Balance 1.02  .90 to 1.10

pH: 7.94
Specific Conductance (mS/cm): 0.237
Temperature (°C): 13.5

PRIMARY/SECONDARY CONSTITUENTS

Sample Concentration
Sample Concentration CONSTITUENT (mg/L) MCL (mg/L

CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <0.005 0.05 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.

-100.00 -80.00 -60.00 -40.00 -20.00 0.00 20.00 40.00 60.00 80.00 100.00

ASR-2 Deep Stiff Diagram
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 6/15/2010
Well: Koppes 2

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 45.10 20.04 2.25
Magnesium (Mg) 6.49 12.16 0.53
Sodium (Na) 5.55 22.99 0.24
Potassium (K) 2.28 39.10 0.06

TOTAL CATION:   3.08
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 163.00 61.02 2.67
Sulfate (SO4) 7.10 48.03 0.15
Chloride (Cl) 2.80 35.45 0.08
Nitrate (NO3N) 2.20 76.00 0.03
Fluoride (F) 0.31 18.90 0.02
Silica (SiO2) TOTAL ANION:   2.94
TOTAL ION:   234.83

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 198 Ion Balance 1.05  .96 to 1.04
 TDS (calculated) 194 TDS Balance 1.02  .90 to 1.10

pH: 8.02
Specific Conductance (mS/cm): 0.224
Temperature (°C): 12.4

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration

Sample Concentration CONSTITUENT (mg/L) MCL (mg/L
CONSTITUENT (mg/L) MCL (mg/L) Thallium (Th) 0.002
Arsenic (As) 0.05 Uranium (U)    0.03
Barium (Ba) 2 Zinc (Zn) 5
Cadmium (Cd) 0.005
Chromium (Cr) 0.1 Radium 226 (1) (3) 5
Copper (Cu) 1.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.3 Gross Alpha (1) 15
Lead (Pb) 0.015 Gross Beta (1) 50
Manganese (Mn) <0.005 0.05 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) 0.002
Nickel (Ni) -- (1)  pCi/L
Selenium (Se) 0.05 (2)  counts/100mL
Silver (Ag)       0.1 (3) Analysis not required.

-100.00 -80.00 -60.00 -40.00 -20.00 0.00 20.00 40.00 60.00 80.00 100.00

Koppes 2 Stiff Diagram
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 6/15/2010
Well: ASR-1 Shallow

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 42.20 20.04 2.11
Magnesium (Mg) 6.28 12.16 0.52
Sodium (Na) 6.14 22.99 0.27
Potassium (K) 2.50 39.10 0.06

TOTAL CATION:   2.95
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 159.00 61.02 2.61
Sulfate (SO4) 7.20 48.03 0.15
Chloride (Cl) 2.80 35.45 0.08
Nitrate (NO3N) 1.90 62.00 0.03
Fluoride (F) 0.61 18.9 0.03
Silica (SiO2) TOTAL ANION:   2.90
TOTAL ION:   228.63

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 224 Ion Balance 1.02  .96 to 1.04

 TDS (calculated) 189 TDS Balance 1.19  .90 to 1.10

pH: 8.08
Specific Conductance (mS/cm): 0.215
Temperature (°C): 17.1

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <0.07 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) <1 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.
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ASR-1 Shallow Stiff Diagram
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 6/15/2010
Well: ASR-1 MID

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 39.50 20.04 1.97
Magnesium (Mg) 4.15 12.16 0.34
Sodium (Na) 14.40 22.99 0.63
Potassium (K) 1.91 39.10 0.05

TOTAL CATION:   2.99
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 158.00 61.02 2.59
Sulfate (SO4) 8.80 48.03 0.18
Chloride (Cl) 2.80 35.45 0.08
Nitrate (NO3N) 1.90
Fluoride (F) 0.26
Silica (SiO2) TOTAL ANION:   2.85
TOTAL ION:   231.72

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 168 Ion Balance 1.05  .96 to 1.04

 TDS (calculated) 153 TDS Balance 1  .90 to 1.10

pH: 7.98
Specific Conductance (mS/cm): 0.219
Temperature (°C): 10..2

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

(mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L
CONSTITUENT 0.05 Thallium (Th) 0.002
Arsenic (As) 2 Uranium (U)    0.03
Barium (Ba) 0.005 Zinc (Zn) 5
Cadmium (Cd) 0.1
Chromium (Cr) 1.3 Radium 226 (1) (3) 5
Copper (Cu) 0.3 Radium 228 (1) (Combined)
Iron (Fe) <0.07 0.015 Gross Alpha (1) 15
Lead (Pb) 0.05 Gross Beta (1) 50
Manganese (Mn) <0.005 0.002 Total Coliforms (2) <1 CFU/100mL <1
Mercury (Hg) --
Nickel (Ni) 0.05 (1)  pCi/L
Selenium (Se) 0.1 (2)  counts/100mL
Silver (Ag)       (3) Analysis not required.

-100.00 -80.00 -60.00 -40.00 -20.00 0.00 20.00 40.00 60.00 80.00 100.00

ASR-1 MID Stiff Diagram
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APPENDIX Q

ASR MONITORING WELL LITHOLOGIC LOGS
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APPENDIX S

ASR WELL WATER QUALITY ANALYSIS REPORTS



Date Collected: 8/12/2010
Well: Koppes 3-Pumping

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 47.50 20.04 2.37
Magnesium (Mg) 6.75 12.16 0.56
Sodium (Na) 6.19 22.99 0.27
Potassium (K) 2.00 39.10 0.05

TOTAL CATION:   3.25
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 167.00 61.02 2.74
Sulfate (SO4) 6.70 48.03 0.14
Chloride (Cl) 2.60 35.45 0.07
Nitrate (NO3N) 1.90 76.00 0.03
Fluoride (F) 0.33 18.90 0.02
TOTAL ION:   240.97 TOTAL ANION:   2.99

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 208 Ion Balance 1.08  .96 to 1.04
 TDS (calculated)1)2) 199 TDS Balance 1.04  .90 to 1.10

pH: 7.79
Specific Conductance (mS/cm): 0.232
Temperature (°C): 13.78

PRIMARY/SECONDARY CONSTITUENTS

Sample Concentration
CONSTITUENT (mg/L) MCL (mg/L) Sample Concentration
Arsenic (As) 0.05 CONSTITUENT (mg/L) MCL (mg/L)
Barium (Ba) 2 Thallium (Th) 0.002
Cadmium (Cd) 0.005 Uranium (U)    0.03
Chromium (Cr) 0.1 Zinc (Zn) 5
Copper (Cu) 1.3
Iron (Fe) <.070 0.3 Radium 226 (1) (3) 5
Lead (Pb) 0.015 Radium 228 (1) (Combined)
Manganese (Mn) <0.005 0.05 Gross Alpha (1) 15
Mercury (Hg) 0.002 Gross Beta (1) 50
Nickel (Ni) -- Total Coliforms (2) <1 CFU/100mL <1
Selenium (Se) 0.05
Silver (Ag)       0.1 (1)  pCi/L

(2)  counts/100mL
(3) Analysis not required.

Lytle Water Solutions, LLC
Water Quality Analysis Report
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Koppes 3-Pumping Stiff Diagram
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 8/12/2010
Well: K3-MW1

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 48.10 20.04 2.40
Magnesium (Mg) 5.45 12.16 0.45
Sodium (Na) 5.70 22.99 0.25
Potassium (K) 1.53 39.10 0.04

TOTAL CATION:   3.14
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 166.00 61.02 2.72
Sulfate (SO4) 6.90 48.03 0.14
Chloride (Cl) 2.60 35.45 0.07
Nitrate (NO3N) 1.90 76.00 0.02
Fluoride (F) 0.42 18.9 0.02
Silica (SiO2) TOTAL ANION:   2.98
TOTAL ION:   238.60

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 195 Ion Balance 1.05  .96 to 1.04
 TDS (calculated) 197 TDS Balance 0.99  .90 to 1.10

pH: 7.85
Specific Conductance (mS/cm): 0.228
Temperature (°C): 13.9

PRIMARY/SECONDARY CONSTITUENTS

Sample Concentration Sample Concentration
CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <.070 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) 9 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.
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K3-MW1 Stiff Diagram
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 8/12/2010
Well: K3-MW2

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 48.20 20.04 2.41
Magnesium (Mg) 5.47 12.16 0.45
Sodium (Na) 5.79 22.99 0.25
Potassium (K) 1.52 39.10 0.04

TOTAL CATION:   3.15
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 163.00 61.02 2.67
Sulfate (SO4) 7.30 48.03 0.15
Chloride (Cl) 2.70 35.45 0.08
Nitrate (NO3N) 1.90 76.00 0.03
Fluoride (F) 0.45 18.90 0.02
Silica (SiO2) TOTAL ANION:   2.95
TOTAL ION:   236.33

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 236 Ion Balance 1.07  .96 to 1.04
 TDS (calculated) 196 TDS Balance 1.21  .90 to 1.10

pH: 7.78
Specific Conductance (mS/cm): 0.235
Temperature (°C): 13.5

PRIMARY/SECONDARY CONSTITUENTS

Sample Concentration Sample Concentration
CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <0.070 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) <1 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.

-100.00 -80.00 -60.00 -40.00 -20.00 0.00 20.00 40.00 60.00 80.00 100.00

K3-MW2 Stiff Diagram
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 8/12/2010
Well: K3-MW3

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 47.80 20.04 2.39
Magnesium (Mg) 5.59 12.16 0.46
Sodium (Na) 5.60 22.99 0.24
Potassium (K) 1.69 39.10 0.04

TOTAL CATION:   3.13
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 164.00 61.02 2.69
Sulfate (SO4) 7.70 48.03 0.16
Chloride (Cl) 2.90 35.45 0.08
Nitrate (NO3N) 2.00 62.00 0.03
Fluoride (F) 0.39 18.9 0.02
Silica (SiO2) TOTAL ANION:   2.98
TOTAL ION:   237.67

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 196 Ion Balance 1.05  .96 to 1.04

 TDS (calculated) 197 TDS Balance 1.00  .90 to 1.10

pH: 7.79
Specific Conductance (mS/cm): 0.227
Temperature (°C): 13.0

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <.070 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) <1 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.

-100.00 -80.00 -60.00 -40.00 -20.00 0.00 20.00 40.00 60.00 80.00 100.00

K3-MW3 Stiff Diagram
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 8/12/2010
Well: Koppes 4 

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 45.10 20.04 2.25
Magnesium (Mg) 6.03 12.16 0.50
Sodium (Na) 6.06 22.99 0.26
Potassium (K) 1.80 39.10 0.05

TOTAL CATION:   3.06
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 149.00 61.02 2.44
Sulfate (SO4) 10.30 48.03 0.21
Chloride (Cl) 3.70 35.45 0.10
Nitrate (NO3N) 2.00
Fluoride (F) 0.51
Silica (SiO2) TOTAL ANION:   2.76
TOTAL ION:   224.50

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 200 Ion Balance 1.11  .96 to 1.04

 TDS (calculated) 150 TDS Balance 1  .90 to 1.10

pH: 7.92
Specific Conductance (mS/cm): 0.226
Temperature (°C): 11.9

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

CONSTITUENT (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <0.070 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) <1 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.
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Koppes 4 Stiff Diagram
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Date Collected: 9/13/2010
Well: Koppes 3-Pumping

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 44.50 20.04 2.22
Magnesium (Mg) 6.85 12.16 0.56
Sodium (Na) 6.41 22.99 0.28
Potassium (K) 2.17 39.10 0.06

TOTAL CATION:   3.12
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 167.00 61.02 2.74
Sulfate (SO4) 6.90 48.03 0.14
Chloride (Cl) 2.70 35.45 0.08
Nitrate (NO3N) 2.00 76.00 0.03
Fluoride (F) 0.30 18.90 0.02
TOTAL ION:   238.83 TOTAL ANION:   3.00

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 186 Ion Balance 1.04  .96 to 1.04
 TDS (calculated)1)2) 197 TDS Balance 0.94  .90 to 1.10

pH: 7.72
Specific Conductance (mS/cm): 0.239
Temperature (°C): 13

PRIMARY/SECONDARY CONSTITUENTS

Sample Concentration Sample Concentration
CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <.070 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) <1 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.

Lytle Water Solutions, LLC
Water Quality Analysis Report
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 9/13/2010
Well: K3-MW1

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 46.70 20.04 2.33
Magnesium (Mg) 5.87 12.16 0.48
Sodium (Na) 6.40 22.99 0.28
Potassium (K) 1.86 39.10 0.05

TOTAL CATION:   3.14
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 166.00 61.02 2.72
Sulfate (SO4) 7.20 48.03 0.15
Chloride (Cl) 2.80 35.45 0.08
Nitrate (NO3N) 2.00 76.00 0.03
Fluoride (F) 0.39 18.9 0.02

TOTAL ANION:   3.00
TOTAL ION:   239.22

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 206 Ion Balance 1.05  .96 to 1.04
 TDS (calculated) 198 TDS Balance 1.04  .90 to 1.10

pH: 7.8
Specific Conductance (mS/cm): 0.233
Temperature (°C): 14.3

PRIMARY/SECONDARY CONSTITUENTS

Sample Concentration Sample Concentration
CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <.070 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) 9 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.
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K3-MW1 Stiff Diagram
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 9/13/2010
Well: K3-MW2

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 45.20 20.04 2.26
Magnesium (Mg) 5.55 12.16 0.46
Sodium (Na) 6.06 22.99 0.26
Potassium (K) 1.68 39.10 0.04

TOTAL CATION:   3.02
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 165.00 61.02 2.70
Sulfate (SO4) 7.40 48.03 0.15
Chloride (Cl) 2.80 35.45 0.08
Nitrate (NO3N) 1.90 76.00 0.03
Fluoride (F) 0.41 18.90 0.02
Silica (SiO2) TOTAL ANION:   2.98
TOTAL ION:   236.00

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 206 Ion Balance 1.01  .96 to 1.04
 TDS (calculated) 195 TDS Balance 1.06  .90 to 1.10

pH: 7.76
Specific Conductance (mS/cm): 0.232
Temperature (°C): 13.4

PRIMARY/SECONDARY CONSTITUENTS

Sample Concentration Sample Concentration
CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <0.070 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) <1 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 9/13/2010
Well: K3-MW3

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 45.70 20.04 2.28
Magnesium (Mg) 5.65 12.16 0.46
Sodium (Na) 5.71 22.99 0.25
Potassium (K) 1.64 39.10 0.04

TOTAL CATION:   3.04
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 164.00 61.02 2.69
Sulfate (SO4) 7.60 48.03 0.16
Chloride (Cl) 2.80 35.45 0.08
Nitrate (NO3N) 2.00 62.00 0.03
Fluoride (F) 0.37 18.9 0.02
Silica (SiO2) TOTAL ANION:   2.98
TOTAL ION:   235.47

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 224 Ion Balance 1.02  .96 to 1.04

 TDS (calculated) 194 TDS Balance 1.15  .90 to 1.10

pH: 7.74
Specific Conductance (mS/cm): 0.231
Temperature (°C): 13.4

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <.070 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) <1 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.
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Lytle Water Solutions, LLC
Water Quality Analysis Report

Date Collected: 9/13/2010
Well: Koppes 4 

MAJOR CATIONS AND ANIONS

Concentration Equivalent
CONSTITUENT (mg/l) Weight meq/L

Calcium (Ca) 42.30 20.04 2.11
Magnesium (Mg) 6.30 12.16 0.52
Sodium (Na) 6.36 22.99 0.28
Potassium (K) 2.00 39.10 0.05

TOTAL CATION:   2.96
Carbonate (CO3) 30.00 0.00
Bicarbonate (HCO3) 153.00 61.02 2.51
Sulfate (SO4) 9.50 48.03 0.20
Chloride (Cl) 3.50 35.45 0.10
Nitrate (NO3N) 2.20
Fluoride (F) 0.38
Silica (SiO2) TOTAL ANION:   2.80
TOTAL ION:   225.54

 TOTAL ION CHECK ACCURACY CHECK
    Range

 TDS (180°C) 116 Ion Balance 1.05  .96 to 1.04

 TDS (calculated) 149 TDS Balance 1  .90 to 1.10

pH: 7.8
Specific Conductance (mS/cm): 0.225
Temperature (°C): 12

PRIMARY/SECONDARY CONSTITUENTS
Sample Concentration Sample Concentration

CONSTITUENT (mg/L) MCL (mg/L) CONSTITUENT (mg/L) MCL (mg/L)
Arsenic (As) 0.05 Thallium (Th) 0.002
Barium (Ba) 2 Uranium (U)    0.03
Cadmium (Cd) 0.005 Zinc (Zn) 5
Chromium (Cr) 0.1
Copper (Cu) 1.3 Radium 226 (1) (3) 5
Iron (Fe) <0.070 0.3 Radium 228 (1) (Combined)
Lead (Pb) 0.015 Gross Alpha (1) 15
Manganese (Mn) <0.005 0.05 Gross Beta (1) 50
Mercury (Hg) 0.002 Total Coliforms (2) <1 CFU/100mL <1
Nickel (Ni) --
Selenium (Se) 0.05 (1)  pCi/L
Silver (Ag)       0.1 (2)  counts/100mL

(3) Analysis not required.
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Koppes 4 Stiff Diagram
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