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Crook County Rural Water Supply Plan
WWDC Level I Study Master Plan – Executive Summary

Background and Study Purpose
In 2015-2017, several wells in the area around the community of Carlile, Wyoming were observed
to go dry or produced low-pH water. This prompted an investigation by the Wyoming Department
of Environmental Quality-Water Quality Division (WDEQ-WQD) in 2018, with a report in 2019
titled “Low-pH Wells in the Vicinity of the City of Gillette Madison Wellfield”. These events also
prompted the Crook County Board of Commissioners to sponsor this Wyoming Water
Development Commission (WWDC) Level I study.
The primary purpose of this study is to detail the geology, hydrogeology and history of
groundwater development in the study area; sample and analyze the groundwater quality (in a
larger area than by WDEQ in 2018); and develop feasible alternatives to provide safe drinking
water to area residents, including a conceptual rural water system. To fulfill the purpose of this
study, the consultant (DOWL) performed the following key tasks:
 Compiled and reviewed existing information of value to the study.
 Sampled and analyzed the water quality in the study area.
 Conducted several public meetings to keep stakeholders appraised of the work being
done and sought their input at critical steps in the study. This input included assessing
their interest in a central rural water system for the area.
 Prepared a geographic information system (GIS) and a hydraulic model of the proposed
water system and used these work products as tools in the evaluation.
 Developed projected future water requirements (design criteria) for the study area.
 Identified, assessed and compared the feasibility of developing potential new groundwater
source to the feasibility of connecting to the Gillette Madison wellfield source.
 Prepared a concept level plan for the possible new water system, including facilities for
supplying the water and its transmission, pumping, storage and delivery.
 Evaluated a new entity and a management structure for owning and operating the rural
water system.
 Developed cost estimates for the proposed infrastructure improvements.
 Analyzed funding sources and provided recommendations, estimated future water rates,
budgets and other financial issues regarding the proposed system.
 Summarized the findings and recommendations completed under this study in a report.

Authorization and Contract
The work under this project was authorized by a contract between the WWDC and DOWL in a
contract dated May 24, 2019 (Contract 05SC0298015). The prime consultant for this project was
DOWL, while WESTON Engineering covered the groundwater assessment and development
aspects of this study, including sampling existing wells, considerations regarding potential well
sites and the water supply alternative based on construction of a new well.

Study Area
The study area is a 6 mile-mile radius area located in western Crook County, Wyoming centered
approximately 12 miles northeast of the Town of Moorcroft. The Study Area encompasses
approximately 113 square miles and is shown in Figure 1 at the end of this summary.
The Study was organized into the following three phases:
Phase I – Project Coordination, Water Development Chronical
1
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Phase II – Groundwater Occurrence and Characteristics
Phase III – Reconnaissance and Concepts for a Rural Public Water Supply System

Phase I - Project Coordination, Water Development Chronical, Scoping
and Project Meetings
This study spanned approximately 18 months, beginning in June of 2019 through December of
2020. An initial scoping meeting was held with WWDO staff and the project team as a kick-off
meeting to review the project scope and establish the project schedule. A project kickoff meeting
was also held with the Crook County Commissioners in August of 2019 to provide an overview of
the project and gather the sponsor’s input. We met with Crook County Natural Resource District
(CCNRD) because of their knowledge of the water issues and relationships with stakeholders.
An intensive public outreach campaign was launched in July of 2019 to engage and invite
stakeholders to participate in the project. Multiple communication platforms were used including
meetings, fliers, letters, emails, Facebook, and a Social Pinpoint project website.
At early project meetings, the property owners in the study area were surveyed to gather contact
and water supply and usage information. We obtained access consent forms from landowners if
they wanted to have their well tested. Landowners also signed consent forms to allow the NRCS
to share information on their stockwater systems.
Numerous other project meetings were held with the Crook County Commissioners, as well as a
public meeting to present the results of the draft report. In addition to many landowner contacts
made, the following agencies or municipalities were also contacted and made aware of the study
to identify other potential water sources or needs in or nearby the study area. These included:
 US Bureau of Reclamation (BOR) (regarding Keyhole Reservoir)
 US Forest Service
 US EPA (regarding possible smaller public water systems in the area)
 Devils Tower National Monument
 Wyoming State Parks – Keyhole State Park
 NRCS
 Towns of Hulett and Pine Haven

Historic Groundwater Development and Administration
Information was gathered on permitted water wells and springs within the six-mile radius study
area. There are a total of 195 permitted wells and springs (permitted groundwater sources) within
the 6-mile radius study area. In addition, information was gathered on the Gillette Madison wells.

Phase II - Groundwater Occurrence and Characteristics
This study reviewed and summarized the geology, hydrogeology and described the aquifers in
the study area. Possible production formations or aquifers included in the analysis: Mowry Shale,
Newcastle Sandstone, Skull Creek Shale, Fall River Aquifer, Lakota Aquifer, Morrison Formation,
Sundance Aquifer, Spearfish Formation, Minnekahta Limestone, Opeche Shale, Minnelusa
Aquifer, Madison Aquifer, the Englewood, Whitewood, Winnipeg and Deadwood Aquifer.
2
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Table 1. SEO Permitted Water Wells and Springs
Number of Sources and Reported Yields Summary in Six-Mile Study Area
PRODUCTION
NO. OF PERMITTED REPORTED RANGE AVERAGE REPORTED
FORMATION
WATER SOURCES
OF YIELDS (GPM)
YIELD (GPM)
Alluvium
2
25
25
Fall River
20
0.5 - 25
9
Fall River / Lakota
1
10
10
Lakota
26
1 - 25
9
Morrison
2
6 - 25
15
Lakota / Sundance
1
8
8
Sundance
24
0.42 - 25
8
Minnelusa
1
10
10
Madison
11
100 – 1,400
845
Unknown
13
2 - 25
14

Groundwater Quality
Following the discovery of low pH water in select wells in the Carlile area, the DEQ contacted
area landowners within a three-mile area to determine their willingness to allow sampling of their
wells. A total of 54 wells and one spring were sampled by DEQ in the fall of 2017. The water
quality parameters sampled were constituents selected from the DEQ-WQD Rules and
Regulations Chapter 8 Table 1. The rationale for the list of constituents sampled was to
determine whether low pH water might cause geologic materials to dissolve in concentrations that
are harmful to health. Follow up samples were collected by DEQ in July 2018 from 13 wells that
were sampled in 2017, four wells not sampled in 2017, two springs, and two surface water sites.
The Crook County Rural Water Supply Level I Study included collecting additional water quality
samples from wells, springs, and streams within the four-mile radius study area. The 2019 water
quality sampling program was performed between September 24 and November 20, 2019. Two
streams, six springs, and 83 water wells were sampled. The purpose of the 2019 program was to
collect additional data from wells and springs previously sampled, to collect sufficient water
quality data to characterize the aquifers within the study area, and to provide landowners within
the study area the information necessary for making future water supply source decisions.
The results of the 2017 and 2018 sampling events are presented and discussed in detail in the
Low pH Wells in the Vicinity of the City of Gillette’s Madison Wellfield Report of Investigation
(DEQ and Hinckley, 2019). Twelve wells and two springs were found to have a pH of less than
6.5. A summary of the results of the 2017 and 2018 sampling is as follows:
 Groundwater in the area is of the calcium-sulfate and sodium-sulfate types, based on
dominant dissolved constituents;
 Field pH measurements ranged from 3.54 to 9.69 for wells and 3.12 and 5.03 for springs;
 Field pH measurements along Spring Creek ranged from 6.91 to 7.47, with the pH
decreasing downstream;
 Eleven samples had a pH greater than 8.5 and 12 sources had a pH of less than 6.5;
 Chloride concentrations were less than 250 mg/l;
 Fluoride was below 4.0 mg/l in all but one sample;
 Sulfate was above 250 mg/l in all but two samples;
3
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Nitrate and nitrite were all below 10.0 mg/l;
TDS concentrations ranged from 428 to 6,600 mg/l; only one sample was below 500 mg/l;
Thirty-two total iron and 23 dissolved iron concentrations were greater than 0.3 mg/l;
33 total manganese and 31 dissolved manganese concentrations were >0.05 mg/l;
Two samples had a gross alpha plus radium 226 activity greater than 15.0 pCi/l;
Five samples had radium 226 plus radium 228 activities greater than 5.0 pCi/l;
Fifteen well samples and one spring sample had a positive total coliform detection, no
samples were positive for E. coli; and
43 wells, one spring, and two surface water sources had iron-related bacteria detections.

The report concluded that construction and testing of the Gillette Madison wells did not lower the
water level in area wells and that the acid enhancement of the Madison wells was not the cause
of low pH in area wells, springs, and streams. The report determined there were insufficient data
to determine whether discharges from the Gillette Madison wells contributed to some local pH
conditions but that the Gillette wells could not have caused low pH conditions measured at five
locations. Long-term monitoring of a local stock well was suggested, along with installation of
monitoring wells near existing low pH wells from which water quality samples could be collected.

Water Quality Trends
Tables in the Final report summarize the results of the wells and springs sampled in 2019 that
were also sampled in 2017 and 2018 and allows comparison of the results. Low pH was observed
in the following locations in 2019:
 A tributary to George Creek on the east flank of Pine Ridge below outcrops of the Skull
Creek Shale,
 A Skull Creek Shale spring on the north side of Green Hill;
 A Fall River Formation spring north of Green Hill that may receive some contribution from
the Skull Creek Shale;
 A Fall River Formation spring on the southeast side of Pine Ridge;
 A Fall River Formation well near the west fork of Spring Creek along US Highway 14;
 In 11 Lakota Formation wells along the west fork of Spring Creek and the main stem of
Spring Creek;
 One Lakota Formation well on Thorn Divide near the headwater of Thorn Creek; and
 A domestic well along Dry Cabin Creek with no completion records.
There have been relatively minor changes in the pH of water in wells sampled both in 2017/2018
and in the 2019 programs, but there does not appear to be an overall trend in the pH over time.
Additional sampling will be required to identify long-term pH trends.

Water Quality for Livestock Watering
The DEQ has set water quality standards for livestock water use, and the NRCS National Range
and Pasture Handbook provides guidance for water quality for livestock. The NRCS guidance is
based on limits for maintaining healthy, growing animals and an upper limit for livestock health.
The general trends in water quality indicate the following:
 Some surface waters close to outcrops of the Skull Creek Shale have poor water quality
that is not suitable for livestock watering (high TDS and sulfates and low pH):
 Shallow groundwater from the Newcastle Sandstone is acceptable for livestock watering;
4
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Wells and springs in the Fall River Formation have variable water quality depending upon
location, but several have elevated TDS, sulfate, and bicarbonate concentrations. Some
wells in the Fall River Formation produce oil in the western part of the study area;
Wells in the Lakota Formation have acceptable TDS concentrations, but several have low
pH and elevated sulfate and bicarbonate concentrations. Some wells in the Lakota
Formation also have elevated radionuclides, and some of the western wells produce oil;
Sundance Formation wells have acceptable TDS concentrations but some wells have
elevated sulfate concentrations. Several Sundance wells in the study area have
somewhat elevated pH but generally within the NRCS recommended maximum limit.

Water Quality for a Rural Water System
The water quality of the Gillette Madison wellfield was assessed, and the quality of a potentially
new Madison well considered. The water quality of the source wells should comply with all of the
water quality standards set by the Federal Safe Drinking Water Act (SDWA), and as presented
and discussed in the Final report, the water quality should remain in compliance with the SDWA
throughout the water system with proper operation and management.

Phase III - Reconnaissance/Concepts for a Rural Water System
Population and Water Demand Projections
The 2010 estimated population of the study area from the 2010 census is 278 people. The 2020
Study Area Population is estimated at 302 people and 138 Equivalent Dwelling Units (EDU).
With an accessible rural water system, the study area has potential to develop at a higher rate
than the overall county growth rate, and potentially at a growth rate similar to the Town of Pine
Haven or Conestoga subdivision. Table below shows various growth rate scenarios for the study
area. The growth rate used for population and demand projections is 4.4%. This growth rate
comes from the historic growth rate for Pine Haven from 1990-2020. This growth rate is a higher
rate and is conservative enough to account for additional growth.
Table 2. Study Area Population and EDU Projections
Growth Rate
Population
EDUs
Year → 2020
2050
2070 2020 2050 2070
0.67% Growth
369
422
169
193
1.0% Growth
408
498
138
186
228
302
2.0% Growth
550
821
251
375
4.4% Growth
1137
2753
520 1258

Water Usage
The projected domestic water use was developed based on water use in other similar Wyoming
rural water systems and WYDEQ Chapter 12 General Design Criteria. Stockwater demands were
also projected for the service area.
To assign future demand we used an average daily demand of 320 gallons per day per tap based
on similar rural water systems. Maximum day demand (MDD) is 850 gpd per tap or 0.59 gpm per
tap and the peak hour demand (PHD) is 1350 gpd per tap or 0.94 gpm per tap. This results in the
following demands for the 50 year or 2070 growth forecast:
 Average Day Demand: 280 gpm plus 35 gpm stockwater = 315 gpm
5

Crook County Rural Water Supply Plan
WWDC Level I Study Master Plan – Executive Summary




Max Day Demand: 741 gpm domestic plus 70 gpm stockwater = total 811 gpm
Peak Hour Demand: 1174 gpm plus 70 gpm stockwater = total 1244 gpm

Source Supply Alternatives
The purpose of this task was to identify a reliable source supply to meet the needs of a rural
water system in this area. This study evaluated three alternatives for source supply. They are:
1. The Gillette Madison Pipeline. The City of Gillette has agreed to provide a source supply to
this area from the City’s Madison Wellfield and Pipeline.
2. A dedicated source supply or new well. From a review of the existing wells and springs
documented in Section 0, there are no existing wells that could be used for this purpose.
3. Keyhole Reservoir. Given that the water held in Keyhole is reserved for downstream irrigation,
and, if available, would require expensive surface water treatment, this is not a potential nor
feasible source of water for a rural water system.

Well Siting
Three well sites are identified for this Level I Study. All three sites are located on anticlines to
maximize the potential for meeting the target production rate for the Crook County Rural water
system. These well sites are summarized in the following table. The Dakota Divide site is located
on the eastern side of the study area, while the Pine Ridge and Oil Butte sites are located on the
west side of the study area. These well sites are briefly summarized in the table below.
Table 3. Water Well Sites Summary
PRELIMINARY
WELL SITE
Location
Estimated Depth
Estimated Static Water
Level (BGS)
Pipeline Routing and
Approx. Cost
Distance to 3-Phase
Power and Cost
Anticipated Quality
Future Expansion of
Water System

DAKOTA DIVIDE
SITE
SW SE Section 33,
T52N, R66W
2,750 feet
500 feet

PINE RIDGE SITE

OIL BUTTE SITE

SE NE Section 12,
T51N, R67W
2,730 feet
700 feet

SE NW Section 1,
T51N, R67W
2,745 feet
650 feet

1.75 miles
$924,000
2.7 miles
$405,000
Good
Good

0.74 mile
$390,000
0.74 miles
$111,000
Good
Good

0.45 mile
$238,000
0.45 miles
$67,500
Good
Good

Inventory and Evaluate Existing System
The existing City of Gillette Madison line was reviewed and assessed under this task. A hydraulic
model was developed and used to evaluate the ability of the existing Gillette Madison system to
provide the current and future demands. The layout of the existing water line coming off the
Madison Pipeline, to which connections will potentially be made for the Crook County Rural Water
System is shown in Figure 2 at the end of this summary.
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Gillette Madison Water Supply and Agreement
In the design of the City of Gillette’s (COG) new Madison Water Supply System, no provisions
were made (or capacity allocated) to supply a rural water system in Crook County. Therefore, if
the City of Gillette experiences the growth they anticipate, and the Crook County Rural Water
System is supplied from the Gillette Madison System, additional supply capacity will need to be
developed at some point in the future. The cost for this capacity should be able to be paid for with
a system development charge (SDC). Since a portion of the Gillette Madison System was paid for
by a Campbell County capital facilities tax, it seems reasonable that COG/Campbell County
would be repaid for the portion of capacity used by the Crook County Rural Water System.
Through discussions with the COG staff, an SDC of about $2500 per 1-inch meter was discussed
based on a legally formed Crook County Water District (CCWD) covering the cost of capacity of
the Gillette Madison system used by CCWD. The COG could also base the SDC on the master
meter size needed to serve the entire CCWS, with this SDC increased if the population grows
and the meter size needs to be increased.
A Water Service Agreement (WSA) with the City of Gillette is needed to clarify the approach to
how the water supply capacity used by the CCWD will be compensated. Progress on this
agreement can be advanced by the CCWD (or a steering committee of the CCWD prior to district
formation) by making a formal request to the City of Gillette for water service.

New Water System Alternatives
The four simplified alternatives are as follows:
1. Do nothing – continue with existing individual groundwater wells. This does not meet the
purpose and need of this study. Most of the existing groundwater does not meet EPA
drinking water standards. Developing existing individual wells would require expensive
forms of treatment or drilling into the Madison aquifer which is very expensive.
2. Supply a new rural water system from the Gillette Madison Project. This appears to be
the most cost-effective option and is simpler from an O&M standpoint.
3. This would cost around $2.8M more than the option to connect to the Gillette Madison
Project.
4. Supply a new rural water system partly from the Gillette Madison Project and partly from
a new Madison well on Dakota Divide. This would cost around $2.5M more than the
option to connect to the Gillette Madison Project.

Service Area Transmission Mains
Most of the transmission main routes to get water to residents in the study area stayed the same
for each supply alternative, with some of the pipeline sizes and locations of tanks and pump
stations changed based on the water source location.
Pipelines to supply the study area were broken into 24 service areas or projects. Transmission
main routes throughout the service area were identified, typically following existing roads,
topography, and HGL of the pipeline. Due to the nature of the topography in the study area (much
topographic change), existing roads typically follow a route conducive to laying pipelines. Also,
7
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future growth will likely take place adjacent to existing roads and locating pipelines near roads
provides good access for O&M.

Recommendations and Cost Estimates
Cost Estimates
Preliminary cost estimates for each of the project service areas were developed and are
summarized in the following table. Projects are shown in Figure 2 at the end of this summary.
Table 4. Summary of Estimated Project Costs
Project Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Project Name
Altaffer
Conestoga
Cyclone Canyon
Dakota Divide
Dutch Creek
Edith Creek
Eggie Basin
George Creek
HWY 14 - Existing
HWY 14 - West
HWY 14 - Green Hill
HWY 14 - Carlile
HWY 14 - East
Kanode - North
Kanode - South
Lipe Canyon
McKean - North
McKean - South
Oil Butte
Pine Ridge
R Ranch
Sage Draw
Spring Creek
Thorn Divide

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Cost
2,400,000
1,900,000
1,200,000
4,700,000
2,200,000
1,100,000
2,400,000
2,100,000
400,000
3,000,000
2,100,000
1,900,000
2,600,000
500,000
700,000
1,400,000
2,300,000
1,900,000
1,500,000
5,800,000
400,000
1,000,000
1,600,000
2,900,000

Project costs are 2020 cost estimates. An inflationary factor was used to bring these costs to the
project year in the financial analysis portion of this report. It should be noted that many variables
exist in these preliminary designs and preliminary cost estimates, and they should be reevaluated
during the funding application process and final design.
Projects were prioritized and a recommended project phasing plan developed based on:
1. Number of existing EDUs served by the project.
2. Number of other projects dependent on the project.
8
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3. Number of future EDUs served by the project.
4. Potential limitations in funding. Current project phasing keeps most phases to <$10M.
Table 5 shows the recommended project phasing. The higher cost per EDU projects are phased
later and would likely be built once development starts taking place and the number of users on
the system grows. This is discussed in more detail under financing in the final report.
Table 5. Recommended Project Phasing
Recommended Project Phasing
Phase
Project Numbers
Cost
Existing EDUs
I
2,24,11,10,12
$ 11,800,000
45
II
20, 14, 15,21,9
$ 7,800,000
29
III
23,8,16, 19, 13
$ 9,200,000
33
IV
4,17,18
$ 8,900,000
19
V
7,1
$ 4,800,000
6
VI
5,6,22,3
$ 5,500,000
6

Future EDUs
360
133
316
193
97
160

Estimated Year
2023
2025
2026
2028

Summary of the Proposed Rural Water System
Water System Entity
Formation of a legal entity is necessary for a rural water system to receive public grant and loan
funding from the various state and federal programs, and to own and operate its system once it’s
constructed. The suitability of the following entities was considered and discussed in more detail
in the study: Joint Powers Board, Water District, Improvement and Service District (I&SD), and
Sanitary and Improvement District. It appears a Water District may be the most appropriate,
however additional research is needed by a local steering committee to be formed to move this
project forward into an entity that can then proceed into project funding. For the purposes of
referring to this entity in this report, the “Crook County Water District” (CCWD) was used.

Funding Opportunities
In Wyoming there are several funding programs to assist communities in making improvements to
public water systems. Without these programs, projects such as the improvements recommended
in this study would not be affordable. The following funding programs were identified and
described in this study:
 Wyoming Water Development Commission (WWDC)
 Rural Development/Rural Utility Services (RD/RUS)
 State Revolving Fund (SRF)
 Mineral Royalty Grant Program
 A Mil Levy
 Special Legislative Appropriation
Funding opportunities for stockwater systems were also identified, including:
 Wyoming Department of Agriculture (WDA)
 Wyoming Natural Resource Trust (WWNRT)
 Wyoming Water Development Commission, Small Water Program (WWDC)
 Non-point Source Pollution Program, DEQ 319 Program
9
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Natural Resource Conservation Service (NRCS)

Operation and Management
As the entity is established, the plan for the operation and management of this new public water
system must be finalized. The requirements of the proper operation and management of this
system are summarized in the final report, including the duties of the system’s operator. It is
recommended that a certified contract operator be retained initially to help assure the system is
correctly operated and that initially management be handled by the District Board to control costs.
Possible Funding Scenario, Budgets and Water Rates
The ultimate water rates are key as to whether this project will move forward and if it will be
affordable to the local residents and therefore successful. A primary component of water rates is
the amount of debt taken on and the terms of that debt. It appears the likely funding scenario at
this time will be a combination of WWDC grant and RD/RUS grants and loans to keep the rates
affordable. The water rates for a rural system such as this will be higher than a nearby municipal
system due to the size of the system for the number of users, and not being able to take
advantage of economies-of-scale that a more compact system can. However, compared to the
costs of hauling water or drilling and maintaining private wells, the cost could very likely be less.
There is also the advantage of much-improved water quality and the dependability of the supply.
A tentative preliminary budget for this water system is presented in the final report, as is the
estimated water rate based on average consumption. This rate is estimated to be about
$100/month or slightly more. There are many factors associated with the water rates that must be
considered. These include the final funding package (primarily the amount of debt taken on and
the repayment of this debt), the number of users on the system initially (the more users typically
the lower the cost per user), the water source (Gillette Madison being less costly than a new
Madison well), and the amount of water used each month.

Summary of Recommendations and Findings
The recommendations and findings of this study are summarized as follows:
1. The water quality in this area is poor. Very few of the wells have water quality that meets
the Safe Drinking Water Act or generally accepted drinking water quality.
2. In the study area, the Madison aquifer has acceptable quality water.
3. Although potential new well sites were identified, the best alternative appears to be the
rural water system concept using the Gillette Madison system as the supply.
4. This extensive rural water system with a relatively low number of users will require a high
level of grant funding to achieve user monthly rates that are acceptable.
5. It is recommended that the area residents select a steering committee to lead the effort to
organize into a Water District so funding applications can be submitted, and the process
started to secure grant funding. This steering committee of interested local residents is
needed to lead the effort to organize the district and get the project underway, as well as
work with the County Commissioners and an attorney to accomplish the required tasks.
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