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EEEXECUTIVE SUMMARY 
1.01111 
INTRODUCTION 
  
Powder River, Wyoming is located in Natrona County approximately 35 miles west of Casper.  It 
lies on the Casper Arch which is a broad uplift separating the Wind River Basin from the Powder 
River Basin.  The area was platted as a town-site in 1920, but is presently unincorporated with a 
present population of 46 residents. 
 
Several private domestic wells service area residences, a post office, a church, and an elementary 
school.  A shared well, i.e. the Powder River No.1 well (SEO Permit No. U.W.107884), services a 
motel, convenience store, restaurant, and three private residences.  Since the well supplies water to 
an average of at least 25 individuals daily for at least 60 days of the year, it qualifies as a “public 
water system” and is subject to EPA regulation, unlike the private wells in the area.   Water from 
wells identified as a “public water system” must not exceed the maximum contaminant level for any 
constituent classified as a Primary Drinking Water contaminant. The Powder River No. 1 well, like 
the majority of wells within the Powder River town-site, has problems meeting the EPA’s Primary 
Drinking Water Standards for nitrate.  The EPA’s maximum contaminant level for nitrate is 10 
mg/L while nitrate levels in area wells range from 8 to >20 mg/L.  
 
Because of the high nitrate levels and its status as a public water supply, the Powder River No. 1 
well is in violation of the Safe Drinking Water Act and the National Primary Drinking Water 
Regulations.  In September 2001, the EPA issued an Administrative Order On Consent (AOC), 
Docket No. SDWA-08-2001-39, requiring interim corrective measures such as importing drinking 
water and posting public notices as well as long-term corrective measures to solve the present water 
quality problems. 
 
Following the receipt of the AOC by the Respondents, an application was made to the WWDC for a 
Powder River Water Supply Level I study.  Banner Associates, Inc. of Laramie, WY was selected 
as the engineering firm to conduct the study, with a completion date of November 2002. 
 
Scope of Level I Study 
 
The scope of work completed for the Powder River Water Supply Level I study involves the 
following: 
 

 Identify economically feasible water treatment options available to all residents of Powder 
River.  Although the Powder River No. 1 well is the only well regulated by the EPA, the 
purpose of this study is to identify alternatives applicable to all wells in the area. 

 
 Explore the possibility developing an alternate water source for the residents of Powder 

River.  A groundwater exploration study will be conducted to assess potential aquifers in the 
area, especially around the Pine Mountain structure. 

 
At the conclusion of the Level I study, the alternatives identified as feasible solutions to Powder 
River’s water supply problem will be presented to the project sponsor, area residents, and WWDC 
staff for review. 
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SERVICE AREA, DEMANDS AND PROJECTIONS 
 
The existing service area includes the unincorporated Town of Powder River and any users in the 
near vicinity of the Town itself.  Since Powder River is not an incorporated town, there are no 
formal population or water use records.  Much of the data used to generate demand projections was 
gathered from interviews with current residents.  According to unofficial records, there are currently 
46 full-time residents in Powder River. The estimated and predicted growth rates for unincorporated 
Natrona County during the years 1991 to 2001 averaged 0.496%.  In discussions with Powder River 
residents, no development in excess of the historical average is predicted in the near future.  For the 
purposes of this study, a growth rate of 0.5% per year over the next thirty years will be used to 
generate demand projections.  The projected population in the design year is estimated at 52 
residents. 
 
Existing and Projected Water Connections and Demands 
 
According to interviews with area residents, there are 28 total existing water connections.  Using the 
current population figure, there are approximately 2.1 people per residential connection.  The 
projected population in 2032 is 52, so by using the figure of 2.1 people per residential connection, 
an equivalent of approximately three new connections will be required. There are also three possible 
additional connections in the area, for a total of six new connections, bringing the total number of 
connections to 34. 
 
Since Powder River is an unincorporated town, there are no water use records available.  For the 
purposes of this study, future water demands were calculated following criteria defined by the 
Wyoming Department of Environmental Quality (WDEQ).  The projected average daily demand for 
residential use at the design year is estimated at 6500 gpd (125 gpcd * 52 capita).  The projected 
maximum daily demand for residential use is 17,680 gpd (340 gpcd * 52 capita).  The maximum 
daily demand for existing commercial water use is estimated at 1630 gpd.  The future commercial 
water demands from a possible café site, cabin connection, and mancamp connection were 
estimated at 1324 gpd.   The total maximum daily demand at the design year was estimated by 
combining the projected peak residential use (17,680 gpd), the existing commercial demand (1630 
gpd), and the projected future commercial use (1324 gpd) for a total projected demand of 20, 634 
gpd or 14 gallons per minute. 
 
 
EXISTING WATER SUPPLY SOURCES AND WATER QUALITY 
 
The Powder River No. 1 well, like most area wells, is completed in Quaternary age alluvial sand 
deposits.  Water from the well has been tested quarterly for both nitrate and total coliform bacteria 
concentrations.   The nitrate levels in the well typically range from 19-23 mg/L, well above the 
maximum contaminant level of 10 mg/L specified in the SDWA. The nitrate levels found in the 
Powder River No. 1 well are typical of most private wells within the town-site. Recent tests of the 
Powder River No. 1 well have also yielded positive results for total coliform bacteria. Since that 
time the well and distribution lines have been disinfected with bleach and the water has been tested 
repeatedly for coliform bacteria.  An analysis completed on 3/18/02 did not detect the presence of 
any organisms, but the age and condition of the well casing and distribution lines may lead to future 
problems. 
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During the course of this study, water samples were collected from seven wells in the immediate 
vicinity of the town-site and analyzed for nitrate and other domestic water parameters to 
characterize the overall water quality.  The nitrate levels in the wells ranged from 1.0 mg/L to 21.6 
mg/L.  Total dissolved solids concentrations ranged from 466 mg/L to 3260 mg/L.  
   
 
WATER TREATMENT ALTERNATIVES 
 
Three alternatives were examined during the course of this study to mitigate the elevated nitrate 
levels in the water supply for the residents of Powder River: 
 

 Install a centralized reverse osmosis (RO) system on an existing single well and then 
transmit the treated water to residents through a distribution system. 

 
 Install residential “point-of-use” (POU) or “point-of-entry” (POE) RO systems on individual 

water supplies. 
 

 Locate a new source of supply for the residents with lower nitrate levels and improved 
overall water quality. 

 
Centralized RO System 
 
Reverse osmosis is a very effective removal process for many inorganic contaminants. 
Contaminated water is pressurized and forced through a nonporous membrane.  The water diffuses 
through the membrane while unwanted contaminants are rejected.  The process is very efficient at 
purifying water but a large amount of water is wasted in the process and must be disposed of 
eventually.  Additionally, due to the high concentrations of nitrate in the water at Powder River, 
blending treated water with untreated water to lower the nitrate concentration is not a feasible 
option. 
 
 A system capable of providing enough treated water for the maximum daily demand of Powder 
River in the design year must have a production rate of approximately 15 gallons per minute.  Two 
distinct problems arise when treating a large volume of water with a centralized RO system: 
 
Generation of Backwash Water:  An RO system producing 15 gpm of treated water will also 
produce about 4 gpm of wastewater that contains the contaminants removed from the raw water.  
Since the residents of Powder River do not have a centralized wastewater treatment system, a lined, 
evaporative pond would have to be constructed to dispose of the backwash water, adding to the 
overall cost of the system. 
 
Pretreatment of Raw Water:  Due to the large volume of water being treated, the RO membranes 
are more susceptible to clogging from raw water with high total dissolved solids concentrations.  
Discussions with manufacturers of commercial RO systems indicate that a multimedia filter system 
is necessary before treatment with reverse osmosis, based on the water quality in the Powder River 
wells.   
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“Point-of-Use” or “Point-of-Entry” RO Systems 
 
The high capital cost of a centralized RO system makes it an unattractive option for the residents of 
Powder River in that it is not economically feasible.  Another alternative is to install “point-of-use” 
RO units in each residence.  The units are installed under a sink to treat water from a faucet 
designated for drinking water consumption.  Point-of-use systems also generate backwash water 
like their commercial counterparts, but on a much smaller scale.  In discussions with manufacturers 
of residential units, the volume of wastewater generated, when mixed with untreated water from 
other household uses has no adverse affects on most septic systems.  An ultraviolet disinfection 
system can also be added to most POU systems.  UV disinfection systems do not reduce nitrate 
levels, but do treat water for possible bacteriological contamination. 
 
Point-of-entry RO systems operate much like point-of-use systems except that the unit is installed at 
the point where the water line enters a residence so that all water in the house is treated.  This is a 
distinct advantage over POU systems because water from all faucets used for bathing or other 
purposes is also treated.   Ultraviolet disinfection systems can be added to POE systems as was 
discussed for POU systems.  There are however, several disadvantages to POE systems for the 
majority of residents in Powder River.  Since POE systems must necessarily treat a much larger 
volume of water than POU systems, the capital cost of the system is much higher as are pre-
treatment and maintenance costs.  Most POE RO systems must be equipped with a pre-filter since 
the large volumes of water being forced through the membranes make them more susceptible to 
clogging.  The POE systems will also generate more nitrate-enriched backwash water that must be 
discharged to septic systems, possibly adding to present contamination problems.  Since elevated 
nitrate levels primarily pose problems for drinking and cooking and not bathing, the higher capital 
and maintenance costs of POE systems make it a somewhat unattractive option for private well 
owners. The POE system may be a viable solution for the Powder River No. 1 well users regulated 
by the EPA if the residents of Powder River do not choose to form a water district and move 
forward with a solution for the entire community.   
 
 
ALTERNATE WATER SUPPLY 
 
The third alternative available is to investigate the possibility of a new source of water for the 
residents of Powder River.  The wells within the existing town-site are all relatively shallow and 
completed in Quaternary sand deposits.  Elevated levels of nitrate were present in most of the wells 
tested and the general water quality is poor, so drilling a new well in the immediate vicinity of 
existing town wells is not a preferred alternative. 
 
A groundwater exploration study was conducted to investigate the possibility of locating a new 
source of supply within a distance to town that is both economically feasible to develop and of 
better water quality than the present sources. 
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GROUNDWATER EXPLORATION STUDY 
 
A preliminary groundwater study was conducted to review the available geologic literature of the 
area, existing well data available, and predicted characteristics of potential aquifers in the area.  A 
more extensive well siting study was then conducted to evaluate both the water quality available 
from identified aquifers and the economic feasibility of development in order to identify potential 
drilling sites.   
 
A survey of all available well data in the general vicinity of Powder River was completed to locate 
any wells of interest.  Existing data from the Wyoming State Engineer’s Office and the Water 
Resources Data System at the University of Wyoming were collected on all wells in an area ranging 
from Section 1, T34N, R83W, to Section 36, T36N, R86W. This area forms roughly a ten-mile 
radius around Powder River, including the Pine Mountain structure to the southeast.  The area of 
interest was then narrowed to any wells located within a five-mile radius of Powder River.  In 
discussions with the WWDC and the town, the five-mile radius was established as the limit of 
economic feasibility in transmitting water from a new source to the town.  One exception to this 
constraint was that wells completed on the east flank of Pine Mountain were investigated with the 
intent of correlating geology on the northwest flank of the structure that is within the five-mile 
radius. 
 
The Wyoming Ground Water Rights database from the Wyoming State Engineer’s Office was used 
to gather more specific information on the wells within the five-mile radius, including permit 
numbers, well owners, well location, total well depths, static water levels, screened interval, actual 
yield (gpm), well log availability, chemical analysis availability, and current well status 
 
In order to correlate water quality with the geology, 17 wells within the five-mile radius were 
sampled and analyzed for domestic water parameters.  The results of the water analyses were used 
both to correlate groundwater quality with geologic formations present in the Powder River area 
and to help identify potential aquifers with adequate water quality and quantity as a new source of 
supply.  
 
Well Siting Study 
 
Following evaluation of the well data gathered, a well siting study was conducted to identify 
potential drilling sites and rank their feasibility.  Three potential drilling sites were identified and 
ranked according to location, estimated drilling depth, expected aquifer conditions, surface 
ownership, distance from Powder River, and economic feasibility.  
 
Site 1: 
NW ¼, Sec. 1, T35N, R85W 
 
This site was selected as the most favorable area for development of either a shallow well in 
Quaternary sand deposits or a deeper well in the Frontier or Cloverly Formation in an area within 
one half mile north of Powder River.  The analytical results for the Miller #7 well indicate that the 
water quality in Quaternary sands is much better at this location than in shallow wells located to the 
south in Powder River. This area may also be a favorable site for development of a deeper test well 
based on analytical results from the IBF #2 and IBF#3 wells north of Powder River.  Nitrate was not 
detected in either of these wells, although the total dissolved solids content in both wells was 
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significantly higher than the Miller #7 well, making a deep test less attractive than development of a 
shallow well. This test site was ranked first overall based on its proximity to Powder River and 
associated economic feasibility, expected water quality, and expected aquifer conditions.   If a 
favorable test well was completed in this area, there would be some extra construction costs for 
routing a pipeline under the railroad grade, but overall transmission costs would be less than a site 
located to the southeast near Pine Mountain or to the east of town.  
 
Site 2: 
NE ¼, Sec. 1, T35N, R85W 
 
This site was selected for development of a shallow well in Quaternary windblown deposits to the 
east of Powder River.  A potentiometric water surface study was conducted on the Quaternary wells 
within Powder River and to the east of town to determine the direction of the hydraulic gradient in 
the shallow aquifer and identify any pattern of nitrate contamination present in the wells.  The site 
was one of two areas identified as possibly being hydraulically upgradient of nitrate contamination 
in the Quaternary sands.  The well sampled to the north of an old railroad station contained nitrate at 
a concentration of 3.7 mg/L, within the MCL required by the EPA.  The area to the northwest of 
this well was identified as the optimum site for well development based on the interpreted hydraulic 
gradient.  
 
The site is located approximately one-half mile east of Powder River, reducing the costs of 
installing a transmission line significantly over a site near Pine Mountain.  In terms of overall 
ranking, the development of a Quaternary well east of Powder River is ranked second based on 
economic considerations and location relative to Powder River versus water quality. 
 
Site 3: 
SE ¼, Sec. 16, T35N, R35W 
  
This site on the northwest flank of the Pine Mountain structure was selected for development of a  
deep test well in either the Frontier or Cloverly Formations.  There is significant faulting present in 
the area, and this site was chosen as an area where the Frontier and Cloverly Formations are likely 
to be encountered at depths less than 2500 feet below ground surface.  The site is located 
approximately four miles southeast of Powder River, significantly raising the costs of transmission 
line construction over the first site.  The site is located close to the recharge and outcrop areas for 
both aquifers, so the potential for developing a new source of supply with good water quality is 
much higher than in a shallow aquifer.  The increased costs of drilling a deep well combined with 
the high costs of constructing a transmission line make this a less desirable option than the either the 
first or second sites.   
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ESTIMATED COSTS AND FUNDING SOURCES 
 
The funding sources used to develop financial scenarios for the selected alternatives include the 
following agencies: 
 

 Wyoming Water Development Commission (WWDC) 
 Office of State Loans and Investment Board (OSLIB) 
 Wyoming Drinking Water State Revolving Fund (DWSRF) 
 Rural Development/Rural Utility Services (RUS) 

 
Concept Level Cost Estimates 
 
Four alternatives were selected based on economic feasibility for the residents of Powder River, 
anticipated overhead and maintenance costs, and treatment effectiveness.  Concept level cost 
estimates were developed for each alternative.   
 
Alternative One:  The first alternative involves the installation of a centralized RO treatment system 
with a total estimated project cost of $557,430.  The RO system would be installed on an existing 
well within the Town of Powder River and an evaporation basin would be constructed to dispose of 
backwash water. This is not an economically feasible alternative for the residents of Powder River 
because the capital construction costs are very expensive, and the ongoing maintenance costs for a 
centralized system will add significantly to monthly user fees.  
 
Alternative Two:  The second alternative involves the installation of “point-of-use”  RO units on 
one tap per residence and each public restroom in commercial facilities.  The systems would only 
provide treated water to the faucet where they are connected and water from other faucets should 
not be consumed.  This alternative is the most economically feasible solution to Powder River’s 
water quality problems.  The total estimated capital cost of the system is estimated at $64,328.  The 
residents served by the Powder River No. 1 well that is regulated by the EPA would have to obtain 
a variance and approval from the EPA to pursue this option.   
 
Alternative Three:  The third alternative involves drilling a shallow well in Quaternary age 
windblown deposits approximately one-half mile north or east of Powder River.  The site north of 
town was selected as the most probable site to encounter good water quality based on preliminary 
analytical results from the Miller #7 well.  Alternatively, a site selected east of town is considered 
hydraulically upgradient of elevated nitrate levels based on a potentiometric water surface study and 
water quality analysis results on a well to the south.  The total estimated project cost for this option 
at either site is $611,952.  If a well is drilled north of town, water will have to be piped under the 
railroad grade, but will likely be closer to town than the site to the east so the cost difference is 
negligible.   
 
Alternative Four: The last alternative involves drilling a deep well to either the Frontier or Cloverly 
Formations on the northwest flank of the Pine Mountain structure.  Water quality is generally the 
best close to the outcrop and recharge area, so this alternative provides the best opportunity to 
obtain a new source of supply that meets both Primary and Secondary Drinking Water Standards 
and is not subject to contamination from surface infiltration.  The site chosen would involve the 
installation of approximately four miles of transmission pipeline to town, making this option very 
expensive for the area residents.  The total estimated project cost is $1,348,625.   
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Annual Costs 
 
Annual costs for the four alternatives are comprised of the following individual costs: 
 

 Debt Repayment 
 Labor 
 Maintenance Costs 
 Chemicals and Supplies 

 
End User Fees in Monthly Rates 
 
The monthly user fees for each alternative were calculated from the total annual costs listed above.  
Monthly debt repayment obligations were calculated using the highest annual loan payment to 
provide a “worst-case” scenario.  Total monthly fees were divided by the existing maximum 
number of taps (28) to provide a monthly cost per tap.  In addition, monthly costs per tap were 
divided into debt repayment costs and annual overhead and maintenance costs.  In the case of point-
of-use RO units, the monthly cost was divided by the estimated number of units for both residential 
and commercial needs.  The monthly debt repayment obligations were also calculated using the 
lowest annual loan payment and reduced operator costs through certification of a local resident to 
provide a “best-case” scenario. 
 
Alternative One – Centralized RO Treatment System 
 
Worst-Case Scenario:    Best-Case Scenario: 
 
Annual debt repayment: $35,446   $34,894 
Part-time operator: $20,000   $10,000 
Filter replacement: $500    $500 
Chemicals: $1000   $1000 
Power Costs: $2500   $2500 
Total Annual Cost: $59,446   $48,894 
Total Monthly Cost: $4954   $4074 
Total Monthly Cost/tap: $177/tap   $146/tap 
Total Monthly Cost/tap 
(Debt repayment): $105/tap   $104/tap 
Total Monthly Cost/tap    
(O&M Only): $72/tap   $42/tap 
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Alternative Two – Point-of-Use RO Units (Assuming 35 total units) 
 
Worst-Case Scenario:     Best-Case Scenario: 
 
Annual debt repayment: $4126    $4027 
Part-time operator: $20,000    $10,000 
Replacement filters: $1100    $1100 
Replacement membrane: $1500    $1500 
Total Annual Cost: $26,726    $16,627 
Total Monthly Cost: $2227    $1386 
Total Monthly Cost/unit: $64/unit      $40/unit 
Total Monthly Cost/unit 
(debt repayment): $10/unit    $10/unit 
Total Monthly Cost/unit 
(O&M only): $54/unit    $30/unit 
 
Alternative Three – Quaternary Well  
 
Worst-Case Scenario:     Best-Case Scenario: 
 
Annual debt repayment: $9443    $9262 
Part-time operator: $20,000    $10,000 
Power costs: $5000    $5000 
Total Annual Cost: $34,443    $24,262 
Total Monthly Cost: $2870    $2022 
Total Monthly Cost/tap: $103/tap    $72/tap 
Total Monthly Cost/tap 
(debt repayment): $28/tap    $28/tap 
Total Monthly Cost/tap 
(O&M only): $75/tap    $44/tap 
 
Alternative Four – Deep Well (Frontier or Cloverly) 
 
Worst-case Scenario:     Best-Case Scenario 
 
Annual debt repayment: $31,098    $30,348 
Part-time operator: $20,000    $10,000 
Power Costs: $5000    $5000 
Total Annual Cost: $56,098    $45,348 
Total Monthly Cost: $4675    $3779 
Total Monthly Cost/tap: $167/tap    $135/tap 
Total Monthly Cost/tap 
(debt repayment): $93/tap    $90/tap 
Total Monthly Cost/tap 
(O&M only): $74/tap    $45/tap 
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The last dollar amount for each scenario is the monthly cost per tap if the entire project were 
constructed through grant funding.  It may be possible to obtain enough grants through various 
sources to cover construction costs, but ongoing maintenance costs are the responsibility of the 
users. The last figure in each best case scenario is then the minimum cost per tap or unit, assuming 
100% grant funding and a local part-time operator. 
 
Conclusions 
 
Based on the analysis and evaluation of the information gathered in this study, the following 
conclusions are presented: 
 

1. If treatment of the existing supply is the chosen alternative, Reverse Osmosis will 
effectively reduce nitrate levels in the water.  A centralized treatment system is not 
economically feasible for the residents of Powder River based on the high capital cost of 
construction and ongoing maintenance costs.  Installation of “point-of-use” RO units will 
effectively treat the water at the taps where they are installed and are an economically viable 
alternative.  Pursuit of this alternative will require an access and maintenance agreement for 
residents on the well regulated by the EPA, warning devices as required by the EPA, as well 
as a variance from the EPA to install the system. 

 
2. If a new source of supply is the chosen alternative, development of a shallow Quaternary 

well north of town is the most economically feasible alternative.  Development of a deep 
well near Pine Mountain will likely provide a more reliable source of better quality water, 
but the development and transmission costs will likely preclude the benefits unless 
additional grant funding is obtained. 

 
3. Based on the best case funding scenarios, the minimum cost per tap varies from $30 to $45 

per tap, depending on the alternative chosen.  This amount is the bare minimum monthly 
cost to maintain a system over time.  Comparison of monthly O&M costs per tap indicates 
that any of the alternatives may be economically feasible if additional construction grant 
monies are located.  There will be a minimum cost per tap, however, to cover ongoing 
overhead and maintenance costs no matter what alternative is chosen.   

 
4. In order to pursue any identified alternatives, the residents will have to form a Water 

Improvement District.  The District will then become the legal entity both to apply for 
funding and to make the improvements and supply water to the residents of Powder River.  
There is very little community support for the formation of a Water Improvement District at 
this time.  Most residents in the area are not willing to pay any monthly fees even if a high 
quality source of water was located and construction could be facilitated through grant 
funding. 

 
 
 
 
 
 


