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SUMMARY AND CONCLUSIONS 

The information presented in this Task Report No. 2 describes the results of 

work conducted for Phase II and ill and portions of Phase IV of the Hydrogeologic 

and Water Supply Study for the City of Rawlins, Wyoming. 

Upon City staff and Rawlins Water Development Committee approval of the 

Phase I - Preliminary Evaluation of Ground-Water Source Areas and associated 

recommendations, a detailed evaluation of five selected potential ground-water 

sources in the Rawlins area was performed. These sources included the 

Paleozoic Sediments (Tensleep and Madison Formations), the North Park Forma

tion, the Cloverly Formation, the Battle Springs Formation, and the Rawlins 

Uplift Area. 

The detailed evaluation of these five potential ground-water sources included 

collection and review of available reports and site specific data and analysis of 

existing water rights. Data which were analyzed for the potential ground-water 

sources included geologic maps, well yields, well construction records, water 

levels, water quality and well permit information. During field investigations of 

each potential area, additional geologic data were gathered, existing well 

facili ties were located and inspected, and selected water samples were collected 

and measured for specific conductivity and temperature. To aid in the 

interpretation and evaluation of the potential source areas, ground-water infor

mation was plotted on a geologic map. Geologic cross sections were then 

prepared for each of the areas which showed the stratigraphic succession and 

extent of geologic formations in the general vicinity. 

For those areas determined to have a potential for ground-water supply 

development, preliminary design criteria were prepared. Preliminary designs for 

production wells, well fields, pumping, transmission, storage and treatment 

facilities were also prepared for later use in cost estimating and comparative 

analysis of spring/surface water versus ground water development. 
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In conjunction with the review of selected ground-water source areas, the Phase 

ill Preliminary Evaluation of Existing Spring/Surface Water Supply Improvements 

and Expansion was conducted. This Phase involved collection and review of all 

available information relating to the City's existing spring and surface water 

supplies. Previously developed costs for improvements to the existing system 

were reviewed and updated to a mid-l983 construction date. Life cycle costs 

were prepared for improvements to the existing supply facilities in a phased 

development analysis. Life cycle costs were also prepared for each potential 

ground-water source area at various rates of flow through full development. 

These costs were then used to prepare a comparison of ground-water develop

ment with existing spring/surface water system improvements/expansion. 

CONCLUSIONS 

Resulting from the work conducted for this Task Report No.2, the following 

findings and conclusions have been developed. 

o With the exception of the Rawlins Uplift Area, four ground-water 

source areas showed potential for water supply development for the 

City of Rawlins. These areas, ranked in order of development 

potential, are the Paleozoic Sediments, North Park Formation, Battle 

Springs Formation and Cloverly Formation. 

o Using preliminary design criteria, cost estimates were made for 

development and expansion of the existing spring/surface and 

potential ground-water source areas. Cost comparisons for these 

source areas indicate the Sage Creek Basin spring/surface supply to 

have the lowest overall cost for the City of Rawlins. 

o While the Sage Creek spring/surface sources appear to have the 

lowest overall development costs, ground-water development costs 
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for the Paleozoic Sediments and North Park Formation are only 

slightly higher. Since the water rights and ultimate yield of the Sage 

Creek spring/surface sources is not known with certainty and the 

sources are subject to decreased yields during drought conditions, 

existing alternative ground-water sources should be considered for at 

least supplemental sources of water supply. For this reason, an 

exploratory test well drilling program in the Paleozoic Sediments 

underlying the Sage Creek Basin is considered to be warranted. 

o The North Park Formation has potential for ground-water develop

ment and could be developed as a supplemental supply and perhaps a 

primary supply source. However, development of the North Park 

Formation within the Sage Creek Basin does not appear to be a 

suitable alternative due to the probable impact on Sage Creek spring 

discharge rates and potential water rights problems. Development of 

the North Park Formation south of Sage Creek Basin (south of the 

Continental Divide) is considered a viable alternative, however, 

development costs would be higher than the Paleozoic Sediments or 

Sage Creek spring/surface sources. Also, the question of water rights 

in the North Park Formation is uncertain at this time. 

o The Battle Springs Formation has good potential for development as a 

primary source of high quality ground water. Available data indicate 

that wells yielding in excess of 1000 gallons per minute can be 

developed from within the Battle Springs Formation approximately 40 

miles northwest of the City. Development of the Battle Springs 

Formation is an expensive alternative due to the long transmission 

line and pumping requirements from the wells to Rawlins. However, 

indications are favorable that suitable ground-water supplies could be 

developed from the southeastern portion of the Battle Springs Forma

tion at a distance of only 25-30 miles from Rawlins. With shorter 

pipeline and pumping requirements, from a location closer to 
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Rawlins, the Battle Springs Formation could represent an alternative 

source area with development costs comparable to the Sage Creek 

surface supplies. In order to confirm the suitability of the Battle 

Springs Formation as a potential primary water supply source, 

exploratory drilling and testing will be required. 

o The Cloverly Formation in the Miller Hill area (north of the Sage 

Creek Basin) has a limited potential for ground-water supply develop

ment. Because of anticipated low well production rates and rela

tively low available yield (2 to 4 mgd) from this area, the Cloverly 

Formation does not appear to represent a cost effective source of 

ground-water supply. For this reason, the Cloverly Formation has a 

low priority for ground-water exploration. 

o Small quantities of ground water are apparently available in the 

Rawlins Uplift area. However, existing water rights and questionable 

sustained long term well yields make this area unsuitable for a 

potential water supply source for the City of Rawlins. 

o Cost comparisons for developing the North Platte River indicate that 

this source area is considerably more expensive than other potential 

sources. Due to water rights uncertainties, transmission line, pump

ing and treatment costs, this alternative currently does not appear to 

be an attractive primary water supply source for the City of Rawlins. 

RECOMMENDATIONS 

Based upon the detailed evaluation of selected ground water source areas, 

preliminary evaluation of spring/surface water supply expansion, and the pre

ceeding conclusions drawn from these evaluations, the following recommend

ations have been developed. 
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o A preliminary review and evaluation of both surface and ground

water rights was prepared during this phase of the project. This 

cursory water rights review has revealed a number of uncertainties 

and potential issues which need to be resolved prior to a final 

decision on source area development. It is recommended that a 

detailed water rights study be conducted for each area being con

sidered for water supply source development. 

o It has been concluded that the Sage Creek surface supply is the most 

cost effective source for development of long term water supplies for 

the City of Rawlins. This conclusion is based on previous estimates 

of available surface yield of the Sage Creek Watershed area. Due to 

the uncertainties of available yield and potential for decreased yield 

during drought periods, a detailed basin yield analysis should be 

conducted for the Sage Creek area. It is therefore recommended 

that a surface yield analysis of the Sage Creek Basin be initiated in 

the next phase of this study. 

o The limited data available for the alternative ground-water source 

areas has required estimates to be made for well production rates, 

long term aquifer yields, pumping levels and water quality conditions. 

Prior to development of any potential ground-water sources, it is 

recommended that a detailed exploratory drilling and testing program 

be initiated. 

o Based on cost comparative analysis, it is recommended that explora

tory drilling be conducted first in the Paleozoic Sediments in the 

vicinity of Sage Creek Basin. Results of this exploration would be 

evaluated in conjunction with the surface yield analysis and detailed 

water rights evaluation of the Sage Creek Basin. If additional 

incremental water supply is required from the Sage Creek area, then 

exploratory drilling should be conducted in the North Park Formation 

south of the Sage Creek Basin. 
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o Should the exploratory drilling, basin yield analysis and water rights 

studies indicate that the Sage Creek Basin is unsuitable for long-term 

water supply development for the City of Rawlins, then it is 

recommended that exploratory drilling be conducted in the Battle 

Springs Formation northwest of the City. Exploratory drilling in the 

Battle Springs Formation should be initiated first in the southeastern 

portion of the Great Divide Basin to evaluate potential supply sources 

at the closest proximity to the City. 

INTRODUCTION 

The scope of work included within this Task Report No. 2 consists of the 

following: 

o Detailed Evaluation of Selected Ground Water Source Areas. This 

evaluation was completed for the ground water source areas selected 

for further consideration during the Phase I - Preliminary Evaluation 

of Ground Water Source Areas. 

o Preliminary Evaluation of Existing Water Supply Improvements and 

Expansion. This phase of the study included an assessment of the 

potential for expansion of the City's existing spring/surface water 

supply system within the constraints of existing water and storage 

rights and also if water rights were not a limiting factor. To a large 

extent, data generated in previous studies was used as a basis for this 

existing system evaluation. 

o Comparison of Ground Water Development and Existing System 

Improvements/Expansion. This study phase consisted of a cost

effective analysis of developing ground water supplies versus im

provements to or expansion of the existing spring/surface water 

supply system. 

JAMES M MONTGOMERY,CONSULTING ENGINEERS. INC 

-6-



The above evaluations are not intended to be a rigorous analysis of development 

of ground water sources versus all potential spring/surface water alternatives. 

Nor was the scope of work to address the multitude of potential combinations of 

ground and spring/surface supplies. Instead the primary intent of the evaluation 

was to provide a basis for a preliminary determination of the feasibility of 

ground water development as primary or supplemental supplies versus improve

ments to the existing spring/surface water supplies. The evaluation was also to 

provide the justification for test well drilling to confirm estimated ground water 

source area yields upon which the initial evaluations were based. A detailed 

evaluation of ground water development versus other sources of supply or in 

combination with other sources of supply will be made as part of the recently 

approved Water Development Master Plan. 

EXISTING SPRING/SURFACE WATER SUPPLIES 

The City of Rawlins currently relies on two major spring/surface water sources. 

The Sage Creek supply is the primary source and consists of runoff and seepage 

from precipitation and springs located in the Sage Creek Basin watershed approxi

mately 30 miles south of Rawlins. The second major source of supply consists of 

diversion from the North Platte River approximately 15 miles east of Rawlins. 

Following is a description of these sources. 

SAGE CREEK BASIN SUPPLY 

General 

The Sage Creek supply consists of spring flow from 24 collection boxes, and runoff 

from the Sage Creek Basin watershed which is collected by Rawlins Reservoir 

located below the sources at approximate elevation 7550. The supply is transported 

to Rawlins by gravity via a 14 to 16 inch diameter wood stave pipeline. A second 

reservoir called the Adams Reservoir is located approximately 2-1/2 miles below 

the Rawlins reservoir. The City recently acquired the Adams Reservoir site. 
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However the reservoir dam is currently breached so the facility does not currently 

contribute to the City's water supply. Reconstruction of the Adams Reservoir 

represents a potential significant addition to the City's water supply because the 

reservoir location allows collection of overflow and leakage from the Rawlins 

reservoir in addition to runoff from the watershed below Rawlins Reservoir. 

The Sage Creek pipeline transports water to the City of Rawlins where it is stored 

near town in the Atlantic Rim and Peaking Reservoirs for seasonal and daily 

peaking. Water is fed into the City distribution system from the Peaking Reservoir 

which is located at approximate elevation 7100. 

Sage Creek Watershed Capacity 

A hydrologic analysis was performed on the Sage Creek Basin watershed above 

Rawlins Reservoir by HNTB in 1977 and it was determined that the average annual 

yield from spring flow and runoff amounts to 2,020 million gallons. An additional 

spring flow of 620 million gallons was identified immediately below Rawlins Reser

voir for a total average annual yield of · 2,640 million gallons. At the time the 

hydrologic analysis was being conducted, a record drought year occurred and it was 

determined at that time the minimum annual yield including spring flow below the 

Reservoir was 1010 million gallons. It was estimated that 160 million gallons must 

be subtracted from the above figures to account for evaporation and leakage from 

the Rawlins Reservoir. 

The existing capacity of the Sage Creek pipeline is approximately 2000 gpm which 

flowing year around will deliver 1,050 million gallons of water for City 

consumption. Considering that the Rawlins Reservoir may be empty from a 

previous dry year, the HNTB report indicates in excess of 1,200 million gallons 

additional supply is available in an average year but is lost through leakage and over 

the spillway from the Rawlins Reservoir. 

At this time, there has not been an in-depth study of yield for the watershed below 

Rawlins Reservoir which flows into Adams Reservoir. This watershed encompasses 
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approximately 12 square miles. One of the methodologies used for determining 

yield in the August 1977 HNTB report involved a correlation between yield, basin 

characteristics, and surface area. The characteristics of the upper and lower basins 

should be similar due to their close proximity. Using this methodology the water

shed below Rawlins Reservoir is expected to provide an average annual yield of 

1,415 million gallons. This flow will be assumed for the purposes of this report. 

However, it should be stressed that a detailed hydrologic study must be performed 

to more accurately determine this yield in the future. It is also assumed the City 

would have water rights to the entire runoff into Adams Reservoir. 

Existing Reservoir Capacity 

The three reservoirs currently providing storage within the Sage Creek Basin have 

the following capacities and estimated losses as shown in Table 2. 

TABLE Z 

CAPACITIES OF EXISTING RESERVOIRS 

Reservoir 

Ra w lins Reservoir 

A tlantic Rim Reservoir 

Peaking Reservoir 

Existing 

Storage Capacity (MG) 

212 

230 

97 

Estimated 

Annual Loss (M G) 

160 MG 

52 MG 

Negligible 

As can be seen, the Rawlins and Atlantic Rim Reservoirs are in poor condition and 

have significant leakage problems. A study is currently being completed by the 

City to determine leakage source(s) in the Atlantic Rim Reservoir and to 

recommend a remedial plan to stop the leakage. Repair or reconstruction of the 

Adams Reservoir at its present location and dam height would provide an additional 

83 MG of storage. 
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It has been estimated the Rawlins Reservoir storage capacity may be increased by 

50 MG per 5 foot vertical dam height increase. However, past investigations have 

recommended against raising the height of this Reservoir. Conservative estimates 

also indicate that the capacity of the Adams Reservoir could be increased to 350-

400 MG at its present site. Complete reconstruction would be required, however. 

Water Rights 

The City has the following water rights within the Sage Creek watershed: 

o 3105 gpm from springflow from the Sage Creek pipeline for direct 

municipal consumption 

o A maximum rate of 2,356 gpm from the Sage Creek pipeline to fill the 

A tlantic Rim or Peaking Reservoirs. 

o 204 MG of storage in Rawlins Reservoir 

o 2.11 MG of storage in Atlantic Rim Reservoir 

o 113 MG of storage in Peaking Reservoir 

It appears from the above that the maximum flow to which the City is entitled from 

the Sage Creek Basin watershed is 3105 gpm or 1632 MG over a year's period. This is 

in contrast to the average annual yield of Sage Creek Basin of 2,640 million gallons 

plus additional runoff below Rawlins Reservoir that flows into Adams Reservoir. 

Future City water demands appear to be considerably greater than its current 

water rights for the Sage Creek Basin. In fact, the City could utilize the entire 

average annual yield of Sage Creek Basin. The water rights issue is critical in 

future sizing of a replacement pipeline for the existing Sage Creek line. The City's 

entitlement must be studied in detail and additional water rights obtained, if 

possible, before sizing a replacement for the Sage Creek pipeline. 

Water Quality 

Water quality of the supply from the Sage Creek Basin is generally good with the 

following exceptions 
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o The turbidity is consistently less than 5.0 JTU's, however, at times it 

exceeds the EPA recommended minimum standard of 1.0 

o Insects, micro-crustacea, and insect larvae are found in the distribution 

system. Although most are dead from the chlorination process, it is 

undesirable for aesthetic reasons as well as the potential for survival of 

pathogens 

o Taste and odor problems occasionally occur due to open storage 

reservoirs 

It is anticipated that a direct or in-line filtration type treatment plant will be 

required to eliminate the above problems. 

NORTH PLATIE RIVER SUPPLY 

General 

The North Platte River water supply system was previously owned by the Union 

Pacific Railroad, and was turned over to the City in 1965 when the Railroad phased 

out steam driven locomotives. Water is diverted from the North Platte River at 

Fort Steele where it is passed through two sedimentation basins. Water is then 

chlorinated and pumped to Sinclair via two 10-inch cast iron pipelines to a 500,000 

gallon balancing reservoir. The supply is pumped again from Sinclair to Rawlins 

through parallel 10-inch and l2-inch lines terminating at two 500,000 gallon tanks. 

Chlorine is again added, and distributed into the City system. The North Platte 

facilities were constructed in 1898, are expensive to operate due to high pumping 

and maintenance costs, and are generally only used in emergencies. 

Capacity and Water Rights 

The North Platte supply system is capable of delivering 1.5 mgd to the City. The 

City owns 2.01 cfs (1.3 mgd) of the original 2.32 cfs (1.5 mgd) water right 

appropriated to the Union Pacific Railroad. 
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Water Quality 

The North Platte River supply is moderately hard and generally of good quality 

except for very high turbidities resulting from the high sediment content of the 

River. It appears that conventional treatment consisting of flocculation, sediment

ation, and filtration is necessary to reduce turbidity within EPA recommended 

standards. The potential may exist to blend the North Platte River supply with the 

Sage Creek supply, or to relocate the point of the North Platte diversion to reduce 

turbidity to a level where the direct filtration process may be used. However, 

additional study is required to determine this feasibility. For purposes of this 

report, it is assumed complete treatment will be necessary. 

GENERAL 

DETAILED EVALUATION OF SELECTED 

GROUND WATER SOURCE AREAS 

This portion of the study involved detailed evaluation of the five selected ground 

water source areas identified in Task Report No. 1. The ground water source areas 

--selected for further evaluation were the Paleozoic Sediments (Tensleep and 

Madison) in the Sage Creek Basin, the Paleozoic Rocks (Tensleep, Cambrian and 

Madison) along the Rawlins Uplift, and the Cloverly, Battle Springs, and North Park 

Formations. Work during this phase of the investigation included on-site review of 

the selected source area geology, a review of the existing municipal water facilities 

south of Rawlins, and interviews with personnel of the City Public Works 

Department, Bureau of Land Management, Union Minerals and local landowners. 

Efforts also included collection and review of hydrogeologic data from state and 

federal agencies including the U.S. Geological Survey, Bureau of Land Manage

ment, and the Wyoming Geological Survey. Wyoming Oil and Gas Conservation 

Commission records of abandoned oil wells were also examined to determine the 

possibility of re-entering and testing wells in the Sage Creek area. Computer 
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printouts of the ground water rights were obtained from the Wyoming State 

Engineer's Office and were examined for potential water right conficts. 

The geology and water resources information obtained from the above sources has 

been plotted on a geologic map and is included as Figure Z in the back cover pocket. 

The map depicts the local geology of the selected source areas and includes 

pertinent well information and plotted locations of the principal wells in the study 

area. Geologic cross sections of the Sage Creek Basin, Miller Hill area, and Great 

Divide Basin have been prepared to aid in evaluation of the source areas and are 

included on the following Figure 3. 

Four of the five ground water sources studied were identified as having fair to 

moderate potential for development. These include: 

o The Paleozoic Sediments (Tensleep and Madison Formations) in the 

southern part of the Sage Creek Basin. 

o The North Park Formation located in and south of the Sage Creek Basin. 

o The Cloverly Formation in the Miller Hill area north of the Sage Creek 

Basin. 

o The Battle Springs Formation in the Great Divide Basin. 

Preliminary estimates of potential yields vary from Z mgd for the Cloverly 

Formation to over 10 mgd for the Battle Springs Formation. 

Very little development potential was found for the Paleozoic (Tensleep, Cambrian 

and Madison Formations) along the Rawlins Uplift. A few wells with a moderate 

yield could be drilled near Rawlins, but there would definitely be adverse effects on 

other appropriators in the area. Additionally, water quality varies with location in 

the uplift area. Therefore, this area has been eliminated as a potential ground 

water source for the City. 
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PALEOZOIC SEDIMENTS IN THE SAGE CREEK BASIN 

Formations with potential for ground water development in the Paleozoics include 

the Tensleep and Madison Formations. The Tensleep Formation consists of medium 

to fine grained sandstone with lesser amounts of thin interbedded limestone and 

dolomite (Welder and McGreevy, 1966). The Madison Formation consists pre

dominantly of limestone and dolomite deposits. In other parts of Wyoming, large 

yields of good quality water have been developed from both the Tensleep and 

Madison Formations. However, the water quality tends to deteriorate with depth 

and distance from the outcrop areas. 

Oil field data from wells drilled in the vicinity of the Sage Creek Basin indicate that 

the Tensleep and Madison Formations may have a moderate potential for ground 

water development. Geophysical logs submitted to the Wyoming Oil and Gas 

Conservation Commission show the thickness of the Tensleep and Madison 

Formations in the vicinity of Rawlins Reservoir to be approximately 325 and 200 

feet, respectively. These formations dip about 7 degrees to the north and subcrop 

beneath the North Park Formation, as shown on Cross Section C-C' (Figure 3). The 

Tensleep and Madison Formations appear to be recharged by percolating ground 

water from the North Park Formation along the 'Continental Divide and Sierra 

Madre Range. 

The possibility exists _that wells completed in the Paleozoics near the Rawlins 

Reservoir area may flow, but no information was found to indicate what quantity or 

quality of water may be anticipated' or the elevation of the static water level. In 

the abandonment report to the Oil and Gas Conservation Commission for the Shell 

Oil-Rawlins No.1 Well (Figure 3), several good nwater sandsn were noted. However, 

there was no indication as to the static water level, whether the well flowed, or 

what quality of water was encountered. The Shell Oil-Rawlins No.1 Well is located 

approximately 1/4 mile south of Rawlins Reservoir. Consideration was given to re

entering this well for testing purposes. However, after researching the abandon

ment report, it does not appear feasible. 
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Water production from Paleozoic Sediments, such as the Tensleep and Madison 

Formations, is often dependent on secondary permeability or flow through faults, 

fissures, and cracks in the aquifer. Del Mauro (1953) indicates some faulting in the 

Rawlins No.1 Well, however, the nature and extent of this faulting is unknown. 

Should the quality of water from the Paleozoics prove suitable for municipal use, its 

development offers several advantages. The amount of piping and appurtenances 

necessary to transport the water into the existing conveyance facilities is 

relatively small, the ground water can be developed as needed, and it is unlikely 

that development would affect the municipal springs in the area. Another major 

advantage of this source is available water rights. Within the general Sage Creek 

Basin area there are no known water wells that have been constructed within the 

Paleozoic sediments. Therefore, there are no known prior ground water rights 

which could interfere with development of this source. Further, it is suspected that 

the Paleozoics are hydraulically independent from the North Park Formation. Thus, 

there should be no impacts to existing surface or ground water rights. The major 

disadvantage is that the area is inaccessible during the winter months. Should 

equipment failure occur, it may be difficult to gain access for repair. 

Based on limited available data and experience from the Tensleep and Madison 

Formations developed in other areas of the State, it is possible that a well field 

constructed in these formations could yield 5 mgd or more. If sufficient secondary 

permeability is encountered, it is reasonable to expect individual well yields of 350 

gpm. Wells would be constructed to depths of about 1500 feet with blank casing 

with a "barefoot" or open hole in the water bearing intervals. 

CLOVERL Y FORMATION 

The Cloverly Formation ranges in thickness from 45 to 240 feet, and consists of 

sandstone, shale, conglomerate, and to lesser amount siltstone (Berry, 1960). The 

Cloverly Formation is often divided into two units: the upper unit is called the 

Dakota sands and contains most of the shale and siltstone in the formation; and the 
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lower unit is primarily composed of sandstone and is called the Lakota sands. The 

Cloverly Formation underlies most of the basins around Rawlins. However, in many 

areas it lies at depths too great for economic development. 

The City of Rawlins apparently drilled three wells into the Cloverly Formation 

prior to 1960. Two of the wells were tied into the transmission system. Al though 

the wells yielded good quality water, "algae" problems developed with the water 

transmission line and the distribution system and their use was discontinued (Gene 

Breniman, oral communication). During field investigation of one of these wells a 

noticeable hydrogen sulfide odor was detected. It is suspected that the problems 

associated with the use of these wells was not due to algae, but rather sulfur 

reducing bacteria. 

The hydrogen sulfide odor will probably be found in the majority of the wells 

completed in the Cloverly Formation. This odor problem can be removed by 

aeration, and since the water from the Sage Creek Pipeline discharges into the 

A tlantic Rim and the Peaking Reservoirs, the odor would probably be removed with 

little or no treatment • . The problems encountered with the sulfur reducing bacteria 

can be corrected by chlorination at the well. 

In the vicinity of the Miller Hill area adjacent to the Sage Creek Pipeline, wells 

could be developed in the Cloverly Formation at depths of less than 1500 feet. 

Since wells drilled in the Cloverly will have only moderate yields (100 to 150 gpm), 

development was considered only along the Sage Creek Pipeline. The Cloverly 

Formation outcrops in only a few areas within the Miller Hill area, which would 

suggest that local recharge may be limited. However, as can be seen on Cross 

Section B-B' (Figure 3) of the Miller Hill area, the Cloverly Formation subcrops 

beneath the Tertiary material and significant amounts of recharge may take place 

by infiltration through these sediments. 

From a ground water rights standpoint, State Engineers Office permit records 

indicate existing rights for several small domestic and stock watering wells • 
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Permits have been recorded for the earlier wells constructed by the City. By 

exchanging the point of diversion to newly constructed wells and applying for 

additional rights, it is anticipated that the City could secure the necessary water 

rights for this source area. 

In a 1960 geologic report to the City of Rawlins by Eugene B. Waggoner, it was 

recommended that an additional 1 mgd be developed from the Cloverly Formation. 

It is probable that 1-2 mgd could be developed at a minimum, and possibly up to 4 

mgd. Cloverly wells would probably require a small chlorination facility to 

eliminate problems with the sulfur reducing bacteria. Further, the expected low 

well yields would require construction of numerous wells for a relatively small 

incremental volume of water. 

NORTH PARK FORMATION 

The North Park Formation contains two separate units: an upper unit composed of 

fine to medium grained sandstone, tuff, and limestone; and a lower unit composed 

of conglomerate. The quality of water from the North Park Formation is good, and 

it is unlikely that radionuclides will bea problem even though there are known 

deposits of uranium in the area. Currently there are no large wells which have been 

constructed in the North Park Formation. 

In the North Park Formation within the Sage Creek Basin, ground water occurs in 

the saturated portion of the upper sandstone unit and the lower conglomerate. The 

Sage Creek springs issue along the contact of the upper and lower units. Thus, any 

development of North Park ground water in the vicinity of the springs would likely 

reduce these flows. Large scale development could eliminate the spring flows 

entirely. While it is physically feasible to develop the North Park source; well 

construction costs, pumping costs, accessibility problems and water rights issues 

render this alternative less desirable than the existing spring sources. The principal 

advantage associated with ground water development in the North Park is the 

probable elimination of filtering requirements as opposed to surface water. Micro

screens would still be necessary for insect removal. 
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The North Park Formation can probably be developed south of the Sage Creek Basin 

without adversely affecting the municipal springs. A well field in this area will 

require a collection system, pipeline and pumping station to convey the water over 

the Continental Divide. While the cost of a well field in the area south of the Sage 

Creek Basin would be expensive to construct and operate, it would not be prohiba

tive. A potential drawback to developing the North Park would be accessibility 

during winter months. Should equipment failure occur, it may be difficult to gain 

access for repair. 

Individual well yields from the North Park Formation are uncertain, but are 

estimated to be approximately 300 to 400 gpm. Because of the immediate source of 

recharge along the Continental Divide, it is anticipated that these sediments could 

yield as much as 5 to 10 mgd if completely developed. Well depths would range from 

500 to 1,000 feet and would be constructed with a gravel pack design. 

Water rights will undoubtedly be an issue with the development of the North Park 

Formation. A detailed drilling and testing program would be required to locate a 

well field in either the Sage Creek Basin or the area to the south of the Continental 

Divide. Even with the water rights and ac;:cessibility problems associated with the 

development of the North Park Formation, it is a feasible alternative from a water 

quality and quantity standpoint and by virtue of the fact the development could be 

phased with other work in the Sage Creek Basin. 

BAITLE SPRINGS FORMATION 

Considerable data and information was obtained on the Battle Springs Formation in 

the Great Divide Basin. Data was made available by Union Minerals at its 

Sweetwater Uranium Project, and by the Bureau of Land Management (BLM). Wells 

belonging to the BLM and Union Minerals were inspected during field site visits. 

From the data collected, it appears that the City of Rawlins could obtain suitable 

quantities of quality water from the Battle Springs Formation to meet projected 

demands. 
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The . Battle Springs Formation consists of fine to coarse grained Arkosic sandstone 

and green claystone (M.L. Dickey). Recharge to the aquifer is entirely from 

precipitation, and because of the low annual rainfall in the Basin, it is probably 

quite low. However, because the area is a large enclosed drainage basin and the 

Battle Springs Formation is several thousand feet in thickness, the potential aquifer 

storage is quite large. Therefore, it appears that ample long-term supplies of water 

could be obtained from this source. 

The overall water quality in the vicinity of Union Mineral's Uranium Mine is very 

good except for an anticipated high radionuclide content. It is believed that if 

development of the Battle Springs Formation were to be located some distance 

from uranium ore deposits, the radionuclides would not exceed drinking water 

standards. From USGS and BLM reports in the area, the quality of water is 

apparently good throughout most of the northern and central part of the basin. 

Available data indicate that quality deteriorates rapidly in the southern part of the 

basin along the contact with the Battle Springs and Wasatch Formations. 

The Battle Springs Formation may exceed 5,000 feet in thickness in the east

central part of the Great Divide Basin as shown on Cross Section A-A' (Figure 3). It 

thins and is absent in the very southern part of the basin. Therefore, wells with 

adequate quality water probably cannot be developed in the Battle Springs Forma

tion very near Rawlins. However, from USGS water quality information, wells as 

close as 25 to 30 miles from the City may yield water of sufficient quantity and 

quality for municipal use. An exploration program would be required to determine 

how far south and east within the Great Divide Basin municipal ground-water 

development can take place. 

In Section 26, T23N, R91W, the U.S. Geological Survey reports a well in the Battle 

Springs Formation with a total dissolved solids content of 316 mg/l. Data obtained 

from wells drilled in Section 19, T24N, R 93W by Union Minerals indicate 

transmissivities in the Battle Springs Formation ranging from 10,000-40,000 gallons 

per day per foot (gpd/ft). These wells were drilled to depths of about 600 feet and 
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pump tested at rates up to 800 gpm. Deeper wells constructed with gravel pack 

design could have yields exceeding 1000 gpm. Much of the ground water in the 

Battle Springs is under artesian pressure, however, unconfined ground water exists 

locally. The direction of ground water flow is radially towards the center of the 

basin. 

Development of the Battle Springs Formation anywhere within the Great Divide 

Basin will require the construction of a transmission pipeline into the area and 

pumping in order to convey the water to town. However, the farther south and east 

within the Basin, the lower the pipeline and pumping costs will be. Thus, in order to 

confirm quality/quantity conditions and optimum location of a well field, an 

exploration program will be necessary. The exploration would be initiated in the 

southeastern portion of the Basin some 20-30 miles northwest of Rawlins. 

Existing water rights in the Great Divide' Basin are limited primarily to domestic 

and stock watering wells. Union Minerals, near their Sweetwater Uranium Project, 

has rights to extract water for dewatering, ore processing and domestic purposes. 

It appears that there should not be any water rights problems associated with 

ground water development in the Battle Springs Formation by the City of Rawlins. 

PALEOZOIC ROCKS ALONG THE RAWLINS UPLIFT 

The Paleozoic Rocks (Tensleep, Madison and Cambrian Formations) along the 

Rawlins Uplift were investigated in detail during this phase of the study. Some of 

the springs were visited near the uplift and the local geology was examined. A 

number of wells could be drilled near the axis of the uplift that would probably 

produce good quality water. Unfortunately, the available recharge area to the 

Paleozoics is very limited. Therefore, the production capabilities would probably 

also be very limited. 

One exception might be along a fault system in Section 24, T22N, R88W (Figure 2). 

There are three irrigation wells in that area which have tested well yields of about 
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300 gpm. The production capabilities of these wells are believed to be due to 

secondary permeability associated with the faulting in the area. Data was obtained 

from a five day pumping test conducted on these wells in January of 1960. The 

testing started at 302 gpm, but had to be reduced to 289 gpm in order to avoid 

breaking suction on the pump. The test data showed that the aquifer has a 

transmissivity of about 20,000 gpd/ft and a storage coefficient of about 4 x 10-3. 

Although the transmissivity and storage coefficient are favorable for development, 

additional ground water withdrawals will probably have an adverse effect on the 

existing wells. Due to the shallow depth of these wells (70 feet or less), and the 

limited aquifer recharge area, further consideration of this area is not recommend

ed. 

The City of Rawlins apparently drilled approximately 12 wells in the Rawlins area 

in late 1959 and early 1960. No report could be obtained on the drilling program and 

it is uncertain whether a report was ever completed. Welder and McGreevy 

reported that one of the findings from the drilling and testing program was that 

"large well yields could not be sustained over long periods of time." Another factor 

is variable water quality. Completed wells in the Rawlins area are reported to have 

total dissolved solids as high as 8000 mg/l. 

The Brown Canyon Spring located in Section 24, T23N, B88W, was also examined in 

some detail. The Bureau of Land Management reported a flow of 1.8 cfs. However, 

at the time of our visit, the flow was estimated at less than 0.5 cfs. While the spring 

does not cease flowing during dry periods of the year, its flow does diminish 

substantially (Elmer Peterson, oral communication). This would suggest a rather 

limited and localized recharge area and there is probably not much potential for 

increased development. Although Brown Canyon Spring flows a sizeable amount of 

water during the wetter seasons of the year, it would not be cost effective to 

develop. 

The Rawlins Uplift area does have some limited development potential. However, 

the yields from .individual wells would be limited and would probably affect the flow 

of various springs along the uplift. 
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GENERAL 

COMPARATIVE ANALYSIS 

SPRING/SURFACE AND GROUND WATER SOURCES 

A comparative cost analysis was conducted for both spring/surface water and 

ground water sources to weigh the relative merits of each alternative source. Costs 

for various stages of development were addressed and a cost per million gallons 

delivered was developed for comparison purposes. Previous reports have developed 

some of these costs. Where those costs appear reasonable they have been updated 

to an estimated construction date of mid-1983. It should be noted that the 

following costs were only developed to a level for general comparison purposes to 

determine if ground water is a viable alternative that may warrant further study. 

The costs do not reflect a detailed estimate or analysis of the described project. 

Four of the alternative ground water and spring/surface water sources exist within 

close proximity in the Sage Creek Basin, each utilizing the Sage Creek pipeline as a 

common facility. The other alternative source areas include the North Platte River 

and the Great Divide Basin. To facilitate the analysis, the Sage Creek Basin 

alternatives were compared as a group. From this analysis, the best apparent 

alternative from the Sage Creek Basin was selected for comparison with the other 

alternative source areas. Following is a description of each alternative with a 

comparison of associated costs presented at the end of the discussion of 

alternatives. 

COMPARISON OF SAGE CREEK BASIN ALTERNATIVE SOURCES 

General 

Four alternative sources have been identified within the Sage Creek Basin which 

appear to be capable of providing significant quantities of water to meet existing 

and projected City demands. These sources are as follows: 
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o Spring/surface water development of the Sage Creek Basin. 

o Ground water development of the Cloverly Formation. 

o Ground water development of the Paleozoic Sediments. 

o Ground water development of the North Park Formation. 

Development of each or a combination of the above sources will require a raw water 

transmission line from Sage Creek Basin to Peaking Reservoir. Therefore, this 

component has been eliminated when comparing these alternatives. Incremental 

pipeline costs for sources not adjacent to the transmission line have been included 

where appropriate. Each of the selected alternatives have been phased to 

determine cost components at various stages of development and to identify where 

it may be more economical to pursue a combination of alternatives. A description 

of each of the Sage Creek Basin alternatives follows. 

Spring/Surface Water Development within Sage Creek Basin 

The existing collection system and transmission pipeline are undersized and in poor 

condition. In addition, it appears that wa.ter treatme.nt is required for turbidity .and 

insect removal. A two phased development of the Sage Creek Basin is assumed ~ 

follows: 

Phase I. This alternative assumes the City would use its current maximum water 

right entitlement from the Sage Creek Basin above Rawlins Reservoir. This 

corresponds to an average daily flow of 3105 gpm (4.5 mgd) or 1,643 MG per year. 

The existing transmission pipeline would be replaced with a new 24 inch pipeline 

with a capacity of 9.0 mgd (cost common to all Sage Creek alternatives) and a 

direct filtration water treatment plant provided. The treatment plant would be 

sized to meet maximum day demand which is estimated to be approximately twice 

average day demand or a capacity of 9.0 mgd. It is also assumed that Rawlins 

Reservoir would be dredged and repaired and spring collection upgraded and 

expanded. 
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Phase n. This phase assumes expansion of the Phase I system as indicated above to 

include construction of a new Adams Reservoir and development of the entire 

watershed between Adams and Rawlins Reservoirs. It is assumed that the average 

annual yield for the area in question would be 2700 gpm (4.0 mgd) as previously 

discussed, and that the City would own all water rights to this area. Total delivered 

capacity for Phases I and II combined would be 8.5 mgd. The treatment plant as 

described for Phase I would be expanded to 17 mgd. 

Cloverly Formation 

Rough estimates indicate that the Cloverly Formation could be developed to a 

capacity of 2.0 mgd and possibly up to 4.0 mgd. This formation would meet short

term and supplemental City demands but it appears sufficient yield is not available 

for long-term primary needs. Approximately twenty 150 gpm wells would be 

required to develop 4.0 mgd. 

Phase I development would be for a capacity of 2.0 mgd and would include drilling of 

ten wells. Well field facilities would include piping, pumping equipment, electrical, 

and a central local control and electrical building. Telemetry at the City would be 

provided for remote operation of wells. Under Phase II, the well field facilities 

would be expanded to a capacity of 4.0 mgd. 

Wells from the Cloverly Formation have experienced problems with hydrogen 

sulfide. It is anticipated that chlorination would be provided at the source to 

control bacteria growth accumulation in the transmission pipeline and reduce 

odors. Further problems are not anticipated. However, the level of hydrogen 

sulfide and possible blending problems need to be evaluated in greater detail if this 

alternative proves feasible. It is also assumed that ground water will require 

microscreening before entering the City distribution system since discharge from 

the well field would be to the Atlantic Rim and Peaking Reservoirs which will still 

be used to balance seasonal and daily maximum rates. The insect removal problem 

as experienced from open reservoir exposure will therefore still exist and require 
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microscreening or other removal processes. Ground water could be fed directed 

into the City distribution system, however, the supply and transmission system 

would then have to be sized for maximum day use instead of average day, and would 

be prohibitively expensive. Lining and covering of the Atlantic Rim and Peaking 

Reservoirs would also not be cost effective. 

Paleozoic Sediments 

The Paleozoic Sediments are estimated to yield approximately 3 to 5 mgd. It is 

anticipated a well field consisting of thirteen 300 gpm wells would be required to 

provide a capacity of 5 mgd. Again, it appears this formation by itself would only 

meet short-term or supplemental City needs. Similar well field facilites as 

described for the Cloverly Formation would be required. Water quality for this 

source appears to be acceptable, however, microscreening or other processes would 

be required for insect removal before feeding into the City distribution system. A 

three phase expansion of this well field from 1.5 to 5.0 mgd is assumed with costs 

determined for each phase. 

North Park Formation 

The North Park Formation is estimated to have a yield of 5 to 9 mgd. If fully 

developed, this formation may be capable of meeting long-term City demands. 

However, it is expected that withdrawal of ground water greater than 5.0 mgd from 

the North Park Formation within the Sage Creek Basin could deplete the yield of 

springs in the Basin. By moving approximately five miles further south and across 

the Continental Divide, it may be possible to develop the full capacity of the North 

Park Formation without adversely affecting Sage Creek Basin springs. Approxi

mately twenty 350 gpm wells are assumed to develop a yield of 9.0 mgd. 

Well field facilities as previously discussed would also be required for the North 

Park Formation. Approximately five miles of additional 24-inch pipeline would be 

required to reach the more southerly well field site. Good water quality is 
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anticipated, however, treatment of ground water for insect removal would be 

required as discussed for other ground water sources. Three phases of development 

from 3.0 to 9.0 mgd have been assumed for this source. 

Sage Creek Basin Alternative Cost Comparison 

A comparison of costs to develop each of the four alternative sources within or 

adjacent to the Sage Creek Basin is shown in Table 3 and on Figure 4. It should be 

noted that the 24-inch transmission pipeline has not been included in the cost 

analysis since the pipeline would be common to all alternatives. A more detailed 

breakdown of these costs can be found in the Appendix at the back of this Task 

Report. 

From Table 3 and Figure 4 it can be seen that the least costly alternative appears to 

be development of spring/surface water from the Sage Creek Basin, followed by 

development of the Paleozoic Sediments, North Park Formation, and the Cloverly 

Formation. All of the alternatives shown excluding the Cloverly Formation appear 

to represent significant quantities of supply and are reasonably close in cost to be 

considered as comparable sources for development. Since development of 

spring/surface water appears to be the most economically attractive for the Sage 

Creek Basin, that alternative will be used for comparison with other alternative 

source areas in the next section on this Task Report. 

COMPARISON OF OTHER ALTERNATIVE SOURCES 

General 

Four alternative geographical source areas have been identified which are capable 

of providing significant quantities of water to meet future City needs. These four 

geographical areas are as follows: 
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TABLE 3 

SAGE CREEK BASIN ALTERNATIVE COST COMPARISON 

Amortized Annual Annual 
Capacity Capital Cost 08tM Cost 

Alternative (MGD) (SlUG) (SlUG) 

Sage Creek Surface Water 

Phase 1 4.5 370 130 

Phase 2 8.5 355 105 

Cloverly Formation 

Phase 1 2.0 725 135 

Phase 2 4.0 700 115 

Paleozoic Formation 

Phase 1 1.5 455 155 

Phase 2 3.0 440 150 

Phase 3 5.0 420 155 

North Park Formation 

Phase 1 3.0 565 170 

Phase 2 5.0 505 175 

Phase 3 9.0 445 175 

Total Annual 
Cost 

(SlUG) 

500 

460 

860 

815 

610 

590 

575 

735 

680 

620 
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o Spring/surface water development within the Sage Creek Basin which 

proved to be the best apparent alternative within that area (as 

previously discussed). 

o Surface water development of the North Platte River. 

o Ground water development of the Battle Springs Formation approxi

mately 40 miles northwest of Rawlins. 

o Ground water development of the Battle Springs Formation approxi

mately 28 miles northwest of Rawlins. 

It has been determined that large quantities of good quality water are available 

from the Battle Springs formation at a distance of 40 miles from the City. 

However, it is felt that development within this formation may be feasible closer to 

the City. The center of the well field could possibly be extended to within 28 miles 

of Rawlins or closer. However, more detailed study would be necessary to 

determine the extent of the formation and yield at the fringe. Before additional 

investigation is undertaken, this area will be compared in cost to other alternatives. 

A discussion of each of these source areas follow. 

Sage Creek Basin Spring/Surface Water Development 

This source was discussed in the previous section in comparing alternatives common 

to the Sage Creek Basin. The same quantities of supply and assumptions as 

previously discussed are assumed here. However, the additional cost of the 24 inch 

transmission line must be included with other development costs to make a 

comparison with other alternatives in this section. 

North Platte River Surface Water Development 

The existing North Platte River supply system is capable of delivering 1.5 mgd to 

the City. However, the system has been in operaton since 1898 and would require 

extensive operation and maintenance costs to maintain in service on a continuous 

basis. In addition, the River has a very high seasonal turbidity level which would 
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require complete treatment. Previous studies report that the existing Sage Creek 

system is more economical to operate and this appears to be a valid conclusion. 

Development of the North Platte River supply in two phases is proposed as follows. 

Phase I. It is assumed the North Platte supply would be developed to a capacity of 

5.0 mgd under Phase I. The City would have to obtain additional water rights and 

complete treatment at a maximum day capacity of 10.0 mgd would be necessary. It 

is also anticipated that two new 5.0 mgd raw water pumping stations, one 10.0 mgd 

treated water pumping station, a one million gallon balancing reservoir, and a 24 

inch transmission line would be required. Since the Peaking Reservoir is located at 

the other end of town from the point of North Platte discharge to the City 

distribution system, it is expected a new 100 MG raw water reservoir would be 

required for emergency storage and for peaking purposes. 

Phase n. Under Phase II, the North Platte system would be expanded to an average 

daily capacity of 10.0 mgd. The pumping stations ~d water treatment plant would 

double in capacity. 

Battle Springs Formation (40 miles from City) 

The Battle Springs Formation northwest of Rawlins represents a significant source 

of good quality ground water. The primary disadvantages to development of this 

source include distance to the well field and pumping costs due to the elevation 

difference of approximately 400 feet between the well field and the City. It is 

estimated with reasonable certainty that 9 MGD can be developed at a site 

approximately 40 miles from the City. 

To develop the Battle Springs Formation, it is estimated that nine 700 gpm wells 

would be required. Associated costs would include drilling and development of 

wells, pumping equipment, well field piping and electrical, and a central local 

electrical and control station with telemetry to the City. It is expected that a one 

million gallon balancing reservoir, raw water pumping station, and a 30-inch 
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transmission pipeline would also be required. Treatment of ground water would 

consist of microscreening or other processes to remove insects since it is assumed 

the supply system would discharge into the Peaking Reservoir. For this analysis the 

well field and pump stationing are assumed to be expanded in three phases from 3.0 

to 9.0 mgd. 

Battle Springs Formation (28 miles from City) 

A significant reduction in capital and pumping costs would be realized if the Battle 

Springs Formation could be developed closer to the City. Unfortunately further 

detailed investigation would be required to determine the feasibility of ground 

water development near the fringe of the formation. Should the closer location be 

feasible, this alternative may prove to be economically attractive compared to 

other sources. 

The same assumptions as previously used above apply to this alternative. However, 

pumping costs and transmission pipeline costs would be substantially lower. A three 

phase expansion from 3.0 to 9.0 mgd is also expected for this alternative. 

Cost Comparison of Alternative Source Areas 

A comparison of costs for the alternatives described above are shown in Table 4 and 

on Figure 5. The costs shown include all facilities proposed for each alternative. A 

more detailed breakdown of proposed fadli ties and costs can be found in the 

Appendix. 

It can be seen that development of spring/surface water within the Sage Creek 

Basin remains the least costly alternative. It is also shown that the Battle Springs 

Formation is very comparable in cost to the Sage Creek supply if the Battle Springs 

Formation can be developed within 28 miles of Rawlins. Further investigation of 

that alternative appears to be worthwhile. The North Platte River supply, or Battle 

Springs Formation at a distance of 40 miles from Rawlins are least favorable 

alternatives for development. 
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TABLE 4 

COST COMPARISON OF ALTERNATIVE SOURCE AREAS 

Amortized Annual Annual 
Capacity Capital Cost 08r:M Cost 

Alternative (MGD) ($/MG) ($/MG) 

Sage Creek Basin 

Surface Water Development 

Phase 1 4.5 1320 130 

Phase 2 8.5 930 110 

North Platte River 

Surface Water Supply 

Phase 1 5.0 1140 450 

Phase 2 10.0 805 395 

Battle Springs Formation 

(40 miles from City) 

Phase 1 3.0 2350 250 

Phase 2 6.0 1415 235 

Phase 3 9.0 1125 255 

Battle Springs Formation 

(28 miles from City) 

Phase 1 3.0 1750 250 

Phase 2 6.0 1080 220 

Phase 3 9.0 870 230 

Total Annual 
Cost 

($/MG) 

1450 

1040 

1590 

1200 

2600 

1650 

1380 

2000 

1300 

1100 
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APPENDIX A 

COST EVALUATIONS OF 

WATER SUPPLY ALTERNATIVES 

JAMES M MONTGOMERY,CONSULTING ENGINEERS, INC. 



SAGE CREEK BASIN 

ALTERNATIVE COST 

CALCULATIONS 

JAMES M MONTGOMERY.CONSULTING ENGINEERS, INC. 
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SAGE CREEK BASIN SURFACE WATER (WITHOUT TRANSMISSION PIPELINE) 

Phase I - 4.5 MGD 

Capital Costs 

9.5 Direct Filtration Plant 

Rawlins Reservoir Improvements 

Spring Improvements 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ 12%, 40 years 

Annual OlkM Costs 

Direct Filtration Plant 

Pipeline, Reservoir, Springs 

Total Annual O&M Costs (ENR 3800) 

Total Annual O&:M Costs (ENR 4030) 

Total Phase I Annual Costs (ENR 4030) 

Total Phase I Annual Costs per MG = 

$ 3,700,000 

150,000 

125,000 

$ 3,975,000 

795,000 

$ 4,770,000 

5,055,000 

$ 610,000 per yr. 

$ 150,000 

50,000 

$ 200,000 per yr. 

212,000 per yr. 

$ 822,000 

$822,000 = $500/MG 

4.5(365) 

JAMES M MONTGOMERY.CONSULTING ENGINEERS. INC. 
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SAGE CREEK BASIN SURFACE WATER (WITHOUT TRANSMISSION PIPELINE) 

Phase IT - 8.5 MGD 

Capital Costs 

New Adams Dam 

8 MGD Treatment Plant Expansion 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @IZ%, 40 years 

Annual O&M Costs 

Incremental O&M for WTP 

Total Annual O&M Costs (ENR 3800) 

Total Annual O&M Costs (ENR 4030) 

Total Phase IT Incremental Annual Costs (ENR 4030) 

$ 700,000 

2,500,000 

$ 3,200,000 

640,000 

$ 3,840,000 

4,07,000 

$ 490,000 per yr. 

$ 100,000 

$ 100,000 per yr. 

106,000 per yr. 

$ 596,000 per yr. 

Total Phase IT Incremental Annual Costs per MG = $596,000 = $410/MG 

4 (365) 

Total Phase I+Phase IT Annual Costs per MG= $1,418,000 = $460/MG 

8.5 (365) 

JAMES M MONTGOMERY CONSULTING ENGINEERS. INC. 
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NORTH PARK FORMATION (WITHOUT TRANSMISSION PIPELINE) 

Phase I - 3 MGD 

Capital Costs 

Drill 6 Wells 

Well Field Costs 

5 miles - 16-inch Pipeline Costs 

6 MGD - Microscreen Treatment 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ 12%,40 years 

Annual O&:M Costs 

Pumping Costs 

O&M Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual O&:M Costs (ENR 4030) 

Total Phase I Annual Costs (ENR 4030) 

$ 480,000 

1,710,000 

1,585,000 

300,000 

$ 4,075,000 

815,000 

$ 4,890,000 

5,185,000 

$ 620,000 per yr. 

$ 125,000 

50,000 

$ 175,000 per yr. 

185,000 per yr. 

$ 805,000 per yr. 

Total Phase I Annual Costs per MG =$805,000 = $735/MG 

3 (365) 

JAMES M. MONTGOMERY.CONSULTING ENGINEERS, INC. 

A-4 



NORTH PARK FORMATION (WITHOUT TRANSMISSION PIPELINE) 

Phase IT - 5 MGD 

Capital Costs 

Drill 5 More Wells 

Incremental Well Field Costs 

Incremental 5 mile - 18-inch Pipeline Costs 

Incremental Microscreen Costs 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized. Project Cost @ 12%,40 years 

Annual O&M Costs 

Incremental Pumping Costs 

Incremental Maintenance Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual O&M Costs (ENR 4030) 

Total Phase IT Annual Costs (ENR 4030) 

$ 

$ 

$ 

$ 

$ 

400,000 

1,340,000 

130,000 

125,000 

1,995,000 

400,000 

2,395,000 

2,5'40,000 

305,000 per yr. 

100,000 

25,000 

$ 125,000 per yr. 

132,000 per yr. 

$ 437,000 per yr. 

Total Phase IT Annual Costs per MG = $437,000 = $600/MG 

Z (365) 

Total Phase I+ll Annual Costs per MG= $1,24Z,000 = $680/MG 

5 (365) 

JAMES M MONTGOMERY CONSULTING ENGINEERS, INC. 
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NORTH PARK FORMATION (WITHOUT TRANSMISSION PIPELINE) 

Phase m - 9 MGD 

Capital Costs 

Drill 9 More Wells 

Added Well Field Costs 

Incremental Cost for 5 miles 24-inch Pipeline Costs 

Incremental Microscreen Costs (18 MGD) 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ 12%,40 years 

Annual O&M Costs 

Incremental Pumping Costs 

Incremental Maintenance Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual O&M Costs (ENR 4030) 

Total Phase m Annual Costs (ENR 4030) 

$ 

$ 

$ 

$ 

$ 

720,000 

2,420,000 

210,000 

200,000 

3,550,000 

710,000 

4,260,000 

4,515,000 

540,000 per yr. 

180,000 

50,000 

$ 230,000 per yr. 

245,000 per yr. 

$ 795,000 per yr. 

Total Phase m Incremental Annual Costs . per MG = $795,000 = $545/MG 

4 (365) 

Total Phase I+II+m Incremental Annual Costs per MG = $2,037,000 = $620/MG 

9 (365) 

JAMES M MONTGOMERY CON&ULTING ENGINEERS, INC. 
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CLOVERLY FORMATION (WITHOUT TRANSMISSION PIPELINE) 

Phase I - 2 MGD 

Capital Costs 

Drill 10 Wells 

Well Field Costs 

Treatment Costs (Chlorination) 

4 MGD Microscreen 

Total Construction Costs 

'Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ 12%,40 years 

Annual O&M Costs 

Pumping Costs 

O&M Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual O&M Costs (ENR 4030) 

Total Phase I Annual Costs (ENR 4030) 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

Total Phase I Annual Costs per MG =$625,000 = $860/MG 

2 (365) 

804,000 

2,320,000 

100,000 

250,000 

3,475,000 

695,000 

4,170,000 

4,420,000 

530,000 per yr. 

40,000 

50,000 

90,000 per yr. 

95,000 per yr. 

625,000 per yr. 

JAMES M MONTGOMERY CONSULTING ENGINEERS, INC, 
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CLOVERLY FORMATION (WITHOUT TRANSMISSION PIPELINE) 

Phase 1I - 4 MGD 

Capital Costs 

Drill 10 More Wells 

Well Field Costs 

Incremental Treatment Cost 

Incremental Microscreen Costs 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ 12%,40 years 

Annual 08tM Costs 

Incremental Pumping Costs 

Incremental 0& M Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual 08tM Costs (ENR 4030) 

Total Phase 1I Annual Costs (ENR 4030) 

$ 

$ 

$ 

$ 

$ 

805,000 

2,270,000 

25,000 

125,000 

3,225,000 

645,000 

3,870,000 

4,100,000 

495,000 per yr. 

40,000 

25,000 

$ 65,000 per yr. 

69,000 per yr. 

$ 564,000 per yr. 

Total Phase 1I Incremental Annual Costs per MG = $564,000 = $770/MG 

2 (365) 

Total Phase I+lI Incremental Annual Costs per MG= $1,189,000 = $815/MG 

4 (365) 

JAMES M MONTGOMERY CONSULTING ENGINEERS. INC. 
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PALEOZOIC FORMATION (WITHOUT TRANSMISSION PIPELINE) 

Phase I - 1.5 MGD 

Capital Costs 

Drill 4 Wells 

Well Field Costs 

Microscreen Treatment (3 MGD) 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ 1Z%, 40 years 

Annual O&M Costs 

Pumping Costs 

Maintenance Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual O&M Costs (ENR 4030) 

Total Phase I Annual Costs (ENR 4030) $335, 000 per yr. 

$ 

$ 

$ 

$ 

$ 

$ 

Total Phase I Annual Costs per MG =$335,000 = $610/MG 

1.5(365) 

420,000 

1,020,000 

200,000 

1,640,000 

330,000 

1,970,000 

2,090,000 

Z50 ,000 per yr. 

50,000 

30,000 

80,000 per yr. 

85,000 per yr. 

JAMES M MONTGOMERY.CONSULTING ENGINEERS. INC 
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PALEOZOIC FORMATION (WITHOUT TRANSMISSION PIPELINE) 

Phase n - 3 MGD 

Capital Costs 

Drill 4 More Wells 

Well Field Costs 

Microscreen Treatment (6 MGD) 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @IZ%, 40 years 

Annual O&M Costs 

Pumping Costs 

Maintenance Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual O&M Costs (ENR 4030) 

Total Phase n Annual O&M Costs (ENR 4030) 

$ 420,000 

970,000 

100,000 

$ 1,490,000 

300,000 

$ 1,790,000 

1,900,000 

$ Z30,000 per yr. 

$ 50,000 

30,000 

$ 80,000 per yr. 

85,000 per yr. 

$ 315,000 per yr. 

Total Phase n Annual Costs per MG = $315,000 = $575/MG 

1.5(365) 

Total Phase I+n Annual Costs per MG = $650,000 = $590/MG 

3 (365) 

JAMES M MONTGOMERY.CONSULTING ENGINEERS, INC. 
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PALEOZOIC FORMATION (WITHOUT TRANSMISSION PIPELINE) 

Phase m - 5 MGD 

Capital Costs 

Drill 5 More Wells 

Well Field Costs 

Incremental Microscreen Treatment 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ lZ%, 40 years 

Annual 08tM Costs 

Pumping Costs 

Maintenance Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual 08tM Costs (ENR 4030) 

Total Phase m Annual Costs (ENR 4030) 

Total Phase m Annual Costs per MG = 
2 (365) 

Total Phase I+IT+m Annual Costs per MG = 
5 (365) 

$ 

$ 

$ 

$ 

$ 

$ 

525,000 

1,210,000 

150,000 

1,885,000 

380,000 

2,265,000 

2,400,000 

290,000 per yr. 

65,000 

40,000 

105,000 per yr. 

111 ,000 per yr. 

$410,000 = $550/MG 

$1,060,000 = $580/MG 

JAMES M MONTGOMERY.CONSULTING ENGINEERS. INC. 
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ALTERNA~SOURCEAREA 

COST CALCULATIONS 

JAM.ES M MONTGOMERY CONSULTING ENGINEERS, INC. 
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SAGE CREEK BASIN SURFACE WATER (INCLUDE TRANSMISSION PIPELINE) 

Phase I - 4.5 MGD 

Capital Costs 

9.5 Direct Filtration Plant 

28.5 miles - 20-inch Pipeline 

Rawlins Reservoir Improvements 

Spring Improvements 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ 12%,40 years 

Annual 08tM Costs 

Direct Filtration Plant 

Pipeline, Reservoir, Springs 

Total Annual O&M Costs (ENR 3800) 

Total Annual 08tM Costs (ENR 4030) 

Total Phase I Annual Costs (ENR 4030) 

$ 3,700,000 

10,230,000 

150,000 

125,000 

$14,205,000 

2,840,000 

$17,045,000 

$18,070,000 

$ 2,170,000 per yr. 

$ 150,000 

50,000 

$ 200,000 per yr. 

$ 212,000 per yr. 

$ 2,382,000 per yr. 

Total Phase I Annual Costs per MG = $2,382,000 = $1,450/MG 

4.5 (365) 

.JAMES M. MONTGOMERY CONSULTING ENGINEERS, INC 
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SAGE CREEK BASIN SURFACE WATER (INCLUDE TRANSMISSION PIPELINE) 

Phase n - 8.5 MGD 

Capital Costs 

New Adams Reservoir $ 700,000 

8 MGD Treatment Plant Expansion 2,500,000 

Incremental Cost for 28.5 miles 24-inch Pipeline 1,500,000 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ lZ%, 40 years 

Annual 08tM Costs 

Incremental for Direct Filtration Plant 

Incremental for Pipeline, Reservoir, Springs 

Total Annual O&M Costs (ENR 3800) 

Total Annual 08tM Costs (ENR 4030) 

$ 

$ 

$ 

$ 

$ 

4,700,000 

940,000 

5,640,000 

5,980,000 

717,000 per yr. 

100,000 

25,000 

125,000 per yr. 

133,000 per yr. 

Total Phase n Incremental Annual Costs per MG = $850,000 = $580/MG 

4 (365) 

Total .Phase I & n Annual Costs per MG = $3,Z3Z,000 = $1,040/MG 

8.5 (365) 

JAM.ES M MONTGOMERY. ON&ULTING ENGINEERS. INC 
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NORTH PLAITE RIVER SURFACE SUPPLY 

Phase I - 5.0 MGD 

Capital Costs 

10 MGD Water Treatment Plant 

(complete treatment) 

2 - 5 MGD Raw Water Pumping Stations 

1 - 10 MGD Treated Water Pumping Station 

1 - 1 MG Steel Balancing Reservoir 

1 - 100 MG Raw Water Reservoir 

19.5 miles 18-inch pipeline 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4500) 

Amortized Project Cost @lZ%, 40 years 

Annual 08tM Costs 

Pumping Power Costs 

Treatment Plant 

Res., Pump Stations, and Pipeline 

Maintenance Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual 08tM Costs (ENR 4030) 

Total Annual Costs (ENR 4030) 

$ 5,000,000 

1,200,000 

500,000 

250,000 

500,000 

6,180,000 

$13,630,000 

2,730,000 

$16,360,000 

17,340,000 

$Z,080,000 per yr. 

$ 350,000 

350,000 

$ 75,000 

$ 775,000 per yr. 

8Z0,000 per yr. 

$Z,900,000 per yr. 

Total Phase I Annual Cost per MG = $Z,900,OOO = $1,590/MG 

(5) (365) 
JAM.ES M MONTGOMERY CONS'JLTING ENGINEERS, INC 
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NORTH PLAnE RIVER SURFACE SUPPLY 

Phase II - 10 MGD 

Capital Costs 

10 MGD Water Treatment Plant Expansion 

2-5 MGD Expansion of Raw Water Pump Stations 

1-10 MGD Expansion of Treated Water Pump Station 

19.5 miles 24-inch Pipeline Incremental Cost 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ 12% interest, 40 years 

Annual O&M Costs 

Incremental Pumping Power Costs 

Incremental Treatment Plant O&M 

Incremental Reservoir, Pumping Station, and 

Pipeline Maintenance Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual O&M Costs (ENR 4030) 

Total Annual Costs (ENR 4030) 

$ 

$ 

$ 

$ 

$ 

$ 

3,000,000 

800,000 

300,000 

1,550,000 

5,650,000 

1,130,000 

6,780,000 

7,190,000 

860,000 

350,000 

200,000 

25,000 

per yr. 

575,000 per yr. 

610,000 per yr. 

$ 1,470,000 

Total Phase II Incremental Annual Costs per MG = $1,470,000 = $805/MG 

5(365) 

Total Phase I + Phase II Annual Cost per MG = $4,370,000 = $1,200/MG 

(10) (365) 

JAMES M MONTGOMERY CONSULTING ENGINEERS. TNC. 
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BATrLE SPRINGS FORMATION (40 MILES FROM CITY) 

Phase I - 3 MGD 

Capital Costs 

Drill 3 Wells 

Well Field Costs 

1 MG Storage Reservoir 

300 HP Pump Station 

40 mile - 20-inch Pipeline Costs 

6 MGD - Microscreen 

Total Project Costs 

Engineering & Contingencies (20%) 

Total Capital Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

$ 360,000 

995,000 

250,000 

600,000 

14,360,000 

300,000 

$16,865,000 

3,375,000 

$20,240,000 

21,450,000 

Amortized Project Cost @ 12%,40 years $ 2,575,000 per yr. 

Annual 08tM Costs 

Pumping Costs 

O&M Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual 08tM Costs (ENR 4030) 

$ 

$ 

$ 

176,000 

75,000 

251,000 per yr. 

265,000 per yr. 

Total Phase I Annual Costs (ENR 4030) $ 2,840,000 per yr. 

Total Phase I Annual Costs per MG =$2,840,000 = $2,600/MG 

3 (365) 

JAMES M. MONTGOMERY,CONSULTING ENGINEERS. INC. 
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BAITLE SPRINGS FORMATION (40 MILES FROM CITY) 

Phase n - 6 MGD 

Capital Costs 

Drill 3 More Wells 

Well Field Costs 

Pump Station Expansion 

40 mi - 24" Pipe Incremental Costs 

Microscreen Treatment Expansion 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ lZ%, 40 years 

Annual 08t:M Costs 

Incremental Pumping Costs 

Incremental Maintenance Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual 08t:M Costs (ENR 4030) 

$ 

$ 

$ 

$ 

$ 

360,000 

945,000 

300,000 

1,690,000 

150,000 

3,445,000 

690,000 

4,135,000 

4,380,000 

5Z5,000 per yr. 

203,000 

30,000 

$ 233,000 per yr. 

Z45,000 per yr. 

Total Phase n Incremental Annual Costs per MG = $770,000 = $580/MG 

3 (365) 

Total Phase I 8t: n Annual Costs per MG = $3,610,000 = $1,650/MG 

6 (365) 

JAMES M MONTGOMERY.CONSULTING ENGINEERS, INC 

A-18 



BATILE SPRINGS FORMATION (40 MILES FROM CITY) 

Phase m - 9 MGD 

Capital Costs 

Drill 3 More Wells 

Well Field Costs 

Pump Station Expansion 

40 miles - 30-inch Pipeline Incremental Costs 

M.,icroscreen Treatment Expansion 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ 12%,40 years 

Annual O&M Costs 

Incremental Pumping Costs 

Incremental Maintenance Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual O&M Costs (ENR 4030) 

Total Phase m Incremental Annual Costs (ENR 4030) 

$ 360,000 

945,000 

300,000 

2,110,000 

150,000 

$ -3,865,000 

775,000 

$ 4,640,000 

4,920,000 

$ 590,000 per yr. 

$ 280,000 

30,000 

$ 310,000 per yr. 

330,000 per yr. 

$ 920,000 per yr. 

Total Phase m Incremental Annual Costs per MG = $920,000 = $840/MG 

3 (365) 

Total Phase I, n & m Annual Costs per MG = $4,530,000 = $1,380/MG 

9 (365) 
JAMES M. MONTGOMERY.CONSULTING ENGINEERS. INC. 
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BATILE SPRINGS FORMATION (28 MILES FROM CITY) 

Phase I - 3 MGD 

Capital Costs 

Drill 3 Wells 

Well Field Costs 

1 MG Storage Reservoir 

300 HP Pump Station 

28 miles-20-inch Pipeline Costs 

6 MGD - Microscreen 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized. Project Cost @ 12%, 40 years 

Annual 08tM Costs 

Pumping Costs 

O&M Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual O&:M Costs (ENR 4030) 

Total Phase I Annual Costs (ENR 4030) 

$ 360,000 

995,000 

250,000 

600,000 

10,050,000 

300,000 

$12,555,000 

2,510,000 

$15,065,000 

15,970,000 

$ 1,915,000 per yr. 

$ 170,000 

75,000 

$ 245,000 per yr. 

260,000 per yr. 

$ 2,175,000 per yr. 

Total Phase I Annual Cost per MG = $2,175,000 = $2,000/MG 

3 (365) 

JAMES M MONTGOMERY.CONSULTING ENGINEERS, INC. 
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BAITLE SPRINGS FORMATION (28 Mll..ES FROM CITY) 

Phase n - 6 MGD 

Capital Costs 

Drill 3 More Wells 

Well Field Costs 

Pump Station Expansion 

28 miles - 24-Inch Pipe Incremental Costs 

Microscreen Treatment Expansion 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @ 12%,40 years 

Annual O&M Costs 

Incremental Pumping Costs 

Incremental Maintenance Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual Costs (ENR 4030) 

Total Phase n Annual Costs (ENR 4030) 

$ 

$ 

$ 

$ 

$ 

360,000 

945,000 

300,000 

1,180,000 

150,000 

3,525,000 

590,000 

3,525,000 

3,740,000 

450,000 per yr. 

160,000 

30,000 

$ 190,000 per yr. 

200,000 per yr. 

$ 650,000 per yr. 

Total Phase n Incremental Annual Costs per MG = $650,000 = $600/MG 

3 (365) 

Total Phase I&n Annual Costs per MG =$2,825,000 = $1,300/MG 

6 (365) 

JAMES M MONTGOMERY,CONSULTING ENGINEERS, INC. 
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BAITLE SPRINGS FORMATION (28 MILES FROM CITY) 

Phase m - 9 MGD 

Capital Costs 

Drill 3 More Wells 

Well Field Costs 

Pump Station Expansion 

28 miles- 30-inch Pipeline Incremental Costs 

Microscreen Treatment Expansion 

Total Construction Costs 

Engineering & Contingencies (20%) 

Total Project Costs (ENR 3800) 

Total Project Costs (ENR 4030) 

Amortized Project Cost @12%, 40 years 

Annual 08t:M Costs 

Incremental Pumping Costs 

Incremental Maintenance Costs 

Total Annual O&M Costs (ENR 3800) 

Total Annual 08t:M Costs (ENR 4030) 

Total Phase m Annual 08t:M Costs (ENR 4030) 

$ 360,000 

945,000 

300,000 

1,480,000 

150,000 

$ 3,235,000 

650,000 

$ 3,885,000 

4,120,000 

$ 495,000 per yr. 

$ 225,000 

30,000 

$ 255,000 per yr. 

270,000 per yr. 

$ 765,000 per yr. 

Total Phase m Incremental Annual Costs per MG =$765,000 = $700/MG 

3 (365) 

Total Phase I+n+m Annual Costs per MG =$3,590,000 = $1,IOO/MG 

9 (365) 

JAMES M MONTGOMERY,CONSULTING ENGINEERS. INC. 
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