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EXECUTIVE sUMMA'Ry 

Authorization and Purpose 

In November of 1994, the Town of Pine Bluffs submitted an application to the Wyoming 
Water Development Commission (WWDC) to fund a Level II study of the municipal water 
supply. On June 1, 1995 Lidstone & Anderson, Inc. (LA) enterecd into a contract with the 
WWDC to provide professional services related to the Level II Pine Bluffs Water Supply 
Project. LA was assisted by AVI, p.c. throughout the course of the project. The purpose of 

this project was to (1) investigate declining well production within certain wells, (2) document 
the hydrogeologic and hydraulic characteristics of the Brule Aquifer for the purposes of wellhead 
protection and well rehabilitation design, (3) evaluate the need for and develop the conceptual 
design of an isolated transmission line and water treatment program for the Town's water 
supply, and (4) develop a methodology for the Town to achieve compliance with Wyoming's 
proposed Wellhead Protection Program. 

Project Location and Summary of Existing Problems 

The Town of Pine Bluffs is immediately adjacent to the Wyoming/Nebraska border in 
southeastern Laramie County, Wyoming. Pine Bluffs and its economy are closely tied to 
agriculture, which comprises most of the land use in the area. The 1990 census population of 
1,054 persons represents a slight decrease from 1980's estimates. The Town has shown a slow 
but steady increase in population since 1990. Estimates from the State Economic Analysis 

Division predict a population of 1,350 in the year 2030. 
The water source for the community is a shallow aquifer: the Oligocene age Brule 

Formation. The Brule is a siltstone aquifer whose ability to yield water is dictated by secondary 
permeability: fractures, fissures, pipes, and tubular openings within the formation. Secondary 
permeability features are generally discontinuous across the Brule Formation, and no certainty 
of yield can be expected from any given well. Well completion in the Brule is, therefore, a "hit 

or miss" operation. Low yielding wells can be completed immediately adjacent to high yielding 

wells if pipes and fractures are not encountered. 
Six wells, all completed in the Brule, serve as the sole source of municipal water for the 

Town. The wells and well pumps deliver water directly and maintain pressures within the 
Town's water distribution system prior to the transmission of water to storage. Since pressures 
within the distribution system are maintained by the production well pumps, storage is not used 
to efficiently handle peak demand flow. The system is well maintained and functional, yet 
certain upgrades are required to replace the more antiquated portions of the system. These 

upgrades were documented in the Level I report. 
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Concern has been expressed about the regionally declining water table. Overall, water 

levels have declined approximately four feet since 1979 with the majority of this decline 

occurring between 1985 and 1992, which corresponds to a period of severe drought. The 
decline may be a result of low precipitation coupled with increased irrigation demand during the 
drought period. Recent data show a significant decrease in the rate of decline in response to 
near-average precipitation, followed by a slight increase in static levels after a high-precipitation 

year. Seasonal fluctuations in the water table will undoubtedly continue as a function of 
precipitation and the irrigation demand. The static water levels in the wells now range from 29 
feet to 84 feet below the ground surface. 

Several institutional constraints dictate the available direction for any improvements or 
modifications to the Town's water system. The area now falls within the Laramie County 
Control Area, established September 1981, which severely restricts ground water development. 
Also, the Wyoming Department of Environmental Quality is currently developing the state's 
Wellhead Protection Program which will set forth voluntary guidelines that the Town of Pine 
Bluffs is strongly encouraged to adopt. Finally, under the Groundwater Treatment Rule 
(GWTR) of the Safe Drinking Water Act, disinfection of municipal water supplies will be 

required. The Town's existing system, connecting wells directly to the distribution system, will 
not be practical for treatment or wellhead protection. An isolated transmission line commingling 
the Town wells and connecting the production directly to storage will be an essential component 
in any ground water treatment program. 

Overview of the Level II Investigation 

Fieldwork for the Level II investigation was completed during the summer of 1995 and 

consisted of a well-by-well inspection of the water production system, including well bores, well 
casings, pumps, and pump motors. Aquifer testing, field investigation of transmission line 
routes, and site reconnaissance for the development of a wellhead protection plan were 
incorporated into the Level II program. 

(1) Pump Inspection and Rehabilitation 

During normal operation of the water supply system, four primary wells (Nos. 1, 2, 5, 
and Ekxtrom) are pumped in pairs. Well No.4 is used primarily as a backup unit; it is operated 
manually when demand cannot be met by the other paired wells. Well No.3 is also operated 
manually, but it is rarely used. Since most of the pumps had not been thoroughly inspected 
since 1977 and 1978, the condition of the pumps and equipment was generally unknown. The 
scope of the Level II investigation included a detailed evaluation of each well except the rarely 
used Well No.3. As a Level II study, the project did not include funding for repairs. The 
Town of Pine Bluffs, however, decided it would be cost-effective to make minor repairs while 
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the pumps were out of the wells. The Town approved a rehabilitation budget for repairs 
including bearings, shafts, and bushings. All critical pump repairs were made during the 1995 
field investigation. No Level III funding is recommended for pump rehabilitation. 

Pumps 

In most cases, the pumps were in relatively good condition, particularly given their 
continued use over a 13- to 18-year period. Pump bowls and impellers exhibited limited wear, 

and in no case were pump bowls or impellers replaced. Slight play in bowl shafts dictated 
replacement of bearings within the bowl shaft assemblies. The spider bushings, nuts, and bolts 
in the pump columns typically showed significant wear and were replaced. In each case the 
intake screen had completely deteriorated and was replaced. Occasionally, the packing gland 
at the motor head shaft was worn and required replacement. Of all of the wells, the pump, 

pump motor, and column shafts at Well No.1 exhibited the greatest amount of deterioration. 
This deterioration may be related to the pumping equipment's age and frequency of use. 
Although the equipment in Well No.4 is older, it is operated on a manual basis and only in 
times of peak demand. 

Based on the condition of the pump, motor, and column at Well No.1, a more frequent 
inspection and rehabilitation program is recommended. Annual review of production and power 
records should be a part of the Town's maintenance program. At least once every 10 or 15 

years, each production pump should be removed from its well and inspected; worn parts should 
be replaced. At the time of pump removal, the total depth of the wells should be measured to 
determine if there has been any "loss of hole." This is especially important for Well Nos. 1, 
2, and 4, which are open hole completions. 

Production Capability 

The Level I effort had identified Well Nos. 1, 2, and Ekxtrom as the principal water 

production wells within the Town's system. During the pump inspection process, aquifer testing 
was conducted at two of these wells. The testing allowed an updated calculation of the 
maximum sustainable yield and provided data on the general aquifer characteristics. Optimum 
sustainable yield is the theoretical maximum rate of pumpage that can be sustained for a long 

period of time (life of the project). In the case of the Pine Bluffs analysis, a conservative 
approach to the determination of maximum sustainable yield was taken in order to address the 
history of declining water table conditions in the general area. The sustainable safe yields for 
each well are as follows: 

• Well No. 1- 700 to 1,000 gpm • Well No. 5- 125 to 175 gpm 
• Well No. 2- 600 to 750 gpm • Ekxtrom- 1,000 to 1,300 gpm. 
• Well No. 4- 225 to 350 gpm 
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Yield estimates for Well Nos. 2, 4, and 5 were derived from Level I testing. Well No. 3 was 

not tested during either study. 

Well Nos. 4 and 5 are characterized by declining production. The field inspection of the 

pumping equipment indicated that the loss of production was not directly related to the condition 

of the pumps or pump appurtenances. The addition of a five foot length of column to the Well 

No.4 pump was intended to optimize the pump setting and thereby increase the maximum 

production capabilities of this well. The pumps installed in both of these wells have production 

capabilities that greatly exceed the actual well yield. Therefore, in order to prevent immediate 

drawdown below the pump intake, the Town has installed valves to restrict the flow from the 

wells. 

Well No.4 was installed as an "open hole completion" in 1960 and has seen a 35% 
decline in production since 1977. The primary reason for this decreased production appears to 

be the loss of 30 feet of production zone at the bottom of the well. Much of the material 

associated with the loss of "hole" was generated from collapse of the fractured annular wall 

immediately above and below the water table. To prevent continued loss of this unstable wall 

and a further decline in well production, LA recommends the deepening (redrilling at the same 

location) and installation of casing within the existing open borehole. 

Well No. 5 was installed as a "cased and screened" well in 1973 and has seen a 50% 

decline in production since 1977. The inspection of the well showed that the casing was 
ruptured and that there had been a 25 % loss of open area in the screen. Well design and 

construction practices appear to be responsible for the loss of well production. Because of the 

ruptured condition of the casing, LA recommends abandoning the existing Well No.5 and 

redrilling it at an adjacent location. Prior to the completion of a relocated well, test wells in the 

general area may have to be completed. 

Conceptual designs for rehabilitation of Well Nos. 4 and 5 are presented in the Level II 

report. These designs include the installation of a well screen with a relatively large slot size 

and extremely coarse gravel pack. The purpose of casing and gravel pack within the local 

aquifer system is to prevent failure of the borehole rather than entrance of formation material 

into the cased well. 

(2) Conceptual Model Of Municipal Well Field 

Over the course of the two investigations, it became obvious that the Town's water rights 

were not well matched to well production capability. Most notably, the two highest yielding 

wells, Well No.1 and the Ekxtrom Well, have two of the lowest adjudications. In order to 

balance this condition, LA recommended the enlargement of the water right adjudication for both 

of these wells through the transfer of rights from other wells. The Town of Pine Bluffs, 

however, falls within the Laramie County Control Area, and the State Board of Control restricts 

ground water development within that area. The impact of that transfer and the ability of the 
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aquifer to sustain long term municipal well field production was addressed by the LA ground 
water modeling effort. To that end, LA used the Prickett Lonnquist Aquifer Simulation Model 
(PLASM) to estimate the response of the Brule Formation aquifer to pumping of the six Pine 
Bluffs municipal wells. 

The Pine Bluffs vicinity is represented by a variably spaced grid with 40 columns and 
40 rows, oriented north-south and east-west. The entire model grid covers an area of 26.5 miles 
by 26.5 miles, centered approximately on the Town of Pine Bluffs well field. The westernmost 
boundary is a recharge boundary designed to simulate the regional ground water flow direction, 
which is from west to east. The other three sides of the model grid are impermeaqle 
boundaries. The starting water surface was a horizontal water table under unstressed or "virgin" 
conditions. Pumping rates representative of existing conditions were calculated from town 
production records. Future condition pumping rates were estimated based on 2030 population 
projections included in the Level I report. 

As stated previously, ground water flow through the Brule Formation is controlled by 
secondary permeability features that could not be defined within the scope of this investigation. 
In such a situation, where no discernible fracture pattern can be identified, it is common practice 
to represent the aquifer with an isotropic, homogeneous model whose parameters simulate the 
effective characteristics of the actual aquifer. In this case, a representative storage coefficient 
of 2.0x10-3 was selected from the available literature on the Brule Formation, and a 
transmissivity of 80,000 gpd/ft was chosen from the results of aquifer testing at Well No.1 and 
the Ekxtrom Well. Sensitivity analyses showed that the model results were not greatly affected 
by variations of the storage coefficient or the anisotropic conditions in aquifer transmissivity. 

The model was calibrated to the water level changes which had been documented within 
the modeled area. Data for these water level changes were compiled from the Town's and 

WSEO observation well records. The annual average production rate for each well was entered 
into the model. Following the assumption of effective transmissivity, the model was run for 
a 20 year calibration period until equilibrium was achieved. Calibration of the model's 
simulated hydrographs to actual USGS and Wyoming SEQ hydrographs was achieved, verifying 
the model's steady-state condition anq the selection of the input parameters. 

After successful calibration, the post-development or future water demand was modeled. 
Future water production rates were based on the projected future population growth of the Town 
and the current per capita water use rates. A cone of depression was simulated, and maximum 
drawdown was achieved within the center of the Town's well field. After 20 years of pumping, 
maximum drawdown ranged from two feet at the center of the well field to 1.5 feet at the 
nearest irrigation well. 

LA also modeled seasonal fluctuations to evaluate the effects of peak summer usage and 
low flow winter usage on the regional aquifer system. Under existing conditions, the maximum 
seasonal drawdown below the annual average water level was 1.3 feet. The seasonal drop under 
future conditions was 1.9 feet. In all, the greatest anticipated impact at the nearest irrigation 
well is a 3.5-foot decrease in the water table under future, summer conditions. 
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Based on the model results, LA reached two conclusions regarding the Pine Bluffs 

municipal well field: (1) the municipal well field is believed to be capable of sustaining both the 

existing and predicted future production rates, and (2) the maximum anticipated drawdown 
caused by pumping the well field at future production rates (3.5 feet) should have minimal 
impact on adjacent irrigation wells. The modeling effort did not address well interference or 

the impacts of summer irrigation withdrawals on the aquifer system. 

(3) Isolated Transmission Line 

The Pine Bluffs Level I Study determined the need for a direct transmission line 
connecting the Town's producing wells to the storage tanks. This system would allow the Town 
to optimize its water storage and water treatment capabilities. With the enactment of the Ground 

Water Treatment Rule (GWTR), EPA will require all public water systems to disinfect their 

water. Without isolating production from distribution via an independent transmission line to 

storage, the Town would need a chlorine contact chamber, an additional booster pump, and 
associated chlorination equipment at each well. Such a system could only be implemented at 

great cost. The Level II study proposed an isolated transmission line which would provide 

centralized chlorination and eliminate the need for additional pumps and contact chambers. In 

addition, the proposed transmission line would allow effective commingling of waters from the 
various wells and provide a mechanism to handle municipal demand despite increasing levels of 

nitrate at certain town wells. 

A site reconnaissance was made to find the best alignment for the new transmission line. 
This analysis took into account existing utilities, rights-of-way, access, street conditions, etc. 
The recommended alignment (Figure 1) incorporates each of the Town's higher production wells 

and transfers the water down a centralized corridor along Beech Street. Preliminary design 

configurations show that a 12-inch transmission main beginning north of Well No.5 at Main 

Street would work satisfactorily with the existing pump equipment. A smaller line may require 
new well pumps and result in an increase in power requirements. Eight-inch feeder mains would 

be used to tie the individual wells to the 12-inch line. Water treatment (chlorination) would take 

place at the storage tanks. 
The Town's existing water system was modeled using the PipeNet Model for AutoCAD. 

With an isolated transmission main to the Town's two storage tanks, the tanks will supply all 

the water to the Town. U sing the existing distribution network, system pressures would drop 
below 10 psi at a number of locations throughout town during fire flow demand. Recommended 

minimum system pressures are 20 psi, so distribution system upgrades will be required. The 
first area of concern is the need for a new supply line from the storage tanks to town. This line 

should be at least 12 inches in diameter and will need to be connected to the Town's distribution 

network through the existing 12-inch main under the interstate near Stephens Avenue. 
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The second area of concern is the approximately 21,500 lineal feet of 4-inch mains in 

town. These small diameter mains cause a reduction in water pressure at certain locations in 
town. It is recommended that the Town replace enough 4-inch mains on the southwest and east 
end of town to keep water pressure above 20 psi during fire flows. The improvements should 
start with an 8-inch main on 7th Street, between Parson and Elm, and an 8-inch main on 5th, 

between Maple and Walnut. With the upgrades, line pressures throughout the system range 
from 20 to 60 psi under fire flow conditions. This does not represent a significant drop from 
existing conditions. 

The Town is also encouraged to upgrade their operating system through improved 
telemetry. Today's technology allows a variety of system upgrades which vary in price. With 
the Town operating four to six wells, two storage tanks, and a booster pump station, the project 
team recommends a system which allows the operator to monitor and control the production, 
transmission, and distribution system from one central location. A system using telephone lines 

is suggested. 

(4) Wellhead Protection Plan 

The 1986 Amendments to the Safe Drinking Water Act (SDWA) of 1974 established the 
Wellhead Protection (WHP) Program. This nationwide program was created to prevent the 
contamination of ground water resources tapped by public water supply wells. Under the SDWA 
Amendments (Section 1428), each state is required to develop its own program. These programs 

are then reviewed by EPA and, following approval, administered by state agencies. In 
Wyoming, the development and administration of the state's WHP program are the responsibility 
of the Department of Environmental Quality, Water Quality Division (WDEQ/WQD). At the 
time of the Pine Bluffs Level II investigation, the WDEQ/WQD was in the process of developing 

its WHP program. Therefore, the exact requirements could not be addressed. However, the 
EP A has established minimum criteria which are discussed in the report as they relate to the 

Town of Pine Bluffs. 
The draft guidelines state that participation in Wyoming's program will be voluntary and 

at the discretion of the owners of the Public Water System (PWS). If the Town of Pine Bluffs 

participates, there are several potential economic benefits: 1) elements of the wellhead protection 
plan can be used to obtain waivers for costly monitoring, 2) the costs associated with treating 
contaminated water can be avoided, and 3) costs associated with replacement of a contaminated 
well can be avoided. Due to the reliance of the Town on the aquifer as its sole source of 

drinking water, participation in the program is highly recommended. 
The Wellhead Protection Plan must be feasible and, because of its voluntary nature, 

attractive to the participants. The principal type of contamination to be addressed by the Town 
of Pine Bluffs is nitrate. Other sources of contamination include underground fuel storage tanks 
and accidental spills from the railroad and highway transportation corridors. In Pine Bluffs, the 
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Wellhead Protection Area (WHPA) for the six municipal wells is relatively large. It has 
multiple owners and incorporates many land uses. Moving the wells to a more protected area 
or purchasing the surrounding land (WHPA) is not feasible. As a result, the Town's ability to 
control land use and manage ground water quality within the WHPA is limited. Management 
tools included in typical WHP plans include zoning, operation and design standards, source 
prohibitions, public education, monitoring and purchase of property. Some of these techniques 

are more applicable to the Pine Bluffs situation than others. It will be the responsibility of the 
Town to determine which of the management tools and strategies they will actually implement. 

The Level II report provides a detailed discussion of each of the elements required in a 
WHP plan. The recommendations for the Town of Pine Bluffs are, briefly, as follows: 

1. Involvement of the public is strongly encouraged. The effectiveness of any plan 
will be highly dependent upon cooperation and participation of the public. The 
Town is encouraged to hold public meetings and solicit ideas and involvement 
from the start. A Nitrate Awareness Plan should be prepared and distributed for 
public comment. 

2. Voluntary Best Management Practices (BMPs) can be created and put in place to 
reduce the risk of contamination. Examples of BMPs include the placement of 
anti-backflow valves on chemigation systems to prevent ground water 
contamination, secondary containment facilities at liquid fertilizer storage 
facilities, etc. One of the two fertilizer plants in town already has a secondary 
containment system. 

3. A pilot study should be conducted in coordination with the Soil Conservation 
Service to determine the degree, if any, of nitrate contamination that is associated 
with current versus historical agricultural activities. The study would involve 
taking soil samples from various depths within the soil profile to evaluate nitrate 
migration below the rooting zone. The study can be expanded to include, for 
example, irrigation practices and application rates, types of crops, amount of 
fertilization, and soil type. 

4. A contingency plan should be prepared in the event that a well becomes 
contaminated or records unacceptably high levels of nitrate. Such a plan might 
involve dilution of the specific well's water with a high volume of water from 
uncontaminated wells. Such a plan may only be feasible if the Town constructs 
the recommended isolated transmission line which mixes all well water in the 
storage tank before distribution. Emergency mitigation can also be accomplished 
by shutting off the contaminated well and replacing its yield with another "off
line" well. For this reason rehabilitation of Well No.4 is an attractive option. 
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Summary of Project and Evaluation of Project Costs 

The Pine Bluffs Level II study concluded that certain improvements in water production 
and transmission are required to improve overall system efficiency and to meet future regulatory 
requirements. Specifically, rehabilitation of Well Nos. 4 and 5 is recommended to improve their 

long-term water yield. Well No.4 is especially important because of its low nitrate levels and 
its isolated position in the southeast portion of town. An isolated transmission line connecting 
all of the Town's main production wells directly to storage is also recommended. The 
transmission line would allow the Town to provide treatment to its water supply, operate the 

individual wells efficiently, and commingle water to meet regulatory water quality objectives. 
The system improvements would also allow the Town to efficiently utilize the existing 710,000 
gallons of municipal storage to meet peak demands, maintain system pressures, and meet the 
objectives of the Wellhead Protection Plan. 

Level III construction costs were prepared in conjunction with the Level II conceptual 

designs. The following table presents both WWDC and non-WWDC construction costs. Non
WWDC costs are assumed to include distribution system upgrades and water treatment. All 
costs are based on 1996 dollars and are prepared in accordance with WWDC (1995) guidelines. 

Table 1. Total Project Costs and Repayment Plan. 
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Total Project Costs $1,040,000 $400,000 

Loan @ 50% (WWnC) $520,000 NA 

Loan @ 50% (Farm Loan Board) NA $200,000 

Repayment Factor 30 Years @ 4 % 0.05783 NA 

Repayment Factor 30 Years @ 7.25 % NA 0.08262 

Annual Payment $30,072 $16,524 

Total Annual Payment $46,596 

Project Cost/Tap/Month (510 taps) $7.61 
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