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CHAPTER 1 

INTRODUCTION 

Purpose 

This report provides the design basis and preliminary design of a water treatment 

plant to meet the joint public water supply needs for the towns of Edgerton and Midwest, 

Wyoming. The report has been prepared for three purposes. First, the preliminary 

design will be used in preparation of final plans and specifications for the facility. Second, 

the report presents estimates of the costs to construct and operate the treatment plant, 

to be used in an application for funding construction of the proposed facility. Third, the 

report presents the necessary information required in an engineering report to accompany 

an application, to the Wyoming Water Quality Division, for a permit to construct the 

facility. 

Some of the information in this report, particularly regarding maximum daily water 

demands, is drawn from earlier studies performed for the Wyoming Water Development 

Commission (WWDC). Reports of these studies, referred to collectively as the WWDC 

reports, should be referred to for further details of the project background. 

Existing Facilities 

Edgerton and Midwest ("the towns") currently have separate but interconnected 

water supply systems. The water supply situation for each system is marginally poor. 
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Edgerton 

Edgerton's water is supplied from a series of wells northeast of the town, producing 

ground water from the Fox Hills formation. At peak use conditions, each well produces 

35 gallons per minute (gpm) or less, from depths of almost 2,000 feet. Four of the wells 

(eight have historically been used) are operational, but most of Edgerton's water supply 

comes from two of the wells. The well most recently completed has not been placed in 

regular service because of strong discoloration in the water. The oldest operable well 

produces very little water. 

No treatment of the water is provided, apart from chlorination to maintain residual 

disinfectant levels. The water is of moderately poor quality, containing relatively high 

concentrations of Total Dissolved Solids (TDS) and sodium. 

A more serious problem than the water quality, however, is the limited supply. 

Edgerton's population, is roughly estimated at 350, and the wells currently supply a 

maximum of 250 gallons per capita per day (gpcd). This is approximately 60 percent of 

the estimated peak demand which would occur with an adequate supply. 

Midwest 

Midwest's water is supplied from the North Platte River near Casper. Water is 

withdrawn from a caisson adjacent to the river, and is pumped, via a pipeline, 

approximately 40 miles north to the town. The water is treated in pressure filters (without 

chemical addition or surface wash) at Midwest, and chlorinated to provide residual 
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disinfectant concentrations. This level of treatment will not comply with the new Surface 

Water Treatment Regulations (SWTR) promulgated by the Environmental Protection 

Agency (EPA). 

The pipeline reportedly delivers approximately 180 gpm when operating. At an 

estimated Midwest population of 600, this is a maximum daily supply of 430 gpcd, or 

about 80 percent of the estimated maximum daily demand. 

However, the pipeline has been in continuous service for nearly 70 years. It was 

originally constructed of steel, though some relatively short segments have since been 

replaced with more corrosion resistant pipe. Steadily increasing numbers of leaks have 

occurred in recent years and it has become apparent that, despite strenuous efforts at 

repair and rehabilitation, the economic life of the existing pipeline has been exhausted. 

Joint Facilities 

Edgerton and Midwest have entered into a Joint Powers Agreement whereby they 

share a large finished water storage tank which is a main feature of each town's water 

supply. The agreement, as presently written, requires that each town place as much water 

into the tank as it withdraws from the tank. The agreement also provides for cooperation 

by the towns in furnishing future water supply facilities. 
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New Water Supply Alternatives 

Previously Investigated Water Supplies 

The towns have made two unsuccessful attempts to obtain a replacement raw water 

supply to serve their combined needs. The first attempt was the dril~ing of a well, funded 

by the WWDC, into the Madison formation several miles west of Midwest. Madison wells 

in the Edgerton-Midwest area produce prodigious quantities of water, but the water is 

highly mineralized, very hot, and unsuitable for direct use in a public water supply. It was 

hoped that drilling a well closer to the source of Madison recharge would produce water 

of a suitable quality and quantity, but this did not prove to be the case. 

Following the failure of the Madison well to provide suitable water, a feasibility 

study of a new pipeline from the North Platte River was undertaken, again funded by the 

WWDC. The construction expenses of such a pipeline were found to be so high as to 

preclude obtaining funding for it. 

Madison Wells with Treatment 

This report presents a conceptual design for a water supply for the two towns, 

employing water from the Madison formation and a treatment plant to make the water 

potable. The treatment plant will employ reverse osmosis (RO) technology, after first 

cooling the water sufficiently to allow treatment and use. 

An important feature of the proposed project is the provision of raw water supply, 

and wastewater disposal, by an industrial sponsor, AMOCO Production Company. 
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AMOCO has operated Madison water production wells for many years, but due to changes 

in the operation of the Salt Creek Oil Field, now has a greatly reduced need for Madison 

water. Likewise, the wastewater quantity associated with a municipal water supply is 

minimal compared with the quantities handled by AMOCO in conjunction with their oil 

production facilities. Due to the provision of water supply and wastewater disposal by 

AMOCO, this report addresses only the treatment portion of the proposed new facilities. 
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CHAPTER 2 

SERVICE REQUIREMENTS 

Design Flow Demands 

The service area for the ground-water treatment plant will be the towns of 

Edgerton and Midwest. Design life of the plant has been set at 20 years. Current 

estimated populations and water demands, and those predicted for the year 2010, are 

shown in Table 1. The predictions for 2010 have been adopted from the first WWDC 

report (Banner, 1985), with current figures based on communications with town personnel. 

In this situation, the design capacity of the treatment plant should be equal to the 

maximum daily demand to be met during the design life of the plant. Fire flows, daily 

operational storage and emergency storage can be met by the existing finished water 

storage tank, which has a capacity of 1.5 million gallons. Given that the current 

populations of the towns are not as great as previously predicted, 400 gpm has been 

adopted as the design treated water capacity for the RO treatment plant. 

The nature of RO treatment requires that substantially more water than 400 gpm 

will be required at the treatment plant inlet. Most of the excess will be disposed as brine, 

and will carry away the dissolved solids removed from the treated water. The AMOCO 

wells can supply much more water than 400 gpm to the treatment plant, so raw water 

supply will be effectively unlimited. The water will be available at virtually zero residual 

pressure, however, due to the pressure loss in the pipeline from the well sites to the 

treatment plant. 
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Edgerton 

Midwest 

Total 

Notes: 

TABLE 1 

DESIGN POPULATIONS AND DEMANDS FOR THE 
EDGERTON-MIDWEST GROUND-WATER TREATMENT PLANT 

CURRENTLY AND IN THE YEAR 2010 

Current Current 2010 2010 
Estimated Average Maximum Projected Average 
Current Daily Daily Current Daily 

Population Demand Demand Population Demand 
flt(; ~ 

350 37 gpm 100 gpm 574 ,~D 60 gpm 

rio 
600 83 gpm 229 gpm 720 /1 100 gpm 

.J0 % 

950 120 gpm 329 gpm 1,294 160 gpm 

2010 
Maximum 

Daily 
Demand 

164 gpm 

275 gpm 

439 gpm 

Average per capita demands are estimated to be 150 gallons per day for Edgerton and 200 gallons per day for 
Midwest. Maximum daily per capita demands are estimated to be 2.75 times the average daily demand. 



Quality 

Representative raw water quality from Madison aquifer wells in the Edgerton

Midwest area is displayed in Table 2. RO treatment is capable of removing almost all 

(greater than 95 percent) of the dissolved solids in the water, which includes all the 

parameters shown except pH and temperature. The pH of the raw water will have to be 

adjusted prior to RO treatment to prevent fouling of the RO membranes. This will be 

done by addition of concentrated sulfuric acid. An anti-scaling agent, or sequestrant, will 

also be added to prevent precipitation of gypsum or other minerals on the RO 

membranes. 

Temperature of the water will have to be reduced to protect both the RO 

membranes and the water users. Unfortunately, the capacity of the required cooling 

equipment will be lowest under the very conditions when water demand can be expected 

to be at its highest, i.e. on hot, (relatively) humid summer days. The design temperature 

selected is 90° Fahrenheit (F.). This temperature will provide the necessary protection, 

and will allow cooling to be performed at a reasonable cost and efficiency. This 

temperature will also increase the productivity of the RO membranes above what would 

be achieved at lower temperatures. Refrigeration equipment will not be required. 
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TABLE 2 

REPRESENTATIVE WATER QUALITY FROM THE MADISON 
AQUIFER IN THE EDGERTON-MIDWEST AREA 

Parameter 

Sodium 

Calcium 

Magnesium 

Potassium 

Chloride 

Sulfate 

Bicarbonate 

Carbonate 

Fluoride 

Radium-226 

Total Dissolved Solids 

pH 

Temperature 

Value 

531 

446 

149 

34 

650 

1,810 

106 

0 

<10 

18 

3,670 

7.5 

180 

Notes: All units are milligrams per liter, except for Radium-226 which is picocuries per 
liter, pH which is Standard Units, and temperature which is degrees Fahrenheit. 

9 



CHAPTER 3 

BASIC TREATMENT PLANT DESIGN 

The basic process design of the treatment plant is shown in the schematic drawing 

on Plate 1. The conceptual treatment plant layout is shown on Plate 2. Equipment items 

are described under individual headings below. Several processes within the plant design 

have in common the provision of a sufficient number of each major type of equipment to 

allow the plant to operate at full design capacity with any specific equipment item out of 

service. This is standard practice in the design of municipal sanitary facilities, and is 

specifically required by the Wyoming Water Quality Rules and Regulations. The only 

equipment items for which this practice has not been followed in the proposed plant are 

the heat exchangers and primary acid storage tank. Neither of these items has any moving 

parts, and both are considered to be highly reliable. 

Another principal feature of the design is the provision of single stage cooling, prior 

to RO treatment. Two stage cooling was considered, with the second stage to follow RO 

treatment, but was discarded for two reasons. First, use of higher temperature water 

would result in higher routine RO membrane replacement expenses. Second, cooling of 

the water below 90° F. at the design wet bulb temperature would have resulted in 

significantly increased equipment and operational expenses. 

During those periods when the cooling system is not required to meet the maximum 

demand to be placed upon it (i.e. most of the time) the system operator can choose to 
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provide water at a lower temperature, though at an increased operating expense. The 

operator will have this opportunity because water demand, ambient wet bulb temperature, 

or both will be less than at design conditions. In this situation, single stage cooling is 

considered acceptable. 

Heat Exchangers 

Two heat exchangers will be provided, each with 50 percent of the necessary 

capacity. No standby unit will be provided, due to the very high reliability of this kind of 

equipment and the fact that it has no moving parts. Each heat exchanger will be capable 

of cooling 475 gpm of Madison formation water from 1800 F. to 900 F. Coolant for each 

exchanger will be water, tlowing at 1710 gpm, with a temperature increase from 830 F. to 

1080 F. Maximum pressure drop shall be 6 pounds per square inch (psi) on the hot water 

side, and 18 psi on the cooling water side. 

The heat exchanger shell shall be constructed of steel. The tubes shall be of a high 

thermal conductivity material such as copper, admiralty brass or cupronickel. The raw 

water may be confined to the tube side of the exchanger to control chloride corrosion, 

particularly if a corrosion resistant alloy such as cupronickel must be used. 

Cooling Towers 

Three or more cooling tower cells (or packaged cooling towers) will be provided. 

The cooling tower system will be capable of cooling 3420 gpm from 1080 F. to 830 F. at 
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an ambient wet bulb temperature of 730 F. and elevation of 4880, with one cell (or 

packaged tower) out of operation. The cooling towers will drain to a sub-surface concrete 

tank (cold well) and no cold weather freezing protection will be required. Each cooling 

tower cell will be equipped with an automatic variable pitch fan or a variable speed fan 

motor in order to control the cold water temperature. 

Makeup water, about 75 gpm, will be supplied from the finished RO product water. 

Cooling water will therefore be of good quality, and no special hardware will be required. 

Bacterial control in the cooling water wil1 be achieved by routine, continuous or 

illtennittent chlorine dosing. Cooling tower blowdown, about 7 gpm, will be disposed with 

the RO brine. 

The design ambient wet bulb tenlperature was obtained by examining weather 

records for the months of June, July and August, available from the National Oceanic and 

Atmospheric Administration. Daily maximum dry bulb temperatures are available for 

11idwest for most of the period from 1949 through 1989. However, no wet bulb or 

relative humidity data for the area are available. Therefore hourly observations of dry 

bulb and wet bulb temperatures, and relative humidity, were obtained for Casper for the 

years 1948, 1949, and 1981 through 1989, and combined with the 1Yljdwest dry bulb data 

from that period, to develop an artificial record of maxiInillu design wet bulb temperature 

at Midwest. The hourly Casper humidity used was that which occurred at the time of 

maximum dry bulb temperature in Casper for the day. (TIlls was not the maximum daily 

humidity.) The Midwest data (maxiulum daily temperature) and Casper data (relative 
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humidity) were combined to determine the maximum wet bulb temperatures for the period 

of record. Data from certain days were disregarded because the weather pattern in 

Casper on those days was obviously different from that in Midwest. The criterion used 

to disregard data points was a difference of 20 degrees or more in maximum dry bulb 

temperature; or a difference of 15 degrees or more in dry bulb temperature combined 

with relative humidity at Casper of 55% or greater. The maximum resulting (calculated) 

Midwest wet bulb temperature was 73° F., which occurred on several days of the period 

of record. This value, and the design service temperature of 90° F., are the basis for 

specification of the cooling equipment. 

Cooling Water Pumps 

Three cooling water pumps will be provided, one for each heat exchanger, and one 

standby. The pumps will be of the vertical turbine type, withdrawing water from the cold 

well, and pumping it through the heat exchangers and to the cooling tower. Each pump 

shall have a capacity of 1710 gpm. Design pressure drop shall be the pressure drop 

through a single heat exchanger, plus the static pressure drop required for the cooling 

towers, plus ten (10) psi. Since good quality water will be pumped, pump materials shall 

be manufacturer's standard. 
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Reverse Osmosis System 

Since the quality requirements for treated water are those for drinking water, single 

stage RO treatment will be employed. The reverse osmosis equipment shall produce 475 

gpm of product water from 950 gpm of feed water at a feed-water pressure of 200 psi 

(gage). There will be a minimum of three separate skid-mounted RO units, each with a 

production capacity such that 475 gpm can be produced with one unit out of selVice. 

Each unit will be composed of a number of replaceable RO membrane modules, along 

with related equipment. The feed-water pressure has been optimized to minimize 

operating electrical and chemical expenses. 

Treated water will be collected in a concrete, subsurface tank (clear well). From 

the clear well it will be pumped to the existing finished water storage tank, and to the 

cooling towers as makeup. 

The brine stream will also be 475 gpm, and will be collected in a concrete, 

subsurface brine tank (brine well) for pumping to the disposal location. TDS 

concentration in the brine will be about twice that in the raw water. 

RO Feed Pumps 

The RO feed pump for each RO unit will be mounted on the same skid as the 

remainder of the unit. Total RO feed pump capacity, with one pump out of selVice, shall 

be 950 gpm at the required RO membrane inlet pressure. Feed pumps shall be of 

manufacturer's standard materials and as required by the RO system manufacturer. Pump 

14 



efficiency shall be at least 74 percent, and high efficiency pump motors of at least 90 

percent efficiency shall be provided. 

RO Cartridge Pre-Filters 

Two or more cartridge pre-filters shall be provided as part of each RO unit, on the 

same skid with the rest of the unit. Each filter shall be capable of being repaired, cleaned 

or backwashed while the others remain in service, such that the RO unit need not be shut 

down to replace a cartridge filter element. Particle size retained by the filters shall be 

based on the RO system manufacturer's requirements. Filter pressure drop shall not 

exceed seven (7) psi. 

Chemical Addition 

Significant chemical additions will have to be made to the raw water prior to RO 

treatment, to prevent scaling on the membranes by the concentrated salts in solution. The 

primary chemicals to be added will be sulfuric acid (93 percent) and a sequestrant. 

Sufficient acid will be added to neutralize all alkalinity in the raw water, and sufficient 

sequestrant will be added to prevent precipitation of insoluble salts from the brine. Stocks 

of certain other chemicals will be maintained for cleaning of the RO membranes, and as 

a solution to be pumped into an RO unit when it will be shut down for any length of time 

(i.e. during periods of reduced demand.) 
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Acid storage will be in a large (5,000 gallon) outdoor tank, with an internal acid

resistant lining. The tank will be inside a concrete revetment, capable of containing the 

entire contents of the tank in the event of catastrophic tank failure. 

Sequestrant and other chemicals will be received, stored, handled, and mixed in the 

treatment plant building. Emergency showers and eyewashes will be provided in the 

chemical handling area. Chlorination will be discussed separately below. 

Clear Well, Brine Well and Cold Well 

These concrete, subsurface structures will be constructed outside and along the walls 

of the treatment building. The concrete walls of the structures will extend above ground 

surface, and they will be provided with vents and overflows. The clear well and cold well 

will be equipped with vertical pumps, and space will be provided in the brine well for 

disposal pumps. 

Three pumps will be provided in the clear well, each capable of delivering 200 gpm. 

Thus the design production can be met with one pump out of service. The delivery 

pumps will be equipped with electronically controlled soft-start motors. These will be 

capable of bringing the pumps up to speed slowly, so that water hammer will not occur. 

The clear well will also have two cooling water makeup pumps, each capable of delivering 

75 gpm. The clear well will have a storage capacity of 14,000 gallons, sufficient to store 

30 minutes of design production by two RO units. 
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The cold well will be provide with three pumps, as described previously. The cold 

well will have a storage capacity of 24,000 gallons, sufficient to store cooling water for 

approximately 7 minutes of pumping at the design rate. 

The brine well will have a storage capacity of 6,000 gallons, sufficient to store 

approximately 13 minutes of brine production at the design rate. 

Chlorination 

Chlorine will be used to provide a disinfectant residual in the finished water. It will 

also be used as disinfectant in certain portions of the treatment plant, notably in the 

cooling towers. Chlorine for the finished water will be supplied to the RO product water 

entering the cold well. The required chlorine detention time will therefore be obtained 

in the clear well, and it will not be necessary to construct a new pipeline from the 

treatment plant to the existing storage tank. 

Chlorine will be stored in gas form in standard ISO-pound bottles. Chlorine will 

be mixed into water using standard vacuum chlorinators. These devices utilize high 

pressure water (available from the finished water pumps) and chlorine gas which leaves 

the chlorine dispenser at a pressure below atmospheric. The resulting high strength liquid 

solution of chlorine is safe, unlike the gas itself, and can be pumped directly to the point 

of use without any special safety precautions. 

Chlorine storage and the chlorination equipment will be housed in a special gas

tight room within the treatment building. The room shall have separate ventilation to the 
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outside of the building, and shall have a separate outside entrance. All doorways into the 

room shall have transparent windows, shall be equipped with panic hardware, and shall 

open to the outside of the room. All room lighting and ventilation shall be operable from 

outside the room. The room shall be equipped with a chlorine gas alarm, and standard 

safety equipment for the use of chlorine shall be provided. 

Control System 

The control system for the treatment plant will include a combination of automatic 

and manual control. Under routine conditions, the plant will stop and start automatically 

as required. Manual control operations will include selecting which pumps are to be 

included in the automatic operation, and switching over to a different pump, cooling tower 

or RO unit in the event that one fails. Alarm conditions which result in automatic 

shutdown of an RO unit include failure of either active cooling tower, failure in either 

chemical addition system, or excessive specific conductivity in the water produced by either 

operational RO unit. Manual controls will also be provided for the operator to override 

the various automatic features of the plant whenever necessary. 

The plant will normally operate unattended, but considerable operator attention will 

still be necessary. Daily visits by a plant operator will be required to prepare chemical 

solutions, check and calibrate the instruments, make any needed adjustments in chemical 

addition rates, record the plant's production and water quality parameters, and perform 

routine equipment maintenance and repairs. 
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Automatic startup and shutdown of the overall system will be based on the level 

in the existing water storage tank, which will be sensed by a pressure transducer in the 

treatment plant building. When this level falls below a preset control level, the treatment 

plant startup will be initiated. The inlet valves to the treatment plant will open, and the 

cooling tower fans and cooling water and chemical addition pumps will be started. The 

chemical addition system will use adjustable rate chemical feed pumps, to allow the 

chemical addition rate to be adjusted to match changes in water chemistry and plant 

production rate. Cooled, chemically conditioned water will be momentarily routed to the 

brine well while the cooling and chemical addition systems stabilize. Then the RO pumps 

will start, and treated water will be produced. When the clear well level reaches a preset 

level, the finished water pumps will start (using an electronic soft-start controller). The 

cooling tower makeup pumps will operate on a control signal indicating a preset low level 

in the cold well. 

In-line conductivity meters will be plumbed to automatically monitor the outflow 

from each RO unit. Rising conductivity will reveal the failure of one of the membrane 

modules in that unit, and an appropriate alarm signal will be generated. If the 

conductivity exceeds a preset level, the entire RO unit will automatically be taken out of 

service. The total plant outflow will also be monitored for conductivity. 

System shutoff will occur in the reverse fashion from system startup. When the 

level in the treated storage tank rises above the preset shutoff level, the RO feed pumps 

will shut off. The feed water will be momentarily routed to the brine well while the 
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cooling tower fans and cooling water and chemical addition pumps are shut down. Then 

the inlet valve to the treatment plant will close. 

During those months when a single RO unit will supply the water demand, the 

others will be shut down. This will involve pumping a "pickling" solution into the unit, 

which is necessary to prevent fouling or deterioration of the membranes when they are 

not in use. 

Treatment Plant Site and Building 

The treatment plant will require approximately one acre of land. The plant will 

be located along the north side of state Highway 387 between Edgerton and Midwest. 

Raw water will be supplied by pipeline from Madison formation welles) several miles 

from the treatment plant. Treated water will be delivered to the existing pipeline running 

between the joint water storage tank and Midwest. Soil strength at the site is anticipated 

to be at least 4,000 pounds per square foot, which will be more than adequate for the 

necessary structures. 

The location is not within any identified 100-year flood plain, and the treatment 

plant will be constructed at a site elevation which will not result in any flooding following 

a 100-year storm event. The site will be fenced to prevent any unauthorized access. 

Normal access will be via state Highway 387. 

The treatment building will be 85 feet by 35 feet, not including the concrete water 

storage basins which are external to the building as shown on Plate 2. A considerable 
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portion of the remainder of the needed land is for proper placement of the cooling towers, 

along with necessary approach and parking space for chemical delivery vehicles. 

Most of the treatment facilities will be housed in a prefabricated metal building, 

with a steel frame, and painted, galvanized sides and roof. The walls and roof will be 

insulated to Rll in the walls and R20 in the ceiling. Most of the internal building space 

will be heated by overhead infrared heaters burning natural gas. The internal rooms 

including the chlorination room, office, lavatory, and laboratory will have baseboard electric 

heat. 

No overhead crane will be required in the building structure. Instead, adequate 

head room will be provided for materials handling equipment such as fork lifts. A large 

vehicle entry door will be provided for delivery of chemicals. Separate rooms inside the 

building will be provided for chlorine storage and mixing, and for office/lavatory space. 

Sufficient storage room will be provided so that storage of incompatible materials can be 

properly segregated. 

Utilities 

The principal utility requirement for the treatment plant will be electricity to drive 

certain major equipment items. The principal electrical users are the cooling tower fans, 

cooling water pumps, RO feed pumps, and finished water pumps. These will operate on 

440-volt, three-phase power. Smaller auxiliary loads include chemical pumps, chemical 

mixers, heating and ventilation equipment, lighting, and instrumentation. These loads will 
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operate on 220- or lID-volt, three- or single-phase power, as appropriate. The total 

connected electrical load is estimated to be about 500 kilovolt-amperes (KVA) at a unit 

power factor. 

Maximum electrical demand will be limited to about 335 KVA (unit power factor), 

however, since due to equipment duplication, no more than two-thirds of the major 

equipment items will operate simultaneously. Due to the large number of motors, reactive 

capacitors will be provided to improve the overall plant power factor to at least 0.8, thus 

avoiding reactive power charges from the power supplier. 

High voltage electrical power is available along Highway 387. The power supplier 

will provide the necessary primary transformer at the site, and low-voltage transformers 

will be incorporated in the plant. 

Natural gas will be required in modest quantities for heating most of the building. 

Heating will be limited to that necessary to maintain an efficient operating environment 

for the plant operating personnel. A natural gas main runs along Highway 387. The gas 

company will assess a per-foot charge for construction of gas service piping to the plant. 

A sanitary sewer must be provided to the site from Midwest. The only wastes 

carried by this sewer, however, will be sanitary wastes and those generated during cleaning 

and maintaining the plant site and equipment. Process waste, primarily RO brine and 

cooling tower blowdown, will be disposed separately as described above. 
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CHAPTER 4 

OPERATIONAL CONSIDERATIONS 

Daily activities at the plant will include preparation of chemical solutions and 

performing various system monitoring tasks. Additional routine activities will include 

maintenance of the various pumps and other motor-driven equipment, and switching 

operations among the various standby units to check on the operability of all spare 

equipment, and balance maintenance and wear on the various units. 

Less frequent operations will include seasonal shutdown or startup of cooling towers 

and all or portions of some RO units, cleaning of storage basins and cooling towers, and 

replacement of equipment items such as pump seals and RO membrane modules. These 

activities will take place no more than once or twice a year, generally during periods of 

low water demand. 

Emergency operations will be limited primarily to responding to alarms, and 

switching operations from malfunctioning equipment to standby equipment. Equipment 

taken out of service can then be repaired during normal working hours. Unforeseen 

conditions could also lead to the need for emergency repairs, although the plant design 

should minimize this possibility. 
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Laboratory Requirements 

Due to the nature of the plant, very little laboratory work will be done there. The 

principal water quality analyses which will be performed are pH, Specific Conductivity, 

Chlorine Residual, and Total Coliform Bacteria. These analyses require very limited 

laboratory equipment and space. Daily analyses will require no more than a few minutes. 

Analyses required under the federal SWTR will be performed by a commercial laboratory, 

as they will be performed too infrequently to justify the investment in the necessary on

site laboratory facilities. 

Equipment Repairs and Replacement 

Membranes can be expected to be replaced every three to five years. Since the 

membranes at this treatment plant will not operate continuously, a membrane life of at 

least four years is estimated. Accordingly, every year approximately one-fourth of the 

membrane modules will be replaced. 

Maintenance of the pumps and other equipment items is less predictable, though 

overall maintenance expenses can be reasonably estimated. With proper maintenance, all 

of the major equipment items should last the design life of the plant, 20 years, without 

problem. 
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Personnel Requirements 

Skilled personnel will be required to operate the treatment plant. A minimum of 

two operators will be required, and both will need to be certified by the Water Quality 

Division (WQD) of the Wyoming Department of Environmental Quality. The WQD will 

probably evaluate the treatment plant as a Class IV plant, or possibly as Class III. The 

plant's chief operator will have to be certified at the appropriate Class, and the other 

operator will have to be certified at a Class one level lower. If the current operators of 

the towns' public water supplies are retained to operate the new plant, there should be 

no difficulty in their obtaining appropriate certification. 

It is estimated that 4 hours per day will be required for routine operations at the 

treatment plant. Seasonal and emergency maintenance will probably increase personnel 

requirements to the equivalent of one full time worker. This time will be split 

approximately in half by the chief operator and the assistant operator. 

Utilities 

As stated previously, the plant will have substantial electrical requirements. The 

electrical demand will be approximately 14 kilowatt-hours per thousand gallons of finished 

water. 

The plant's winter natural gas demand is estimated to average about 20 thousand 

cubic feet per month. This amount can be easily met by a standard 1 Y4-inch natural gas 

service pipeline. 
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The amount of wastewater contributed by the treatment plant to the Midwest sewer 

system should be less than that generated by the average household. This service will not 

be metered, and a small fixed monthly fee will be required. 

Chemical Usage 

Sulfuric acid usage at the plant will be approximately 1.78 pounds per thousand 

gallons of produced water. This will be 67.4 tons per year at maximum plant operation, 

and about 55.4 tons per year at the time of plant startup. The acid will be purchased at 

93 percent strength, with delivery by 25-ton (3",500 gallon) tank truck. 

Sequestrant usage at the plant will be approximately 0.095 pounds per thousand 

gallons of produced water. This will be 3.6 tons per year at maximum plant operation, 

and about 3.0 tons per year at the time of plant startup. Sequestrant will be purchased 

and delivered in 200- or 400-gallon reusable chemical containers. 

Chlorine usage is somewhat less predictable than usage of the other major 

chemicals, due to the need for maintenance of chlorine residual throughout the distribution 

system, and to the varying demand which will be posed by the cooling tower. Maximum 

demand is expected to be about 0.013 pounds per thousand gallons of produced water. 

This will be about 0.5 ton per year at maximum plant operation, and about 0.4 ton per 

year at plant startup. Chlorine will be purchased, stored and used directly from standard 

150 pound bottles. The quantities of chlorine to be used do not justify the installation of 

a more elaborate I-ton container system. 
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Numerous other additive and cleaning chemicals will have to be purchased to 

properly operate and maintain. The quantities of such chemicals which will be used have 

not been determined, however the expense represented by these additional chemicals will 

represent only a very small fraction of the routinely added chemicals. These other 

chemicals will be purchased and stored in small packages and containers. 

Laboratory Analyses 

After plant operation has been successfully established, the only analyses which will 

be routinely performed at the plant will be specific conductivity, pH, residual chlorine, and 

total coliform. Specific conductivity (S.C.) and pH are primary water measurements which 

can be readily used to determine the level of treatment obtained by RO equipment. 

Several S.C. and pH meters will be used in various parts of the plant. 

Total coliform (T.C.) is a traditional measure of the microbiological contamination 

of potable water. The federal Safe Drinking Water Act (SDWA), and state regulations, 

require that all public water supplies analyze water from their distribution systems for T.C. 

at specified frequencies. The necessary equipment for the analyses includes an incubator, 

sample filter apparatus, and means for assuring that all sampling and analytical equipment 

can be placed and maintained in an aseptic condition. 

Residual chlorine must also be measured under the SDWA, both at the treatment 

plant and in the distribution system. Equipment necessary for this is already possessed by 

the towns. 
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Other analyses which must be performed for the SDWA will include water 

contaminants for which EPA has specified maximum contaminant limits (MCLs). These 

include certain inorganic elements, organic compounds, and radioactive species. These 

analyses are required only infrequently (once every 3 years or less), and should not under 

any circumstances exceed the MCLs in the water produced by the RO plant. Due to the 

expense and complexity of these analyses they will be performed by a commercial 

laboratory. 

Additional water analysis will be necessary to routinely gage the quality of the raw 

water supplied to the plant. This water quality can change significantly over time, and 

such changes could require changes in the chemical addition program for the plant. Such 

analyses will not be frequent, however, so they will also be performed by a commercial 

laboratory. 
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CHAPTER S 

COST INFORMATION 

Construction and operating expenses for the treatment plant have been prepared. 

It should be understood that these expenses reflect information available at the preliminary 

design stage, as described above. 

Construction Costs 

Construction costs were prepared in two groups, equipment costs and site costs. 

A small amount of the site cost information was taken from the earlier WWDC report 

dealing with a pipeline project from the North Platte river (WLC, 1988). 

Equipment costs were estimated using 1) actual vendor quotes, 2) standard cost 

estimating publications, based on estimated quantities, and/or 3) published factors for 

developing costs, based on equipment capacity. All major equipment costs were estimated 

in at least two ways. The majority of the equipment cost is for the premanufactured, skid

mounted, RO units which will be delivered to the site. Estimated equipment costs are 

$1,173,400. 

Site costs were estimated using the same methods as equipment costs. These costs 

are slightly less precise than the equipment costs because of the lesser definition of site 

conditions at the current level of design. Major site cost items are for the concrete slabs 

and buried tanks, the metal building, electrical lighting and power distribution equipment, 
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and the sewer to Midwest. Estimated site costs are $311,600. 

Table 3 displays the equipment and site costs, along with standard WWDC 

allowances for contingencies and engineering. The total estimated construction cost for 

the Edgerton-Midwest RO treatment plant is $2,005,000. Appendix A contains specific 

equipment and site costs by category. 

Operating Expenses 

Total Annual Expenses 

Table 4 presents a summary of estimated annual operating expenses for the 

Edgerton Midwest RO treatment plant. Appendix B contains the bases for these costs, 

including the methods used for estimating electrical and chemical usage. 

It should be noted that the operating expenses in Table 4 and Appendix B are in 

addition to other water system expenses including maintenance of the Madison aquifer 

welle s), raw water transmission pipeline, joint storage tank, and distribution systems. On 

the other hand, expenses for maintaining the existing sources of supply can be reduced or 

eliminated. 

Annual expenses for utilities, chemicals, and membrane replacement are based on 

the quantities described in Chapter 3. Unit costs for these items are based on current 

utility charges, chemical prices and membrane module prices. No allowance for price 

inflation has been included. The only existing expenses which would be eliminated, and 

which could be offset against the expenses of the new plant, would be electricity for 
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TABLE 3 

CONSTRUCTION COST SUMMARY 
EDGERTON-MIDWEST REVERSE OSMOSIS 

WATER TREATMENT PLANT 

Estimated Equipment Costs 

Estimated Site Costs 

Estimated Construction Cost 

Construction Contingencies 

Design Engineering 

Construction Engineering 

Total Estimated Project Cost 
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$ 1,173,400 

$ 311.600 

$ 1,485,000 

$ 223,000 

$ 148,500 

$ 148,500 

$ 2,005,000 



TABLE 4 

OPERATING EXPENSE SUMMARY 
EDGERTON-MIDWEST REVERSE OSMOSIS 

WATER TREATMENT PLANT 

Utilities $ 35,050 

Chemicals $ 24,925 

Salaries $ 30,000 

Membrane Replacement $ 32,603 

Miscellaneous Repairs & Maintenance $ 8,969 

Total Annual Operating Expense $ 131,544 

Estimated Monthly Expense per Residence $ 36.54 

Estimated Cost per Thousand Gallons $ 2.09 
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pumping (from Edgerton's wells and Midwest's North Platte caisson) and chlorine. 

Therefore most of these expenses would be in addition to expenses presently met by the 

towns for their water supply. 

The amount displayed in Table 4 for salaries is considered appropriate as an 

average annual labor expense (including benefits) for the individuals who would be 

required to operate this plant. This expense is expected to exceed the town's current 

combined expenses for labor related directly to water supply. 

Annual miscellaneous repair and maintenance expenses have been taken as one

half of one percent of the total estimated plant construction cost, not including the initial 

cost of the membranes. This expense includes primarily high-wear, replaceable items such 

as pump seals, instrument parts, and the like. 

No annual expense has been included for a sinking fund, although a sinking fund 

was assumed in previous WWDC reports concerning a water supply for Edgerton and 

Midwest. The Wyoming Farm Loan Board, which has been looked at as a potential 

funding source for the treatment plant, does not have explicit requirements for a sinking 

fund, and therefore no such expense has been included in Table 4. Provision of a sinking 

fund for the proposed Edgerton-Midwest water treatment plant would increase annual 

operating expenses over those shown in Table 4. 
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Average User Expenses 

At the water consumption rates previously shown in Table 1, and the annual 

operating expenses shown in Table 4, the cost of water delivered in the towns, considering 

treatment expenses only, would be $2.09 per thousand gallons. Assuming 300 residences 

in the towns, the average monthly treatment expense would be $36.54 per residence. 

Expenses for other components of the towns' water systems would have to be added to 

these amounts to arrive at an average per-residence or per-thousand-gallon cost. 

At least 50 percent of the treatment expense, attributable to utilities and chemicals, 

is completely variable. Variable expenses are directly proportional to the quantity of water 

actually treated and delivered. Portions of the other expense categories are also variable, 

although to what extent cannot be accurately predicted. Therefore the expense to the 

towns of operating and maintaining the treatment plant will depend to a large extent on 

the quantity of water actually used by town residents. 

Conversely, the cost per thousand gallons will not vary substantially with the 

quantity of water treated. As a result, the monthly expense per residence may differ 

substantially from that shown in Table 4, depending on actual water usage by individual 

residences. 
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APPENDIX A 

COST KSTUIMATION SHEETS FOR THE E~GKRrO~ MIDWEST WATER SUPPLY PROJ 

PREPARATION OF FINAL DESIGN 
AND SPECIfICATIONS $148,125 

PKRMI~iING AND KITIGATION $1,500 

LKGAL ¥~KS, RIGHT-Of-WAY 
,AND ACCKSS $~OO 

FINISHED WATER SOPPLY (00 gpi 
TRRATKD WATER OUTPUT 415 gpi 
EVAPORATION WATER 68 gpi 
COO~I~G TOWER RATE 3420 gpi 
TOWER B~OWDOWN & ~RIFT 7 gpi 
RAW WA7ER SUPPLY 950 gPi 
WATER RECOVERY RATIO 50.0 X 
FO BLOW DOWN 475 gpi 

EQUIPMENT 
HOFSE UNIT INSTAL- TOTAL 

MDHBEF GPM POWKR COST LATION COST 
HEAT 475/ 
EEHAMGERS 2 1? 10 SA $14,713 15 1 $33,839 

COOLING 
TOWERS 1710 50 t39,215 1~ % $135,291 

COOLANT 
P~MP5 3 1110 46 $15,550 25 1 $58,312 

RO M~raLES 1)1. n 
40",) 75 $25G,OOO 10 % $825,OC3 

S~FVICK 
PUMPS 3 zen 12 $5.200 25 % $t9,500 

MAKEUP 
PO~PS " 7f 0.5 $446 25 X $1,115 t. . .) 

CHLORIN~!ORS 3 NA NA $500 100 ~ $3,000 

ACID TANI HA NA $12,800 15 ~ $14,720 

INTERIOR 
PIPING ~I .11 NA NA INCLUDED $25,606 

CHEMICAL 
ADDIOTIOM NA ~A NA $5,000 50 ~ $7,500 

CONTROL 
SYSH~ NA NA MA $49:5fi4 INCLUDED $H,S6( 

TOiA~ r~UIPMENT CC~T *t*tt**t**tt~t~l******t**i*t.t*. $1,113.447 



COST ESTUIKATION SHEETS FOR THE EDGERTON MIDWEST WATER SUPPLY PROJECT, Cont. 

SITE AND BUILDING ITEMS QUANITY UIHTS UNIT ITKK 
COST COST 

BASIC STEEL BOILDQIHG, 35 X 85 ea. $56,418 
w\ HEATING, VENTILATION 

and INSULA iI ON 

ELECTRICAL DISTRIBUTION 
& LIGHTING TOTAL $64,339 

INTERIOR BUILDING ROOMS 330 sq. ft. $25.00 $8,250 

EXCAVATION & CONCP!!E COST TOTAL $77,629 
FLoeR SLABS, FO~NDATIONS 
ACID REVETME STORAGE BASINS 
MISCgL~!NEOOS 

SIn CLEARING ACRE $2,516,80 $2,517 

BORIKD OUTDOOR PIPING, 
VgVKS, nc, TOTAL $41,059 

TRANSMISSION PIPELINE, 8 in 300 FEET $21. 00 $6,300 

SEWER PIPELIR, 8 in 
II/MANHOLES, ETC. 1660 FEET $32.00 $53,120 

NATOF.AL GAS SERVICE 300 FEET $4.75 $1, (25 

TOTAL SITE COST*tt**t********************** $311.057 

WATER WELLS AND APPORTANCES TOTAL 
PER AMOCO PRICES COST 

WELL 127M! NORTHERN WELL $507,394 
WELL HEAD $48,000 

WKLL I 2MA BACKUP WELL $677,596 
WELL HEAD $76,000 

!KLE~KTRY & KLECTROMIC VA~VES $36,180 

8" SUPPLY PIPELINE TO PLANT $362,000 

10" BRINE WATEB DISCHARGE PIPING $10,000 

TOTAL WE~L COSTt****t*t***tt************* $1,717,170 

CO~STRUCTIOM COST SUBTOTAL # 1 $3,351,799 

ENGINEERING COST: ecs '1 X 10% $335,180 

SUETOTAL #2 $3,686,979 

CONTINGENCY: SUBiOTAL #2 X 15 X $553,047 

TOTAL PROJRCT COS! $4,2~G.U26 
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APPENDIX B 

EXPENSE ESTIMATION SHEETS FOR THE EDGERTON MIDWEST WATER SUPPLY PROJECT 

ELECTRICAL REQUIREMENTS 

GPM PSIG BRAKE HP NET HP ELEC. HP KW 

COOLING TOWER FANS -- -- -- 100.0 111.1 82.8 

COOLING WATER PUMP 3420 34 68.8 93.0 103.3 77.0 

MAKEUP PUMPS 75 5 0.2 0.5 0.7 0.5 

RO PUMPS 950 200 110.8 149.8 166.4 124.0 

SERVICE PUMPS 400 75 17.5 23.7 26.3 19.6 

CONNECTED MAJOR EQUIPMENT 493 KVA @ PF=l 

MAJOR EQUIPMENT DEMAND 304 KVA @ PF=l 

NET PRODUCTION RATE 400 GPM 

MAJOR EQUIPMENT USAGE 12.7 KW-HR/KGAL 

MINOR (10%) 30 KVA 
1.3 KW-HR/KGAL 

DAILY BASIC DEMAND ENERGY TOTAL 
PROD. CHARGE CHARGE CHARGE CHARGE 

(Gal. ) 

ELECTRICAL BILL, SUMMER 419,909 $394 $745 $4,963 $6,103 

ELECTRICAL BILL, OTHER 139,636 $394 $498 $1,732 $2,624 

ELECTRICAL BILL, ANNUAL $41,921 

SEWER BILL, ANNUAL $120 

GAS BILL, ANNUAL $500 



EXPENSE ESTIMATION SHEETS FOR THE EDGERTON MIDWEST WATER SUPPLY PROJECT, cant. 

CHEMICAL REQUIREMENTS 

ACID, FULL NEUTRALIZATION OF ALL ALKALINITY 

ALKALINITY 

SULFURIC ACID DOSAGE 

ACID COST 

MONTHLY ACID BILL, 

MONTHLY ACID BILL, 

ANNUAL ACID COST 

SEQUESTRANT 

SEQUESTRANT USAGE 

SUMMER 

OTHER 

105 mg/l 

0.74 Ib/1000 gal of RO feed water 

$60.00 per ton 

$678 (1,584 gal) 

$224 (522 gal) 

$4,046 (9,450 gal) 

0.04 Ib/1000 gal of RO feed water 

SEQUESTRANT COST $6,900.00 per ton 

MONTHLY SQRSNT. BILL, SUMMER $4,210 (116 gal) 

MONTHLY SQRSNT. BILL, OTHER $1,388 (38 gal) 

ANNUAL SEQUESTRANT COST $25,125 (694 gal) 

CHLORINE 

CHLORINE RESIDUAL, PERMEATE 

CHLORINE USAGE 

CHLORINE COST 

CHLORINE BILL, SUMMER 

CHLORINE BILL, OTHER 

ANNUAL CHLORINE BILL 

1.00 mg/l, maximum 

10.83 Ib/1000000 gal of permeate 

$2,386.67 per ton 

$197 (165 pounds) 

$65 (54 pounds) 

$1,177 (986 pounds) 



EXPENSE ESTIMATION SHEETS FOR THE EDGERTON MIDWEST WATER SUPPLY PROJECT, cont. 

ANNUAL OPERATING EXPENSE SUMMARY 

AT MAX. 
PRODUCTION 

UTILITIES $42,541 

CHEMICALS $30,348 

SALARIES $30,000 

MEMBRANE REPLACEMENT $32,603 

INITIAL 
PRODUCTION 

$35,050 

$24,925 

$30,000 

$32,603 

MISCELLANEOUS REPAIRS & MAINTENANCE ~$~8~,~9~6~6 __________ ~$~8~,~9~6~6 

TOTAL ANNUAL OPERATING EXPENSE $144,458 $131,544 

MONTHLY PER USER EXPENSE $40.13 $36.54 

COST PER THOUSAND GALLONS $1.88 $2.09 
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