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INTRODUCTION 

The 1991 Wyoming Legislature authorized the Wyoming Water Development 

Commission (WWDC) to conduct a Level I, Little Snake River Basin Planning Study. The 

purposes of the study are to evaluate potential reservoir sites, diversion dams and headgates, 

inventory all irrigation diversions, inventory the two major canals and evaluate the Baggs 

water supply system. This report presents the results of the evaluation of the Town of Baggs 

water supply system. 

Task D of the Little Snake River Planning Study included an inventory and evaluation 

of the existing water treatment plant (WTP) and distribution system for the Town of Baggs. 

The ability of the treatment plant to meet current and future Safe Drinking Water Act 

(SDW A) regulations as well as projected water use was investigated. Deficiencies in the 

WTP and distribution system are identified and possible solutions are included in this report. 

The installation of irrigation diversion structures upstream of Baggs, as proposed in a 

separate report for Task B of the study, could improve the efficiency with which water is 

diverted out of the Little Snake River and cause water supply shortages for the Town during 

July, August and September. Alternative sources of water supply for these late irrigation 

season months were examined and are discussed in this report. 
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1.0 SERVICE AREA WATER DEMAND 

1.1 Present Use 

Information on the amount of water currently used by the Town of Baggs was 

obtained from records provided by the water treatment plant operator. Monthly data on 

water use for the previous three water years were reviewed and the highest average per 

capita day use during this period was 288 gallons per capita per day (gpcd). The Phase II 

report on Water Supply Needs Assessment for the North Platte and Little Snake River 

Drainages (Black & Veatch, 1984) used a value of 305 gpcd for the Town of Baggs. This 

latter value is used herein to provide a conservative estimate for water demands. The 

treatment plant operator furnished data which show the peak daily and peak hourly per 

capita use are 590 gpcd and 930 gpcd, respectively. 

1.2 Fire Flows 

The Needed Fire Flow (NFF) for Baggs was determined from the Fire Suppression 

Rating Schedule developed by the Insurance Services Office (ISO). In section 340, 

Calculation of Needed Fire Flow, a table of NFF for one and two family dwellings based on 

the distance between buildings is supplied. From this table the NFF is estimated to be 750 

gpm since Baggs may be represented by single family dwellings which are between 31 to 100 

feet apart. The duration, as stated in section 604, Fire Flow and Duration, is two hours. 

U sing the NFF of 750 gpm and the duration of two hours the required reserve for fire flow 

was calculated to be 90,000 gallons. 
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1.3 PO,pulation Estimate 

Population projections were obtained from the Department of Administration and 

Fiscal Control (DAFC) for the next twenty years. The first ten years of these projections 

were generated from the Wyoming Economic Forecasting Model (WEF) developed by the 

Wyoming Department of Administration and Information, Division of Economic Analysis. 

The second ten years were extrapolated using a growth rate of 0.83 % from the WEF 

forecast. This forecasting model was developed for the State of Wyoming as a whole, 

population estimates for Baggs were determined by taking the population of Baggs in the 

1990 census as a percentage of the state population. An estimate of 406 people was 

projected after fifty years by plotting the data provided by DAFC and extrapolating to the 

year 2041. This plot is shown in Figure 1. 

1.4 Future Demand 

The future water demands for the Town of Baggs were determined by multiplying the 

average, peak daily, and peak hourly per capita use by the projected population of 406 

people. These values are 124,000 gpd, 240,000 gpd and 378,000 gpd, respectively. 

3 
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2.0 INVENTORY OF EXISTING SYSTEM 

2.1 Water Treatment Plant 

The Town of Baggs obtains its raw water supply directly from the Little Snake River. 

Raw water is withdrawn from the river through four intake pipes located at different levels 

on the bank of the river. River water flows by gravity from the intake pipes to Baggs well 

No.1, from which raw water is pumped to the water treatment plant. The water treatment 

plant, initially constructed in 1981-82, employs a package treatment system to provide rapid 

mixing, flocculation, sedimentation, and filtration. 

The package treatment system is a Neptune Microfloc AQ-40A unit with two parallel 

treatment modules. Each module is comprised of a flocculation chamber, tube 

sedimentation chamber and mixed media filtration cell. Table 1 summarizes the treatment 

unit sizes and operating parameters. Aluminum sulfate (alum), polyelectrolyte (polymer) and 

soda ash chemical feed systems are provided for the package treatment system. Alum and 

polymer are utilized to improve flocculation, while soda ash can be used to raise water pH 

and alkalinity. Presently, only the alum and polymer feed systems are used at the plant. 

Effluent from the package unit filters flows by gravity to a below grade 46,000 gallon 

clearwell. Chlorine is injected into the filter discharge pipe to provide disinfection. Vertical 

turbine high service pumps deliver finished water from the clearwell to the water distribution 

system. A 280,000 gallon storage tank, located on the bluff south of town, is utilized to 

supply finished water to the customers during off-peak demand periods when the plant is not 

in operation. The distribution system is comprised of 6-inch pipe with meters on all the 

services. Filter backwash waste water and sedimentation sludge blowdown are directed to 
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TABLE 1 

EXISTING WATER TREATMENT FACILITIES SUMMARY 

TOWN OF BAGGS, WYOMING 

Plant Component 

Raw Water Supply 
Inlet lateral pipe size (4 pipes) 
Infiltration well No.1 pump capacity (1 unit) 

Pretreatment 
Contact adsorption unit (1 unit) 

Capacity 
Surface Loading rate 
Detention time 

Desander (1 unit) 
Capacity 
Size 

Conventional Treatment 
Rapid mix (1 unit) 

Capacity 
Size 

Flocculation chamber (2 units) 
Capacity 
Detention time 
Mixing gradient 

Sedimentation chamber (2 units) 
Capacity 
Detention time 
Surface rise rate 

Filter cells (2 units) 
Capacity 
Surface loading rate 

6 

12 inches dia. 
Unknown gpm 

350 gpm 
10 gpmlif 
Unknown minutes 

Unknown gpm 
4 inch inletl outlet 

400 gpm 
4 inch dia. 

200 gpm/ea 
17 minutes 
Unknown sec-I 

200 gpm/ea 
Unknown minutes 
100 gpdIsquare foot 

200 gpm/ea 
5 gpm/ff 



Post Treatment 
Clearwell (1 well) 

Volume 
Depth 
Detention time 

High service pumps (2 units) 
Capacity 
Discharge head 

Waste Handling 
Backwash lagoon (1 unit) 

Volume 
Depth 

Table 1 (Continued) 

46,000 gallons 
14 feet 
Unknown minutes @ 400 gpm 

170 gpm 50 gpm 
Unknown psi 

Unknown gallons 
Unknown feet 

a nearby storage lagoon. Decant from the lagoon flows by gravity to Baggs well No.1, from 

which flow is pumped back to the water treatment facilities. A pump house, sand separator 

and adsorption clarifier were added in 1985 to provide pretreatment ahead of the original 

plant facilities. The pump house and sand separator are located at Baggs Well No.1 to 

pretreat raw water pumped to the plant. The adsorption clarifier was added, in the main 

treatment building, to reduce raw water turbidity loadings on the package flocculation, 

sedimentation and filtration units. The chemical addition system was modified to allow for 

rapid mix either before or after the adsorption clarified. The adsorption clarifier is currently 

operated at a higher rate than the package plant with the excess effluent being released to 

the storage lagoon. 
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2.1.1 Existing Deficiencies in Water Treatment Plant 

The water treatment plant at Baggs has worked well for the Town. However several 

deficiencies have been identified by the town's staff that prevent the system from working 

at peak efficiency. These deficiencies are as follows: 

* 

* 

* 

* 

* 

The sand separator system has sensing lines and control valves which are 
plugged, preventing automatic operation; 

The loss of head system which automatically backwashes the filters does not 
function properly, requiring manual operation; 

The clearwell probes start the plant on demand but will not shut it down, 
causing the clearwell to overflow if the treated water pumps shut off; 

The storage tank level monitor shuts the treated water pumps· off before full 
capacity has been reached; and 

Debris enters the intake pipes at the river which causes problems with 
plugging in the pumphouse. 

A discussion of possible solutions to these deficiencies is provided in Section 3.0 

Analysis of Alternatives. 

2.1.2 Water Quality Considerations 

The quality of the raw water obtained from the Little Snake River varies based on 

seasonal and climatological changes. A limited amount of data are available regarding the 

historical fluctuations in water quality that have occurred. The water treatment plant staff 

routinely measures raw water turbidity, temperature, pH and alkalinity from a grab sample 

collected once a day. Periodic river water samples are collected and analyzed by USGS at 
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a gaging station 3.5 miles downstream from Baggs. Tables 2 and 3 summarize the range in 

water quality characteristics that have been measured at both locations. 

2.1.3 Impact of SDWA Regulations _on Baggs WfP 

As a result of the 1986 Amendments to the SDW A, EPA will be promulgating several 

regulations which will impact Baggs' future water treatment practices. The regulations that 

are anticipated to have the most significant potential impact are those related to filtration, 

disinfection and corrosion. Not all of these regulations are fmal yet; therefore, the potential 

impacts must be judged based on available information. 

Total Colifonn Rule Impacts. The Total Coliform Rule (TCR) became effective December 

31, 1990, but should not pose any significant problems for the existing treatment facilities. 

The rule increases the sampling requirements for the Town, but can be complied with by the 

existing treatment process. However, if the treatment practices are modified for other 

reasons (i. e. , lead/copper control), the TCR could pose some minor problems. 

9 



TABLE 2 

RANGES IN RAW WATER QUALITY CHARACTERISTICS 
MEASURED AT THE TOWN OF BAGGS WTP 

(OCTOBER 1989 - SEPTEMBER 1991) 

Parameter 

Turbidity (NTU) 
Temperature (deg C) 
pH (units) 
Alkalinity (mg/l as CaC03) 

TABLE 3 

Range 

2.5 - 400 
0.6 - 22.2 
6.85 - 9.0 
51 - 205 

RANGES IN RAW WATER QUALITY CHARACTERISTICS 
MEASURED BY USGS IN THE LITTLE SNAKE RIVER BELOW BAGGS 

(OCTOBER 1980 - SEPTEMBER 1990) 

Parameter 

Streamflow, instantaneous (cfs) 
Specific conductance (umhos) 
pH (units) 
Temperature (deg C) 
Turbidity (NTU) 
Dissolved oxygen (mg/l) 
Fecal coliforms (cols.lIOO ml) 
Hardness (mg/l as CaC03) 

Calcium (mg/l) 
Magnesium (mg/l) 
Potassium (mg/l) 
Alkalinity (mg/l as CaC03) 

Sulfate (mg/l) 
Chloride (mg/I) 
Fluoride (mg/I) 
Silica (mg/l) 
Nitrogen (mg/l as N03) 

Phosphorous (mg/I) 

10 

Range 

0.24 - 7,370 
120 - 855 
7.2 - 8.88 
0.0- 27.0 
7 - 1,800 
6.7 - 13.7 
< 1- 7,300 
53 - 270 
15 - 56 
3.7- 93 
0.0 - 4.4 
41 - 270 
9.9 - 220 
1.6 - 20 
0.0-1.1 
5.5 - 22 
2.3 - 39 
0.0-4.1 



The Lead and Copper Rule was signed into law on May 6, 1991, and was published 

in the Federal Register on June 7, 1991. This rule differs somewhat from most of the other 

rules that have been promulgated to date in that there are no maximum contaminant limits 

(MCLs), but rather treatment techniques with action levels and demonstrations required to 

achieve compliance. For small community water supply systems such as Baggs, the rule 

includes the following schedule and requirements. 

Date 

July 1993 

January 1994 

January 1995 

January 1996 

July 1996 

January 1997 

January 1998 

January 1999 

July 1999 

January 20000 

July 2000 

Action 

Systems begin tap water monitoring 

Systems recommend optimal corrosion-control treatment to state! 

State requires system to conduct corrosion-control studies2 

State designates optimal corrosion-control treatmenf 

Systems complete corrosion-control studies and recommended 
treatment to state2 

State designates optimal corrosion-control treatmenf 

Systems complete installation of corrosion-control treatmenf 

Systems complete installation of corrosion-control treatmenf 
Systems complete follow-up monitoring and submit results to state4 

State designates water quality parameters2 

Systems complete follow-up monitoring and submit results to state4 

State designates water quality parameters2 

1 Assumes system exceeds lead or copper action level during first monitoring period 
2 Small systems required to conduct comparative treatment studies 
3 Small systems - state specifies optimal treatment without studies 
4 Systems that continue to exceed action level begin 15-year lead service line replacement 
program. 
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It may become necessary to modify the treatment process to provide optimal 

corrosion-control (Le., polyphosphate addition) in the future. However, corrosion-control 

studies will need to be conducted before any changes required in the treatment process can 

be determined. 

2.1.4 Future Concerns 

Surface Water Treatment Rule Impacts. The Surface Water Treatment Rule was 

first published in November 1987 and promulgated in June 1989. The rule becomes 

effective June 29, 1993, and will most likely require some modifications to the existing 

treatment plant. The fliter performance requirements of this rule have not been met during 

the past several years. In addition to the concern over filter effluent turbidity, the 

disinfection "CT" requirements may require modifications to the plant. (See Appendix I. for 

definitions). The disinfection criteria must be achieved prior to the first customer. The 

existing 0.046 Million gallon (MG) clearwell poses a potential disinfection "CT"problem for 

the Baggs' WTP due to its small size. Finished water pumped by the high service pumps 

adjacent to the clearwell receives only a minimum detention time after filtration for 

disinfection contact prior to water being delivered to the water distribution system. 

The existing clearwell at the plant is not baffled, with the vertical turbine high service 

pumps located in the center of the tank. U nbaffled tanks of this type often provide T 10 

values only 10 to 30 percent of the theoretical maximum detention times. Due to NPSH 

constraints on the high service pumps, the clearwell can not normally be drawn down below 

4-6 feet of water depth. At this depth and using a TlO of 10 percent, clearwell No.1 would 
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provide an effective detention volume of 1,300 gallons. At a flow of 0.25 mgd, the TIO for 

the clearwell would be approximately 7.5 minutes. This T 10 value combined with an 

estimated 15 minutes of disinfectant contact time provided through the filters (assuming 

chlorine application ahead of the filters), would allow the existing plant to meet the "CT" 

requirements only when water temperatures are 15°C or warmer. This is contingent on 

maintaining a minimum chlorine residual of 1.0 mg/I. 

In order to avoid inadequate "CT" values, it will be necessary to increase the 

detention time prior to the flrst customer. One possible approach would be to enlarge the 

plant's clearwell size. In addition, adding baffles to the clearwell could improve the T 10 

value for the clearwell. However, in order to meet both summer and winter operating 

conditions, the T 10 for the clearwell will need to be increased signiflcantly. During cold 

weather when water demands are low and water temperatures are cold, the "CT" 

requirements are the most difficult to meet. It is estimated that an additional, fully usable 

25,000 gallon clearwell would be necessary to meet the cold weather CT requirements. 

Maintenance of an adequate disinfectant residual in the water distribution system may 

require a change in disinfection practices at the plant. Providing a 0.2 mg/l chlorine residual 

throughout the water distribution system has not been monitored in the past, but has not 

resulted in any known negative impacts (i.e., positive coliform tests). 

Other SDWA Regulation Impacts. The proposed requirements to monitor "unregulated" 

organic and inorganic contaminants should not impact the existing treatment facilities. 

These regulations will require quarterly sampling for each of the listed contaminants, but will 
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not contain MCL's or MCLG's for any of the contaminants. Although continuous testing 

for the unregulated contaminants has not been conducted by the Town, the nature of the 

Little Snake River watershed and the results of periodic testing conducted to date by the 

Town, indicate that the presence of any listed contaminants is not likely. 

Disinfection By-Products Rule Im.pacts. The draft Disinfection By-Products Rule has 

not been finalized by EPA. At this time, it appears EPA is headed for a 50 ",gIl THM limit, 

but most likely will not require compliance until 1997. With a THM limit of 50 Jo'g/l, the 

Town may need to modify its disinfection practices to assure compliance with the lower limit. 

Information on the THM levels in the system are not presently available. 

2.2 Distribution System 

2.2.1 Existing Deficiencies in Distribution System 

The distribution system has several areas where problems are identifiable. Currently 

there is no direct line from the treatment plant to the storage tank. Several lines are dead

ended which reduces the reliability and circulation of the system. Variable chlorine residual 

within the system can also be attributed in part to these dead-end lines. The treatment plant 

operator has encountered one water line within the system that was constructed of six inch 

vitrified clay tile sewer pipe (YCP). It is suspected that several other lines were constructed 

of VCP sewer pipe although none has been positively identified. 
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2.2.2 Future Deficiencies in Distribution System 

The corporate limits of Baggs encompasses 221 acres with 75 percent (approximately 

166 acres) currently provided municipal water service. (Water Supply Needs Assessment for 

the North Platte and Little Snake River Drainages, Phase II 1984). The portion of town not 

provided service is platted but has not been developed. The town officials for Baggs and 

the Carbon County planning office do not anticipate substantial growth in Baggs over the 

next 50 years, therefore any growth can be assumed to take place within the current 

corporate limits. Any future deficiency therefore would be restricted to the areas that have 

been platted but are not provided water service. 

The storage tank for the Town of Baggs has a capacity of 280,000 gallons. The future 

water demand calculations indicate the peak daily use to be 240,000 gpd. Combine this with 

the NFF volume of 90,000 gallons and the needed storage capacity exceeds the current 

capacity by 50,000 gallons. 

2.3 Water SuWly 

2.3.1 Existing Deficiencies in Water Supply 

There are no stream flow data for the Little Snake River at Baggs, however, there 

is a gaging station upstream at Dixon. The plant has not experienced problems in the past 

with water supply, however, there have been occasions when only one intake pipe was 

submerged. 

The infiltration gallery which was used to provide Baggs with raw water has been 

abandoned. The Town is currently obtaining raw water directly from the Little Snake River 
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with four intake pipes. Rehabilitation of the infiltration gallery is cost prohibitive and is not 

worthy of further investigation. 

2.3.2 Future Deficiencies in Water Supply 

If the proposed modifications to the irrigation diversion dams are implemented, 

surface water will be diverted more efficiently to irrigable lands, possibly reducing the 

available supply to the Town of Baggs during late July, August and September. 

The future water demands for Baggs indicate that the peak daily demand is 240,000 

gpd. This corresponds to a flow of 0.37 cfs. The Town currently has a 1901 water right for 

0.36 cfs and a 1984 water right for 0.75 cfs. These water rights are not senior enough to call 

out major irrigation diversions upstream. Therefore, the town is dependent upon return 

flows to satisfy its needs. It is difficult to predict how significant the decrease in stream flows 

will be, therefore a quantitative value for the supply shortage has not been made. 

Supplementary or alternative sources of water are discussed later in this report. 
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3.0 ANALYSIS OF ALTERNATIVES 

3.1 Water Treatment Plant 

3.1.1 Solutions to Existing Deficiencies 

The existing Baggs water treatment facilities should be capable of h~dling a majority 

of the variances in water quality that have occurred historically in the Little Snake River. 

The two major water quality problems that could pose difficulties for the existing plant are 

the occasionally high turbidity levels and the low alkalinity levels that exceed the capability 

of the treatment systems. The plant facilities are relatively new and employ treatment 

technologies that are commonly utilized on water supplies that are similar in quality to the 

Little Snake River. Projecting the future water quality of the river at this time is difficult 

due to the limited historical data available on water quality. However, for projects involving 

modifications to the water impoundment practices upstream of the river intake, changes in 

the river water quality due to these upstream influences are not anticipated to be significant. 

The existing treatment facilities, with some improvements, should be capable of meeting the 

future water treatment requirements for Baggs. 

Some improvements to the water treatment plant may be required to address the 

concerns that have been identified. These improvements are discussed below. 

Control Systems 

The improvement which would provide the highest benefit to the system is to replace 

or repair the control systems. This would include the clearwell probes, loss of head system, 

sand separator, and the tank level monitor. The correction of these systems would enhance 
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the efficiency of the system and relieve the plant operator of several tasks which currently 

require a great deal of time. 

Intake Pipes 

The existing lateral intake pipes from the river experience plugging problems due to 

debris in the river. The addition of a trash screen or other similar device may be needed 

at the intake pipe inlets to prevent pipe plugging. 

Chlorine Contact Time 

The disinfection "CT" requirements would be complied with if the WTP high service 

pumps discharge were piped directly to the 280,000 gallon tank. Routing all finished water 

through this tank would improve detention time for disinfection prior to the first customer 

and reduce bleedoff of the chlorine residuals in the tank that could occur with the current 

setup. An alternative would be to provide a larger or supplemental clearwell tank at the 

WTP. This alternative is less desirable because it solves only the CT requirement deficiency, 

while direct use of the 280,000 gallon tank would solve other problems as well. 

Treatment Concerns 

No information is available on disinfection by-product formation (Le., THM's). The 

current 100 ug/l EPA THM limit mayor may not be exceeded by the WTP, and should be 

confirmed. If THM formation is a problem, a powdered activated carbon feed system could 

be added to enhance organic precursor removal. 
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The existing Neptune Microfloc package treatment units are producing a finished 

water that routinely exceeds the 0.5 NTU EPA limit that becomes effective in June 1993. 

Fine tuning the operation of the existing treatment units should improve plant operation 

enough to meet the EP A turb~dity requirements. 

The existing alum and polymer feed systems are not optimized with the existing plant 

control system. The addition of a streaming current indicator to control alum or polymer 

dosage could improve plant operation. The system would need to be automated to permit 

fine tuning of the plant operations. 

The finished water being produced by the plant may be corrosive, posing a potential 

problem with lead and copper levels in the water distribution system. The existing soda ash 

feeder is not always being used and may need to be brought back on line to raise the 

finished water pH/alkalinity to non-corrosive levels. 

3.1.2 Solutions to Future Deficiencies 

The only future deficiencies were related to future EPA rules and regulations. If the 

WTP were upgraded as discussed in Section 3.1.1,Solutions for Existing Deficiencies, there 

should be no problem meeting the anticipated future rules and regulations. 

3.2 Distribution System 

3.2.1 Solutions to Existing Deficiencies 

Construction of a direct pipeline to the storage tank would eliminate several problems 

with the distribution system. Among the benefits would be constant pressures throughout 
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the distribution system, increased contact time for the chlorine, and the possibility that fire 

hydrants could be tied into the new pipe to provide the Needed Fire Flow. 

Two routes for this pipeline were investigated. One route would locate the pipeline 

through Town and along Highway 789. The other route would bypass the Town by running 

directly to the West Side Canal and then to the storage tank. These routes are shown on 

Figure 2. Costs for these two alternative routes are $220,000 for the bypass route and 

$300,000 for the route through town. Details of the cost estimates are shown in Appendix 

II. 

The distribution system could be further enhanced by providing loops for all the dead 

ends. This would help with the circulation of water, maintain a more uniform pressure 

throughout the system and provide a more constant chlorine residual. The distribution 

system would also be improved by replacing, with water pipe, all the lines where sewer pipe 

was installed. 

An alternative way to provide for adequate CT disinfection would be to construct an 

additional 25,000 gallon tank clearwell attached to the existing 46,000 gallon well. The cost 

of constructing the tank including piping and pumps would be $110,000. 

3.3 Water Smm1y 

3.3.1 Conservation 

The Town of Baggs has historically been able to meet its water demands. However, 

should the town grow, as is projected, or should the irrigators become more efficient in 

utilizing the flow of the Little Snake River during the late summer irrigating season, 
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additional water may be required. The following discussion presents options for meeting the 

additional demand. 

During periods of low flows, and if no other sources have been developed, the Town 

of Baggs can help ensure an adequate supply _ of water by limiting the amount of water 

consumed. Currently the Town charges for water with two base amounts for water use, 

15,000 gallons during the four summer months and 8,000 gallons the remainder of the year. 

Summer water use might be decreased if the base amount were left at 8,000 gallons year 

round. Another way to reduce water use would be to increase the surcharge for water over 

the base amount. Currently the surcharge is $2.00 per 1,000 gallons over the base amount, 

if this were raised it is anticipated the water use would decline. The $2.00 cost barely meets 

actual cost of producing the water and leaves nothing for reserve. 

Peak monthly use is highest during the summer months, which can be partially 

attributed to lawn watering. Peak hourly demands occur in the mornings when people are 

preparing for work and in the evenings after people return home from work. Most lawn 

watering takes place in the evenings which increases the peak demand at this time. To help 

reduce this peak demand, lawn watering days could be staggered, with even numbered 

houses watering one day and odd numbered houses on the next day. 

3.3.2 Surface Water Supply 

West Side Canal. The quantity of flow in the Little Snake River has historically been 

sufficient to supply the water needs of the Town of Baggs. However, with the improvements 
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to diversion structures upstream, the flow during July, August and September may need to 

be supplemented. 

Secondary supply of raw water for the Town of Baggs could be provided from the 

West Side Canal during the late summer months. The canal is located south of town (see 

Figure 2). The West Side Canal carries sufficient water to provide Baggs with enough raw 

water for their entire needs during the late summer months. From the projected population 

and peak daily demand estimate, Baggs would require 240,000 gallons per day which 

corresponds to 0.4 cfs. 

Water taken from the West Side Canal is expected to be of comparable water quality 

with the Little Snake River, requiring treatment with the existing treatment plant. To utilize 

the water in West Side Canal as the municipal supply for Baggs a pipeline to convey the 

water to the treatment plant would be required. Two options for the route of this pipeline 

were reviewed. The least experience option is to construct the pipeline directly from the 

West Side Canal and avoid construction in Town. Another option would be to construct the 

pipeline through town and along the Highway 789 Right Of Way. Figure 2 shows the 

location of these alternative routes. 

The costs to supply water to the \YTP from the West Side Canal are estimated to be 

about $164,000 if the pipeline were routed along the eastern edge of town or $296,000 to 

route the pipeline through town. Should the town include with this plan the idea of piping 

treated water to the 280,000 gallon storage tank, there would be some savings in construction 

cost by placing the raw water and treated water pipelines in the same trench. The combined 
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costs for these options would be $331,000 for the bypass route or $466,000 for the route 

through town. Details of the cost estimates are shown in Appendix ll. 

Task A of this study investigates reservoir alternatives for irrigation purposes. The 

Town of Baggs could insure sufficient water supply in July, August and September by 

participating in an upstream reservoir. If Baggs helps with the initial construction costs of 

a reservoir, a percentage of the storage in that reservoir would be reserved for use by the 

Town. Another possibility would be to purchase excess water in a reservoir from the 

irrigation district. The costs of these options are dependent on the costs of the reservoirs, 

which are not yet determined. 

3.3.3 Ground Water Supply 

An alternative to supplementing late season water for the Town of Baggs, would be 

to develop a new ground-water source. This alternative was investigated by reviewing three 

different scenarios for developing the potential ground-water resources which may provide 

adequate quantity and quality of water for the people of Baggs. 

Methodology 

A 2-mile radius study area was established around Baggs in order to investigate the 

local ground-water resources. The smaller area eliminates expensive water transmission 

costs and is reasonable since adequate ground-water sources exist within close proximity to 

the Town of Baggs. A file search of Wyoming State Engineer's Office (SEO) database of 

permitted wells was conducted to acquire as much site specific subsurface information as 
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possible. A bibliographic search and a water quality search were also conducted via the 

Wyoming Resources Data System (WRDS). Existing state and federal publications and 

private consulting reports provided valuable supplemental information. 

Hydrostratigrnphy 

Detailed geologic descriptions of the Baggs area are provided in several documents 

(Welder and McGreevy, 1966; Collen tine et al., 1981; Stone and Webster, 1986; Stone and 

Webster, 1987). The present discussion is limited to pertinent hydrostratigraphic units that 

are probable targets for ground-water development within the study area. Likely zones, 

from top to bottom, include Little Snake River alluvium, late Tertiary Wasatch Formation, 

early Tertiary Fort Union Formation, and an unnamed Cretaceous-Tertiary sandstone unit 

(Honey and Hettinger, 1989; Hettinger et al., 1991). Hydrologic relationships between these 

formations are not clearly documented and, for ease of discussion, each formation will be 

described separately. The late Tertiary Browns Park Formation, an excellent source of 

ground water further east toward the Sierra Madre Uplift (Welder and McGreevy, 1966), 

does not subcrop below the Little Snake River Valley within the study area. 

Aquifer characteristic data are limited, and values for transmissivity, hydraulic 

conductivity, and porosity were obtained from the literature, where available. Most of the 

hydraulic data provide regional-scale information for the particular aquifer tested, however, 

a few wells within the Baggs study area have site specific pump test results. Table 4 

summarizes lithologic and hydraulic characteristics of the three water-bearing zones 

investigated in this report. 
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Table 4. Generalized Stratigraphy, Hydraulic Properties, and Water Quality of Target Aquifers for the Town of Baggs, Wyoming. 

Water
Bearing 
Zone 

Alluvium 

Wasatch, 
main body 

Ft. Union 

unnamed 
Cretaceous 
Tertiary 
sandstone 

Uthologic 
Description 

Unconsolidated 
sand, silt and 
day; gravel, 
cobble channel 
lag throughout 

Mudstone inter-
bedded with fine 
grained sandstone, 
intermittent basal 
conglomeritic 
sandstone and 
conglomerate 

Claystone and 
siltstone, fine 
to coarse grained 
sandstone, carbon-
aceous shale 
and coal 

Multistoried medium 
to coarse grained 
sandstone with minor 
interbedded shales and 
mudstones 

Thickness 
(ft) 

70 

7f:IJ 

950 

350 

Hydraulic 
Properties 

Well yields generally between 
2-25 gpm, one well NE of Baggs 
yields 300 gpm; aquifer character-
istics not determined; assumed 
well rounded & sorted alluvium 
has good porosity 

Well yields range 2.5-25 gpm, with 
average of 10 gpm In study area; 
Transmissivity ranges from 1 to 
> 1 ,000 gpm/ft, porosity estimated 
at 16 to 38%, and permeability 
<1 to 18 gpd/ft2 

No water wells In Ft. Union in 
study area, regional well yields 
range from 1.5-300 gpm; transmls-
sivity less than 2,500 gpd/ft, 
porosity ranges 15-39% and 
permeability less than 1 gpd/ft2 

Hydraulic head expected higher and 
thus static water levels higher 
than Ft. Union; yields are likely 
greater than Ft. Union due to coarser 
grain sizes and associated hydraulic 
conductivity 

Water 
Quality 

TDS ranges from 295-1,275 mgll 
and may exceed 3,200 mgll near 
the sewage lagoons E of Baggs, 
hardness ranges from 230-520 mg/L, 
dissolved sulfate ranges from 
56-250 mgll 

TDS ranges from 300-860 mglL, 
hardness ranges from 8-175 mgll 
and dissolved sulfate Is lower 
than in alluvial wells «60 mgll) 

No site specific data, IDS expected 
to range between 650-2,800 mgll; 
geophysical logs from olVgas 
wells near Baggs show sawtooth 
resistivity signature Indicating 
highly variable quality 

Unknown; geophysical logs from 
oiVgas wells near Baggs Indicate 
consistently high apparent resistivity 



Alluvium 

Sediments comprising the alluvium of the Little Snake River Valley are predominately 

coarse grained but range in size from clay, silt, and sand to gravel and cobbles. The 

alluvium is primaPIy fluvial in origin with the finer-grained material representing overbank 

sediments, and the coarser sand, gravel and cobbles the channel lag. The alluvium is 

unconsolidated with a maximum thickness of 70 feet (Welder and McGreevy, 1966) and 

forms an unconfined alluvial aquifer. 

According to the SEQ database of permitted wells there are approximately 71 alluvial 

wells within the 2 mile radius study area of Baggs. This count does not include canceled 

permits or wells without total depth or well yield data. A majority of these shallow wells 

(92 %) are less than 100 feet deep. Well yields for the alluvial aquifer range from 2 to 300 

gallons per minute (gpm) with an average of 21 gpm. 

Aquifer properties for the alluvial aquifer in the vicinity of Baggs have not been 

determined. Alluvial deposits are usually well rounded and well sorted with good porosity 

but hydraulic conductivity can vary considerably depending on the degree of sorting and 

average grain size. Sizeable lenses of clay, silt and fine sand are expected throughout the 

subsurface of the study area due to the abundance of abandoned meanders across the 

alluvial plain of the Little Snake River. Hydraulic conductivity values are, therefore, 

considered to span a wide range throughout the heterogeneous alluvium. 

VV~~h Fonnation 

The Tertiary Wasatch Formation is exposed along the bluffs west and south of Baggs 
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and underlies the alluvial mantle along the Little Snake River. The Wasatch Formation dips 

west approximately 20 degrees. Lithology of the main body of the Wasatch Formation 

consists of a basal conglomerate overlain by sandstones and variegate mudstones 

(Figure 3). Within the Baggs area, the thickness of the main body of the Wasatch 

Formation is approximately 750 feet (Hettinger, 1991) and forms part of an extensive 

confined aquifer. For the permitted wells within the 2 mile radius limit of Baggs, 6 wells are 

completed in the Wasatch Formation, and well yields are 2.5 to 25 gpm with an average 

yield of 10 gpm. 

Pump test results for wells completed in the Wasatch around Baggs are limited to one 

well listed in Collentine et al. (1981). The well was completed to a depth of 420 feet and 

screened between 390 and 420 feet below grade. Pump test results indicate the 

transmissivity is 700 gpd/ft, consistent with regional aquifer tests conducted in the Great 

Divide and Washakie Basins where transmissivity varies from 1 to greater than 1,000 gpd/ft 

(Collentine et al., 1981). Porosity estimates from the southern Washakie basin are 16 to 38 

percent, and hydraulic conductivity estimates range from less than 1 to 18 gpd/ff (Wyoming 

Geological Association, 1979). 

Welder and McGreevy (1966) document multiple flowing artesian zones in the 

Wasatch Formation. Two such flowing wells south of Baggs were completed to depths of 

302 and 415 feet, and yield on the order of 2 gpm. 

Fort Union Formation 

Outcrops of the early Tertiary Fort Union Formation exist north of Baggs, with 
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subcrops below the Little Snake River dipping about 20 degrees west. The Fort Union is 

divided into an upper and lower zone (Figure 3); the upper zone is characterized as a non

coal bearing claystone approximately 570 feet thick near Baggs, the lower zone consists of 

thickly interbedded medium to coarse sandstone, mudstone and coal. Water-bearing Fort 

Union sandstones also constitute an aquifer system which is interfingered by low permeability 

shales and siltstones, such as those separating the Wasatch and Fort Union. 

Borehole geophysical logs from an oil/gas well approximately 2.5 miles south of Baggs 

(Figure 4) illustrate the lithologic heterogeneity of the Fort Union Formation. The sawtooth 

gamma ray signature (GR trace on Figure 4) detects naturally occurring gamma radiation 

emitted from the variable, interbedded Fort Union lithologies; clay-rich shales are 

distinguished by a rightward gamma ray kick, whereas quartz sandstones and coal exhibit a 

leftward kick. 

Wells within the Baggs study area known to penetrate the Fort Union Formation 

include oil wells comprising the Westside Canal well field. Between 1979 and 1981, the 28 

wells within the field produced 1,245 barrels of water as a by-product of petroleum 

production (Collentine et al., 1981). Regionally, Fort Union well yields are generally less 

than 100 gpm but may reach 300 gpm in favorable areas. Transmissivity values are typically 

less than 2,500 gpd/ft (Collentine et al., 1981), porosity values range from 15 to 39 percent 

and permeabilities are less than 1 gpd/ff (Wyoming Geological Association, 1979). 

Unnamed Cretaceous-Tertiary Sandstone 

Recent stratigraphic work completed by Honey and Hettinger (1989), and Hettinger 
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et ale (1991) correlates upper Cretaceous-lower Tertiary units from Craig, Colorado, through 

Baggs to Rawlins, Wyoming. Their maps document a 350 foot thick, laterally extensive 

sandstone unit underlying the coal-bearing zones of the lower Fort Union (Figure 3). 

Numerous oil and gas wells used in the correlations are within a 2 mile radius of Baggs and 

penetrate the unnamed Cretaceous-Tertiary (K-T) sandstone at a depth of approximately 

2,000 feet (Figure 4). 

Inconsistently assigned in the past to either the Fort Union or Lance Formations, this 

unnamed K -T sandstone is divided into three zones based on grain size and the presence 

of a regional unconformity (Hettinger et al., 1991). The upper zone consists of a basal 

conglomerate overlain by medium to coarse grained, multistoried sandstone bodies. The 

middle zone is medium to very coarse grained superposed sandstone sequences separated 

by shale interbeds, and the lower zone is finer grained than the middle and comprised of 

similar superposed sandstone sequences separated by mudstone and shale beds. 

The K -T sandstone is 350 feet thick near Baggs (Hettinger et al., 1991) and is 

distinguished by a blocky gamma ray and resistivity signature (RES on Figure 4) indicating 

lithologic homogeneity relative to over and underlying formations and possibly fresh 

formation water, respectively. Based on distinctive grain size differences, lateral 

extensiveness, and characteristic geophysical log signatures, Hettinger et ale (1991) suggest 

developing a new geologic formation for the K -T sandstone. 

Resistivity is the inability of geologic materials to conduct an electrical current, and 

a high resistivity trace in the K-T sandstone may also suggest poor porosity due to 

cementation. Outcrops of the K -T sandstone observed by J. Honey occur as both valleys 
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and cliffs, and show neither heavy calcite nor quartz cement, exhibiting relatively easy, 

though variable weathering under surface conditions (J. Honey, personal communication, 

1991). Calcite cementation is more likely to dissolve than quartz cement, and the high 

resistivity signature probably does not indicate poor porosity" but rather indicates relatively 

fresh formation water. 

Aquifer characteristic data are not readily available for the K-T sandstone because 

nomenclature inconsistencies preclude accurate identification of wells completed in this zone. 

Certain inferences regarding relative well hydraulics can be made, however, based on 

topography and stratigraphic position of the sandstone unit. Hydraulic head within the K-T 

sandstone is expected to be higher than overlying Wasatch and Fort Union Formations 

because of stratigraphic superposition and higher outcrop elevations resulting from a 20-22 

degree westward dip off of the Sierra Madres. Static water levels are thus likely to be higher 

than those of the Fort Union. Based on grain size differences and hydraulic conductivity, 

ground-water yields are also likely to be greater in the K-T sandstone relative to the Fort 

Union. 

Ground-Water Quality 

Information regarding the expected water quality from aquifers in the Baggs area was 

obtained primarily from the WRDS database of the Wyoming Water Resource Center. A 

report by Welder and McGreevy (1966), and data from Wyoming Department of 

Environmental QUality/Water Quality Division (DEQ/WQD) files were also used. 
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The most consistently available water quality parameter for the study area was 

concentrations of Total Dissolved Solids (TDS, in mg/L) or Specific Conductance 

(micromohs per cm2 at 25°C) measurements. The relationship provided in Hem (1970) was 

used to estimate TDS concentration from Specific Conductance data. Interpretation of 

target aquifer suitability for a municipal water supply was thus based on the concentrations 

of TDS and drinking water standards, where available. Aquifers containing ground water 

with less than 1,000 mg/L TDS are considered acceptable, although the secondary drinking 

water standard is 500 mg/L TDS. 

Alluvial Aquifer 

Ground water derived from the alluvial aquifer system of the Little Snake River 

Valley is generally of moderate quality, with much variability depending on well depth and 

composition of the alluvium. Welder and McGreevy (1966) list three alluvial wells in the 

vicinity of Baggs with depths of 18, 15, and 50 feet below grade and TDS concentrations of 

315,1,058 and 1,275 mg/L, respectively. 

The WRDS water quality search of the study area provided data for 4 alluvial aquifer 

wells. TDS concentrations in ground water varied between 295 and 936 mg/L, with 3 wells 

exceeding the secondary drinking water standard of 500 mg/L. Dissolved sulfate 

concentrations for these 4 wells ranged between 56 and 250 mg/L. The secondary drinking 

water standard for sulfate is 250 mg/L. 

Four monitoring wells installed around the sewage disposal ponds west of Baggs have 

been used to assess shallow ground-water quality. Results of chemical analyses conducted 
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in 1985 indicate that TDS varied from 832 to 3,252 mg/L (J. Strohman, DEQ/WQD, 

personal communication, 1991). 

Wasatch Aquifer 

Water quality data for the water-bearing Tertiary Wasatch Formation are limited. 

Ground water derived from the Wasatch is variable in water quality, ranging from 300 to 860 

mg/L TDS for wells within the study area. Regional TDS values for Wasatch ground water 

exceed 3,500 mg/L (Stone and Webster, 1987). Welder and McGreevy's map (1966) shows 

2 wells southwest of Baggs completed in the Wasatch. Specific conductance was reported 

for one well, and using Hem's (1970) relationship, the TDS concentration is approximately 

860 mg/L. Dissolved sulfate concentrations for the Wasatch wells in the WRDS database are 

below 60 mg/L. 

Fort Union Aquifer 

Likewise, ground water derived from the Fort Union Formation is extremely variable 

in composition. Although no site specific analyses of water quality are available, inferences 

can be made regarding ground-water chemistry from electric logs of wells near Baggs. 

The highly irregular trace of the resistivity log for the well 2.5 miles south of Baggs 

(Figure 2) indicates unpredictable water quality, especially within the lower coal-bearing 

zones. Low resistivity peaks (leftward) are indicative of high TDS water and correspond to 

zones of highly reactive clay. Regionally, TDS concentrations within Fort Union ground 

water are frequently below 1,000 mg/L and generally below 3,000 mg/L (Stone and Webster, 
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1987). One ground-water sample collected at an unknown location from the Fort Union 

contained a TDS concentration of 663 mg/L (Collentine et al., 1981). 

Cretaceous-Tertiary Sandstone Aquifer 

There are no definitive water quality data from wells completed in the K -T sandstone. 

Consequently, the water quality is inferred from the resistivity log shown in Figure 2. The 

relatively high and consistent resistivity throughout the K-T sandstone contrasts sharply with 

the sawtooth signatures of over and underlying Fort Union and Lance Formations 

respectively, where water quality is documented as unpredictable. There is a strong 

possibility that the K -T sandstone contains low TDS water throughout the formation 

thickness. 

Ground-Water Quantity 

Three ground-water supply alternatives were developed after review of the available 

hydrogeologic and water quality data. Cost tables associated with the alternatives are 

presented in Appendix II, Tables II - 3 to II - 5. Drilling costs for each alternative were 

obtained as informal estimates from local drilling companies. 

All alternatives include drilling and installation of a test well, thorough aquifer 

evaluation prior to completion of a production well, and the requisite pumping and 

transmission equipment. Yearly maintenance and water quality sampling and analysis costs 

have not been included. Total costs are presumed to be conservative due to the large 

amount of uncertainty in lithologic conditions and drilling requirements. Table 5 summarizes 
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Table 5. Ground-Water Supply Alternatives, Town of Baggs. 

Expected Expected Expected 
Yield Unit Total 

Alternative Source Description (gpm) Cost Cost Advantages Disadvantages 

1) Alluvium 8-inch diameter well, 50 feet 2-25 $ 44,500 $387,000 Lowest cost per Water Treatment 
deep within 1,000 feet of well 
Water Treatment Plant Multiple wells 

Variable water 
quality 

2) Wasatch 6-inch diameter well, 400 2.5-25 $ 79,000 $676,000 No water Multiple wells 
Formation feet deep within 1,000 feet of treatment 

Water Tank Variable water 
w quality -.l 

3) Unnamed 6-inch diameter well, 2,200 < 100-300 $160,000 $238,000 No water Unknown water 
Cretaceous- feet deep within 1,000 feet of treatment quality 

Water Tank 
Potential Highest cost per well 
sufficient supply 

Lowest total cost 
for potential ground-
water supply 



the ground-water alternatives and lists advantages and disadvantages associated with each. 

The unit costs shown do not include engineering or contingency estimates. 

Alternative 1 

Alternative 1 includes drilling and installing an 8-inch diameter alluvial well to a depth 

of 50 feet. Well location is assumed along the floodplain of the Little Snake River, within 

1,000 feet of the Bagg's Water Treatment Plant. Ground-water influenced by surface water 

sources is subject to treatment under the Surface Water Treatment Rule (U.S. EPA, 1991), 

and an alluvial well for the Town of Baggs would require water treatment. Cost for 

Alternative 1 is estimated at $44,500 per well, without contingency and engineering costs. 

As many as 6 wells may be needed to provide the requisite projected water demand of 167 

gpm for the peak day. Thus the total cost for this alternative would be $387,000. 

Alternative 2 

Alternative 2 includes drilling and installing a well in the Wasatch Formation. A total 

depth of 400 feet was used to estimate expenditures, based on a potentiometric surface map 

of the Tertiary aquifer system (Collentine et al., 1981). Wasatch-derived ground water does 

not require treatment under the Surface Water Treatment Rule (EPA, 1991) and could be 

transmitted directly to the Baggs water tank south of town for storage and distribution. 

Alternative 2 assumes wells installed within 1,000 feet of the water tower. The cost per well 

of Alternative 2 is estimated at $79,000, excluding contingency and engineering costs. 

Multiple wells (up to six wells) may be needed to provide the requisite projected demand. 
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The total cost for constructing six wells would be $676,000. 

Alternative 3 

Alternative 3 includes drilling and installing a well in the unnamed K-T sandstone unit 

underlying the coal-bearing zone of the Fort Union Formation. Total depth is assumed to 

be 2,200 feet with a location within 1,000 feet of the town water tank. The per well cost of 

Alternative 3 is estimated at $160,000,excluding contingency and engineering costs. A single 

well may supply sufficient water for projected demands. If the yield of one well were 

sufficient, the total cost of this alternative would be $238,000. 

Dixon Pipeline 

Another option considered for supplying late season water for Baggs was to construct 

a pipeline from Dixon. This alternative would be completely dependent on the production 

of the well Dixon is proposing. If the well produced excess water for Dixon, there is a 

possibility of Baggs purchasing this water. However the water would have to be piped 

approximately seven miles from Dixon to Baggs. The construction costs of a pipeline that 

long probably makes this option infeasible. 
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4.0 SUMMARY 

The existing water treatment plant at Baggs, with some minor modification, should 

be adequate for the current and future needs of the Town. Optimization of the operation 

of the water treatment plant and repair or replacement of the control systems should enable 

the plant to produce treated water that meets the SDW A regulations. Construction of a 

pipeline to convey treated water directly to the storage tank would enhance the distribution 

system and provide the necessary contact time for disinfection. The distribution system could 

also be improved by constructing new lines to provide loops at areas which are currently 

dead-ended. The contract time could also be obtained by constructing an additional 25,000 

gallon tank at the WTP. 

The most attractive ground-water supply option to mitigate municipal water supply 

shortages which may be experienced by the Town of Baggs would be a well into the 

Unnamed Cretaceous - Tertiary (K-T) sandstone. The homogenous and coarse grained 

nature of the K -T sandstone and its vertical and horizontal extensiveness are promising signs 

of excellent ground-water supply. The consistently high resistivity signature throughout the 

K -T sandstone also provides a strong indication of high quality formation water. A single 

well within the K-T sandstone may adequately serve the Town of Baggs, given the potentially 

high ground-water yield. A deep well could also be used year round to provide municipal 

water. If the well produces significant flows, it is possible the water treatment plant could 

be moth-balled. It is important to note that specific ground-water quality data are not 

available for the K -T sandstone in the Baggs area. Therefore, estimates of IDS and 

40 



hardness, two important characteristics of ground water that affect utility and consumption, 

can only be surmised. 

The costs of implementing the findings of this study may be summarized as follows: 

Minor WTP Modifications 

"CT" Requirements 

Pipeline to 280,000 gallon tank 
By-pass town 
through town 

Additional Clearwell 

Water Supply 

Pipeline from West Side Canal 
By-pass town 
Through town 

Ground-water well in K -T sandstone 
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$ 15,000 

$220,000 
$300,000 
$110,000 

$164,000 
$296,000 
$238,000 
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APPENDIX I 

SAFE DRINKING WATER ACf REGULATIONS 

Originally passed into law in 1974, the SDWA mandated that the EPA establish 

national drinking water regulations for all public water systems ~ the United States. The 

interim primary drinking water regulations, developed in 1975, established maximum 

contaminant levels (MCL's) for 22 contaminants. MCL's for several more contaminants have 

been established since 1975. Subsequent to the interim regulations, the secondary maximum 

contaminant levels (SMCL's) were established by EPA in 1979. Additional SMCL's were 

proposed in May 1989. In 1986, Congress amended the SDW A, strengthening particularly 

the standard-setting agenda and groundwater protection provisions. This major legislation 

established a short-term time frame in which EPA must review the existing standards and 

develop new ones. A key element of the 1986 Amendments required that the EPA develop 

regulations for 83 contaminants by June 1989, including the following: 

Volatile Organic Chemicals (VOC's) 

Other Synthetic Organic Chemicals (SOC's) 

Inorganic Chemicals (IOC's) 

Microbiological Contaminants 

Radionuclides 
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Number of 
Contaminants 

14 

40 

18 

6 

.i 
83 



EPA was to add 25 additional contaminants every three years after 1989. Final 

regulations for eight VOC's, originally proposed in 1984, were published in 1987. The VOC 

regulation, referred to as the Phase I VOC Rule, also established monitoring requirements 

for the eight VOC's as well as 51 unregulated YOC's. 

Regulations for surface water treatment were published in June 1989 by EPA and are 

known as the Surface Water Treatment Rule (SWTR). This regulation applies to all public 

community and non-community water systems that use surface water or groundwater sources 

under the direct influence of surface water. 

A number of other regulations have been or are anticipated to be promulgated by 

EP A, including: the coliform rule, the lead and copper rule, the disinfection - disinfection 

by-products rule, the groundwater disinfection rule, the radionuclide rule, and the synthetic 

organics and inorganic chemical rule (Phase IT). The following is a brief discussion of the 

SDWA regulations which could impact the Baggs' WTP. 

Total Coliform Rule. The proposed Total Coliform Rule was published in November 1987. 

Revisions being considered for the proposed rule in response to public comments were 

published in May 1988. The final rule was published on June 29,1989, and became effective 

December 31, 1990. A summary of the final coliform rule regulations that could impact 

Baggs includes: 

* 

* 

Maximum Contaminant Level Goal (MCLG) - Zero for total coliforms, fecal 
coliform, and E.Coli. 

Monthly Maximum Contaminant Level (MCL) - If 40 samples/month or more 
are collected, no more than 5.0percent can be total coliform positive; ifless 
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* 

* 

* 

* 

* 

* 

* 

than 40 samples/month are collected, no more than one sample/month can be 
coliform positive. 

Variances and Exemptions - None allowed for MCL. 

Repeat Monitoring - If a routine sample is total coliform positive, repeat 
samples must be collected within 24 hours. Three repeat samples for each 
positive sample must be collected. At least one sample location, at least one 
from within five service connections upstream, and one from within five 
service connections downstream must be collected. 

All repeat samples must be collected on the same day. If one or more of 
repeat samples are total coliform positive, an additional set of repeat samples 
must be collected within 24 hours. In addition, if a system collecting less than 
five routine samples/month has a total coliform positive sample, it must collect 
at least five routine samples in the following month. 

Invalidation of Samples - Total coliform positive results can be invalidated 
only because an improper sample analysis has been performed, non
distribution system plumbing problems have occurred, or the State has 
documented that the cause does not reflect water quality in the distribution 
system. 

Fecal Coliform Testing - Each total coliform positive sample must be analyzed 
for fecal coliform or E. Coli. If the fecal or E. Coli results are positive, the 
State must be notified by the end of the day, or the next business day if result 
is obtained after State office is closed. The State can waive the fecal testing 
requirement if the system treats every total coliform sample as fecal positive. 

Analytical Methods - Total coliform analysis must be conducted using a loo 
ml sample and must be conducted by multiple tube fermentation, membrane 
filter, presence-absence test, or Colilert test. 

Best Technology Treatment Techniques - These techniques include: 
maintenance of a disinfectant residual throughout the distribution system; 
proper maintenance of the distribution system; and filtration and/or 
disinfection of surface water in accordance with the Surface Water Treatment 
Rule. EPA considers these methods as feasible for meeting total coliform 
MeL but does not require their use. 

Heterotrophic Bacteria Interference - If these bacteria interfere with results, 
the sample is considered invalid and another sample must be collected within 
24 hours at the same location. 
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* 

* 

Use of Chlorine Residual Measurements - Use of these measurements m 
place of coliform analysis is not allowed. 

Public Notice - If a repeat sample is fecal coliform positive or a fecal coliform 
positive original sample is followed by a total coliform positive repeat sample, 
public notification by electronic media using EPA's mandatory language within 
72 hours is required for community systems. An example of the mandatory 
language is provided in the Supplemental Information contained at the end 
of this memorandum. 

Surface Water Treatment Rule. This regulation was first published in November 1987, and 

promulgated in June 1989. The following is a summary of the critical elements of the final 

rule: 

* 

* 

* 

* 

* 

* 

* 

Maximum Contaminant Level Goal (MCLG) - Zero for Giardia lamblia. 
viruses, and Legionella. 

Treatment Performance for Giardia Lamblia cysts - 99.9 percent (3 log 
removal). 

Treatment Performance for Virus - 99.99 percent removal (4 log removal). 

Filter Performance - For conventional and direct filtration, filtered water 
turbidity must be equal to or less than 0.5 NTU 95 percent of the time. The 
State can increase to 1 NTU if the State determines that the system is capable 
of removing at least 99.9 percent of Giardia lamblia cysts. For slow sand 
filters and diatomaceous earth filters, the turbidity limit is 1 NTU 95 percent 
of the time. 

Effective Date of Requirement - June 29, 1993. 

Turbidity Measurement - The measurement must be performed on grab 
samples collected every four hours. Continuous turbidity monitoring can be 
substituted if validated on a regular basis. 

Disinfection - Disinfection must meet specified "CT" values. ("Cf" is the 
product of residual disinfectant concentration, "C,"in mg/1 determined before 
the first customer and the corresponding disinfectant contact time itT," in 
minutes). The "T"value must be established by tracer studies, and is defmed 
as the time it takes for 10 percent of the flow to pass through the detention 
tank (T 10)' If disinfectant is added at more than one point, the effect of each 

1-4 



* 

* 

* 

* 

disinfection step can be taken into consideration. Specified "CT" values are 
a function of disinfectant, residual, temperature, and pH. Measurements must 
be made of "eT," pH, and temperature once/day at each chlorine residual 
sampling point. Disinfectant contact time must be detennined by tracer 
studies at peak hourly flow rate. Example "CT" values specified for filtration 
plants at 10°C are: Chlorine (PH = 7, residual = 2.0 mg/l) = 18.5; Ozone = 
0.24; Chlorine Dioxide = 3.7; Chloramines = 310. For direct filtration 
systems, 2.0 log removal of Giardia lamblia by coagulation-filtration, and 1.0 
log removal by disinfection have been suggested by the EPA as the basis to 
determine "CT" requirements. 

Disinfectant Residual Monitoring - At the point where water enters the 
distribution system, continuous monitoring is required if the system serves 
more than 3,300 people. If less than 3,300 people are served, grab samples 
can be used. 

Disinfectant Residuals - Samples must be collected at the same points and 
times as coliform samples. A 0.2 mg/l disinfectant residual must be 
maintained in water entering the distribution system and a detectable residual 
in distribution system. Heterotrophic plate counts of 500/ml or less are 
considered equivalent to a detectable residual. 

Public Notice - If the disinfectant residual entering the distribution system is 
less than 0.2 mg/l, the State must be notified as soon as possible but no later 
than end of the next business day. The State will determine appropriate 
public notice. Public notice is also required for failure to meet treatment or 
monitoring requirements. These notices must use EPA-specified language 
contained in the rule. 

Operator Personnel Requirements - For surface supplies, personnel must meet 
qualifications established by the State. 

Disinfection By-Products Rule. Organic by-products of the disinfection process have been 

considered a public health issue since the 1974 reporting of trihalomethanes (THM' s) during 

chlorination. Interest is being renewed in the disinfection by-products (DBP) issues, and the 

DBP's are anticipated to be a major part of the list of compounds to be considered for 

regulation. 
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Only the THM's are currently regulated, at an MCL of 100 Ilg/I for total THM's. 

Many observers have believed it likely that under new DBP rules, the THM standard will be 

lowered to at least 50 Ilg/I,and possibly to as low as 20 Ilg/I.However, in late July 1988~ an 

EPA memo based upon a National Academy of Science report, concluded that some of the 

earlier risk analysis associated with the THM issue was too conservative. Therefore, there 

may not be as strong a push for as large a reduction as previously anticipated. 

Another approach EPA may take is to use THM's as a surrogate indicator for other 

DBP's in deciding whether a utility would be required to analyze for and possibly treat to 

remove or prevent formation of these other DBP's. For example, if the THM MCL were 

to remain at 100 ug/l, EPA could set another level, perhaps 50 or 75 ug/l, below which 

utilities would not be required to analyze for other DBP's. 

Lead and Cw.per Rule. On June 7, 1991, EPA released the Maximum Contaminant Level 

Goals and National Primary Drinking Water Regulations for lead and copper. The final rule 

contains MCLG's and "Action Levels" for lead and copper at the tap. Action levels are 

concentrations, if exceeded, which will trigger corrosion control studies and treatment. In 

the past, the MCL for lead has been set at 50 mg/I. Although there is not a specified MeL 

for lead under the new standard, the goal (now called action level) is for at least 90 percent 

of monitored households to have lead levels of 15 mg/l or less. The copper action level is 

set at 130 mg/I. The regulation is intended to focus on the main cause of lead and copper 

in drinking water - corrosion from pipes, solder and fixtures between the water source or 

treatment and the consumer's tap. 
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The new Lead and Copper Rule includes the following four major components: 

• Monitoring 
• Treatment 
• Public education 
• Lead service line replacement 

Monitoring 

The purpose of the monitoring requirements are: 

• To initially determine the extent of the lead and copper problem. 

• To determine the effectiveness of any treatment steps installed to reduce the 
corrosivity of the water andl or reduce the levels of lead and copper in the 
source water. 

• To confirm that the operating conditions required to achieve a minimally 
corrosive water are being maintained. 

Treatment 

All small systems, such as Baggs, must provide optimal corrosion control treatment and must 
conduct corrosion control studies to determine what that optimal treatment is. The available 
corrosion control treatment alternatives include: 

• pH/alkalinity adjustment; 
• Calcium carbonate stability; and 
• Corrosion inhibitors such as phosphates and silicates. 

The corrosion control studies that can be used to determine or demonstrate optimal 
corrosion control include: 

• Desk-top studies evaluating source water quality, treatment and finished water 
characteristics; and 

• Treatability evaluations. 

The treatability evaluations can consist of: 

• Pipe loop tests 
• Coupon tests 
• Partial system tests 
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Public Education 

Those systems which cannot meet the lead action level will be required to implement a 
public education program. The USEP A has developed camera-ready print materials and 
model public service announcements which must be included in all materials either printed 
or distributed through the electronic media as follows: 

• Within 60 days of failing to meet the lead action level, the system must deliver 
these mandatory materials to each user of the system. 

• In addition, as long as the system continues to exceed the lead action level, 
repeat deliveries of the material are required once a year via inserts to the 
water bills and newspapers. 

Lead Service Line Re.placement 

Those systems which continue to exceed the lead action level after the installation of optimal 
corrosion control treatment will be required to institute a lead service line replacement 
program. This program will require that at least 7 percent of the total number of lead 
service lines be replaced each year with continued replacement until the lead action level is 
met during 2 consecutive 6-month monitoring periods. 

Individual lead service lines do not have to be replaced if the lead concentration of all 
service line samples taken at the location is less than 0.015 mg/L. In addition, the 
replacement of lead pigtails and! or goosenecks is not required unless they are connected to 
a lead service line. 

Sampling Requirements 

The action levels are exceeded if: 

* 

* 

Lead concentrations exceed 15 ",gIl at the tap in more than 10 percent of the 
samples. 

Copper concentrations exceed 1.3 mgll at the tap in more than 10 percent of 
the samples. 

The first step that must be taken in meeting the lead and copper rule is to identify 

sampling sites. Sample sites meet the following criteria: 

* Contain copper pipe sweated with lead solder and installed after 1982, or 
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* Contain lead pipe, or 

* Be served by a lead service line 

* Be a single family structure 

* Have no treatment devices, such as softening units, carbon filters or other 

home treatment devices. 

Fifty percent of the samples taken must be taken from sites with lead pipe or copper 

pipe and lead solder, and the other fifty percent must be taken from sites served by lead 

service lines. The number of samples required shall be according to the following table: 

System Size No. of Sites No. of Sites 
(pQpulation) <standard) (reduced) 

> 100,000 100 50 

10,001 - 100,000 60 30 

3,301 - 10,000 40 20 

501 - 3,300 20 10 

100 - 500 10 5 

< 100 5 

The number of sample sites can be reduced if no violations occur for the previous 

two consecutive six month monitoring periods. As previously stated, the sample sites must 

be single family structures which meet the sampling site criteria. Some deviations to the 
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sampling sites are allowed, however, any deviation must be justified, in writing, to the state 

regulatory agency. 

After the sampling sites have been identified, the monitoring can begin. The 

regulation requires that two consecutive six month monitoring periods begin by January 1, 

1992. All tap samples shall be first draw samples. First draw samples are samples that are 

taken after the water has been at rest in the pipe for at least six hours. The required 

sample volume is one liter. 

All lead service line samples must also be first draw samples and one liter volume. 

They must be collected in one of three ways: 

* 

* 

* 

Compute the volume of water between the service line and tap, draw off that 
volume by measurement, then collect the sample. 

Tap directly into the lead service line. 

Draw water from the tap until a temperature change is measured with a 
thermometer, then collect the sample. 

If during either six month period, the lead or copper action levels are exceeded, the 

water system must begin sampling the source waters and corrosion control studies. 

However, as long as the tap samples are below the action level, no further action on the 

water system's part is required other than continued monitoring. 

Exceeding lead and copper action levels necessitates source water sampling and 

corrosion control studies. From the data gathered during source water sampling and 

corrosion control studies, the state will determine what form(s) of treatment are required 

for the source water or corrosion control, or both, if required. 
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During the initial monitoring periods, there are water quality parameters which must 

be taken on the tap samples and samples for each entry point to the distribution system in 

addition to lead and copper. Those parameters are: 

* 

* 

* 

* 

* 

* 

* 

pH 

Alkalinity 

Calcium 

Conductivity 

Water temperature 

Orthophosphate - when using PO 4 inhibitors 

Silicate - when using silicate inhibitors 

All data from analyses on these parameters must be reported with lead and copper 

data within ten days after each sampling period ends. Recordkeeping for the Lead and 

Copper Rule is quite extensive. Original records, such as sample data, analyses, reports, 

surveys, letters, evaluations, schedules, state determinations, and other related paperwork 

must be stored at the facility. These records are required to be maintained for a minimum 

of twelve years. 

Phase II Inorganic Rule. The final Phase II rule was signed by EPA on December 31, 1990. 

The Phase II rule will regulate an additional 33 synthetic organic (SOC) and inorganic (lOC) 

chemicals. Originally, 38 chemicals were proposed for regulation. Aldicarb, aldicarb 

sulfoxide, aldicarb sulfone, pentachlorophenol, and barium MCLs were reduced as new 
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health data indicated that lower MCLs were needed. The five are being re-proposed at 

lower levels. Table D.2 outlines the Phase II compliance monitoring requirements. 

Other Organic and Inorganic Chemicals. In May 1989, requirements were proposed to 

monitor additional "unregulated" contaminants. "Unregulated contaminants" are those 

contaminants for which EPA establishes a monitoring requirement but does not establish 

associated MCLG's, MCL's, or treatment techniques. There are 29 priority 1 and 84 priority 

2 contaminants proposed. Monitoring for the priority 1 contaminants must be completed 

within four years of promulgation. 

TABLE 1 - 1 

PHASE II COMPLIANCE MONITORING REQUIREMENTS 

Contaminants 

5 Inorganics 

Asbestos 

Nitrate 

Nitrate 

18 VOC's 
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Base Requirement 

Ground Water Surface Water 

One sample 
every 3 years 

Annual Sample 

One sample every 9 years 

Annual 4 Quarterly 

After one year < 50% of MCL, SWS may 
reduce to an annual sample 

One sample - if < 50 % of MCL, 
state discretion 

Quarterly for one year 
Annual after one year of no detects 



17 Pesticides and PCB's 

Unregulated 
- 610Cs 
- 24 sacs 

4 quarterly samples every 3 years. 
After one round of no detects, systems 
> 3,300 reduce to 2 samples per year 
every 3 years; systems < 3,300 reduce 
to one sample every 3 years. 

One Sample 
4 consecutive 

quarters 

For priority 1 contaminants, it is proposed that the State must determine which systems are 

vulnerable. All vulnerable systems would be required to monitor quarterly at each sampling 

point for one year over the four-year monitoring period. Monitoring for priority 2 

contaminants is at the State's discretion. 

Surface water systems would be required to take a minimum of one sample at points 

in the distribution system that are representative of each source or at each entry point to the 

distribution system which is representative of each source. In addition, on July 25, 1990, 

EPA published proposed MCL' s and MCLG' s for 24 inorganic and organic contaminants, 

termed the Phase V SOC's and IOC's. One year after the new MCL's and SMCL's are 

finalized, they will become effective and monitoring will be required. EPA is also requesting 

comment on the option of regulating six additional polynuclear aromatic hydrocarbons 

(P AH) and an additional phthalate. For the monitoring of P AH' s, EPA proposes that 

systems having coal tar or asphalt linings in their distribution systems test for the presence 

of Naphthalene and Fluoranthene which are especially susceptible to leaching. A system's 
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vulnerability and the required monitoring frequency will be determined by their presence or 

absence. 
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TABLE 11.1 

TOWN OF BAGGS 
Water Une Cost Estimate 

Direct pipeline to storage tank 
Route bypassing Town 

Unit 
Item Cost 

Mobilization (10% of #1) Lump Sum 

F&I 8" PVC Water Une: 
Open Trench $20 l.F 

F&I Misc. Valves and Appurtenances Lump Sum 

Highway Crossing Lump Sum 

Canal Crossing Lump Sum 

Revegetation $1,000 AC 

1. Construction Cost Subtotal 
2. Engineering Costs (10% of #1) 
3. Subtotal (#1 + #2) 
4. Contingency (15% of #3) 
5. COSTRUCllON COST TOTAL (#3 +#4) 

6. Prepare Final Designs and Specs. (10% of #5) 
7. Pennitting and Mitigation 
8. Legal Fees 
9. Acquisition of Access and Easements 

10. PROJECT COST TOTAL (#5 + #6 + #7 + #8 + #9) 

Quantity 

1 

5800 

1 

1 

1 

3.3 

Total 
Cost 

$15,259 

$116,000 

$10,000 

$5,000 

$3,000 

$3,329 

$152,587 
$15,259 

$167,846 
$25,177 

$193,023 

$19,302 
$0 

$2,000 
$5,000 

$219,325 



TABLE 11.2 

TOWN OF BAGGS 
Water Une Cost Estimate 

Direct pipeline to storage tank 
Route through Town 

Item 

Mobilization (10% of #1) 

F&I 8" PVC Water Une: 
Open Trench 
Through Town 

F&I Misc. Valves and Appurtenances 

Highway Crossing 

Canal Crossing 

Gravel Street Resurfacing 

Revegetation 

1. Construction Cost Subtotal 
2. Engineering Costs (10% of #1) 
3. Subtotal (#1 + #2) 
4. Contingency (15% of #3) 

Unit 
Cost 

Lump Sum 

$20 LF 
$4OLF 

Lump Sum 

Lump Sum 

Lump Sum 

$7 SY 

$1,000 AC 

5. COSTRUCTION COST TOTAL (#3 +#4) 

6. Prepare Final Designs and Specs. (10% of #5) 
7. Permitting and Mitigation 
8. Legal Fees 
9. Acquisition of Access and Easements 

10. PROJECT COST TOTAL (#5 + #6 + #7 + #8 + #9) 

Quantity Total 
Cost 

1 $21,518 

3600 $72,000 
2400 $96,000 

1 $10,000 

1 $5,000 

1 $3,000 

800 $5,600 

2.1 $2,066 

$215,185 
$21,518 

$236,703 
$35,505 

$272,208 

$27,221 
$0 
$0 
$0 

$299,429 



TABLE 11.3 

TOWN OF BAGGS 
Water Une Cost Estimate 

Pipeline Alternative for Water Supply from West Side Canal 
Route bypassing Town 

Unit Quantity 
Item Cost 

Mobilization (10% of #1) wmp Sum 1 

F&I 811 PVC Water Une: 
Open Trench $20 LF 4000 

F&I Misc. Valves and Appurtenances wmp Sum 1 

Highway Crossing wmp Sum 1 

Diversion Structure wmp Sum 1 

Revegetation $1,000 AC 2.3 

1. Construction Cost Subtotal 
2. Engineering Costs (10% of #1) 
3. SubtotaJ (#1 + #2) 
4. Contingency (15% of #3) 
5. COSTRUCllON COST TOTAL (#3 +#4) 

6. Prepare Final Designs and Specs. (10% of #5) 
7. Permitting and Mitigation 
8. Legal Fees 
9. Acquisition of Access and Easements 

10. PROJECT COST TOTAL (#5 + #6 + #7 + #8 + #9) 

Total 
Cost 

$11,255 

$80,000 

$7,500 

$5,000 

$6,500 

$2,296 

$112,551 
$11,255 

$123,806 
$18,571 

$142,377 

$14,238 
$0 

$2,000 
$5,000 

$163,614 



TABLE II. 4 

TOWN OF BAGGS 
Water Une Cost Estimate 

Pipeline Alternative for Water Supply from West Side Canal 
Route through Town 

Unit Quantity 
Item Cost 

Mobilization (10% of #1) Lump Sum 1 

F&I 8" PVC Water Une: 
Open Trench $20 LF 3300 
Through Town $40 LF 2400 

F&I Misc. Valves and Appurtenances Lump Sum 1 

Highway Crossing Lump Sum 1 

Diversion Structure Lump Sum 1 

Gravel Street Resurfacing $7 SY 1200 

Revegitation $1,000 AC 1.9 

1. Construction Cost Subtotal 
2. Engineering Costs (10% of #1) 
3. Subtotal (#1 + #2) 
4. Contingency (15% of #3) 
5. COSTRUCllON COST TOTAL (#3 +#4) 

6. Prepare Rnal Designs and Specs. (10% of #5) 
7. Permitting and Mitigation 
8. Legal Fees 
9. Acquisition of Access and Easements 

10. PROJECT COST TOTAL (#5 + #6 + #7 + #8 + #9) 

Total 
Cost 

$21,255 

$66,000 
$96,000 

$7,500 

$5,000 

$6,500 

$8,400 

$1,894 

$212,549 
$21,255 

$233,804 
$35,071 

$268,874 

$26,887 
$0 
$0 
$0 

$295,762 



TABLE 11.5 

TOWN OF BAGGS 
Water Une Cost Estimate 

Direct pipeline to storage tank with pipeline from West Side Canal 
Route bypassing Town 

Unit Quantity 
Item Cost 

Mobilization (10% of #1) Lump Sum 1 

F&I 8" PVC Water Une: 
Open Trench (1 pipe) $20 LF 1800 
Open Trench (2 pipe) $35LF 4000 

F&I Misc. Valves and Appurtenances Lump Sum 1 

Highway Crossing Lump Sum 1 

Canal Crossing Lump Sum 1 

Diversion Structure Lump Sum 1 

Revegetation $1,000 AC 3.3 

1. Construction Cost Subtotal 
2. Engineering Costs (10% of #1) 
3. Subtotal (#1 + #2) 
4. Contingency (15% of #3) 
5. COSTRUCTION COST TOTAL (#3 +#4) 

6. Prepare Rnal Designs and Specs. (10% of #5) 
7. Pennitting and Mitigation 
8. Legal Fees 
9. Acquisition of Access and Easements 

10. PROJECT COST TOTAL (#5 + #6 + #7 + #8 + #9) 

Total 
Cost 

$23,314 

$36,000 
$140,000 

$15,000 

$6,000 

$3,000 

$6,500 

$3,329 

$233,143 
$23,314 

$256,457 
$38,469 

$294,926 

$29,493 
$0 

$2,000 
$5,000 

$331,419 



TABLE 11.6 

TOWN OF BAGGS 
Water Une Cost Estimate 

Direct pipeline to storage tank with pipeline from West Side Canal 
Route through Town 

Unit Quantity 
Item Cost 

Mobilization (10% of #1) wmpSum 1 

F&I 8" PVC Water Une: 
Open Trench (1 pipe) $22 LF 300 
Open Trench (2 pipes) $37 LF 3300 
Through Town (2 pipes) $55 LF 2400 

F&I Misc. Vafves and Appurtenances wmpSum 1 

Highway Crossing wmpSum 1 

Canal Crossing wmpSum 1 

Diversion Structure wmpSum 1 

Gravel Street Resurfacing $7 SY 1200 

Revegetation $1,000 AC 2.1 

1. Construction Cost Subtotal 
2. Engineering Costs (10% of #1) 
3. Subtotal (#1 + #2) 
4. Contingency (15% of #3) 
S. COSTRUCllON COST TOTAL (#3 +#4) 

6. Prepare Final Designs and Specs. (10% of #5) 
7. Permitting and Mitigation 
8. Legal Fees 
9. Acquisition of Access and Easements 

10. PROJECT COST TOTAL (#5 + #6 + #7 + #8 + #9) 

Total 
Cost 

$33,518 

$6,600 
$122,100 
$132,000 

$15,000 

$6,000 

$3,000 

$6,500 

$8,400 

$2,066 

$335,185 
$33,518 

$368,703 
$55,305 

$424,008 

$42,401 
$0 
$0 
$0 

$466,409 



TABLE 11.7 

TOWN OF BAGGS 
Water Une Cost Estimate 

Chlorination Contact Basin (25,000 gallons capacity) 

Unit 
Item Cost 

Mobilization (10% of #1) Lump Sum 

Relocate Chlorine Addition Lump Sum 

Site Grading and Excavation Lump Sum 

Concrete Contact Basin Lump Sum 

Baffles Lump Sum 

Wet Well and Pump Lump Sum 

Building and Appurtenances Lump Sum 

Misc. Piping and Appurtenances Lump Sum 

1. Construction Cost Subtotal 
2. Engineering Costs (10% of #1) 
3. SubtotaJ (#1 + #2) 
4. Contingency (15% of #3) 
5. COSTRUCllON COST TOTAL (#3 +#4) 

6. Prepare Final Designs and Specs. (10% of #5) 
7. Permitting and Mitigation 
8. Legal Fees 
9. Acquisition of Access and Easements 

10. PROJECT COST TOTAL (#5 + #6 + #7 + #8 + #9) 

Quantity Total 
Cost 

1 $7,667 

1 $2,000 

1 $2,000 

1 $19,000 

1 $5,000 

1 $15,000 

1 $20,000 

1 $6,000 

$76,667 
$7,667 

$84,333 
$12,650 
$96,983 

$9,698 
$0 
$0 
$0 

$106,682 



Table II.8 
Ground Water Supply Alternative #1 
8-inch Diameter Alluvial Well, 50 Feet Deep 

Unit 
Description Unit Quantity Cost Cost 

1 TEST HOLE 

Ia Mobilization and Demobilization LS 1 $3,000.00 $3,000.00 
Ib Drill 8" Test Bore, Mud Rotary Ff 50 $12.00 $600.00 
lc InstallS" Steel Casing Thru Alluvium Ff 50 $10.00 $500.00 
Id Well Development LS 1 $900.00 $900.00 
Ie Well Testing LS 1 $2,000.00 $2,000.00 

2 PRODUCTION WELL 

2a Mobilization and Demobilization LS 1 $6.000.00 $6,000.00 
2b Drill 12" Bore Hole. Mud Rotary Ff 50 $75.00 $3.750.00 
2c Install 8" Stainless Steel Casing Ff 50 $60.00 $3,000.00 
2d Well Development LS 1 $1,800.00 $1,800.00 
2e Well Testing LS 1 $5,000.00 $5,000.00 
2f Pitless Adaptor. Pump. Piping, Wiring LS 1 $7,000.00 $7,000.00 

3 PIPELINE 

3a Trenching, Pipe Laying. Backfill LF 1000 $11.00 $11,000.00 

Cost Per Well $44,550.00 

Number of Wells Needed 6 

1 Construction Cost Subtotal $267,300.00 
2 Engineering Costs (10% of #1) $26,730.00 
3 Subtotal (#1 + #2) $294,030.00 
4 Contingency (15% of #3) $44,104.50 
5 CONSTRUCTION COSTS TOTAL (#3 + #4) $338,134.50 

6 Prepare Final Designs and Specs. (10% of #5) $33,813.45 
7 Permitting and Mitigation $5,000.00 
8 Legal Fees $5,000.00 
9 Acquisition of Access and R.O.W. $5,000.00 

10 PROJEcr COST TOTAL (#5 + #6 + #7 + #8 + #9) $386,947.95 



Table 11.9 
Ground Water Supply Alternative #2 
Well into Wasatch Formation. 400 Feet Deep 

Unit 
Description Unit Quantity Cost Cost 

1 1ESTHOLE 

la Mobilization and Demobilization LS 1 $3.000.00 $3,000.00 
Ib Drill 8" Test Bore Thru Alluvium. Mud Rotary FI' 100 $30.00 $3,000.00 
lc Drill 8" Test Bore From Alluvium To TD. Air Rotary FI' 300 SI5.00 $4,500.00 
Id Install 5" Steel Casing Thru Alluvium Ff 100 S10.oo SI,ooO.oo 
Ie Well Testing LS 1 S2,900.00 $2,900.00 

2 PRODUCTION WELL 

2a Mobilization and Demobilization LS 1 S8,000.00 $8,000.00 
2b Drill 12" Bore Hole Thru Alluvium. Mud Rotary FI' 100 S75.OO $7,500.00 
2c Drill 10" Bore Hole From Alluvium to TD. Air Rotary FI' 300 $30.00 $9,000.00 
2d Install 8" Steel Casing Thru Alluvium FI' 100 $15.00 $1,500.00 
2e Install 6" Stainless Steel Casing to TD FI' 300 $30.00 $9,000.00 
2f Well Development LS 1 SI,800.00 $1,800.00 
2g Well Testing LS 1 S5.000.00 $5,000.00 
2h Pitless Adaptor. Pump. Piping. Wiring LS 1 $12,000.00 SI2,000.00 

3 PIPELINE 

3a Trenching, Pipe Laying. Backfill LF 1000 $11.00 $11,000.00 

Cost Per Well $79,200.00 

Number of Wells Needed 6 

1 Construction Cost Subtotal $475,200.00 
2 Engineering Costs (10% of #1) $47,520.00 
3 Subtotal (#1 + #2) $522,720.00 
4 Contingency (15% of #3) $78,408.00 
5 CONSTRUCTION COSTS TOTAL (#3 + #4) $601,128.00 

6 Prepare Final Designs and Specs. (10% of #5) $60,112.80 
7 Permitting and Mitigation $5,000.00 
8 Legal Fees $5,000.00 
9 Acquisition of Access and R.O.W. $5,000.00 

10 PROJEcr COST TOTAL (#5 + #6 + #7 + #8 + #9) $676,240.80 



Table n.IO 
Ground Water Supply Alternative #3 
Well into Unnamed K-T Sandstone. 2200 Feet Deep 

Unit 
Description Unit Quantity Cost Cost 

1 TEST HOLE 

la Mobilization and Demobilization LS 1 $2,000.00 S2,000.00 
Ib Drill 8" Test Bore Thru Alluvium, Mud Rotary FT 100 $15.00 SI,500.00 
lc Drill 6" Test Bore From Alluvium To TD, Air Rotary FT 2100 $10.00 $21,000.00 
Id Install 5" Steel Casing Thru Alluvium FT 100 $10.00 $1,000.00 
Ie Well Testing LS 1 $3,000.00 $3,000.00 

2 PRODUCTION WELL 

2a Mobilization and Demobilization LS 1 $8,000.00 S8,000.00 
2b Drill 12" Bore Hole Thru Alluvium, Mud Rotary FT 100 $30.00 $3,000.00 
2c Drill 10" Bore Hole From Alluvium to TD, Air Rotary FT 2100 $20.00 542,000.00 
2d Install 8" Steel Casing Into Unnamed Sandstone Fonnation FT 2100 $15.00 $31,500.00 
2e Install 6" Stainless Steel Screen to TD FT 200 $60.00 $12,000.00 
2f Well Development LS 1 $2,400.00 $2,400.00 
2g Well Testing LS 1 $6,000.00 $6,000.00 
2h Pitless Adaptor. Pump. Piping. Wiring LS 1 $16.000.00 SI6,000.00 

3 PIPELINE 

3a Trenching, Pipe Laying. Backfill LF 1000 $11.00 $11,000.00 

Cost Per Well $160,400.00 

Number of Wells Needed 

1 Construction Cost Subtotal $160,400.00 
2 Engineering Costs (10% of # 1) $16,040.00 
3 Subtotal (#1 + #2) $176,440.00 
4 Contingency (15% of #3) 526,466.00 
5 CONS1RUCTION COSTS TOTAL (#3 + #4) $202,906.00 

6 Prepare Final Designs and Specs. (15% of #5) 520,290.60 
7 Permitting and Mitigation 55,000.00 
8 Legal Fees 55,000.00 
9 Acquisition of Access and R.O.W. S5,000.00 

10 PROJECf COST TOTAL (#5 + #6 + #7 + #8 + #9) $238,196.60 
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