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I. INTRODUCTION 

1.1 General 
The City of Riverton is located in west central Wyoming, 

Fremont County, as shown on enclosed Figure 1.1, Location Map. 
The 1990 census recorded a population of 9,202, and it is 
presently estimated at 10.044. Riverton is served by u.s. 
Highway 26 and State Highway 789. Riverton lies on the north 
bank of the Wind River adjacent to the confluence with the Little 
Wind River and is surrounded by the Wind River Indian 
Reservation. 

The climate is semi-arid with 7.74 inches of average annual 
precipitation with nearly half occurring as spring showers in 
April, May, and June. Typically, Riverton receives 30 inches of 
snowfall per year. Average high temperatures of 89°F occur in 
July while average lows of -1°F occur in January. 

Fremont County's economy consists primarily of agriculture, 
government, and service industries. Gas and oil production has 
increased in recent years and also plays an important role in the 
area's economy. Mineral extraction/refinement and manufacturing 
are a smaller sector. The growth in the Riverton area has been 
slow to moderate and is forecast to continue at about the same 
rate. According to the Level I Study, the largest growth in jobs 
will occur in the services, government, and retail trade 
industries, respectively. 

1.2 Water Supply 
The City of Riverton produces potable water from both 

groundwater and surface water sources. Groundwater is supplied 
from twelve wells that are developed in the Wind River Formation. 
Typically, the wells contribute 1,060 ac-ft of water per year to 
satisfy consumer demands. The wells are relied upon for the 
total City supply from about mid-October to May. The City also 
diverts surface water from the Big Wind River via the LeClair 
Canal to their 4.0 MGD water treatment plant. The status of 
Riverton's water rights were compiled in the Level I Study and 
are briefly summarized herein: 
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Surface Water Rights 
Municipal Seasonal (May 15-0ct 15) Adjudicated 
Agricultural Seasonal (May 15-0ct 15) 2.10 

Converted to Municipal Use 

Municipal 
Subtotal 

Agricultural privately held 
Converted to 

Subtotal 

Groundwater Rights 
Municipal 
Municipal 

Subtotal 
Total Water Rights 

Unadjudicated 

within City limits 15.84 
Municipal Use 

Adjudicated 
Unadjudicated 

1.11 
cfs 

.74 

10.00 
11.85 

cfs 
5.54 
5.54 

8.46 
.89 

9.35 
26.74 

(17.28 

The surface water used at the water treatment plant is 
covered by permits with 1906 Priority (3.21 cfs) and a 1976 
Priority of 10.00 cfs. If the 1906 rights were converted from 
irrigation to municipal use, as illustrated above, then the City 
would have 1.85 cfs of very senior rights available to the 
treatment plant which would further insure a more reliable 
supply. 

1.3 Purpose 
The purpose of the Level II Study is three-fold: 

• Determine the feasibility of improving the water 
treatment plant. 

• Site and design a new well to serve the upper pressure 
zone. 

• Evaluate the viability of and recommend improvements 
for the raw water supply system. 

1-3 
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II. BACKGROUND 

2.1 Water Supply 
Riverton's potable water supply has historically been 

provided from both surface and groundwater sources. From the 
1920's through the 1970's, water was supplied from wells that 
were sequentially brought on line as demands required. Due to 
growth in the community, it was recognized that 1) the City's 
wellfield could not keep up with the demands, and 2) the 
groundwater aquifer which the wells penetrated was significantly 
decreasing in level. 

Consequently, the City implemented a surface water treatment 
plant in 1981. The Water Treatment Plant (WTP) was designed to 
provide up to four million gallons per day (MGD) of treated 
water. Raw water is supplied to the WTP via the LeClair Canal, 
an irrigation canal which diverts water from the Wind River about 
15 miles upstream. Since WTP operations are dependent on LeClair 
Canal operations, surface water has been treated from about May 1 
to October 1 each year. During the summer season, the WTP 
provides the majority of potable water. During the balance of 
the year (October I-May 1), potable water is predominately 
provided by the wellfield. 

2.2 Level I Study 
The Riverton Regional Water Master Plan - Level I Study was 

completed during 1997-1998 with a Final Report being published in 
June 1998. The study was broad scope in nature and the resulting 
conclusions and recommendations were comprehensive, covering all 
components of the City's water supply system. A general 
recommendation was made and is reiterated below: 

• Seek a Water Development Commission Level II Study to 
develop preliminary designs, refined cost estimates, 
and funding planning for: 

• Siting a new well for the Upper Pressure Zone. 

• Extending the transmission system to meet the 
recommendations in this report. 
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• Do advanced planning and process selection for the 
treatment plant. 

• In-City irrigation ditch system rehabilitation and 
reconstruction. 

The Level II Study effort has focused on developing 
information in compliance with three of those recommendations. 
Further evaluation of the transmission system has not been 
completed. 
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III. EXISTING CONDITIONS 
3.1 Population 

The Wyoming Department of Administration and Information, 
Economic Analysis Division, establishes population projections 
based on information from the last Census (1990) and community 
specific factors. The latest published projections for Riverton 
placed the population at 10,044 for 1999. 

3.2 Service Area 
The Level I Report delineated the existing service area for 

the City of Riverton's water distribution system through field 
investigation. The reader is referred to that report for the 
discussion of the portion of the population within Riverton who 
are not currently being served by the City's potable water 
distribution system. The estimated 492 persons would decrease 
the "service area population" to 9,505 for 1998 and 9,552 for 
1999. 

3.3 Water Supply 
Currently, a wellfield and a seasonal water treatment plant 

provide the City of Riverton's water demands. The distribution 
system is broken into six pressure zones, as depicted in Figure's 
4.1 and 4.4 of the Level I Report, and contained in Appendix 1 of 
this report. The water treatment plant is capable of providing 
water to the lower three zones during its operational season, 
while the upper three zones are provided with well water on a 
year-round basis. The water production records were provided by 
the City of Riverton for the 1998-1999 operation seasons, and 
were used to determine the demands in Table 3.1. 

3.3.1 Water Treatment Plant Production - On an annual 
average basis, the water treatment plant provided 55.30 percent 
of the total water production. On a seasonal basis, the plant 
provided 84.35 percent of the summer (May 15-September 15) 
production, and 7.20 percent of the winter (September 15-May 15) 
production. It is worth noting that this flow was provided from 
May 1 to May 15 and September 15 to September 30. 

The maximum day plant production occurred in the month of 
July for 1998 and 1999. It was 3.9 MGD in 1998 and 3.8 MGD in 
1999. The average day plant production for the 1998 and 1999 
production seasons was 2.1 MGD. 
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3.3.2 Well Production - The wellfield produces 44.70 
percent of the water on an annual basis with a summer 
contribution of 15.65 percent and a winter contribution of 92.80 
percent. The wellfield is separated into the seasonal wells that 
provide flow to areas served by the water treatment plant, and 
those wells which feed the three upper pressure zones (not served 
by the WTP) and run on a full-year basis. On this basis, the 
seasonal wells provide 36.03 percent of the annual flow, 6.78 
percent of the summer flow and 84.46 percent of the winter flow, 
while the full-time wells provide 8.67 percent, 8.86 percent, and 
8.34 percent, respectively. 

3.4 Water Demand 
Based on the 1998-1999 population estimates, and water 

production records provided by the City of Riverton, the 
following per capita water demands were calculated: 

Table 3.1 - Existing Water Demands 

Average Day Demand 205 GPCD 
1.9 MGD 

Average Summer Day Demand 
(May 16-Sep 15) 375 GPCD 

3.6 MGD 

Average Winter Day Demand 
(Sep 16-May 15) 117 GPCD 

1.1 MGD 

Maximum Day Demand 453 GPCD 
4.3 MGD 

Water production records provided by the City included peak 
day plant productions. Maximum day demand was calculated by 
multiplying this production by the ratio of average day total 
production and average day plant production for the month in 
which it occurred. 
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3.5 Production Facility Deficiencies 
3.5.1 Water Treatment Plant - The investigations during 

the Level I Study found the plant to be well-maintained and 
operated, as evidenced by the consistent production of water 
exceeding the current SDWA regulations. As a portion of the 
Level II Study, Ron Saban, Chief Operator, conducted a tour of 
the facility on July 19, 1999. He presented the following list 
of shortcomings, some of which were identified in the Level I 
Report. 

• Algae growth in the presedimentation tank during late 
season production. 

• Build-up in the corners of the sedimentation tanks, due 
to the fact that they are square and the collection 
system is circular. 

• Restrictive sizing of the filter-to-waste pumps and 
associated piping. 

• Current and potential problems with the backwash water 
reclamation basins, both from a maintenance standpoint 
and the fact that impending regulations may prohibit 
the recycling of backwash water. 

• Minor leakage in the concrete filtration tanks. 

• Various temporary meter installations that should be 
replaced with permanent meters. 

• The air-actuated control valves should be converted to 
electrically-actuated valves. 

3.5.2 Wellfield - The City of Riverton currently has an 
aggressive maintenance program in place for their wellfield. As 
previously noted, a video inspection of the older wells, when 
they need to be reworked, would be a wise investment. This 
inspection would allow the operators to evaluate the potential 
remaining life of the well, and make decisions as to 
rehabilitation, or replacement, if necessary. 
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3.6 Transmission Mains and Distribution System 
The Level I Report included an in-depth discussion of 

Riverton's Transmission Main and Distribution System. It 
identified various areas where these systems were in need of 
replacement, either due to pipe degradation problems, or 
undersized lines. The scope of this Level II Study does not 
include evaluation of that part of the system; the reader is 
referred to Chapter 4 of the Level I Report. 

3.7 Storage Facilities 
The five tanks that comprise Riverton's water storage system 

are reported to be in good physical condition; there are, 
however, a few shortcomings of the system. The major problem is 
that the Central Wyoming College Elevated Tank is undersized to 
provide fire flows, and supply to this tank is problematic. It 
is typically supplied by Well #14, however, it can also be fed 
from the Airport Pressure Zone by slightly opening a valve., The 
problem with this operation is twofold: 1) the tank will 
overflow; and, 2) the consumers in the zone are under-supplied. 

3.8 Raw Water Distribution System 
The raw water distribution system within the City of 

Riverton is an offshoot of the surrounding irrigation systems. 
The ditches, pipes, and laterals comprising the system are 
illustrated on Map 1 located in Appendix 2. The City assumed 
responsibility for the system two years ago and is trying to 
formulate an operating plan. It serves approximately 200 paying 
customers within the City limits, while initial estimates place 
the number of users closer to 400. Users pay an annual fee of 
$98.00 for the use of the system. The distribution network runs 
the gamut of shallow flat dirt ditches, to concrete-lined 
channels, to piped runs, with the turnouts representing the same 
variance in technology. Because of this variety and the lack of 
access easements, maintenance calls by City staff are 
inordinately frequent; in short, it is a high maintenance system 
in its present condition. 
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The prevalent operational problem, identified by the 
operators, and verified by field inventory, is silting. 
Furthermore, many of the laterals are undersized at the outfall 
end, leading to flooding if use is curtailed in the upstream 
segments. A third shortcoming identified during the field 
inventory phase is the lack of easements and access along 
portions of certain laterals. 

Administrative problems include: 

1) The system is not financially self-sufficient. 

2) Need for a comprehensive operating plan. 
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IV • FUTURE CONDITIONS 

4.1 Study Period 
The scope of work for the Level II Study provides for a 

planning period through the year 2025. Consequently, population 
increases, service area growth, water supply and facility 
improvements have been evaluated based on that timeframe. 

4.2 Population 
In order to arrive at a population estimate for the planning 

horizon, information from the Wyoming Department of 
Administration and Information, Economic Analysis Division, was 
evaluated between 1990 and 1998. According to updated 
information, Riverton has experienced a growth rate of 1.07 
percent for the period. Projecting forward with this growth 
rate, the expected population of Riverton in year 2025 is 13,217. 

4.3 Service Area 
The Level I Report included an in-depth analysis of the 

current and potential service area. Their prediction was that 
the population growth would be handled by in-filling of existing 
vacant lots and development of an additional 380 acres of 
housing. The geographical location of that 380 acres is 
impossible to predict accurately, but the ability of Riverton's 
water system to serve the potential areas will be a large factor 
in their location. 

In addition to the growth of Riverton itself, it is 
anticipated that more stringent EPA Regulations and other factors 
will drive some private systems outside the City limits to 
approach Riverton about supplying water for their use. The Level 
I Report estimated that there would be an additional 960 users 
from this source. Consequently, the estimated service population 
for year 2025 is 14,177. 

4.4 Projected Water Needs 
In order to estimate future water demands, the estimated 

service population and the historic per capita demands were 
projected to generate the following table: 
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Table 4.1 - Projected Water Use - Year 2025 

Average Day Demand 205 GPCD 
2.9 MGD 

Average Summer Day Demand 
(May 16-Sep 15) 376 GPCD 

5.3 MGD 

Average Winter Day Demand 
(Sep 16-May 15) 117 GPCD 

1.7 MGD 

Maximum Day Demand 453 GPCD 
6.4 MGD 

4.5 Raw Water Distribution 
Any irrigation water provided through the raw water 

distribution system is a cost savings to the potable water supply 
system. For this reason, it can be argued that the system should 
be maintained and expanded at any opportunity. Economically, 
users should pay for their use of the system, and the system 
should be operated as an "Enterprise Facility". Accordingly, 
where available, the water should be used and the use paid for. 
Cost to the consumer must be less than for potable water in order 
to create incentive for continued use. In addition, the system 
must be relatively easy to use and provide a dependable supply 
while minimizing the prospects of local flooding and excessive 
siltation. 

The amount of water presently used is unknown as is the 
amount of water volume saved and not provided by the potable 
system. What is known is that the system is under-utilized. If 
the City is to continue operating the system, then more use of 
the system must be developed. 
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v . REGULATORY REVIEW 

5.1 EPA Requirements and the Role of WDEQ 
The Environmental Protection Agency (EPA) is the vested 

authority to administer national drinking water regulations. 
Region 8 of the EPA has primacy in the State of Wyoming for 
drinking water programs and enforces and oversees federal 
drinking water requirements within the state. The drinking water 
regulations that are applicable to public water systems in the 
State of Wyoming are the federal regulations. 

The Wyoming Department of Environmental Quality (WDEQ) 
supports the efforts of the EPA through it's Engineering and 
Technical Services Branch and the Community Support Branch. 
Programs administered through the WDEQ include management of the 
State Revolving Fund program for drinking water, the operator 
certification program, and review of permits for water treatment 
and distribution systems. The WDEQ has not developed any drinking 
water regulations separate from the federal regulations 
administered through the EPA. 

5.1.1 Classifications of the Water System and Raw Water 
Sources - The City of Riverton water system currently serves 
approximately 10,000 people. The system is classified as a non
transient, community water system as defined by EPA and the WDEQ 
since it serves at least 25 people on a regular basis. 

The EPA has three classifications for water sources, 
including surface water, groundwater under the direct influence 
of surface water, and groundwater. Raw water sources for the City 
of Riverton include the Wind River via the LeClair Canal and 14 
wells. Water demands will be met from these sources depending 
upon the selected treatment alternative and the time of the year. 
The Wind River is classified as a surface water source, while the 
14 wells are classified as groundwater sources. 

5.1.2 Current Drinking Water Regulations - Federal drinking 
water regulations are based on the requirements of the Safe 
Drinking Water Act (SDWA) and other regulations passed in 
conjunction with the SDWA. The SDWA was first passed in 1974 and 
has undergone four major revisions since then, most recently in 
1996. 
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Safe Drinking Water Act and Primary and Secondary Standards 
The SDWA establishes the requirements of the National 

Primary Drinking Water Regulations (NPDWRs). The NPDWRs are 
legally enforceable standards. Primary Standards protect drin~ing 
water supplies and public health by setting maximum concentration 
limits on contaminants that can adversely affect public health. 
The NPDWRs are divided into four categories: 

1. Inorganic Chemicals (includes metals, nitrite and 
nitrate, and asbestos) . 

2. Organic Chemicals (includes over 50 synthetic organic 
chemicals, and trihalomethanes) . 

3. Radionuclides (radiological contaminants). 

4. Micro-organisms (includes turbidity, Total Coliforrns, 
Legionella, viruses, and Giardia lamblia) . 

The NPDWRs include Maximum Contaminant Levels (MCL) for each 
contaminant and establishes the maximum permissible level of a 
contaminant in potable water. Action Levels trigger water systems 
into implementing a Treatment Technique to reduce the 
concentration of a contaminant below the Action Level. Treatment 
Techniques are established for certain contaminants that require 
the water system to practice a particular procedure or meet a 
level of technical performance. 

In addition to the NPDWRs, the SDWA includes standards 
established through the National Secondary Drinking Water 
Regulations (NSDWRs). The NSDWRs are non-enforceable standards 
that regulate contaminants that may result in cosmetic 
deficiencies (such as skin or tooth discoloration) or aesthetic 
deficiencies (such as taste, odor, or color), but are not a 
threat to public health. The NSDWRs include standards for a 
series of inorganic chemicals, and other water quality parameters 
such as pH, color, odor, corrosivity, sulfates and total 
dissolved solids (TDS). Although non-enforceable, it is strongly 
recommended that the requirements of the Secondary Standards be 
met in most circumstances. A copy of the NPDWRs and NSDWRs are 
included in Appendix 3. 
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Table 5.1 summarizes SDWA requirements for non-transient, 
community water systems for various raw water sources. 

Table 5.1 - Summary of SDWA Requirements for Various Raw Water 
Sources 

Surface Water or Ground Water Under 
the Direct Influence of Surface Groundwater 
Water 
National Primary Drinking Water National Primary Drinking 
Regulations Water Regulations 
Inorganic Chemicals Inorganic Chemicals 
Organic Chemicals Organic Chemicals 
Radionuclides Radionuclides 
Microorganisms Total Coli forms and Microorganisms Total 
Surface Water Treatment Rule) Coli forms only) 
National Secondary Drinking Water National Secondary Drinking 
Regulations Water Regulations 

As can be seen in Table 5.1, all community water systems are 
required to comply with the same standards for Inorganic 
Chemicals, Organic Chemicals, and Radionuclides. The difference 
in requirements between systems treating surface water or 
groundwater under the direct influence of surface water, and 
systems treating groundwater, are the requirements for 
Microorganisms. Where systems treating groundwater must only 
comply with standards for Total Coliforms, systems treating 
surface water or groundwater under the direct influence of 
surface water must also comply with the Surface Water Treatment 
Rule (SWTR). The Total Coliform Rule and SWTR are discussed in 
further detail below. 

Discussion of Selected COmDonents of the NPDWRs and NSDWRs 
Lead and copper are regulated under the Lead and Copper 

Rule, and asbestos is regulated under the general provisions and 
requirements of the Primary Standards. Lead, copper, and asbestos 
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are compounds that are found in nature and in materials used to 
transmit and distribute water. The primary sources of these 
compounds in drinking water include erosion of natural deposits, 
decay of asbestos cement in water mains, and corrosion of 
household and building plumbing fixtures containing lead and 
copper. Lead and copper have an Action Level of 0.015 mg/L and 
1.3 mg/L, respectively. Asbestos has an MCL of seven million 
fibers per liter. 

Nitrate and nitrite are often prevalent in water sources 
located adjacent to agricultural lands where fertilizers are 
being applied. Nitrate and nitrite may cause "blue baby syndrome" 
in infants under six months of age, a potentially life 
threatening condition. MCLs for nitrate of 10 mg/L as nitrogen 
and for nitrite of 1 mg/L as nitrogen have been established. 

There is a Secondary Standard for sulfate of 250 mg/L. At 
concentrations above 250 mg/L, sulfate may result in taste and 
odor problems. 

The Secondary Standard for pH is 6.5 - 8.5 standard units 
(su). At a pH outside of this range, water may not allow soap to 
foam properly, potential noticeable tastes, may cause problems 
meeting the Lead and Copper Rule, may cause deterioration of the 
pipe and plumbing systems, or may cause scale formation in the 
pipe. 

There currently is an MCL for total trihalomethanes (TTHM) 
of 100 mg/L. TTHMs are discussed in further detail below. 

The presence of color and odor in water may cause it to be 
unappealing and non-palatable as a drinking water. A Secondary 
Standard for color of 15 color units and a Secondary Standard of 
three threshold odor numbers are part of the current regulations. 

Total Colifor.m Rule and Surface Water Treatment Rule 
The Total Coliform Rule applies to all public water systems 

and requires that all systems collect samples and test for total 
coliforms. The number and frequency of the required samples 
varies and increases as the number of people served by the system 
increases. No more than 5.0 percent of samples can be coliform
positive for a given month. For water systems that collect fewer 
than 40 samples per month, no more than one sample can be 
coliform-positive. 
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The SWTR establishes treatment criteria for systems treating 
surface water or groundwater under the direct influence of 
surface water. The SWTR requires that the water be filtered and 
disinfected, and establishes criteria for Giardia lamblia, 
viruses, heterotrophic plate count (HPC) bacteria, turbidity, and 
residual chlorine. Requirements of the SWTR include: 

• Giardia lamblia: 99.9 percent reduction or 
inactivation. 

• Viruses: 99.9 percent reduction or inactivation. 

• Turbidity: At no time to exceed 5.0 nephelometric 
turbidity units (NTU). Turbidity not to exceed 0.5 NTU 
(for conventional or direct filtration) in 95 percent 
of the monitored samples taken every month. 

• Residual Chlorine: Maintain an 0.2 mg/l residual at 
all locations within the distribution system. 

5.1.3 Future Drinking Water Regulations - New 
regulations continue to be developed. The most significant future 
drinking water regulations were identified in the 1996 Amendments 
to the SDWA. Anticipated future regulations include: 

• Enhanced Surface Water Treatment Rule (ESWTR). 

• Disinfectant/Disinfection By-Product (D/DBP) Rule. 

• Backwash Recycle Rule. 

• Standards for sulfate, arsenic, radon-222, and 
potential revisions to guidelines for sodium. 

• Groundwater Disinfection Rule. 

Enhanced Surface Water Treatment Rule - The Interim Enhanced 
Surface Water Treatment Rule (IESWTR) was created to address the 
occurrence of Cryptosporidium oocysts in surface water supplies. 
The degree of protection against this organism provided by the 
current SWTR is uncertain and may be inadequate to protect 
health. 
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The IESWTR will likely establish requirements for 
Cryptosporidum of 2 to 6 log-removal and may increase 
requirements for Giardia lamblia up to 6 log-removal, based on a 
survey of the raw water concentrations. Major features of the 
ESWTR include: 

• Turbidity: Reduction of the turbidity level of a WTP's 
effluent from 0.5 to 0.3 NTU 95 percent of the time. 
In addition, the maximum allowable turbidity from the 
WTP is reduced from 5.0 NTU to 1.0 NTU. 

• Giardia lamblia: Possible stricter standard of 99.9 
percent removal up to 99.9999 percent removal dependent 
upon influent levels. Up to an additional 2 log
removal beyond the 3 log-removal covered by the SWTR 
may be granted if turbidity standards are met. 

• Cryptosporidium: At least 99 percent removal and up to 
99.9999 percent removal dependent upon raw water 
levels. It will be assumed that 2 log-removal is 
achieved if turbidity standards are met. 

• Requirements for individual filter monitoring and 
performance. 

The IESWTR will be required by December 2001 for surface 
water systems serving more than 10,000 people. The long-term 
ESWTR, to be promulgated in 2002, may impose stricter and/or new 
requirements for surface water systems by December 2005. 

Disinfectants/Disinfection By-products Rule - The D/DBP Rule 
was promulgated to protect people from residual disinfectant and 
disinfection by-products (DBPs) that are a result of the 
disinfection process. Prolonged high exposure to high 
concentrations of 'these substances has been linked to cancer, 
miscarriages, and health problems with the liver and kidneys. The 
D/DBP Rule has Stage I and Stage II requirements, which change 
compliance dates for systems based on system classification and 
the number of people served by the system. There are three major 
components to the rule, including: 
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1. DBP Precursors - DBP precursors are regulated through 
the Enhanced Coagulation/Softening Rule, which requires 
systems treating surface water or groundwater under the 
direct influence of surface water and using 
conventional treatment or practicing softening, to meet 
minimal removals of DBP precursors. The Enhanced 
Coagulation/Softening Rule defines DBP precursors to be 
total organic carbon (TOC). Required minimal percent 
removals are based on raw water TOC and alkalinity. 
Table 5.2 summarizes the required TOC removal. 

Table 5.2 - Required DBP Precursor Removal 
Raw Water TOC Alkalinity (mg/L as CaC03 ) 

(mg/L) 0 - 60 60 - 120 => 120 
2 - 4 35% 25% 15% 
4 - 8 45% 35% 25% 
> 8 50% 40% 30% 

Exemptions to the rule can be granted if any of the 
following conditions can be met: 

a. Source water Toe averages <2.0 mg/l annually. 

b. Treated water TOe continuously <2.0 mg/l 
prior to disinfection process. 

c. Raw water specific UV absorbency of <2.0 
l/mg-m. 

d. Treated water specific UV absorbency of <2.0 
L/mg-m. 

e. Raw water TOe <4.0 mg/L prior to treatment 
annually, alkalinity <60 mg/L annually, and TTHM 
<40 mg/L and HAAs <30 mg/L annually. 

f. TTHM <40 mg/L and HAAs <30 mg/L annual 
average with only chlorine used as a disinfectant. 

2. Disinfectant Residuals - All systems must comply with 
future MeL's for residual disinfection concentrations 
for the following disinfectants: 

• Chlorine (free): 4.0 mg/L 
• Chloramines: 4.0 mg/L 
• Chlorine Dioxide: 0.8 mg/L 

3. DBP's - All systems must comply with MCL's for four 
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disinfection by-products, including total 
trihalomethanes (TTHM) , haloacetic acids (HAAs)' 
chlorite, and bromate. The MeLlis have a Stage I and 
Stage II requirement. The requirements for DBP's are 
summarized in Table 5.3. 

Table 5.3 - Stage I and Stage II Requirements for DBP's 

DBP STAGE I STAGE II 

TTHM 80 mg/L 40 mg/L 

HAAs 60 mg/L 30 mg/L 

Chlorite 1.0 mg/L 1.0 mg/L 

Bromate 10 mg/L 10 mg/L 

Stage I requirements will be effective for surface 
water systems serving more than 10,000 people by 
December 2001, and will require those systems to comply 
with the Enhanced Coagulation/Softening Rule, MCL's for 
residual disinfectants, and Stage I MCL's for DBP's. 
Stage II requirements will be effective for these same 
systems by December 2005 and will require that systems 
comply with the stricter MCL's for DBP's shown in Table 
5.3. 

Filter Backwash Recycle Rule - The Filter Backwash Recycle 
Rule will regulate the recycling of backwash water to the 
treatment process without further treatment. Recycling of 
backwash water can have an adverse impact on water quality since 
the backwash water often has high concentrations of Giardia, 
Cryptosporidium, coliform bacteria, and viruses. At the present 
time, the rule is still in preliminary development, however, it 
is expected that the rule will require that either coagulant be 
added to backwash water, that filter-to-waste be practiced, or 
that backwash water go through separate small scale filtration 
processes prior to being returned to the WTP. 
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Sulfate, Arsenic, Radon-222, and Revised Guidelines for 
Sodium - In addition to the existing Secondary Standard for 
sulfate of 250 mg/L, a Primary Standard of 500 mg/L is scheduled 
for adoption by August of 2001. Sulfate concentrations above 500 
mg/L may cause diarrhea and gastrointestinal discomfort for the 
elderly, young children, and immunocompromised individuals. 

The existing Primary Standard for arsenic is 50 mg/L. The 
EPA is expected to establish a new primary standard for arsenic 
of three to ten mg/L by January 2000. 

There currently are no standards for Radon-222, a suspected 
carcinogen. EPA is in the process of establishing a standard for 
Radon-222. It is expected that the final standard for Radon-222 
will be between 500 and 4,000 pci/L. 

The EPA has issued guidelines for sodium concentrations in 
drinking water of 20 mg/L. Since drinking water is not a 
significant source of sodium in human diets, EPA is currently in 
the process of re-evaluating the guideline and is likely to 
increase the guideline to 80 to 120 mg/L. Guidelines are non
enforceable standards that do not carry the same weight as 
Secondary Standards. 

Groundwater Disinfection Rule - There are currently no 
requirements for groundwater systems to practice disinfection as 
long as Total Coliform standards can be met. EPA has promulgated 
the Groundwater Disinfection Rule, which will require community 
groundwater systems to practice disinfection. The Groundwater 
Disinfection Rule is expected to become effective in November 
2003. 

Table 5.4 summarizes current and future water quality 
standards for selected components of the NPDWRs and NSDWRs. 

5.2 Water Quality and Treatment Issues Relating to Regulations 
The City of Riverton must produce water consistent with the 

SDWA and the NPDWRs. In addition, it is strongly recommended 
that the water be consistent with the NSDWRs. 

The City will meet water demands during the highest demand 
periods in the summer using a combination of surface water 
sources treated in the WTP, and groundwater from the wells. The 
configuration of the water system and projected proportion of 
water supplied from the WTP and wells results in customers close 
to the WTP on the west side of the City primarily receiving 
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Table 5.4 - Summary of Current and Future Water Quality Standards for 
Selected Components of the NPDWRs and NSDWRs 

CATEGORY CURRENT STANDARD! FUTURE STANDARD! 

Inorganic Contaminants2 

Lead, Copper (mg/L) 0.015, 1.3 0.015, 1.3 

Asbestos (fibers/L) 7 million 7 million 

Nitrate, Nitrite (mg/L) 10, 1 10, 1 

Sulfates Primary Standard (mg/L) None3 500 

Arsenic (j..lg /L) 50 3 - 10 

Organic Contaminants2 

TTHMs (,ug/L) 100 40 

HAAs (,ug/L) None 30 

TOC (% removal) None 25% - 35%4 

Radionuclide Contaminants2 

Radon-222 (pCi/L) None 500 - 4,000 

Microorganism ContaminantsS 

Giardia lamblia 3 log 3 - 6log 
(log removal/inactivation) 

Viruses 3 log 3 log 
(log removal/inactivation) 

Cryptosporidium None 2 - 6 log 
(log removal/inactivation) 

Turbidity (NTU) 0.5 95% of time, 0.3 95% of time, 
5.0 max. 1.0 max. 

Secondary Standards and Guidelines 

pH (s. u. ) 6.5 - 8.5 6.5 - 8.5 

Corrosivity Non-corrosive Non-corrosive 

Color (color units) 15 15 

Odor (threshold odor number) 3 3 

Sulfate (mg/L) 500 500 

Sodium (mg/L) 40 80 - 120 

1 Based on existing or expected MCLs, Action Levels, or Treatment Techniques. 
2 Applies to Surface Water and Groundwater Systems. 
3 There currently is a Secondary Standard for Sulfate. 
4 Riverton will likely meet an exemptioni no % removal will be required. 
5 Applies to Surface Water Systems Only. 
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surface water from the WTP, while customers on the east side of 
the City will primarily receive well water. It is possible that 
some customers will receive water primarily from a single well 
and not a mixture from various sources. Therefore, each water 
supply source (WTP and each well) must meet the MPDWRs since it 
may be the primary water source for a particular customer without 
the benefit of mixing with and being diluted by other water 
sources. 

Overall Water Quality - Water quality data indicate that, in 
general, the surface water from the WTP meets all current and 
future requirements for inorganic and organic contaminants, 
including nitrate and nitrite, sulfates, and contaminants listed 
in the Secondary Standards. The water quality data indicate only 
that arsenic is less than 5 mg/L, however, it does not indicate 
that the water is lower than the future expected MCL for arsenic 
of 3 to 5 mg/L. Radionuclide contaminants were not included in 
the supplied water quality data, however, it is assumed that the 
standards are currently being met since no violations of the 
drinking water regulations were noted by City staff. In addition 
to the existing radionuclide contaminants, there is a proposed 
primary standard for radon-222, as previously noted. It is 
recommended that arsenic be tested for to verify that it is below 
the proposed Primary Standard. Radon is not expected to be a 
problem in surface water. Odor and color are discussed below. 
Water quality data supplied by the City for the wells were 
limited to one set of samples taken on November 15, 1997, and did 
not include data for a majority of the Primary Standards 
including inorganic, organic, and radionuclide contaminants, or 
Secondary Standards. Once again, it is assumed that the Primary 
Standards are currently being met for this water source since 
City staff noted no violations of the drinking water regulations. 
In addition, the concentration of radon-222 and arsenic should be 
tested to verify that concentrations are lower than the future 
expected MCLs for these contaminants. New regulations for the 
ESWTR do not apply to the wells, and the wells are not expected 
to be treated with high enough concentrations of chlorine or to 
have concentrations of TOC high enough to create non-compliance 
with the D/DBP Rule. 
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A discussion of selected water quality issues is included 
below. 

Enhanced Surface Water Treatment Rule - The turbidity of the 
surface water ranges from 2 NTU in the later summer up to 140 NTU 
during spring runoff in May. Water quality data indicates that 
the WTP currently produces a finished water with a turbidity of 
less than 0.1 NTU a majority of the time, with turbidity 
occasionally rising as high as 0.2 NTU. This level of 
performance will meet the new turbidity requirements of 0.3 NTU 
95% of the time. 

The WTP may be required to reduce/inactivate Giardia lamblia 
and Cryptosporidium oocysts up to 6 log-removal if levels of 
these microorganisms are sufficiently high in the source water. 
As the level of these microorganisms increases in the raw water 
source, the log-removal provided by the treatment system 
typically increases as well. It is expected that treatment 
systems capable of meeting the new 0.3 NTU turbidity requirements 
will also be capable of meeting the required log-removals for 
Giardia lamblia and Cryptosporidium. 

It will be necessary to install turbidity measurement 
equipment on each filter if the equipment is not in place in the 
existing WTP. It would also be beneficial to install particle 
counters on the individual filters to quantify filter 
performance. Also, if individual filter units are not capable of 
meeting individual filter performance criteria, it will be 
necessary to correct problems with the individual filter unit. 

Disinfectant/Disinfection By-product Rule - Limited data was 
available for TOC, however, the one reading provided indicated 
that the raw water TOC ranges from 3-4 mg/L in September. It is 
likely that during the spring runoff and in the summer, TOC 
concentrations are higher than 3-4 mg/L monitored in September. 
Based on the raw water TOC and alkalinity, the WTP will be 
required to remove 25% to 35% of the TOC, based on the raw water 
TOC. The water quality data supplied by the City indicated that 
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the WTP is not removing, and may be producing, TOC. This is 
potentially due to algal growth in the presedimentation basin and 
clarifiers. The WTP would be able to obtain an exemption from 
the Enhanced Coagulation/Softening Rule under exemption number 6, 
stated above, since TTHM <40 mg/L and HAAs <30 mg/L with only 
chlorine used as a disinfectant. 

At the current time, chlorine is dosed in the range of 1.7 
mg/L, well below the residual disinfectant MCL of 4.0 mg/L. All 
treatment alternatives will improve overall water quality and are 
likely to remove a greater percentage of the TOC than what is 
currently being removed, thereby lowering oxidation and chlorine 
demand in the distribution system. Therefore, it is anticipated 
that the WTP will have no problems meeting the MCL for residual 
chlorine. 

The WTP is currently utilizing sodium hypochlorite for 
disinfection, a liquid form of chlorine. The WTP is expected to 
continue to use sodium hypochlorite in the future. Since sodium 
hypochlorite is used a scrubber will not be required. Water 
quality data indicate that the WTP is currently producing <3 mg/L 
of TTHM and around 7 mg/L of HAAs. These concentrations are well 
below the Stage I and Stage II MCLs for DBPs. The noted 
concentrations were monitored in September and October. 
Concentrations may be higher during spring runoff due to higher 
TOC concentrations, but are not expected to approach the Stage II 
MCLs for TTHM or HAAs. Therefore, it is anticipated that the WTP 
will have no problems meeting MCLs for DBPs. 

Filter Backwash Recycle Rule - Compliance with the Filter 
Backwash Recycle Rule is discussed in Chapter 6. 

pH and Alkalinity - The pH of the surface water varies from 
6.0 to 8.5 suo It is suspected that a high rate of biological 
activity and algae growth in the surface water supply is the 
primary reason for the wide variation in raw water pH 
fluctuations. Finished water from the WTP typically has a pH 
range of 6.0 to 7.5 suo 
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The pH of the water has significant impacts on the treatment 
process. The pH of the water impacts the effectiveness of the 
coagulation process and the solubility of metal hydroxides. The 
periods of high raw water pH are of particular concern when alum 
is used as the coagulant. If the coagulant pH is above 8.0, 
elevated concentrations of aluminum can be expected. In addition 
to impacts to the treatment process, the finished water pH 
violates the Secondary Standard when lower than 6.5 SUo 

The raw water alkalinity of the surface water typically 
ranges from 80 to 100 mg/L as CaC03 • Raw water alkalinity is 
important because sufficient alkalinity is required for the 
complete hydrolysis of coagulants such as alum or ferric salts. 
Sufficient residual alkalinity in the finished water is important 
so that a non-aggressive water can be produced. If the natural 
alkalinity of the water insufficient for the coagulation process 
and to maintain a residual alkalinity, it must be added through 
chemical addition. Raw water alkalinity in the range of 80 to 
100 mg/L as CaC03 will likely not be sufficient and it will be 
necessary to add chemical. In the process of adding alkalinity, 
finished water pH will also be increased and will likely meet the 
Secondary Standard for pH. The increase in pH will assist in 
producing a less aggressive water. 

Corrosiveness and Lead and Copper Rule, and Asbestos - The 
most commonly used measure of corrosivity is the Langelier Index 
(LI). At negative LI values, the water is considered corrosive, 
while positive LI values indicate that the water is scale 
forming. An LI value of a is neutral. The LI of the City's 
current water is -1.2 when the pH is around 7.0, and the LI of 
the well water is around -0.6. At these LI values, it is 
expected that the water would be corrosive and could potentially 
result in problems with lead and copper as well as asbestos. In 
addition, there is a Secondary Standard for finished water to be 
non-corrosive. 

Water quality data indicate that concentrations of lead and 
copper in the City's water are below the Action Levels and that 
the City complies fully with the Lead and Copper Rule. No data 
were available for asbestos monitoring, however, it is possible 
that corrosive water would create enough decay of asbestos cement 
pipe in the distribution system to create violations of the 
asbestos standard. 
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Although no water quality data indicate that there have been 
any violations of the Lead and Copper Rule or the asbestos 
standard, it would be desirable to produce a finished water from 
the WTP that is less corrosive and has an LI closer to O. It is 
probably not practical to treat the well water further to make it 
less corrosive as long as there have been no violations of the 
Lead and Copper Rule or asbestos standards. 

Hardness - There are currently no drinking water standards 
for hardness, however, general practice is that drinking water 
should have a hardness below 150 mg/L as CaC03 • The presence of 
excessive concentrations of hardness results in taste problems, 
the formation of white deposits on water fixtures, and prohibits 
soap from foaming. The surface water quality typically has a 
hardness below 100 mg/L as CaC03 • Water quality data indicates 
that the wells typically have a hardness of less than 100 mg/L as 
CaC03 • 

Odor and Color - The treated surface water currently has an 
odor problem, primarily as a result of algal growth. In 
addition, the surface water may exhibit a color problem during 
spring runoff. Powder-activated carbon is fed to the water to 
reduce odor causing compounds and potassium permanganate is added 
to reduce algal growth within the WTP treatment processes. 
Treatment and/or prevention of odor and color must be included in 
treatment so that Secondary Standards for these water quality 
variables can be met. 

Well Water and Secondary Standards - Several wells either do 
or are very close to exceeding one or both of the Secondary 
Standards for total dissolved solids (TDS) and sulfate, and the 
expected guideline for sodium. Of the 11 wells for which water 
quality data were provided, three exceeded the Secondary Standard 
for TDS of 500 mg/L, one well had a sulfate level of 245 mg/L as 
compared to a Secondary Standard of 250 mg/L, and ten of the 
wells had sodium concentrations equal to or above the expected 
guideline of 80 to 120 mg/L. In addition, nearly all of the 
wells exceed the Secondary Standard for pH with nine wells having 
a pH over the Secondary Standard of 8.5 suo 
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Since the wells all feed into the distribution system at 
different locations, it is not feasible to incorporate treatment 
for the well water. It is possible that pH, which is typically 
in the range of 8.5 to 8.8 su, may be lowered below the Secondary 
Standard of 8.5 su following chlorination. If it is not 
acceptable for the City to utilize wells that exceed Secondary 
Standards, it would likely be most feasible to remove individual 
wells from service and provide the lost capacity through the WTP, 
or construct new wells with water having lower concentrations of 
TDS and/or sulfates. It is not recommended that wells be removed 
from service because they only exceed the guideline for sodium. 

Table 5.5 - Summary of Active Wells That Exceeded Secondary Water 

WELL WATER QUALITY VARIABLES OF CONCERN 

AP-2 TDS, pH, sodium 

AP-3 TDS, sodium 

W-3 pH, sodium 

W-6 pH, sodium 

W-9 pH, sodium 

W-11 pH, sulfate, sodium 

W-12 pH, sodium 

W-13 TDS, sodium 

W-14 pH, sodium 

W-15 pH, sodium 

W-16 pH, sodium 
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5.3 Recommended Water Quality Evaluations 
The following water quality evaluations are recommended to 

verify that water produced will be consistent with water quality 
goals: 

• Asbestos should be monitored in the distribution system 
to verify that it is below the Primary Standard of 7 
million fibers/L. 

• Arsenic concentrations should be measured in both the 
surface water and well water at an accuracy that will 
verify that it is below the future Primary Standard, 
possibly as low as 3 ~g/L. 

• Further water quality data for the surface water should 
be reviewed to verify that all radionuclide standards 
are met. If complete data are not available, further 
testing should be performed for all radionuclides 
listed in the Primary Standards. A copy of these 
standards has been supplied in the Appendix. 

• Water quality data for the wells should be reviewed to 
verify that the water meets all Primary Standards. Any 
Secondary Standards that are not met should be 
identified for each well. 

• Radon-222 levels in the well water should be measured 
to verify that levels are below the future Primary 
Standard. 
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VI. ALTERNATIVE ANALYSIS 

6.1 RIVERTON WELL SITING STUDY 
6.1.1 Well Location - Introduction - The Riverton 

Regional Water Master Plan Level I Study (Level I Study) 
recommended that a new water well be drilled and tied into the 
Upper Pressure Zone to meet the growing demand of that part of 
the Riverton water supply system (Gores and Associates, 1998). 
The Riverton Public Works Department requested that additional 
well sites be investigated as part of the Riverton Level II Water 
Supply Study. 

Three potential well sites were reviewed as part of this 
study. The criteria used to compare the three sites include: (1) 
depth to the target, (2) water quality, (3) anticipated yield, 
(4) potential for interference with existing municipal wells, (5) 
proximity to the existing infrastructure, (6) land ownership, (7) 
electrical service provider, and (8) Wellhead Protection 
concerns. Each of these criteria is discussed in more detail in 
the following sections. 

Geology and Depth to Target - The Wind River Formation 
provides groundwater to all the existing Riverton Municipal Wells 
and has been identified as the sole source of groundwater in the 
Riverton area (Anderson and Kelly 1976) . 

The Wind River Formation is composed of interbedded 
sandstone, shales, ~iltstone, conglomerate, tuff, limestone, and 
claystone (Morris and others, 1959). The formation has been 
split into three facies, based on color and grain size (McGreevy 
and others, 1969). According to Gores and Associates (1998): 

The lower facies consists of brown to maroon, red to grey 
colored siltstone, shale, and predominately fire-grained 
sandstone units. The middle unit (the dominant waterbearing 
zone in the Riverton area) is comprised of green and grey 
colored, coarse grained, arkosic sandstone, conglomerates, 
and siltstone. The upper facies is composed of grey and 
green colored siltstone, shale, and fine-grained sandstone 
with thin beds of red, maroon and green variegated siltstone 
and shale. 
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The middle facies is the target for all of the Riverton 
Municipal Wells and will be the target for the well drilled as 
part of this project. Figure 1.2 of the Honor Farm Municipal 
Well Construction Report (Wester-Wetstein, 1997) provides a 
structure map depicting the base of the middle facies of the Wind 
River Formation. This figure was used to assist in selecting the 
locations for the three potential well sites that were analyzed 
as part of this study. The depth to bottom the middle facies 
varies from 1,100 to 1,380 feet at the three sites. 

Water Quality - Although Wester-Wetstein (1997) stated that 
the depth of the well is related to the quality of water 
encountered in the well, the data presented in the Level I Study 
Report does not show a clear relationship between depth and water 
quality. For example, the Honor Farm well was completed to a 
depth of 3,800 feet above sea level (ASL) and had a total 
dissolved solids (TDS) concentration of 797 mg/l, while the 
Airport No.2 well was completed to a depth of 3,743 ASL and has 
a TDS of 367 mg/l. In addition, the Airport No.3 well, located 
near the Airport No.2 well, was completed to a depth of 4,115 
feet ASL and has a TDS of 807 mg/l, while Well No. 15 is 
completed to a depth of 4,120 feet ASL and has a TDS of 362 mg/l. 

Figure 5.15 of the Riverton Level I Study Report indicates 
that water quality is quite variable in the Wind River aquifer in 
the Riverton area. The figure also shows poor quality water (TDS 
>1500 mg/l) and good quality water (TDS <500 mg/l) occurring in 
both shallow and deep wells. Furthermore, the locations of the 
wells do not appear to have any recognizable trend with regard to 
water quality. 

Because it is likely that the spatial variations in water 
quality and the lack of a recognizable pattern are related to the 
lenticular and discontinuous nature of the coarse-grained 
deposits yielding water to the wells, predicting the water 
quality at any of the three well sites is not possible with the 
present data set. 
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Anticipated Yield - The lenticular and discontinuous nature 
of the coarse-grained materials in the Wind River aquifer that 
yield water to wells in the Riverton area make it impossible to 
predict the yield of a well drilled at a given location prior to 
drilling and testing. Based on the results of previous well 
drilling projects for the City of Riverton, it is likely that a 
well drilled for this project will yield similar quantities of 
water as the existing municipal wells. The average production 
rate of the existing municipal wells is approximately 285 gallons 
per minute (gpm). 

Potential for Interference with Existing Municipal Wells -
Because interference has been observed in the Riverton municipal 
wells, the Riverton Public Works Department requested that 
analyses of the potential for interference be conducted at the 
three potential well sites. 

The method used to analyze the potential for well 
interference is the Computationally Efficient Polynomial 
Approximations Used to Program the Theis Equation, developed by 
Huntoon (1980). This analytical method is based on the Theis 
Method (1935), which is a widely used analytical tool for 
predicting drawdowns associated with pumping wells. Utilizing 
the method developed by Huntoon (1980) allows the Theis Equation 
to be entered into a spreadsheet and allows numerous wells to be 
modeled at one time. 

The assumptions incorporated in the equation are the same as 
those for the Theis Equation and include the following: 

1) the aquifer is infinitely large in a radial direction; 

2) the transmissivity of the aquifer is isotropic and 
constant with respect to time and radius; 

3) the storage coefficient is a constant with respect to 
time and radius, and the water is released from storage 
instantaneously; 

4) flow to the well is Darcian and one-dimensional; 

5) the discharge from the well is constant with respect to 
time; 
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6} the well fully penetrates the aquifer and is 
infinitesimal in diameter; 

7} the fluid is homogeneous; 

8} there are no sources or sinks in the aquifer other than 
pumpage through the well; and 

9} if the aquifer is artesian, it is compressible and the 
compressive forces act vertically. 

For the purposes of this analysis, the first assumption is 
probably valid because of the large area modeled. The second 
assumption is violated because the Wind River aquifer is composed 
of lenticular beds which have differing transmissivities (Morris 
and others, 1959); however, the area modeled is sufficiently 
large to overcome local variations in the transmissivity and the 
transmissivity used in the model is an average transmissivity for 
the aquifer. The third assumption is also violated because the 
storage coefficient varies throughout the aquifer, as determined 
by pump testing. As with the transmissivity, an average storage 
coefficient was used in the model to minimize the effects of 
local variations. The sixth assumption is also violated by many 
of the wells modeled because they do not fully penetrate the 
aquifer; however, for the purposes of modeling, it is likely that 
the various units penetrated by the wells act as one 
hydrogeologic unit on a large scale (Anderson and Kelly, 1976 and 
Gores and Associates, 1998). Assumption eight is violated 
because the aquifer receives recharge. Because it is assumed in 
the model that the aquifer is not being recharged, the analyses 
are conservative and will overestimate drawdowns. 

Inputs for the model include the radial distances from the 
pumping wells to the point(s} of interest, the pumping rate for 
each well, the aquifer transmissivity, the storage coefficient of 
the aquifer, and the desired time interval. 

The transmissivity utilized in the model was 5,000 gallons 
per day per foot (gpd/ft). This value represents an average 
transmissivity for the aquifer (Anderson and Kelly, 1976). The 
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storage coefficient used for the model was 10-4
, which is a 

conservative average for the aquifer. The time intervals modeled 
included 1, 2, 3, 5, 10, 15, 20, and 25 years. The maximum time 
of 25 years corresponds to the planning period, which extends to 
year 2025. 

The modeled area includes Sections 7 to 36, T 1 N, R 4 E, 
and Sections 11 to 14, 23 to 26, and the part of Section 36 north 
of the Wind River, T 1 N, R 3 E. The distances from the wells to 
the three selected well sites were determined from the Riverton 
East and Riverton West 7.5-minute topographic sheets. The 
locations of the wells are provided on Figure 6.1. Wells 
included in the model were all of the active Riverton municipal 
wells, including Well No.2, and all private wells with 
production rates greater than 50 gpm. A list of the modeled 
municipal and private wells are provided in Tables 6.1 and 6.2, 
respectively. 

Pumping rates for the Riverton municipal wells were 
determined from projected municipal demands for the year 2025, 
predicted by Nelson Engineering for this Level II study. The 
projected rates assumed all demands would be satisfied by 
increasing the production of the wellfields. This scenario is 
conservative because it assumes that the production of the 
existing water treatment plant will not be increased even though 
some of the increased demand could be met by the plant. The 
average daily demand projected from the wellfields for 2025 is 
1.47 million gallons per day (MGD). It is predicted that 1.22 
MGD will need to be produced by the IIseasonal wells ll

, Well No's. 
3, 4, 6, 9, 11, 12, 13, 15, 16, and the Honor Farm well. The 
remaining 0.25 MGD will be produced by the upper pressure zone 
wells, Well No's. 11 and 14, Airport No's. 2 and 3, and the new 
well to be drilled as part of this project. 

The modeled pumping rates of the individual municipal wells 
were calculated using the following steps: (1) determining the 
adjudicated pumping rate or the pumping rate the well is 
currently capable of, whichever is less; (2) computing the total 
production capacity of the two grouping of wells, IIseasonal 
wells" and "upper pressure zone" wells; (3) calculating the 
percentage of the total production each well is capable of 
contributing to its respective group; and (4) multiplying the 
percentage calculated in Step 3 by the predicted demand in year 
2025 to obtain the individual well pumping rates for the model. 
Table 6.1 summarizes these values for the municipal wells. 
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Well No. Permit 
Number 

Well 2 P246C 
Well 3 P12G 
Well 4 P11G 
Well 6 P9G 
Well 9 P250C 
Well 11 P214G 
Well 12 P806W 
Well 13 P807W 
Well 14 P2430W 
Well 15 P29027 
Well 16 P29028 
Airport2 P34941W 
Airport3 P76404W 
Honor Farm U.W. 104356 

TABLE 6-1 
MUNICIPAL WELL INVENTORY 

Adjudicated Modeled Comments 
Rate (gpm) Rate (gpm) 

Not connected to system; 
225 56 use o::ly 

200 62 Seaso::al use 
475 130 Seaso::al use 
225 70 Seasc::al use 
150 46 Seaso:lal use 
225 48 Seaso:lal use 
325 101 Seaso:lal use 
300 93 Seasc::al use 
400 44 Uppe::- Zone well 
455 108 Seaso::al use 
535 81 Seasonal use 
450 55 Uppe::- Zone well 
275 36 Uppe::- Zone well 
350 109 Seaso:lal use; currently 

ope::-a::.ional 

summer 

not 



Well Permit Adjudicated 
Number Rate (gpmJ 

U.W. 60461 350 
U. TtJ. 48745 125 
U .ItJ. 63054 240 
U.W. 62389 250 
U.W. 53077 50 
U.W. 62817 150 

U.W. 676 50 
U.W. 61885 50 
U.W. 4409 90 

U.W. 61886 50 
U.W. 406 50 

U.W. 65323 45 
U.W.102337 50 
U.W. 57737 55 
U.W. 73320 50 
U.W. 34939 60 
U.W. 38482 50 
U. tv. 1110 300 

U.W. 74091 85 
U.W. 59657 50 
U.W. 89011 125 
U.W. 82188 600 
U.W. 93191 70 
U.W. 35651 60 
U.W. 1627 120 
U.W. 5447 65 
U.W. 248 300 

TABLE 6-2 
PRIVATE WELL INVENTORY 

Modeled Use* 
:n.a.t.-= (gpm) 

175 IND 
125 :'!! S 
120 STO, :·!I S, IJC:·: 

100 MIS 
25 IND 
75 MIS 
5 DOM 

20 IRR 
56 IRR 
56 IRR 
50 HIS 
38 IRR 
38 IRR 
22 IRR 
20 IRR 
60 MIS 
5 DaM 

150 IRR, DOH 
34 IRR 
25 MIS 
50 IRR 

300 ~1IS 

35 MIS 
30 MIS 
12 DOM 
6.5 DaM 
120 IRR 

Comments 

Subdivision 

School 

Well U.W. 4409 and 
modeled as one well 
Water Company 
Well U.W. 65323 and 
modeled as one well 

Subdivision 

Country Club 

Company Owned 
Company Owned 
Company Owned 

* DOM = domestic; MIS miscellaneous; IND industrial; STO stock; 
IRR = irrigation 

61886 

102337 



It should be noted that Well No. 2 is not connected to the 
Riverton municipal water system and is used only for irrigation 
of one of the City parks. Because the well is used only during 
the irrigation season, the pumping rate for the well was 
calculated by multiplying the 225 gpm adjudication by 25 percent, 
which corresponds to pumping the well for four months out of the 
year. 

Only those private wells with pumping rates greater than 50 
gpm were included in the analysis. A total of 27 private wells 
in the modeled area met this criteria, according to records of 
the SE~. The uses of these wells included domestic (DOM) , stock 
(STO) , industrial (IND) , irrigation (IRR) , and miscellaneous 
(MIS). Some of the wells were listed as having more than one 
use. Because the vast majority of the wells are not pumped at 
the rates reported on the SE~ well permits, the pumping rates 
modeled for this analysis were based on a percentage of the 
reported rates, with the percentage being related to the reported 
use. Wells whose use is DOM were modeled at 10 percent of the 
reported pumping rate, IND wells were modeled at 50 percent of 
the reported pumping rate, and IRR wells were modeled at 40 
percent of the reported pumping rate. Those wells with MIS 
listed as the use that belonged to subdivisions or water bottling 
companies were modeled at the reported pumping rate. Three wells 
with MIS use listed belong to schools in Riverton (U.W. 74091, 
U.W. 65323, and U.W. 102337). These wells are currently used 
only for irrigation and were modeled at 40 percent of the 
reported pumping rate. Three wells with MIS use (U.W. 82188, 
U.W. 93191, and U.W. 35651) belong to industrial companies and 
were modeled at 50 percent of the reported pumping rates. One 
well, U.W. 63054 reported uses including DOM, STO, and MIS. This 
well was modeled at 50 percent of the reported pumping rate. The 
Riverton Country Club well, U.W. 1110, was modeled at 50 percent 
of the reported pumping rate because it is used for IRR and DOM 
purposes. Table 6.2 provides the modeled pumping rates for the 
privately owned water wells. 

Results of the drawdown analyses are included in Appendix 4. 
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Proximity to Existing Infrastructure - A successful well 
drilled as part of this Level II Study will have to be tied into 
the existing infrastructure. Locating a well near existing 
pipelines will reduce the cost of connecting the well to the 
system. The potential savings to be realized by proximity to 
existing infrastructure should be tempered by consideration for 
future service areas. The Level I Study identified several areas 
in the immediate vicinity of Riverton that have strong potential 
for growth (Gores and Associates, 1998). These areas of 
potential growth should be strongly considered when deciding on 
where to complete a new well. Additionally, bottle necks or 
service areas on dead-end transmission lines should be strongly 
considered for siting a new well to provide operational 
flexibility in the event of a pipeline failure. The distances 
from the three proposed well sites to the nearest pipeline were 
estimated from Figure 4.3 of the Level I Study Report (Gores and 
Associates, 1998). 

Land Ownership - Land ownership is important to the 
selection of potential well sites because of access issues. 
Access agreements must be established for well sites on 
privately-owned properties. Additionally, it is advantageous for 
the municipality to own the land on which a well is located to 
prevent the introduction of potential contaminants into the 
immediate vicinity of the wellhead. Preference should be given 
for well sites on City-owned property. 

Electrical Service Provider - Electrical service is provided 
to the Riverton area by two utilities, Pacific Power and High 
Plains Power. Pacific Power provides service primarily to those 
areas within the Riverton corporate limits, while High Plains 
Power serves the areas outside of the corporate limits. The 
costs of electric service from Pacific Power is approximately 40 
percent less on an annual basis than High Plains Power (Personal 
Communication with Pacific Power Estimator, November 21, 1999). 
Electric utility bills for Well No. 14, which is serviced by 
Pacific Power, and for Airport Well No.3, which is serviced by 
High Plains Power, were reviewed for the period from September 
1998 to October 1999. The average cost of electricity for Well 
No. 14 was $0.090 per Kilowatt-hour. The average cost of 
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electricity for Airport Well No.3 was $0.121 per Kilowatt-hour. 
Based on these records, the average cost of electrical service 
from High Plains Power is 34 percent higher than service from 
Pacific Power. The power consumption of Well No. 14 from October 
1998 through September 1999 was approximately 57,940 Kilowatt
hours. At the average cost of $0.090 per Kilowatt-hour charged 
by Pacific Power, the annual cost of electrical service was 
approximately $5,214. The annual cost for the same electric 
consumption from High Plains Power would be approximately $7,010. 
The annual cost difference, using the 1998-1999 electric 
consumption of Well No. 14, is approximately $1,800. 
Without knowing the yield of a new well, the pumping water level, 
the size of the pump and motor, and the average annual production 
of a new well, it is not possible to predict the actual cost 
difference between the electric service providers with accuracy. 

Wellhead Protection Concerns - The Wyoming Wellhead 
Protection Program Guidance Document, Version 3.0 (Wyoming 
Department of Environmental Quality - Water Quality Division, 
1997) recommends considering potential sources of contamination 
when siting new municipal wells. The areas around two of the 
three proposed well sites were briefly visited to determine 
possible potential contaminant sources in the vicinity of the 
wells. Because of the deep completions of wells at the proposed 
sites, activities at the ground surface are unlikely to affect 
the quality of the water in the water bearing zones targeted in 
this project. It should be recognized, however, that improperly 
constructed or abandoned water and oil wells that penetrate the 
targeted aquifer can serve as a direct conduit for contaminants 
into that aquifer and should be addressed in the near future. 

SITE NO. 1 COOPER ROAD SITE 
Site Location. The Cooper Road Site is located in the NWNW, 

Section 28, T 1 N, R 4 E along Cooper Road (see Figure 6.1). The 
elevation of the well site is approximately 5,125 feet. 

Depth to Taraet. A well completed at this location is 
expected to be approximately 1,150 feet deep to fully penetrate 
the middle facies of the Wind River Formation. Actual completion 
depths at this site can only be determined by drilling. 
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Potential for Interference. The model run to evaluate the 
potential for interference with other wells predicts that a well 
at this location will have approximately 75.25 feet of drawdown 
after 25 years of continuous pumping. It is important to realize 
that this value is a conservative estimate and actual drawdowns 
will be dependant upon actual pumping rates of both the Riverton 
municipal wells and private wells in the area. 

Proximity to Existing Infrastructure. A successful well 
drilled at the Cooper Road Site is estimated to require 
approximately 1,650 feet of water line to connect it to the 
Sunset Avenue transmission line (Gores and Associates, 1998). 

Land Ownership. The property on which the Cooper Road Well 
Site is located is privately owned. The Fremont County 
Assessor's Office property ownership map indicates the property 
is owned by Wayne Major. If the Cooper Road Site is selected for 
drilling a new well, access will have to be acquired. 

Electrical Service Provider. The electrical service 
provider at the Cooper Road Site is Pacific Power. 

Wellhead Protection Concerns. A windshield survey of the 
Cooper Road Site indicated potential contaminant sources in the 
immediate vicinity of the site are limited to agricultural land 
use and domestic land use. The well site is located in 
agricultural lands that appear to be used primarily for livestock 
grazing. This type of activity poses very little risk to the 
Wind River aquifer. A horne is located a few hundred feet west of 
the well site. Activities associated with this type of land use 
poses little danger to the aquifer as long as safe disposal of 
household hazardous wastes is practiced. Records from the SEO 
indicate the house is served by a well. If possible, the well 
should be inspected for proper completion. 

SITE NO. 2 SECTION 20 SITE 
Site Location. The Section 20 Site is located in the SWSW, 

Section 20, T 1 N, R 4 E (see Figure 6.1). The elevation of the 
site is approximately 5,280 feet. 
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Depth to Target. A well completed at this location is 
expected to be approximately 1,380 feet deep to fully penetrate 
the middle facies of the Wind River Formation. Actual completion 
depths at this site can only be determined by drilling. 

Potential for Interference. The model run to evaluate the 
potential for interference with other wells predicts that a well 
at this location will have approximately 69.65 feet of drawdown 
after 25 years of continuous pumping. 

Proximity to Existing Infrastructure. The pipeline from a 
well at the Section 20 Site will probably run from well site 
southeast to Cooper Road, will continue east along Cooper Road, 
cross under the Riverton No. 2 Canal, then turn south to the two 
million gallon storage tank. A pipeline following this path will 
have a length of approximately 4,400 feet. An alternative path 
for the pipeline would run from the well site to Cooper Road, 
turn south along Cooper Road, cross under the Riverton No. 2 
Canal, then turn east and parallel the LeClair Ditch to the two 
million gallon storage tank. It is anticipated that this path 
would also be approximately 4,400 feet long. The Section 20 Site 
has the added benefit of being in close proximity to new housing 
developments on Bureau of Indian Affairs land that will probably 
be served by the Riverton municipal water system. 

Land Ownership. The property on which the Section 20 Site 
is located is owned by the City of Riverton. Prior to selecting 
the Section 20 Site for drilling, a resolution should be passed 
by the Riverton City Council approving the land use change. 

Electrical Service Provider. The electrical service 
provider at the Cooper Road Site is Pacific Power. 

Wellhead Protection Concerns. A site visit to the Section 
20 Site revealed several possible sources of contamination. An 
old dump was situated approximately 500 feet south-southeast of 
the well site. Apparently, the site has been cleaned up, but 
some trash was still evident. The Fremont County Firefighters 
maintain a vehicle yard and maintenance shop several hundred feet 
east of the well site. Various fluids used for maintaining the 
vehicles appear to be properly disposed of; however, past 
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disposal practices are unknown. Additionally, if practice fires 
have been set at the site, oil or other petroleum products may 
have been used to help start the fires. The Fremont County Weed 
and Pest Department has a shop immediately north of the 
firefighters property. Because it is unknown what chemicals are 
stored on the site or in what quantities, caution should be 
exercised when considering this site. 

SITE NO. 3 RAINTREE ROAD SITE 
Site Location. The Raintree Road Site is located in the 

SENW, Section 30, T 1 N, R 4 E (see Figure 6.1). The elevation 
of the well site is approximately 5,122 feet. 

Depth to Target. A well completed at this location is 
expected to be approximately 1,100 feet deep to fully penetrate 
the middle facies of the Wind River Formation. Actual completion 
depths at this site can only be determined by drilling. 

Potential for Interference. The model run to evaluate the 
potential for interference with other wells predicts that a well 
at this location will have approximately 66.17 feet of drawdown 
after 25 years of continuous pumping. 

Proximity to Existing Infrastructure. To connect a well 
drilled at the Raintree Road Site to the upper pressure zone, a 
pipeline approximately 1,000 feet long would be needed to tie 
into the existing Raintree Street water line. Locating a well at 
the Raintree Road Site has two advantages in providing 
operational flexibility to the Riverton municipal water system. 
First, several of the subdivisions identified in the Level I 
Study as needing to connect to the Riverton municipal water 
system are located in the immediate vicinity of the site. 
Secondly, one transmission line, the Riverview Road line, serves 
the southern half of the upper pressure zone; however, none of 
the wells supplying the upper pressure zone are located in the 
area. In the event of a water line break in the Riverview Road 
transmission line, the southern half of water consumers are left 
without service. Drilling and completing a well at the Raintree 
Road Site will provide the water system the flexibility to 
isolate a water line break while effecting repairs without total 
loss of service to the southern half of the upper pressure zone. 
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Land Ownership. The property on which the Raintree Site is 
located is owned by the City of Riverton. Prior to selecting the 
Raintree Road Site for drilling, a resolution should be passed by 
the Riverton City Council approving the land use change. 

Electrical Service Provider. The electrical service 
provider at the Raintree Road Site is High Plains Power. 

Wellhead Protection Concerns. A windshield survey of the 
Raintree Road Site was not conducted to determine potential 
contaminant sources. However, a review of the land ownership 
plats indicates most of the properties in the immediate vicinity 
of the Raintree Road Site are relatively small and are 
residential lots. Potential contaminant sources likely to be 
near the well site include those associated with residential land 
uses. The most common sources are probably household hazardous 
wastes, private septic systems, domestic wells, and fertilizer 
and pesticide applications. These potential contaminant sources, 
with the exception of the domestic wells pose little threat to 
the part of the Wind River aquifer targeted by a well at the site 
because of the extreme depth to the target. As at the Cooper 
Road Site, inspections of deep wells near the Raintree Road Site 
should be conducted, if possible, to insure the wells are 
properly constructed and maintained. 

PREFERRED ALTERNATIVE 
Table 6.3 summarizes various aspects of the well sites 

presented above and may be used to qualitatively compare the 
results of the criteria used to select the preferred alternative. 

It is predicted that a well drilled at the Raintree Road 
Site will have the shallowest completion, will have the least 
potential for interference, will have a relatively low risk of 
contamination, and is located on City-owned property. Drilling a 
well at this site will offer the Riverton municipal water system 
the greatest operational flexibility of the three choices. 
Connecting the well to the existing infrastructure will be less 
costly than the other two well sites because of the relatively 
short pipeline distance and it is expected that the pipeline can 
be routed in easements already in place for streets. The 
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TABLE 6-3 

COMPARISON o la' THREE POTENTIAL WELl. SITES 

.-----C-O-M-P-AR-I-S-O-N----------C-O--O-P-E-R-R---O-A-D~~lI'l'E---r SECTION 20 SITE I RAINTREE ROAD SITE 

I--___ C_R_I_T_E_R_I_A ___________ ---=('-8_· i_t_e_l J _______ -+-_____ <:.....S_i_t_e_2-..:...> _____ -tI ____ ....:<:.....S_i_t_e __ 3 ) _____ --1 

_D_e_,p::....-t_h_t_o_T_a_r_9=--e_t ___ J:..! 150 f ee_t_ ____ --+_1_°'---3_8_o __ f_e_e_t _________ -t1_11 100 feet 
I 

Interference 

Proximity to 
Infrastructure 

:~~:: :::: drawdownl-:~-~-:-:--:-:--:-:-d-r--a-W-d-o-\-~n-.---+I :~~:: :::: drawdown 

new housing development '/potential connection 
to subdivisions/ 

~.---------------+-------------

Private Land Ownership r-----.--------=---- --f-----------------------

Electrical 
Service 
Provider 

Pacific Power 

\--------------,------------- .-----

If!lellhead 
Protection 

Ag:r:icultural and 
residencial land use 

~------------~---------------

I 
I system flexibility ._------

City of Riverton 

I Pacific Power High Plains Power 

I I 
I 

I 

Old dump, Fremont County I ReSid~ntial 
firefighters and Weed 
and Pest located nearby I 

-1 
Land Use J 



electrical service provider offers the only identified drawback 
to this location. High Plains Power provides electric service at 
this well site and the power consumption charges may be up to 40 
percent greater than a similar well drilled in the Pacific Power 
Service area. Slight reductions in power rates may be realized 
by pumping the well during night time hours, when possible. 

The Cooper Road Site is predicted to have a slightly greater 
completion depth than a well at the Raintree Road Site. However, 
it will be located on private land and the well will have a 
longer pipeline connection that will require easements. It is 
predicted that a well at this site will experience the greatest 
drawdown as a result of interference with other pumping wells. 
The risk of contamination at this site is predicted to be 
equivalent to the risk at the Raintree Road Site. The electrical 
provider is Pacific Power, which may result in long-term 
operational savings, as compared to the Raintree Road Site. 

The Section 20 Site is predicted to have the greatest 
completion depth of the three sites considered. The pipeline 
from the Section 20 Site to the two million gallon tank will be 
significantly greater than the other two sites and will have to 
cross privately-owned land. The potential for interference with 
pumping wells at the site is less than the Cooper Road Site but 
greater than the Raintree Road Site. The Section 20 well site is 
located on City-owned property and lies within the Pacific Power 
service area. The risk of contamination at this site appears to 
be greater than at the other two well sites because of the 
proximity to the Fremont County Firefighters property, the Weed 
and Pest Shop, and an old dump. 

Given the criteria used to evaluate the three selected well 
sites, it is recommended that the Raintree Road Site be chosen 
for drilling a new water well. Although the operational costs 
may be greater because of the electrical provider, the well is 
located on City-owned property, a tie-in to the existing 
infrastructure will be shorter and possibly follow existing 
easements for roads, will likely have a shallower completion 
depth, and is predicted to have less potential for interference 

VI - 17 



DEPTH 

NOTE: DEPTHS AND 
LENGTHS OF WELL 
APPURTENANCES ARE 
DIAGRAMMATIC ONLY. 
FINAL DESIGN TO BE 
DETERMINED BY THE 
ENGINEER. 

CENTRALIZERS 

100 

200 

t-
W 600 300 
W 
U. 

400 

800 

WESTON 
GROUNDWATER • ENGINEERING 

CONSTRUCTION 
DETAILS 

l6-INCH NOMINAL DIAMETER 
STEEL SURFACE CASING 
CEMENTED IN PLACE +1.5 -30 FEET 

12 114 -INCH DIAMETER 
BOREHOLE 

9 5/8·INCH NOMINAL DIAMETER 
STEEL CASING ,. 

, 
,. 
, 
,. CENTRALIZER , ,'. , 

, ,. 
LIGHT CEMENT GROUT , ,. 

, ,. 

DV VAL VE AND LlNER/ HANGER 
ASSEMBL Y SET A T 450 FEET 

SHALE BASKET 

7 718 -INCH DIAMETER 
BOREHOLE 

5-INCH NOMINAL DIAMETER V-SLOT, 
0.0200-INCH STAINLESS STEEL 
SCREEN 

5 112-INCH 0. D. STEEL CASING 

~~t--- WELDED CAP 

T.O. = 1,100 FEET 

NOT TO SCALE 

FIGURE 6-2 

RIVERTON WATER SUPPLY PROJECT 
PROPOSED WELL DESIGN DIAGRAM 



TABLE 6-4 

ENGINEER'S OPINION OF PROBABLE COSTS FOR 
NEW WELL IN RIVERTON, WYOMING 

Item Description Quantity 

1 Mobilization and Demobilization 

2 Furnish Bonds and Insurance 

3 Drill for, Furnish, Install, and 
Cement 16-inch Diameter Surface Casing 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Drill 7 7/8-inch Diameter pilot Hole 

Open Hole Geophysical Logging 

Ream 7 7/8-inch Hole to 12 1/4-inches 

Furnish and Install 9 S/8-inch 0.0. 

Casing 

Furnish and Install Cement Baskets, 

Liner/Hanger/Packer Assembly, 
and Cement Seal 

Cased Hole Geophysical Logging 

Furnish and Install 5-inch Pipe Size 
0.020-inch Slot Size Well Screen 

Furnish and Install S 1/2-inch 0.0. 

Steel Casing 

Standby Time 

Well Development and Rig Time 

Air Development 

Furnish, Install, and Remove Pump 

Testing Equipment 

Conduct Pumping Test 

1 

1 

30 

1,070 

1 

420 

451.5 

1 

1 

350 

300 

8 

12 

18 

1 

176 

Unit 

L.S. 

L.S. 

L.F. 

L.F. 

L.S. 

L.F. 

L.F. 

L.S. 

L.S. 

L.F. 

L.F. 

Unit 

Price 

S10,000 

S6,400 

$125 

$20 

$3,500 

S40 

S20 

S6,500 

$2,000 

$62 

$16 

Hours ~$~1~2~5~ ________ _ 

Hours ~S~2~S~0~ ________ _ 

Hours ~S~4~0~0~ ________ _ 

L.S. ~S~S~,~O~O~O ______ __ 

Hours ~$_7~0 __________ __ 

TOTAL ESTIMATED COST -

(Items 1-16 Inclusive) 

Total 

Amount 

$10,000 

$6,400 

$3,750 

$21,400 

$3,500 

$16,800 

$9,030 

$6,500 

$2,000 

$21,700 

$4,800 

$1,000 

S3,000 

S7,200 

$5,000 

S12,320 

$134,400 



Item 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

TABLE 6-5 

ENGINEER'S OPINION OF PROBABLE COSTS FOR COMPLETION OF 
NEW WELL IN RIVERTON I WYOMING 

Unit 

Description Quantity Unit Price 

?ig and Labo::- 1 L.S. 52,000 

pitless Adapter 1 L.S. 55,600 

40 HP Pump and Motor 1 L.S. 56,500 

Pump Cable 450 L.F. 53 

4-inch Diameter Drop Pipe 400 L.F. 58.50 

Check / Drain Valves 2 Each 51.200 

Splicing and Banding 1 L.S. 5300 

Pump House 1 L.S. 538,000 

Piping and Valves 1 L.S. 518,000 

Electrical Controls 1 L.S. 518,600.00 

Chlorination Equipment 1 L.S. 512,500 

Site Prep and Grading 1 L.S. 55,500 

Chain Link Fence 1 L.S. $4,600 

OPTION: Variable Frequency Pump 1 L.S. 520,000 

TOTAL ESTIMATED COST -
(Items 1-13 Inclusive) 

Total 

Amount 

$2,000 

$5,600 

$6,500 

$1,350 

$3,400 

$2,400 

$300 

$38,000 

$18,000 

$18,600 

$12,500 

$5,500 

$4,600 

$20,000 

$118,750 



with other wells. Most importantly, however, is the flexibility 
drilling a well at this location will afford the water system in 
the long term. As developments continue to grow in the area 
served by the western half of the upper pressure zone, more 
families will be relying on the water system. Water line breaks 
could interrupt service to these families if a well is not 
drilled in the Raintree Road area. 

6.1.2 preliminary Well Design - Figure 6.2 provides a 
preliminary well design for this Level II Project. The design is 
based on drilling and completing a water well at the Raintree 
Road Site. Actual drilling depths and well completion will be 
determined after drilling a pilot hole and geophysically logging 
the open hole. 

Appendix 5 contains a set of Plans and Specifications for 
drilling a production well at the Raintree Road Site. Because of 
the uncertainty regarding construction dates, the dates have been 
left out of all of the contract documents. 

6.1.3 Construction Cost Estimates- Table 6.4 provides 
the Engineer's Opinion of Probable Costs for drilling, 
developing, and testing a well as part of the Riverton Level II 
Water Supply Project. This estimate is based on drilling a well 
to a total depth of 1,100 feet at the Raintree Road Site. The 
opinion of probable costs is for estimation purposes only. 
Actual depths for drilling and quantities and placement of 
screens will be determined after drilling and geophysically 
logging the pilot hole. 

Table 6.5 provides the Engineer's Opinion of Probable Costs 
for completing a successful well at the Raintree Road Site. The 
assumptions employed in developing the costs include: (1) the 
well will yield 300 gpm, (2) the pumping water level is 
approximately 280 feet below ground surface, (3) the pipeline to 
which the well will be connected will have a maximum of 30 pounds 
of pressure to pump against, and (5) the 40 HP pump and motor 
will set with the intake at 400 feet. Actual specifications for 
completing the well will be determined after well construction 
and testing. 
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Bill Urbigkit, Riverton Public Works Director, requested 
that a cost estimate for providing a variable frequency drive 
motor for the new well. Installing a variable speed drive motor 
would allow the well to be pumped at varying rates to meet 
fluctuations in demand. The estimated costs for the motor is 
provided in Item 14 of Table 6.5. 

6.2 Water Treatment Plant Modifications 
The Level I Report by James Gores Associates stated that the 

Riverton Water Treatment Plant would require modifications due to 
increasing population and more stringent regulations. The Level 
I report identified areas to be considered for improvement and 
alternatives for improvement to these areas. 

As stated previously, the projected design year demands for 
the City of Riverton water system are as follows: 

• Average Day Demand = 2.9 MGD 

• Average Summer Day Demand = 5.3 MGD 

• Average Winter Day Demand = 1.7 MGD 

• Peak Day Demand = 6.4 MGD 

The source of supply for the water treatment plant is the 
LeClair Canal, which is in service only during the irrigation 
season. Thus, the plant can only produce water when the canal is 
in operation. When the plant is not in operation, all demands 
must be met by the wells, which have an estimated production 
capacity of 4.3 MGD. 

Based on the above, the following treatment schemes have 
been developed for further evaluation. 

1) When the LeClair Canal is not in service, all demands 
will be met from the wells. When the LeClair Canal is in 
service, the wells will provide a base load supply of up to 
2.4 MGD, and all demands beyond 2.4 MGD will be provided by 
the plant, up to a maximum plant production of 4.0 MGD. 
This is the present plant rated net capacity. 

VI - 22 



2) When the LeClair Canal is not in service, all demands 
will be met from the wells. When the LeClair Canal is in 
service, the wells will provide a base load of 1.4 MGD and 
all demands beyond 1.4 MGD will be provided by the plant, up 
to a maximum plant production of 5.0 MGD. This scheme will 
require a 25% increase in the rated plant capacity and is 
similar to that recommended in the Level I Report. 

3) All base load demands up to approximately 4.0 MGD, on a 
year-round basis, will be met by the plant, and all demands 
beyond approximately 4.0 MGD will be met by the wells. This 
will require a new raw water intake, pumping station and 
pipeline to the plant from the Wind River. The plant 
presently has a rated capacity of approximately 4.0 MGD, and 
will not have to be expanded as part of this scheme. This 
scheme would reduce the overall demand on the wells, thereby 
minimizing long-term drawdown effects on the aquifer. 

Each of these schemes would require upgrades to the existing 
conventional pretreatment portion of the plant in order to meet 
an increasing demand, as well as future regulations, see Figure 
6.3. In the following sections, pretreatment alternatives to 
enhance treatment and reduce the particle loading on the filters 
are discussed. The selected alternative will increase the 
treatment efficiency of the pretreatment process. In some 
instances, they may require the City to apply for a variance to 
increase the surface-loading rate of the filter beds. This would 
increase the capacity of the plant and reduce the amount of water 
being pumped from the wells. 

6.2.1 Pretreatment Alternatives 
Adsorption Clarification - Adsorption clarification is an 

upflow pretreatment process that combines flocculation and 
clarification into one step, see Figure 6.4. Chemically 
coagulated water passes upward through angular, buoyant, plastic 
media, resulting in contact flocculation. The coagulated 
particles are adsorbed onto the surfaces of the media and other 
collected particles. This process achieves results that are 
better than conventional flocculation and settling processes at 
increased flow rates of up to 10 gpm/ft2 and higher, and 
turbidity removals of up to 95%. 
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Flushing of excess solids from the adsorption clarifier is 
accomplished in a simple, effective manner. Fluidization and 
scouring of the particles is achieved by introducing diffused air 
into the bottom of the adsorption clarifier compartment. This 
causes an immediate expansion of the adsorption media and a 
vigorous scrubbing action takes place. Solids are then 
hydraulically flushed out the top of the clarifier to waste using 
raw water. Since raw water is used for this process, there is no 
unnecessary wasting of finished product water. 

Flushing of the adsorption clarifier is normally required 
one or more times during a media filter run. Controls allow an 
intermediate flush to be initiated by an adjustable timer or by a 
preset loss of head. Typical frequency is one flush every 4-8 
hours. Complete cleaning is not required as the majority of 
solids are removed in the first few minutes of the flush cycle. 

Adsorption clarifiers offer a wide range of treatment 
capabilities for removal of turbidity, color, iron, manganese, 
and taste and odor. 

Turbidity removals through adsorption clarifiers are 
typically 75-95 percent. When polished with media filtration, 
finished water turbidities of 0.3 and lower can be easily 
achieved. Adsorption systems are typically designed to use alum 
in conjunction with a polymer. 

Many surface waters contain organic color caused by humic 
and fulvic acids. These are effectively removed through alum 
precipitation. The resulting floc is effectively removed in 
adsorption clarification processes. 

Activated Carbon can also be used for taste and odor removal 
in adsorption clarifiers. Riverton currently uses powdered 
activated carbon. Adsorption clarifiers are compatible with PAC 
and it is recommended that if taste and odor problems are a 
concern, PAC continue to be used. 

The following are a list of benefits of adsorption 
clarification: 

• Turbidity removals ranging from 75-95%. 

• The process is compatible with alum flocculation. 

• Adsorption clarification has a reduced foot print when 
compared to conventional pretreatment. An adsorption 
clarifier may be, on average, 60 percent smaller than 
alternative pretreatment. 
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• The technology has proven effective for treating water 
with similar characteristics to Riverton. 

• Existing basins can be retrofitted to accommodate 
adsorption clarification. 

The following are drawbacks of adsorption clarifiers: 

• An adsorption clarifier has approximately 1 to 20 ft of 
headloss during operation. As the plastic media 
becomes fouled, the head required to drive water 
through the media increases. When the head required 
reaches a predetermined point, the system must be 
backwashed. The backwash procedure requires a raw 
water pumping system or available head to provide a 
range of 25-35 ft of head. 

Dissolved Air Flotation (DAF) - In DAF, the effects of 
gravity settling are offset by the buoyant forces of small air 
bubbles (see Figure 6.5). These air bubbles are introduced to the 
flocculated water, where they attach to floc particles and then 
float to the surface. It is an effective alternative to 
sedimentation or other clarification processes. Previous uses of 
the process in the United States have been to thicken waste
activated sludge in wastewater treatment, for fiber separation in 
the pulp and paper industry, and for mineral separation in the 
mining industry. This process is applicable in water treatment 
for treating algae, color, and low-turbidity water. 

The following are a list of benefits of DAF: 

• Readily removes light material. 

• Process is not negatively impacted by plant startup and 
shutdowns. 

The following are drawbacks of DAF: 

• The process is negatively impacted by heavy turbidity 
loadings and cold temperatures. 

• Water characteristics may cause a foaming problem. 

• Heavy particles are difficult to remove. 
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Ballasted Flocculation/Sedimentation - Ballasted 
flocculation/sedimentation is a compact system used in water 
treatment as a pretreatment process (see Figure 6.6). It 
typically combines two proven techniques: ballasted flocculation 
and lamella settling. Ballasted flocculation/ sedimentation 
processes introduce an easily settleable solid into the 
coagulation stage of treatment to act as a nucleus for floc 
formation. One source of particle that has had success is micro
sand. Suspended solids are destabilized by means of a coagulant 
and fixed on a micro-sand (60-100 microns) with the help of a 
polymer. The ballasted floc are then easily settleable in the 
lamella clarifier. The sand and floc material are se~arated by 
hydrocyclones and the sand is recycled back into the system. 

The micro-sand plays two essential roles in this process. 

1) It offers a large surface area which increases the 
contact probability and thus enhances the agglomeration of 
the floc. The velocity gradient is dramatically increased 
to values up to 1200 S-l, reducing the total flocculation 
time to 8 minutes at nominal capacity. 

2) The high specific gravity increases the settling 
velocity of the ballasted floc. Thus, the clarifier 
flowrate can be increased to values up to 24 gpm/ft2 and the 
overall dimensions of the clarifier are correspondingly 
reduced. 

Typical ballasted clarification consists of the 
following steps: 

1) Flash mix coagulation (in-line or in a separate 
chamber) . 

2) Injection Chamber in which micro-sand and polymer are 
introduced. Typical retention time is 2 minutes. 

3) Flocculation chamber in which the ballasted floc get 
bigger and heavier. Typical retention time is 6 minutes. 

4) Lamella clarifier with a hopper for small capacities or 
round scraped bottom for large capacities. Average 
clarifier overflow rate in the lamella zone is 16-24 
gpm/ft2

• 
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The following are a list of benefits of ballasted 
clarification/sedimentation: 

• Capacity increase (factor of 2 to 3) of existing 
flocculation/sedimentation facilities without extension 
of the buildings. 

• Excellent quality of clarified water even with low 
temperatures and high turbidity raw waters. 

• System stability during periods of flow and temperature 
variations. 

• Faster flocculation time, 8 minutes on average. This 
is dependent on the raw water characteristics. 

• Process does not need to be covered. 

• Higher treatment rates in clarifier, 16-24 gpm/ft2. 

• Process is not effected by plant startup and shutdown. 

The following are drawbacks of ballasted clarification/ 
sedimentation: 

• Over time, the micro-sand must be replaced due to slow 
losses of the sand in the cyclones. 

Blanket Clarifier - Blanket clarification is a solids 
contact clarification process where coagulated water flows up 
through a blanket of previously-formed solids (see Figure 6.7). 
As the small-coagulated particles enter the blanket, they contact 
particles within the blanket and flocculation takes place. The 
flocculated particles grow in size and become part of the 
blanket. The sludge blanket grows in thickness and is suspended 
by the flow velocity passing through the blanket. The blanket 
acts as a filter for the floc particles. 
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The following are a list of benefits of blanket 
clarification: 

• Higher removal rate of solids than conventional 
clarification. 

• Smaller foot-print than conventional facilities. 

• Higher flowrate through the process due to higher 
efficiency. 

The following are drawbacks of blanket clarification: 

• High algal loadings may be difficult to treat with this 
method because the algae tend to float to the surface 
carrying flocculated particles with it. 

• The process is not conducive to startup and shutdown 
because it relies on blanket maturation for removal 
efficiencies. 

• The process is susceptible to variations in flow. 

Superpulsator Flocculator/Clarifier - The Superpulsator 
Flocculator/Clarifier is a proprietary design by Infilco 
Degremont, Inc. It is a modified high rate blanket clarification 
process (see Figure 6.8). It combines the advantages of a 
highly-concentrated solids blanket, kept in suspension by 
pulsations, and recirculation of the flocculated sludge. The 
blanket is stabilized by a system of inclined plates with 
deflectors that are located within the solids blanket zone. The 
stabilization of the blanket by these plates allows the 
Superpulsator to reach higher flowrates than blanket 
clarification, in the range of 2-8 gpm/ft2. 

The benefits are similar to a typical blanket clarifier: 

• Higher removal rate of solids than conventional 
clarification. 

• Smaller foot-print than conventional facilities. 

• Higher flowrate through the process due to higher 
efficiency. 
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The drawbacks are also similar to a blanket clarifier: 

• Algal loadings may present a potential floatation 
problem. 

• Heavy solids, if not removed by a pre-sedimentation 
process, may settle in the basin causing a maintenance 
problem. 

• The process is not conducive to startup and shutdown 
because it relies on blanket maturation for removal 
efficiencies. 

The Superpulsator is effective for variable turbidity 
waters. Existing basins can be converted to a Superpulsator 
affording an increased loading rate without the addition of plant 
space. 

6.2.2 Filter Upgrades 
Current Filters - The Riverton plant currently has three 

dual media filters in operation. They have 20 inches of 
anthracite, 16 inches of sand, and 10 inches of support gravel 
all supported by Leopold blocks. The current rating is 5.0 
gpm/ft2 of media. In order to increase the rated production of 
the plant, a variance must be obtained allowing a higher filter 
surface area loading rate. Along with an increased loading rate, 
some filter maintenance issues should be addressed. These 
include evaluation of the filter media and replacement, addition 
of an air scour system, maintenance on the filter structure, and 
upgrade of filter supporting processes, as well as potential 
replacement with membrane filtration. 

Filter Media - The filters are dual media, anthracite over 
sand, filters supported by blocks and gravel. According to the 
City and the Level I report, the media have never been replaced 
over the 17-year life of the plant. The Level I study core 
sampled all three filters and found that while the media 
gradation was still acceptable, the media itself showed signs of 
degradation. Due to the findings from the Level I samples and 
the relative age of the media, consideration should be given to 
media replacement. 
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There are two main options for replacement of the media. 
Both of these options were presented in the Level I report. By 
replacing in kind, the filters would remain anthracite over sand. 
By replacing in kind, the filters would maintain similar 
operating characteristics, for example, operating head 
requirements and backwashing requirements would remain the same. 
The second option is to replace the existing media with a mixed 
media system. Typically, this includes the addition of a third 
media, garnet. This would provide a media bed of anthracite over 
sand over garnet. The benefit of adding a third finer media, the 
garnet, is the smaller pore size of the garnet. This would allow 
filtration of smaller particles. Adding garnet to the filters 
can have some significant impacts, however. The first impact is 
that the headloss through the filter media will increase. This 
means more head must be applied to the filters to maintain the 
same filtration rates. A second significant impact would be to 
the backwashing system. The current system is designed to 
suspend anthracite and sand. With the addition of garnet, a 
higher density particle has been introduced and, in order to 
expand the garnet to provide proper backwashing, the backwash 
rate will have to be increased. As a result, more water is 
required and more wash water is produced. 

Air Scour - An air scour system should be considered to aid 
in filter backwashing. The air scour process introduces air to 
the bottom of the filters prior to backwash. This helps break up 
the media and the particles so the particles are more easily 
removed. The air scour system allows the water backwash to be 
more effective while using a smaller amount of wash water. 

Patch Filter Walls - During a plant visit, it was noted that 
the walls of the filters leak into the filter gallery. These 
cracks should be repaired while the filters are empty during the 
media replacement. 

Filter-To-Waste System - The Level I Report states that the 
filter-to-waste system may be undersized. Operations staff again 
noted this during a plant visit. The staff believes the pump 
that handles the filter-to-waste is undersized; the piping for 
this system may be undersized as well. After evaluating the 
filter-to-waste system, the design team agrees that the filter-
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to-waste system is inadequate and should be replaced. This will 
reduce the turbidity spikes the plant currently sees after a 
backwash cycle. This will also help the plant meet the Filter 
Backwash Recycle Rule discussed in Section 5 of this report. 

Turbidimeters and Particle Counters - In order to meet 
upcoming regulations, each individual filter needs to be 
monitored by a turbidimeter. The turbidimeter should monitor the 
filter-finished waterline and record the values through a SCADA 
system for reporting. Also of value are particle counters. 
Particle counters monitor particle sizes that are smaller than 
those monitored by turbidimeters. Because of the high cost of 
particle counters in relation to turbidimeters and that the 
regulations don't require them, we would recommend considering 
installing one on the finished waterline leaving the plant. 

Membrane Filtration - Membrane filtration uses synthetic 
porous materials that allow water to pass through them while 
preventing certain particles from passing. The membrane acts as 
a screen for microscopic particles, separating them from the flow 
stream. Through this screening process, the particles are 
concentrated in a waste stream, which is discharged from the 
membrane. Membranes achieve removals that can exceed those of 
granular filtration (see Figure 6.9). This figure compares the 
four major pressure membrane technologies with media filtration. 

Depending on water quality, a membrane filtration plant may 
be an option for upgrading the existing Riverton facility. The 
current granular media filters would be replaced by membrane 
filters (see Figure 6.10) and their ancillary equipment. The 
pretreatment processes, however, depending on raw water quality, 
may still be required for pretreatment for the membranes. 

The following are a list of benefits of membrane filtration: 

• Consistent finished water characteristics. 

• High membrane flux rates, 6 to 8 gpm per module. 

• Not susceptible to plant shutdown and startup. 

• Efficient backwash cycle. 
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The following are drawbacks of membrane filtration: 

• All feed water to the membranes must be pumped. 

Other Upgrades - An additional modification that should be 
considered is the introduction of a coagulant to the backwash 
water before it is sent to the filters. This option will help 
the plant meet the Filter Backwash Recycle Rule discussed in 
Section 5. By backwashing with a coagulant enhanced water, the 
filter beds will tend to produce a higher quality water at the 
beginning of a filter run. This will reduce the turbidity spike 
normally seen after a filter backwash and when used in 
conjunction with an effective filter-to-waste system, should 
reduce turbidity spikes. 

6.2.3 Washwater Storage Handling and Sludge Disposal 
Backwash Ponds - Currently, the plant sends all of its 

backwash water to two clay-lined ponds. The ponds do not have 
access for cleaning and their liners may no longer be intact. 
During the plant visit, the operations staff indicated that the 
community college soccer fields adjacent to the ponds sometimes 
flood. This would indicate that the clay liners are no longer 
intact. 

Due to future regulations, these decant ponds may no longer 
be of benefit. The recycled water from filter backwash may 
require further treatment before it is recycled because it 
concentrates harmful particles such as Giardia and 
Cryptosporidium. Therefore, future recycle of wash water may 
become cost-prohibitive and alternative disposal methods should 
be explored. If a cost effective alternative can not be 
identified, then some options do exist. One option is to treat 
the recycled water before it is reintroduced to the raw water. 
This could be very costly. A second option is to dose a 
coagulant with the backwash water as previously discussed. This 
tends to speed the ripening process and in combination with 
filter-to-waste, may satisfy the regulations governing backwash 
recycle. The backwash ponds should then be modified by lining 
them with concrete and adding access to allow them to be cleaned. 
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Sludge Disposal - Conventional water treatment produces 
sludge through the removal of material from the water. The 
Riverton Plant currently has three sources of sludge. The first 
is from the Presedimentation basin. This sludge is removed 
approximately every two years and primarily consists of sediment 
and organics. The material removed from the basin is land
applied as a soil enhancer. 

The second source of sludge is the clarification process. 
The clarifiers produce a large volume of flocculated alum sludge. 
Currently, the water plant discharges this sludge to the sanitary 
sewer system. The wastewater plant benefits from this sludge as 
the excess alum in the sludge aids in coagulation and settling at 
the wastewater plant. If this is to continue, the wastewater 
plant capacity should be evaluated to confirm that an increase in 
sludge due to a water plant capacity increase can be 
accommodated. If this is not feasible, then other options should 
be evaluated such as dewatering and landfilling or potential land 
application. 

The final sludge source is the filter backwash recycling 
ponds. It is made up of material that is captured by the 
filters. This material is floc and small particles not removed 
in the clarification process. Based on the discussion earlier, 
future recycling of filter backwash water may no longer be cost
effective. If this is the case, alternatives should be explored 
for the elimination of the backwash ponds completely.. One 
alternative would be to discharge the backwash and filter-to
waste water to the sanitary sewer with the clarification sludge. 
Before this is done, the volume of water and the capacity of the 
wastewater plant need to be evaluated. 

If backwash recycling continues to be practiced, then the 
existing backwash ponds should be replaced. The new ponds should 
provide access for cleaning as well as isolation of a single pond 
to allow the sediment to dry. The material collected in these 
ponds should be evaluated and be land applied, or landfilled, 
depending on the outcome of the sludge evaluation. 
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6.2.4 Rehabilitative Needs - During our plant visit, the 
operations staff identified several maintenance issues that 
should be addressed during the plant upgrade. The first is 
replacement of the current valve actuation system; valves are 
operated by a high pressure air system that has proven 
troublesome and requires repeated maintenance. Operations staff 
would like to have the air system replaced with electric 
actuators. 

Flow meters are currently installed only on the raw water 
and finished waterlines. In order to more efficiently operate 
the plant, it is recommended that flow meters also be installed 
on the filter-to-waste and backwash lines. This will allow the 
City to monitor the amount of water being used and wasted for 
these operations and allow them to evaluate the efficiency of 
these operations. 

The flow meters currently in use at the water plant are 
pressure-differential type meters and appear to be unreliable 
based on the operations staff's experience. Since flow meters 
are a crucial part of the plant's operation, the present meters 
should be evaluated and restored or replaced with a reliable 
style. 

6.2.5 Corrosion Control and pH Adjustment 
Our analysis of the water plant's finished water indicates 

that it tends to be aggressive. The operation's staff stated 
they had not noticed in?ications of aggressive water at the 
plant, but local professionals have noticed signs of aggressive 
water. A more detailed analysis should be completed in Phase 2 
of this study to confirm whether the finished water is aggressive 
or not. The data from the water plant also indicates that the 
finished water pH, on occasion, drops below 6.5 SUo Current 
regulations set a secondary treatment standard for pH in a range 
between 8.5 and 6.5. While systems are not required to meet 
secondary standards, it is typically good practice to comply with 
them. Based on the pH values and the preliminary water analysis, 
addition of corrosion inhibitors and finished water pH adjustment 
should be considered. Both the corrosion inhibitor and the pH 
adjustment should be made in the clearwell before the finished 
water leaves the plant. 
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6.2.6 Cost Analysis - Table 6.6 shows the estimated 
construction costs to upgrade the pretreatment processes. For 
analysis purposes the costs have been broken into two flow 
categories which coincide with the proposed operating schemes. 
The construction costs have been estimated in year 2001 
construction dollars assuming a 5 percent per year inflation 
rate. 

Table 6.6 Process Modification Costs - Pretreatment Alternatives 
Process 4 MGD Capacity 5 MGD Capacity 

Adsorption Clarification $850,000 $1,530,000 
Dissolved Air Flotation $1,060,000 $1,400,000 
Ballasted Flocculation / $1,700,000 $1,900,000 
Sedimentation 
Blanket Clarification $780,000 $860,000 
Superpulsator Flocculator / $1,660,000 $1,840,000 
Clarifier 

As noted in the Level I Report, some of the processes being 
considered for the Riverton treatment upgrades are more stable if 
they are covered. This is particularly true if operations 
'scheme three' is considered, for year-round operation. It was 
estimated that a structure to cover the existing pretreatment 
processes, including rapid mix, flocculation, and sedimentation 
would cost $430,000. This would also be applicable for the other 
pretreatment systems. This cost has not been included in Table 
6.6. 

Also evaluated were plant modifications to bring the plant 
into compliance with future regulations and to address some 
maintenance issues. The items that were considered were upgrades 
of the filters, waste handling upgrades, corrosion and pH 
control, and upgrades of the valve actuation system and the flow 
meters. The total construction cost for these upgrades in 2001 
construction dollars was $710,000. 
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Finally, complete process replacement by membrane 
technologies was evaluated. Due to the nature of the membrane 
treatment process, the pretreatment processes could be abandoned 
and the filters could be replaced. Microfiltration is the 
coarsest of the membrane processes affording excellent removal of 
Cryptosporidium and Giardia as well as turbidity. The estimated 
construction cost to upgrade the existing plant with membranes is 
$4.8 million at 4 MGD and $7.8 million at 5 MGD. These costs 
include modifying the existing building to allow membrane skids 
to be set where the existing filters currently are. 

Currently, the City only operates the water plant, on average, 
from May 1st to October 1st

• During this time, the plant operates 24 
hours a day, 7 days a week. Table 6.7 presents the City's past, 
current, and proposed budgets from 1995 to the year 2000. These 
budgets are based on the operating time previously mentioned, as 
well as an average day demand of 2.0 MG and a maximum day demand of 
4.3 MG. For an average day demand of 2.9 MGD, the values in Table 
6.7 would be increased by a factor equal to 2.9/2.0, or 1.45. 

Table 6.7 City of Riverton Water Treatment Plant Q&M Budget 

City of 1995-1996 1996-1997 1997-1998 1998-1999 1999-2000 
Riverton Actual Actual Actual Estimated Approved 

O&:M Budgets Expenses Expenses Expenses Expenses Expenses 

Electricity $13,886 $13,372 $13,786 $15,000 $15,000 

$20,601 $22,358 $26,803 $35,000 $35,000 
~emicals 

Staff $66,947 $72,490 $99,327 $120,361 $130,753 

$20,198 $20,415 $8,740 $17,500 $21,000 
!Maintenance 

$15,089 $15,067 $12,806 $18,325 $21,975 
~iscellaneous 

Total $136,721 $143,702 $161,462 $206,186 $223,728 

The expected increase in operation and maintenance costs for 
the treatment schemes and treatment process alternatives previously 
discussed, can be found in Table 6.8. 
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Table 6.8 

Treatment 

Expected O&M Cost Increase by Treatment Method and 
Operation Scheme 

Operating Scheme 
Technology 

Scheme 1a Scheme 2b Scheme 3c 

Adsorption $17,500 $47,000 $102,500 
Clarifier 

DAF $18,000 $47,500 $103,500 

Ballasted $17,500 $47,000 $102,500 
Floc/Sedimentation 

Blanket Clarifier $29,500 $59,000 $247,000 

Super P 

Membrane 
Filtration 

a. 

b. 

c. 

* 

$29,500 $59,000 $247,000 

$65,000* $39,500* $130,000* 

6-month operation, 2.9 MGD average day demand, 4.0 MGD maximum plant 
production. 

6-month operation, 3.9 MGD average day demand, 5.0 MGD maximum plant 
production. 

12-month operation, 2.9 MGD average day demand, 4.0 MGD maximum plant 
production. 

These values are savings over the O&M of conventional treatment. 

The expected increase in O&M costs for the adsorption 
clarifier, DAF, and ballasted flocculation/sedimentation are 
similar. The higher expected costs for the blanket and 
superpulsator clarifiers are due to increased operator attention. 
The savings for membrane filtration are due to a reduction in 
chemicals and reduced staffing requirements. 

Discussion of Pretreatment Alternatives - During the Level II 
review, some existing deficiencies were identified. The water 
quality data provided by the eity indicated that the Toe level of 
the raw water is lower than the treated water. 

A primary source of Toe is organics. Since the data indicate 
an increase of Toe within the plant, it is likely due to algae that 
grow in the presedimentation and pretreatment processes. The 
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presedimentation basin serves a vital role in reducing the solids 
loading on the current pretreatment processes. However, the new 
technologies being evaluated have removal efficiencies much higher 
than the existing processes and, therefore, do not require 
presedimentation. By removing the presedimentation basin from the 
treatment train, a major source of algae and TOC will be removed 
from the finished water. 

The pretreatment processes should be upgraded to allow the 
presedimentation basin to be removed from the treatment train and to 
expand the capacity of the existing facility. The processes being 
evaluated have higher removal efficiencies which will allow the City 
to apply for a variance for filter loading rates. The higher 
efficiencies of the new process will also accommodate the higher 
solids loadings anticipated when the presedimentation basin is 
removed from service. 

Based on treatment considerations, the adsorption clarification 
process and the DAF process should be eliminated. The adsorption 
clarification process should be eliminated due to the high turbidity 
loadings the plant sees particularly in the spring. Adsorption 
clarifiers provide adequate treatment up to a turbidity of 10 to 20 
NTU. Raw water data provided by the City showed turbidity spikes of 
140 NTU. This is well above the loading range of adsorption 
clarifiers. The DAF process was eliminated because of its poor 
performance under variable conditions of flow, temperature, and 
turbidity. This process also is inefficient at removing heavy 
colloidal turbidity. 

Net Present Value Analysis - Net present value analysis is an 
economic analysis method that allows for the comparison of 
alternatives over a long period of time, taking into account both 
capital investments and operation and maintenance costs. 

Net present value analysis discounts all expenditures over time 
to a present value. Present value may be defined as the amount of 
money that would have to be invested at the beginning of a repayment 
period, at a certain interest rate, to provide the exact amount of 
funds to make all the necessary expenditures within that period. 
The interest rate used for this analysis was 5 percent and the 
period of analysis was 20 years. The analysis included construction 
costs and operation and maintenance (O&M) costs. 
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Table 6.9 presents the net present value of construction and 
operating costs of the remaining processes to be considered. 

Table 6.9 Net Present Value 

Capacity Construction Present Net 
Cost (1) Value of Present Value 

Q&:M Cost 
Blanket 4MGD, 6Mos 
Clarification Operation $1,490,000 $2,937,194 $4,427,194 

5MGD, 6Mos 
Operation $1,570,000 $3,302,330 $4,872,330 
4MGD, 12Mos 
Operation $1,490,000 $5,874,387 $7,364,387 

Superpulsator 4MGD, 6Mos 
Flocculator / Operation $2,370,000 $2,937,194 $5,307,194 
Clarifier 

5MGD, 6Mos 
Operation $2,550,000 $3,302,330 $5,852,330 
4MGD, 12Mos 
Operation $2,370,000 $5,874,387 $8,244,387 

Ballasted 4MGD, 6Mos 
Flocculation/ Operation $2,410,000 $2,787,202 $5,197,202 
Sedimentation 

5MGD, 6Mos 
Operation $2,610,000 $3,152,338 $5,762,338 
4MGD, 12Mos 
Operation $2,410,000 $5,574,402 $7,984,402 

Membrane 4MGD, 6Mos 
Filtration Operation $4,800,000 $1,978,654 $6,778,654 

5MGD, 6Mos 
Operation $7,800,000 $2,660,948 $10,460,948 
4MGD, 12Mos 
Operation $4,800,000 $3,957,308 $8,757,308 

(1) Includes costs from Table 6.8 plus $710,000 for additional plant 
upgrades for all pretreatment processes. 

6.2.7 Recommendations - We recommend further 

consideration be given to the ballasted flocculation technology 
combined with conventional filtration (at an increased loading 
rate for the 5.0 MGD scheme). The City should weigh the lower 
cost of the blanket clarifier versus the level of difficulty to 
operate it. The superpulsator is essentially the same net 
present value to the ballasted flocculation and, like the blanket 
clarifier, has a higher level of difficulty to operate. Both of 
these blanket clarification processes are more sensitive and 
labor intensive to operate due to the nature of the floating 
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sludge blanket. The ballasted floccul~tion process is more 
forgiving and less sensitive to water quality changes. The 
membrane technology has continued to come down in price over the 
last several years, but does not appear to be cost-effective at 
this time. 

6.2.8 Operation Alternatives - The third alternative 
cited at the beginning of Section 6.2 involves operating the WTP 
full-time versus reliance on the wellfield during winter months. 
Since the WTP cannot feed the Upper Zone, Wells 11, 14, and 
Airport No's. 2 and 3 will need to operate regardless of which 
alternative is employed. Average Day Demand (winter) is 
projected at 1.7 MGD. About 0.3 MGD is required by the Upper 
Zones, so the issue is to provide 1.4 MGD with additional ground 
water or treated surface water from the WTP. The appropriate 
comparison economically involves comparing the lifecycle cost of 
a raw water pump station and pipeline coupled with increased 
operating costs of the WTP versus lifecycle costs of a new well 
plus increased pumping costs of the whole wellfield. 

Construction costs for the raw water pump station and 
transmission pipeline were estimated in the Level I Study by 
James Gores and Associates at $1,371,515. The initial cost of 
implementing a new well is estimated at $299,085. 

In order to make the comparison, the following assumptions 
were made: 

1) Fifty percent of the raw water pump station and 
pipeline would be funded with a 20-year loan at 7 1/4% 
Annual Interest. The same funding would be available for a 
well. 

2) One hundred percent of the WTP improvements would be 
funded with a 20-year loan at 7 1/4% annual interest. 

3) Fifty percent of the debt retirement and depreciation 
for WTP improvements is allocated to the comparison and 50% 
is not. This assumption is based on the premise that 
improvements are required to enhance production in the 
summer also. 

The annual cost comparisons are contained in Appendix 6. 
The results are as shown in Table 6.10. 
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Table 6.10 Annual Cost Comparisons 

ANNUAL COST COMPARISON 
ALTERNATIVE 3 

SCENARIO INCREASE IN ANNUAL COST 

WTP Winter Operations w/Raw $281,103 
Water Pump Station 

Increase Pumping of Well(s) $182,864 
and Construct New Well 

From an economic perspective, it appears Riverton is better 
off to continue using the WTP on a seasonal basis if year-round 
operations require construction of the raw water pump station and 
pipeline. 

6.2.9 Recommendation - In summary, the water supply 
strategy for Riverton should incorporate the following elements: 

1) Continued seasonal use of the WTP. 

2) Upgrade the WTP to 5.0 MGD utilizing the Ballasted 
Flocculation technology and incorporating the other WTP 
upgrades discussed herein. 

3) Implement an additional water well at the Raintree Road 
location. 

4) Reduce pumping of wellfield in summer by utilizing 
increased WTP capacity; continue relying on wellfield in 
the winter. 

One qualification to the foregoing recommendation has to do 
with the raw water supply. If the LeClair Canal could deliver 
raw water through the winter months to the water treatment plant, 
then the economics would probably favor operating the WTP during 
all seasons. The LeClair Irrigation District should be 
approached by the City to discuss this possibility. 
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6.3 Raw Water Supply System 
6.3.1 Three apparent alternatives are available to the 

City, and they are: 

1) Maintain the status quo by operating the existing 
system but not expanding nor making any capital 
improvements. 

2) Upgrade and expand the system. 

3) Abandon the system. 

Discussion follows with regard to each alternative. 

6.3.2 Maintain Status Quo - Under this scenario, the 
system would continue operating as they historically have. 
Advantages and disadvantages of this alternative are as follow: 

Advantages 

• No capital expenditures required. 

• Current consumers will continue to benefit from the raw 
water deliveries. 

• Amount of treated water supplied will continue to be 
minimized due to raw water deliveries. 

Disadvantages 

• Recurring maintenance calls will continue to burden 
City staff. 

• As infrastructure ages, more maintenance will be 
required. 

• Operations would continue to be subsidized from the 
General Fund, or substantial user fee increases would 
be necessary. 

6.3.3 Upgrade and Expand the System - Under this 
scenario, the City would adopt ordinances and policies to 
encourage more use of the existing system as well as expand the 
systems. This expansion could occur within the existing system, 
and as new areas are developed. Advantages and disadvantages of 
this alternative are: 
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Advantages 

• Added revenue for operations. Operate as an 
"Enterprise Facility". 

• Attenuates future demands on potable water supplies. 

• Satisfies political will of the community. 

• A portion of summer supply can be met with less 
expensive water. 

• Fosters a proactive approach in administering and 
operating the raw water system. 

Disadvantages 

• Requires capital investment by City. 

• Operation of parallel and dual water systems. 

• Requires additional staff to operate and maintain 
system. 

6.3.4 Abandon System - Under this alternative, the City 
would adopt ordinances and policies to require use of potable 
water for traditional lawn and garden irrigation. Over a 
relatively short period of time (2-3 years) existing 
infrastructure would be abandoned and covered up, and all yard, 
garden, and pasture irrigation would depend on the potable supply 
system. Irrigation rights associated with properties within the 
City limits would be converted to municipal use. Some 
agricultural lands outside the City limits depend on these same 
laterals for irrigation supply. In these cases, either covered 
piping or alternative routing of ditches would have to be 
negotiated with the irrigation district, City of Riverton, and 
the irrigator. Advantages and disadvantages of this alternative 
are: 
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Advantages 

• Eliminates need for dual water delivery system. 

• Eliminates maintenance of a contrived delivery system. 

• Allows staff to focus on other infrastructure needs of 
the City. 

Disadvantages 

• May be contrary to political will. 

• Places added demand on the potable supply and delivery 
system. 

• Increase City overall cost for supplying potable water. 

• Increase Consumer's cost for yard and garden 
irrigation. 

6.3.5 Construction Costs - Upgrading the existing system 
to provide a higher level of service while mitigating operation 
and maintenance costs will require significant capital investment 
on the City's part. Based on the field investigation, a Draft 
Rehabilitation Plan has been developed for each of the five 
systems. The detailed plan is contained in Appendix 7. A 
summary of the raw construction costs are illustrated in Table 
6.11. 

6.11 Raw Construction Costs Summary 

Bell System $152,423 

Park System $203/576 

Adams System $115/653 

Monroe System $135/170 

LeClair System $402/020 

ENGINEER'S OPINION OF PROBABLE 
CONSTRUCTION COST $1,008,800 (RND) 

VI - 52 



Assumptions made in estimating the foregoing costs include: 

1) Replacing open ditches, undersized pipe, and failing 
pipe with new PVC pipe. 

2) Costs based on pricing for similar work in the 
geographic area; representative costs furnished by 
local contractors. 

3) No additional costs for access are accounted for. 

4) A piped turnout or service consists of a 3-inch 
diameter pipe with valve and a 12-inch diameter wet 
well. A conceptual drawing is shown in Figure 6.11. 

5) Street siphon replacement will consist of digging up 
the 10-inch diameter CMP's and replacing them with PVC. 
The inlet and outlet boxes will be reused in-place. 

6) Silt traps will be constructed of 24-inch diameter 
corrugated polyethylene drainage tubing, placed at a 
lower elevation than the entering or existing 
irrigation line. These traps will be placed near the 
head of each system, at a location that can be accessed 
easily by the City's vacuum trucks. A conceptual 
drawing is shown in Figure 6.12. Site conditions and 
estimated silt loads would dictate the final layout. 

7) No system expansion is included in the estimate. 
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VII. COST ESTIMATES AND ECONOMIC ANALYSIS 

7.1 General 
Thus far, costs of the various improvements discussed have 

focused on construction costs. In this chapter, project costs 
for the recommended alternatives will be presented. Funding of 
the various components will be summarized and annualized costs 
generated. 

7.2 Project Cost Estimates 
Since well drilling, water treatment plant improvements, and 

raw water distribution system improvements involve different 
types of engineering and construction, they are presented herein 
as three separate projects: 

Table 7.1 

MUNICIPAL WELL - RAINTREE ROAD 
PROJECT COST 

Preparation of Final Designs and Specifications (4%) 
Permitting and Mitigation 
Legal Fees 
Acquisition of Access and Rights-of-Way 

Cost of Project Components: 
Drill, Test, Develop Well 
Well Completion w/VS Motor 

Construction Cost Subtotal #1 
Engineering Costs (CCS#lx10%) 

Construction Cost Subtotal #2 
Contingency (CCS#2x15%) 

Construction Cost Total 

Estimated Project Cost 

VII - 1 

$160,335 
$132,250 

$292,585 
$ 29,259 

$321,844 
$ 48,277 

$ 11,703 
$ 5,000 
$ 1,000 
$ 2,000 

$370,121 

$389,800 
(RND) 



Table 7.2 
WATER TREATMENT PLANT IMPROVEMENTS 

PROJECT COST 

Preparation of Final Designs and Specifications (8.5%) $221,850 
Permitting and Mitigation $ 5,000 
Legal Fees $ 2,000 
Acquisition of Access and Rights-of-Way $ 1,000 

Cost of Project Components: 
Water Treatment Plant Upgrades 
Ballasted Flocculation/Sedimentation 

Construction Cost Subtotal #1 
Engineering Costs (CCS#lx10%) 

Construction Cost Subtotal #2 
Contingency (CCS#2x15%) 

Construction Cost Total 

Estimated Project Cost 

Table 7.3 

$ 710,000 
$1,900,000 

$2,610,585 
$ 261,000 

$2,871,000 
$ 430,650 

RAW WATER DISTRIBUTION SYSTEM 
PROJECT COST 

$3,301,650 

$3,531,500 
(RND) 

Preparation of Final Designs and Specifications (8.5%) $ 85,748 
5,000 

20,000 
20,000 

Permitting and Mitigation $ 
Legal Fees $ 
Acquisition of Access and Rights-of-Way $ 

Cost of Project Components: 
Bell System 
Park System 
Adams System 
Monroe System 
LeClair System 

Construction Cost Subtotal #1 
Engineering Costs (CCS#lx10%) 

Construction Cost Subtotal #2 
Contingency (CCS#2x15%) 

Construction Cost Total 

Estimated Project Cost 
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$ 152,423 
$ 203,576 
$ 115,653 
$ 135,170 
$ 402,020 

$1,008,800 
$ 100,880 

$1,109,680 
$ 166,452 

$1,276,132 

$1,406,900 
(RND) 



7.3 Project Funding 
At least five sources are available for project funding. 

They are: 

Wyoming Water Development Commission (WWDC) 

State Loan and Investment Board (SLIB) 

Wyoming Drinking Water State Revolving Fund (DWSRF) 

Rural Development/Rural Utility Services (RUS) 

Wyoming Department of Environmental Quality/Abandoned 
Mine Lands Program (AML) 

General Obligation Bonds 

The latter will not be discussed in this section. 

WWDC - All components of the project except WTP improvements 
qualify for WWDC funding as a rehabilitation project. 
Eligible costs. can be awarded 50% grant-50% loan funding. 
Loan terms are for up to 40 years at a present interest rate 
of 7.25% per annum. 

SLIB - Components of the project not eligible for WWDC 
funding can be funded by the SLIB through the Mineral 
Royalty Capital Construction Accounts. Eligible costs 
qualify for up to 50% grant-50% loan funding. Loan terms 
are up to 40 years at a present interest rate of 7.25% 
per/annum. 

RUS - Grant and loan funding is available from this federal 
agency for communities up to 10,000 population. It is 
expected the census for year 2000 will show Riverton's 
population exceeds 10,000. Accordingly, RUS funding is 
unavailable to Riverton. 

DWSRF - The State Revolving Fund is a new program enacted by 
the 1998 legislature. The program is funded with 80 percent 
federal money and 20 percent state funds, and is being 
jointly administered by WDEQ and WWDC. The program is 
funded with $23.616 million dollars. Funds will primarily 
be made available through low interest loans of 4% for a 
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term of 20 years, or a maximum of 30 years in the case of a 
disadvantaged community. There is also a one-time loan 
origination fee of one-half percent. Eligible costs include 
planning, engineering, design, and construction costs for 
rehabilitating or replacing water sources, treatment plants, 
storage facilities, distribution piping, and transmission 
facilities. Publicly-owned water systems must apply and be 
placed on a list of Potential Loan/Assistance Recipients. 
From the list, WWDC and WDEQ-WQD will develop a statewide 
Priority List from which projects will be funded. The 
priority list will be developed from public input, review, 
and recommendation by the Legislative Select Water 
Committee, and final approval by the State Loan and 
Investment Board. The projects will be ranked for funding 
by the two administrative agencies. 

AML - Grant funds are available through the AML program for 
communities who can 1) demonstrate infrastructure 
improvements are needed to maintain public health and 
welfare; and, 2) can show the community has been impacted as 
a result of mining activity. 

7 .4 Summary 

From the foregoing discussion, the best prospect is for 
Riverton to pursue joint funding from state-administered sources. 
Project funding for all three projects using joint funding is 
illustrated in Table 7.4. 

As shown by the results, if grants and loans can be secured 
as proposed, the total project implementation results in an 
annual repayment of about $202,400/year for a 20-year term if use 
of the State Revolving Fund is utilized as a source. 

7.5 Annual Costs 
Annual costs for the improved potable facilities are 

comprised of the following individual costs as recommended by 
AWWA in the Utility Approach to evaluating revenue requirements: 

Debt Repayment 
Depreciation 
Labor 
Maintenance and Replacement Costs 
Chemicals and Supplies 
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Table 7.4 Estimated Annual Debt Retirement 

1. Municiple Well 

2. Water Treatment 
Plant Improvement 

Subtotal 

Annual Cost 

3. Raw Water 
Distribution System 

Annual 
Debt Retirement 

$194,900.00 

$194,900.00 

$0.00 

$703,450.0 

$0.00 

$1,765,750.00 

$1,765,750.00 

$0.00 

$0.00 

Total Annual Debt Retirement $203,400 (RND) 

$194,900.00 

$1,765,750.00 

$1,960,650.00 

$ 144,268.00Iyr 

$703,450.00 

$ 144,268.00Iyr $ 58,119.00Iyr 



Required debt repayment for the various funding sources was 
presented in the previous section. The remaining annual costs 
have been estimated and are illustrated in Table's 7.5 and 7.6. 
As noted in the tables, estimated annual cost increases, based on 
cost of improvements and OM&R expense, is $285,346/yr for the 
potable supply improvements and $88,020/yr for the raw water 
distribution system improvements. 

7.6 Potable Water Supply 
As seen from Table 7.5, if the suggested improvements are 

implemented, annual costs for operating the potable system are 
estimated to increase $285,346 per year. Of that total, an 
estimated $69,568 is depreciation, funds that should be set aside 
for future replacement. 

Water consumption is paid for at the following rates: 

Residential $10.84 Base 
Commercial $11.97 Base 

$1.34/1000 to 20,000 gallons 
$1.34/1000 to 20,000 gallons 

The Level I study projected 4,710 Equivalent Dwelling Units 
(EDU) on the water system in 1999/2000. It was also recommended 
that each service hook-up incur a base increase of $6.00/month, 
regardless of size and consumption. In 1997/1998, there were 
3,165 residential and 476 non-residential hook-ups. Following 
that recommendation, an additional $262,152 would be generated in 
revenue which falls short of the estimated increase. In order to 
make up the deficit, the City should consider the following 
options: 

1) Pass a rate increase of $8.00/hook-up. 

2) Charge higher usage rates for out-of-city services. 

3) Convert to a different charging system, wherein larger 
services pay a higher base rate, and a higher unit cost is 
charged for excessive demands. 
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Table 7.5 Estimated Annual Cost Increase- Potable Water Supply System 

$2,410,00 

Total 

*Pro-rated from 1999-2000 Budgeted amount 

** From Table 6.2.3. Well OM&R = $24,510 
Oebt Retire = $14,341 

$60,250 

WTP OM&R = $116,568 
Oebt Retire = $129,927 

""*$47,000 Total Cost 

Estimated Cost Increase 
Annual OM&R = $285,346 



Table 7.6 Estimated Annual Cost Increase- Raw Water Distribution System 

*Costs presented are normal/increases 
due to more system users 

** No Increase Estimated Annual OM&R = $29,901.00 Debt Retirement = $58, 119.00 

Estimated Annual Cost = $88,020 (RND) 



7.7 Raw Water Distribution System 
At present, user fees of $98.00/season are collected from 

about 200 users for an anticipated revenue of about $20,000/year. 
At the same time, expenses for fiscal 2000 are budgeted for 
$42,983 or a net loss of about $23,000. With the improvements as 
proposed, annual costs will increase an estimated $88,020 for a 
total annual cost of about $131,000. In order for the system to 
be self-supporting, $lll,OOO/year of additional revenue is 
required. Revenue of this magnitude can only be derived from 
increased users. About 200 additional users are suspected, even 
though revenue is not routinely received from them. This 
situation should be monitored and policed with the objective of 
collecting revenue from all users. A count of individual lots 
adjoining the irrigation system(s) reveals about 800 potential 
users. If all potential users utilized the system at $98.00/ 
season, the system would still not be economically self
sufficient. If the systems are piped as illustrated in the 
Rehabilitation Plans, then OM&R costs may decrease significantly. 
However, debt retirement and depreciation will not, and costs 
will need to be recovered. At best, user rates could be 
increased to $120.00/season and use of the system required by 
ordinance. Even then, the system is probably not self-sufficient 
economically. 

If the system is abandoned, additional demands will be 
placed on the potable supply system during the summer season, 
already a critical period. However, the $45,000 OM&R expense 
presently incurred could be used to retire a $600,000 capital 
improvement debt (4%-20 yrs). The $600,000 loan could be matched 
with a $600,000 grant to provide a $1,200,000 expansion to the 
water treatment. The expansion would provide added capacity to 
replace the irrigation supply. 
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VIII. CONCLUSIONS AND RECOMMENDATIONS 
8.1 Conclusions 

A number of conclusions can be made as a result of the work 
completed during this phase of study. They are: 

Potable Water System 

1) Water quality from the WTP meets existing and future 
requirements for inorganic and organic contaminants. 

2) Ballasted flocculation is the best alternative 
technology for pretreatment implementation. 

3) Upgrades and retrofit to sUb-systems at the WTP are 
needed. 

4) Of three well sites evaluated, the Raintree Road Site 
is preferable. 

5) A well of approximately 250 gpm yield can be expected 
at the Raintree Road site, with minimum drawdown of the 
three sites evaluated. 

6) Annual costs for operating the WTP year-round exceed 
costs for other options. 

Raw Water Distribution System 

1) The distribution system is under-utilized by adjoining 
properties. 

2) Operation of the system is in a deficit, and being 
subsidized about $25,OOO/year. 

3) Operation of the system is an administrative "headache" 
because: 

• of the lack of access and easements; 

• contrived nature of the system's components; 

• inadequate revenue for operations; and, 

• naturally occurring problems when open ditches run 
through urban areas (trash, siltation, flooding, 
etc. ) . 
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4) Lot owners would use the system more if the silt and 
sediment loading problems could be improved. 

5) Existence of the system has caused settlement at 
several street crossings. 

8.2 Recommendations 
The more significant recommendations, as a result of study 

completed during this phase of work, are as follows: 

Potable Water System 

1) Accept the findings of Phase I work and pursue 
conceptual design of: 

• municipal well at Raintree Road Site; 

• ballasted flocculation for pretreatment at the 
WTP; 

• increasing WTP capacity to 5 MGD; 

• new filter bed design utilizing garnet; and, 

• other WTP upgrades as requested by the City staff. 

Raw Water Distribution System 

1) During Phase II of this study, more specifically 
scrutinize the prospects of this system ever being self
sufficient economically. 

2) Estimate annual costs of building capacity at the WTP 
to produce sufficient water to replace the raw water 
distribution system. Compare the foregoing costs with 
present raw water system operating budgets, prior to 
deciding to implement an improved system. 
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" En" UI1I8d Stat. o .. r 1"\ ~Protac:ImArilflnol Office of 
GrouIld Water and 

Drinking Water <:'ffiee of liPAter 

Current Drinking Water Standards 

National Primary and Secondary Drinking Water Regulations 

National Primary Drinking Water Regulations (NPDWRs or primary standards) are 
legally enforceable standards that apply to public water systems. Primary standards 
protect drinking water quality by limiting the levels of specific contaminants that can 
adversely affect public health and are known or anticipated to occur in public water 
systems. Table 1 divides these contaminants into Inorganic Chenlicals, Organic 
Chemicals, Radionuclides, and Microorganisms. See Setting Standards for Safe Drinking 
Water to learn about EPA's standard-setting process. Follow these links to download 
copies of National Primary Drinking Water Regulations and National Secondary 
Drinking Water Regulations. 

National Primary Drinking Water Regulations 

, Arsenic 1 non~ 0.05 • Skin damage; 
; circulatory system 
: problems; increased 
1 risk of cancer 
. 

~. . . ... .... _._--_._-_._ ... _ ..•. _----_._---

; Sources of 
Contaminant in 
Drinking Water 

............................ 

Discharge from petroleum I 
refineries; fire retardants; 
ceramics; electronics; 
solder 

Discharge from 
, semiconductor 
I manufacturing; petroleum 
! refining; wood , 
! preservatives; animal feed! 
1 additives; herbicides; : 

._ ......................... -_ ........... _ ... _.-...... _-_ ....... _ ... _ ... ;.:::.:::===; .;....c....c....c....c.... ... _._.;.... .•. C-'...;..," ••••• _", .. __ • __ • ___ .... _ .... ..1 .:~~~~-~.~~~~~~~~~~!~ 
Asbestos 1 7 million 1[7 MFl i Increased risk of I ~ecay of as.bestos c~ment i 
(fiber >10 micrometers) i fibers per ! i developing benign ; In water mains; erosion of : 

.. ,,_ ... _ ............ " ... __ ... ___ 1 liter 1. _____ . __ ... ___ 1 ~ntestinal polyps I natural deposits 

I
B~rium lOlC1 Increase in blood Discharge of drilling 

i ! \ pressure wastes; discharge from 
1 ! 1 metal refineries; erosion of: 

............ . . J .............. ... 1 ........ ...................... _.1...................... (~~~.~~~~ ... ~:.~.?~i~.~..............· 

~~=-_____ JDIOO~ : Intestinal lesions I ~~i~:~~~~~t~~~g 
Cadmium I 0.005 IDI'OOS i Kidney damage ! Corrosion of galvanized 

! i \ pipes; erosion of natural 
I \, deposits; discharge from 
i I [ metal refineries; runoff 
!! from waste batteries and 

...... __.... . ........... .l 1.... _;. _ _. _ __ _ ....................... \ .P..~.~~.~~ ... _ ............................. u .................... . 

!ChromiUm(total) 1,10.1 1
1

10.1 !lSomepeop~e.whouse !i Discha~gefrom.steeland i 
. jlwater containing pulp mills; erosion of i 
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· 

· 
: 

· chromium well in ; natural deposits 
• excess of the MCl : 
• over many years could 1 

) 1 experience allergic .' 
: , dermatitis • 

...... .... ,... . ...... ...... ... ....... ...... ... ........ ....... ...... ............. ..... . ... ...' , .... ........... . ................... .... ~[; .. ~ .. ;;;;:. ........ ;;;;:..:..~ .. ;.::..::..:.:;::.:..~ .. .:..=:.. .. ~.: .. :..~ .. :::;;:;:;:. ...... '.'.'-.. = .... , .. ~' .. = ... ::..:)~ 

1 Action , Short term exposure: Corrosion of household • Copper 1 1.3 
! level=1 3' rr2: Gastrointestinal plumbing systems; 
i .•• distress. erosion of natural 

1 

, , ' long term exposure: deposits; leaching from 
! , liver or kidney i wood preservatives 

· 

: 

· damage. Those with ; 
Wilson's Disease 
should consult their I 

• personal doctor if their , 
· i: water systems exceed , 

';':"'=:"; ........ = ............ ;;;;:. ....... ;;;;:. ... =:..; .... , = .. ;;:.., .... ;;;;:. ...... ,;;;.. .. ..;;;; ..... = .......... =...==;;;;;:!; ..' t~e cop.~~ .. adion 1:v..:I:.J ........ , ......... , ............... ,., ... ' 

, 

· 1 thyroid problems steeVmetal fadories; 
• " discharge from plastic and 

; fertilizer fadories 

: Cyanide (as free cyanide) 0.2 ,c.2 Nerve damage or Discharge from 

"wW'._,, __ .'.'._,._ .. -_._ ............ _.- ,-- "-,.-""- " ,~- -- -- ~"~--" .... _ ... ';=':;;,:w=:'=-;:;;-:::;-";';'====::;F========== 

: I Fluoride n'O :C·O Bone disease (pain and I Water additive which 
; , tenderness of the ! promotes strong teeth; 
! bones); Children may ; erosion of natural 

i. ........ ... ... . :.... getmottl~ teeth. I ::~::!~~~~~~~!om 
.•.•.• : ... i.lr"l.;...e-a-d-====-=-'_ ... ;...;. ..... ;...;. ... -,in~ro. . 1 Adion . .. Infants and ~hil~r~~: -. I Corrosion of household 

l i level=0.015; • Delays in physical or i plumbing systems; 
:.' •. i rr2 . mental development. erosion of natural deposits 
. , Adults: Kidney 

,--___ === ____ -.. i... ......... .. i.............. ........ . ~;;~~7 .. : highblood .. .. .. .. ... ....... .... .... . .. 

Inor:anlc~e~u:_ .................. jDDK:n:Y.~~mage __ . __ 1 ~~~~~~~~~ 
Nitrate (measured as Nitrogen) 10 10 , "Blue baby syndrome" I Runoff from fertilizer use; 

in infants under six ! leaching from septic 
months - life I tanks, sewage; erosion of 
threatening without I natural deposits 
immediate medical 
attention . 

. Symptoms: Infant looks! 
: blue and has shortness I 

~==~~============~~====~~======~~F~=f_=br=e=at=h=.===.=_=_.=_=._=,~;!~================= 
Nitrite (measured as Nitrogen) 1 "Blue baby syndrome" 

in infants under six 
months - life 
threatening without 
immediate medical 
attention. 
Symptoms: Infant looks 

: blue and has shortness 
of breath . 

Runoff from fertilizer use; 
leaching from septic 
tanks, sewage; erosion of 
natural deposits 

. ........ .. .............. . - ............................................................... ' .......................................................................................... - ........................... --_._-_ ......................... _ ..... _ ..... , .............................. .. 

I
sele.n .. iu ... m .. ___ ... ID·05 'F! Hair or fingernail loss; I Discharge from petroleum i 

,..-"-______ =;;;;;-=-== ___ ... ..;;. ..... .;... ...... ;.;;..-. ..;;. ..... ..;;.-... ;...;. ..... -,.1 _....JI.......J ~~l=~~~::~_~~.1 ;;~~~~in:~._j 
Thallium ! 0.0005 D'002 ! Hair loss; changes in leaching from I ; blood; kidney, intestine, ore-processing sites; 

: ! or liver problems discharge from 
i : electronics, glass, and 
! . pharmaceutical 

.... _......................... _..J .... _. _.. .. J .. ._ . ...... .._J .............. ___ .J ~~'!lP..~ .. ~~~.~ ." ...... _ . .! 
t i .i 
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· Organic Chemicals MCLGi 
(mg/L~ 

. Potential Health 
Effects from 
Ingestion of 
Water 

Sources of 
Contaminant in 
Drinking Water 

· .A .... C .. ryla~ide -·---···-------..... ·r-~;;------.: TTl ' Nerv~us system-~;--~f,-dd-;;~~jt;;;ter duri;;g'-"--' 
· : · blood problems; sewage/wastewater 
, : increased risk of treatment 

. ... . ....... ..... ..... ." ......... ..... . .. ...' . .... . .................... i .. ... ..... cancer.. .... .... .... ..... .. ....... ... .. ..... ...... ...... ....... . ..• 

·1.A.lachlor Cero r·002 Eye, liver, kidney or l Runoff from herbicide 
spleen problems; : used on row crops 
anemia; increased risk i 

....... _ ......... _.. .. ____ .... ~_ . . o!_~~n~r _ .. ___ .. ___ .... , ...................... "... ' 

I~trazine l!OOO3:r:3 
.......! ~:~;~~:~~~~: ~~:~~~r~: ~:~ide 

I 
Benzene ·····:.r;:,;·· ".!.·ro'OOS ··· """ Anemia; decrease in Discharge from factories; 

i : .. blood platelets; leaching from gas storage 
; [ : increased risk of tanks and landfills 
· .. i~ncer 

, Benzo( a)pyrene !'.I~~;:';--- '.! •. t:O()02 .. --. ,j. r·~;;;;;i~=~C=r~:;;,:·~=t~=·~=~~:..;;in=~~= .. ~;;;;;~·=~·s=-·e;;;;.:d..;;;:;;;;~· ~;=~=~=~r;:.;;h~=~=~;;;;;r:=~;;;;;~:::::t::::~~=~=n;=!=n=o~=: 
, j:; risk of ~ncer distribution lines 

.1 C;.;;;;;~;;~-- .. -.. -......... _ .. '-iIO~04-- '.fi.o;---, .. ~~~~~~~~~=!~OOd or I ~::~h~~gri~ S~~~f~~~~f~nt 
: ; · reproductive difficulties, ' . .-------------,. ............... .... ..•. ... ...... ..... ... .... . ....................................................... '.: ..... . ...................................................... . 

'.rero .'.rOOS ..•. Liver problems; i Discharge from chemical 
, . · increased risk of ; plants and other industrial 
; . ~ncer i activities .----------_._. -' .~. . ......... ................. .. .... .... ... .... .. ...................... . .......... .... .. .................................................................... .. 

[

C. h.lordaneiCero ; r=' 002 · Liver or nervous i Residue of banned 
· i • system problems; !I. termiticide 
j i .. increased risk of . 

...-'--'--'--~='----"-.;.;...;..--"-....... w ..... _ ........ _""'; •• : ....... __ ............ , ..... : ................. _ ........ _ ....... _ ... __ .: ~c;a;;;;; ...... ::::~:::~=!.=._ .. ==_.=_ ... =_.= .... = .... = ... _::;;.. . .:;:;;;;;:========== 

I
C .. h __ lorobenzene :0·1 IC·1 : Liver or kidney 1 Discharger from chemical 

! : ! problems i and agricultural chemi~1 
; !. ! factories 

rl_2~,4=_=D;;;;;_;::;; .. _.::.._:::: .... ::;;_.:;::.: ... :;::.: __ ,:;::.:._ .. =._;;;.. ..... = .... :::: ..... ;:: .... _=._:;::.: .. _:;::.: ..... ::::. .. ;;:::~:::;-;;;;.;,~il:~==ilO_~-·-·-j·;::.~:;::.:1~;:: .. ~;::L::.:~::::~~:::~=~e=~_:::~:::::~:::::r_=~~=.~=e=.~=~.::;IJ:=.~::::~=.~=~:;::.::_;;::~=r~=:=~::::~o=~::::i~=id::::::.~::: .... =._=.'". 

· Carbon tetrachloride 

1~~la~on . .JI~·~nJI02_ .. ...... ~i:or k~ney changesJ~;;;;r~;~rse;i~~~ 
1,2-Dibromo-3 .. chloropropane ILJero !LJ'0002 , Reproductive i Runofflleaching from soil 
(DBCP) i! i difficulties; increased I fumigant used on 

· I . risk of ~ncer I soybeans, cotton, 
"... ..._ _'_'''' __ '''''''' !._. _______ j " ___ ."_"."_."_,,.,,.,,,,._ _ .. _ .. _ _.. __ ,_..... . .. J 'pine_~~pl:s, and orc~~.rds 

o-Dichlorobenzene D'S le·s , Liver, kidney, or ! Discharge from industrial : l ; Circulatory system I chemi~1 factories 
__________________ . ___ : _____ i. , _____ ""." _______ ;::p;::!.o::.:;b=l=em::::_ =s==_:::: __ ==_.::::_ =;1F========== 

p-Dichlorobenzene IU,07S 1r=J.075 1 Anemia; liver, kidney or i Discharge from industrial 
i 1 '. spleen damage; II' chemical factories 
Ii: changes in blood 

r===========;;;;;""'~"'''' ............................................ , ........................................................ ~ .... ;;;;;.-.. ;;;;; ..... -:::: ... =-.;;:: ... -=. ==. = ..... ;;:: ..... :::: ..... ;;;;; ..... ;;;;; .. -.;;;;;-... ::;.-:==========~ 
l.
1.2-Dichloroethane i~IO'OOS !llncreased risk of I Discharge from industrial 
::===========~IL ___ ._I. _ _ i~~cer. ..J chemi~1 factories 

1.~-1 ~~ichloroe~~~~e~~ ____ .. _ ._ ... _ ... _ .... ..J I .. ~.:~~~_._. __ J I.~.~~~.~_ ... _ .... ___ . ____ I [~i.~_~~_.:rObk!ms_. __ .. _ .. _ .. J. ~~~~i~;~:~;!;~~:.~.J 
1,:E07 Ilto.07 

'ii .• ILiver probk!ms I Discharge from industrial 
! , .. chemi~1 factories 

~~=='==========~ 

.~::~.:~1:_~~:.:~.~~~~~.~Ylene ....... _ .... J I.~.·.~ .. _ ..... _ ........ _ ...... _.II.~.~~ ...... _ ........................... _J[ ~~~.~~ ~robk!~:_... . ... _ ...... _1 ~~~~~~:~~~i~sdustrial 

cis-1, 2-Dichloroethylene 

IEJero L'OOS 
I' ~iver probtt:ms; I Discharge from 

J
' 1 Increased nsk of I pharmaceuti~1 and 

.. . I cancer 1 ~hemi~1 factories .. 

Dichloromethane 

l--. .j 

11-2-Dichloropropane II zero II O. OOS !I Increased risk of II Discharge from industrial 
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I I I cancer 

'-O-i(-2--e-t-hY-I-he-X-Y-I>-ad-i-pa-t-e---,cr 

Di(2~thylhexyl)phthalate .... .!I·z~ro~ ••••. ,r~ •• ·••••••..... .. . 
'I chemical factories 

- ... .... : .. :C.:::C.'":C:.':'.''' .. " ......... ,,, .. , . .' 

, General toxic effects or Leaching from PVC 
reproductive difficulties plumbing systems; 

discharge from chemical 
factories 

,., .. .... " ... • .... , .. " 

: Reproductive Oischarge from rubber 
: difficulties; liver .' and chemical factories 

problems; increased i 
• risk of cancer 

'",,''' _." ,. 

I Dinoseb .. J :~:: ............ it.:7.. . ........ . 
";;;'O=io=x;;;;;'in=(;:;';;2=.3=.7=.8=-=T;;';;;C;;';;;O;;;;;'O;;';;;) ;;;;;;;:;;;;:;.;;, ;:;';;", .. =.".=OJero..t=.3. 

; Reprodudive i Runoff from herbicide : 
: difficulties used on soybeans and 

'." ...... "" .... ,-"" .. " .J vegetables 
"."" .... ,'''''''''''-'' ._ .. ,,. ...... "", .. ,'."" .. " ...... ".,, .. 

1 Reprodudive I Emissions from waste 
: difficulties; increased ! incineration and other 
, risk of cancer I combustion; discharge 
~ ! from chemical fadories 

...... _. 
"'~''''~'''-' _ ..... .. ~~.-... , .. , ... ........ " .... ~ ..... w~ ... • ... ,- "'--" -' --, ......... -.-, ...• --~ 

i L~~~_~t " .... _,_ .. J[~~., .... " . i~~-= I~~t~!.~~~_.,w ... " ... ", ... "".,. Jl~.~~_~~_t.~?~_~erb!~id.~ U~!.J 
ilE~oth~H ............. ....IIO.ltl.. ..... : ::;:; and intestinal Runoff from herbicme use 

i I ~~::... .... ..... . .. __ ._t~2 ... .JI~~~~~...i ~e:ou~system effects ~:~~M1~ banned 

! Epichlorohydrin 1 Dero IIlZ ! Stomach problems; Discharge from industrial 

.

1,. :.' ::,'" reproductive difficulties; chemical fadories; added 
! ! i increased risk of to water during treatment 

;..===;;;...;.;..;;;..;;.;==..;;;..;;.;===;.;;;' ,,;,;...,,', ..... , .... " ........... : ... ,.,.. .. , .. ,.,.,,' ~!'.~r , process 

.IEt~~I.~e~zene . . ..11~·7..iI~,7 , .. , ....... , .... ,. ~~~;:~~idney ~~~=~~;e from petroleum' 

'FE';';;t';;';he;';;;'l;';;;'y";"'ne=d";;'ib';';;r;";om=id';';;e====~: ••• LJero i:.:r OOOO5 .:,.' Stomach prOblems;. '. Oischarge from petroleum 
: ::' reproductive difficulties;, refineries 
• i:. increased risk of ! 
, i" cancer i 

:1 r-G_I_;P,;;.,.:h,;;.,.·o,;;;;;.~,;;;;;a;.;...·~,;;;. ..• ,;;;;;. ,;;;. .... ..;;.,"",;;;;; ...... .;,;;---..;;.,.",;;.,. ... _..,.;_ . ..,.;, ...... ..,.; .. ,.,'..,.; .•. ..,.; ...• _ ••• _.:-:] F7·=::!I~~:==··i~~;u~~~~;;'~~uKi~j Runoff from herbicide use 

'1 Heptachlor ILJero iLJ·0004 ! liver damage; Residue of banned 
1 I ! increased risk of termiticide 

.,', .... " . .1 .... ,.......J".,... ....... :~.~~E .. _ ;;:.: .. _=.'.'." .. = ..... " .. '= .. '.=====~ 
r-H-e-p-ta-c-h-lo-r-e-p-o-X-id-e------:iLJero LJ.0002 i liver damage; Breakdown of hepatachlor 

I I ! increased risk of 

" .... ,_ .... ,_._ .. __ ._.,_ ........... ,,_.,_ ...... _ .... _1 __ ._ .. ". _____ ...... ,,1 , ... _" .. , __ .. ,_ .. _ ... ,,_,_ .... _._, __ j;;:.:c=a=n::::ce=r======~;::;========~ 
· Hexachlorobenzene ILJero Iji.001 j Liver or kidney Discharge from metal 

!. ::.:. :.':. p~oble~s; r~productive refine~ies and a.gricultural 
! I l difficulties; Increased chemical fadorles 

................... ". __ . __ "... ............ J ................... ,."i........... .... _ .. ~ risk of cancer ' 

i~:::ocyclo::~~~~_J~IIO.O~, ___ . __ j ~:~~~mo: stomac~... I ~i~~~=;e from chemical 

'I Lindane ! 0.0002 I~ Liver or kidney I Runofflleaching from 
! I t,. _______ .. __ i problems I insecticide used on catttle. 

, M~lli~~ct;~r ,... ·-··~,L04----:!, l;;:M--:.··Reproductiv~ .... ---" _~_~:::;I::~~::s from 
· i I ! difficulties I insedicide used on fruits. 

! I I i vegetables. alfalfa. 

:=============:;J ____ J _____ 1 . I livestock 

IID·2 Fli Slight nervous system J! Runofflleaching from 

L.,_ ..... _i effects insecticide used on ___ ._. J ... _. .'_ ... _ I.. ;;~:~~~~~~. an~_ .J 

Oxamyl (Vydate) 

I Polychlorinated biphenyls I zero I 0.0005 I Skin changes; thymus Runoff from landfils; 
! (PCBs) I I I gland problems; discharge of waste 

I . ! immune difficiencies; chemicals 
! I I' reproductive or nervous 
. I ; system difficulties; 
i ! I increased risk of 

~==========:::::::;I.-_____ ! "--,. _____ ~:=~=n::::ce::::r=======::=========~J 
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[:nta:hl~~p::nol "zero.!r~i ,1~~~i;r~¥ea~II~:~==~f:~~o~~ 
trp...;,.!C ...... I-?r-'.~;.;...~-... --------. il~:~ ................. uJt~:? ...................... I liver pr~b~~s ............iL~:.~i~!~:!.~~~~ .. 
r[~ ...... ~m .... " ... .;;;;;.~ .... ~i ..... ~_e..;., ............................................................ __ ., 0.~4 .. j r~~~-----·I Probl:~~wi~.~~~~~~ .... _ .. ! [~.:~.~.~~.i~~ .. ~~.~~~. ---

IF~= .. ~=Yr=:=:=:=. = .. .;;;., ..... _...;,. .... ...;,. .. ...;:;..;;;;...;:...;:.;.~-'--__ • 1:_ ._.IL1___ ... ... .~:~~~:~y~o~~:~_j ~:~;;;~~ . 
~:tmchloroeth:~~:._ 'I:e:: ........ 11

0

.

005 

........... __ ;~Jf~~~S~f_ ... 1~~~~a~:::s_i 
[o:e:e. .... _ . jl~ ... _ ... Jr.. N. .: ~;~;;~~r~:r~· _. : ?:n~~e from petroleum 

i ' nervous system water dIsinfection 
problems; increased 

I ' risk of cancer 

Total T rihalomethanes (TTHMs) ., non# iC·10 liver, kidney or central Byprod~~ of d~inking 

r oxaPhe~e· ... ... II z~ro· 11 0.003-. ~::~~~~~~::t~OKJ I ~:?~C::~ :mcotton · 
1~~~·S::<~iw;;)~-·---!I~·o~·-~·ilo:o5---I:~:~~~~;~~ ··-:i;~~=~ib~~~~-- I 

11:2.4~:~klro~nz:ne . . ... i lo~~._ .. 11007..... . ,~~~~es inadrenal.. ~~~;;~~~~;~x:~_ .. 
1,1,1-Trichloroethane ':.':U.20 .. i •. ·r.2 .•.. liver, nervous system, Discharge from metal 

• i or circulatory problems degreasing sites and other. 
I factories' 

··.:::.c··:···· •.................................. ' ..................................... : ..... . .........................•........•........••..... 

1,1,2-Trichloroethane 
: i : immune system chemical factories 
lrJ·003 'L·005 . liver, kidney, or Discharge from industrial 

• i . problems F··· .... ·········;.;;;;;;;;: .................... =.:: .......... ;;..;.;;;;.;.;;;;;;;;:····· .......... ·····..;;;.···..;;;.·· == ................................................................................................ ~ ..... ::.:;;; ............... ;;;;;; ..... ;;;.;; ..... ..;;;. ... ;;;:--:;;:;".;:.:.. . .:...;' · .... ······ .......... ·········· .......... =;F========= 
'LJero [L·005 : liver problems; Trichloroethylene 
1 i ; increased risk of 

Discharge from petroleum 
refineries 

........... ......... ... ..... ........ . ..1 ........................................... 1 ........................................... -·rc::a~ ... ;;;;;..~ce;;;: ..... ;;;;;..~;.;;;; ... ;;;: .. .:;.;-.. ;.;;., .. ;;;;;, .... ;;.,; .. .. = ........... =.=;F=;;;;;;;;;;;======= 

I:Y~:.~e_._._. . ____ It: .J:~O~ ___ ._ .. J ~~~ed ~k:. . J ~~~:~e ~:~y.~tr~pes; 
: ; : damage 

Discharge from petroleum 
factories; discharge from 
chemical factories [

XYlenes (total) 'Do ICo ;.' Nervous system 

................ _._ ......... _ .. ____ . ___ ._._ .. _..... . .... __ .. ___ ! ...................... _ ...... -..1 ........ _ ... _ ............................ 1 
~====~====~~=======~====~ 

. I MCL~ or ' Potential Health 
MCLGi I 3 . Effects from 
(mg/L~ I TT - 4 I Ingestion of 

1 ......••.•••.......•..••.•..•...•.•....•. _ ••.•........•......••.•..•....•••.........•..........•..............••... _ .•.• , ••.•..•.•.••••••• 1 (mg/Lf! ;~~~~.r._ ....................................... . 
Radionuclides 

Sources of 
Contaminant in 
Drinking Water 

Beta particles and photon 
emitters I non~ J;:~~lli~~=~ .. ~~~_i ~~;~;;~.~~~Of ~~~~~~~~~~~~.~!t.~~ ....... .' 
F===============~~====~ 

!. non~ I 15 picocuries i Increased risk of Erosion of natural 
· I per Liter 1 cancer \ deposits 

I (pCi/l) ..J 
Gross alpha particle activity 

:;;;6 and~a~~~~~J~I~~~_. __ l~~;t risk Of. J ~~~ ~.:tu::~ .. 
I MCL~' or I Potential Health Sources of 
\ MCLG! 3 ! Effects from 

I
TT Contaminant in 

(mg/L~ - 4 ! Ingestion of Drinking Water 
! (mg/Lf! I Water ~_____________________ ~--' ______________ 'L-__________________ ' 

Microorganisms 

IGiardia/amb/ia I~ 
~==============~ 

!HeterotroPhic plate count IIN/A , 
I ! 

I TTl! 
! Giardiasis, a !lHuman and animal fecal 

! 

I gastroenteric disease waste ! 

Iw- 1 ~&e~~~~o~~alth Iinla 
! 

f 
; 
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: indicate how effective 
! treatment is at 
i controlling 

, I ! microorganisms. , 
~~=;;;;.,~....;;;.;.;..;;;;.;;.;,;;;====...;.,., ....................................................................................... ' ................................................................................. , ........ . 

ilr-L_B_gro_:"_B_II_a_. _______ itero .............. II~·.i~;~r:~~~::eoJ;~~~=t~~::~~ater, .. . 
! Total Coliforms (including fecal : •. Dero \ •. :.to~ 1 ••. · •. Used as an indic.ator Human and animal fecal 
i coliform and E. Coil) : I i that other potentially waste 

: i . harmful bacteria may 

: ! : be present10 
. ................... ..... ................ ...... ........ .' .............................•......................................... . ...................................... ......... .... ...... ............ ... ...... . ... . 

1 N/A i rr§ ! Turbidity has n~ health ! Soil runoff 
, i . effects but can Interfere 1 

I ! with disinfection and i 

I Turbidity 

I j provide a medium for 
; i ! microbial growth. It ! 
: ! 1 may indicate the I 
! ! j presence of microbes. ! 

,,...,.,' '"~.~'.A ...... '_ .... ~ ..... '" .. ~ •. ) _ ...... , .. ,.""., ..... "._ ............ _ .J.... ...,·· ..... ~~_ .... w,,~~··,·~·· ~..... ...~_ ............. ...-..... ... ___ ._._. ..w_,.-,.,..."" ............ ~ 

i I~i:~:~ ... ~~~t~~~)m.. . .. .. JI~~~~ ........ JI.~... ....... 1 Gastroenteric diseasell ~~~:n and animal fecal 

Table 1 

National Secondary Drinking Water Regulations 

National Secondary Drinking Water Regulations (NSDWRs or secondary standards) are 
non-enforceable guidelines regulating contaminants that may cause cosmetic effects 
(such as skin or tooth discoloration) or aesthetic effects (such as taste, odor, or color) in 
drinking water. EPA recommends secondary standards to water systems but does not 
require systems to comply. However, states may choose to adopt them as enforceable 
standards. See Table 2. 
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11 Contaminant.... ..... H.~!:~.~~.~~~ .. ~~~.~~~.~~ .: 
it~.!~;~~~~u"'·· ........ m.l tQ~Q?~~uu~~~ .. ~~~~.w," 
!I<;~~?~i~~ IFI~=?O= .. m= ........ =~/= .. ~=. __ _ 
I r~?~?~ ... _. __ .. . .. 'H

i I.!? .. ~~.?.l?.~.~?i~~~ .. 
. 1 Copper ....... .. ...... ......... ...... .... ..... ..j /}.g ~¥.(~.. . .. 

il~~o_r J ~;;~Old odor 
!Ip.~.... .............................. !~I?.~;;.;;;;;,;.;?~=~~?= .......... =:.........~~I 
:j~~I.y~.~ ...... w...... ." .. llg.:~.~ .~~~~ .. 
·I~.~l~~t~.. ..! I~?~~~(~. 

Table 2 

1 Maximum Contaminant Level Goal (MCLG) - The maximum level of a contaminant in 
drinking water at which no known or anticipated adverse effect on the health effect of 
persons would occur, and which allows for an adequate margin of safety. MCLGs are 
non-enforceable public health goals. 

2 Maximum Contaminant Level (MCL) - The maximum pennissible level of a 
contaminant in water which is delivered to any user of a public water system. MCLs are 
enforceable standards. The margins of safety in MCLGs ensure that exceeding the MCL 
slightly does not pose significant risk to public health. 

3 Treatment Technique - An enforceable procedure or level of technical perfonnance 
'which public water systems must follow to ensure control of a contaminant. 

4 Units are in milligrams per Liter (mg/L) unless otherwise noted. 

5 MCLGs were not established before the 1986 Amendments to the Safe Drinking Water 
Act. Therefore, there is no MCLG for this contaminant. 

6 Lead and copper are regulated in a Treatment Technique which requires systems to 
take tap water samples at sites with lead pipes or copper pipes that have lead solder 
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and/or are served by lead service lines. The action level, which triggers water systems 
into taking treatment steps if exceeded in more than 10% of tap water samples, for 
copper is 1.3 mg/L, and for lead is O.OlSmg/L. 

7 Each water system must certify, in writing, to the state (using third-party or 
manufacturer's certification) that when acrylamide and epichlorohydrin are used in 
drinking water systems, the combination (or product) of dose and monomer level does 
not exceed the levels specified, as follows: 

• Acrylamide = O.OS% dosed at 1 mglL (or equivalent) 
• Epichlorohydrin = 0.01 % dosed at 20 mg/L (or equivalent) 

8 The Surface Water Treatment Rule requires systems using surface water or ground 
water under the direct influence of surface water to (1) disinfect their water, and (2) filter 
their water to meet criteria for avoiding filtration so that the following contaminants are 
controlled "at the following levels: 

• Giardia lamblia: 99.9% killed/inactivated 
Viruses: 99.99% killed/inactivated 

• Legionella: No limit, but EPA believes that if Giardia and viruses are inactivated, 
Legionella will also be controlled. 

• Turbidity: At no time can turbidity (cloudiness of water) go above S 
nephelolometric turbidity units (NTU); systems that filter must ensure that the 
turbidity go no higher than 1 NTU (O.S NTU for conventional or direct filtration) 
in at least 9S% of the daily samples in any month. 

• HPC: NO more than SOO bacterial colonies per milliliter. 

9 No more than S.O% samples total coliform-positive in a month. (For water systems that 
collect fewer than 40 routine samples per month, no more than one sample can be total 
coliform-positive). Every sample that has total coliforms must be analyzed for fecal 
coliforms. There cannot be any fecal coliforms. 

10 Fecal coliform and E. coli are bacteria whose presence indicates that the water may be 
contaminated witih human animal wastes. Microbes in these wastes can cause diarrhea, 
cramps, nausea, headaches, or other symptoms. 

• Back to Water on Tap 

• Back to Drinking Water Standards Program 

Search 
• ... 

OGWDW 
Home 

Office Comments 
of Water 
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DRAWDOWN TEST RESULTS 



Well No. 
Well 2 
Well 3 
Well 4 
Well 6 
Well 9 
Well 11 
Well 12 
Well 13 
Well 14 
Well 15 
Well 16 
Airport2 
Airport3 
Honfarm 
PW1 
PW2 
PW3 
PW4 
PW5 
PW6 
PW7 
PW8 
PW9 
PW10 
PW11 
PW12 
PW13 
PW14 
PW15 
PW16 
PW17 
PW18 
PW19 
PW20 
PW21 
PW22 
PW23 
PW24 
PW25 

r1 
1year 
u t1 

12600 0.0021748 
12600 0.0021748 
11200 0.0017184 
8600 0.0010132 
7800 0.0008334 
5000 0.0003425 
9000 0.0011096 

13200 0.0023868 
3800 0.0001978 

10400 0.0014816 
5200 0.0003704 

12600 0.0021748 
18400 0.0046378 
12000 0.0019726 
17100 0.0040056 
18600 0.0047392 
15000 0.0030822 
14600 0.00292 
10700 0.0015684 
16100 0.0035508 
11000 0.0016575 
12800 0.0022444 
7500 0.0007705 
7200 0.0007101 
2300 7.247E-05 
5700 0.0004451 
5900 0.0004768 
9200 0.0011595 
9200 0.0011595 

10600 0.0015392 
8700 0.0010368 

12000 0.0019726 
9900 0.0013426 

11800 0.0019074 
17300 0.0040999 
15100 0.0031234 
23400 0.0075008 
20200 0.0055896 

5200 0.0003704 

RIVERTON SITE 1 

2 years 3 years 
u t2 ut3 

0.001087 0.000725 
0.001087 0.000725 
0.000859 0.000573 
0.000507 0.000338 
0.000417 0.000278 
0.000171 0.000114 
0.000555 0.00037 
0.001193 0.000796 
9.89E-05 6.59E-05 
0.000741 0.000494 
0.000185 0.000123 
0.001087 0.000725 
0.002319 0.001546 
0.000986 0.000658 
0.002003 0.001335 

0.00237 0.00158 
0.001541 0.001027 

0.00146 0.000973 
0.000784 0.000523 
0.001775 0.001184 
0.000829 0.000553 
0.001122 0.000748 
0.000385 0.000257 
0.000355 0.000237 
3.62E-05 2.42E-05 
0.000223 0.000148 
0.000238 0.000159 

0.00058 0.000386 
0.00058 0.000386 
0.00077 0.000513 

0.000518 0.000346 
0.000986 0.000658 
0.000671 0.000448 
0.000954 0.000636 

0.00205 0.001367 
0.001562 0.001041 

0.00375 0.0025 
0.002795 0.001863 
0.000185 0.000123 

Page 1 

5 years 10 years 15 years 20 years 
ut4 ut5 ut6 ut7 

0.000435 0.000217 0.000145 0.000109 
0.000435 0.000217 0.000145 0.000109 
0.000344 0.000172 0.000115 8.59E-05 
0.000203 0.000101 6.75E-05 5.07E-05 
0.000167 8.33E-05 5.56E-05 4.17E-05 
6.85E-05 3.42E-05 2.28E-05 1.71 E-05 
0.000222 0.000111 7.4E-05 5.55E-05 
0.000477 0.000239 0.000159 0.000119 
3.96E-05 1.98E-05 1.32E-05 9.89E-06 
0.000296 0.000148 9.88E-05 7.41 E-05 
7.41E-05 3.7E-05 2.47E-05 1.85E-05 
0.000435 0.000217 0.000145 0.000109 
0.000928 0.000464 0.000309 0.000232 
0.000395 0.000197 0.000132 9.86E-05 
0.000801 0.000401 0.000267 0.0002 
0.000948 0.000474 0.000316 0.000237 
0.000616 0.000308 0.000205 0.000154 
0.000584 0.000292 0.000195 0.000146 
0.000314 0.000157 0.000105 7.84E-05 

0.00071 0.000355 0.000237 0.000178 
0.000332 0.000166 0.000111 8.29E-05 
0.000449 0.000224 0.00015 0.000112 
0.000154 7.71E-05 5.14E-05 3.85E-05 
0.000142 7.1 E-05 4.73E-05 3.55E-05 
1.45E-05 7.25E-06 4.83E-06 3.62E-06 
8.9E-05 4.45E-05 2.97E-05 2.23E-05 

9.54E-05 4.77E-05 3.18E-05 2.38E-05 
0.000232 0.000116 7.73E-05 5.8E-05 
0.000232 0.000116 7.73E-05 5.8E-05 
0.000308 0.000154 0.000103 7.7E-05 
0.000207 0.000104 6.91 E-05 5.18E-05 
0.000395 0.000197 0.000132 9.86E-05 
0.000269 0.000134 8.95E-05 6.71 E-05 
0.000381 0.000191 0.000127 9.54E-05 

0.00082 0.00041 0.000273 0.000205 
0.000625 0.000312 0.000208 0.000156 

0.0015 0.00075 0.0005 0.000375 
0.001118 0.000559 0.000373 0.000279 
7.41E-05 3.7E-05 2.47E-05 1.85E-05 



25 years 
ut8 wu1 wu2 

8.7E-05 5.555779 6.2478397 
8.7E-05 5.555779 6.2478397 

6.87E-05 5.7908891 6.4831777 
4.05E-05 6.3184875 7.0111283 
3.33E-05 6.5135848 7.2063154 
1.37E-05 7.4024657 8.0954416 
4.44E-05 6.2276592 6.9202518 
9.55E-05 5.4629508 6.1549056 
7.91 E-06 7.9511947 8.644243 
5.93E-05 5.9388685 6.6312753 
1.48E-05 7.3240522 8.0170142 
8.7E-05 5.555779 6.2478397 

0.000186 4.8009301 5.4917625 
7.89E-05 5.6531574 6.345319 
0.00016 4.9468437 5.6379911 
0.00019 4.7794094 5.4701912 

0.000123 5.2079785 5.8995863 
0.000117 5.2618738 5.9535626 
6.27E-05 5.8820793 6.5744428 
0.000142 5.0669082 5.7582823 
6.63E-05 5.8268653 6.5191843 
8.98E-05 5.5243518 6.2163778 
3.08E-05 6.5919634 7.2847254 
2.84E-05 6.673547 7.3663392 

2.9E-06 8.9552533 9.6483642 
1.78E-05 7.1405117 7.8334364 
1.91E-05 7.0715711 7.7644799 
4.64E-05 6.1837512 6.8763189 
4.64E-05 6.1837512 6.8763189 
6.16E-05 5.9008296 6.5932077 
4.15E-05 6.2953896 6.9880185 
7.89E-05 5.6531574 6.345319 
5.37E-05 6.0372717 6.7297479 
7.63E-05 5.6867065 6.3789006 
0.000164 4.9236817 5.6147821 
0.000125 5.1947305 5.8863178 

0.0003 4.3230137 5.0124211 
0.000224 4.6152156 5.3055739 
1.48E-05 7.3240522 8.0170142 

RIVERTON SITE 1 

wu3 wu4 
6.6529425 7.163478 
6.6529425 7.163478 
6.8883565 7.398953 
7.4164246 7.927115 
7.6116417 8.122356 
8.5008497 9.01163 

7.325532 7.83621 
6.5599731 7.070481 
9.0496751 9.560474 
7.0'364936 7.547122 
8.4224176 8.933194 
6.6529425 7.163478 
5.8964553 6.406663 
6.7504555 7.261018 
6.0427892 6.553081 
5.8748673 6.385061 
6.3045381 6.814953 
6.3585414 6.868978 
6.9796466 7.490263 
6.1631561 6.673508 
6.9243732 7.434978 

6.621469 7.131995 
7.6900621 8.200785 

7.771686 8.282417 
10.053817 10.56463 
8.2388273 8.749594 
8.1698656 8.680628 
7.2815908 7.792262 
7.2815908 7.792262 
6.9984163 7.509037 
7.3933109 7.903998 
6.7504555 7.261018 
7.1349893 7.645636 
6.784048 7.294619 

6.0195645 6.529844 
6.2912627 6.801672 

5.416638 5.926465 
5.7101085 6.220189 
8.4224176 8.933194 

Page 2 

wu5 wu6 wu7 wu8 
7.856408 8.261801 8.549446 8.772568 
7.856408 8.261801 8.549446 8.772568 
8.091928 8.497336 8.78499 9.008116 
8.620161 9.025592 9.313258 9.536391 

8.81542 9.220857 9.508526 9.731661 
9.704743 10.1102 10.39787 10.62101 
8.529246 8.934674 9.222338 9.44547 
7.763389 8.168775 8.456417 8.679537 

10.2536 10.65906 10.94674 11.16988 
8.240121 8.645536 8.933194 9.156323 
9.626304 10.03176 10.31943 10.54257 
7.856408 8.261801 8.549446 8.772568 
7.099347 7.504657 7.792262 8.015359 
7.953968 8.359367 8.647017 8.87014 
7.245828 7.651159 7.938775 8.161878 
7.077735 7.483042 7.770645 7.993741 
7.507792 7.913154 8.200785 8.423898 
7.561833 7.967201 8.254834 8.477949 
8.183253 8.588666 8.876322 9.09945 
7.366301 7.771647 8.05927 8.282378 
8.127959 8.533369 8.821024 9.044151 
7.824918 8.230309 8.517953 8.741074 
8.893855 9.299295 9.586964 9.8101 
8.975493 9.380935 9.668605 9.891741 
11.25777 11.66324 11.95092 12.17406 
9.442696 9.848147 10.13582 10.35896 
9.373727 9.779176 10.06685 10.28999 
8.485293 8.89072 9.178382 9.401514 
8.485293 8.89072 9.178382 9.401514 

8.20203 8.607444 8.8951 9.118228 
8.597042 9.002472 9.290137 9.51327 
7.953968 8.359367 8.647017 8.87014 
8.338649 8.744069 9.031729 9.254859 
7.987576 8.392977 8.680628 8.903752 
7.222581 7.62791 7.915523 8.138626 
7.494507 7.899868 8.187498 8.41061 
6.618862 7.024077 7.311634 7.534703 
6.912778 7.318057 7.605646 7.828733 
9.626304 10.03176 10.31943 10.54257 



RIVERTON SITE 1 

1 year 2 years 3 years 
Q (gpm) s1 s2 s3 

56 0.9532206 1.0719594 1.141464 
62 1.0553513 1.1868121 1.2637637 

130 2.3064764 2.5822108 2.7435911 
70 1.3551007 1.5036487 1.5905709 
46 0.9179908 1.0156206 1.0727452 
48 1.0886244 1.1905351 1.2501554 

101 1.9271105 2.141429 2.2668405 
93 1.5565771 1.7537382 1.8691555 
44 1.0718783 1.1653062 1.2199614 

108 1.9651146 2.1942253 2.3283082 
81 1.8175939 1.9895648 2.0901728 
55 0.9361988 1.0528172 1.1210807 
36 0.5295272 0.6057238 0.6503602 

109 1.8878956 2.1190459 2.254343 
175 2.6523245 3.0228935 3.2399321 
125 1.8303943 2.0949465 2.2499273 
120 1.9147445 2.1690183 2.3179012 
100 1.6121329 1.8240525 1.9481299 
25 0.4505379 0.5035694 0.534606 
75 1.1642995 1.3231669 1.4162008 

5 0.0892618 0.0998674 0.1060745 
20 0.3385102 0.3809148 0.4057371 
56 1.1310016 1.2498607 1.3194055 
50 1.0223207 1 .1284495 1.1905446 
38 1.04261 1.123305 1.1705096 
22 0.4812962 0.5280018 0.5553266 
20 0.4333176 0.4757763 0.5006167 
60 1.1367466 1.26406 1.3385603 

5 0.0947289 0.1053383 0.1115467 
150 2.7118443 3.0300405 3.2162622 
34 0.6557857 0.7279363 0.7701553 
25 0.4330036 0.4860197 0.5170511 
50 0.9248496 1.0309301 1.093009 

300 5.2268794 5.8631027 6.2354899 
35 0.5279812 0.6020899 0.645496 
30 0.4774685 0.541035 0.5782551 
12 0.1589382 0.1842847 0.1991459 

6.5 0.0919106 0.1056589 0.1137151 
120 2.6927317 2.9475034 3.0965524 

TOTAL 48.66428 54.384459 57.732663 

5 years 10 years 15 years 20 years 25 years 
s4 s5 s6 s7 s8 

1.229058 1.347946 1.4175 1.466852 1.505134 
1.360743 1.492369 1.569375 1.624015 1.666398 
2.946959 3.222967 3.384438 3.499009 3.587879 
1.700097 1.848731 1.935683 1.997377 2.045232 
1.144723 1.242399 1.29954 1.340082 1.37153 
1.325272 1.427203 1.48683 1.529136 1.561952 
2.424867 2.639322 2.764779 2.853795 2.922842 
2.014616 2.212049 2.327557 2.409516 2.47309 
1.288821 1.382259 1.436918 1.475699 1.50578 
2.49727 2.726577 2.860725 2.955908 3.029739 

2.216931 2.388939 2.489559 2.560951 2.616327 
1.207111 1.323875 1.392188 1.440659 1.478257 
0.706634 0.783035 0.82774 0.859462 0.884068 
2.424848 2.656261 2.791646 2.887708 2.962221 
3.513533 3.884959 4.102284 4.256493 4.376113 
2.445319 2.710596 2.865818 2.975963 3.061403 
2.505558 2.760285 2.909319 3.015068 3.097097 
2.104517 2.316794 2.440991 2.529116 2.597474 
0.573717 0.626796 0.657849 0.679882 0.696972 
1.533472 1.692665 1.785808 1.851899 1.903166 
0.113896 0.124512 0.130723 0.135129 0.138547 

0.43702 0.47948 0.50432 0.521946 0.535618 
1.407032 1.525944 1.595506 1.644862 1.683146 
1.268783 1.374956 1.437065 1.481134 1.515316 
1.229981 1.310679 1.357885 1.391378 1.417358 
0.589754 0.636472 0.663801 0.683191 0.698231 
0.531914 0.574385 0.599229 0.616856 0.630529 
1.432436 1.559834 1.634363 1.687244 1.728262 
0.11937 0.129986 0.136197 0.140604 0.144022 

3.450928 3.769407 3.955723 4.087921 4.190464 
0.823353 0.895547 0.93778 0.967746 0.99099 
0.556158 0.609234 0.640286 0.662318 0.679408 
1.171235 1.277398 1.339504 1.383571 1.417752 
6.704776 7.3417 7.714321 7.978712 8.183795 
0.700215 0.774499 0.817964 0.848805 0.872729 
0.625169 0.68885 0.726108 0.752546 0.773053 

0.21789 0.243346 0.258244 0.268817 0.277018 
0.123873 0.137666 0.145737 0.151464 0.155907 
3.284342 3.539168 3.688236 3.794001 3.87604 
61.95219 67.67909 71.02954 73.40684 75.25086 
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Well No. 
Well 2 
Well 3 
Well 4 
Well 6 
Well 9 
Well 11 
Well 12 
Well 13 
Well 14 
Well 15 
Well 16 
Airport2 
Airport3 
Honfarm 
PW1 
PW2 
PW3 
PW4 
PW5 
PW6 
PW7 
PW8 
PW9 
PW10 
PW11 
PW12 
PW13 
PW14 
PW15 
PW16 
PW17 
PW18 
PW19 
PW20 
PW21 
PW22 
PW23 
PW24 
PW25 

r2 
1year 
u t1 

17200 0.0040526 
16900 0.0039125 
15800 0.0034197 
13200 0.0023868 
12000 0.0019726 
6000 0.0004932 

13600 0.0025337 
17800 0.0043403 
4200 0.0002416 

15000 0.0030822 
9800 0.0013156 
2600 9.26E-05 

14000 0.0026849 
15800 0.0034197 
14600 0.00292 
22600 0.0069967 
18900 0.0048933 
18400 0.0046378 
15000 0.0030822 
20400 0.0057008 
15600 0.0033337 
17400 0.0041474 
11700 0.0018752 
11800 0.0019074 
5800 0.0004608 
9600 0.0012625 
9900 0.0013426 
5800 0.0004608 
4800 0.0003156 
9000 0.0011096 

13000 0.0023151 
16200 0.0035951 
13800 0.0026088 
15700 0.0033766 
21800 0.0065101 
19400 0.0051556 
19200 0.0050499 
15800 0.0034197 
3300 0.0001492 

RIVERTON SITE 2 

2 years 3 years 5 years 10 years 15 years 20 years 
u t2 ut3 ut4 ut5 ut6 ut7 

0.002026 0.001351 0.000811 0.000405 0.00027 0.000203 
0.001956 0.001304 0.000782 0.000391 0.000261 0.000196 

0.00171 0.00114 0.000684 0.000342 0.000228 0.000171 
0.001193 0.000796 0.000477 0.000239 0.000159 0.000119 
0.000986 0.000658 0.000395 0.000197 0.000132 9.86E-05 
0.000247 0.000164 9.86E-05 4.93E-05 3.29E-05 2.47E-05 
0.001267 0.000845 0.000507 0.000253 0.000169 0.000127 

0.00217 0.001447 0.000868 0.000434 0.000289 0.000217 
0.000121 8.05E-05 4.83E-05 2.42E-05 1.61 E-05 1.21 E-05 
0.001541 0.001027 0.000616 0.000308 0.000205 0.000154 
0.000658 0.000439 0.000263 0.000132 8.77E-05 6.58E-05 
4.63E-05 3.09E-05 1.85E-05 9.26E-06 6.17E-06 4.63E-06 
0.001342 0.000895 0.000537 0.000268 0.000179 0.000134 

0.00171 0.00114 0.000684 0.000342 0.000228 0.000171 
0.00146 0.000973 0.000584 0.000292 0.000195 0.000146 

0.003498 0.002332 0.001399 0.0007 0.000466 0.00035 
0.002447 0.001631 0.000979 0.000489 0.000326 0.000245 
0.002319 0.001546 0.000928 0.000464 0.000309 0.000232 
0.001541 0.001027 0.000616 0.000308 0.000205 0.000154 

0.00285 0.0019 0.00114 0.00057 0.00038 0.000285 
0.001667 0.001111 0.000667 0.000333 0.000222 0.000167 
0.002074 0.001382 0.000829 0.000415 0.000276 0.000207 
0.000938 0.000625 0.000375 0.000188 0.000125 9.38E-05 
0.000954 0.000636 0.000381 0.000191 0.000127 9.54E-05 

0.00023 0.000154 9.22E-05 4.61 E-05 3.07E-05 2.3E-05 
0.000631 0.000421 0.000252 0.000126 8.42E-05 6.31 E-05 
0.000671 0.000448 0.000269 0.000134 8.95E-05 6.71 E-05 

0.00023 0.000154 9.22E-05 4.61 E-05 3.07E-05 2.3E-05 
0.000158 0.000105 6.31 E-05 3.16E-05 2.1 E-05 1.58E-05 
0.000555 0.00037 0.000222 0.000111 7.4E-05 5.55E-05 
0.001158 0.000772 0.000463 0.000232 0.000154 0.000116 
0.001798 0.001198 0.000719 0.00036 0.00024 0.00018 
0.001304 0.00087 0.000522 0.000261 0.000174 0.00013 
0.001688 0.001126 0.000675 0.000338 0.000225 0.000169 
0.003255 0.00217 0.001302 0.000651 0.000434 0.000326 
0.002578 0.001719 0.001031 0.000516 0.000344 0.000258 
0.002525 0.001683 0.00101 0.000505 0.000337 0.000252 

0.00171 0.00114 0.000684 0.000342 0.000228 0.000171 
7.46E-05 4.97E-05 2.98E-05 1.49E-05 9.95E-06 7A6E-06 
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25 years 
ut8 wu1 wu2 

0.000162 4.9352288 5.6263527 
0.000156 4.9702804 5.6614743 
0.000137 5.104396 5.7958355 
9.55E-05 5.4629508 6.1549056 
7.89E-05 5.6531574 6.345319 
1.97E-05 7.0379732 7.7308739 
0.000101 5.4033915 6.0952731 
0.000174 4.8669377 5.5579183 
9.67E-06 7.7510716 8.444098 
0.000123 5.2079785 5.8995863 
5.26E-05 6.0575495 6.7500392 

3.7E-06 8.7100688 9.4031697 
0.000107 5.3455675 6.0373736 
0.000137 5.104396 5.7958355 
0.000117 5.2618738 5.9535626 

0.00028 4.3920837 5.0817417 
0.000196 4.7475625 5.4382675 
0.000186 4.8009301 5.4917625 
0.000123 5.2079785 5.8995863 
0.000228 4.5956219 5.2859248 
0.000133 5.1297881 5.8212706 
0.000166 4.9122017 5.6032784 

7.5E-05 5.7036957 6.3959059 
7.63E-05 5.6867065 6.3789006 
1.84E-05 7.105744 7.7986608 
5.05E-05 6.0987349 6.7912512 
5.37E-05 6.0372717 6.7297479 
1.84E-05 7.105744 7.7986608 
1.26E-05 7.4840828 8.1770722 
4.44E-05 6.2276592 6.9202518 
9.26E-05 5.4934141 6.1854047 
0.000144 5.0545684 5.7459205 
0.000104 5.3742689 6.066113 
0.000135 5.1170513 5.8085124 

0.00026 4.4636786 5.1535787 
0.000206 4.6956019 5.3861762 
0.000202 4.716222 5.406849 
0.000137 5.104396 5.7958355 
5.97E-06 8.2333033 8.9263759 

RIVERTON SITE 2 

wu3 wu4 
6.031143 6.541429 

6.0662878 6.576592 
6.200731 6.711101 

6.5599731 7.070481 
6.7504555 7.261018 
8.1362568 8.647017 
6.5003161 7.010804 
5.9626607 6.472908 
8.8495228 9.360316 
6.3045381 6.814953 
7.1552851 7.665935 
9.8086193 10.31943 
6.4423915 6.952859 
6.200731 6.711101 

6.3585414 6.868978 
5.4860424 5.995936 
5.8429179 6.353092 
5.8964553 6.406663 
6.3045381 6.814953 
5.6904409 6.200507 
6.2261804 6.736562 
6.0080529 6.518326 
6.8010586 7.311634 

6.784048 7.294619 
8.2040491 8.714813 
7.1965059 7.707163 
7.1349893 7.645636 
8.2040491 8.714813 
8.5824847 9.093268 
7.325532 7.83621 

6.5904842 7.101001 
6.1507869 6.661133 
6.4711436 6.981621 
6.2134151 6.723791 
5.5579603 6.067919 
5.790783 6.300922 

5.8114734 6.321626 
6.200731 6.711101 

9.3318161 9.842622 
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wu5 wu6 wu7 wu8 
7.234171 7.639501 7.927115 8.150218 
7.269348 7.674683 7.9623 8.185404 
7.403906 7.809257 8.096882 8.319992 
7.763389 8.168775 8.456417 8.679537 
7.953968 8.359367 8.647017 8.87014 
9.340115 9.745563 10.03324 10.25638 
7.703698 8.109079 8.396718 8.619837 
7.165621 7.570942 7.858551 8.081652 
10.05344 10.4589 10.74657 10.96972 
7.507792 7.913154 8.200785 8.423898 
8.358951 8.764372 9.052032 9.275163 
11.01257 11.41803 11.70571 11.92886 
7.645738 8.051114 8.338751 8.561868 
7.403906 7.809257 8.096882 8.319992 
7.561833 7.967201 8.254834 8.477949 
6.688384 7.093616 7.381181 7.604255 

7.04575 7.451052 7.738652 7.961747 
7.099347 7.504657 7.792262 8.015359 
7.507792 7.913154 8.200785 8.423898 
6.893084 7.298359 7.585947 7.809033 
7.429376 7.83473 8.122356 8.345466 
7.211058 7.616385 7.903998 8.1271 
8.004594 8.409997 8.697647 8.920772 
7.987576 8.392977 8.680628 8.903752 
9.407914 9.813364 10.10104 10.32418 
8.400184 8.805607 9.093268 9.316399 
8.338649 8.744069 9.031729 9.254859 
9.407914 9.813364 10.10104 10.32418 
9.786384 10.19184 10.47952 10.70266 
8.529246 8.934674 9.222338 9.44547 
7.793917 8.199305 8.486948 8.710069 
7.353921 7.759266 8.046889 8.269996 
7.674508 8.079886 8.367525 8.590642 

7.4166 7.821953 8.109579 8.332689 
6.760415 7.165663 7.453237 7.676315 
6.993554 7.398847 7.686443 7.909535 
7.014269 7.419565 7.707163 7.930256 
7.403906 7.809257 8.096882 8.319992 
10.53575 10.94121 11.22889 11.45204 



1 year 2 years 
Q (gpm) s1 s2 

56 0.846751 0.9653291 
62 0.9441326 1.0754287 

130 2.0330503 2.3084465 
70 1.1716172 1.320018 
46 0.7967266 0.8942763 
48 1.0350212 1.1369209 

101 1.672046 1.8861445 
93 1.3867531 1.5836365 
44 1.0449003 1.1383252 

108 1.7232701 1.9521165 
81 1.5032887 1.6751424 
55 1.467725 1.5845187 
36 0.589599 0.665903 

109 1.7046345 1.9355436 
175 2.8212326 3.1920919 
125 1.6820583 1.94618 
120 1 .7454698 1 .9994117 
100 1.470909 1.6825662 

25 0.3989051 0.4518788 
75 1.056005 1.2146262 

5 0.0785832 0.089176 
20 0.3010001 0.3433465 
56 0.978599 1.0973635 
50 0.8711466 0.9771838 
38 0.827282 0.9079544 
22 0.4110767 0.4577548 
20 0.3699399 0.412372 
60 1.3062347 1 .4336122 

5 0.1146487 0.1252646 
150 2.8620453 3.1803401 

34 0.5722445 0.6443287 
25 0.3871547 0.4401088 
50 0.8232843 0.9292679 

300 4.7032866 5.3388361 
35 0.4786537 0.5526337 
30 0.4315916 0.495065 
12 0.1733947 0.198786 

6.5 0.1016525 0.1154223 
120 3.0270234 3.2818357 

TOTAL 45.912937 51.629157 

RIVERTON SITE 2 

3 years 5 years 
s3 s4 
1.0347801 1.122331 
1.1523253 1.24926 
2.469714 2.672991 

1.4068912 1.516378 
0.9513741 1.02333 
1.1965374 1.271651 
2.0114825 2.16945 
1.6989612 1.844348 
1.1929794 1.261838 
2.0861111 2.255002 
1.7757114 1.902438 
1.6528406 1.738917 
0.7105752 0.766878 
2.0707602 2.2412 
3.4092273 3.682905 
2.1010171 2.296294 
2.1481838 2.335752 

1.806556 1.962873 
0.4828961 0.521991 

1.307578 1.424784 
0.0953789 0.103197 
0.3681495 0.399417 
1.1668767 1.254478 
1.0392483 1.117463 
0.9551515 1.014617 
0.4850704 0.519491 
0.4372036 0.468494 
1.5081339 1.602027 
0.1314751 0.1393 
3.3665948 3.601287 
0.6865255 0.739706 
0.4711195 0.51021 
0.9913145 1.069515 
5.7109984 6.180105 
0.5959968 0.650681 

0.532254 0.579143 
0.2136623 0.232418 
0.1234857 0.13365 
3.4308982 3.618699 
54.976039 59.19451 
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10 years 15 years 20 years 25 years 
s5 s6 s7 s8 

1.241187 1.310731 1.360077 1.398356 
1.380853 1.457849 1.512483 1.554863 
2.948931 3.11038 3.22494 3.313803 
1.664983 1.751924 1.813614 1.861466 
1.120991 1.178126 1.218666 1.250111 

1.37358 1.433206 1.475512 1.508327 
2.383862 2.509304 2.598312 2.667355 
2.041725 2.157214 2.239164 2.302732 
1.355276 1.409935 1.448716 1 .4 78797 
2.484256 2.618387 2.713561 2.787387 
2.074422 2.175035 2.246423 2.301797 
1.855717 1.924041 1.972518 2.01012 

0.8433 0.888012 0.919738 0.944347 
2.472566 2.607934 2.703988 2.778496 

4.05439 4.271734 4.425953 4.545579 
2.561484 2.716678 2.826808 2.91224 
2.590412 2.739424 2.845162 2.927184 
2.175098 2.299277 2.387393 2.455746 
0.575059 0.606108 0.628139 0.645228 
1.583927 1.677054 1.743137 1.794399 
0.113811 0.12002 0.124426 0.127844 
0.441865 0.466702 0.484325 0.497996 
1.373371 1.442927 1.49228 1.530562 
1.223617 1.28572 1.329785 1.363966 
1.095311 1.142515 1.176007 1.201986 
0.566203 0.59353 0.612919 0.627959 
0.510959 0.535802 0.553428 0.567101 
1.729438 1.803971 1.856854 1.897873 
0.149918 0.156129 0.160536 0.163954 
3.919786 4.106108 4.23831 4.340855 
0.811886 0.854115 0.884079 0.907321 
0.563274 0.594321 0.616351 0.63344 
1.175658 1.237758 1.281821 1.316 
6.816894 7.18947 7.453838 7.658907 

0.72494 0.768396 0.799233 0.823154 
0.642805 0.680058 0.706492 0.726997 
0.257884 0.272785 0.283358 0.291561 
0.147447 0.155519 0.161247 0.16569 
3.873533 4.022603 4.12837 4.21041 
64.92062 68.2708 70.64796 72.49191 



Well No. 
Well 2 
Well 3 
Well 4 
Well 6 
Well 9 
Well 11 
Well 12 
Well 13 
Well 14 
Well 15 
Well 16 
Airport2 
Airport3 
Honfarm 
PW1 
PW2 
PW3 
PW4 
PW5 
PW6 
PW7 
PW8 
PW9 
PW10 
PW11 
PW12 
PW13 
PW14 
PW15 
PW16 
PW17 
PW18 
PW19 
PW20 
PW21 
PW22 
PW23 
PW24 
PW25 

r3 
20600 
19800 
19500 
16800 
14800 
7300 

18000 
22000 

6400 
19200 
13800 
10000 
14000 
21300 
17800 
27800 
24600 
23800 
20100 
25500 
20200 
21200 
15200 
15400 
9400 

12500 
12700 

1000 
2000 
5400 

16000 
18700 
16000 
17800 
25000 
21900 
19000 
11000 
4400 

RIVERTON SITE 3 

1 year 2 years 
u t1 u t2 
0.0058132 0.002907 
0.0053704 0.002685 
0.0052089 0.002604 
0.0038663 0.001933 
0.0030005 0.0015 

0.00073 0.000365 
0.0044384 0.002219 
0.0066301 0.003315 
0.0005611 0.000281 
0.0050499 0.002525 
0.0026088 0.001304 
0.0013699 0.000685 
0.0026849 0.001342 
0.0062149 0.003107 
0.0043403 0.00217 
0.0105868 0.005293 
0.0082899 0.004145 
0.0077595 0.00388 
0.0055344 0.002767 
0.0089075 0.004454 
0.0055896 0.002795 
0.0061567 0.003078 
0.0031649 0.001582 
0.0032488 0.001624 
0.0012104 0.000605 
0.0021404 0.00107 
0.0022095 0.001105 

1.37E-05 6.85E-06 
5.479E-05 2.74E-05 
0.0003995 0.0002 
0.0035068 0.001753 
0.0047903 0.002395 
0.0035068 0.001753 
0.0043403 0.00217 
0.0085616 0.004281 

0.00657 0.003285 
0.0049452 0.002473 
0.0016575 0.000829 
0.0002652 0.000133 

3 years 5 years 10 years 15 years 20 years 
ut3 ut4 ut5 ut6 ut7 

0.001938 0.001163 0.000581 0.000388 0.000291 
0.00179 0.001074 0.000537 0.000358 0.000269 

0.001736 0.001042 0.000521 0.000347 0.00026 
0.001289 0.000773 0.000387 0.000258 0.000193 

0.001 0.0006 0.0003 0.0002 0.00015 
0.000243 0.000146 0.000073 4.87E-05 3.65E-05 
0.001479 0.000888 0.000444 0.000296 0.000222 

0.00221 0.001326 0.000663 0.000442 0.000332 
0.000187 0.000112 5.61 E-05 3.7 4E-05 2.81 E-05 
0.001683 0.00101 0.000505 0.000337 0.000252 

0.00087 0.000522 0.000261 0.000174 0.00013 
0.000457 0.000274 0.000137 9.13E-05 6.85E-05 
0.000895 0.000537 0.000268 0.000179 0.000134 
0.002072 0.001243 0.000621 0.000414 0.000311 
0.001447 0.000868 0.000434 0.000289 0.000217 
0.003529 0.002117 0.001059 0.000706 0.000529 
0.002763 0.001658 0.000829 0.000553 0.000414 
0.002586 0.001552 0.000776 0.000517 0.000388 
0.001845 0.001107 0.000553 0.000369 0.000277 
0.002969 0.001782 0.000891 0.000594 0.000445 
0.001863 0.001118 0.000559 0.000373 0.000279 
0.002052 0.001231 0.000616 0.00041 0.000308 
0.001055 0.000633 0.000316 0.000211 0.000158 
0.001083 0.00065 0.000325 0.000217 0.000162 
0.000403 0.000242 0.000121 8.07E-05 6.05E-05 
0.000713 0.000428 0.000214 0.000143 0.000107 
0.000736 0.000442 0.000221 0.000147 0.00011 
4.57E-06 2.74E-06 1.37E-06 9.13E-07 6.85E-07 
1.83E-05 1.1 E-05 5.48E-06 3.65E-06 2.74E-06 
0.000133 7.99E-05 3.99E-05 2.66E-05 2E-05 
0.001169 0.000701 0.000351 0.000234 0.000175 
0.001597 0.000958 0.000479 0.000319 0.00024 
0.001169 0.000701 0.000351 0.000234 0.000175 
0.001447 0.000868 0.000434 0.000289 0.000217 
0.002854 0.001712 0.000856 0.000571 0.000428 

0.00219 0.001314 0.000657 0.000438 0.000329 
0.001648 0.000989 0.000495 0.00033 0.000247 
0.000553 0.000332 0.000166 0.000111 8.29E-05 
8.84E-05 5.3E-05 2.65E-05 1.77E-05 1.33E-05 
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25 years 
ut8 wu1 

0.000233 4.5762216 
0.000215 4.6549984 
0.000208 4.6853722 
0.000155 4.9821038 

0.00012 5.234743 
2.92E-05 6.6459802 
0.000178 4.8446889 
0.000265 4.4455333 
2.24E-05 6.9089641 
0.000202 4.716222 
0.000104 5.3742689 
5.48E-05 6.0171983 
0.000107 5.3455675 
0.000249 4.5097902 
0.000174 4.8669377 
0.000423 3.9814858 
0.000332 4.2237788 

0.00031 4.2893723 
0.000221 4.6250861 
0.000356 4.1525298 
0.000224 4.6152156 
0.000246 4.5191439 
0.000127 5.1815706 

0.00013 5.1555101 
4.84E-05 6.1407897 
8.56E-05 5.571681 
8.84E-05 5.5400033 
5.48E-07 10.621013 
2.19E-06 9.2347595 

1.6E-05 7.2486006 
0.00014 5.0793254 

0.000192 4.7687365 
0.00014 5.0793254 

0.000174 4.8669377 
0.000342 4.1917907 
0.000263 4.454585 
0.000198 4.7370602 
6.63E-05 5.8268653 
1.06E-05 7.6580552 

RIVERTON SITE 3 

wu2 wu3 
5.2664685 5.670966 
5.3454657 5.7500368 

5.37592 5.780518 
5.6733207 6.0781419 
5.9263916 6.3313569 
7.3387625 7.744106 
5.5356207 5.9403467 
5.1353736 5.5397352 
7.6018308 8.0072024 

5.406849 5.8114734 
6.066113 6.4711436 

6.7096609 7.1148977 
6.0373736 6.4423915 
5.1998371 5.6042678 
5.5579183 5.9626607 
4.6693606 5.0730651 
4.912794 5.3168798 
4.978651 5.382825 

5.3154719 5.7200156 
4.8412381 5.2452214 
5.3055739 5.7101085 
5.2092198 5.6136602 
5.8731372 6.2780752 
5.8470349 6.251959 
6.833332 7.2385954 

6.2637589 6.6688674 
6.2320467 6.6371437 
11.314153 11.719616 
9.9278793 10.333335 

7.941548 8.3469466 
5.7707214 6.1756025 
5.4594929 5.8641604 
5.7707214 6.1756025 
5.5579183 5.9626607 
4.8806708 5.2847115 
5.1444552 5.5488269 
5.4277393 5.8323811 
6.5191843 6.9243732 
8.3510698 8.7564907 

wu4 wu5 wu6 wu7 wu8 
6.181017 6.873583 7.278855 7.56644 7.789525 
6.260147 6.952757 7.358043 7.645636 7.868726 

6.29065 6.983276 7.388568 7.676163 7.899254 
6.588452 7.281213 7.686549 7.974167 8.197272 
6.841783 7.53463 7.939995 8.227627 8.450741 
8.254834 8.947908 9.353349 9.641019 9.864155 
6.450581 7.143284 7.548602 7.83621 8.059309 
6.049678 6.742162 7.147406 7.434978 7.658055 
8.517953 9.211044 9.616491 9.904163 10.1273 
6.321626 7.014269 7.419565 7.707163 7.930256 
6.981621 7.674508 8.079886 8.367525 8.590642 
7.625541 8.318551 8.72397 9.01163 9.234759 
6.952859 7.645738 8.051114 8.338751 8.561868 
6.114265 6.806791 7.212049 7.499628 7.722709 
6.472908 7.165621 7.570942 7.858551 8.081652 
5.582481 6.274571 6.679683 6.967189 7.190226 
5.826601 6.51892 6.924109 7.211653 7.434714 
5.892617 6.584989 6.990195 7.277748 7.500814 
6.230104 6.922698 7.327979 7.615568 7.838657 
5.754861 6.447118 6.852286 7.13982 7.362874 
6.220189 6.912778 7.318057 7.605646 7.828733 
6.123666 6.816197 7.221457 7.509037 7.732119 
6.788479 7.48131 7.886669 8.174299 8.397411 
6.762352 7.455174 7.860531 8.148159 8.37127 

7.74926 8.442286 8.847711 9.135372 9.358504 
7.179408 7.872341 8.277735 8.565381 8.788503 
7.147675 7.840601 8.245993 8.533638 8.756759 
12.23044 12.92359 13.32905 13.61673 13.83988 
10.84415 11.5373 11.94276 12.23044 12.45358 
8.857719 9.550826 9.956278 10.24395 10.46709 
6.685961 7.378757 7.784106 8.071729 8.294838 
6.374348 7.067016 7.472322 7.759924 7.983019 
6.685961 7.378757 7.784106 8.071729 8.294838 
6.472908 7.165621 7.570942 7.858551 8.081652 
5.794397 6.486688 6.891868 7.179408 7.402466 
6.058777 6.751268 7.156514 7.444087 7.667164 
6.342548 7.035201 7.440501 7.728101 7.951195 
7.434978 8.127959 8.533369 8.821024 9.044151 
9.267281 9.960402 10.36586 10.65354 10.87668 
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1year 
Q (gpm) s1 

56 0.7851551 
62 0.884243 

130 1.8661556 
70 1.0684919 
46 0.7377575 
48 0.9773738 

101 1.499159 
93 1 .2666809 
44 0.9313781 

108 1.5605526 
81 1.3337205 
55 1.0139521 
36 0.589599 

109 1.5060634 
175 2.6094816 
125 1 .5248095 
120 1.5528976 
100 1.3141779 
25 0.3542585 
75 0.9541891 

5 0.0707005 
20 0.2769151 
56 0.8890166 
50 0.7897726 
38 0.7149378 
22 0.3755514 
20 0.3394692 
60 1.9524395 

5 0.1414673 
150 3.3312394 
34 0.5291093 
25 0.3652614 
50 0.7781019 

300 4.4733971 
35 0.4494983 
30 0.4094387 
12 0.1741609 

6.5 0.1160403 
120 2.8155299 

TOTAL 43.322144 

RIVERTON SITE 3 

2 years 3 years 
s2 s3 
0.9035828 0.9729835 
1.0154012 1.0922517 
2.1411967 2.3023456 
1.2167344 1.3035548 
0.8352348 0.8923085 

1 .079256 1.1388668 
1.7129635 1.8382035 
1.4632395 1.5784556 
1.0247815 1.0794285 
1.7890744 1.9229607 
1.5054139 1.6059295 
1.1306382 1 .1989243 
0.665903 0.7105752 

1.7365074 1.8715688 
2.9799612 3.19697 
1.7882484 1.9428571 
1.8062182 1.9547828 
1.5253591 1.6491899 
0.4071386 0.4381246 
1.1124439 1.2052732 
0.0812761 0.0874732 
0.3192002 0.3439826 
1.0076706 1.0771469 
0.8957073 0.9577376 
0.7955666 0.8427491 
0.4221999 0.4495057 
0.3818749 0.4066976 
2.0798581 2.1543936 
0.1520852 0.1582964 
3.6496972 3.8360062 
0.6011314 0.6433076 
0.4181699 0.4491654 
0.8840168 0.9460405 

5.108505 5.4805199 
0.523369 0.5666955 

0.4728475 0.5100149 
0.1995541 0.214431 
0.1298276 0.1378968 
3.0703209 3.2193763 
49.032175 52.376991 

5 years 10 years 15 years 20 years 25 years 
s4 s5 s6 s7 s8 

1.060494 1.17932 1.248853 1.298195 1.336471 
1.18915 1.320715 1.397702 1.452331 1.494709 

2.505528 2.781397 2.942822 3.05737 3.146226 
1.412999 1.561573 1.648503 1.710188 1.758036 
0.964245 1.061892 1.119022 1.159559 1.191003 
1.2139761.315901 1.3755261.417831 1.450646 
1.996092 2.210445 2.335868 2.424867 2.493903 
1.723755 1.921067 2.036535 2.118474 2.182036 
1.148281 1.241715 1.296372 1.335153 1.365233 
2.091765 2.320954 2.455063 2.550226 2.624046 
1.732614 1.904566 2.005168 2.07655 2.131921 
1.284972 1.401751 1.470068 1.518541 1.55614 
0.766878 0.8433 0.888012 0.919738 0.944347 
2.041885 2.273157 2.408494 2.504532 2.579031 
3.470547 3.841955 4.059274 4.21348 4.333099 
2.137951 2.403004 2.558152 2.668259 2.753677 
2.142185 2.39672 2.54569 2.651407 2.733417 

1.80538 2.017509 2.141656 2.229756 2.298099 
0.477195 0.530244 0.561287 0.583314 0.600402 
1.322381 1.481451 1.574553 1.640623 1.691878 
0.095287 0.105897 0.112105 0.116511 0.119928 
0.375234 0.417669 0.442502 0.460124 0.473793 
1.164718 1.283589 1.353138 1.402487 1.440767 
1.035925 1.142058 1.204155 1.248216 1.282395 
0.902203 0.982888 1.030089 1.06358 1.089558 
0.483918 0.530624 0.557949 0.577338 0.592377 
0.437981 0.480441 0.505281 0.522907 0.536579 
2.248297 2.375717 2.450253 2.503137 2.544157 
0.166122 0.17674 0.182951 0.187358 0.190776 
4.070742 4.389273 4.575607 4.707814 4.810362 
0.696471 0.768639 0.810864 0.840826 0.864067 
0.488243 0.541298 0.572342 0.594371 0.611459 
1.024222 1.130352 1.192447 1.236508 1.270686 
5.949509 6.586209 6.958755 7.223109 7.428169 
0.621351 0.695587 0.739036 0.769869 0.793789 
0.556886 0.620536 0.657784 0.684216 0.70472 
0.233188 0.258653 0.273554 0.284128 0.29233 
0.148065 0.161866 0.169939 0.175668 0.180112 
3.407171 3.662001 3.81107 3.916836 3.998875 
56.59381 62.31867 65.66844 68.0454 69.88922 

Page 3 



APPENDIX 5 

PLANS AND SPECIFICATIONS 
FOR 

WELL 

(TO BE INCLUDED IN FINAL 
REPORT) 



APPENDIX 6 

ANNUAL COSTS 



Raw Water Pump Station and Pipeline, WTP Operation-Alt #3 

1. Earth Work $225,785 50 

.. Only 50% of depreciation & debt retirement are assumed 

for this comparison since improvements must be made 
for summer production also. 

Summary 
Raw Water Pump Station & Pipeline 

Depreciation = $ 11,693 
OM&R = $ 20,935 
Elect =$ 33,200 

Debt Retirement =$ 65,993 
(7 1/4%-20years) 

Subtotal = $131,821 

$25,578 

Appendix 6 

$4,604 1/4 Class II Operator 

Water Treatment Plant Improve 
*Depreciation =$ 21,250 

OM&R = $102,000 
Debt Retirement = $ 37,532 

Subtotal = $ 160,782 

Total Estimated Increase in Annual Cost = $ 292,603 



Estimated Annual Cost For Well Field Operation-Alternate 3 Appendix 6 

1. Mechanical $21 

* Depreciation on new well only 

Summary - Well Annual cost 
AnnualOM&R = $ 168,473.00 
Debt Retirement = $ 14,391.00 
(7 114%-20 years) 

Total Estimated Increase in Annual Cost = $182,864 



APPENDIX 7 

RAW WATER SYSTEM 



BEll SYSTEM 

PRIORITY LOCA nON 

.z Alley between North 2nd West 
and North 1 st West 

.z 230/222 Valley Circle 

Alley between Rainbow and 
Broadway 

.z 827 West Broadway 

North Fork of Bell 
First Bible Calvary Church 

803 N. 1st 

~ N. 2nd East 

2 Along Bell between 2nd and N. 
Broadway and in alley half a 
block west of N. Broadway 

~ Alley Between 1 st and W. 2nd 
and Bell and Sunset and along 
Bell to N. 2nd East 

Bell System 

DESCRIPTION 

Adjacent system is drained to this box, which surcharges and floods adjacent 
parking lot. 

Typical CMP siphon with road settlement. 

Ditch is restrictive for upstream use. At many locations pipe on north fork 
passes through very nice landscaped yards. Maintenance access very limited. 

Pipe runs diagonal across street in 10" CMP, then ditch goes open channel down 
alley to N. 2nd East. Ditch is inside and outside private fences. Problem is 
providing maintenance inside fences. Requires owners to fence out or assume 
maintenance. 

Piped 8' PVC to driveway then 6" steel across drive, turning to open channel with 
a 10· CMP at the next drive. Repeating this open channel to pipe configuration 
until the corner. 

Power pole in junction box where ditch crosses Bell into alley on the north side of 
Bell. Middle fork and south fork run together at alley intersection. With various 
users with both open ditch and pipes. 

Freshly cleaned 

FEATURE 

Junction Box 

Siphon 

Junction Box 

Siphon 

Earthlined Ditch 

Siphon 

Earthlined Ditch 

Earthlined and Piped Ditch 

Earthlined Ditch 

Bell System 

MATERIALS AND SERVICES QUANTITY UNIT UNIT PRICE ESTIMATED COST 

Horizontal mounted eccentric plug valve EA 610 $610.00 
4" pipe 

Reconstruct 1 siphon inlet EA 250.00 5250.00 
Replace Siphon EA 1,963 51,962.76 

Reconstruct siphon inlet and outlet 2 EA 250.00 S500.00 
Replace Siphon EA 1962.76 51,962.76 

Pipe and trenching 3830 LF 9.03 534.584.90 
Turnouts 45 EA 400.00 518,000.00 
DemQlition DOd sDlv~ge 
Landscapping 28700 SF 0.34 S9,758.00 
Gravel 193.33 CYD 20.00 53,866.60 
Concrete 10.11 CYD 202.70 S2,049.30 
Asphalt CYD 107.66 SO.OO 
FenCing 200 LF 5.00 S1,000.00 

Reconstruct siphon inlet and outlet 2 EA 250.00 S500.00 
Replace Siphon EA 1962.76 S1,962.76 
Pipe and trenching 870 LF 9.03 S7,856.10 
Turnouts 4 EA 400.00 S1,600.00 
D~mQlitiQn and salvagg 
Landscapping 2700 SF 0.34 5918.00 
Gravel 111.11 CYD 20.00 S2,222.20 
Concrete CYD 202.70 SO.OO 
Asphalt CYD 107.66 SO.OO 
Fencing 320 LF 5.00 51,600.00 

Pipe and trenching 270 LF 9.03 52,438.10 
Turnouts 2 EA 400.00 S800.00 
D~mQlitiQn and l2alvag~ 
Landscapping 2700 SF 0.34 5918.00 
Gravel 4.44 CYD 20.00 588.80 
Concrete 2.89 CYD 202.70 5585.80 
Asphalt CYD 107.66 $0.00 
Fencing LF 5.00 $0.00 

Pipe and trenching 820 LF 9.03 57,404.60 
Turnouts 16 EA 400.00 S6,400.00 
DemQlitiQn ang s;;!lvage 
Landscapping 5800 SF 0.34 51,972.00 
Gravel 64.44 CYD 20.00 51,288.80 
Concrete 13 CYD 202.70 52,635.10 
Asphalt CYD 107.66 SO.OO 
Fencing LF 5.00 $0.00 

Pipe and trenching 1000 LF 9.03 S9,030.00 
Turnouts 6 EA 400.00 $2,400.00 
Q~mQIi!iQn ~ng ~~Ivag~ 

Landscapping 8000 SF 0.34 $2,720.00 
Gravel 41.48 CYD 20.00 $829.60 
Concrete 2.89 CYD 202.70 $585.80 
Asphalt CYD 107.66 $0.00 
Fencing 140 LF 5.00 $700.00 



PRIORITY 

BELL SYSTEM 

LOCATION 

Alley south of Bell and 
perpendicular to N. 2nd East 

Bell System 

PESCRIPTION FEATURE 

Open from corner of Bell and N. 2nd, with some concrete lining along alley. Earth and Concrete Lined 
Ditch 

MATERIALS AND SERVICES 

Pipe and trenching 
Turnouts 

Q~mQlitiQn Dnd ~DlvD9~ 
Landscapping 
Gravel 
Concrete 
Asphalt 
FenCing 

Bell System 

QUANTITY .uNIT UNIT PRICE ESTIMATED COST 

850 LF 9.03 S7,675.50 
24 EA 400.00 S9,600.00 

0 SF 0.34 $0.00 
157.41 CYD 20.00 S3,148.20 

0 CYD 202.70 $0.00 
CYD 107.66 SO.OO 
LF 5 $0.00 

Bell Unit Tdtal Costs S1 ;!~.423.68 



Park System Park System 

PARK SYSTEM 

PRIORITY LOCATION PESCRIPTION FEATURE MATERIALS AND SERVICES QUANTITY UNIT UNIT PRICE ESTIMATED COST 

1 Head of Park System A lot of trees along ditch with minimal room for maintenance. Ditch should be Earthlined Ditch Silt Trap 1 EA 5090 $5,090.00 

a high priority to place a pipe. Pipe and trenChing 1320 LF 9.03 $11,919.60 
Turnouts 26 EA 400 $10,400.00 
D~!!lQlitiQn ilng salvag~ 
Landscapping 3000 SF 0.34 $1,020.00 
Gravel 197.8 CYD 20 $3,956.00 
Concrete 5.8 CYD 202.7 $1,175.66 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 

~ E. Park and N. 5th East No problems apparent, ditch between the curb and sidewalk so easy to Earthlined Ditch Pipe and trenching 2640 LF 9.03 $23,839.20 

Also alley between Park and maintain and the structures are in good shape. Turnouts 58 EA 400 $23,200.00 

Fremont 
D~molitiQn ang ~alv!lge 
Landscapping 12000 SF 0.34 $4,080.00 
Gravel 286.2 CYD 20 55,724.00 
Concrete 12.7 CYD 202.7 $2,574.29 
Asphalt CYD 107.66 SO.OO 
Fencing LF 5 $0.00 

2 1103 Fremont In the box freeboard is 9", surcharge could result in flooding of the surrounding Junction Box Reconstruct siphon inlet 1 EA 250 $250.00 

Along Fremont toS. 12th East neighborhood. Earthlined Ditch Pipe and trenching 700 LF 9.03 56,321.00 
Turnouts 12 EA 400 $4,800.00 
l1~rnolition and salvage 
Landscapping 5000 SF 0.34 $1,700.00 
Gravel 37 CYD 20 $740.00 
Concrete 0 CYD 202.7 $0.00 
Asphalt CYD 107.66 SO.OO 
Fencing LF 5 $0.00 

1 N. 1/21204 E. Main Pipe with no easements along it that runs east through mid-lot. PVC Pipe Pipe and trenching 300 LF 9.03 $2,709.00 
Turnouts 10 EA 400 $4,000.00 
D~mQIi!iQD ang §alvag~ 
Landscapping 0 SF 0.34 $0.00 
Gravel 55.56 CYD 20 $1,111.20 
Concrete 0 CYD 202.7 $0.00 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 $0.00 

1 1300 Block of Main and lateral 
Pipeline runs east then siphons under 13th where an open ditch continues east Earthlined and Piped Ditch Pipe and trenching 720 LF 9.03 56,501.60 

going north 
along mid-lot. Maintenance would be impossible. Turnouts 10 EA 400 $4,000.00 

Demolition and salvage 
Landscapping 4200 SF 0.34 51,428.00 
Gravel 55.56 CYD 20 51,111.20 
Concrete 0 CYD 202.7 $0.00 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 $0.00 

2 E. Main and S. 10th East to Note water level 2" below pipe crown. Siphon Pipe and trenching 540 LF 9.03 $4,876.20 

S. 12th East 
Tumouts 7 EA 400 52,800.00 
D~molitiQn and §alvage 
Landscapping 5400 SF 0.34 $1,836.00 
Gravel 20 CYD 20 $400.00 
Concrete 13 CYD 202.7 $2,635.10 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 $0.00 

E. Main and 12th St. 
Possible neighborhood flooding, system appears well maintained. Siphon 

~ Alley at S.12th St. between Ditch in good shape, cleaned recently. Earthlined Ditch Pipe and trenching 1160 LF 9.03 510,474.80 

Main and Washington 
Turnouts 18 EA 400 $7,200.00 
D~molition aDd §alvage 
Landscapping 0 SF 0.34 $0.00 
Gravel 111.11 CYD 20 $2,222.20 
Concrete 0 CYD 202.7 $0.00 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 $0.00 



PRIORITY 

1 

1 

PARK SYSTEM 

LOCATION 

1400 E. Washington 

Main and Federal 

S. 10th East and Washington 
Northwest Comer 

S. 10th East and Washington 
Southwest Comer 

Alley on 10th between 
Washington and Adams 

Alley on 10th between 
Washington and Adams 

Alley on 11 th East between 
Washington and Adams including lateral going south 
including lateral going south 
onto S.12th East to Adams 

Alley on 12th between Adams 
and Washington 

Alley from 12th to end of ditch 

Park System 

DESCRIPTION 

Some silting and some leaves 

Junction Box to siphon silted up with 1.1' of freeboard. There was evidence of 
box overflowing. 

Overflow at siphon outlet 

Evidence of overflow 

At siphon outlet some evidence of overflowing. Both open and piped ditch 
through alley, with a large amount of silt. 

From junction box 8' PVC out then 10· clay at the next junction box. 

Open ditch with pipes for driveway crossings. Various diHerent pipe types and 
sizes throughout alley. 

Park System 

FEATURE MATERIALS AND SERVICES QUANTITY UNIT .!.INIT PRICE ESTIMATED COST 

Earthlined Ditch 

Junction Box 

Junction Box 

Junction Box 

Junction Box 

Pipe and trenching 
Turnouts 

Reconstruct siphon inlet 

Reconstruct Siphon outlet 

Reconstruct Siphon outlet 

Earthlined and Piped Ditch Reconstruct Siphon outlet 
Pipe and trenching 
Turnouts 
Demolition and salvage 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

Earthlined and Piped Ditch Pipe and trenching 
Turnouts 

Junction Box 

Demolition and salvage 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

Earthlined and Piped Ditch Pipe and trenching 
Turnouts 
Demolition and salvage 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

640 
2 

1 
200 

8 

0 
37 
0 

720 
12 

4200 
60 

2.S9 

600 
20 

0 
111.11 

0 

LF 
EA 

EA 
LF 
EA 

SF 
CYD 
CYD 
CYD 
LF 

LF 
EA 

SF 
CYD 
CYD 
CYD 
LF 

LF 
EA 

SF 
CYD 
CYD 
CYD 
LF 

9.03 
400 

250 

250 

250 

250 
9.03 
400 

0.34 
20 

202.7 
107.66 

5 

9.03 
400 

0.34 
20 

202.7 
107.66 

5 

9.03 
400 

0.34 
20 

202.7 
107.66 

5 

Park Unit Total Costs 

$5,779.20 
S800.00 

$250.00 

5250.00 

5250.00 

$250.00 
$1,S06.00 
$3,200.00 

SO.OO 
$740.00 

SO.OO 
$0.00 
$0.00 

56,501.60 
54,SOO.00 

51,42S.00 
51,200.00 

$585.80 
SO.OO 
SO.OO 

S5.418.00 
58,000.00 

50.00 
S2,222.20 

SO.OO 
SO.OO 
SO.OO 

~203,57:i.B:i 



ADAMS UNIT 

PRIORITY LOCATION 

2 W. Adams and S. 4th West 

2 

Bike Path and Adams 

S. 1 st and East Adams 

2nd East and Adams 

Adams between 2nd and 3rd on 
the south side of the street. 

3rd and Adams 

311 Adams 

Broadway and E. Adams 
(SW. corner) 

Broadway and E. Adams 
(S.E. corner) 

400 Block of Adams 

500 Block of E. Adams 

Adams Unit 

DESCRIPTION 

Adams unit headgate, 4' diameter manhole barrel recently constructed. 

Thirty inch manhole with iniet 2.8' lower than outlet, leading to 3' diameter 
manhole across the bike path. 

Open ditch with pipes for driveway crossings. Various different pipe types and 
sizes throughout. 

Junction box with service, some silting. 

A few services on the ditch which are silted. Junction box on corner showed 
signs of overflowing recently. Across street there is a concrete channel which is 
heavily silted. 

Silting caused by pipe grade when ditch goes underground into 10" steel pipe. 

Transition from 12" steel to 8" PVC in a 30· concrete pipe with wooden lid. The 
steel comes in .3' higher than the plastic. There is some silting upstream. 

Some evidence of overflow, only 2" of freeboard. There is an 8" conc. Pipe 
coming in with a 6" steel leaving. Also there is a 4" PVC going to the south that is 
severely silted up. 

Piped ditch with various services and pipe sizes. There is some silting in the 
services. Solution is to pipe completely and flush periodically with maintenance 
flows. 

Both earthlined and piped ditch with various pipe sizes. Ditch goes from open 
to piped and back often. There are also various services throughout block. 

Adams Unit 

FEATURE MATERIALS AND SERVICES aUANTIT.Y tlliII UNIT PRICE ESTIMATED COST 

Junction Box Silt Trap EA $5,090 $5,090.00 

Junction Box 

Junction Box 

Junction Box and Service 

Piped Ditch 

Concrete Lined Ditch 

Junction Box 

Junction Box 

Junction Box 

Pipe and trenching 
Turnouts 
Q~mQlitign ~!:lg ~alvag~ 
Landscapping 
Gravel 
Concrete 
Asphalt 
FenCing 

Pipe and trenching 
Turnouts 
Demolitign and salvage 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

Pipe and trenching 
Turnouts 
Demolition and salvage 
Landscapping 
Gravel 
Concrete 
Asphalt 
FenCing 

Reconstruct siphon outlet 

Piped Ditch Pipe and trenching 
Turnouts 
Demolition and salvage 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

Earthlined and Piped Ditch Reconstruct siphon inlet and outlet 
Pipe and trenching 
Turnouts 
Demolition and salvage 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

300 LF 
5 EA 

3000 SF 
8.89 CYD 
5.7'8 CYD 

CYD 
LF 

30() LF 
5 EA 

3000 SF 
8.89 CYD 
5.7$ CYD 

CYD 
LF 

300 LF 
3 EA 

3000 SF 
8.89 CYD 
5.78 CYD 

CYD 
LF 

300 LF 
6 EA 

3000 SF 
8.89 i CYD 
5.78 CYD 

CYD 
LF 

2 EA 
300 LF 

4 EA 

3000 SF 
8.89 CYD 
5.78 CYD 

CYD 
LF 

9.03 
400 

0.34 
20 

202.7 
107.66 

5 

9.03 
400 

0.34 
20 

202.7 
107.66 

5 

9.03 
400 

0.3d. 
20 

202.7 
107.66 

5 

250 

9.03 
4CO 

0.34 
20 

202.7 
107.66 

5 

250 
9.03 
400 

0.34 
20 

202.7 
107.66 

5 

$2,709.00 
$2,000.00 

$1,020.00 
$177.80 

$1,171.61 
$0.00 
$0.00 

$2,709.00 
$2,000.00 

$1,020.00 
$177.80 

$1,171.61 
$0.00 
$0.00 

$2,709.00 
$1,200.00 

$1,020.00 
$177.80 

$1,171.61 
$0.00 
50.00 

$250.00 

52.709.00 
$2,400.00 

$1,020.00 
$177.80 

$1,171.61 
$0.00 
$0.00 

$500.00 
$2,709.00 
$1,600.00 

$1,020.00 
$177.80 

$1,171.61 
$0.00 
$0,00 



Adams Unit Adams Unit 

ADAMS UNIT 

PRIORITY LOCATION DESCRIPTION FEATURE MATERIALS AND SERVICES QUANTITY UNIT UNIT PRICE ESTIMATED COST 

Z 600 Block of E. Adams Open channel with check structure keeping ditch and siphon outlet full. Earthlined Ditch Pipe and trenching 300 IF 9.03 $2,709.00 
Turnouts It EA 400 $1,600.00 
D~mglitign and ~alvag~ 
Landscapping 3000 SF 0.34 $1,020.00 
Gravel 8.89 CYD 20 $177.80 
Concrete 5.78 CYD 202.7 $1,171.61 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 $0.00 

Z 700 Block Adams Branches rejoin in siphon outlet. Junction Box Pipe and trenching 300 IF 9.03 $2,709.00 
Turnouts 4 EA 400 $1,600.00 
Q~mQlitiQD ami saly:ag~ 
Landscapping 3000 SF 0.34 $1.020.00 
Gravel 8.89 CYD 20 $177.80 
Concrete 5.78 CYD 202.7 $1.171.61 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 $0.00 

Z 100 Block Adams (N. side) Only 1 service through block. Piped ditch Pipe and trenching 300 LF 9.03 52,709.00 
Turnouts 5, EA 400 52.000.00 
D~mQlitiQ!l and salv5!g~ 
Landscapping 30001 SF 0.34 51.020.00 
Gravel 8.89\ CYD 20 $177.80 
Concrete 5.78; CYD 202.7 51.171.61 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 $0.00 

Z 200 Block Adams (N. side) Both open and piped throughout block with various services. Earthlined and Piped Ditch Pipe and trenching 300 LF 9.03 52.709.00 
Turnouts 5 EA 400 $2,000.00 
D~mQlitign and salvage 
Landscapping 3000 SF 0.34 51.020.00 
Gravel 8.89 CYD 20 $177.80 
Concrete 5.78 CYD 202.7 51.171.61 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 50.00 

Z 300 Block Adams (N.side) Both open and piped throughout block with various services. Earthlined and Piped Ditch Pipe and trenching 300 IF 9.03 $2,709.00 
Turnouts 4 EA 400 $1,600.00 
Demglition and salvage 
Landscapping 3000 SF 0.34 $1.020.00 
Gravel 8.89 CYD 20 5177.80 
Concrete 5.78 CYD 202.7 $1.171.61 
Asphalt CYD 107.66 50.00 
Fencing IF 5 $0.00 

Z 400 Block Adams (N. side) Both open and piped throughout block with various services. Earthlined and Piped Ditch Pipe and trenching 300 LF 9.03 $2,709.00 
Turnouts 5 EA 400 $2.000.00 
D~molitiQn and salvage 
Landscapping 3000 SF 0.34 51,020.00 
Gravel 8.89 CYD 20 $177.80 
Concrete 5.78 CYD 202.7 51.171.61 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 $0.00 

Z 500 Block Adams (N.side) Both open and piped throughout block with various services. Earthlined and Piped Ditch Pipe and trenching 300 IF 9.03 $2.709.00 
Turnouts 4 EA 400 $1,600.00 
D~moli!ign ang s5!lvag~ 
Landscapping 3000 SF 0.34 $1.020.00 
Gravel 8.89 CYD 20 $177.80 
Concrete 5.78 CYD 202.7 $1.171.61 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 $0.00 



PRIORITY 

ADAMS UNIT 

LOCATION 

600 Block Adams (N. side) 

800 Block Adams (N.side) 
toS.11th East 

Adams Unit 

DESCRIPTION FEATURE 

Both open and piped throughout block with various services. Earthlined and Piped Ditch 

Both open and piped throughout block with various services. Earthlined and Piped Ditch 

AdarT"S Unit 

MATERIALS AND SERVICES QUANTITY UNIT UNIT PRICE ESTIMATED COST 

Pipe and trenching 309 LF 9.03 $2,709.00 
Turnouts 4 EA 400 $1,600.00 
D~!lJQlitiQn ilnd sSllvil9~ 
Landscapping 3000 SF 0.34 $1,020.00 
Gravel 8.89 CYD 20 $177.80 
Concrete 5.7$ CYD 202.7 $1,171.61 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 $0.00 

Pipe and trenching 94(j) LF 9.03 $8.488.20 
Turnouts 13 EA 400 $5,200.00 
Q~!lJQIi!iQ!l SlDd ~illvSlg!i! 
Landscapping 9400 SF 0.34 53,196.00 
Gravel 24.44 CYD 20 $488.80 
Concrete 15.89 CYD 202.7 $3,220.90 
Asphalt CYD 107.66 $0.00 
Fencing LF 5 $0.00 

Adams Unit Tot $115,653.18 



Monroe Unit Monroe Unit 

MONROE UNIT 

PRIORITY LOCATION DESCRIPTION FEATURE MATERIALS AND SERVICES aUANTITt! UNIT UNIT PRIC~ fSTIMAI~Q cQSI 

1 505 Hursh Avenue Headgate to system. with town getting silt. First structure. west of bike path. Junction Box Silt Trap 1 EA 5090 $5,090.00 
divides flow southeast and west. Second structure, east of bikepath. divides Pipe and trenching 1240 LF 9.03 $11,197.20 

flow north and east. Both open and piped flow with various services throughout Turnouts 2jJ EA 400 $8,000.00 

stretch. QemQlitiQn am! salv~ge 
Landscapping 6400 SF 0.34 $2,176.00 
Gravel 111.11 CYD 20 $2,222.20 
Concrete 0 CYD 202.7 $0.00 
Asphalt CYD 107.66 $0.00 
FenCing SOp LF 5 $2,500.00 

Z 1 sl and Madison Both open and piped throughout block with various services and pipe sizes. Earthlined and Piped Ditch Pipe and trenching 300 LF 9.03 $2.709.00 
Turnouts 6 EA 400 52,400.00 
Q~molitiQ(! ~nd salvag~ 
Landscapping 3000 SF 0.34 $1,020.00 
Gravel 8.89 CYD 20 $177.80 
Concrete 5.7$ CYD 202.7 $1.171.61 
Asphalt CYD 107.66 $0.00 
FenCing 0 LF 5 $0.00 

Z 200 Block of Madison Both open and piped throughout block with various services and pipe sizes. Earthlined and Piped Ditch Pipe and trenching 300 LF 9.03 52.709.00 
Turnouts $ EA 400 $2.000.00 
DemQlitiQn and ~glxag~ 
Landscapping 3000 SF 0.34 51,020.00 
Gravel 8.89 CYD 20 5177.80 
Concrete 5.78 CYD 202.7 51,171.61 
Asphalt CYD 107.66 $0.00 
Fencing 0 LF 5 SO.OO 

Z 300 Block of Madison Both open and piped throughout block with various services and pipe sizes. Earthlined and Piped Ditch Pipe and trenching 300 LF 9.03 52,709.00 
Turnouts 4 EA 400 51.600.00 
DemolitiQn ~ng s~lvag!il 
Landscapping 3000 SF 0.34 51,020.00 
Gravel 8.89 CYD 20 $177.80 
Concrete 5.78 CYD 202.7 $1,171.61 
Asphalt CYD 107.66 $0.00 
Fencing 0 LF 5 $0.00 

Z 400 Block of Madison Piped throughout block with various services and pipe sizes. Piped Ditch Pipe and trenching 300 LF 9.03 52,709.00 
Turnouts 3 EA 400 $1,200.00 
DemQlition ~nd salvage 
Landscapping 3000 SF 0.34 51,020.00 
Gravel 8.89 CYD 20 $177.80 
Concrete 5.78 CYD 202.7 51,171.61 
Asphalt CYD 107.66 $0.00 
Fencing 0 LF 5 $0.00 

Z 500 Block of Madison Both open and piped throughout block with various services and pipe sizes. Earthlined and Piped Ditch Pipe and trenching 300 LF 9.03 52,709.00 
Turnouts 4 EA 400 51,600.00 
Demolition and salv~g!il 
Landscapping 3000 SF 0.34 51,020.00 
Gravel 8.89 CYD 20 5177.80 
Concrete 5.78 CYD 202.7 51.171.61 
Asphalt CYD 107.66 $0.00 
Fencing 0 LF 5 $0.00 

Z 600 Block of Madison Both open and piped throughout block with various services and pipe sizes. Earthlined and Piped Ditch Pipe and trenching 300 LF 9.03 $2,709.00 
Turnouts 4 EA 400 $1,600.00 
Q~molitiQn ~ng ~alvag~ 
Landscapping 3000 SF 0.34 $1.020.00 
Gravel 8.89 CYD 20 $177.80 
Concrete 5.78 CYD 202.7 $1.171.61 
Asphalt CYD 107.66 $0.00 
Fencing 0 LF 5 $0.00 



PRIORITY 

MONROE UNIT 

LOCATION 

701 Madison to Outfall 

S. 4TH W. & Monroe 

Alley between Madison and 
Monroe east of the bike path 

Monroe Unit 

DESCRIPTION 

Piped throughout block with CMP manhole at 701. Piped to outfall at 511 
Federal. 

Piped from headgate until 621 4th West. From here the ditch is open and piped 
with various pipe sizes. Ditch is very flat and very overgrown with trees and 
bushes. 

In pipe from diversion to siphon inlet box. Siphon inlet in good shape but outlet 
into open ditch has little to no freeboard. Ditch is open and piped with different 
pipe sizes and various services throughout alley. At South 2nd West the ditch 
makes a right angle to Monroe Avenue. The ditch continues down Monroe in open 
channels and pipes. At 116 Monroe Ave. the ditch is silted badly where it is flowing 
over the bank. Ditch flows to South 3rd East and turns back to Madison Ave. At 
503 S. 3rd East the ditch is silted and overflowing. 

FEATURE 

Piped Ditch 

Earthlined and Piped Ditch 

Earthlined and Piped Ditch 

Monroe Unit 

MATERIALS ANp SERVICES aUANTIU UNIT UNIT PRICE ESTIMATED COST 

Assumed O.K. 

Pipe and trenching 1060 LF 9.03 $9,571.80 
Turnouts 11 EA 400 54,400.00 
p~mQlitiQO and ~al~ag~ 
Landscapping 6400 SF 0.34 $2.176.00 
Gravel 11.11 CYD 20 $222.20 
Concrete 7.22 CYD 202.7 $1,463.49 
Asphalt CYD 107.66 $0.00 
Fencing 140 LF 5 $700.00 

Reconstruct siphon outlet EA 250 $250.00 
Pipe and trenching 1940 LF 9.03 $17.518.20 
Turnouts 38 EA 400 $15,200.00 
oe!DQliliQo am:! ~illvilge 
Landscapping 13400 SF 0.34 54,556.00 
Gravel 142.22 CYD 20 $2,844.40 
Concrete 17.33 CYD 202.7 $3,512.79 
Asphalt CYD 107.66 $0.00 
Fencing 140 LF 5 $700.00 

Monroe Unit Total Cost S135 17Q 72 



LeClair UNIT 

PRIORITY LOCATION 

2. Headgate from LeClair 

635 College View 

College View to W. Main St. 
and along Park to 2240 W. 
Park Avenue 

Short Street Headgate 

North side 01 W. Park to 
Big Bend Ave. 

Southside of W.Park to 
Big Bend Ave. 

W. Park, East of Big Bend to 
1604 West Main 

Smith's Lateral, Arbie's lateral 

1000 Block of W. Main going 
east to 840 West Main 

LeClair Unit 

DESCRIPTION 

Headgate is 2' wide with one abandoned next to it. Ditch downstream recently 

cleaned. Ditch is open to College View Dr. 

Alley diversion has a 21" PVC leading out. 

Both open and piped throughout block with various services. 

Diverts water to south side of W. Park Ave. with a 12" concrete pipe. 

Open and piped ditch with various services, pipe sizes vary. 

Open and piped ditch with various services, pipe sizes vary. Diversion at 2018 
W. Mains where it comes out 50' downstream for service. 

Open and piped ditch until reaching junction box at 1516 W. Park. Big drop into 
new system with 12" PVC. Alley south of Park cinder block box that turns and 
goes down alley. Siphon outlet spilling onto street. 

Arbie's lateral shut down. Box south of main silted full. Both open and piped 
channel along south side of Main to Amerigas (lot 933). Then goes to the Alley 
south of Main where it disappears. Enters lateral at 1107 Main SI. 

A 12" steel pipe along Main to junction box at 9th and Main with a 6" gate valve 

running east. 

FEATURE MATERIALS AND SERVICES 

Headgate 
Silt Trap 

Junction Box 

Earthlined and Piped Ditch Pipe and trenching 
Turnouts 
D~mQ1i1iQn ~nd §alv~g~ 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

Junction Box 

Earthlined and Piped Ditch Pipe and trenching 
Turnouts 
DemolitiQn and sSllvage 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

Earthlined and Piped Ditch Pipe and trenching 
Tumouts 
t!~mQlitiQD ~nd salv~g~ 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

Earthlined and Piped Ditch Reconstruct siphon outlet 
Pipe and trenching 
Turnouts 
Demolition and ~alvage 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

Earthlined and Piped Ditch Pipe and trenching 
Turnouts 
DemolitiQn and salvage 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

Piped Ditch Reconstruct siphon inlet and outlet 

LeClair Unit 

QUANTp:1 UNIT UNIT PRICE !;SIIMAT!;D QOST 

EA 18207.5 $18,207.50 

lS60 LF 9.03 514,086.80 
13 EA 400 55,200.00 

15000 SF 0.34 55,304.00 
8.89 CYD 20 $177.80 
5.78 CYD 202.7 51,171.61 

CYD 107.66 $0.00 
LF 5 $0.00 

1620 LF 9.03 $14,628.60 
5 EA 400 $2,000.00 

16200 SF 0.34 $5.508.00 
8.89 CYD 20 $177.80 
518 CYD 202.7 $1,171.61 

CYD 107.66 $0.00 
LF 5 $0.00 

17~0 LF 9.03 $16,073.40 
n2 EA 400 54,800.00 

17800 SF 0.34 56,052.00 
12.44 CYD 20 5248.80 

8.1 CYD 202.7 51,641.87 
CYD 107.66 50.00 
LF 5 50.00 

EA 250 S250.00 
640 LF 9.03 55.779.20 

2 EA 400 S800.00 

3200 SF 0.34 51.088.00 
47.4 CYD 20 5948.00 

CYD 202.7 $0.00 
15.4 CYD 107.66 $1,657.96 

LF 5 $0.00 

2560 LF 9.03 $23,116.80 
28 EA 400 511,200.00 

19600 SF 0.34 $6,664.00 
117.33 CYD 20 52,346.60 

4 CYD 202.7 $810.80 
CYD 107.66 $0.00 
LF 5 $0.00 

2 EA 250 $500.00 

/5~ ~<O I 



PRIORITY 
2 

LeClair UNIT 

LOCATION 
840 West Main to end of lateral 

Lateral at 9th and Main going 
north 

Alley south of Park ant 11 th St. 

Park Street and Hunter Circle 
going east 

LeClair Unit 

DESCRIPTION 
Ditch crosses Main at 808 Main where it travels to alley south of 

Main. Siphon inlet at 114 N. 8th was overflowing. The outlet across the street 
was also overflowing. After the outlet the ditch goes back to open and closed 
with various pipe sizes. 

Ditch is both earthlined and piped with various services and pipe sizes from 
junction at 9th and Main through alley north of Main to 6th. From 6th the ditch 
t~rns south and follow along Main again until 5th where it heads south to a large 
dIscharge structure where it joins with the RVID lateral. 

Ditch is both earth lined and piped with various services and pipe sizes from 
junction at alley south of Park and 11 th SI. At 10th Street both inlet and outlet 
siphons were overflowing. DitCh travels alley down to 5th SI. where it dumps into 
storm sewer on Park SI. 

At 1400W. Park 18" slide gate with evidence of overflow, then into 18" concrete 
pipe. Storm water from library enters into ditch. Travels in pipe with services 
until 9th SI. Where it turns up north to Pioneer. From 9th to 6th along Park 
the ditch goes from both open and closed channel. At 6th the channel goes north 
through the school grounds where it ends up at West Pershing Ave and turns into 
a private line. 

FEATURE MAT~BIAL.S AND SERVICES 
Earthlined and Piped Ditch Pipe and trenching 

Turnouts 
D~mQlitiQn Slng :2alvage 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

Earthlined and Piped Ditch Pipe and trenching 
Turnouts 
D~molitiQn i\lnd :2alvage 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

Earthlined and Piped Ditch Reconstruct siphon inlet and outlet 
Pipe and trenching 
Turnouts 
Q~mQlitiQn Slnd :2ii!lvag~ 
Landscapping 
Gravel 
Concrete 
Asphalt 
Fencing 

Earthlined and Piped Ditch Pipe and trenching 
Turnouts 
DemQlition ang :2alvag~ 
Landscapping 
Gravel 
Concrete 

LeClair Unit 

gUANI)TY UNIT UNIT PRICE ESTIMATED CQST 
1bso LF 9.03 $9,571.80 

15 EA 400 $6,000.00 

0 SF 0.34 $0.00 
180.7 CYD 20 $3,614.00 

0 CYD 202.7 $0.00 
20.22 CYD 107.66 $2,176.89 

320 LF 5 51,600.00 

1800 LF 9.03 516,254.00 
38 EA 400 $15,200.00 

5$00 SF 0.34 $1,972.00 
236.6 CYD 20 54,732.00 

6.9 CYD 202.7 51,398.63 
0 CYD 107.66 $0.00 
0 LF 5 $0.00 

2 250 5500.00 
2060 LF 9.03 $18,601.80 

62 EA 400 524,800.00 

0 SF 0.34 $0.00 
381.5 CYD 20 57.630.00 

0 CYD 202.7 $0.00 
0 CYD 107.66 50.00 

10GO LF 5 55.150.00 

42130 LF 9.03 538,467.80 
180 EA 400 572,000.00 

33200 SF 0.34 511,288.00 
165.2 CYD 20 53,304.00 
30.33 CYD 202.7 S6.147.89 

LeClair Unit Total Costs S402019.95 
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