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OPAL WATER FACILITY PLANNING STUDY PHASE II 

1.0 INTRODUCTION 

The Town of Opal is located in southwestern Wyoming in Lincoln County, approximately 15 
miles east of Kemmerer along State Highway 30 and the Hams Fork River. 

The Town of Opal has had a history of problems with meeting the EPA's Primary and Secondary 
Drinking Water Standards for fluoride. The fluoride concentration has ranged from 3.5 to 5.14 
mg/L in the water system. The EPA maximum fluoride levels for primary and secondary 
standards are 4.0 mg/l and 2.0 mg/l respectively. The Opal Regional System Level II Study 
conducted in the year 2000 contained a water system analysis and also a water treatment 
analysis. This water facility planning study will focus on methods to reduce the high fluoride 
levels found in the water of the Town's culinary water system. "Point-of-Use" treatment 
systems, centralized treatment systems, and an alternate source for blending will be studied. 

According to the Town's records, there are 116 full-time residents living in Opal with no 
seasonal residents. Wyoming State Historical Census data indicates that the population of Opal 
has been up and down for the last 60 years, with a low of 55 and a high of 95. The average 
growth rate over the past 60 years is 0.08% per year. However, the growth rate over the past 10 
years has increased to 2.0%. For the 25-year planning period, a 2% growth appears to be 
optimistically high. Thus, due to the low historical growth rates in the Town of Op~l over the 
last 60 years this study will use a growth rate of 0.5 % per year over the next 25 years. The 
following table charts the projected growth through 2025 based on a 0.5% growth rate. 

Population Projections for the Town of Opal 
2000 2005 2010 2015 2020 2025 

Population 116 119 122 125 128 131 
Growth Rate = 0.5% 

According to Opal records, the existing total number of culinary water connections is 44. It is 
estimated that in the year 2025 there will be 6 new connections for a total of 50. 

The following chart shows the water usage for the Town of Opal during September 1999 through 
August 2000. 

Average Use Peak Daily Use Total Season Use Average Use 
Season (gals.lday) (gals.lday) (gals.lseason) (gals.lconn.lday) 

Summer 15,985. 19,500. 2,943,500. 365. 
Winter 13,145. 16,775. 2,381,600. 300. 
Overall Year 14,565. 19,500. 5,325,000 332. 

The system must be capable of delivering the summer water flows. The average daily use and 
peak daily use are considered when sizing storage and source capacity. 
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2.0 WATER SYSTEM ANALYSIS 

According to the State of Wyoming, Opal owns five groundwater wells, three of which are in 
operation and have water rights appropriated to them. All five wells are located within the 
Town's boundary. The five wells were drilled in 1985 and 1986. Knoll Well #3 was abandoned 
due to radionuclides. Knoll Well #5 was abandoned because the draw down exceeds the depth of 
the pump. 

Opal presently has two storage reservoirs, including a 250,000-gallon concrete tank and a 
30,000-gallon steel tank, for a total capacity of 280,000 gallons. The 250,000-gallon storage 
reservoir is located on the top of the butte northeast of the community. The 30,000-gallon tank is 
located next to Knoll Well #1 and the Booster Pump/Chlorination Building. The 30,000-gallon 
tank is used as a chlorine contact chamber. The 250,000-gallon tank floats online through a 
single inlet/outlet pipeline. The water distribution network consists of looped 6" and 8" lines. 

According to WDEQ requirements, the physical elements of the water system are sized 
adequately and have ample capacity to meet the Town's needs for the next 25-years. These 
elements include the Town's water rights, sources, storage tanks, and distribution and 
transmission network. However, one of the key study objectives of this report is to analyze the 
possible methods to reduce the high fluoride content in the Opal water system. The following 
section is dedicated to this objective. 

3.0 WATER TREATMENT ANALYSIS 

The Town of Opal's existing water supply has routinely tested above the EPA allowable limit for 
fluoride concentration. The fluoride levels have ranged from 3.5 to 4.7 mg/L averaging over 4.0 
mg/L. The EPA maximum contamination level for fluoride is 4.0 mg/L for the EPA Primary 
Drinking Water Standard. The primary standards establish maximum contaminant levels for 
materials that are known or suspected health hazards. The maximum contaminant level is the 
enforceable level that the water supplier must not exceed. The EPA also has Secondary Drinking 
Water Standards that are not designed to protect public health. Instead, they are intended to 
protect "public welfare". The EPA has set a standard maximum fluoride concentration of 2.0 
mglL in order to meet the requirements for secondary standards. 1. M. Montgomery, Water 
Treatment Principles and Design, 1985, states adverse health affects begin to occur at 
concentrations exceeding 4.0 mg/L. The Town must lower its fluoride levels below 4.0 mg/L in 
order to meet the EPA primary drinking water standard. Reducing the fluoride concentration to 
below 4.0 mg/L is the primary goal of this project. The secondary goal is to reduce the fluoride 
to below 2.0 mglL to meet the secondary drinking water standard. 
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The noted health affects from excessive fluoride ingestion include tooth mottling (dental 
fluorosis) and skeletal fluorosis and, at extreme concentrations, toxicity leading to gastro
intestinal upset and death. Table 3.1, Affects of Fluoride Ingestion in Relation to System Levels 
shows the health affects associated with various levels of fluoride concentration in drinking 
water. 

Table 3.1: Affects of Fluoride Ingestion in Relation to System Levels 
Concentration Range Health Affects 

1 mg/L Reduction in Dental Decay 

2.0 mg/L EPA Secondary Drinking Water Standard 

3.5 - 4.7 mg/L Sampled Range of Town's Water 

4mgIL EPA Primary Drinking Water Standard 

>4 mg/L Tooth Mottling 

>4mg/L Town's Average Fluoride Level 

10 mglL 10% of Population Can Taste Fluoride 

>15 - 20 mgIL Skeletal Fluorosis 

250 - 450 mg Toxic 

4 - 5 g (Total Ingestion) Fatal 

**Source: Montgomery Water Treatment, 1985, EPN625/4-89/023, March 1980., ADEQ BulletIn #10, May 1978., and 
Tchobanoglous, Water Quality, 1987. 

Three approaches have been identified to resolve high fluoride concentrations in water: 

1. Treat water from the existing sources to remove fluoride 
2. Blend the water from the existing source with low fluoride water of alternative source 
3. Locate and use a new source of water that contains lower fluoride concentration 

3.1 Fluoride Removal through Treatment 

The EPA has identified a variety of methods as treatment alternatives to reduce the amount of 
fluoride in the water. Five (5) of the effective methods will be analyzed. 

1. Ion Adsorption with Activated Alumina 
2. Bone Char Precipitation 
3. Activated Carbon 
4. Softening with Excessive Lime & Magnesium 
5. Reverse Osmosis 

Comparison of Treatment Alternatives 
Table 3.2 shows a comparison of each method of fluoride reduction for effectiveness, cost, 
operation/maintenance costs, waste generation, and other considerations. 
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Table 3.2 - COMPARISON OF FLUORIDE TREATMENT METHODS 

METHOD REMOVAL COST 
O&M WASTES OTHER 
COST BY-PRODUCTS REQUIREMENTS/COMMENTS 

Lime Softening 20-80% L-M M Settled Sludge -Possible interference with other ions 
& -For small systems softening chemistry may be too 
Magnesium complex 
Reverse Osmosis 

Adjusted 
Alumina 

Bone-Char 
Precipitation 

Activated 
Carbon 

L=Low 
M=Medium 
H=High 

>90% 

>80% 

>80% 

<20% 

M M 

H H 

L M 

L-M L-M 

Wastewater -High percentage of rejection 

Backwash -High Maintenance 
Regeneration Waste -Waste may be hazardous 

-Required Chemicals and pH adjustment 
may be difficult for small systems 

Settled Bone Char -Experimental 
Precipitant -Considerable Bone Char Used 

Backwash -Regeneration off site 
Regeneration Waste 

After careful consideration of all of the treatment alternatives and a comparison of the costs, 
effectiveness, and maintenance of each, Reverse Osmosis appears to be the only viable option to 
remove fluoride from the Opal Water System. Reverse Osmosis is the selected treatment option 
for the removal of fluoride in the Town's water. A centralized RO system and a "Point-of-Use" 
in-home RO systems will be further studied below. 

3.2 Central Reverse Osmosis System 

Reverse Osmosis water treatment units are expensive. A large centralized RO treatment plant 
would only be feasible if a portion of the water were to be treated and than blended with the non
treated water. In order to reduce the fluoride content in the water to a level that will meet the 
EPA Secondary Drinking Water Standards of 2.0mg/L for fluoride, approximately 60 percent of 
the water would need to be treated. The RO system would be constructed so that the treated 
water would be available for the entire system. An RO unit discharges approximately 25 percent 
of the water that enters the unit as waste. A unit that produces 10 to 15 gallons per minute (gpm) 
of treated water, would discharge 3 to 5 gpm of wastewater. This wastewater contains all of the 
impurities that were taken out of the treated water, which is approximately four times the amount 
that was previously present in the untreated water. For example, if the untreated water contained 
4 mg/L of fluoride, then the discharged wastewater would contain approximately 1~ mg/L of 
fluoride. Options for the disposal of the backwash water will be discussed below. 

Disposal of Backwash Water into Wastewater Treatment Lagoons 
One option for the disposal of the backwash water disposal in the existing wastewater treatment 
lagoons. The first concern is the capacity of the lagoon system. An increase in flows could 
decrease the life of the lagoon system considerably. Bob Rawlings of the Opal Town Council 
has indicated that there is a third cell in the lagoon system that currently is not being used. With 
the third cell not in use, the Town would have capacity to discharge into the wastewater 
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treatment system. The second concern is the high quantity of contaminants that the backwash 
water contains. This high concentration of contaminants could be a problem for wastewater 
lagoons depending on how much is present. The backwash water would be mixed with the 
wastewater coming from the homes. The wastewater from the homes would contain the water 
that had been treated and blended minus any water consumed or used for outdoor use. Section 2 
shows that there is only a very small amount of water that is used for outdoor use. Therefore, as 
the backwash is mixed with only a slightly smaller amount of treated water coming out of the 
homes as wastewater, the contaminate levels would be only slightly higher than the untreated 
water from the source. Doyle Conklin of WDEQ was contacted and this concept was explained. 
Mr. Conklin indicated that as long as there was capacity in the lagoon system, then the backwash 
water could be discharged to the lagoons. 

Disposal of Backwash Water into an Evaporative Pond 
Another option for the disposal of the backwash RO water would be an evaporation pond. The 
pond would be required to be lined so that the high concentration of contaminants cou~d not seep 
into the soils, and eventually into the ground water. The pond would need to be sized for storage 
of water in months where little or no evaporation occurs. This option would be higher in cost 
than discharge into a lagoon system of adequate capacity because of the construction costs. 
However, if capacity in the wastewater lagoons were not available, an evaporative pond would 
be the next best option. 

Disposal of Backwash Water into the Hams Fork River 
Leah Krafft of WDEQ was contacted concerning the discharge of the backwash into the Hams 
Fork River. Ms. Krafft was concerned with the high concentration of contaminants that would 
be introduced into the river. She indicated that a NPDS permit would be required to discharge 
and would only be granted if all other options had failed. Because there are two options that 
would dispose of the backwash without discharge into the Hams Fork River, discharge to the 
treatment lagoons and discharge to an evaporation pond, this option will not be further evaluated. 

3.3 "Point-of-Use" RO Systems 

The Mayor and Town Council would like to reduce the fluoride levels in the water, and also 
solve the problem with taste. A "Point-of-Use" in-home Reverse Osmosis Unit would solve both 
the fluoride and taste problem. In-home units are installed under a sink and have a 1 to 3 gallon 
storage tank so that treated water is available for consumption on demand. Unlike treating a 
portion of the water and blending it with untreated water, all of the unpleasant tastes and odors 
are removed as well as contaminants in the water because all of the water at that tap is treated. 
One down side to the in-home RO units is that only the water directly from the RO unit is treated 
water. Water from other faucets and showers would not be treated and should not be consumed. 
Like larger RO units, water passes through filters prior to the membrane in order to protect the 
membrane. There are several types of pre-filter and membrane systems for the in-home RO 
units. The recommended system is one that has capability for the membranes to be rinsed, which 
extends the life of the membranes. This decreases the operation and maintenance costs. 
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Disposal of Backwash Water 
A "Point-of-Use" RO unit works the same as a larger RO unit. Approximately 25 percent of the 
water is lost as backwash with high concentrations of contaminants. An in-home RO unit is 
estimated to produce as much as 6 gallons of backwash water per day if used continually. This 
small amount mixed in with the untreated water will have no effect on the wastewater treatment 
lagoons. Thence, other disposal options for the "Point-of-Use" RO systems will not be discussed 
further. 

EPA Requirements for "Point-of-Use" RO Systems 
The EPA (Region VIII, Denver) was contacted so that the Town would be ensured that "Point
of-Use" RO systems were an approved method of fluoride reduction. The Federal Register Vol. 
63, No. 112, Date June 11, 1998 states, "Today's action removes the prohibition on point of use 
(POU) devices as compliance technologies for National Primary Drinking Water Regulations 
that is set forth in the Code of Federal Regulations ... ". Therefore, POU's can be used in order to 
comply with EPA Regulations. 

The EPA Small System Compliance Technology List for the Non-Microbial Contaminants 
Regulated Before 1996, page 24, states that reverse osmosis is a technology "amenable" to POU 
scale treatment. Section 1412(b)( 4 )(E)(ii), of the Safe Drinking Water Act includes the 
following in relation to ownership and maintenance of a POU system: 

" ... point-of use treatment units shall be owned, controlled and maintained by the public 
water system to ensure proper operation and maintenance and compliance with the 
maximum contaminant level or treatment technique and equipped with mechanical warnings 
to ensure that customers are automatically notified of operational problems." 

As stated above, the "Point-of-Use" RO units would be required to have a warning device so that 
the residents were insured that the RO unit was working properly. If the warning device were 
activated, the unit would be serviced and brought back into operation. Also, a maintenance 
schedule, per manufacture recommendations, would be required to ensure that the Town properly 
maintains the units. The Town would be required to offer regular maintenance for the RO units. 
The Town will also be required to adopt an ordinance with respect to the installation and 
maintenance of in-home "Point-of-Use" RO units. 

3.4 Blending of Water from Another Source 

The Town of Opal is a relatively small water user, Option 2 of blending the water with a low 
fluoride water source and Option 3 of finding a completely new source of water which contains 
lower fluoride concentration can be considered simultaneously. If a source with small amounts 
or no fluoride can be found, then depending on the capacity of the source, blending or an entirely 
new source may be used to meet the EPA Secondary Drinking Water Standards. 

The focus of this study was to evaluate water quality in the area in order to locate possible sites 
of wells that will produce 10 to 15 gpm potable water of adequate quality. According to the 
Wyoming Wellhead Protection Delineation Pilot Project - Report No.3, 1999, all of the deep 
water supply wells serving the Town of Opal appear to be completed in the Upper Member of the 
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Wasatch Formation (Twu). The Upper Member of the Wasatch formation consists of green, 
gray, brown, and locally red siltstone and fine to coarse grained, locally conglomerate sandstone. 
Thickness is about 150 ft. These wells are over 400 feet below ground surface (bgs). 
Groundwater is developed from the rock formations below 300 feet bgs. The only surface water 
body in the Opal area is Hams Fork River located south of the Town. The groundwater gradient 
suggests that the water flows northward from the river towards the wells. 

Data from 12 existing water-supply wells in the study area were evaluated. Well logs were 
collected from the Wyoming State Engineer's Office for ten of these wells, and two wells had no 
logs. Five deep wells were drilled for the Town of Opal (Knoll Wells #1, 2, 3, 4, and 5). Well 
yields indicate that the likelihood of drilling and developing a 10 to 15 gpm well in the Opal area 
is high. Because of the water quality issues, water quality data for the water system were 
collected, compiled, tabulated, and compared to the EP A Standards. It was shown that the 
primary, secondary inorganic and organic constituents analyzed are generally below the EPA 
standards except for the fluoride concentration. The fluoride concentrations of water samples 
from various locations are generally higher than the EPA standard of 4 mg/L for the primary 
drinking water standards and 2 mglL for the secondary drinking water standards. Some sample 
locations were not documented well. Fluoride concentrations of water samples after the existing 
"Point-of-Use" Reverse Osmosis unit are in the range from 0.4 to 0.5 mglL. 

According to the Guidelines for Drinking Water Quality, 2nd ed. (World Health Organization, 
1996), fluorine is a fairly common element that does not occur in the elemental state in nature 
because of its high reactivity. It exists in the form of fluorides in a number of minerals, of which 
fluorspar, cryolite, and fluorapatite are the most common. In groundwater, fluoride 
concentrations vary with the type of rock the water flows through. According to driller's well 
logs in the Opal area, mudstone/claystone/shale was encountered in many of the wells. It is also 
noted that high TDS, sulfate and fluoride concentrations are typically associated with this type of 
rock partially because this type of rock has a low permeability and groundwater flows slowly 
through the rock formation. 

Water quality in the rock formations may not change significantly from location to location 
laterally or from layer to layer vertically due to fracturing of rock formations. It was expected 
during the initial stage of the current investigation that the alluvial aquifer along the Hams Fork 
River might provide better quality water because the mixture of silt, sand and gravel has a 
comparatively high hydraulic conductivity. In order to locate a well that will produce drinking 
water with a low concentration of fluoride, water samples from the Hams Fork River, the Buck's 
Well and Big Piney #2 Well and the Larson's Well were analyzed for fluoride concentration. 
Unlike the Town's three operating wells, these three wells are located in close proximity to the 
Hams Fork River. Their fluoride concentrations are 0.4, 0.4, 0.7 and 1.2 mg/L, respectively. 
This is less than the secondary drinking water standard of 2 mg/L for fluoride. Based on the 
fluoride concentration data, a preliminary well site was proposed at a location between the 
Buck's Well and the Larson's Well north of the Hams Fork River. 
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Additional water samples from the Buck and Larsen wells were tested and compared with the 
EPA Primary and Secondary Water Standards. Although fluoride levels were relatively low, the 
sulfate and TDS concentrations were significantly greater than the EP A Secondary Drinking 
Water Standards. The water had an extremely bad taste. The taste can be attributed to the high 
sulfate and TDS concentrations. The owners reported that the depths of the wells range from 130 
to ISO-ft. but there are not well logs to confirm this. 

Based on the above findings, it appears difficult to complete a well in the bedrock in close 
proximity of the Town of Opal that will serve as a source of high-quality water due to high 
fluoride, sulfate, and TDS concentrations. It is likely that the unpleasant smell and taste of water 
in this area is related to the sulfate and TDS. Treatment of groundwater from the three Town 
operating wells may be a more viable alternative than developing a new source. 

3.5 Water Treatment Recommendations 

Because of numerous water quality issues, specifically high fluoride, high sulfate, high TDS 
concentrations, and unpleasant smell and the taste of groundwater in the Opal area, it is our 
opinion that water treatment should be selected to provide adequate quantity and quality water 
for the Town of Opal. Water treatment by both a centralized RO unit, and "Point-of-Use" RO 
units, will effectively treat the water to a point that the Opal water system will be in compliance 
with the EPA Secondary Drinking Water Standards. As was mentioned before, a centralized RO 
unit would treat only a portion of the water and then be blended with non-treated water due to 
cost issues. This would provide safe drinking water to all residents' taps and faucets. However, 
this unit would not necessarily improve the taste of the water supplied to the residents. A "Point
of-Use" RO unit would provide treated water to only one tap in-house per user. This system 
would also improve the taste of the water due to the fact that untreated water would not be 
blended with the treated water. The Town of Opal feels strongly about improving the taste of 
the water as well as complying with EPA regulations. The Town has chosen to proceed with the 
"Point-of-Use" RO units. 

4.0 COST ESTIMATES AND FUNDING 

The estimated cost to purchase 44 in-home RO units is $44,000.00. The Wyoming Water 
Development Commission (WWDC) does not fund water treatment projects. The Town of Opal 
is expecting to receive a one-time payment of $94,487.00 from the Municipal Mineral Trust
Rainy Day Account. This money will be available between October and December of 200 1. The 
Town has indicated that this money has been earmarked by them to be used to purchase the 
"Point-of-Use" RO units. It is recommended that the Town of Opal apply for a 500/0 grant from 
Wyoming State Land Investment Board (SLIB) and the remaining 50% be purchased with the 
monies being transferred by the Municipal Mineral Trust-Rainy Day Account to the Town. 
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The operation and maintenance of an RO unit is fairly expensive. The EP A will require 
maintenance per manufacture's recommendations. It is impossible to provide exact numbers for 
the yearly O&M of the RO units without knowing which unit is to be purchased. The costs will 
vary with different manufacturers. The Town is currently in the process of securing bids for the 
RO units to be purchased. The cost to replace the filters for an average unit, such as those sold 
by ECO Water Systems, is estimated to be $100 per year per unit. The cost to replace the 
membrane in the average unit every 3 to 10 years is estimated to be $120. It is estimated that a 
system membrane would have a life of 8 years. Therefore, $120 divided by 8 years is $15 per 
year per unit. The total O&M per unit would be approximately $115 per year or $9.58 per month 
per unit. The estimated O&M costs are summarized below: 

Replacement Filters -
Replacement Membranes -
Total Yearly Cost-
Total Monthly Cost-

$100/year/unit 
$15/year/unit 
$IIS/unit 
$9.S8/unit 

Opal currently charges a base rate of $19 per month. Bob Rawlings of the Opal Town Council 
has informed us that approximately $9 of the $19 per month base rate was to payoff an existing 
Farm Loan Board Loan. This loan was recently paid off. This leaves approximately $9 per 
month for the O&M costs of the "Point-of-Use" RO units. This is roughly the necessary amount 
estimated above. It is recommended that the Town leave the current water rates in place and 
after a RO unit is chosen verify that $19 per month is sufficient for the monthly expenses. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

Based upon the analysis and evaluation of the preceding sections, the following conclusions are 
presented in regard to the Opal Water System: 

1. Water ~reatment by Reverse Osmosis is the recommended option to reduce the fluoride 
content in the Opal water system. Both a centralized RO unit and "Point-of-Use" in-home 
RO units will effectively provide drinking water to the residents that meets the EPA 
Secondary Drinking Water Standards. In order to reduce costs a centralized RO unit would 
treat approximately 60% of the water and would then be blended with the non treated. The 
blended water would be in compliance with EPA standards. The backwash wastewater could 
be discharged into the existing wastewater treatment lagoon system. This type of system 
would not significantly improve the taste of the water supplied to the residents. 

An in-home "Point-of-Use" RO system would be installed under a sink and provide treated 
water to that faucet. This type of system must be equipped with a warning device as per EPA 
Requirements. Also, a regular maintenance schedule must be followed. This system would 
not provide treated water to other sinks or faucets in the residence. Only the treated water 
should be consumed. 
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2. There is a possibility of finding water of adequate quality to blend with the existing sources 
so that contaminant levels meet the EPA Secondary Drinking Water Standards. However, 
the taste of the water would probably not improve and may worsen. The well would be 
located close to the Hams Fork River between the Buck and Larsen wells. 

As was mentioned previously, the Town of Opal wishes to proceed with the "Point-of-Use" RO 
systems in order to reduce the contaminants in the drinking water to meet EPA standards, and 
also improve the taste of the drinking water. It is recommended that the Town proceed with their 
preferred and viable option. 
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