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. General

The Placitas Trails Water Co-op (PTWC) is located in Placitas, New Mexico. The PTWC was
formed in 1987 as a cooperative to serve a subdivision of 160 homes. Today it currently serves the
subdivision at full build-out of 155 residential connections as a domestic water cooperative.

This Preliminary Engineering Report (PER) was prepared to evaluate the existing water system
and to propose measures to reduce arsenic levels which exceed the U.S. EPA maximum
concentration (MCL).

The Placitas Trails Water Co-op wishes to construct a water treatment system to ensure all current
and future members have access to a safe and reliable potable water supply.

Souder, Miller, and Associates (SMA) inspected and evaluated the condition of the existing water
supply and storage facilities. After assessing the needs of the Placitas Trails Water Co-op related
to the potable water supply system and considering the requirements of the existing system for the
20 year planning period, SMA developed design alternatives for arsenic removal and other water
system improvements. Each alternative presented in this PER includes a study of the feasibility of
implementing each option, as well as a cost analysis to estimate the total cost of construction and
operation and maintenance (O&M) costs.

The final sections of this report include a comparative analysis of the alternatives given, a more
detailed presentation of the recommended alternative (proposed project), and conclusions and
recommendations. A final cost estimate of the recommended alternative is also included to aid the
PTWC in identifying the funding that will likely be required to implement the proposed project.

This report was prepared by SMA according to the guidelines established in RUS Bulletin 1780-2,
“Rural Utilities Service (RUS) Preliminary Engineering Report - Water Facilities”.
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[I.  Project Planning Area
A. Location

The Placitas Trails Water Co-op serves the subdivision of Placitas Trails, located in Placitas, NM.
Placitas Trails is situated within Sandoval County, approximately 10 miles north of Albuquerque
(See Appendix A-Figure 1). The subdivision is located within Sections 34, 33, and 32 of Township
13N Range 4E and is shown on USGS Placitas Quadrangles, 1:24,000 map. Elevations within the
project area range from approximately 5,700 feet above mean sea level (MSL) at the eastern end-
of-line to approximately 5,200 feet MSL at the western end-of-line.

B. Environmental Resources Present

Farmland
Agricultural land is not present in the area served by the Placitas Trails Water Co-op.

Rangeland
No land within the area served by the Placitas Trails Water Co-op is considered rangeland.

Forestland
No land within the area served by the Placitas Trails Water Co-op is considered forestland.

Wetlands
No land within the area served by the Placitas Trails Water Co-op is considered forestland.

100/500 Year Floodplains

According to Federal Emergency Management Agency (FEMA) map 35043C0925C and
35043C0925C, several residences within Placitas Trails are subject to intermittent flooding
episodes. The land has had base flood elevations determined with respect to 100-year flood levels.
See FEMA Flood Insurance Rate Map (FIRM) located in Appendix B. All proposed construction
will be located in existing sites away from these designated flood areas.

Historic Sites

A list of New Mexico Registered Cultural Properties in Sandoval County is provided in Appendix
B. Once the project scope is defined and approved, and a funding agency is identified, it will be
necessary to contact the State Historic Preservation Office (SHPO) for official archaeological
clearance.

Endangered Species/Critical Habitats

A list of threatened and endangered species and species of concern that exist in Sandoval County
is included in Appendix B. The proposed improvements in this report consist of upgrading some
existing facilities, which will take place on land previously disturbed and developing some new
water supply facilities of limited area impact. It is not anticipated that any of the work required to
construct the proposed improvements will have any effect on endangered species or critical
habitats.

Stream Crossings

There are no streams crossings present within the Placitas Trails subdivision for the preferred
alternative.
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C. Areas of Growth and Population Trends

According to anecdotal information provided by the coop, the Placitas Trails Subdivision
contains 55 households. The Placitas Trails subdivision is currently at full build-out with little or
no additional growth expected. No population data is available for the subdivision, but according to
the 2000 Census for Sandoval County, the average household size is 2.63 persons or
approximately 407 residents for 155 households. The subdivision has no commercial connections.

[ll. Existing Facilities

A. Location Map

Original system design drawings for the Placitas Trails Water Co-op are provided in Appendix
H. The location of the Placitas Trails Water Co-op can be found in Appendix A-Figure 1.

B. History

The Placitas Trails Water Coop water system was constructed in 1987 when the subdivision was
constructed. At that time the distribution system, fire protection, pump house, and wells were
constructed. Since, in 2003 a replacement well was drilled due to collapse of an existing well. The
Placitas Trails Water Co-op currently has 35 acre-feet of groundwater rights for use of the three
municipal wells.

C. Condition of Existing Facilities

The current water system consists of two pumphouses (one serving Wells 1 and 3, the other
serving Well 2), three ground water sources (Wells 1,2, and 3), one 100,000 gallon welded-steel
water storage tank, one 5,000 gallon hydropneumatic water tank, and one 7,000 gallon welded
galvanized steel water tank. These facilities are shown in Appendix A.

Water Sources:

Well No. 1 was drilled under the permit RG-42562 at lot 50A in the Placitas Trails subdivision in
June 2003. Well No. 1 is capable of pumping 11 gallons-per-minute (gpm). The 5-inch well was
drilled to a depth of 760 feet with a depth-to-water (DTW) of 357 feet, pumped using a 3-hp
230VAC single-phase submersible pump.

Well No. 3, which shares the same pumphouse as Well No. 1, was drilled under the permit RG-
42562-S-2. Well No. 3 is capable of pumping 44 gpm. Well No. 3 has a 6-inch diameter casing and
was drilled to a depth of 580 feet with a DTW of 398 feet with a 7.5-hp 230VAC submersible pump.

Well No. 2 is located approximately 5,800 feet west of Wells 1 and 3 and was drilled under the
permit RG-43276. Well No. 2 is capable of pumping 18 gpm. The 7-inch well was drilled to a depth
of 451 feet with a DTW of 238 feet with a 5-hp 230VAC submersible pump. The chlorination
system at this well is currently not functioning and has been offline for several years. Suitability of
servicing this system to become operable is unknown.

All the wells contain elevated amounts of arsenic that exceed the maximum concentration level as

defined by the U.S. Environmental Protection Agency (EPA). The arsenic concentrations are
summarized in Table 1.
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Table 1: Placitas Trails Well Arsenic Concentration s

Well As (total) = | Silica Flow
ppb ppm gpm

1 39 79 11

2 21 71 18
3 29 70 44

"Detection limit is 1 ppb
The well logs for all the wells listed can be found in Appendix C.

Controls and Water Storage:

Located at Wells number 1 and 3 is the main pumphouse that houses electronics, plumbing, and
the 5,000 gallon hydropneumatic water tank. Water from the wells is disinfected using sodium
hypochlorite solution with a peristaltic metering pump before flowing to a 100,000 gallon welded
steel storage tank (see Photograph 1, below). This tank, located approximately 400 ft east of the
Well 1&3 pumphouse, supplies customers on the western end of the system by gravity. Two 10-hp
booster pumps pressurize water from the gravity tank into the 5,000 gallon hydropneumatic water
tank (Photograph 2), which in turn supplies water for users located in the eastern portion of the
subdivision that are higher in elevation than the pumphouse. The feedback control mechanism for
the hydropneumatic water tank is a Mercoid pressure switch (model: DA-31-2-B).

The water quality from Wells 1, 2, and 3 exceed the EPA maximum contaminant level for arsenic
(See Appendix E-Table 1). Coyote pump protectors are used for both Wells 1 and 3 with Franklin
Electric pump starters. Wells 1&3 are controlled by a float switch and Isaac’s wireless transmitter
in the 100,000 gallon tank.

Diagrams of the system and controls are shown in Diagrams 1 and 2.

Photograph 1: 100,000 Gallon Welded Steel Water Tan Kk,
Located Approximately 400-ft East of the East Pumph ~ ouse
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Diagram 1: PTWC Existing Water System Schematic

Diagram 2: PTWC Existing Water System Controls Sche  matic
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Photograph 2: East Wellhouse Booster Pumps and Plum
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bing

The present condition and the suitability for continued use of the Placitas Trails Water Co-op
facilities is summarized in the following table. This information was obtained during a visual
inspection of facilities on January 16, 2008, from verbal and written information provided by the

Placitas Trails Water Co-op.

Table 2: Condition of the Existing Placitas Trails

Water Co-op Water System

Present Condition

Suitability for Continued Use

Water Supplies:  The current water supplies consist of
three wells: Wells 1, 2, and 3. Wells 1 and 3 are located
adjacent to each other and produce approximately 11 and
44 gallons-per-minute (gpm) respectively. Well 2 produces
approximately 18 gpm and is located approximately 5,800
ft west of Wells 1 and 3. Well 2 is currently offline. The
wells produce water with elevated concentrations of
arsenic that exceed the maximum concentration level by
two to four times.

Wells 1 and 3 are currently suitable for
continued use. Well 2 is currently offline and
suitability for future use is questionable. The
PTWC currently has no plans to use this well
in the future.

Storage tanks: The 100,000-gallon welded steel tank is
in good condition. The 5,000 gallon hydropneumatic tank
is also in good working order. The galvanized steel water
tank located near Well No. 2 does not have manways or
an overflow and does not meet the codes as defined by
the NMED.

The 100,000 gallon and 5,000 gallon
hydropneumatic water tank are suitable for
continued use. Well No. 2 is currently offline
and therefore the galvanized water tank is
also offline; however, if it were to be brought
back online, the tank would require installation
of an overflow and manways.

Chlorination  Systems: The liquid hypochlorite
chlorination system at Wells No. 1 and 3 is in good
condition. The liquid chlorination system at Well No. 2 is
currently not working and is offline and not suitable for

continued use.

The existing chlorination system at Well Nos.
1 and 3 are suitable for continued use. The
chlorination system at Well No. 2 requires
replacement or repair of components prior to
returning to service.
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Present Condition

Suitability for Continued Use

Distribution system:  The distribution system consists of
6-inch and 4-inch PVC water mains with 2-inch and 1-inch
PVC lateral lines. The system has (10) fire hydrants and
(8) 6-inch gate valves. All but one of the fire hydrants are
supplied directly off the 6-inch water mains. The fire
hydrant located on the eastern end of Dusty Trails is fed
by a 4-inch main off the 5,000 gallon hydropneumatic
pressure tank supplied segment of the distribution system.

The distribution system is suitable for
continued use. The 4-inch main that feeds
the fire hydrant located on the eastern end of
Dusty Trails should be replaced with a 6-inch
main; However, this is beyond the scope of
the current project.

D. Financial Status of Existing Facilities

Rate Schedule

The current Placitas Trails Water Co-op residential rate schedules are summarized in Table 3

below.

Table 3: Placitas Trails Water Co-op Rate Schedule

Base Water Service & Standby Rate

$30.00 per Month

First 6000 Gallons

No Additional Cost

Next 6000 to 12k Gallons

$3.00 per 1000 Gallons

Next 6000 to 18k Gallons

$3.75 per 1000 Gallons

Next 6000 to 24k Gallons

$4.50 per 1000 Gallons

Next 6000 to 36k Gallons

$5.25 per 1000 Gallons

All Usage Above 36k Gallons

$6.00 per 1000 Gallons

Excessive User Operations Fee >50k Gal.

$100 Dollars per Month

Excessive User Operations Fee >75k Gal.

Additional $200.00 per Month

Excessive User Operations Fee >100k Gal.

Additional $200.00 per Month

Annual Operations and Maintenance

The Placitas Trails Water Co-op O&M costs from Oct '05 to Sep ‘07 are summarized in the table
below. Appendix D contains complete financial information provided by the Placitas Trails

Water Co-op.

Table 4: Placitas Trails Water Co-op Fiscal Year 20 06 and 2007 Annual O&M Expenses

Oct '05 - Sep 06

Oct '06 - Sep 07

Ordinary Income/Expense
Income

4000 - Water Usage Fees $71,084.96 $75,352.90
4001 - Transfer Fees $0.00 $3,5657.12
4002 - Membership Fees $0.00 $5,660.38
Total Income $71,084.96 $84,570.40
Expense
4004 - Reconciliation Discrepancies $0.30 $0.00
6005 - Administration
6010 - Billing & Accounting $3,661.30 $0.00
6015 - Systems Administrator $6,610.80 $0.00
6020 - Executive Director $0.00 $12,970.00
Total 6005 - Administration $10,272.10 $12,970.00
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6051 - Certified Public Accountant $1,238.31 $3,526.87
6052 - Legal Fees $914.04 $1,509.61
6070 - Supplies & Postage $3,038.62 $4,174.38
6100 - Operations
6110 - Standard Scope of Work $17,304.61 $16,856.97
6111 - Non-Standard Scope of Work $0.00 $4,070.19
Total 6100 - Operations $17,304.61 $20,927.16
6120 - Materials - Maintenance $1,687.93 $1,359.28
6160 - Engineering Services $0.00 $1,068.59
6200 - Utilities $6,552.85 $5,303.78
6210 - Telephone $590.76 $572.12
6211 - Website $0.00 $931.89
6300 - Board Expenses $379.70 $713.02
6310 - Meetings $100.00 $100.00
6320 - Association Dues $140.00 $140.00
6360 - Insurance $2,950.00 $2,901.00
6410 - Fees $420.79 $441.54
6899 - Miscellaneous $207.10 $0.00
6910 - Depreciation Reserve $14,357.99 $16,914.08
6911 - Water Rights Reserve $0.00 $5,660.38
Total Expense $60,155.10 $79,213.70
Net Ordinary Income $10,929.86 $5,356.70
Other Income/Expense
Other Income
7010 - Interest Income 788.28 537.67
Total Other Income 788.28 537.67
Net Other Income 788.28 537.67
Net
Income 11,718.14 5,894.37
Users

The Placitas Trails Water Co-op currently has 155 residential connections.

Existing Debts and Required Reserve Accounts

The Placitas Trails Water Co-op currently has no loans. The current balance of the reserve
account is approximately $87,900. $50,000 of this amount is reserved for equipment
replacement and repairs. The reserve funds are currently allocated to the anticipated arsenic
removal solution proposed in this PER.
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IV. Need for Project
A. Health, Sanitation, and Security

Addressing the current water quality issues is the first priority of the Placitas Trails Water Co-op.
The arsenic concentration from the wells is approximately two to four times the maximum
concentration level (MCL) defined by the EPA. The measured arsenic concentration from the
three water supply wells (January 2008) are 44, 24, and 33 ppb, respectively while the
regulatory MCL is 10 ppb. The potential effects of exposure above the maximum contaminant
level for arsenic are circulatory problems, birth defects, as well as an increased chance of
getting cancer. Water quality tests have been performed by New Mexico Environment
Department’'s (NMED) Drinking Water Bureau as well as SMA, and the results are provided in
Appendix E.

A secondary concern is that Wells 1 and 3 are currently operating at 100% capacity (24 hrs/day)
during the summer months. Therefore, based on this information reported by the owner, an
additional water source is needed to provide a larger margin of safety to meet seasonal water
demand and to provide redundancy in case one of the existing wells fails. Additional water
supply is not necessary to provide for an arsenic removal system and can be delayed to a later
date. Alternatively, it may be possible to reduce peak water demand through conservation.

B. System O&M

The Placitas Trails Water Co-op currently does not have any issues regarding the current
operations and maintenance of the existing water system.

C. Growth

The Placitas Trails subdivision is currently at full build-out. Future growth and demand on the
existing water system is expected to be minimal if any.
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V. Alternatives Considered

The following alternatives were considered for the Placitas Trails Water Co-op water supply
improvements project:

A.

Viable Arsenic Removal Alternatives
1. Granular Media Adsorption

2. Coagulation and Filtration

3. Electro-flocculation and Filtration
4. Point-of-Use Reverse Osmosis

Unviable Arsenic Removal Alternatives
1. lon Exchange
2. Centralized Electrodialysis Reversal

Non-Treatment Alternatives Considered
1. New Well
2. No action

Backwash Handling Sub-alternatives

1. Reclaim tank constructed at east pumphouse
2. Convert west tank to reclaim tank

3. Dispose of backwash into nearby arroyo

Design Criteria

The water cooperative does not want to handle hazardous feeds or wastes

A treatment system will need to have a compact footprint due to limited land availability.

The proposed treatment system will need to handle the high concentrations of silica
produced from the wells

The treatment system should have lowest possible increases in operational and
maintenance time and costs.

The system should be robust, reliable, easy to operate, and easy to maintain. The system
should require the lowest operator level possible.

Treatment system should not waste a significant portion of the feed water

Wastes and discharge from the treatment process must be minimized to the fullest extent
possible.

Capital costs need to be minimal

Modifications to building must remain in compliance with home owner association codes.
l.e., Max height less than 17 ft with a minimum setback of 25 ft.

Design Assumptions

All ferric chloride-based processes are assumed to have a dose rate of 10 mg/L (as FeCls).
All sludge is assumed to have a solids content of 5%.
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Energy costs for each alternative are ignored unless the energy cost is directly used in the
process, (i.e.- ARS electroflocculation reactor, extra pumping energy)

Ferric chloride (FeCls) costs are assumed to be $200 USD/30 gallon at 42 wt%.

Rates for operator time are assumed to be approximately $45/hr. If an assistant is required
for an operation, $65/hr is assumed for an operator and assistant.

Treatment system flow is set to be 75 gpm for manufacturer comparison. Although the
combined capacity of all the wells is 73 gpm, a design capacity of 75 gpm is used for
manufacturer’s pricing purposes.

All capital costs exclude pilot study costs.

Background Information

Use of Ferric Hydroxide for Arsenic Removal

Ferric hydroxide (Fe(OH)s) has strong adsorptive properties for the removal of arsenic in
drinking water. Ferric hydroxide can either be purchased in granular form (“GFH") or generated
on-site by injecting ferric chloride (FeCls, “ferric acid”) into the inlet water stream, as shown as in
Equation 1, below.

FeCl, + 3H,0  Fe(OH);(s)+3H" +3CI (Eq. 1)

Eq. 1. Hydrolyzation of Ferric Chloride. Note precipitation of solid Ferric Hydroxide and
generation of Hydrochloric Acid.

The ferric hydroxide will readily adsorb pentavalent arsenic from aqueous solutions through co-
precipitation. The oxidation states of dissolved arsenic are the +3 (arsenite) and +5 oxidation
(arsenate) state, the most common being pentavalent arsenic. Arsenic in the +3 oxidation state
is non-ionic at neutral pH, which makes it less reactive than arsenic in the +5 state. Both states
of arsenic are poisonous to humans in excessive concentrations. In order to achieve a high level
of adsorption of arsenic, all dissolved arsenic must be oxidized to the +5 state to react with ferric
hydroxide adsorbants. In the case of the arsenic in the water produced from the three municipal
wells at Placitas Trails, almost all the dissolved arsenic is in the form of pentavalent arsenic.
Pre-chlorination of the inlet water stream generally provides sufficiently oxidizing conditions to
ensure all arsenic is in the pentavalent state, as shown in Equation 2, below.

As®+Cl, As®+2cCr (Eq. 2)
Eq. 2: Oxidation of trivalent arsenic to pentavalent arsenic by chlorine.

The pentavalent arsenic ion then hydrolyzes to arsenate ion, as depicted in Equation 3, below.
As®+ 4H,0  AsO,°+8H" AsO;OH?+7H" (Eq. 3)

Eq. 3: Hydrolyzation of pentavalent arsenic to arsenate ionic forms. Note generation of
H* ions; this reaction will be favored by alkaline conditions.

The resulting arsenate ion adsorbs onto iron-oxide surfaces in acidic and near-neutral pH water

as shown in Equation 4 and in the Lewis diagram below (Courtesy of Thomson and Chwirka,
University of New Mexico):
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Fe(OH); + AsO,2 « FeAsO, + 3 OH (Eq. 4)

Eq. 4. Adsorption of arsenate ion to Ferric Hydroxide. Note that this reaction is
reversible. Note also the generation of hydroxyl ions; this reaction will be driven
to the right (adsorption) under acidic (low pH) conditions, and to the left (de-
adsorption) under alkaline (high pH) conditions.

Fe —OH
/ oW A°
@) + As

7N\

Fe—OH © OH K
I \ OH
Goethite Surface K, | As<

o o
+ HO
| ‘kz/v Fe — OH
|
/ Fe —0O NP K:  Monodentate
o As// Qurface Complex

7 o

Fe — O + OH-

I
Bdentate
urface Complex

Diagram 3: Surface Chemistry of Arsenate Adsorption onto Ferric Hydroxide

As noted above, the adsorption reaction produces hydroxyl ions and tends to proceed under
acid or neutral (low pH) conditions. Alkaline conditions (high pH) will drive the reverse reaction,
causing arsenate to de-adsorb from the ferric arsenate complex. The effects of pH on ferric
hydroxide-based arsenic removal systems are discussed in greater detail below.

Effect of pH on Ferric Hydroxide based Arsenic Remo  val

As shown in the adsorption equation, the hydroxyl ion (OH"), which dominates at high pH, is
released when arsenic is adsorbed by the ferric hydroxide (Fe(OH);) and is consumed when the
arsenate is released, or de-adsorbed, from the ferric adsorption media. This implies that high
concentrations of OH’, or high pH, will force the reaction towards the left and release arsenate in
dissolved form. As a result, the capacity of the ferric hydroxide to adsorb arsenic increases by
as much as 200% when the pH is lowered from 9.0 to 7.0. This effect is shown in Diagram 3
(Courtesy of AdEdge Technologies).
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Diagram 4: pH effect on Ferric Hydroxide Treatment  Capacity

This increase in capacity corresponds directly to increased media life in the case of GFH
systems and to reduced ferric chloride consumption and solid waste generation in the case of
coagulation-filtration systems. The practical upshot of these effects is reduced operational
costs. pH can be adjusted using carbon dioxide (CO,) gas delivered and mixed using a venturi
nozzle, or by liquid hydrochloric acid injection.

Caution must be exercised when using pH adjustment. Because the arsenic adsorption reaction
is reversible, if the pH neutralizing system were to fail, causing a substantial increase in pH, the
ferric arsenate could dissociate back into ferric oxide/hydroxide and release dissolved arsenic
into the finished water supply with concentrations exceeding the raw water concentration. An
alarm designed to monitor pH should be used to alert the operator and shut down the system in
event of a high pH condition.

Effect of Silica Concentration on Arsenic Removal U sing Metal Hydroxides

All arsenic removal mechanisms using the co-precipitation onto metal hydroxides (such as iron,
aluminum, titanium and others) are susceptible to the effects of silica, vanadium, and other trace
elements naturally found in drinking water. According to Chunming et al. (2001), “sorption of
silicate on ferric hydroxide was studied by x-ray photoelectron spectroscopy showed the
presence of monomeric silicate or small units of polymerized silica at low solution silicate
concentrations. Arsenate and silicate are tetrahedral anions that form complex bonds with the
functional groups at the surface of iron oxides. Competition for sorption sites decreases the
sorption of each anion when both are present compared to either anion alone.”

Arsenic adsorption onto metal hydroxides in the presence of higher silica concentrations is
affected because of competing adsorption and polymerization on the surface. The net result is
lower media life for iron-oxide based granular medias or higher ferric chloride dose rates
required and increased solid waste generation for coagulant processes to achieve desired
arsenic removal efficiencies.

Effect of pH on Silica Fouling of Media

In addition to the pH effect of ferric hydroxide concentration, silica polymerization is also
affected by pH. As pH is increased from a neutral to a basic solution, the overall speciation of
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silica shifts from a high concentration of monomeric silica to a higher concentration of polymeric
silica as shown in Charts 2 and 3 (Thompson, Chwirka, 2005). This is because neutrally-
charged silica reacts with hydroxyl ions (more prevalent at higher pH) to form negatively
charged silicate ions, as depicted in Equations 5 and 6, below.

H,SiO, + 2 OH H3SiO, + OH™ + H,0 H,SiO,* + 2 H,0 (Eq. 6)
Eq.5 & 6: Hydrolyzation and speciation of silica and silicate ions. Note consumption

of hydroxyl ions in Eq. 6. Higher concentration of hydroxyl ions (higher
pH) will tend to push Eq. 6 to the right, resulting in higher concentration of
charged ions.

The variation of silicate speciation with pH is depicted in the following Diagram 4.
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Diagram 5: Silica Speciation with pH

The polymerization of silica depends on polar attraction between charged silicate ions, and the
resultant condensation reaction to form covalently bonded polymers, as depicted in the following
Diagram 5 and 6 (Courtesy of the University of the Virgin Islands).
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Diagram 7: Formation of covalent bond during conden sation polymerization reaction.
Note: This reaction may be repeated for form longer polymer chains.

Uncharged silica molecules will not polymerize because they lack the charge required to cause
polar attraction between ions. This means that the more highly charged silicate ions generated
by hydroxyl ions at higher pH will tend to polymerize more readily than the neutral silica species
prevalent at neutral pH, as demonstrated in Diagram 7, below.
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Diagram 8: Polymeric Silica Concentration vs. Total Silica Concentration over pH

The effect of high concentrations of polymeric silica is decreased medial life for granular iron
oxide-based processes and increased coagulant dosage and solid waste generation for ferric
chloride-based coagulation-filtration processes. For a ferric hydroxide process, both the
presence of silica and pH will affect the level of arsenic removal, as shown in Diagram 8
(Thomson, Chwirka 2005).
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As Removal as a Function of Silicate and pH
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Diagram 9: As Removal as a Function of Silicate and pH (4 mg/L FeCl ; dose)

In conclusion it is ideal to maintain a near-neutral or slightly acidic pH for all arsenic removal
processes that use iron-oxide adsorption. Maintaining this pH is even more critical for waters
containing elevated concentrations of silica. It can be expected that high concentrations of silica
will result in decreased media life in granular ferric hydroxide media or increased ferric chloride
dosage and increased solid waste generation in coagulation-filtration systems.

Aluminum-based Adsorption Processes

Activated alumina (AA) can be used to adsorb arsenic (and other dissociated ions such as
fluoride). Activated alumina is a partially hydrated white crystalline compound (Al,O3)
possessing high surface area. Unlike ferric hydroxide adsorbents, activated alumina has
amphoteric properties which allow it to adsorb different compounds in a basic or acidic solution.
In an acidic solution, AA is strongly positive and is selective for arsenic and fluoride. (Clifford et
al, 1995). However, like ferric hydroxide, arsenic must be in the 5+ oxidation state for successful
adsorption to occur.

While much of the forgoing discussion assumes the use of iron-based adsorptive media, similar
arguments on the effects of pH and silica can be made for aluminum-based media, as well.
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A. Viable Arsenic Removal Alternatives

1. Granular Media Adsorption
Background - This process entails using a granular iron-oxide media to adsorb dissolved
arsenic forming a molecular film on the media surface. Pre-chlorination of the process water
is used to ensure all arsenic is in the pentavalent oxidation state, as well as to prevent
bacterial growth on the media.

Diagram 10: Process-flow diagram of typical adsorpt ion process

A lead/lag system is desirable to protect the public in event of a media breakthrough.
Breakthrough is defined as a point where the media has expended its capacity to remove a
contaminant and allows the contaminant to pass through into the effluent. Because arsenic
concentration levels cannot be monitored at all times, a lead/lag system will be used to allow
for back-up removal in event of a breakthrough and zero downtime during media
exchanges. The lead/lag configuration will reduce operations and maintenance costs
associated with media replacement by extending the useful life of the media. This is
because the presence of the lag vessel as a “safety net” allows the lead vessel to
breakthrough completely, which means the full capacity of the lead vessel will be utilized.
Without the lag vessel, the media would need to be replaced before its capacity has been
fully expended to prevent accidental breakthrough. The lead/lag configuration typically
becomes economical where influent arsenic concentrations are greater than 30-35 parts-
per-billion (ppb), as in the case of Placitas Trails. The lead/lag configuration also allows for
complete depletion of the media. When the media in the lead vessel is replaced, the lag
vessel will then become the lead vessel until the media is depleted.

For all medias, to ensure low differential pressures, backwash operations are necessary to
expel solids from the media. Backwash water will be sent to a parallel cloth filtration system
to remove any suspended solids. The water may then be either recycled back into the raw
water intake or pumped to a drainage that dispenses into an arroyo located within the
Placitas Trails subdivision. In the latter case, a flap valve would be installed at the end of the
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line to prevent wildlife and vegetation from entering the backwash pipe and cause an
obstruction. During backwash sequences, a control relay on the arsenic system will lock-out
the wells.

If backwash water is to be discharged to the arroyo, a notice of intent (NOI) to discharge
must be filed with the EPA upon construction. After construction a water quality sample must
be taken ensure that a National Pollutant Discharge Elimination System (NPDES) permit is
not required. A NPDES is not expected to be required as backwash discharge water
primarily contains suspended solids that will mostly be collected by the cloth filter packs and
are in a chemically stable state.

Technologies Studied
Siemens/U.S. Filter

Description - This alternative uses granular titanium oxide media instead of iron oxide to
absorb the dissolved arsenic. The adsorption of arsenic can occur on both iron oxide and
titanium oxide. Titanium oxide has more adsorptive sites per unit surface area than iron
oxide; however, the cost of titanium oxide is considerably higher. Once arsenic
completely adsorbs to the entire surface of a titanium granular particle, the particle is
spent. The kinetics of adsorption of arsenic onto titanium oxide are rapid and will the
consume media from top to bottom. Two vessels are required in a lead-lag configuration
for breakthrough safety and efficient media consumption (refer to part iii below). PH
correction is not required in the case of Placitas Trails as the pH from the last water
quality results (Appendix E) indicate pH of near neutral levels.

Residuals and Waste Management - An advantage of the adsorption process over a
coagulationffiltration process is that the backwash contains little or no harmful
contaminants. The non-hazardous backwash can be safely disposed of at a nearby
arroyo. However, a notice-of-intent to discharge will be required to be submitted to both
NMED’s groundwater bureau and the EPA. Monitoring and/or discharge permits may be
required by either or both agencies.

Process Flow Diagram -

Diagram 11: Typical adsorption process flow diagram
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Costs of Alternative
Capital Costs: $41,985
Annual Operational Costs: $82,520

Advantages - An advantage of the granular adsorption process is that it contains the
least number of unit operations. A low number of unit operations reduces system
operational complexity and minimizes the number of possible failure mechanisms. The
greatest advantage of granular adsorptive processes is that water recovery rate is the
highest of any process. The only wasted water is the minor quantity required for
backwashing operations. The backwash frequency for granular medias is much less than
for coagulation/filtration processes.

Disadvantages - The primary disadvantage of adsorption is its extremely high operational
cost. This is because the media is a consumable material requiring frequent replacement.
Another disadvantage to adsorption media is that it is highly susceptible to fouling by
silica. Due to the nature that the concentrations of silica being on the order of thousands
of times that of arsenic and that it competes for adsorptive sites on the media, the media
life for adsorption is expected to be low. Due to the large operational costs in utilizing
adsorption, use of this process is not recommended.

Risks - The adsorption process itself is highly reliable and will remove arsenic to levels
below the MCL. The extremely low media life, due to the silica content, renders this
alternative economically infeasible.

Land Requirements - No additional land is required for this treatment alternative. To
enclose the system, space within the building will need to be cleared or added to the
existing building if this alternative is considered.

Construction Problems-  There is currently no access point for installation of the
treatment system. There is also inadequate space to house the treatment system. The
facility must have an access point installed and space cleared prior to installation of a
water treatment system.

Basin Water

Description - Basin water utilizes an ion exchange type of resin bead that is impregnated
with iron oxide. The process is still an adsorptive type process but the media structure
allows for very high flow rates across a smaller vessel due to the low pressure differential.
This process also eliminates any requirements for backwash. The resin beads can also
be regenerated for reuse several times over. To regenerate the media, the vessels would
need to be removed, packaged, and shipped to the Basin Water regeneration facility. It is
estimated that the vessels would need to be removed and shipped every three months.

Residuals and Waste Management - No residuals would be generated with this
alternative.
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Process Flow Diagram

Diagram 12: Basin Water FlexSorb process flow diagr am

Costs of Alternative -
Capital Costs: $46,650
Annual Operational Costs: $15,106

Advantages - The advantage of this system is the small footprint requirements. Another
advantage is that this alternative has the least amount of operations and maintenance.
This alternative also has the least amount of unit operations

Disadvantages - The largest disadvantage to this alternative is the proprietary nature of
the media, the treatment system will be owned and operated by the association, but the
media will be owned by Basin Water. The costs of the media to use this process will be
that the association will pay 96 cents for every 1000 gallons that the media is used.
However, upon review of the contract, Basin Water reserves the right to change the rate.
A contract term is 10-years.

Risks - A request for a statement of qualifications was submitted to Purolite, a competitor
of Basin Water that utilizes the same arsenic removal technology. Purolite, which uses a
very similar process as Basin Water, stated (attached) that due to the high silica levels in
the water; the capacity for the resin will be very low. The media exchanges will require
replacement on a monthly basis. Even if regeneration is performed it will be required
every two days. Purolite stated that use of their iron oxide impregnated resin media would
not be an economical solution for arsenic removal. This statement has made SMA
suspicious of the viability of an impregnated resin media as a viable solution for arsenic
removal. If PTWC were to pursue this alternative, the co-op would be locked into a 10-
year contract with rates that are variable as defined by the manufacturer. With the
economically unfeasibility of this technology, the manufacturer might be forced to change
their rates to values beyond the water co-op’s capacity. This alternative is not
recommended.

Land Requirements - No additional land is required for this treatment alternative. To
enclose the system, space will need to be added or cleared from the existing building on
existing easements if this alternative is considered.

Construction Problems-  There is currently no access point for installation of the
treatment system. There is also inadequate space to house the treatment system. The
facility must have an access point installed and space cleared prior to installation of a
water treatment system.
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2. Coagulation and Filtration

Description — There are currently two methods of co-precipitating dissolved arsenic from
water. Aqueous FeCl; (ferric chloride) or Fe,SO, (ferric sulfate) can be used to co-
precipitate pentavalent arsenic. Ferric sulfate is the least preferred coagulant due to its cost
and introduction of sulfates into the water, which will degrade the aesthetic quality. Ferric
chloride is low in cost, available at any local industrial chemical supplier, and does not
introduce sulfates in the water. The ferric chloride will introduce a significant amount of
dissociated chlorine ions and ferric hydroxide as shown in the chemical formula below:

FeC|3 + 3H20 « Fe(OH)g(S) + 3H" + 3CI (Eq 1)

It should be observed that the introduction of ferric chloride in the water will release free
hydrogen and chlorine ions to form hydrochloric acid, effectively lowering the pH of the
water. The ferric chloride dose required to remove arsenic is dependent of the pH, silica
content, and vanadium of the feed water. After coprecipitation of the arsenic to a solid floc,
either a granular media or membrane filter can be used to physically separate the arsenic
from the finished water.

Technologies Studied
Pall Water Processing

Description - Pall utilizes a standard sodium hypochlorite injection pump to chlorinate the
water. The chlorine is used to oxidize As®*" to As®*. Ferric chloride (FeCl,) is then injected
into the feed stream via flash mixer. The FeCl; in water will hydrolyze to ferric hydroxide
(Fe(OH)3). A pretreatment tank is used to mix the feed and allow for contact time. A
transfer pump then pushes the water through a membrane based microfilter and the
finished water is sent to the storage tanks for use. The membrane units are capable of
self-cleaning. There are two processes, one called the “Enhanced Flux Maintenance”
(EFM) and the other is called “Clean-in-Place”. Addition of citric acid is required for each
self-clean procedure.

Pall has constructed plants that utilize this technology in Albuguerque, NM, Fallon, NV,
Reno, NV, and Ayer, MA.

Reference from the City of Albuquerque Public Works department has mentioned that the
system was chosen based on its low operational costs and small footprint for the scale at
which they were operating (5.2 MGD).

Residuals and Waste Management - The system will produce approximately 2,850
gallons of backwash water per day with an arsenic concentration of 1.44 ppm. In addition,
another 450 gallons per week of backwash consisting of a citric acid blend is produced
for enhanced flux maintenance (EFM). Yet another 1,100 gallons of backwash is
generated once each month for the clean-in-place (CIP) procedure. The CIP waste
consists of citric acid and caustic blend. Both EFM and CIP are expected to have arsenic
concentrations above 5 ppm. All wastes will need to require separation of the solids from
the liquid. Wasted water will be decanted with the use of a dewatering bin. After
decanting, the water will be sent to a receiving waterway or stored and shipped to a
treatment facility. If discharged to a surface arroyo, a notice-of-intent will be required to
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be filed with the EPA and NMED groundwater bureau and a discharge permits for both
agencies may be required. If discharge permits are required, periodic monitoring will be
performed. The schedule of monitoring will vary depending on the constituents and
concentrations of the waste feed. Blending high arsenic EFM and CIP wastes with
finished water can be performed to reduce arsenic concentrations to allowable levels for
disposal. If this alternative is to be considered, pilot testing will be required to examine the
backwash constituents and contaminants to complete a discharge permit.

The solids will primarily be in the form of iron oxide and with trace amounts of ferric
arsenate. Iron oxide and the ferric arsenate will require regular removal from the
dewatering bin and transportation to a landfill. It is estimated that approximately 3 Ibs of
solid mass (assuming 5% solids content) will be generated per day.
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Process Flow Diagram -

Diagram 13: Pall Aria Arsenic Removal Process Flow Diagram
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Costs of Alternative -
Capital Costs: $437,344
Annual Operational Costs: $9,790

Advantages - The advantage to this alternative is the low operational cost and the high
quality of the finished water.

Disadvantages - The microfiltration process produces hazardous liquid waste. The
membrane cleaning process requires use of citric acid for backwash operations, which
makes any backwash disposal to surface water unpermittable due to the high arsenic and
low pH. Also due to the CIP and EFM backwash operations, reclamation of the waste
water is not possible due to the high arsenic concentration. Capital costs for this system
are the highest in comparison to all other technologies studied. The Pall Aria system also
has the highest number of system components, increasing operational complexity.
Another disadvantage is that ferric chloride is considered a hazardous material.

Risks - The performance of this alternative has a low degree of risk. Removal of arsenic
using ferric chloride and membrane is a popular method. The risks involved would entail
the possibility of having an excessive dose of ferric chloride in the water. Excessive ferric
chloride could foul the membranes and cause for a high iron content in the finished water.
With any arsenic removal plant that uses ferric chloride, it is possible to foul many parts of
the plant if the water has a large overdose of ferric chloride.

Land Requirements - No additional land is required for this treatment alternative. To
enclose the system, space will need to be added or cleared from the existing building on
existing easements if this alternative is considered. Such building expansion could be
completed within existing easements.

Construction Problems-  There is currently no access point for installation of the
treatment system. There is also inadequate space to house the treatment system. The
facility must have an access point installed and space cleared prior to installation of a
water treatment system.

AdEdge Technologies

Description - AdEdge utilizes a media consisting of naturally mined manganese dioxide
ore, internally referred to as the AD26. Ferric chloride will be injected into the raw water
feed to provide dissolved iron. In the presence of oxidizing conditions (provided by
chlorination), the MnO, media acts as a catalyst to speed-up the oxidation of dissolved
iron to solid iron hydroxide. The solid iron oxide precipitates out of solution and coats the
granular media creating a reactive film. The sodium hypochlorite feed to also serves to
oxidize the arsenic 3+ to arsenic 5+. The arsenic then adsorbs onto the iron oxide film
that is coating the manganese dioxide. In addition to serving as a catalyst, the MnO,
granular media also acts as a physical filter media to strain-out the solid iron arsenate
flocs. The catalytic media is expected to last approximately 10 years using current water
quality information. This media is identical to Layne-Ox(tm), manufactured by Layne-
Christensen and Pyrolox, manufactured by the Clack Corporation.

AdEdge currently has over 50 AD26 systems in operation.
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Residuals and Waste Management - Backwash frequency is expected to be
approximately three backwash operations per week at 3,500 gallons. All wastes will
require separation of the solids from the liquid. Wasted water will be decanted with the
use of a reclaim tank. After decanting, the water will be transferred to the raw water inlet
of the treatment system for reprocessing.

The solids will primarily be in the form of iron oxide and with trace amounts of ferric
arsenate. The iron oxide and ferric arsenate will require regular removal from the reclaim
tank and transportation to a landfill. Experience with past projects has demonstrated that
these solids will pass TCLP; therefore, it is expected that they may be disposed of as a
non-hazardous waste. It is estimated that approximately 3 lbs of solid mass (assuming
5% solids content) will be generated per day. Using a 5,000 gallon reclaim tank, it is
estimated that iron oxide and ferric arsenate would be required to be transported to a
landfill every 8-9 weeks.

Process Flow Diagram —

Diagram 14: AdEdge AD26 Process Flow Diagram

Costs of Alternative -
Capital Costs: $108,345
Annual Operational Costs: $7,160

Advantages - The AdEdge process, like other granular media-based coagulation-filtration
process, has among the lowest O&M costs of all available technologies The effluent
water quality is high. The footprint of AdEdge, or any system that uses catalytic media,
will be smaller than similar processes which rely on increased residence time (long plug-
flow reactors) to allow the ferric chloride to hydrolyze completely. The use of catalytic
fixed media to create a film of ferric hydroxide on the solid media surface, rather than use
of a plug-flow reactor to grow ferric hydroxide flocs suspended in the liquid, may have an
advantage of growing more filterable flocs, resulting in greater removal efficiencies and
higher effluent water quality. AdEdge is a well-established company with a large number
of plants in operation.
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Disadvantages - Requires handling of ferric chloride, a hazardous (caustic) chemical. A
copy of the MSDS is provided in Appendix I. Without pilot testing it is uncertain if this
process can remove arsenic to levels below the MCL. Another disadvantage is that ferric
chloride is considered a hazardous material.

Risks - The primary risk associated with this technology is silica fouling of the catalytic
media, which could potentially reduce its effectiveness and allow ferric ions to pass
through without being hydrolyzed and precipitated out of solution. As with all treatment
processes, pilot testing is highly recommended to ensure the efficacy of the process
before committing construction funds. AdEdge has offered (via email dated 6/04/08) to
perform a 14-day pilot study at half of the upfront costs at the vendor’'s own expense; the
remaining pilot study cost would be added to the purchase cost only if the pilot study is
successful. Total pilot testing is expected to be approximately $18,000 plus engineering
supervision, contingency, and gross receipts tax. One should approach a short pilot test
with caution, however; it is possible that silica might accumulate on the media over time.
Thus, it is possible that silica fouling may not be detected during a 14-day pilot test;
however, it could become a problem over a period of months or years of operation. It is
recommended to attempt a mass balance on silica during the pilot test to assess this
possibility.

A similar system at Grizzly Ranch, Nevada which also utilizes water with high silica and
arsenic concentrations was not capable of removing arsenic below the MCL. An
additional process was required to further remove arsenic concentrations to allowable
levels. For utilization of this arsenic removal process, a pilot study is highly
recommended.

Land Requirements - No additional land is required for this treatment alternative. To
enclose the system, space will need to be added or cleared from the existing building on
existing easements if this alternative is considered. Such building expansion could be
completed within existing easements.

Construction Problems-  There is currently no access point for installation of the
treatment system. There is also inadequate space to house the treatment system. The
facility must have an access point installed and space cleared and/or added prior to
installation of a water treatment system.

Orca Water Technologies

Description - Orca utilizes similar technology to Pall to generate iron oxide flocs for the
arsenic to adsorb to. Orca uses a standard sodium hypochlorite injection pump to
chlorinate the water for pretreatment. The chlorine is used to oxidize As®* to As™*. Ferric
chloride (FeCls) is then injected into the raw water stream. Orca uses a looping slug flow
reactor to allow for extended contact time and agitation for the ferric chloride to form iron
oxide flocs in the water that will adsorb oxidized arsenic. The Kemloop® system consists
of returning a portion of the finished water to the head of the system to further increase
overall contact time. The FeCl; in water will oxidize to ferric oxide (Fe3Oy). A 1.5 hp
centrifugal transfer pump then re-pressurizes the water and pushes it through a granular
sand filter and the finished water is sent to the storage tanks for use.

Periodic backwash operations are required for the granular sand filters. Backwashing is
accomplished through the use of a 1.5 hp backwash pump pushing finished water
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through the outlet of the granular sand filter tanks and through another set of sand filters.
The backwash sand filters will periodically have the top inch of sand and backwash
material removed, dewatered, and hauled to a landfill.

Orca has constructed plants that utilize this technology in Anasazi Trails, NM, Weed
Heights, NV, and Ketza Mine, Canada.

Residuals and Waste Management - Periodic backwash will be required through the
sand filter to expel the flocculated solids generated in the arsenic removal process. The
solids will primarily be in the form of iron oxide and with trace amounts of ferric arsenate.
The solids will be stored on the top of the backwash sand bed. Approximately every six
months, the top inch of the backwash sand bed will require removal and replacement.

The sand from the backwash filter will then be hauled to a landfill for disposal as non-
hazardous waste.

Process Flow Diagram

Diagram 15:; Orca Kemloop Process Flow Diagram

Costs of Alternative
Capital Costs: $139,950
Annual Operational Costs: $7,950

Advantages - The advantage of the Orca system is that it has low operational costs and
moderate capital costs. Additionally, due to the simple design the system is easy to
maintain and operate. A neighboring water system, Anasazi Trails, has had an Orca
system online for approximately 6 months with satisfactory results.

Disadvantages - The disadvantage to the Orca system is the large footprint required to
house the system (approximately 160 SF). If backwash recycling is utilized, the required
footprint is doubled (320 SF). Additionally, handling of hazardous ferric chloride, which is
a hazardous feed.
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Risks - This alternative has a low degree of risk. Anasazi Trails, which has similar water
quality to the PTWC, has operated an Orca Plant since March 2008 w/ satisfactory
results. Orca is a small company and has limited field experience. However, all the
system components (control software excluded) are readily available from other sources.
With any arsenic removal plant that uses ferric chloride, it is possible to foul many parts of
the plant if the water has a large overdose of ferric chloride. If this alternative is
considered, a pilot test will be required prior to final design to ensure the technology can
remove the arsenic below the primary MCL and establish operating parameters.

Land Requirements - Due to the size of the filters and treatment system, space will need
to be added and cleared from the existing building on existing easements if this
alternative is considered. Such building expansion could be completed within existing
easements.

Construction Problems-  There is currently no access point for installation of the
treatment system. There is also inadequate space to house the treatment system. The
facility must have an access point installed and building space cleared and added prior to
installation of a water treatment system.

3. Electro-flocculation and Filtration
ARS

Description - Electroflocculation is a relatively new method of coprecipitating the
dissolved arsenic. In this process aluminum plates are electrically charged and immersed
in water. The electrical current causes for electrolysis of the aluminum to create
aluminum oxide (Al,03) flocs through electrolysis. The As® is then sorbed onto the
aluminum oxide, forming aluminum arsenate (AlAsQO,). After the solid aluminum arsenate
floc is formed, the solids coagulate and are filtered using a gravity sand filter. Backwash
operations will be performed periodically to flush the aluminum oxide and aluminum
arsenate flocs into a reclaim tank. The reclaimed water is then recycled into the raw water
feed.

Residuals and Waste Management - According to ARS, an estimated 130 gallons of
sludge (at 5% solids before dewatering) will be generated on a daily basis. The residuals
will consist primarily of aluminum floc and trace amounts of aluminum arsenate. The
decanted water will be reclaimed, so there is no liquid waste.

The sludge will require periodic removal from a 4 cu-yd dewatering bin approximately
once every several months. The sludge can be hauled off to a non-hazardous waste
landfill for safe disposal.

Hydrogen gas is generated by the electroflocculation process. The hydrogen gas is
explosive in the presence of atmospheric concentrations of oxygen and requires
monitoring and ventilation. The hydrogen gas concentrations can be monitored using a
probe. If a high enough concentration is detected, a louvered vent will open and expel the
hydrogen gas from the building.
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Process Flow Diagram

Diagram 16: ARS Process Flow Diagram

Costs of Alternative
Capital Costs: $244,913
Annual Operational Costs: $12,720

Advantages - No handling of hazardous material required. Replacement media can be
manufactured locally.

Disadvantages - Large footprint required, technology is currently only utilized in one other
location, large amount of residuals generated. Management and monitoring of hydrogen
gas required.

Risks - The largest element of risk from employing this technology is that it is relatively
new. A pilot test was conducted for the public works department of Bernalillo, NM. As a
result of successful pilot testing, a 1 MGD plant is currently under construction. Long term
use data is not available for this technology.

Land Requirements - No additional land is required for this treatment alternative. To
enclose the system, space will need to be added and cleared from the existing building
on existing easements if this alternative is considered. Such building expansion could be
completed within existing easements.

Construction Problems-  There is currently no access point for installation of the
treatment system. There is also inadequate space to house the treatment system. The
facility must have an access point installed and space cleared and added prior to
installation of a water treatment system.

4. Point-of-use Reverse Osmosis

Description — The reverse osmosis process can be used to remove inorganic
contaminants, dissolved metals, and salts from water. The reverse osmosis process is in a
number of stages. The membranes have a molecular cut-off with objects between 1-10
angstroms in size. Membrane filters are typically multi-staged poly spun filters with varying
molecular cut-off sizes. The final stage of membrane filtration for household units will
typically contain an granular activated carbon filter (GAC) to remove chlorine and sulfate
odors and extend the life of the proceeding membrane filter. The final stage is a thin-film
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composite (TFC) filter. A cellulose triacetate filter (CTA) is also popularly used in the final
stages of the RO process, and will yield higher recovery rates; however, the removal rates
will be much lower. For reverse osmosis processes the recovery rates are typically very low,
on the order of 20%-50%. The wasted water stream will contain elevated concentrations of
dissolved and suspended concentrations of the constituents of the feed water.

Technologies Studied

Watts Premiere

Description - This alternative examines the viability of point-of-use (POU) reverse
osmosis. The point-of-use units will be Watts Premier (or approved equal) reverse
osmosis zero-waste under-the-sink type units. The POU device will treat water that is
used for drinking and cooking- i.e. a special kitchen faucet. The remainder of the
household water system will not be treated. The reverse osmosis process requires
approximately two gallons of water to be wasted for every gallon of treated water
produced. The zero-waste reverse osmosis process pumps the higher concentration
waste water into the hot water system, which is not used for drinking. Due to the low
volume of water consumed in comparison to total household use, the concentration of
arsenic will not be significantly increased.

Reverse osmosis will require annual membrane replacement to ensure adequate
removal is performed.

Residuals and Waste Management - The only residuals generated will be the
membranes and pretreatment membranes that are disposed of on an annual basis. The
reverse osmosis membranes and pretreatment membranes are safe to dispose of in a
landfill.

Process Flow Diagram

Diagram 17: POU Reverse Osmosis Process Flow Diagra m

Costs of Alternative
Capital Costs: $62,190
Annual Operational Costs: $28,470

Advantages - This alternative has the lowest capital cost of all alternatives.

Disadvantages - Lack of centralization will require the co-op to go to each household
annually and provide and install new membranes. Very high operations and
maintenance costs are expected. Sampling at each point-of-use is also required.
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Risks - The primary risk with any POU system is that the end user ultimately shares the
responsibility for operations and maintenance. If the customer does not keep up with
operations and maintenance or does not use the system properly, then the co-op’s
customers could be exposed to water that exceeds the primary MCL for arsenic.
Moreover, arsenic is colorless, odorless, and tasteless. Therefore, the consumer would
not be immediately aware of any problems or necessarily be motivated to report them.
Also, there is no way to ensure that untreated water sources (shower, outdoor, bathroom
sinks) are not used for human consumption.

Land Requirements - No additional land is required for this treatment alternative

Construction Problems-  There are no construction problems associated with this
alternative.

B. Unviable Arsenic Removal Alternatives

1.

lon Exchange

Description — lon exchange entails the use of a resin bead containing an H+ or a Na+ ion
that will exchange locations on a resin type media with a heavier metal- such as arsenic.
The resin media can be replaced or regenerated off-site. Economically, ion exchange
processes are too high in operational costs to be considered for arsenic removal in any
water system. Additionally, the waste stream will contain high concentrations of dissolved
arsenic which will require disposal. In the case of the PTWC water system, there is no
method of disposal for high arsenic concentrated waters. Disposal of the waste stream
would require the use of an open and lined evaporative lagoon. Due to the limited land
availability, construction of an open lagoon would not be feasible. Due to these two factors,
this alternative is not studied any further and will not be considered.

Centralized Electrodialysis Reversal

Description — The electrodialysis reversal process uses electrically charged plates to pull
positive and negative ions onto nanomembranes. The membranes are then backflushed to
eliminate the contaminants off the membranes and the waste brine requires disposal. This
process is highly popular for use in desalinization due to the high recovery rates in
comparison to other membrane processes like reverse osmosis. In order for this process to
be feasible, the removal capacities must be much higher than what is available with current
technology. Additionally, the finished water would be highly aggressive even if successful.
Aggressive water is defined as water that contains such a low amount of dissolved ions
below its equilibrium point that it will strip ions off metals it comes in contact with in order to
maintain equilibrium. The aggressive water will corrode metals in the distribution system
(valves, hydrants, joints) and in household systems. Additionally, the waste stream will be
classified as hazardous, containing high concentrations of total dissolved solids (TDS) and
arsenic. To dispose of the waste stream, a lined lagoon or wastewater treatment plant would
have to be constructed. Due to these factors, this alternative is not studied any further and
will not be considered.
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. Non-Treatment Alternatives Considered
New Well

Description — A new well to either act as a new primary water source or supplemental water
source. As a supplemental source, the water will be used to blend the arsenic
concentrations down to a level below the MCL. However, dilution calculations dictate that in
order to achieve concentrations below the MCL of 10 ppb, the new well would have to
produce approximately 54 gpm of flow with arsenic-free water to dilute the finished water to
8 ppb (20% safety margin).

It is expected that due to the water quality of nearby municipal production wells at Anasazi
Trails, Placitas West, and Bernalillo containing high arsenic and high silica waters, drilling a
new well will yield similar water quality. Therefore, this alternative is not recommended and
will not be considered further.

No Action

Description — No action will result in the consumers of the PTWC water ingesting water with
concentrations of arsenic exceeding the MCL, in violation of the Safe Drinking Water Act.
This alternative is not recommended and will not be evaluated further.

. Backwash Handling Sub-Alternatives
Reclaim Tank Constructed at East Pumphouse

Description — This alternative will include construction of a 5,000 gallon backwash reclaim
tank at the east pumphouse. In order to accomplish this, the tank will be constructed
adjacent to the building and will have to be enclosed to meet subdivision building covenants.
The tank will be placed adjacent to the south side of the pumphouse. The tank will be
equipped with a floating decanter and pump to draw the water off and pump it into the head
of the system. A manway will be equipped to allow for periodic sludge cleanout. It is
estimated that a %2 hp reclaim pump will be used to recycle the backwash back into the head
of the system.

Costs of Alternative

Capital Costs: $58,313

*Note: Cost is for comparison between backwash handling alternatives in general. Proposed
processes have already included the cost of a reclaim tank into their scope in their
proposals. Itemized costs of reclaim tank vary between manufacturers.

Advantages - The advantages of this alternative are low capital costs and the centralization
of sludge removal easing operations.

Disadvantages - The disadvantage to this alternative is that it will require a new or
expanded building to be constructed within the existing easement.

Land Requirements- No additional land would be required for this alternative. To enclose
the tank, space will need to be added to the existing building on existing easements if this
alternative is considered. Such building expansion could be completed within existing
easements.
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Construction Problems-  There is inadequate space to house the reclaim tank. The facility
may need to be expanded or modified to house a reclaim tank.

Convert West Tank to Reclaim Tank

Description — In conjunction with Alternative 1 for Supplementary Water Supply (connection
of Well #2 to centralized treatment plant), a second parallel line will be routed from the east
(Well #1&3) pumphouse to the west (Well #2) pumphouse. This second line will be used to
carry backwash water from the arsenic removal system to the existing 5,000 gallon tank
located in the Well 2 pumphouse. This second line will run downhill, so there will be no need
for pumping beyond the backwash pump provided on the treatment plant skid. However,
this raw backwash line should be equipped with periodic clean-outs, in case solids settle out
of suspension and clog the line.

The existing 5,000 tank will be retrofitted and replumbed to decant and reclaim the
backwash water. A floating decanter will be used to remove the supernatant to be pumped
back to the raw water inlet of the treatment plant, while the solids will be drained to a sludge
dewatering facility.

The reclaimed supernatant will then be pumped into the same transmission line that
conveys raw water from Well #2 to the treatment plant raw water intake. Based on
topographical data (see Diagram 18), it is expected that a 5 HP booster pump will be
adequate to transmit 10 gpm of reclaimed water, along with 25 gpm from the well, against a
total of 183.6 ft of total dynamic head (131 ft static, 30 ft tank height, 20 ft arsenic plant, 2.6
ft dynamic) to the treatment plant inlet. It should be noted that only 1 HP of the total
pumping power will be used for conveying the reclaimed backwash water; the remainder will
be used to lift the raw water from Well #2 to the treatment plant.

Diagram 18: Transmission/Backwash Line Plan
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Diagram 19: Transmission/Backwash Line Preliminary Elevation Profile

Costs of Alternative

Capital Costs: $105,546

*Note: Cost is for comparison between backwash handling alternatives in general. Proposed processes have
already included the cost of a reclaim tank into their scope in their proposals. Itemized costs of reclaim tank vary
between manufacturers.

Advantages - This alternative does not change the existing system additional footprint,
purchasing a new tank, or construction of a new external structure.

Disadvantages - While the prices of PVC (for pipeline) and steel (for new tank) fluctuate
greatly, at this time the cost of the second PVC line is estimated to be higher than
constructing a new tank and building at the Well #1&3 site. This alternative also has higher
O&M costs, due to operational costs for possible occasional unplugging of the pipeline as
well as the small amount of electricity consumed by the booster pump.

Land Requirements - Easements and a wash crossing permit may be required for
implementation of this alternative.

Construction Problems-  There are currently no known construction problems associated
with this alternative.

Dispose of Backwash into Nearby Arroyo

Description/ Feasibility — If use of a surface adsorptive type of media is used, this
alternative might be viable. For any process using ferric chloride coagulant or the ARS
activated alumina process, this alternative is not feasible, for three reasons. First, the
deposition of iron oxide or aluminum oxide onto the arroyo bottom will degrade the
aesthetics of the area surrounding the discharge point. Secondly, the NMED groundwater
bureau would not likely approve a discharge permit. Lastly, if the groundwater bureau did
approve of the discharge permit, they would likely require stringent (and expensive)
monitoring requirements. Due to these two problems, this alternative is not recommended.

Approximately 1,250 ft of 4-inch PVC would be installed with a discharge at the upper

portion of the arroyo. A flap valve can be installed at the end to prevent intrusion from
wildlife.
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Costs of Alternative:
Capital Costs: $30,906

Land Requirements - Easements may be acquired for implementation of this alternative.

Construction Problems-  There are currently no known construction problems associated
with this alternative. However, a NPDES permit may be required prior to construction.
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A cost-benefit analysis of the various viable alternatives considered is provided in the following
table. Operations and Maintenance Present Worth calculations are provided in Appendix F.

Treatment Process Selection

Table 5: Treatment Process Alternatives Cost-Benefi

t Analysis Summary

Vendor AdEdge Siemens Orca ARS Pall Basin Watts
Technology CF Ads CF CF CF Ads POU RO
Capital Cost | $108,345 | $ 41985 | $139,950 | $244,913 | $437,344 | $ 46,650 | $ 62,190
AnnualO&M | $ 7,160 | $ 82520 | $ 7950 | $ 12,720 | $ 9,790 | $ 15,106 | $ 28,470
Lifecycle

(20-year) $216,862 | $1,292,686 $260,442 $437,701 $585,723 $275,602 | $493,691
o&M

time/wk 3.0 No Data 3.0 4.0 3.5 0.6 11.3
Footprint (55 SF) (100 SF) (160 SF) (196 SF) (60 SF) (64 SF) None
(SF) 11x5x9 10x10x7 8x20x10 14x14x8 5x12x11 8x8x4

Haz

Residual? N N N Y (Hogas) | Y (As(aq)) N N
Haz Feed? Y (FeCly) N Y (FeCly) N Y (FeCly) N N

It should be noted that the estimated annual O&M costs and weekly O&M times cited above are
for comparison only. Actual O&M may differ from these estimates; however, the differences in
O&M between the different technologies should be close enough to make fair comparisons
between alternatives.

In comparing the various treatment processes, the following observations may be noted:

1. Of the six (6) distinct technologies considered for centralized treatment, the only three

that appeared technically and economically feasible are those relying on coagulation
with a metal hydroxide adsorbent and filtration with granular filter media. Two of these
technologies, as typified by AdEdge and Orca, generate iron hydroxide adsorbent using
ferric chloride injection, while the third, ARS, generate aluminum hydroxide flocs by
electrolyzing aluminum metal plates. These three (3) technologies are the most highly
recommended, by virtue of having the lowest capital and O&M costs, building space
requirements and maintenance requirements. They also avoid problems with hazardous
wastes and the need to maintain systems in each house. While all three of these
systems appear to be robust and reliable, the AdEdge system is the only one with years
of operating experience to properly judge by this criterion.

The AdEdge and Orca systems are quite similar in design concept. The main difference
in the processes is that AdEdge uses a catalyst (naturally-mined manganese dioxide
ore) to accelerate the hydrolyzation and precipitation of ferric chloride to ferric hydroxide,
which in turn coats the filter media with a thin film to adsorb arsenic. In contrast, the
Orca process employs a plug-flow reactor (consisting of a long PVC pipe) and return
flow loop to increase residence time, to compensate for the slower kinetics of un-
catalyzed iron hydrolyzation. Also, the Orca system generates suspended ferric
hydroxide flocs which are then filtered out by gravel filter media, rather than generate a
fixed-film on the filter media itself.
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3. Comparing Orca and AdEdge in terms of experience, each has its own advantage. Orca
has operational experience with a successful plant in Anasazi Trails, which has similar
water chemistry to Placitas Trails. On the other hand, Orca is a small company with few
installations company-wide. AdEdge, in contrast, has over 50 installations using the
AD26 technology (in addition to numerous other treatment plants using different
technologies), including one 4-year-old installation with raw water silica content of 70
ppm. AdEdge does not, however, have a plant currently operating in the Placitas area.
To compensate for this, AdEdge has offered to bear the cost of a 7-day pilot study; the
PTWC would only have to reimburse this cost if the test were successful.

4. The ARS system is the newest technology considered. According to Frank Huang,
Ph.D. of ARS, experience with the Bernalillo treatment plant during Summer 2008 has
revealed one design flaw that is in the process of being corrected. Specifically, the
settling tank that separates solid aluminum hydroxide flocs from the backwash water
does not have adequate residence time to fully separate the solids. As a result, the
entire contents of the tank including the supernatant liquid, is being pumped to the
sludge dewatering bins. The subsequent overloading of the dewatering bins has
prompted the plant operator (a Town of Bernalillo employee) to reduce the amperage on
the aluminum plates, in order to reduce the solids generation. The problem with this
strategy is that reducing the amperage also reduces the efficacy of the arsenic removal
process, causing the effluent arsenic concentration to increase. This may have led to
the Town’s wastewater arsenic concentration exceeding 10 ppb, and subsequent non-
compliance with the Town’s wastewater discharge permit. According to Dr. Huang, as of
late August 2008, the Town’s engineer was in the process of re-designing the backwash
reclamation tanks to provide adequate settling time.

ARS is a very promising new technology. However, if the PTWC is interested in
pursuing this technology, SMA recommends waiting for at least a few months for the
problems identified in the Bernalillo installation to be remedied, and for any other
operational problems to surface before committing to this process.

SMA recommends the following three-tiered approach to selecting the most advantageous
treatment technology:

1. AdEdge: SMA recommends AdEdge’s AD26 process due to its proven track record with
over 50 installations over the past five (5) years. The AD26 meets the PTWC's criteria
of robustness, reliability, cost, O&M, space requirements, low water waste and lack of
hazardous wastes. It does, however, require the use of a hazardous feedstock, ferric
chloride.

SMA recommends pilot testing (preceded by jar testing, if desired by the PTWC) of the
AdEdge system for at least 7 days, but preferably 14 to 21 days. SMA recommends the
pilot test include a mass balance on silica (by measuring silica concentration in the
influent, effluent and backwash), as well as more standard metrics of feasibility, solids
generation, sludge characterization and estimated O&M costs. It is noted that AdEdge
has offered to assume the cost of a 7-day pilot study at the vendor’s own risk; the PTWC
would only have to pay for the study if it is successful. The exact terms of such an
agreement, as well as provisions for a longer-duration pilot study would need to be
negotiated with AdEdge. |If the pilot test is successful, then SMA recommends
proceeding to final design. If not, then SMA recommends proceeding with the second-
tier recommended technology.
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2. Orca: SMA's second recommended technology is Orca. As noted above, the Orca
system is very similar to AdEdge’s; the primary differences being in space requirements
of the systems and operational experience of the companies.

Based on the degree of similarity in water chemistry between Anasazi Trails and PTWC,
the Coop may — at its own risk — elect not to conduct a pilot test and use operating data
from the Anasazi Trails plant instead. SMA does not recommend forgoing the pilot test.
If the Orca system for any reason is not selected, then SMA recommends going to the
third-tier.

3. ARS: SMA recommends ARS as a third choice. Given the relative lack of operating
experience with this new technology and recent operational problems surrounding solids
handling, SMA recommends allowing at least 3-6 months for ARS to correct earlier
design flaws before proceeding with this alternative. Furthermore, SMA recommends a
14 to 21 day pilot study before committing to final design. However, this pilot study need
not necessarily include the silica mass balance recommended for AdEdge.

Pall was eliminated due to the high capital cost, operational complexity and hazardous liquid
waste stream.

Basin Water was eliminated as an alternative due to the fact that the co-op would own the
treatment system, but not the proprietary media. The PTWC would also be locked into a 10-year
contract with no control over future rate increases. As such, the possible rate change can
greatly impact system operational costs in an unpredictable manner.

All adsorption processes (Siemens, et al) were eliminated due to the high operational costs due
to short media life. This short media life is universal to all adsorption media, due to high silica.

Point-of-use (Watts system or similar) is not recommended due to the risk involved with treating
only the water from the kitchen sink, monitoring the water quality at 150 connections, and the
heavy operational costs and time involved of maintaining a point-of-use system for 150
connections.

Backwash Handling Selection

Production Alternatives

Tank at Well 1,3 | Refit Well 2 Tank  Arroyo Discharge
Construction Costs $ 58,313 | $ 105,546 | $ 30,906

The selected alternative for backwash recycling would be to install a new tank at the east
pumphouse. This alternative is selected due to its lower cost and decreased operational
requirements. Disposal to an arroyo is not a viable alternative for and of the recommended
processes and is eliminated from the alternatives.
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VII. Proposed Project (Recommended Alternative)

The proposed arsenic abatement project for the Placitas Trails Water Co-op consists of the work
presented as:
Treatment: Coagulation/Filtration-AdEdge AD26 (or approved equal) with pilot testing
Backwash Handling: New Tank at East Pumphouse

The total project can be broken down into three distinct phases based on available funding.
A. Project Design

Phase 1: Pilot Testing/Jar Testing

The first step in implementing the proposed project consists of pilot testing the recommended
treatment technology, per “tiered” recommendations provided in the preceding section. The pilot
test could help determine the following:

Influent and effluent arsenic concentrations and system efficacy.

Attempt mass balance on silica (inlet/ outlet/ backwash), to predict whether silica will
permanently bind to, and potentially foul, the manganese dioxide media. Such fouling
could lead to reduced effectiveness of the catalyst in the future.

Ferric chloride dosage, backwash frequency and solid waste production.

Iron particle size, filter removal efficiency and finished water aesthetic quality.

Backwash solids floc size, settling time and solids handling requirements.

Solid waste characterization to ensure solids will pass TCLP and be considered non-
hazardous.

For the first tier, AdEdge technologies has expressed that they would be willing to assist with
half of the pilot testing costs if the system proves incapable of successfully removing arsenic to
levels below the EPA MCL. If the pilot test is successful, the remainder of the cost of the pilot
study will be added to the construction of the plant.

The criteria for a successful pilot test consists of:

Effluent arsenic concentrations below the EPA MCL

Effluent iron concentrations below the EPA secondary MCL

Consistent filter performance

Determine that silica is not polymerizing on the media through the use of mass balance
Solid waste generated will pass TCLP, if sufficient solids are generated within a 14-day
study period.

Phase 2: Hydropneumatic Tank Elimination

The second phase of the project will be to remove the existing hydropneumatic tank to make
room for the new arsenic removal plant. The building was originally constructed around the tank,
so a roll-up door will be installed in the front of the building to allow an exit for the tank. Next,
variable speed pumps will be installed to provide steady pressure and variable flow to the users
currently served by the hydropneumatic tank. It is assumed that half the total flow is served by
the high pressure system. Using a typical peak-average consumption factor of 3, the variable
speed pumps will have to provide 40 psi of pressure at approximately 115 gpm during peak
usage hours. To accommodate for fire flow, a minimum of 250 gpm with a pressure output of 40
psi is recommended. To provide for this flow, approximately three 7.5 hp variable speed pumps
will be required. The pumps were selected using available Grundfos pump curves as shown
below.
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Diagram 20: Variable Booster Pump Curve for Hydropn  eumatic Tank Replacement

The maximum pump output for this three-pump configuration is 375 gpm with a maximum outlet
pressure of 160 ft (69 psi), as indicated in Diagram 19. This flow rate would only be used in a
fire flow situation. Under nominal operation, only one pump would be used at variable speeds to
maintain constant pressure. The secondary pump will energize to maintain the constant
pressure if additional flow is required. The range of operation of a single pump is shown below
in Chart 5. The third pump auxiliary pump will provide redundancy in the case of maintenance or
failure of the primary or secondary pumps. The existing plumbing will have to be changed so
that the 100,000 gallon tank will feed the variable speed booster pumps. A schematic of the
proposed phase is shown in Diagram 20.

Diagram 21: Phase 2- Replacement of Hydropneumatic =~ Tank with Variable-Speed Pumps

After the variable speed pumping system is installed and brought online, the hydropneumatic
tank can be removed to make room for the arsenic treatment plant.

Phase 3: Arsenic Treatment Plant Installation

The third phase of the project will be to install the proposed arsenic removal system. The skid
mounted system will be installed in the location of where the hydropneumatic pressure tank was
installed. Site plumbing will have to be altered to make the arsenic removal the new head of the
system.

A 3,000 to 5,000 gallon settling tank will be installed at adjacent to the east or southeast side of
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the pumphouse. The settling tank will require construction of either a new structure or addition
to the existing pumphouse to meet homeowner association statutes. The settling tank will be
equipped with a floating decanter, pump and manway.

It should be noted that the official land survey plat of the existing Well 1 & 3 site was found by
SMA to be inaccurate. A copy of the original survey plat, as well as SMA’s measured drawing
of the site, is provided in Appendix H.

B. Total Project Cost Estimate
An itemized estimate of the project cost is provided in the following table.

Table 6: Placitas Trails Water Co-op Proposed Proje  ct Cost Estimates

Placitas Trails Water System Improvements Project C  ost Estimate
AdEdge Technologies

Phase 1: Pilot Testing AD26 Media

Iltem Description Unit Quantity Unit Cost Total
1 Pilot Testing (14-day study) LS 1 $ 18,000 $ 18,000
2 Engineering Consultant Supervision LS 1 $ 4,000 | $ 4,000
Subtotal: $ 22,000
Contingency 10% $ 2,200
NMGRT (Sandoval County 6.6250% $ 1,458
Phase | Total: $ 25,658
Phase 2: Hydropneumatic Tank Elimination
ltem Description Unit Quantity Unit Cost Total
1 Roll-up Garage Door, CIP LS 1 $ 3,000 $ 3,000
2 Packaged Variable Speed Pumps, CIP LS 1 $ 50,000 $ 50,000
3 Misc Electrical, CIP LS 1 $ 5,000 $ 5,000
4 Tank Removal LS 1 $ 15,000 $ 15,000
5 Misc Valves (Valves, Unions, etc), CIP LS 1 $ 10,000 $ 10,000
6 Plumbing Reconfiguration, CIP LS 1 $ 10,000 $ 10,000
Subtotal: $ 93,000
Contingency 10% $ 9,300
NMGRT (Sandoval County 6.6250% $ 6,161
Total: $ 108,461
Engineering, Legal and Professional Services:
1 Basic engineering services* 1 LS 11.5% $ 12473
Design, Bid
Additional engineering services 1 LS 5.0% $ 5,423
3 Construction inspection* 1 LS 6.5% $ 7,050
Contingency 10% $ 2,495
NMGRT (Sandoval County) 6.6250% $ 1,818
Sub-Total for Engineering, Legal and Professional Services: $ 29,259
Phase Il Total Cost: $ 137,720
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Phase 3: Arsenic Removal System
Item Description Unit Quantity Unit Cost Total
Capital Costs
1 | "AD26 Arsenic Removal System LS 1 $ 120,000 $ 120,000
2 Electronics and Controls LS 1 $ 30,000 $ 30,000
3 Misc Plumbing LS 1 $ 20,000 $ 20,000
4 Building Modifications LF 1 $ 50,000 $ 50,000
Subtotal: $ 220,000
Contingency 10% $ 22,000
NMGRT (Sandoval County) 6.6250% $ 14,575
Total for Construction: $ 256,575
Engineering, Legal and Professional Services:
1 Basic engineering services* 1 LS 10.2% $ 26171
Design and Bid process
Additional Engineering Services LS 5.0% $ 12,829
3 Construction inspection* 1 LS 5.5% $ 14,112
Contingency 10% $ 5,311
NMGRT (Sandoval County) 6.6250% $ 3,870
Sub-Total for Engineering, Legal and Professional Services: $ 62,293
Phase Il Total Cost: $ 318,868
Cost Summary Construction Services Total O&M (20-yr )
Phase 1 $ 25,658 $ 25,658
Phase 2 $ 108,461 $ 29,259 $ 137,720 $ 5,900
Phase 3 $ 256,575 $ 62,293 $ 318,868 $ 108,518
All Phases $ 365,036 $ 117,209 $ 482,245 $ 114,418
Operations and Maintenance - Annual
Item Description Unit Quantity Unit Cost Total
1 Media Exchange LS 1 $ 1,200 $ 1,200
2 Consumables (FeCls) LS 1 $ 1,410 $ 1,410
3 Labor - System Operation HR 78 $ 45 $ 3,510
4 Electrical Power LS 1 $ 786 $ 786
5 Reclaim Tank Cleaning LS 16 $ 65 $ 1,040
Real Interest Rate 2.80%
Planning Period (yrs.) 20
Annual O&M Cost: $ 7,946
Present Worth Cost over Design Period: $120,438.61

* For budgetary purposes only, all basic engineering and construction inspection fee estimates are based on USDA
standard fee schedules.

**Costs of all FeCI3 injection processes use a fixed cost per annum for comparative analysis
***Cost includes estimated contractor mark-up on bid
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In the most recent year, the Placitas Trails Water Co-op has spent an average of $6,601 per

month for O&M costs, which is $79,213 per year, for O&M.

1. Income

The median household income of the members of the Placitas Trails, as per U.S. Census
Data from 2000, is $63,800/year. A future proposed base water rate schedule for the three
phases of the proposed project is provided directly after the proposed project estimate.
Various loan and grant scenarios are shown using 155 residential connections over the 20-

year planning period.

amortization tables are provided in Appendix G.

Table 7: Proposed Rate Schedule

Operational costs have been included for all phases. Loan

Current Rates: Residential
Residential Commercial $34.50
Connections: 155 Connections: 0 Commercial
NA
Loan % Loan Monthly Meter Monthly Rate Increase
Payment
Phase |: $25,658 100% $155.48
O&M: $0/yr 75% $116.61
50% $77.74
25% $38.87
10% $15.55
Phase II: $137,720 100% $834.56
O&M: $389/yr 75% $625.92
50% $417.28
25% $208.64
10% $83.46
Phase IlI: $318,868 100% $1,932.28
O&M: $7,160/yr 75% $1,449.21
50% $966.14
25% $483.07
10% $193.23
Proposed Project | g1885 | $14.14 $9.43 $4.71 $1.89
Rate increase Totals
Future Base Rates Loan % 100% 75% 50% 25% 10%
Residential $53.35 $48.64 $43.93 $39.21 $36.39
Commercial
NMFA survey of per capita income: $63,800
Yearly future residential base rate
as % of per capita yearly income: 1.00% 0.91% 0.83% 0.74% 0.68%

Note: Assumed loan rate 4% interest for 20 years, no additional consumers, 7,500 gallon/month residential use
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Additional O&M costs attributed to the proposed project would consist of ferric chloride,
additional electricity, increased operational time, and media change-outs (10 year life
expected). The additional O&M costs are tabulated in the table below.

Table 8: Operational Cost Increase Summary

Cost Summary Construction Services Total O&M (20-yr)
Phase 1 $ 25,658 $ 25,658

Phase 2 $ 108,461 $ 29,259 $137,720 | $ 5,900
Phase 3 $ 256,575 $ 62,293 $318,868 | $ 108,518
All Phases $ 365,036 $117,209 $482,245 | $ 114,418

3. Debt Repayments

Financing for the proposed project must come from loans or grants, or a combination
thereof. A breakdown of various loan/grant scenarios for the two phases of the proposed
project is summarized in the following table.

Table 9: Proposed Project Loan Scenarios

Project | Estimated Loan Ratio
Phase Phase Cost 100% 75% 50% 25% 10%
I $ 25,658 $37,315 $27,986 $18,658 $9,329 $3,732
I $ 137,720 $200,293 $150,220 $100,147 $50,073 $20,029
1] $ 318,868 $463,746 $347,809 $231,873 $115,936 $46,375
Totals $701,354 $526,016 $350,677 $175,339 $70,135
Annual Loan Payment $35,068 $26,301 $17,534 $8,767 $3,507
Debt Service Reserve $3,507 $2,630 $1,753 $877 $351

*Note: Based on loan at 4.00% interest for 20 years

4., Reserves

The Debt Service Reserve of one-tenth (1/10) of the annual debt payment for each of the
loan ratios in the table above, is shown in the table below.

Table 10: Required Debt Service Reserve for Loans

Project Estimated Loan Ratio
Phase Phase Cost 100% 75% 50% 25% 10%
| $ 25,658 $37,315 $27,986 $18,658 $9,329 $3,732
1] $ 137,720 $200,293 $150,220 $100,147 $50,073 $20,029
[} $ 318,868 $463,746 $347,809 $231,873 $115,936 $46,375
Totals | $701,354 $526,016 $350,677 $175,339 $70,135
Annual Loan Payment $35,068 $26,301 $17,534 $8,767 $3,507
Debt Service Reserve $3,507 $2,630 $1,753 $877 $351

*Note: Based on loan at 4.00% interest for 20 years
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A Short-Lived Asset Reserve is a deposit reserved for replacement of pumps, paint, and
small equipment not covered under O&M. As the proposed project includes replacement of
items that would fall under this category and these items are expected to have a life of at
least 20 years, it is assumed that a Short-Lived Asset Reserve is not required for the
proposed project.

Page 45



Preliminary Engineering Report
Placitas Trails Water Cooperative
Water System Improvements Project

VIIl. Conclusions and Recommendations

The proposed water system improvements presented in this report represent the recommended
improvements to ensure the Placitas Trails Water Co-op has a safe and reliable water source and
water storage system for the next 20-years. The work is divided into three phases to allow for
gradual funding the construction as well as to allow for crucial decisions to be made in between
phases. The total estimated project cost might be too great to cover with one funding source, in
one funding cycle.

The first phase, as proposed in this report, is estimated to cost $25,658 and would determine the
viability of the use of the proposed technology- the AdEdge AD26 arsenic removal system. The
second phase is estimated to cost approximately $137,720 and would prepare the facilities for the
installation of the arsenic removal system. The third phase estimated to cost $318,868, is the
installation of the arsenic removal system. The total of all three phases is estimated to be
$482,245.

If it is determined during the pilot study that the proposed technology will not be capable of suiting
the needs of the association in terms of arsenic removal capacity, operational costs, or waste
handling requirements, the second and third tier alternatives may be considered. The second and
third tier technologies for pilot study are Orca and ARS, respectively.

Given that the proposed project may be constructed entirely within the footprint of existing water

facilities and rights-of-way, SMA recommends that a Categorical Exclusion be issued in lieu of an
environmental report.
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APPENDIX A

Figures

Vicinity Map

Platt Map (Original)

Platt Map (Revised by SMA)
Conceptual Design Schematic
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APPENDIX B

Environmental Resources Present

FEMA Flood Insurance Rate Map (FIRM)
NM Registered Cultural Properties in Sandoval County
Listed and Sensitive Species in Sandoval County, NM
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APPENDIX C

Well Logs of Existing Wells
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APPENDIX D

Placitas Trails Water Co-op Schedule of Ratesand F  ees
Placitas Trails Water Co-op Financial Information
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Water Quality Results
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APPENDIX F

Cost Estimates
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APPENDIX G

Loan Amortization Schedules



Preliminary Engineering Report
Placitas Trails Water Cooperative
Water System Improvements Project

APPENDIX H

Placitas Trails Existing Water System As-built Plan s
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APPENDIX |

Material Safety Data Sheet (MSDS) for Ferric Chlori de



