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This Concentrate Management Study: 

1. has been prepared by GHD Inc. for the Alto Lakes Water and Sanitation District; 

2. may only be used and relied on by the Alto Lakes Water and Sanitation District; 

3. must not be copied to, used by, or relied on by any person other than the Alto Lakes Water and Sanitation 
District without the prior written consent of GHD Inc.; 

4. may only be used for the purpose of supporting the development of Phase 2 for the Alto Lakes Water and 
Sanitation District Water Systems Improvement Project and must not be used for any other purpose. 

GHD and its servants, employees and officers otherwise expressly disclaim responsibility to any person other than 
the Alto Lakes Water and Sanitation District  arising from or in connection with this Report.  

To the maximum extent permitted by law, all implied warranties and conditions in relation to the services provided by 
GHD and the Report are excluded unless they are expressly stated to apply in this Report. 

The services undertaken by GHD in connection with preparing this Report: 

• were limited to those specifically detailed in Section 1 of this Report; 

The opinions, conclusions and any recommendations in this Report are based on assumptions made by GHD when 
undertaking services and preparing the Report (“Assumptions”), including (but not limited to): 

• Development of the blending strategies were based on the assumption that the maximum (peak) water 
demand is 250,000 gpd, occurring in July; low water demand of 150,000 gpd occurs during the winter 
months with a maximum permeate production rate of 125,000 gpd. 

GHD expressly disclaims responsibility for any error in, or omission from, this Report arising from or in connection 
with any of the Assumptions being incorrect. 

Subject to the paragraphs in this section of the Report, the opinions, conclusions and any recommendations in this 
Report are based on conditions encountered and information reviewed at the time of preparation and may be relied 
on until 6 months, after which time, GHD expressly disclaims responsibility for any error in, or omission from, this 
Report arising from or in connection with those opinions, conclusions and any recommendations. 
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1.  Executive Summary 

Alto Lakes Water and Sanitation District (ALW&SD or the “District”) engaged GHD to prepare a 

Concentrate Management Plan for their planned Phase 2 for the Water System Improvement Project. 

The entire water supply for the ALW&SD service area is derived from groundwater sources that contain 

several constituents that exceed the State of New Mexico’s secondary standards.  These constituents are 

iron, manganese and Total Dissolved Solids (TDS).  An earlier study determined that no single treatment 

technology could reliably address all water quality issues, therefore a two-step treatment plan was 

recommended. 

Disposing of the brine generated by a TDS reduction technology, such as a membrane process, requires 

a disposal strategy.  The District has limited land area for brine disposal and has concluded that additional 

land purchase is not an option.  Phase 1 consists of the first stage of treatment: oxidation followed by an 

iron and manganese removal system.  This system has been implemented and is currently in operation. 

Prior to implementing Phase 2, ALW&SD initiated a Concentrate Management Study to: 

1. Evaluate process alternatives for maximizing recovery and minimizing brine volumes from a 

recommended membrane process;   

2. Develop design criteria for desalination equipment; 

3. Evaluate blending plans, and 

4. Determine the capacity of on-site storage and brine volume reduction using an enhanced 

evaporation method on existing land property currently owned by the District. 

Three desalination processes were evaluated.  The recommended process alternative consists of a first 

stage nanofiltration system, followed by chemical conditioning, and a seawater membrane system as a 

brine concentrator. 

Three blending plans were evaluated. The recommended plan consists of a 1:1 blending of raw water 

with desalinated water, which will maintain a TDS level of 960 mg/L year round. 

On-site brine storage will be located north and south of the treatment plant.  Each storage area is 

approximately 5,000 square feet.  Evaporation of brine cannot be achieved by natural evaporation.  

Therefore, the use of enhanced evaporation equipment will be needed. 

The total project cost is estimated at $1.8 million.  The cost of water is estimated at $2.51/1,000 gallons. 
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2. Introduction 

2.1 Background 

The Alto Lakes Water & Sanitation District (ALW&SD or the “District”) is a quasi-municipal governmental 

subdivision in the State of New Mexico. It was created to provide water and wastewater-related services 

to the subdivisions of Alto Lakes.  The District acquired the assets of the Alto Lakes Water Corporation 

(ALWC) on April 1, 2008 and now operates the community water and wastewater system. 

The District derives its potable water supply from groundwater wells.  The water quality produced from 

these wells exceeds the New Mexico Environmental Department’s secondary standards for iron, 

manganese and Total Dissolved Solids (TDS).  Earlier studies have recommended the use of an iron and 

manganese removal system and a desalination process. The iron and manganese removal system is 

currently installed and in operation.   

While there are technical publications and on-going research on brine reduction and disposal methods, 

the applicability of these technologies at each locality is unique.  The purpose of this study is to: 

• recommend a desalination process that fits with the objectives of the Concentrate Management 

Plan; 

• utilize only the land area currently owned by ALW&SD that is adjacent to the treatment plant for 

brine storage, and 

• identify an appropriate enhanced evaporation method for brine reduction. 

The ability to manage brine concentrate produced as a by-product of a desalination process is a 

significant factor in determining project feasibility. A Concentrate Management Plan consists of strategies 

to optimize the production of water, water conservation, brine minimization, and implementation of a brine 

disposal methodology.   In most inland desalination facilities, concentrate management can constitute a 

significant portion of the overall project cost.  Additionally, complex regulatory environments, permitting 

costs and increasing operational costs can make planning-level decisions uncertain.  In an earlier study, a 

number of brine disposal options were evaluated.  All of the options required more land acquisition by 

ALW&SD.  Since then, the District has concluded that additional land acquisition is no longer an option, 

and a Concentrate Management Plan will rely on brine volume minimization, enhanced evaporation, and 

storage on property currently owned by ALW&SD. 

2.2 Water Quality  

All potable water supplied to the residents of Alto Lakes is derived from existing groundwater wells.  Due 

to the subsurface aquifer geology, the groundwater contains high levels of inorganic dissolved solids. The 

raw water supply is high in salinity, hardness, iron, manganese and sulfate. These inorganic salts present 

treatment challenges and reduce the recovery efficiencies of a membrane process. Currently, the raw 

water is treated using a manganese dioxide system to reduce the concentrations of iron and manganese.  

Therefore, recommendations made in this report will assume that the iron and manganese concentrations 

are lowered to acceptable levels prior to further treatment with a membrane process. 

2.2.1 Raw Water Quality 

The raw water quality parameters used for this study are shown in Table 2-1. 
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Table 2-1 -  Raw Water Quality - Alto Lakes Water & Sanitation District 

Parameter Units Date: 07/20/11 

pH unit 7.3 

TDS (calculated) mg/l 1,775 

Alkalinity (HCO3) mg/l 170 

Calcium mg/l 295 

Magnesium mg/l 110 

Sodium mg/l 110 

Potassium mg/l 3.0 

Bromide mg/l <.20 

Strontium mg/l 8.6 

Hardness (as CaCO3) mg/l 1190 

Sulfate mg/l 985 

Chloride mg/l 155 

Fluoride mg/l 0.46 

Boron mg/l 0.096 

Silica as SiO2 mg/l 22 

Nitrite (NO2) mg/l <0.20 

Barium mg/l 0.018 

Copper mg/l 0.0055 

Lead mg/l <0.0025 

Iron mg/l 0.83 

 

The raw water analysis indicates a notable concentration of sulfate. The aquifers in the vicinity of Alto 

Lakes are known to be rich in calcium sulfate, commonly known as gypsum.  The alkalinity level is 

considered moderate and will not require large doses of acid to lower its pH.  Silica concentration is 

moderately high. 

The TDS is calculated to be 1,775 mg/L and is classified as brackish water. 

2.2.2 Finished Water Quality Goals 

The finished water quality criteria as developed in the Preliminary Engineering Report for the Water 

System Improvements, November 21, 2008 is summarized in Table 2-2. 

Table 2-2 - Key Finished Water Design Criteria 

Constituent Units 
Secondary 
Standard 

Alto Lakes 
Well Water 
Concentration ALW&SD Goal 

Iron mg/l 0.3 0.9 <0.3 

Manganese mg/l 0.05 0.08 <0.05 
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TDS mg/l 500 1320 <500 

Hardness mg/l N/A 850 <100 

 

The production of treated water (permeate) from the membrane process can meet the stipulated goals.  

However, blending of permeate with raw water bypass will be necessary as part of the Concentrate 

Management Plan, and the blended TDS and Hardness will exceed the stated goals. 

2.3 Brine Disposal 

A membrane process is operated such that only a portion of the feedwater is driven through the 

membrane.  The balance of the feedwater, which does not permeate through the membrane, will form the 

brine stream.  The brine stream exiting a membrane system carries the rejected dissolved solids.  

Minimizing the brine volume and effectively managing its storage and disposal are critical to the success 

of this project.  The Preliminary Engineering Report (PER) for the Water System Improvement, dated 

November 2008, identified enhanced evaporation as the preferred alternative for brine disposal. 

Evaporation is a well-established method for reducing the volume of brine solution and requires relatively 

low maintenance compared to heat-induced mechanical evaporators or crystallizers.  Natural evaporation 

ponds are most appropriate for smaller brine volumes and in regions having a high evaporation rate, level 

terrain and low land costs.  According to the PER, Alto Lakes receives an annual average of over 22 

inches of precipitation and evaporates 65 inches per year.  The land area is limited and as such, 

enhanced evaporation methods are justified for use at the Alto Lakes Treatment Plant. During the winter 

period when there is no appreciable evaporation, the enhanced evaporation equipment will not be in 

operation and storage capacity will be provided. 

2.3.1 Site Constraints 

ALW&SD has two parcels of land totaling approximately 5 acres. The southern parcel is subdivided into 3 

lots. The existing treatment plant sits on Lot 3 and portions of Lots 1 and 2.  The northern parcel is 

approximately 2.5 acres.  Approximately 5,000 square feet of land area south of the existing treatment 

plant can be used for brine storage and installation of enhanced evaporation equipment.  The lot north of 

the treatment plant can be cleared for construction of another 5,000-sq ft brine storage area. Combined, 

these two areas are not large enough to function as a natural evaporation pond. 

The northern parcel has about 50 feet by 150 feet of relatively flat terrain. Further to the north, the 

topography of the land consists of steep downward slopes; development of terraces for brine storage is 

not feasible and could interfere with the natural drainage for storm water flows. 

Based on these constraints, the desalination process must be designed for maximum water recovery and 

produce the lowest amount of brine. This study will evaluate a secondary process to reduce the brine 

volume and incorporate the use of enhanced evaporation equipment as part of the Concentrate 

Management Plan. 
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3. Treatment Considerations and Treatment Process 
Development 

The most widely used processes for desalination are Reverse Osmosis (RO), Nanofiltration (NF) and 

Electrodialysis Reversal (EDR).    This section of the report evaluates these three basic membrane 

processes as primary treatment to reduce the TDS level.  A secondary process consisting of RO and 

EDR will be evaluated to further reduce the brine volume.  A water-softening process will also be 

evaluated to determine its effectiveness in improving recovery rates in the secondary membrane process 

by removing carbonate and non-carbonate hardness and lowering the risks of membrane scaling.  

• Process Alternative A: Use of NF membranes in the first stage operating at about 80% recovery, 

followed by a softening process to allow higher recovery in a secondary brackish water RO 

(BWRO) membrane brine concentrator system to further reduce the brine volume; 

• Process Alternative B: Use of NF membranes in the first stage operating at about 80% recovery, 

followed by the use of anti-scalant and pH adjustment prior to a seawater RO (SWRO) membrane 

brine concentrator system to further reduce its volume, and 

• Process Alternative C: Use of NF membranes in the first stage operating at about 80% recovery, 

followed by an EDR system to reduce the brine volume. 

It should also be noted that an additional accrued benefit of a brine concentrator process is that its 

product water is blended directly into the finished water stream.  Each of these unit processes is briefly 

described below in the following subsections. 

3.1 Pressurized Membrane Systems (Reverse Osmosis and Nanofiltration) 

RO and NF are pressurized membrane processes in which water is forced through a semi-permeable 

membrane.  Water permeates through the membranes, leaving the salts in the brine stream as illustrated 

in Figure 3-1.  An RO system treating brackish water typically operates at about 160 psi.  NF systems 

operate at about 110 psi. 

RO systems produce higher quality permeate with a low TDS concentration.  The NF membranes allow a 

slightly higher permeability of mono-valent ions such as sodium and chloride and the permeate has a 

higher TDS concentration.  NF is effective in rejecting di-valent ions, such as calcium, sulfate and 

carbonates.  Therefore, NF is sometimes referred to as a “softening” process.  

The most common operational limitation to achieving high recovery of water is the potential of scale 

formation or precipitation of salt crystals on the membrane surface.  The concentrations of dissolved salts 

increase as water permeates through the membranes.  When these elevated salt concentrations exceed 

respective solubility limits, the risk of precipitation on the membrane surface occurs.  
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Figure 3-1 - Spiral-wound RO membrane 

 

3.2 Electrodialysis Reversal (EDR) 

EDR is a process by which an electrical current is used in association with ion-selective membranes.  

Membranes are installed in pairs and arranged in a stack.  Each pair contains one positively charged ion 

selective membrane (cation) and one negatively charged ion membrane (anion) as illustrated in Figure 

3.2. A DC current is passed through the water within the membrane stack. The dissociated ions migrate 

to an opposite-charged electrode.  Cations (such as sodium, calcium) are drawn to the negative 

electrode, while anions (such as chloride, sulfate) migrate towards the positive electrode.  This 

arrangement results in anions and cations being drawn (in opposite directions) into concentrated 

channels yielding two separate streams; a diluate stream with lower TDS concentrations, and a higher 

ionic concentration stream (brine). 
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Figure 3-2 - EDR operation in negative and positive polarities 

 

 

The most common limitation of the EDR process is the high energy needed to attract high concentrations 

of ions through its membrane. 

3.3 Pretreatment Processes 

Pretreatment is a critical component of a membrane process.  Surface scaling occurs on the membranes 

when crystallization of sparingly soluble salts occurs as its concentrations begin to exceed its solubility 

limits.   

Pretreatment chemicals can be used to manage scale-forming compounds on RO, NF and EDR 

membranes.  In most cases, the addition of anti-scalants and acid is sufficient to improve the performance 

of the membrane system. These chemicals interfere with the nucleation process and inhibit the formation 

of crystals.  
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Another common element in the pretreatment process is the use of cartridge filters.  Polypropylene-

wound filters are commonly used.  Depending on the sizes of particulate matter in the feedwater, filter 

pore sizes can range from 5 to 20 microns. 

3.3.1 pH adjustment 

The primary purpose for reducing the feed pH is to reduce the potential of calcium carbonate scaling on 

the membrane surfaces. Typically, hydrochloric acid (HCl) or sulfuric acid (H2SO4) can be used to lower 

the pH in the feed water.  Sulfuric acid is preferred over hydrochloric acid due to its lower cost and low 

fuming potential. Hydrochloric acid is preferred when sulfate scaling is a concern such as the precipitation 

of calcium sulfate, barium sulfate or strontium sulfate.  Sulfuric acid increases the sulfate ion 

concentration in the feedwater, which directly increases the potential for sulfate-based scaling. 

Sulfate appears to be the limiting factor in water recovery in this case.  The chemical analysis dated 

7/20/2011 indicated a sulfate (SO4) concentration of 985 mg/l.  Sulfuric acid is recommended for use in 

this case.  Admit tingly, the use of sulfuric acid will add to the concentration of sulfate in the feedwater.  

However, in considering the already high level of sulfates in the feedwater, the addition of 9 to 10 mg/l of 

sulfuric acid will have little to no impact on the saturation levels of these sparingly soluble sulfate-based 

salts.    

The reduction in pH is an effective method to control calcium carbonate (hardness) scaling and is 

recommended for this system. 

3.3.2 Anti-Scalant 

The addition of anti-scaling chemical(s) to a membrane process inhibits the precipitation of salts in the 

brine stream and is recommended for use in this project. The use of anti-scalants will improve recovery 

rates by lowering the scaling potential of sparingly soluble salts beyond their solubility limits or saturation 

levels.  

3.4 RO Recovery Maximizing Processes 

To achieve a higher overall recovery, a water softening process was evaluated.  Water softeners work to 

remove or reduce the concentrations of calcium and magnesium salts.  These salts are not very soluble 

and as their concentrations increase, the potential for scaling or precipitation in the membrane modules 

increases considerably.  Water softening can be achieved using lime, ion exchange (IX) or pelletized 

adsorption media. 

3.4.1 Lime Softening 

Lime softening is a common process used to remove calcium and magnesium hardness.  The addition of 

calcium hydroxide (lime) raises the pH and drives the equilibrium of dissolved carbon dioxide to its 

bicarbonate and carbonate states. The shift in the equilibrium will initiate the precipitation of calcium 

carbonate and magnesium hydroxide from the brine stream into an external tank or reactor.  As the 

softened brine is recirculated back into the secondary membrane process, it reduces the risk associated 

with the formation of “scales” on the membrane. 
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3.4.2 Ion Exchange 

Ion exchange (IX) uses a cation exchange resin to replace calcium ions with sodium ions.  Most ion 

exchange systems use a fixed-bed column.  Feed water is continually passed through a bed of ion 

exchange resin beads in a down-flow or up-flow mode until the resin is exhausted.  Exhaustion occurs 

when all the sites on the resin beads have been filled by predominantly calcium and magnesium ions.  

The bed is then regenerated by rinsing it with concentrated sodium chloride solution.  IX is commonly 

used for small applications.   Use in large-scale facilities is rare due to its high operation and maintenance 

costs. The waste stream from the resin regeneration process will need to be discharged into a storage 

pond. 

An important consideration in the applicability of an IX process includes water quality parameters such as 

pH, competing ions, resin type and alkalinity. 

3.4.3 Pellet Softening 

An alternative to traditional softening processes is Pellet Softening.   Pellet softeners utilize the same 

chemical principles as lime-soda softening, but have the advantage of not creating an undesirable sludge. 

Depending on the hydraulics, a pelletized softening process can be gravity-fed or designed in a 

pressurized tank.  Compounds of magnesium and calcium are precipitated in a reactor by increasing its 

pH. The calcium and magnesium compounds precipitate on sand particles in a fluidized bed.  The sand 

pellets are then removed and disposed of as solid waste.  

Pellet reactor softener systems originated and are commonly utilized in Europe.  To date, they are not 
widely used in the United States.  

3.5 Description of Process Alternatives 

Three process alternatives were evaluated based on the criteria of (1) ease of operation, (2) recovery, 

and (3) cost. 

Figure 3-3 - Process Alternative A: Nanofiltration / Softening / brackish water RO (BWRO) brine 

concentrator 
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This process will be designed to treat raw feedwater using NF membranes in the primary system, 

operating at about 80% recovery.  The concentrated brine from the NF system would be treated by an ion 

exchange system and further treated in a secondary brine-concentrating BWRO system. 

Figure 3-4 - Process Alternative B: Nanofiltration / chemical addition / seawater RO (SWRO) brine 

concentrator 

 

This process will be designed to treat raw feedwater using NF membranes in the primary system 

operating at about 80-85% recovery.  The concentrated brine from the NF system would be dosed with 

additional anti-scalant.  The pH will be lowered to 4.0 with sulfuric acid, in preparation for further treatment 

in a secondary brine concentrating SWRO system.  The brine concentrator system operates in a batch-

treatment mode, so two concentrate receiving tanks will be required in order to allow for continuous 

operation. 
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Figure 3-5 - Process Alternative C: Nanofiltration / Electrodialysis Reversal (EDR) 

 

This process will treat raw feedwater using NF membranes in the primary system, operating at about 80% 

recovery.  The concentrate brine from the NF system would then be dosed with anti-scalant prior to 

further treatment in an EDR brine concentrator.   

3.6 Recovery Rate(s) 

The design recovery for a membrane system is typically estimated using membrane performance 

modeling software. These models use empirical formulas to calculate the maximum recovery that can be 

achieved across membrane elements in a pressure vessel.  The recovery rates are based on salt 

saturation indices derived from concentrating a specified feedwater quality.  If recovery is pushed 

significantly beyond appropriate design parameters, the concentrate will become saturated with salts and 

scaling potential increases. 

Using the raw water quality analysis provided by ALW&SD, evaluations of recovery and saturation limits 

were conducted for both the primary NF and secondary RO, and EDR brine concentrators (Table 3-1). 

Table 3-1 - Comparison of Recovery 

Scenario / Process Train 

Description 

Primary NF Secondary Brine 

Concentrator 

Overall System 

Recovery 

A :  NF > Softening > BWRO 80% 80% 95% 

B:  NF > Chemical Addition > SWRO 85% 67% 95% 

C: NF > EDR 80% 50% 90% 
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3.7 Evaluation of Process Alternatives 

Process Alternative A, using NF-Softening-BWRO processes, will require an intermediate softening 

process.  The entire brine stream from the primary NF process will require softening prior to introduction 

into a secondary BWRO system.  Section 3.4 discusses three process options available for softening. The 

cost associated with an IX system is high.  It will require a salt-based regenerant and adds to the on-site 

waste storage volume.  A lime softening process will require additional space at the treatment facility.  In 

the US, pellet softening has only been tested in a pilot study by Western Municipal Water District.  

Without softening, the secondary BWRO system will not work.  This process is not recommended. 

Process Alternative B, using NF-Chemical Addition-SWRO processes, has been tested with groundwater 

from the Tularosa Basin aquifer which has known high concentration of calcium sulfate.  Batch tests had 

been performed on samples collected at the Alto Water Treatment Plant and a 95% recovery was 

achieved.  It is recommended that ALW&SD perform a small-scale pilot test at the treatment plant.  The 

cost of equipment is approximately $7,000 and the test can be conducted by plant staff.  This process is 

recommended for further consideration. 

Process Alternative C, using NF-EDR processes, will require high energy consumption due to the high 

ionic strength of the brine concentrate.  This alternative is appropriate for high recoveries but is cost-

prohibitive, and not recommended. 

3.8 Enhanced Evaporation (EE) 

Based on the land area available for the construction of ponds, natural evaporation alone is insufficient to 

dry up the brine within an annual cycle.  Therefore, an enhanced evaporation system will be needed.  EE 

serves as an alternative to conventional evaporation ponds, with the advantage of a reduced footprint.  

Several types of EE methods were evaluated in an earlier study performed by the District.  EE systems 

could consist of a pond system equipped with mechanical equipment such sprayers and misters.  

Mechanical evaporators and heat-induced crystallizers are not recommended due to their high capital and 

operating costs.  These types of evaporators are better suited for industrial applications.   

EE systems using high pressure misters are also not recommended.  These systems will generate dry 

salt dust particles which will settle on nearby homes. 

Wind Aided Intensified eVaporation (WAIV) was considered for use.  WAIV uses wind energy to 

evaporate wetted surfaces.  Pumps are used to draw brine from a storage pond and discharge it onto 

vertically spaced fabric.  Water that is not evaporated is collected and drained back into the storage pond.  

The pumps operate continuously at low pressures to wet the surfaces of the fabric. 

The baseline for cost comparison of an EE system is the cost of trucking the brine to a landfill.  The 

closest landfill is approximately 100 miles (200 miles round trip).  Hauling cost is approximately $3 per 

mile.  Therefore, one round trip will cost the District $600.  Each tanker has a capacity of 4,000 gallons.  

Therefore, the cost of disposal is $150 per 1,000 gallons.  On a peak production day, over 6,000 gallons 

of brine is generated.  The cost of disposal by will be about $900 for hauling, plus the disposal fee 

charged by the landfill operator.  Annual cost of hauling of brine can equate to over $200,000. 
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4. Concentrate Management Plan 

A Concentrate Management Plan is developed by evaluating each element of a desalination program and 

evaluating the impact it has on the overall strategy.  The evaluation is based on the following factors: 

• Selection of a desalination technology; 

• Brine stream minimization by maximizing water recovery; 

• Brine stream minimization by reducing the production of permeate and increasing the by-pass flow 

to produce blended water with a higher level of TDS; 

• Cost considerations; 

• Ease of operation; 

• Effective land use, and 

• Storage and final disposal of super-concentrate. 

4.1 Desalination Technology 

The selected technology for desalination will consist of a primary NF system, followed by a secondary 

SWRO system. The NF membrane technology is selected as it offers the best recovery at the lowest 

energy cost.  The NF system will be designed with the following criteria: 

• 2 x 1 array: 2 pressure vessels in the first stage, followed by 1 pressure vessel in the second stage; 

• 7 elements: Each pressure vessel will house seven 8” x 40” NF membranes.  Preliminary 

projections were done using DOW NF90-400 membranes, or equivalent; 

• 80-85% recovery, and 

• Pretreatment consisting of sulfuric acid addition, anti-scalant and a 10-micron cartridge filtration 

system. 

At full production, approximately 26,000 gpd (18 gpm) of concentrate will be produced by the primary NF 

process.  The concentrate will be further processed in a secondary brine concentrator with the following 

design criteria: 

• 4 single element pressure vessels with all vessels arranged in parallel configuration; 

• Four 8” x 40” SWRO membranes; 

• 67-75% recovery in batch mode, and 

• Chemical conditioning using additional sulfuric acid and anti-scalants. 

A schematic of this process is depicted in Figure 4-1, shown below. 
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Figure 4-1 - Process Schematic 

 

4.2 Water Recovery 

By using a 2-step desalination process, the overall water recovery is approximately 95%.  For every 100 

gallons of feedwater, approximately 5 gallons will be discharged as super-concentrate. 

4.3 Blended Water TDS 

In order to minimize the brine stream, several blending plans were evaluated.  In developing these 

blending plans, several assumptions were made.  The maximum (peak) water demand is 250,000 gpd, 

occurring in July; low water demand of 150,000 gpd occurs during the winter months.  A maximum 

permeate production rate of 125,000 gpd was used in the evaluation.  Three blending scenarios were 

evaluated. 

• Blend Plan 1 – This plan maximizes the production of permeate, year round.  During low water 

demand periods, the production of permeate remains at 125,000 gpd; it is blended with 25,000 

gpd of raw water.  Blending Plan 1 produces higher water quality during the low demand periods.  

It also generates the largest total annual volume of brine.  When a 250,000 gpd water demand is 

needed, 125,000 gpd of permeate will be blended with 125,000 gpd of raw water to produce 

250,000 gpd with a TDS level of about 960 mg/L. 

• Blend Plan 2 – This plan sets a maximum TDS of 960 mg/L during the summer months.  During the 

winter months when demand is lower, the TDS of the blend will be approximately 800 mg/L. 

• Blend Plan 3 – This plan sets the TDS of the blended water at 960 mg/L, year round. This plan will 

generate the lowest total annual volume of brine.  Production of permeate will match the demand 

and blend ratio will be maintained at 1:1. 
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Table 4-1 - Production Projections 

 

Table 4-2 - Target Production Projection Graph 
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Figure 4-2 - Production TDS Concentration Graph 

 

The storage requirements associated with these Blend Plans are presented in Section 4.5.  Due to land 

area limitations, and  capital and operating costs, Blend Plan 3 is recommended.  It maintains a level of 

consistency in the water quality and generates the least amount of brine. 

4.4 Brine Storage 

The study evaluates two options for storage of concentrate during the winter months.  Evaporation data 

indicates no significant evaporation occurs November through March.  During this period, water demand 

is also the lowest.   

Brine can be stored in above-ground tanks and/or lined ponds.  As the stored brine is evaporated using 

enhanced evaporation techniques, the salinity increases.  Coated steel tanks will corrode and will be 

difficult to maintain. 

Large HDPE tanks are not cost effective. Therefore, a double-lined HDPE storage pond will be used to 

store concentrate during the winter months. HDPE or plastic tanks could be used to supplement the 

capacity of lined ponds. 

4.5 Storage Volume 

For volumetric analysis, two ponds were used in the calculations.  Above ground tanks can be installed 

adjacent to the ponds to reduce the depth of each pond.  Due to land area limitations, two ponds, each 

with a surface area of 5,000 sq. ft., will be used. The pond will be constructed with 2 (vertical) : 1 

(horizontal) side slopes. 

The annual precipitation and pan evaporation rates are 22 inches and 60 inches, respectively, with a total 

net water loss of 38 inches. This rate of evaporation is insufficient to reduce the volume of brine stored in 
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the ponds, and the use of enhanced evaporation equipment will be needed. The inclusion of enhanced 

evaporation equipment will be in addition to the 5,000 sq. ft. of open pond surface. 

Blend Plan 1 will require approximately 550,000 gallons of storage.  Total pond depth including freeboard 

is approximately 22 feet.  Blend Plan 1 is not recommended. 

Figure 4-3 - Blend Plan 1 Storage Depth Graph 

 

Figure 4-4 - Blend Plan 1 Storage Volume Graph 

 

Blend Plan 2 will require approximately 450,000 gallons of storage.  Total pond depth is approximately 17 

feet.  Blend Plan 2 is not recommended. 
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Figure 4-5 - Blend Plan 2 Storage Depth Graph 

 

Figure 4-6 - Blend Plan 2 Storage Volume Graph 

 

Using Blend Plan 3, permeate is blended with raw water in a 1:1 ratio.  In this case, approximately 

400,000 gallons of storage is required.  Total pond depth is approximately 14 feet.  The depth of the 

ponds can be reduced using above-ground tanks.   Blend Plan 3 is recommended.  
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Figure 4-7 - Blend Plan 3 Storage Depth Graph 

 

Figure 4-8 - Blend Plan 3 Storage Volume Graph 

 

 

4.6 Enhanced Evaporation (EE) 

Section 4.5 shows that the small area available for brine disposal is insufficient.  The use of Enhanced 

Evaporation will be required to completely dry up the winter storage volumes during the summer months.  

EE systems such as the WAIV system can be used effectively.  Alternatively, a similar lower cost system 

can be designed and built to provide the necessary surface area.  However, the drawback is that the 

system will not be as modularized and efficient as the WAIV system. 

The WAIV system considered for this project will consist of modularized units measuring approximately 

25 feet x 70 feet.  To maximize evaporation, the units will be approximately 18 feet in height.  Each unit 

will be operated using a 5 HP pump. 



 

23 
 

 
23 

83/11051/4715 Concentrate Management Study 
Alto Lakes Water & Sanitation District 

4.7 Opinion of Probable Costs 

The NF-SWRO system will consist of the following: 

• Sulfuric Acid System, with metering pump and storage tank 

• Anti-Scalant Dosing System, with metering pump, and storage tank 

• Nanofiltration Unit, with built-in cartridge filtrations system, high pressure pump 

• Seawater Brine Concentrator Unit, with high pressure pump 

• Clean-in Place System, with tanks, pump 

Control system, valves and piping, installation $600,000 

Storage Ponds, excavation, liners $150,000 

Enhanced Evaporation (WAIV), including pumping equipment $400,000 

Miscellaneous Contractor Costs $100,000 

Site Piping & Site Work $100,000 

Total $1,350,000 

Engineering Design and Construction Administration Costs $150,000 

Contingencies (20%) $300,000 

 TOTAL PROJECT COSTS $1,800,000 

 

Nanofiltration System (10 HP, approx. 92 gpm) $20/day 

SWRO System (12 HP, 23 gpm) $22/day 

WAIV Pumping System (5 HP) $10/day 

Chemical Costs $30/day 

Maintenance Cost $60/day 

Labor Cost (3 hrs/day) $90/day 

Total Daily O&M Cost $232/day 

 

Cost of Blended Water (125,000 gpd permeate + 125,000 gpd raw) $0.93/1,000 gallons 

Amortized Capital Cost ($1.8 million @ 8%) $144,000 

 or $395/day 

 TOTAL COST OF BLENDED WATER $2.51/1,000 gallons** 

** Does not include cost of iron/manganese system and other existing treatment costs. 
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5. Permitting Requirements 

The construction of this facility will require permits from the New Mexico Environmental Department, 

Drinking Water Bureau.  An Application for Construction or Modification of a Public Water Supply System 

will be needed.  Review timeframe is expected to be 60 days. 
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Preliminary Design Calculations 

Nanofiltration Projections 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Project Information: March 19, 2012 Peter Chan

Case-specific: Nanofiltration at 80% Recovery

System Details

Permeate Flux reported by ROSA is calculated based on ACTIVE membrane area. DISCLAIMER: NO WARRANTY, EXPRESSED OR IMPLIED,
AND NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, IS GIVEN. Neither FilmTec Corporation nor
The Dow Chemical Company assume any obligation or liability for results obtained or damages incurred from the application of this information.
Because use conditions and applicable laws may differ from one location to another and may change with time, customer is responsible for determining
whether products are appropriate for customer’s use. FilmTec Corporation and The Dow Chemical Company assume no liability, if, as a result of
customer's use of the ROSA membrane design software, the customer should be sued for alleged infringement of any patent not owned or controlled by
the FilmTec Corporation nor The Dow Chemical Company.

Reverse Osmosis System Analysis for FILMTEC™ Membranes ROSA 7.2.7 ConfigDB u392554_148

Project: ALWSD Case: 1

Peter Chan, GHD 3/19/2012

Feed Flow to Stage 1 91.49 gpm Pass 1 Permeate Flow 73.19 gpm Osmotic Pressure:

Raw Water Flow to System 91.49 gpm Pass 1 Recovery 80.00 % Feed 9.85 psig

Feed Pressure 89.45 psig Feed Temperature 70.0 F Concentrate 40.38 psig

Flow Factor 0.85 Feed TDS 1838.25 mg/l Average 25.12 psig

Chem. Dose (100% H2SO4) 9.26 mg/l Number of Elements 21 Average NDP 44.06 psig

Total Active Area 8400.00 ft² Average Pass 1 Flux 12.55 gfd Power 4.45 kW

Water Classification: Well Water SDI < 3 Specific Energy 1.01 kWh/kgal

Stage Element #PV #Ele
Feed
Flow

(gpm)

Feed
Press
(psig)

Recirc
Flow

(gpm)

Conc
Flow

(gpm)

Conc
Press
(psig)

Perm
Flow

(gpm)

Avg
Flux
(gfd)

Perm
Press
(psig)

Boost
Press
(psig)

Perm
TDS

(mg/l)

1 NF90-400 2 7 91.49 84.45 0.00 28.87 63.91 62.62 16.10 0.00 0.00 57.21

2 NF90-400 1 7 28.87 58.91 0.00 18.30 44.36 10.57 5.44 0.00 0.00 298.74

Pass Streams
(mg/l as Ion)

Name Feed Adjusted Feed
Concentrate Permeate

Stage 1 Stage 2 Stage 1 Stage 2 Total

NH4 0.00 0.00 0.00 0.00 0.00 0.00 0.00

K 2.89 2.89 8.38 12.28 0.35 1.64 0.54

Na 105.85 105.85 312.44 462.16 10.61 53.29 16.78

Mg 105.85 105.85 331.39 516.98 1.88 10.15 3.07

Ca 283.86 283.86 889.02 1387.04 4.91 26.98 8.09

Sr 8.27 8.27 25.92 40.43 0.14 0.79 0.24

Ba 0.02 0.02 0.05 0.08 0.00 0.00 0.00

CO3 0.44 0.21 2.72 7.20 0.00 0.01 0.00

HCO3 170.00 158.94 482.90 732.92 7.75 39.90 12.38

NO3 0.20 0.20 0.34 0.35 0.14 0.31 0.16

Cl 155.00 155.63 459.62 679.86 15.51 78.40 24.59

F 0.46 0.46 1.34 1.96 0.06 0.27 0.09

SO4 985.00 994.07 3118.77 4874.08 14.65 80.43 24.15

SiO2 22.00 22.00 67.11 102.07 1.21 6.59 1.98

Boron 0.00 0.00 0.00 0.00 0.00 0.00 0.00

CO2 9.40 17.53 18.67 20.55 17.65 19.10 17.87

TDS 1839.84 1838.25 5699.99 8817.42 57.21 298.74 92.07

pH 7.30 7.00 7.35 7.44 5.84 6.47 6.03

Page 1 of 3ROSA Detailed Report
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Design Warnings

Solubility Warnings

Stage Details

Permeate Flux reported by ROSA is calculated based on ACTIVE membrane area. DISCLAIMER: NO WARRANTY, EXPRESSED OR IMPLIED,
AND NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, IS GIVEN. Neither FilmTec Corporation nor
The Dow Chemical Company assume any obligation or liability for results obtained or damages incurred from the application of this information.
Because use conditions and applicable laws may differ from one location to another and may change with time, customer is responsible for determining
whether products are appropriate for customer’s use. FilmTec Corporation and The Dow Chemical Company assume no liability, if, as a result of
customer's use of the ROSA membrane design software, the customer should be sued for alleged infringement of any patent not owned or controlled by
the FilmTec Corporation nor The Dow Chemical Company.

Reverse Osmosis System Analysis for FILMTEC™ Membranes ROSA 7.2.7 ConfigDB u392554_148

Project: ALWSD Case: 1

Peter Chan, GHD 3/19/2012

-None-

Langelier Saturation Index > 0

Stiff & Davis Stability Index > 0

CaSO4 (% Saturation) > 100%

BaSO4 (% Saturation) > 100%

SrSO4 (% Saturation) > 100%

CaF2 (% Saturation) > 100%

Antiscalants may be required. Consult your antiscalant manufacturer for dosing and maximum allowable system recovery.

Stage 1 Element Recovery
Perm Flow

(gpm)
Perm TDS

(mg/l)
Feed Flow

(gpm)
Feed TDS

(mg/l)
Feed Press

(psig)

1 0.13 5.95 27.08 45.74 1838.25 84.45

2 0.14 5.40 33.86 39.79 2109.00 79.32

3 0.14 4.90 42.69 34.40 2434.69 75.12

4 0.15 4.44 54.40 29.50 2831.90 71.72

5 0.16 3.99 70.37 25.06 3323.36 69.00

6 0.17 3.55 92.80 21.07 3939.10 66.85

7 0.18 3.09 125.40 17.52 4717.17 65.19

Stage 2 Element Recovery
Perm Flow

(gpm)
Perm TDS

(mg/l)
Feed Flow

(gpm)
Feed TDS

(mg/l)
Feed Press

(psig)

1 0.09 2.47 163.37 28.87 5699.99 58.91

2 0.08 2.08 204.85 26.40 6217.20 56.14

3 0.07 1.73 257.21 24.32 6730.37 53.68

4 0.06 1.42 322.86 22.59 7225.46 51.48

5 0.05 1.16 404.58 21.17 7689.73 49.49

6 0.05 0.94 504.69 20.00 8113.02 47.66

7 0.04 0.76 624.84 19.06 8489.43 45.96

Page 2 of 3ROSA Detailed Report
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Scaling Calculations

To balance: 0.63 mg/l Cl added to feed.

Raw Water Adjusted Feed Concentrate

pH 7.30 7.00 7.44

Langelier Saturation Index 0.26 -0.07 1.70

Stiff & Davis Stability Index 0.30 -0.03 1.13

Ionic Strength (Molal) 0.05 0.05 0.24

TDS (mg/l) 1839.84 1838.25 8817.42

HCO3 170.00 158.94 732.92

CO2 9.40 17.53 20.54

CO3 0.44 0.21 7.20

CaSO4 (% Saturation) 38.62 38.93 298.27

BaSO4 (% Saturation) 280.52 282.51 1376.59

SrSO4 (% Saturation) 61.86 62.31 342.83

CaF2 (% Saturation) 7.98 7.98 706.31

SiO2 (% Saturation) 18.77 18.77 87.07

Mg(OH)2 (% Saturation) 0.00 0.00 0.01

Page 3 of 3ROSA Detailed Report
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Appendix B 

Preliminary Design Calculations 

Storage Cycle - Data 
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