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1.0  INTRODUCTION 
 
The City of Huntsville has conducted additional review of the feasibility of treatment 
alternatives pursuant to Commission Minute Order No. 13-23 regarding the removal of 
dissolved solids (minerals) from the effluent of its current waste water treatment system. The 
scope of the review included emerging technologies that have not been proved beyond the 
laboratory or pilot scale levels. However, only technologies demonstrated to perform at the 
full scale flow and loading of the City of Huntsville’s wastewater treatment facility were 
considered for further cost evaluation.   
 
This report summarizes three treatment options identified by the review.  The three 
technologies determined to be capable of removal of minerals at discharged flows and 
concentrations are: reverse osmosis (RO), electrodialysis (ED), and capacitive deionization 
technology (CDT). Reverse osmosis and a particular implementation of electrodialysis, 
electrodialysis reversal (EDR) are the most commonly used technologies for removal of TDS 
at the concentrations present in the City of Huntsville’s effluent. CDT is a newer, up-and-
coming technology that has not yet been widely adopted. 
 
For each of the three treatment technologies further evaluated, an estimate of the capital 
construction cost plus annual operation/maintenance cost was developed using published 
reports and/or engineering estimation resources. 
 

2.0  REVERSE OSMOSIS 
 
For the reverse osmosis treatment, a treatment train consisting of: twenty-four hour 
emergency storage followed by ultrafiltration, eight hour storage, carbon filtration, twenty-
four hour storage, reverse osmosis, forty hour reject storage, brine concentration, and finally 
brine crystallization was analyzed. 
 
The emergency storage is required to prevent the release of partially treated effluent in the 
event of a failure in the system. Intermediate storage allows for equipment maintenance, 
filter and membrane replacement, and routine scheduled treatment interruptions.  
 
Reverse osmosis utilizes a membrane to filter solutes from solution. Organics, oil and 
grease, and other particulates must be removed to reduce membrane fouling. To that end, 
ultrafiltration and carbon filtration are used to prolong membrane life. This also reduces loss 
of membrane function from chemical attack, which is the result of reactions from chemicals 
used in cleaning and regenerating a fouled membrane. 
 
In the reverse osmosis step, enough pressure is applied to the untreated water to overcome 
osmotic pressure and force the water through a membrane. The membrane prevents the 
passage of solutes, resulting in water with greatly reduced TDS loads. Reverse osmosis 
membranes are sensitive to scaling and fouling. They can be regenerated to a large degree 
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by cleaning, but as mentioned previously, cleaning chemicals are a source of chemical 
attack that reduces membrane life. These membranes are also susceptible to creep, 
performing less efficiently over time as the membrane is slowly deformed by the pressures 
applied to the system. 
 
In the final steps, the concentrated brine reject solution from reverse osmosis is sent to an 
evaporator to reduce the volume of water in the reject solution through a vapor-compression 
process. That process prepares the now extremely concentrated reject for the crystallization 
step where the brine is heated and swirled in a vortex where some brine evaporates, leading 
to the formation of crystals. A small stream carries these to a filter press where final 
dewatering to 20% moisture content results in a filter cake that can then be disposed of. 
 
2.1  Capital Cost Estimate 
 
The total capital cost for reverse osmosis treatment is estimated to be $30.8 million. This 
includes $13.7 million for pretreatment and RO treatment, $1.25 million for storage tanks, 
and $15.8 million for the evaporative crystallization system. These costs include permitting, 
engineering, and site and structural work. These costs were developed using information 
from GE Power and Water’s technical papers and “Perry’s Chemical Engineering 
Handbook” and prices were adjusted using Implicit Price Deflator data from the Federal 
Reserve Bank of St. Louis.   
 
2.2  Operation/Maintenance Costs 
 
The total annual operating cost associated with reverse osmosis treatment is estimated to 
be $4.59 million. This includes $250,000 per year for costs associated with filtration, $1.97 
million per year for costs involving the reverse osmosis treatment step, $824,000 per year 
for costs associated with the evaporative crystallization step, and $1.54 million per year for 
equipment replacement. Included in calculating these costs were: energy usage, labor, 
maintenance equipment, and disposal of solid salts generated. These costs were likewise 
developed using information from GE Power and Water’s technical papers and “Perry’s 
Chemical Engineering Handbook” and prices were adjusted using Implicit Price Deflator 
data from the Federal Reserve Bank of St. Louis.   
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3.0 ELECTRODIALYSIS 
 
For the electrodialysis treatment, a treatment train similar to reverse osmosis is required: 
twenty-four hour emergency storage, followed by ultrafiltration, eight hour storage, carbon 
filtration, twenty-four hour storage, electrodialysis, forty hour reject storage, brine 
concentration, and finally brine crystallization. 
 
The storage components of the treatment train are required for the same reasons discussed 
for reverse osmosis: to ensure safety in the event of system failure and to allow components 
to be taken offline for maintenance, cleaning, membrane replacement, etc. 
 
Since electrodialysis is a membrane-based technology, it too requires pretreatment using 
filtration, for the same reasons as reverse osmosis.  One of the main advantages of 
electrodialysis reversal (EDR) is that due to the nature of the technology, EDR membranes 
are much less susceptible to fouling and scaling.  

 
Electrodialysis reversal is another membrane-based separation technology that acts on ionic 
species. With this technology, the feed water is run through a chamber with an electrical 
potential created by charged electrodes. The chamber is divided into cells by alternatingly 
charged ion-exchange membranes. Each membrane is highly selective, passing only 
cations or only anions. Cations are passed to an adjacent cell through the first membrane 
they encounter as they travel toward the cathode, while anions are passed through to an 
opposite cell adjacent to that which the feed water originally entered by the first membrane 
they encounter on their way toward the anode. Each specie, however, is blocked from 
entering subsequent cells by either an anion-exchange or cation-exchange membrane, 
respectively. These cells concentrate ions, reducing the TDS of the water fed into the initial 
cell. In the reversal stage of the process, the polarity of the electrode is reversed, and the 
diluate cells become concentrate cells. This helps regenerate the membranes, leading a 
large reduction in scaling and fouling. This also prolongs membrane life by reducing 
cleaning requirements. 
 
The final steps are the same as for reverse osmosis: the concentrated brine reject solution 
from electrodialysis is sent to an evaporator to reduce the volume of water in the reject 
solution through a vapor-compression process. That process prepares the now extremely 
concentrated reject for the crystallization step where the brine is heated and swirled in a 
vortex where some brine evaporates, leading to the formation of crystals. A small stream 
carries these to a filter press where final dewatering to 20% moisture content results in a 
filter cake that can then be disposed of. 
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3.1  Capital Cost Estimate 
 
The total capital cost for electrodialysis treatment is estimated to be $22 million. This 
includes $4.88 million for pretreatment and ED treatment, $1.25 million for storage tanks, 
and $15.8 million for the evaporative crystallization system. These costs include permitting, 
engineering, and site and structural work. These costs were developed using information 
from GE Power and Water’s technical papers and “Perry’s Chemical Engineering 
Handbook” and prices were adjusted using Implicit Price Deflator data from the Federal 
Reserve Bank of St. Louis.   
 
3.2  Operation/Maintenance Costs 
 
The total annual operating cost associated with electrodialysis treatment is estimated to be 
$2.89 million. This includes $250,000 per year for costs associated with filtration, $268,000 
per year for costs involving the electrodialysis treatment step, $824,000 per year for costs 
associated with the evaporative crystallization step, and $1.54 million per year for equipment 
replacement. Included in calculating these costs were: energy usage, labor, maintenance 
equipment, and disposal of solid salts generated. These costs were developed using 
information from GE Power and Water’s technical papers and “Perry’s Chemical 
Engineering Handbook” and prices were adjusted using Implicit Price Deflator data from the 
Federal Reserve Bank of St. Louis. 
 

4.0  CAPACITIVE DEIONIZATION TECHNOLOGY 
 
Like the previous two technologies, capacitive deionization technology begins with a 
treatment train that uses twenty-four hour emergency storage, followed by ultrafiltration, 
eight hour storage, carbon filtration, and twenty-four hour storage. This is followed by the 
capacitive deionization step and then continues with forty hour reject storage, brine 
concentration, and finally brine crystallization. 
 
The storage used with this technology serves the same functions discussed in the previous 
two treatment technologies. 
 
With this technology, feed water is run through carbon-aerogel electrodes, a foam material 
consisting of countless pores. Organics and other suspended solids must be removed for 
the system to work properly. The filtration pretreatment steps effectively prepare the water 
for CDT treatment. 
 
Capacitive deionization technology consists of passing water through carbon-aerogel 
electrodes, which are kept at a potential difference of about one volt. Ionic species in the 
water are induced to move toward their respective electrodes, and adsorb to their surfaces. 
The electrodes are made of a special air-filled foam that exhibits ideal properties for this 
application due to their high electrical conductivity, high specific surface area, and 
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controllable pore-size distribution. Adsorbed ions are desorbed from the surface of the 
electrodes by eliminating the charge on the electrodes between treatment cycles. The ions 
are then flushed from the system in what becomes the reject water. When the treatment 
cycle begins again, the electrodes’ polarity is reversed, further regenerating their capacity 
and reducing or eliminating scaling. The major drawback is that large volumes of reject 
water are generated when flushing previously adsorbed ions from the highly porous 
electrodes. 
 
As with the previous two treatment systems, the concentrated brine reject solution from 
capacitive deionization is sent to an evaporator to reduce the volume of water in the reject 
solution through a vapor-compression process. That process prepares the now extremely 
concentrated reject for the crystallization step where the brine is heated and swirled in a 
vortex where some brine evaporates, leading to the formation of crystals. A small stream 
carries these to a filter press where final dewatering to 20% moisture content results in a 
filter cake that can then be then disposed of. 
 
4.1  Capital Cost Estimate 
 
The total capital cost for capacitive deionization technology treatment is estimated to be 
$58.5 million. This includes $25.6 million for pretreatment and CDT treatment, $1.25 million 
for storage tanks, and $31.7 million for the evaporative crystallization system. These costs 
include permitting, engineering, and site and structural work. These costs were developed 
using information published in the U.S. Department of the Interior Bureau of Reclamation’s 
“Reclamation: Managing Water in the West” journal and prices were adjusted using Implicit 
Price Deflator data from the Federal Reserve Bank of St. Louis.   
 
4.2  Operation/Maintenance Costs 
 
The total annual operating cost associated with capacitive deionization technology treatment 
is estimated to be $4.42 million. This includes $250,000 per year for costs associated with 
filtration, $983,000 per year for costs involving the capacitive deionization technology 
treatment step, $1.65 million per year for costs associated with the evaporative 
crystallization step, and $1.54 million per year for equipment replacement. Included in 
calculating these costs were: energy usage, labor, maintenance equipment, and disposal of 
solid salts generated. These costs were developed using information published in the U.S. 
Department of the Interior Bureau of Reclamation’s “Reclamation: Managing Water in the 
West” journal and prices were adjusted using Implicit Price Deflator data from the Federal 
Reserve Bank of St. Louis.   
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5.0  SUMMARY & CONCLUSION 
 
A supplemental review of treatment alternatives for dissolved minerals removal from water 
and wastewater was undertaken at the request of the Arkansas Pollution Control and 
Ecology Commission.  This review identified a number of articles describing treatment 
methods (Appendix B).  However, only technologies demonstrated to perform at the full 
scale flow and loading of the City of Huntsville’s wastewater treatment facility were 
considered for evaluation.  Consideration of experimental or academic technologies not yet 
proven would be speculative and contrary to accepted engineering practices. 
 
The costs associated with the three technologies reviewed are summarized in Table 1 
below.  Each of the treatment technologies reviewed are technically viable options for 
reducing TDS, however, the estimated costs for each technology are not feasible for the 
City. 
 
These costs would jeopardize the continued operation of the Butterball Facility, the largest 
employer in Madison County.  The consequence of the loss of the Butterball Facility would 
likely prove to be disastrous for the City of Huntsville, Madison County and the surrounding 
northwest Arkansas community.  This region relies heavily on the economic impact of the 
Butterball facility.  The facility employs almost 700 citizens and provides them an annual 
payroll of more than $22,000,000.  It also acts as a critical client/customer to a number of 
local businesses and pays more than $138,000 in local property taxes.   
 
 
Table 1.  Associated costs for each of the three treatment technologies reviewed. 
Treatment Technology Capital Cost (Million $) Annual O/M Cost (Million $) 
Reverse Osmosis 30.1 4.6 
Electrodialysis 22.0 2.9 
CDT 58.5 4.4 
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1.0  REVERSE OSMOSIS CALCULATIONS (PERRY’S 
CHEMICAL ENGINEERING HANDBOOK) 

 
Reverse Osmosis and Pretreatment Costs 
 
FROM PERRY'S P.22-52 

  
Implicit Price Deflator 

  6 MGD  38 g/l 45% conversion 6 train system 
 

1996 83.159 1995 92.103 
NEED 1.25 MGD, 3.4 g/l  95% 
conversion 

  
2006 103.231 2012Q4 114.46 

assume 1 train system, 35% of 
cost 1996 0.35 inflation adj 

   
 

base adj 2006 2012Q4 
  ITEM $000 $000 $000 

   UF+ Carbon filter 
  

3000 
   Membranes+housings installed 3600 $1,260  $1,564.12  $2,152.86  

  process equip 13700 $4,795  $5,952.36  $8,192.83  
  site work 500 $175  $217.24  $299.01  
  structural 1850 $648  $803.79  $1,106.33  
  permitting 25 $9  $10.86  $14.95  
  Engr 3341 $1,169  $1,451.59  $1,997.97  
  TOT CAP 

 
$8,056  $13,000  $13,764  

  
       OPERATING 

      elec 1976.875 $692  $858.91  $1,182.20  
  consum+chem 187 $65  $81.25  $111.83  
  Maint 482 $169  $209.42  $288.24  
  labor 265 $93  $115.14  $158.47  
  membrane repl 390 $137  $169.45  $233.23  
  TOT OP 

 
$1,155  $1,434  $1,974  

   
 

Reject Treatment 
RO REJECT TREATMENT 
Per Bill Heinz, VP GE Treatment 425-828-2400x1330 
 
Trt train consists of (2) 250 GPM Brine Concentrator, then (1) 20 GPM Crystallizer 
includes solids conveyor 0.6 Butterball assume half capacity, 60% of 

cost 
 2006   2012Q4 
CAPITAL $ (000)    
Brine Conc. $9,100 $5,460  $6,053.91 
Crystallizer $4,900 $2,940  $3,259.80 
Installation $9,800 $5,880  $6,519.60 
TOTAL $23,800 $14,280  $15,833 
 

  



 
Total RO Costs 
CAPITAL TOTAL 

($000) 
UF+Carbon+RO  $13,764 
Storage tanks $1,250 
Evaporative crystallization system $15,833 
TOTAL CAPITAL $30,847 
 

ANNUAL OPERATING TOTAL 
($000) 

Filtration $250 
RO $1,974 
CRYSTALLIZATION $824 
EQUIP REPLACEMENT $1,542 
TOTAL OPERATING $4,590 

 

2.0  ELECTRODIALYSIS CALCULATIONS (PERRY’S 
CHEMICAL ENGINEERING HANDBOOK) 

 
 
ED Step Operating Costs (in 1993 dollars) 
1 MGD = 3823.036 m3/day 
Basis: 1000 m3 product water 
$66  Membrane-replacement cost (assuming 

seven-year life) 
32 Plant power 
16 Filters and pretreatment chemicals 
11 Labor 
8 Maintenance 
133 Total 
 
Convert ED step per 1000 m3 to annual operating costs (1993 Dollars) 
 

 

Covert ED step Operating Costs in 1993 dollars to 2013 dollars 

 

 



Convert UF + Carbon Filter Capital Costs from 2006 dollars to 2013 dollars 
 

 

 
ED Capital Costs from Perry’s: given typical plant at 4700 m3/day built in 1993 capital costs 
were $1210000 these costs scale by the 0.7 power. Covert to 1 MGD (3785.184 m3/day). 
 

 

 
 
Covert ED Capital Costs from 1993 to 2013 dollars 
 

 

 
 
According to literature, the reject from ED is similar to RO, so use same process separate water 
and salts. Pretreatment uses the same process as the other technologies. 
 
 
Total ED Costs 
CAPITAL TOTAL ($000) 
UF+Carbon+Electrodialysis $4,871 
Storage tanks $1,250 
Evaporative crystallization system $15,833 
TOTAL CAPITAL $21,954 
 

ANNUAL OPERATING TOTAL ($000) 
Filtration $250 
RO $268 
CRYSTALLIZATION $824 
EQUIP REPLACEMENT $1,542 
TOTAL OPERATING $2,884 

 

  



 

3.0  Capacitive Deionization Technology Calculations 
(Reclamation: Managing Water in the West. 
Program Report No. 133) 

 
Basis 
Plant life  20 years 
Interest rate  10% 
Capacity Product 1.0 MGD 
Capital Including initial module cost plus 

supporting equipment 
$1000/module 

Module replacement 10 year module lifetime $770/module 
Energy cost Purchased from off-site $0.06/kwh 
 
Annual Costs Given 
Initial Capital 
($ per year) 

Replace 
modules ($ 
per year) 

Labor ($ per year) Energy ($ 
per year) 

Total costs ($ 
per year) 

Total costs ($ 
per 1000 gallons 
product) 

2612044 868406 38400 76650 3595500  
 
Convert UF + Carbon Filter Capital Costs from 2006 dollars to 2013 dollars 

 

CDT step Capital Costs Series Present Worth (P/A, i, n) 

 

 

Reject Treatment 
 
Reject flow at 33% water recovery. Reject 0.667 MGD 
Using same process as RO to treat reject, scale up processes. 
Determine number of 250 gpm brine concentrators needed 
 

 

 

 



Double RO reject capital and operating costs 
 
Total CDT Costs 
CAPITAL TOTAL ($000) 
UF+Carbon+RO  $25,595 
Storage tanks $1,250 
Evaporative crystallization system $31,667 
TOTAL CAPITAL $58,511 
  

ANNUAL OPERATING TOTAL ($000) 
Filtration $250 
CDT $983 
CRYSTALLIZATION $1,648 
EQUIP REPLACEMENT $1,542 
TOTAL OPERATING $4,424 
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