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 Introduction 
WaterTectonics (WT) conducted a treatability study for the City of Longview, Washington testing the 
efficacy of WaveIonics Electrocoagulation (EC) to reduce/remove silica to less than 30 mg/L (Table 1) in 
the existing municipal water supply.  In addition, WaterTectonics benchmarked electrocoagulation’s 
efficacy against chemical treatment utilizing multiple different chemicals containing aluminum which is a 
known process for silica reduction.  Linear regression equations were calculated for each data set to 
establish an aluminum dosage and associated cost for each treatment to reduce silica to 30 mg/L.  The 
projected operating cost for EC and each chemical treatment tested are presented in this report.  The 
report’s conclusion illustrates the two lowest operational costs for reducing silica to 30 mg/L is utilizing 
EC and Sodium Aluminate.  

The design of testing, focused on dissolved silica removal by co-precipitation with aluminum EC as well 
as co-precipitation with multiple chemicals for comparison.  WT utilized published data (Sandia 2011) 
and its past testing experience in conducting its treatability tests to document the efficacy of EC and PAC 
for the removal of dissolved silica through a co-precipitated process utilizing aluminum hydroxide in 
either a formulated chemical or an electro-chemical reaction.  Lastly, WT examined the efficacy of 
treatment, by EC and the other chemicals, by also treating samples that had been filtered and 
chlorinated by the City’s current treatment process. 

In Table 1, are the measured parameters with maximum contaminant levels (MCLs) and secondary 
maximum contaminant levels (SMCLs). 

Table 1 City of Longview, WA treatment goals, MCL’s and SMCL’s. 

Parameter Unit Treatment Goal MCL SMCL 
Aluminum mg/L - - 0.05 to 0.2 
Arsenic mg/L - 0.01 - 
Calcium mg/L - - - 
Iron mg/L - - 0.3 
Magnesium mg/L - - - 
Manganese mg/L - 0.05 - 
pH s.u.   6.5 – 8.5 
Silica, Dissolved mg/L 30 - - 
Hardness mg CaCO3/L - - - 
Total Alkalinity mg CaCO3/L - - - 
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 Methods 
WT received samples from two different locations within the treatment process.  City of Longview 
provided five gallons of raw well water prior to any of the municipality’s existing pretreatment processes 
and fifteen gallons of water post pre-treatment that includes prechlorination and filtration with 
greensand.  The filtered water was collected prior to final pH adjustment with sodium hydroxide and any 
fluoridation. 

A five-gallon bucket of sample was thoroughly mixed prior to beginning the treatability testing.  The 
samples were treated using batch treatment laboratory-scale EC.  500 mL samples were tested at 
different levels of EC treatment by maintaining the current and varying the treatment time.  Based on 
Faraday’s Law, this created the scenario to examine how different theoretical aluminum dosages would 
impact the reduction of Silica with electrocoagulation.  Similarly, testing was also conducted with Kemira 
PAX-XL8 polyaluminum chloride (PAC) dosing aluminum at the same theoretical equivalent to the EC 
samples.  The testing utilizing PAC also required the addition of sodium hydroxide in order to maintain 
the pH close to 7.7, the City’s target pH for corrosion control.   

All samples were rapid mixed followed by slow mixing and settling.  After settling, the supernate was 
filtered through 8 µm paper filters using a vacuum apparatus simulating granular media filtration.  
Aluminum concentrations ranged from 3 mg/l to 30 mg/L for EC treatments and 3 mg/l to 90 mg/L for 
PAC treatments.  All samples were tested for the parameters listed in Appendix A. 

Results 
Electrocoagulation 
Raw Water 
In the initial raw water sample, iron and manganese oxidized in the water sample bucket after it had 
been opened for a few days.  As a result, a fresh 10-gallon sample of raw water was collected on 
October 25, 2016 to complete the treatability testing.  The two raw water samples were analyzed and 
were found to have similar influent and treated water quality (Table 2,Table 3). 

Beaker testing was initially conducted with 30 mg/L Al EC using the raw water sample.  The 30 mg/L Al 
EC set was also tested with chlorination using sodium hypochlorite dosed at 5 mg Cl2/L, simulating the 
existing prechlorination step in the water treatment process.  Following EC and stirring a large floc 
formed that settled leaving a clear supernate (Figure 1).    Testing with filtered water determined that a 
30 mg/L Al EC treatment was required to meet the water quality goal.  Two liters of raw water were 
treated with 30 mg/L Al EC for the final treatment with and without oxidation using sodium 
hypochlorite.  Silica concentrations were well below the 30 mg/L goal in all testing when a 30 mg/L Al EC 
treatment was applied (Table 4).  Oxidation did not affect silica removal.   
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 The existing site process includes prechlorination to oxidize arsenic, iron, and manganese prior to 
greensand filtration.  WT tested oxidation as a pretreatment to simulate site conditions and determine 
how EC with oxidation affected the removal of arsenic, iron, and manganese with basic filtration instead 
of greensand.  MCL’s and SMCL’s for measured parameters are provided in Table 1.  Aluminum 
concentrations were below the upper limit for the SMCL.  Arsenic was below the MCL in the raw and 
treated samples.  Iron was non-detect and well below the SMCL in both treated samples.  Manganese 
had the best reduction following EC with oxidation but was still above the MCL in the treated sample.  
Manganese above the MCL was expected without greensand filtration. 

Table 2 WaterTectonics analytical test results for City of Longview – raw water collected October 4, 2016. 

Parameter Unit Raw - Influent Raw – 30 mg/L Al EC Raw – 30 mg/L Al EC 
with oxidation 

pH s.u. 7.19 7.53 7.6 
Conductivity µS/cm 218.8 181 231 
Turbidity NTU 1.83 0.19 0.33 
Dissolved Oxygen mg/L 9.55 7.93 8.62 
Silica mg/L SiO2 52.3 20.4 23.3 

 
Table 3 WaterTectonics analytical test results for raw water collected October 25, 2016. 

Parameter Unit Raw - Influent Raw – 30 mg/L Al EC Raw – 30 mg/L Al EC 
with oxidation 

pH s.u. 7.01 7.59 7.66 
Conductivity µS/cm 226 190.9 213.7 
Turbidity NTU 2.97 0.57 0.31 
Dissolved Oxygen mg/L 7.88 9.73 10.68 
Silica mg/L SiO2 53.3 17.2 13.7 

 
Table 4 Third party laboratory analytical test results for raw water collected October 25, 2016. 

Parameter Unit Raw - Influent Raw – 30 mg/L Al EC Raw – 30 mg/L Al EC 
with oxidation 

Aluminum mg/L ND (< 0.040) 0.11 0.17 
Arsenic mg/L 0.005 0.0044 ND (< 0.003) 
Calcium mg/L 27 23 25 
Iron mg/L 1.1 ND (< 0.050) ND (< 0.050) 
Magnesium mg/L 6.6 5.3 5.4 
Manganese mg/L 0.59 0.29 0.18 
Silica, Dissolved mg SiO2/L  51 16 12 
Hardness mg 

CaCO3/L 
94.56 79.23 84.64 

Total Alkalinity mg 
CaCO3/L 

110 82 90 
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Figure 1 City of Longview Raw Water 30 mg/L Al EC Treatments, without oxidation (left), with oxidation (right). 

 

Filtered Water 
The filtered water was used to develop a silica removal curve based off of 3, 9, 15, and 30 mg/L Al EC 
treatments.  The filtered water was selected for this broader effort because of the volume available for 
testing.  Following EC treatment and mixing a large floc formed with increasing volume that settled after 
floc development (Figure 2).  The data indicates that the optimal EC aluminum dose is between 15 and 
30 mg/L with or without pH adjustment (Figure 3, Table 5, Table 6). 

 
Figure 2 City of Longview Filtered Water Treatments from left to right: 3, 9, 15, and ds30 mg/L Al EC before settling. 
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Figure 3 Longview filtered water silica reduction with Aluminum EC. 

 

Table 5 WaterTectonics analytical test results for City of Longview – Filtered water EC treatability without pH adjustment. 

Parameter Unit Filtered 
Influent 

3 mg/L 
Al EC 

9 mg/L 
Al EC 

15 mg/L 
Al EC 

30 mg/L 
Al EC 

pH s.u. 7.41 7.68 7.63 7.63 7.47 
Conductivity µS/cm 230 227 221 211.8 201.1 
Turbidity NTU 0.43 0.45 0.45 0.39 0.33 
Dissolved Oxygen mg/L 8.53 9.08 9.12 8.93 7.87 
Silica mg SiO2/L  55.4 50.7 41.5 33.6 19.1 

 

Table 6 WaterTectonics analytical test results for City of Longview – Filtered water EC treatability with pH adjustment to 8 
before EC. 

Parameter Unit Filtered Influent 
pH adjusted 

3 mg/L 
Al EC 

9 mg/L 
Al EC 

15 mg/L 
Al EC 

30 mg/L 
Al EC 

pH s.u. 8.02 8.01 7.79 7.7 7.57 
Conductivity µS/cm 230 230 223 217.5 205.9 
Turbidity NTU 0.43 1.18 0.87 0.72 0.77 
Dissolved Oxygen mg/L 8.53 8.88 8.78 8.5 7.49 
Silica mg SiO2/L  55.4 50.9 39.7 32.3 19.5 
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 A dosage of 30 mg/L AL EC was selected as the optimal treatment and a 2L sample of water was treated 
for third party verification of silica removal and additional parameters.  A large floc formed that settled 
(Figure 4).  Silica was below 30 mg/L with the 30 mg/L Al EC treatment (Table 7, Table 8).  Aluminum was 
below the upper limit for the SMCL in the treated sample but above the lower value indicating that the 
coagulation and filtration process may need to be optimized.  Arsenic, iron, and manganese were all 
below the MCLs and SMCLs in the filtered influent and did not increase following EC treatment. 

 
Figure 4 City of Longview Filtered Water 30 mg/L Al EC Treatment. 

Table 7 WaterTectonics analytical test results for City of Longview – Filtered water EC treatability testing. 

Parameter Unit Filtered - Influent Filtered – 30 mg/L 
Al EC 

pH s.u. 7.41 7.33 
Conductivity µS/cm 230 206.7 
Turbidity NTU 0.43 0.27 
Dissolved Oxygen mg/L 8.53 10.44 
Silica mg SiO2/L  55.4 19.9 

 
Table 8 Third party laboratory analytical test results for City of Longview - Filtered water EC treatability testing. 

Parameter Unit Filtered - Influent Filtered – 30 mg/L 
Al EC 

Aluminum mg/L ND (< 0.100) 0.11 
Arsenic mg/L 0.0026 ND (< 0.003) 
Calcium mg/L 27 23 
Iron mg/L ND (< 0.050) ND (< 0.050) 
Magnesium mg/L 6 5.2 
Manganese mg/L ND (< 0.010) ND (< 0.008) 
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 Parameter Unit Filtered - Influent Filtered – 30 mg/L 
Al EC 

Silica, Dissolved mg SiO2/L  47 19 
Hardness mg CaCO3/L 92.1 78.82 
Total Alkalinity mg CaCO3/L 110 88 

 

Polyaluminum Chloride Treatments 
Samples were treated with Kemira PAX-XL8 polyaluminum chloride (PAC) for comparison to EC 
treatment with the same theoretical aluminum concentrations as the EC treatments (Figure 5).  PAC 
treatment formed a large floc that settled similarly to the EC treatments (Figure 6).  Silica removal 
required higher theoretical aluminum doses when treated with PAC compared to EC.    Initially the 
filtered sample was used for the PAC testing (Table 9, Table 10).  The results showed decreasing pH and 
minimal silica removal at doses equivalent to Al EC treatment.  Slightly better silica removal was 
observed with pH raised to 8 using sodium chloride after adding the PAC but silica was still well above 
the 30 mg/L treatment goal with up to 30 mg/L theoretical Al dosing. 

Increased PAC dosing with pH adjustment was tested on the fresh raw water sample to determine the 
concentration that could meet the treatment goal (Table 11).  38 mg/L PAC dosing with pH adjustment 
met the silica removal goal compared to 20 mg/L Al EC.  The pH dropped below 5 with the highest PAC 
doses. 

Conductivity increased with the additional of PAC.    A large floc formed with mixing that settled (shown 
before settling in Figure 6). 
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Figure 5 City of Longview average silica removal PAC vs Al EC. 

 

 
Figure 6 City of Longview - Raw water PAC treatments from left to right: 15, 30, 45, 60, 75, and 90 mg/L Al. 

 

Table 9 WaterTectonics analytical test results for filtered water PAC testing without pH adjustment. 

Parameter Unit Filtered 
Influent 

3mg/L Al 
PAC 

9 mg/L Al 
PAC 

15 mg/L Al 
PAC 

30 mg/L Al 
PAC 

pH s.u. 7.41 7.41 7.3 7.17 6.81 
Conductivity µS/cm 230 244 264 284 339 
Turbidity NTU 0.43 1.07 0.52 0.34 0.43 
Dissolved 
Oxygen 

mg/L 8.53 8.7 8.72 8.66 8.69 

Silica mg/L 
SiO2 

55.4 54.6 51.4 49.7 45.5 
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 Table 10 WaterTectonics analytical test results for filtered water PAC testing with pH adjusted to ~8. 

Parameter Unit Filtered 
Influent 

3 mg/L Al 
PAC 

9 mg/L Al 
PAC 

15 mg/L Al 
PAC 

30 mg/L Al 
PAC 

pH s.u. 7.41 7.8 7.84 7.87 7.93 
Conductivity µS/cm 230 255 292 363 450 
Turbidity NTU 0.43 0.48 0.57 0.73 0.5 
Dissolved 
Oxygen 

mg/L 8.53 8.77 8.8 8.73 8.75 

Silica mg/L 
SiO2 

55.4 53.2 50.2 39.2 35.5 

 

Table 11 WaterTectonics analytical test results for raw water PAC testing with pH adjusted to ~8. 

Parameter Unit Raw 
Influent 

15 mg/L 
Al 

PAC 

30 mg/L 
Al 

PAC 

45 mg/L 
Al 

PAC 

60 mg/L 
Al 

PAC 

75 mg/L 
Al 

PAC 

90 mg/L 
Al 

PAC 

pH s.u. 7.01 7.01 6.79 7.61 7.56 7.27 6.46 
Conductivity µS/cm 226 335 432 548 645 769 761 
Turbidity NTU 2.97 0.32 0.28 0.3 0.2 0.29 0.4 
Dissolved 
Oxygen 

mg/L 7.88 8.51 8.53 8.54 8.54 8.31 8.53 

Silica mg/L 
SiO2 

53.3 42.3 32.5 22.3 18 16.4 9.3 

 

 
Figure 7 City of Longview raw water pH adjustment with PAC treatments 
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 Operational Cost Estimate 
Calculating the required dosage to reduce silica to 30 mg/L, operation costs were estimated EC, PAC, 
Alum (aluminum sulfate) and Sodium Aluminate.  With the exception of EC, all other chemicals tested 
required pH amendment following dosage, the cost associated to the amendment was included as part 
of the operating cost.  Sodium Hydroxide and Sulfuric Acid were used to adjust the pH to 7.7 for the 
testing.  Linear regression equations were calculated for each data sets and added to the graphical data 
presented in Figure 8.   

Figure 8 - Silica Reduction and Regression Calculations 

These treatment dosages were calculated using linear equations as the minimum dosage required to 
reduce silica to 30 mg/L.  The EC costs were estimated at the aluminum dosage of 18.5 mg/L.  The 
Sodium Aluminate treatment costs were calculated at 29.2 mg/L.  The PAC treatment costs were 
estimated at an aluminum dosage of 33.7 mg/L.  The Aluminum Sulfate treatment costs were estimated 
at an aluminum dosage of 55.3 mg/L.  
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 Table 12 Operational Costs for EC Treatment at 18.5 mg/L Aluminum. 

Consumables Units Units/day Unit Cost* Daily Cost Volume Cost** 

Aluminum EC Cells Each 0.43 $11,021 $4,765 $0.40/Kgal 
Power***…………………………………... kWh 16,283 $0.070 $1,134 $0.09/Kgal 
Total Cost $   $10,852 $0.49/Kgal 

* Based on bulk pricing from regional suppliers (based on a WT EC cell design).  
** Based on 12 MGD. 
*** Estimated on the preliminary cell design and the average power cost over the life of the cell. 

Table 13 Operational Costs for Sodium Aluminate Treatment at 29.2 mg/L Aluminum. 

Consumables Units Units/day Unit Cost* Daily Cost Volume Cost** 

Sodium Aluminate (Dry) lbs 8,891 $0.57 $5,103 $0.43/Kgal 
Sulfuric Acid (98% H2SO4) lbs 12,010 $0.10 $1,201 $0.10/Kgal 
Total Cost $   $25,245 $0.53/Kgal 

* Based on bulk pricing from regional suppliers.  
** Based on 12 MGD. 
 
Table 14 Operational Costs for 50% PAC Treatment at 33.7 mg/L Aluminum. 

Consumables Units Units/day Unit Cost* Daily Cost Volume Cost** 

Polyaluminum Chloride (50% PAC) lbs 27,082 $0.31 $8,395 $0.70/Kgal 
Caustic (50% NaOH) lbs 5,254 $0.15 $788 $0.07/Kgal 
Total Cost $   $25,245 $0.77/Kgal 

* Based on bulk pricing from regional suppliers.  
** Based on 12 MGD. 
 
Table 15 Operational Costs for Aluminum Sulfate (Alum) Treatment at 55.3 mg/L Aluminum. 

Consumables Units Units/day Unit Cost* Daily Cost Volume Cost** 

Aluminum Sulfate (dry Alum) lbs 147,692 $0.07 $10,741 $0.90/Kgal 
Caustic (50% NaOH) lbs 34,528 $0.15 $5,179 $0.43/Kgal 
Total Cost $   $25,245 $1.33/Kgal 

* Based on bulk pricing from regional suppliers.  
** Based on 12 MGD. 
 

 

 



 

     

Page 13 of 16 

 Conclusion 
Both EC, sodium aluminate, aluminum sulfate and PAC were effective in reducing silica in a 
coagulation/flocculation process.  The dosage of aluminum is lower for the EC process and it did not 
affect the pH.  Aluminum sulfate and PAC coagulation consumes alkalinity and lowers pH.  The 
aluminum sulfate and PAC processes will require adjustment of the pH with a caustic chemical to raise 
the pH.  The sodium aluminate increases pH and will require pH adjustment with an acid.  Since PAC is a 
formulated chemical that requires the addition of chloride, the subsequent impact on the water quality 
as a result of the increased TDS from the chloride should be studied further.  The EC 3rd party Aluminum 
data was below the upper limit for the SMCL in the treated sample but above the lower value indicating 
that the coagulation and filtration process may need to be optimized. 

The results showed that silica reduction was equally effective in both the raw and treated water 
samples.  Treatment of the raw water is most likely preferable since an oxidation and coagulation 
process will help reduce the iron and manganese and filtration will be required after the floc has been 
separated.  Evaluation of additional benefits from treatment such as further reduction of heavy metals 
and/or bacteria was not a part of the scope for this feasibility report, but certainly should be considered 
in any future testing. Academic reports and WT’s testing has shown the EC process to produce a 3-4 log 
reduction in bacteria and viruses.  If piloting is conducted, this reduction should be studied and 
quantified and as a result there may be an economic benefit of lower chlorination dosages.  

The operational costs were estimated at the theoretical values based on the laboratory collected data. 
Based on this data, EC shows a cost and operational advantages over the aluminum-based chemicals 
tested.  EC estimated operational cost are lower than the sodium aluminate chemical option, but the 
calculated operational costs are close enough that our recommendation is that both approaches are 
tested in a scaled side-by-side field evaluation. 

References 
Stewart, T., Nyman, M., & Altman, S. J. (2011). Coagulation Chemistries for Silica Removal from Cooling 
Tower Water (No. SAND2011-0800). Sandia National Laboratories. 
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 Appendix A – Analytical Test Methods and Detection Limits 
 
Table A Water Tectonics analytical test methods and detection limits. 

Parameter Unit Method Detection Limit 
pH standard units Hach HQ40d meter N/A 
Conductivity µS/cm Hach HQ40d meter N/A 
Turbidity NTU Hach 2100P meter 0.01 
Dissolved Oxygen mg/L Hach HQ40d meter 0.1 
Silica mg/L as SiO2 Hach Method 8185 1 

 
Table B Third party laboratory test methods and detection limits. 

Parameter Unit Method Detection Limit 
Aluminum mg/L EPA 200.8 0.040 
Alkalinity mg/L SM 2320B 2.0 – 3.0 
Arsenic mg/L EPA 200.8 0.003 
Calcium mg/L EPA 6010C 1 
Iron mg/L EPA 6010C 0.050 
Magnesium mg/L EPA 6010C 1 
Manganese mg/L EPA 200.8 0.008 
Silica, Dissolved mg/L as SiO2 EPA 200.7 2.1 
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 Appendix B – Budgetary Capital Estimate 
 

Capital Budgetary Estimate 
At the customer’s request, WaterTectonics has developed a budgetary estimate for the capital 
equipment required for this EC and chemical process solutions developed in the treatability study.  The 
existing process currently used for treatment of the well water is shown in Figure 9. 
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Figure 9 - Current Groundwater Treatment Process 

To remove the silica in the groundwater using either, EC or an aluminum based chemical, coagulation 
and flocculation will occur and thus, supporting clarification and filtration is recommended.  For the 
purposes of this budgetary estimate the follow process flow was developed for the EC and chemical 
solutions. 
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Figure 10 - EC Process Flow Diagram 
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Figure 11 - Chemical Process Flow Diagram 

For budgetary purposes, it is assumed that the process component (specifically the mix tank, clarifier, 
clearwell, multimedia filters, sludge tank and filter press) will be the same for either proposed process 
solutions.  As a result, the primary difference is between the capital cost for an EC system versus a 
chemical dosing and storage system.  Based on our experience and past projects, our proposed 
budgetary pricing for a process flow at 12MGD is outlined in the table below.   

Table 16 Capital Cost Estimate. 

Description Capital Estimate 
Low 

Capital 
Estimate High 

Depreciated Cost 
of Capital (High) 

Option 1 - EC Equipment 
12 EC Cells (10 online, 2 
Redundant 
Power supplies (1 per cell) 

$2,100,000 $3,200,000 $160,000/year 
$0.04/Kgal 

Option 2 - Chemical Equipment 
Off-loading 
Liquid Storage 20,000 gallons 
Dry Storage, 80,000 lbs 
Chemical make-down system 
Redundant Chemical dosing 
systems 

$1,500,000 $2,300,000 $115,000/year 
$0.03/Kgal 

Process Equipment 
Flocculation 
Clarification 
Filtration 
Dewatering 

$6,000,000 $10,000,000 $500,000/year 
$0.11/Kgal 

Note: Depreciation cost were evaluated on 20year, straight line method, 0% APR. 
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