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Disclaimer 

The pilot testing project report is presented solely for information purposes and is not 

intended to provide specific advice or recommendations in any circumstances. This pilot 

testing project report includes information from different sources and such information has 

not been independently confirmed for correctness or completeness. The information 

provided does not imply on the part of the Government of Ontario, the Walkerton Clean 

Water Centre (Centre) or its employees, any endorsement or guarantee of any of the 

information. The Government of Ontario, the Centre and its employees, do not assume 

and are not responsible for any liability whatsoever for any information, interpretation, 

comments or opinions expressed in the pilot testing project report. 
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Executive Summary 

Background 

The Chippewas of Nawash Unceded First Nation community is located off of Georgian 

Bay in Ontario. The community has been on a boil water advisory since January 2019 and 

requires a new drinking water treatment plant and an upgraded distribution system. The 

proposed new water treatment includes ultrafiltration; however, it is unclear whether inline 

coagulation or granular activated carbon (GAC) filtration is a necessary addition for the 

community. It is anticipated that the upgraded distribution system will increase the 

detention time, which can impact disinfection by-products (DBPs) formation, such as 

trihalomethanes (THMs) and haloacetic acids (HAAs). In collaboration with the Chippewas 

of Nawash Unceded First Nation and Ontario First Nations Technical Services Corporation 

(OFNTSC), the Walkerton Clean Water Centre (WCWC) completed a pilot testing project 

to investigate the formation of DBPs from two treatment trains: (i) ultrafiltration, followed by 

GAC filtration and (ii) inline coagulation, followed by ultrafiltration and GAC filtration.  

Objective 

The objective of this pilot testing project is to investigate if either inline coagulation before 

ultrafiltration or GAC filtration after ultrafiltration is a necessary addition to control DBPs, 

such as THMs and HAAs. 

Approach 

This project utilized pilot scale treatment technologies that were located at WCWC. Raw 

water was collected from the water treatment plant and hauled to WCWC.  

Bench scale jar testing was completed to determine the optimal coagulant dosage for 

inline coagulation before ultrafiltration. The results from the jar test were used for the pilot 

scale experiments. The pilot scale experiments involved Pilot Test #1 (ultrafiltration, 

followed by GAC filtration) and Pilot Test #2 (inline coagulation, followed by ultrafiltration 

and GAC filtration).  
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Figure ES - 1. Phase 1 and Phase 2 pilot testing experiments 

 

Key Findings 

Through the pilot scale tests, it was determined that: 

 The ultrafiltration (UF) followed by GAC filtration reduced organic precursors and 

formed fewer THMs and HAAs, compared to coagulation followed by UF.  

 All THMs and HAAs were below the running annual average maximum acceptable 

concentration (MAC), regardless of contact time or chlorine dosage.  

 Using a chlorine dose of 3.5 mg/L and 8 days of contact time, Pilot Test #1 showed 

the THM and HAA levels were 79 µg/L and 30.7 µg/L, respectively, from the UF 

effluent and were further reduced to 30 µg/L and 7.6 µg/L, respectively, after GAC 

filtration.  

 Using a chlorine dose of 3.5 mg/L and 8 days of contact time, Pilot Test #2 showed 

the THM and HAA levels were 62 µg/L and 25.6 µg/L, respectively, from the UF 

effluent and were further reduced to 34 µg/L and 6.8 µg/L, respectively, after GAC 

filtration.  

  

• To determine the optimal dosage of inline 
coagulation before ultrafiltration.  

• Results showed that the optimal coagulant dosage 
was 5 mg/L. 

Bench Scale 

Jar Testing 

• To investigate if either inline coagulation before ultrafiltration 
or GAC filtration after ultrafiltration is a necessary additon to 
control DBPs, such as THMs and HAAs.  

Pilot Scale 
Experiments 
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1. Introduction 

The Chippewas of Nawash Unceded First Nation community is located on the southwest 

coast of Georgian Bay in Ontario and has a population of 830 people and 260 houses 

across 8,083 hectares of land (Neegan Burnside, 2019). The community retained a 

consulting engineering firm to complete a Water System Feasibility Study Update in 2019. 

The community’s current water treatment process includes coagulation, flocculation, 

pressure filtration, cartridge filtration, UV disinfection and chlorination. According to the 

feasibility study and Health Canada historical data, the raw water has low turbidity (0.09 - 

1.1 NTU) and low dissolved organic carbon (2.1 - 3.1 mg/L). Based on the feasibility 

report, it was recommended that the community implement a boil water advisory due to 

the inadequate filtration and disinfection requirements (Neegan Burnside, 2019). The 

report also stated that the community should have been on a long-term boil water 

advisory since 2006 (Neegan Burnside, 2019). 

In conjunction with Ontario First Nations Technical Services Corporation (OFNTSC), the 

community will be designing a new water treatment plant and upgrading the distribution 

system. One of the recommendations from the feasibility report is to implement 

ultrafiltration. According to the Canadian Guidelines of Drinking Water Quality (Health 

Canada, 2017) and the Procedure of Disinfection of Drinking Water in Ontario (MECP, 

2006a), membrane filtration should produce water with less than or equal to 0.1 NTU in at 

least 99% of measurements for a filter period or per month. 

In collaboration with the Chippewas of Nawash Unceded First Nation and OFNTSC, the 

Walkerton Clean Water Centre (WCWC) completed a pilot test to explore treatment 

options. Using the community’s source water, WCWC investigated the formation of 

disinfection by-products (DBPs) from two treatment trains: (i) ultrafiltration, followed by 

granular activated carbon (GAC) filtration and (ii) inline coagulation, followed by 

ultrafiltration and GAC filtration.  

DBPs, such as trihalomethanes (THMs) and haloacetic acids (HAAs), can form in 

chlorinated waters with organic precursors. The Guideline for Canadian Drinking Water 

Quality (Health Canada, 2017) provides a maximum acceptable concentration of 100 μg/L 
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for THMs and 80 μg/L for HAAs as a quarterly running annual average. The houses in 

this community are spread out over a large piece of land and therefore, the community 

can experience long retention times depending on water usage which will increase the 

formation of DBPs. 

The objective of this pilot test is to investigate if either inline coagulation before 

ultrafiltration or GAC filtration after ultrafiltration is necessary to control DBPs, such as 

THMs and HAAs.  

2. Materials and Method 

2.1 Raw Water Collection and Transportation 

Raw water was collected at the Chippewas of Nawash Unceded First Nation water 

treatment plant and transported with a water hauling truck to WCWC in Walkerton 

(Ontario, Canada).  The raw water was stored in a ground level, outdoor storage tank with 

a 40,000 L capacity. The raw water had low turbidity and low organics, measured as 

dissolved organic carbon (DOC) and ultraviolet absorbance at 254 nm (UV254) (Table 1). 

 

During pilot testing, samples were collected from the raw water and after each treatment 

process and analyzed at WCWC for turbidity, pH, apparent colour, true colour, UV254 

absorbance, DOC and alkalinity.  
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Table 1. Raw Water Quality 

Parameter Values  

Turbidity  4.275 NTU 

pH 7.14 

Apparent colour (unfiltered)  30.8 mg/L Pt-Co 

True colour  1 mg/L Pt-Co 

UV254 absorbance  0.014 cm-1 

Alkalinity 108 mg/L CaCO3 

Dissolved Organic Carbon  1.26 mg/L 

 

 

2.2 Pilot Plant Experiments 

Prior to pilot testing, the storage tanks were drained and cleaned, the ultrafiltration 

membrane was chemically cleaned and the GAC pressure filter was backwashed three 

times. Jar testing was completed to determine the optimal coagulant dosage for inline 

coagulant assisted ultrafiltration (results not shown in this report).  

 

Pilot Test #1 included ultrafiltration without inline coagulation, followed by GAC pressure 

filtration. Whereas, Pilot Test #2 included inline coagulation, followed by ultrafiltration and 

GAC pressure filtration (Figure 1). The pilot plants ran for a minimum of three hours. 
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The ultrafiltration system is a hollow fiber, vacuum driven membrane with a nominal pore 

size of 0.02 µm. During pilot testing, the effluent flow rate was approximately 9.3 gpm 

(35.2 L/min), the transmembrane pressure was -1.4 psi, and the permeate cycle was 30 – 

60 minutes in between backpulses.  

 

The GAC pressure filter consisted of virgin, coal-based carbon contained in 0.75 cubic feet 

of media. During the pilot testing, the flow was approximately 3 gpm (11.3 L/min) and the 

empty bed contact time (EBCT) was 1.87 minutes.   

 

For Pilot Test #2, polyaluminum chloride coagulant (PAX-XL6) was used for coagulation 

before ultrafiltration. Based on the jar test results, the optimal coagulant dosage was 5 

mg/L. Dosing the ultrafiltration pilot plant was variable, due to the fluctuations in flow rates 

of the feed water. However, the ultrafiltration membrane was approximately dosed at 5 

mg/L, based on the average permeate flow rate.  

 

 

Figure 1. Pilot Plant Schematic 
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2.3 Water Quality Analysis 

Samples were collected from raw water and after the ultrafiltration and GAC pilots for both 

tests. Samples were analyzed at WCWC for turbidity, pH, true and apparent colour, UV254 

absorbance and DOC (Table 2). For Pilot Test #2, dissolved aluminum was also measured 

to monitor the inline coagulation. For each experiment, selected samples were sent to an 

accredited licensed laboratory to measure THMs, HAAs and dissolved aluminum (Table 

2). The significance of in-house and out-sourced water quality parameters are summarized 

in Table 3.   

 

Table 2. Methods of Water Quality Analysis 

Parameter Preparation Method Range 

In-house Analysis 

Turbidity N/A USEPA Method 180.1 0 – 1000 NTU 

pH N/A Hach Method 8156 0 – 14 

True/Apparent 
colour (unfiltered) 

True colour – 0.45 µm 
filtered 

Hach Method 8025 
Platinum-Cobalt 
Standard Method 

5 – 500 Pt-Co 

UV254 absorbance 0.45 µm filtered 
Real Tech UV254 

Method 
0 – 2 Abs/cm 

Dissolved organic 

carbon 
0.45 µm filtered 

Standard Method 5310C 

UV/persulfate oxidation 

with conductometric 

detection 

4 ppb to 50 ppm 

Dissolved aluminum 0.45 µm filtered 
Hach Method 8326 

Eriochrome Cyanine R 
Method 

0.006 – 0.250 
mg/L 

Parameter Preparation Method 
Detection 

Limit 

Analyzed at a Licensed Laboratory 

Total 

trihalomethanes 

2.0 and 3.5 mg/L chlorine 

dose for 2, 6 and 8 day 

contact times 

EPA 5030B/8260C 
Method Detection 

Limit: 0.37 µg/L 

Haloacetic acids 

2.0 and 3.5 mg/L chlorine 

dose for 2, 6 and 8 day 

contact times 

EPA 552.3 
Method Detection 

Limit: 5.3 µg/L 
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Table 3. Background Information on Water Quality Parameters (Health Canada, 2017; 
MECP, 2006a; MECP, 2006b) 

Parameter 
Ontario Standards and 

Guidelines 

Health Canada 

Guideline (Health 

Canada, 2017) 

Background Information 

and Significance 

Turbidity 

Conventional: 

≤ 0.3 NTU in at least 

95% of measurements 

per filter cycle or per 

month; never to exceed 

1.0 NTU (MECP, 2006a) 

Conventional: 

≤ 0.3 NTU in at least 

95% of measurements 

per filter cycle or per 

month; never to 

exceed 1.0 NTU 

Turbidity can shield 

pathogens from 

disinfection. Turbidity 

indicates filtration 

efficiencies and pathogen 

removal credits. 

pH 

Operational Guideline:  

6.5-8.5  

(MECP, 2006b) 

Operational Guideline: 

7.0-10.5 

pH range is established to 

prevent corrosion and 

scaling. pH can impact 

chlorine disinfection, alum 

coagulation and integrity of 

the distribution system. 

True/ Apparent 

Colour 

Aesthetic Objective: 

5 true colour units 

(MECP, 2006b) 

Aesthetic Objective: 

 ≤ 15 true colour units 

Colour can occur from 

natural organic matter and 

can contribute to 

disinfection by-products. 

UV254 

absorbance 
N/A N/A 

UV254 indicates natural 

organic matter. Aromatic 

organics absorb UV light at 

254 nm. 

Dissolved 

Organic Carbon 

(DOC) 

Aesthetic Objective: 

5 mg/L 

(MECP, 2006b) 

N/A 
DOC is a precursor to 

disinfection by-products.  

Dissolved 

Aluminum 

Operational Guideline:  

<  0.1 mg/L 

(MECP, 2006b) 

Operational Guideline:  

< 0.1 mg/L for 

conventional treatment 

of RAA of monthly 

samples 

Aluminum-based 

coagulants contribute to 

aluminum levels in water. 

Aluminum can be used to 

assess optimal coagulant 

dosages. 

Total 

Trihalomethanes 

(TTHMs) 

ODWQS 

0.1 mg/L as RAA of 

quarterly samples 

0.1 mg/L as RAA of 

quarterly samples 

Disinfection by-product 

from chlorination. 

Haloacetic 

Acids (HAAs) 

ODWQS 

0.08 mg/L as RAA of 

quarterly samples 

(Effective January, 2020) 

0.08 mg/L or as low as 

reasonably achievable 

as RAA of quarterly 

samples 

Disinfection by-product 

from chlorination 

Note: RAA = Running annual average, ODWQS = Ontario Drinking Water Quality Standard (O. 

Reg. 169/03) 
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2.4 Simulated Distribution System – Total Trihalomethanes and 

Haloacetic Acids 

A Simulated Distribution System (SDS) method (APHA, 2017) was completed to 

determine the potential formation of DBPs at each stage of the treatment process. Grab 

samples were collected after a minimum of three hours of operation and transferred to a 

250 mL chlorine demand free, amber glass bottle. To achieve chlorine demand free 

containers, the glassware was treated with 10 mg/L of chlorine solution for a minimum of 3 

hours, rinsed with deionized water and left to air dry. 

 

Samples were dosed at 2.0 mg/L and 3.5 mg/L of chlorine and stored at room 

temperature. After 2 days, 6 days and 8 days of contact time, the chlorinated samples 

were tested for chlorine residual and transferred to sample bottles with sodium 

thiosulphate and ammonium chloride preservatives for the THMs and HAAs tests, 

respectively. The bottles were sent to an accredited laboratory to measure THMs and 

HAAs. Total THMs (TTHMs) results reflected the sum of bromodichloromethane, 

bromoform, chloroform and dibromochloromethane concentrations. The five HAAs (HAA5) 

that were analyzed included bromoacetic acid, chloroacetic acid, dichloroacetic acid, 

dibromoacetic acid and trichloroacetic acid. 

3. Results and Discussions 

3.1 Operation of the Pilot Plants  

The transmembrane pressure of the ultrafiltration pilot was monitored approximately every 

10 minutes. Pilot Test #1 and Pilot Test #2 had a slight increase in transmembrane 

pressure over the duration of the tests. Although the average transmembrane pressure 

was -1.4 psi for both Pilot Test #1 and Pilot Test #2, the overall trendline from Pilot Test #1 

has a slope 2.5 times higher than the slope from Pilot Test #2 (Fig. 2). It was expected that 

the inline coagulation could contribute to additional fouling that could result in an increased 

transmembrane pressure over time; however, this trend was not evident during this pilot 

test (Fig. 2). The transmembrane pressure did drop after every backpulse (Fig. 2), which 

was as expected.  
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Figure 2B also includes aluminum residuals from grab samples taken from the 

ultrafiltration effluent and the theoretical coagulant dosage. PAX-XL6 is an aluminum-

based coagulant; therefore, monitoring the aluminum residuals was used as an 

operational indicator of optimized coagulation and to confirm that the inline coagulation 

system was functioning properly. After 74 minutes, the pumping rate from the chemical 

feed pump was doubled to ensure that sufficient coagulation was taking place (Fig. 2B). 

Once the aluminum residuals were higher (0.076 mg/L), the pumping rate was reduced to 

the original pumping rate (Fig. 2B). The Centre’s pilot plant had variable influent flow rates, 

which made it difficult to accurately dose 5 mg/L. Although, the system was set to a 

theoretical dose of 5 mg/L; in reality, dosage may have been variable. The aluminum 

residual measured in the permeate flow of the ultrafiltration membrane was 0.12 mg/L Al3+ 

(Fig. 2B) and the sample dosed at 5 mg/L in the jar test was 0.146 mg/L Al3+. Since the 

aluminum residual from the permeate was similar to the residual found from the jar test, it 

is believed that the coagulant dosing was fairly accurate.   
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Figure 3. 50 - 5 µm Depth Filter after exhaustion as indicated in Figure 3B. 

Figure 2. Transmembrane Pressure and Backpulse Events of the Ultrafiltration from Pilot 

Test #1 (A) and Pilot Test #2 (B). Aluminum Residuals and Coagulant Dose with PAX-XL6 
are also noted for Pilot Test #2 (B). 



16 
 

3.2 Dissolved Organic Carbon and UV254  

Organics are generally low in the community’s source water; however, they are precursors 

to the formation of DBPs. Time is another major factor in DBP formation and it is 

anticipated that this community will have long retention times in their upgraded distribution 

system. Therefore, it is important to assess the reduction of organics with the pilot testing 

treatment processes as the retention time in the community’s distribution system is not 

something that can be easily altered. 

 

Figure 3 shows the DOC reduction at each treatment stage for Pilot Test #1 and Pilot Test 

#2. As expected, the majority of the DOC was removed by the GAC filtration. When 

comparing the total DOC removal between the two pilot tests, it was found that the inline 

pre-coagulation (Pilot Test #2) provided a total of 93% DOC reduction, whereas the same 

processes without coagulation (Pilot Test #1) provided a total of 75% DOC reduction.  

 

Aromatic organics absorb UV light at a 254 nm wavelength in proportion to their 

concentration. Therefore, UV254 is a surrogate of natural organic matter (Edzwald and 

Tobiason, 1999; EPA, 1999). Similar trends were found with monitoring UV254, compared 

to that of DOC removal (Fig. 4). Pilot Test #1 removed a total of 80% UV254, with GAC 

achieving 61% of the total removal (Fig. 4). Pilot Test #2 removed a total of 90% UV254, 

with GAC contributing to 67% of the total removal (Fig. 4). The coagulation in Pilot Test #2 

contributed to the additional reduction of UV254.  
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Figure 3. Percentage Removal of Dissolved Organic Carbon from Ultrafiltration and 

Granular Activated Carbon of Pilot Test #1 and Pilot Test #2 

 

Figure 4. Percentage Removal of UV254 from Ultrafiltration and Granular Activated Carbon 
of Pilot Test #1 and Pilot Test #2 
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3.3 Turbidity 

Overall, Pilot Test #1 removed 63% of turbidity and Pilot Test #2 removed 80% of the 

turbidity. In each test, the ultrafiltration membrane removed 95% and 97% of turbidity, for 

Pilot Test #1 and Pilot Test 2, respectively (Fig. 5); however, the GAC filter increased 

turbidity. The GAC filter was backwashed three times prior to the pilot tests and GAC fines 

were not observed on filter paper after filtering the water in the laboratory. Therefore, it is 

not suspected that the additional turbidity was from GAC fines. There may have been 

dissolved air bubbles that could have impacted the turbidity readings; however, this was 

beyond the scope of this project and was not further investigated.   

 

Figure 5. Percentage Removal of Turbidity from Ultrafiltration and Granular Activated 

Carbon of Pilot Test #1 and Pilot Test #2 
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3.4 Simulated Distribution System – TTHMs and HAA5 Test 

The formation of DBPs is not only dependent on the level of organic precursors and 

chlorine dosage, but also the reaction time. Although this source water has low organic 

precursors, the retention time is expected to be up to 8 days in the distribution system. 

Therefore, TTHMs and HAA5 were measured after 2, 6 and 8 days of contact time. 

 

Overall, the formation of TTHMs and HAA5 increased as the contact time increased from 2 

days to 8 days (Figure 6 and Figure 7). The samples that were dosed with chlorine at 2 

mg/L had slightly less TTHMs and HAA5, compared to samples that were dosed at 3.5 

mg/L.  Regardless of the contact time, GAC reduced the levels of TTHMs and HAA5 

formed, which was expected. Ultrafiltration without coagulation (Pilot Test #1) produced 

slightly higher levels of TTHMs and HAA5 formed, compared to the processes with 

coagulation (Pilot Test #2); however, all DBP levels still remained below the maximum 

acceptable concentrations.  
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Figure 6. Concentration of TTHMs (µg/L) from (A) Pilot Test #1 and (B) Pilot Test #2 at each treatment process with 2 mg/L 
chlorine dose (grey bars) and 3.5 mg/L chlorine dose (white bars) 
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Figure 7. Concentration of HAA5 (µg/L) from (A) Pilot Test #1 and (B) Pilot Test #2 at each treatment process with 2 mg/L chlorine 
dose (grey bars) and 3.5 mg/L chlorine dose (white bars) 



22 
 

4. Conclusions 

Overall, the GAC filtration provided a higher reduction in organic precursors and therefore 

a lower formation of THMs and HAAs than the coagulation followed by ultrafiltration. The 

following conclusions can be drawn from the pilot testing results for a chlorine dose of 3.5 

mg/L and a contact time of 8 days. 

For the treatment train consisting of UF followed by GAC filtration, the levels of TTHMs 

were 30 µg/L for the GAC effluent, compared to 79 µg/L for the UF effluent. The HAA5 

levels were 7.6 µg/L for the GAC effluent, compared to 30.7 µg/L for the UF effluent. 

For the treatment train consisting of coagulation, followed by UF and GAC filtration, the 

levels of TTHMs were 34 µg/L for the GAC effluent, compared to 62 µg/L for the UF 

effluent. The HAA5 levels were 6.8 µg/L for the GAC effluent, compared to 25.6 µg/L for 

the UF effluent. 

When GAC was used, the chlorine demand of the treated water was 1.14 mg/L less and 

0.7 mg/L less for Pilot Test #1 and Pilot Test #2, respectively, compared to the UF effluent. 

Even lower DBP levels could have been obtained for the GAC effluent if the final free 

chlorine residuals were similar for all tests, which is difficult to do. 
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