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Abstract
Groundwater is a major water resource in Canada and often encounters high levels of iron (Fe) and
manganese (Mn). A membrane system, reverse osmosis (RO) (or) nanofiltration (NF), is less tolerant to
direct treatment of groundwater with high levels of Fe and Mn. The presence of Fe and/or Mn in water
sources leads to membrane fouling and frequent maintenance. Therefore, the limitations posed by
membrane systems to treat Fe and Mn necessitates the addition of pre-treatment technologies to their
treatment process.
Biofiltration technology is considered as an economic, eco-friendly, chemical-free, and alternative
membrane pre-treatment technology to treat iron, manganese, and ammonia. Biofiltration for Mn,
specifically, is a temperature-sensitive process and requires long acclimation periods (3-8 months) at low
temperature groundwater. System characterization and process improvements through previous pilot-scale
biofiltration studies has allowed the authors to develop process strategies that can overcome the long
acclimation periods at low temperatures. This current study presents a successful case-study of a full-scale
biofiltration unit (BioFx) as membrane pre-treatment technology at Montana First Nation, Alberta (AB),
Canada.
The local groundwater source (4-5 °C) at Montana FN contains high levels of ammonia (NH3), Fe,
and Mn at concentrations of 0.3 mg/L, 2.0 mg/L, and 1.0 mg/L, respectively. A BioFx design, with two
biofilters connected in series followed by a two train HYDRAMAXTM RO-NF skid, was installed to treat the
groundwater. Fe is easily removed through the biofilters, and the biofilters rapidly achieved 100% removal
efficiency. Whereas with Mn, there is an onset of microbial activity, with an acclimation period of 45 days,
followed by steady state, with nearly 100% removal efficiency. Illumina-Miseq analysis of the biofilter
backwash sludge samples (after 67 days of operation) indicated a rapid enrichment of microbial
communities with known Fe-oxidizing bacteria relatives, and Mn-oxidizing bacteria relatives that can
promote biological Fe(II) and Mn(II) oxidation. The biofilters achieved steady-state functioning within 50
days of operation. After 90 days of biofilter-operation, the biofilter effluent was used as influent for the
RO-NF system and water distribution started thereafter.
This study also presents and evaluates the performance of a biofiltration and RO-NF system for a
one-year time-period in the post commissioning phase. During this period, iron and manganese removal
through the biofiltration system was highly consistent and always met the water standards. No evidence of
RO-NF membrane fouling by biological activity or iron/manganese oxides was observed over one year of
RO-NF skid operation. Installed polypropylene pre-filter cartridges, with a nominal filtration of 5µm, in
the upstream of the RO-NF skid remained clean in the same period.
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This study concludes that biofiltration technology in conjunction with reverse osmosis treatment is
successful. As pre-treatment, the biofilters reduced the risk of fouling of the membranes with particulate
matter and colloidal solids. As a result, it increased the efficiency and life expectancy of the membranes.
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1. Introduction
The occurrence of microbial nutrients in treated water increases the biological instability of the water.
Any compound that can support or encourage the microbial growth in treated water is an element of concern
including but not limited to ammonia, phosphorus, dissolved organic carbon, iron, manganese, and arsenic.
Compounds, specifically iron and manganese, have an aesthetic guideline associated with them. Although
if iron and manganese aesthetic guidelines are met with a treatment process, their low concentrations can
still provide the essential nutrient requirement for microbes that are growing in distribution systems
(Peterson et al. 2005). Some other compounds such as ammonia, phosphorous, and dissolved organic
carbon have no direct regulatory guidelines associated with them. Yet, these compounds are the building
blocks for microbial biofilms in distribution systems (Geldrich, 1996). With advancements in membrane
treatment technologies, compounds such as ammonia, dissolved organic carbon, and phosphorus can be
completely removed with reverse osmosis (RO) systems. Thus removed, the treated water is devoid of
microbial nutrients and has increased biological stability.
Thirty percent of Canadians depend on groundwater as their major water resource (Environment and
Climate Change, 2013). Reverse osmosis systems are currently employed at many locations to treat
groundwater and to improve the biological stability of the treated water. Iron and manganese, often
encountered in Canadian groundwater sources, are common elements of concern at concentrations
exceeding 0.3 mg/L and 0.05 mg/L, respectively (Health Canada, 1978; Island, 2016). However, using RONF systems to treat groundwater sources with iron and manganese is challenging and is limited by microbial
fouling and iron/manganese fouling. This can lead to decreased water quality, increased service
requirements for membrane cleaning, and premature failure of membrane elements (Baker and Dudley,
1998). The limitation of RO-NF systems towards the presence of iron and manganese recommends the
application of membrane pre-treatment technologies that can dealt with these ions.
Conventional greensand filtration systems are in use as membrane pre-treatment technology for iron
and manganese removal. Use of greensand filtration requires chemical oxidizing agents such as potassium
permanganate or chlorine for iron and manganese oxidation. In addition, carryover of oxidant to membrane
elements by excessive dosing can damage the membrane. Biofiltration is considered an alternative,
chemical-free, eco-friendly, and economical membrane pre-treatment technology for iron and manganese
removal. A standard biofiltration setup consists of a closed column containing filter media (e.g., particles
of anthracite and silica sand) that support the growth of indigenous microbial populations that contribute to
the removal of heavy metals and organic contaminants from the aqueous phase (Mouchet, 1992).
Biofiltration allows a combination of aerobic bio-degradation and physical retention of suspended solids
by filtration through the filter bed. The accumulation of a critical mass of micro-organisms, required to
bring about the desired reactions, is key to the biological process in a biofilter (Dangeti et al., 2017). This
study presents the functioning and operation of a full-scale biofiltration system as membrane pre-treatment
technology to remove iron and manganese from a low temperature groundwater source at Montana First
Nation, Alberta, Canada.
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Figure 1: (A) Map showing the location of Montana First Nation; (B) Biofilters and reverse osmosis
skid installed at Montana First Nation

2. Background
Montana First Nation is a community with over 650 residents, approximately 100 km south of
Edmonton (Figure 1A). Water is piped directly to band buildings, a school and several homes (Heyden,
2017). Prior to 2016, the community relied on greensand filtration and chlorine for disinfection of brackish
well water. The pre-2016 treated water exceeded the Canadian Drinking Water Guidelines recommended
levels of total dissolved solids (TDS), iron, manganese, and certain dissolved salts. The general chemistry
of the groundwater water source at Montana First Nation is indicated in Table 1. Also, the amount of
trihalomethanes (THM’s) was uncomfortably close to the recommended limit. THMs are the by-products
of chlorination of water that contains natural organic matter. High dissolved organic carbon levels in the
Montana groundwater were likely responsible for the formation of high THM’s.
Water treatment for communities in Western Canada is more complex than one would imagine,
and cookie-cutter solutions are seldom ideal. There are various constrictions which make it difficult to find
a water treatment strategy which meets the needs and wants of a given community.
One challenge is the size of the community. They may not have the budget for the capital
investment required for certain technologies or may not be able to afford high operating costs for chemicals,
materials and labour. The size and location of a community may also limit the capacity to keep the water
treatment operation staffed, to monitor equipment and to carry on daily operations. Thus, while a particulartype of conventional water treatment technology may be successful in cities, it can fail in smaller
municipalities if it is too labour-intensive.
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Another challenge is that the water demand and the composition of raw water available for drinking
water varies drastically by community. Source water may be brackish groundwater, shallow well water
influenced by surface water, or lake water with treated wastewater discharging to it. As a result, tailor-made
water treatment options are often required.
In provinces such as Alberta, Saskatchewan, and Manitoba, 23%, 43% and 30% of the population,
respectively, relies on groundwater as a water resource (Environment Canada, 2013). Greensand filtration
is a conventional method, often employed in Western Canada, to remove iron and manganese from
groundwater. For very small communities, this technology may not be appropriate. Some installations
require frequent backwashing, sometimes more than once per day. Chemical addition of potassium
permanganate or chlorine compounds is usually required, which adds operating costs. Unfortunately,
greensand filtration does not remove ammonia which would require a high amount of chlorine to oxidize
ammonia to chloramines. The presence of 1 mg/L of ammonia nitrogen in raw water may require 8 to 10
mg/L of chlorine to achieve breakpoint chlorination.
Chlorine compounds alone may be used to treat contaminants in groundwater. However,
trihalomethanes (THMs), halogenated acetic acids (HAAs), bromates, chlorates, and chlorides are other
concerns associated with high dosage of chlorine-based disinfectants. THM’s and HAA’s have
demonstrated carcinogenic activity in laboratory animals. In addition to higher operating costs from
chemical usage, there are safety issues in handling chlorine chemicals.
Membrane treatment by reverse osmosis or nanofiltration can be used to remove many metals, salts
and dissolved organic carbon. However, high levels of iron and manganese will lead to fouling of the
membranes, requiring labour and chemicals to clean the membranes more frequently. In addition,
membranes will have to be replaced more often, further adding to operating costs.
Delco Water was solicited to devise a custom water treatment strategy for Montana First Nation,
delivering 4 L/s of treated water. Delco Water provided treatment by BioFx biological filters followed by a
Delco HYDRAMAXTM Nanofiltration/Reverse Osmosis skid (Figure 1B).

3. Methodology
3.1.

Groundwater Conditions

The groundwater source at Montana First nation is anoxic with a redox potential (ORP) < -100mV.
Table 1 shows the influent raw groundwater quality in unfiltered samples, after the water treatment plant
was commissioned. In general, the raw groundwater is saturated with calcium carbonate, the pH conditions
are neutral, and dissolve organic carbon concentration in was 7.8 mg/L. The raw groundwater temperature
was around 6.0 °C. Iron, and manganese concentrations in the raw groundwater were 1.8 mg/L, and 0.90
mg/L, respectively. Speciation calculation using PHRREQCI (U.S. Geological Survey) showed that iron
and manganese in the raw groundwater were dominated as divalent cations.

3.2.

System Configuration and Operation

Based on the raw groundwater quality at Montana First Nation (Table 1), a series of unit operations
i.e., biofiltration system followed by a RO-NF system was selected as a treatment strategy that will meet or
exceed Canadian Drinking Water Quality Guidelines and specifically deal with high levels of TDS,
hardness, iron, manganese, and dissolved organic carbon. The selected treatment strategy schematic process
flow diagram is illustrated in Figure 2.
The biofiltration system includes two individual filters (84” in diameter and 96” in height)
connected in series, each containing 25” of anthracite on top of 30” of sand. Biofilters were operated at 5.33
l/s (460 m3/day) and at a flux rate of 3.3 USGPM/ft2. Each filter bed was backwashed based on the
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differential pressure built across the filter column (> 5 PSI) to remove the precipitated oxides over time on
the biofilter media. The backwash process was performed with an air scour (flow rate of 33 m3/h) followed
by hydraulic backwash through the filter columns at a flow rate of 10 USGPM/ft2.

Figure 2: Process flow diagram of Biofiltration and RO-NF system at Montana First Nation

In-line physical and chemical parameters (flow, pressure, pH, temperature, turbidity, ORP, and DO
levels) during biofilter operation were logged. In-line pressure transmitters (0-60PSI; Ashcroft Inc.) were
installed at the inlet and effluent of each filter to measure the differential pressure created across the filter.
In-line temperature sensors (Endress+Hauser), oxidation-reduction potential (ORP) sensors (HACH
Company), turbidity sensors (HACH Company), pH probes (HACH Company), and dissolved oxygen
(DO) probes (HACH Company) were also installed at the inlet and outlet of each biofilter.
Sampling ports with manual control valves were installed at the feed and filtrate of each biofilter.
Water samples were collected manually from the sampling ports. Water samples were collected on dailybasis to measure iron, and manganese in the feed and biofilter filtrate. Iron, and manganese were analyzed
by colorimetry (DR900, Hach Company) according to the manufacturer’s instructions using the reagent
kits 2105769, and 2651700, respectively.
In the next stage of the treatment system, the biofilter filtrate was delivered to the RO-NF system
feed water basin as depicted in the schematic process flow diagram (Figure 2). RO-NF feed water passed
through 5 µm filter cartridges to remove particulate matter and colloidal solids. From the filter cartridges
the feed water was then processed in RO-NF treatment system. The RO-NF system was designed for 63.4
USGPM (346 m3/day) of permeate at 75% recovery. The system was arranged in two trains with a threestage configuration (where Stage-1 concentrate is the Stage-2 feed, and Stage-2 concentrate is the Stage-3
feed) by employing a 1-1-1 array with 3 elements per vessel. Hydranautics membrane element ESPA4-LD
(8”) were chosen for Stage-1 of each train based on the raw water quality and membrane projections.
ESPA4-LD elements were low fouling spiral wound composite polyamide membranes containing 400ft 2
(37.2 m2) of surface area each, nominal rejection of 99.2%, and a feed spacer with a thickness of 34 mil.
Hydranautics membrane element ESNA1-LF-LD (8”) were chosen for Stage-2 and Stage-3 of each train
based on the membrane projections. ESNA1-LF-LD elements were low fouling spiral wound composite
polyamide membranes containing 400ft2 (37.2 m2) of surface area each, nominal rejection of 92%, and a
feed spacer with a thickness of 34 mil. The nominal permeate flow through Stage-1, Stage-2, and Stage-3
elements of each train were 76.0 m3/day, 59m3/day, and 38 m3/day, meaning the permeate flux rate was at
12.67 gallons/ft2/day. Avista Vitec 3000 anti-scalant (dosage: 2.23 mg/L) was added to the RO-NF feed to
prevent scaling. The RO-NF system was operated at a feed pressure of 106 PSI (730 kPa) and average
temperature of 6.6 °C.
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Table 1: General groundwater chemistry at Montana First Nation, AB

Parameter

Unit

Iron
Manganese
Ammonium-N
Dissolved Organic
Carbon
Total Dissolved Solids
Hardness as CaCO3

mg/L
mg/L
mg/L

Calcium
Magnesium
Sodium
Potassium
Bicarbonate as HCO3
Chloride
Sulfate
Nitrate-N

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

E. Coli
Total Coliforms

Raw
Canadian Drinking Water/Operational
groundwater
Standards
Constituents of Concern
1.8
<0.3
0.9
<0.05
0.44
<0.1

mg/L
mg/L
mg/L

MPN/m
L
MPN/m
L

7.8
1072
617.8
Major ions
166.8
48.9
151.3
9.8
514.9
358.8
78.41
<0.01
Bacteria

N/A
<500
80-100
N/A
N/A
<200
N/A
<250
<250
<500
<10

<1

0

<1

0
Others

pH
Conductivity
Temperature
Total Alkalinity as
CaCO3

µS/cm
°C

7.01
1910
6.0

7.0-10.5
N/A
N/A

mg/L

422.3

N/A

In-line physical and chemical parameters (flow, pressure, conductivity, temperature, and pH) are
logged during RO-NF system operation. In-line pressure transmitters ((0-60PSI and 0-300PSI; Ashcroft
Inc.) were installed at cartridge filter feed, cartridge filter outlet, membrane Stage-1 feed, membrane Stage2 feed, permeate, and concentrate streams of the RO-NF system. In-line conductivity sensors (HACH
Company), pH probes (HACH Company), and temperature sensors (HACH Company) were installed on
the feed and permeate streams of the RO-NF system. Biofilter and RO-NF system performance were
continuously monitored and logged through PLC automation.

3.3.

Microbial Characterization

Concentrations of adenosine triphosphate (ATP), which is involved in the energy transfer during
microbial metabolism, were measured in the feed and biofilter filtrate using LuminUltra’s ATP
measurement test kit (LumitesterTM C-110, Hach).
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Microbial community profiling in the biofilters helps to decipher the microbial community
structure and their enrichment to promote biological oxidation. Biofilter backwash samples from Montana
First Nation were sent to Contango Strategies Ltd. (Saskatoon, Saskatchewan) for high-throughput
amplicon sequencing using the Illumina-MiSeq platform. Genomic DNA was extracted from the biofilter
backwash samples using PowerLyzer PowerSoil® DNA Isolation Kits (MoBio Laboratories). Illumina
MiSeq sequencing was performed on the V3/V4-region of the 16S rRNA Bacterial and Archaeal gene for
amplicons. Raw sequence reads were processed using the customized bioinformatic tools at Contango
Strategies Ltd., following the standard operating procedure for MiSeq analyses.

4. Results
4.1.

System Start-Up and Commissioning

4.1.1.

Biofilter seeding process

Start-up of the full-scale biofilters at Montana First Nation, AB took place on 16 August 2016.
Dissolved iron concentrations in the groundwater rapidly decreased in Biofilter 1 after start-up (Figure 3).
Iron concentrations in the biofilter 1 effluent were consistently below the drinking water standards (DWS).
Figure 3 presents the iron concentrations in the groundwater and biofilter effluent samples on different
sampling dates before commissioning.

Figure 3: Time-dependent profiles of iron removal through biofiltration system during seeding
process
During the start-up period, iron removal mainly occurred in Biofilter 1, whereas, manganese
removal was dominant in Biofilter 2. Figure 4 represents the changes in the manganese concentration in the
groundwater and biofilter effluents on different sampling days during the start-up period. The average
influent groundwater temperature during the start-up periods was 5.8 °C. Manganese concentrations in the
Biofilter 2 effluent fluctuated over the first month of operation and averaged at 0.42 mg/l. An additional 15
days were required to reach state-steady functioning of Biofilter 2. Meeting the drinking water standard
occurred at 45 days, at which the manganese removal efficiency was high and stable (>97%).
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4.1.2.

Microbial Enrichment in Biofilters

ATP measurements were taken from the groundwater, Biofilter 1 effluent and Biofilter 2 effluent
samples on Day 67 of full-scale operation. ATP concentrations were notably elevated in Biofilter effluents
compared to the raw groundwater, indicating enrichment of microbial populations in the biofilters, and
increased microbial metabolic activity in the early phases of biofilter operation.
Illumina-MiSeq 16 rRNA gene profiling of microbial communities in the Biofilter backwash
samples revealed the enrichment of known relatives of bacterial genera that promote biological iron and
manganese oxidation (Figure 5). Known relatives of iron-oxidizing bacteria (FeOB) genera, Gallionella
and Acidovorax, (Cai et al., 2015) were identified in Biofilter 1 and Biofilter 2 backwash samples (Figure
5A). In addition, known relatives of manganese-oxidizing bacteria (MnOB) genera, Flavobacterium,
Pseudomonas, Acinetobacter, Bacillus, and Zoogloea were also enriched in both biofilters (Figure 5B).

Figure 4: Time-dependent profiles of manganese removal through biofiltration system during
seeding process
Comparing iron and manganese removal profiles (Figure 3 and 4) with the enriched FeOB and
MnOB populations in the biofilters (Figure 5), indicates that during the biofilter start-up period
environmental conditions developed in Biofilter 1 mainly to promote biological iron removal whereas
biological manganese removal is dominant in Biofilter 2.
4.1.3.

Commissioning of Water Treatment Equipment at Montana First Nation

Once the Biofilters achieved steady-state functioning for iron and manganese removal in their
effluents, the biofilter effluent was fed to the RO-NF system. The RO-NF system was in operation since 3rd
November 2016. In the first week of the December 2016, the Biofilter/RO-NF equipment at the Montana
First Nation water treatment plant was commissioned. By the end of December 2016, the water produced
from the Biofilter/RO-NF equipment was distributed to the community. Between November 2016 and
December 2016, the performance of the Biofilter/RO-NF equipment was continuously monitored to
evaluate the produced water quality.
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Figure 5: Relative abundance of known relatives of (A). FeOB; (B). MnOB enriched in the biofilters

4.2.

Long-Term System Operation and Performance Evaluation

Comprehensive performance evaluation is required for any water treatment system to review the
plant performance and to assess the impact of design, operation, and maintenance practices on meeting the
drinking water standards. In this study, post-commissioning and performance evaluation for one-year (July
2017 to June 2018) were reported on both the Biofilters and the RO-NF equipment at the Montana First
Nation water treatment plant.
4.2.1.

Biofilter performance

Iron and manganese removal
After plant commissioning, biofilter performance for biological iron and manganese removal was
regularly monitored. Iron concentrations in the local groundwater source at Montana First Nation varied
between 1.3 mg/L and 2.9 mg/L (average of 2.2 mg/L). Post-commissioning, iron concentrations in the
local groundwater sources were never consistent and fluctuated throughout the year. Canadian drinking
water guideline for iron in drinking water is ≤0.3 mg/L. Time dependent profiles (July 2017 to June 2018)
of iron concentration in the groundwater, biofilter 1 and biofilter 2 effluents are shown in Figure 6.
Irrespective of influent iron concentrations, during this period, the biofilters brought iron concentrations to
<0.01 mg/L in the effluents and always met the drinking water standards. In the data shown, average iron
concentrations in the biofilter 1 effluent were 0.011 mg/L, whereas, average iron concentrations in the
biofilter 2 effluent were <0.01 mg/L.
Manganese concentrations in the local groundwater source at Montana First Nation varied between
0.7 mg/L and 1.2 mg/L (average of 0.85 mg/L). The Canadian guideline for manganese in drinking water
is ≤0.05 mg/L. Time dependent profiles (July 2017 to June 2018) of manganese concentrations in the
groundwater, Biofilter 1 and Biofilter 2 effluents are shown in Figure 7. For the given manganese
concentration in local groundwater source, the biofilters have shown commendable and consistent
performance to meet the drinking water standards. In Figure 7, the average manganese concentration in
biofilter 1 effluent was 0.013 mg/L, whereas, the average manganese concentration in biofilter 2 effluent
was 0.01 mg/L.
By comparing the iron and manganese removal profiles in Figures 6 and 7 it is observed that the
drinking water standards for iron and manganese were achieved in the Biofilter 1 effluent. This indicates
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that environmental conditions developed in Biofilter 1 to promote both biological iron and manganese
removal. This is supported by microbial community profiling in Biofilter 1 (Figure 5A), where the known
relatives of both iron-oxidizing bacteria and manganese-oxidizing bacteria were enriched.

Figure 6: Time-dependent profiles (July 2017 to June 2018) of iron removal through biofiltration
system in the post-commissioning phase
Process and operational conditions
The key to long-term operating success of a biofilter is proper bed design and adequate bed cleaning
during backwashing. During a backwash, the filters are cleaned with water and a gentle air scour in order
to remove excess micro-organisms and built up particulates or solids. Biological filters often run for periods
of one week to a few months between backwashes, resulting in less wastewater than most other filtration
technologies.
Backwashing is applied for both the biofilters at the Montana First Nation when the differential
pressure reaches approximately 5-8 PSI in the filter column. Figure 8 represents the time-dependent profiles
of (July 2017 to June 2018) relative differential pressure across Biofilter 1 and Biofilter 2. In Biofilter 1
there is a steady increase in differential pressure between backwash sequences. Biofilter 1 is backwashed
frequently i.e., every 7 to 12 days as iron and manganese removal was dominant in this filter. Backwashing
is effective at reducing differential pressure. There is no noticeable build-up of differential pressure in
Biofilter 2, and it has only been backwashed once in the over the year operation from July 2017 to June
2018. The purpose of backwashing Biofilter 2 is to remove any dead microbial cells.
ORP levels in the influent and effluent of the biofilters are indicators which help to evaluate whether
biological iron and manganese removal is being promoted in the biofilter. During July 2017 to June 2018,
ORP levels in the raw groundwater feed were observed to be approximately -100 mV on most occasions.
The ORP levels in Biofilter 1 and Biofilter 2 effluents were relatively stable between +400 mV and +500
mV. The shift in ORP between the influent and the effluent of a biofilter suggests the occurrence of
conditions where biological iron (ORP in effluent >+200 mV), and biological manganese removal (ORP in
effluent > +300 mV) are being promoted. The ORP conditions developed in Biofilter 1 and Biofilter 2 are
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indicative of biological iron and manganese removal, which is supported by enrichment of iron-and
manganese-oxidizing bacteria in the biofilters (Figure 5).

Figure 7: Time-dependent profiles (July 2017 to June 2018) of manganese removal through
biofiltration system in the post-commissioning phase

Figure 8: Time-dependent profiles (July 2017 to June 2018) of differential pressure across Biofilter
1, and Biofilter 2 columns in the post-commissioning phase
11

4.2.2.

RO-NF system performance

Feed Turbidity
Figure 9 represents the time-dependent profiles (July 2017 to June 2018) of the turbidity in the
biofilter effluents. As seen in Figure 9, the average turbidity measurements in Biofilter 1, and Biofilter 2
effluents were 0.16 NTU, and 0.09 NTU, respectively. This trend indicates that the biofiltration system
performed well in removing particles from the raw groundwater at Montana First Nation and minimized
the concern for plugging the prefilter cartridges or the membrane elements.

Figure 9: Time-dependent profiles (July 2017 to June 2018) of turbidity removal through
biofiltration system in the post-commissioning phase
Differential Pressure: Prefilter cartridge
One of the best indications of potential for particle fouling of membrane system is the appearance
of a differential pressure across the prefilter cartridge. A cartridge filter is put in place ahead of the
membrane elements to ensure that only very fine particles can reach the membranes. In the case of this fullscale plant at Montana First Nation, the cartridge filters were rated at 5 micron. The prefilter cartridges
were never replaced post-commissioning and the differential pressure remained constant. With a
biofiltration system in place as pre-treatment for the RO-NF system, there was no significant increase in
differential pressure across the cartridge filter in the post-commissioning phase. This indicates an excellent
performance by the biofiltration system at Montana First Nation in preventing the flow-through of
suspended particles formed by biological iron and manganese oxidation. There is little to no visual
indication of particle fouling in the prefilter cartridge in its two years of operation from suspended particles.
Differential Pressure: RO-NF system
Differential pressure across the membranes in the three-stage two-train RO-NF system was similar
to the prefilter differential pressure. There is no evidence of an increasing trend (Figures 10 and 11).
Figures 10 and 11 represent the time-dependent profiles (July 2017 to June 2018) of the differential pressure
12

across each stage of the membrane treatment unit. As seen on the graphs (Figures 10 and 11), the differential
pressure was approximately 100 kPa in Stage-1 of each membrane treatment unit, approximately 60 kPa in
Stage-2 of each membrane treatment unit, and approximately 40 kPa in Stage-3 of each membrane
treatment unit. There is no evidence of an increasing trend in the differential pressure indicating no particle
fouling or scaling in the membranes after commissioning.

Figure 10: Time-dependent profiles (July 2017 to June 2018) of differential pressure across MTU 1
stages in the post-commissioning phase

Figure 11: Time-dependent profiles (July 2017 to June 2018) of differential pressure across MTU 2
stages in the post-commissioning phase
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Conductivity
Conductivity is the closest representation that can be made with online instrumentation, of the water
quality that is available to the RO-NF system. Conductivity can be fairly well correlated to total dissolved
solids (TDS). A plot of the feed conductivity to the membrane system and the combined permeate (treated
water) conductivity provided by the membrane are depicted in the Figure 12. MTU feed conductivity varied
between 1900 µS/cm and 2200 µS/cm throughout the time-period (July 2017 to June 2018) investigated.
Curiously, the feed conductivity increased during the winter season and dropped back to normal in the
summer. From Figure 12, the most apparent and consistent observation is that overall rejection by the RONF membranes is lower due to the RO-NF hybrid system design with lower rejection properties. While
feed conductivity is in the range of 1900-2200 µs/cm, permeate conductivity in both MTU trains was <550
µs/cm. With a permeate (treated water) conductivity of less than 550 µS/cm, confidence can be shown that
any contaminants from the feed water are unlikely to be present, in substantial amount, in the resulting
treated water.

Figure 12: Time-dependent profiles (July 2017 to June 2018) of conductivity through RO-NF
system in the post-commissioning phase
Normalized permeate flow
Normalized permeate flow (NPF) is the most useful performance indicator when dealing with
RO/NF membrane treatment units. In this study, normalized permeate flows were corrected (normalized)
for temperature, pressure variations, and salinities, based on the method developed by DOW Chemical, and
are presented as percent NPF in Figure 13. Figure 13 presents the time-dependent profiles (July 2017 to
June 2018) of %NPF in MTU 1 and MTU 2. The normalized permeate flow in MTU 1, and MTU 2 were
approximately 2.0 L/s or 32 USGPM, and 1.9 L/s or 30 USGPM, respectively during the winter months
(December 2017 to January 2018). In the rest of the time-period, the normalized permeate flow in MTU 1
and MTU 2 were approximately 1.95 L/s or 31 USGPM, and 1.9 L/s or 30 USGPM, respectively.
The normalized permeate flows were always consistent and never showed any declination trends,
indicating no membrane fouling. Change in the feed conductivity was accounted in the NPF calculations.
The change in feed conductivity can normally be a concern, as feed conductivity is used to evaluate %NPF
through the calculation of osmotic pressure. A minor effect was observed in this case. Due to the operational
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parameters of the RO-NF systems at Montana First Nation, a fluctuation of 300µS/cm affected a change of
3-4% NPF. This effect is clearly noticeable in trends during the winter and summer seasons. Comparing
and compiling the profiles of differential pressure and conductivity with %NPF profiles it was concluded
that the MTU 1 and MTU 2 membranes didn’t observe any fouling and were consistent in their performance.
During the annual service trip to the Montana First Nation water treatment plant, December 4,
2018, the membrane elements were visually inspected. All the membrane elements evaluated visually
appeared to be in good physical condition. No indications of discolouration on the membranes were noted.
A representative photograph of the membranes is presented in Figure 14.

Figure 13: Time-dependent profiles (July 2017 to June 2018) of %NPF through RO-NF system in
the post-commissioning phase
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5. Conclusion
The general chemistry of the groundwater samples, collected during plant commissioning, is shown
in Table 2 which includes the feed water, the effluent of biofiltration treatment, and treated water (postRO-NF system). The biofiltration system at Montana First Nation is effective in removing turbidity, iron,
manganese, and ammonia from the groundwater. In addition, small amounts of bio-available DOC were
also removed by the biofiltration system (although they constitute small portion of Total DOC). Due to
biological removal of iron, manganese, and bio-available DOC in the biofilters, the RO-NF system was
able to run effectively with extremely low fouling. Pre-filter cartridges that are placed ahead of the RO-NF
systems remained clean throughout the post commissioning phase and didn’t indicate an increase in
differential pressure over time. Differential pressure across the membranes, and conductivity of the RO-NF
permeate remained constant with no evidence of an increasing trend.
It is evident from the Montana First Nation water treatment plant that biofiltration technology in
conjunction with reverse osmosis treatment is successful. As pre-treatment, the biofilters reduced the risk
of membrane fouling with particulate matter and colloidal solids. As a result, it increased the efficiency and
life expectancy of the membranes. The treated water at Montana First Nation didn’t carry any nutrients that
support or promote microbial growth, as observed from Table 2. The distributed water is biologically stable,
and the community has been enjoying high quality drinking water since the time of commissioning.

Figure 14. Representative pictures of the membranes at Montana First Nation taken for visual
autopsy
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Table 2: General chemistry of influent groundwater, biofilter effluents, and treated water (post RO-NF system) at Montana First Nation,
AB
Biofilter 1
Biofilter 2
effluent
effluent
Constituents of Concern

Post RO-NF systemTreated water

Canadian water
Standards

<0.05
<0.005
0.108

<0.05
<0.005
<0.025

<0.3
<0.05
<0.1

8.2

8.3

<0.5

N/A

1040
643

1040
643

235
49

<500
80-100

174
51.8
147
6.8
528
321
79.3
0.21

14.7
2.9
73.1
4.5
<6
81.6
0.9
<0.05

N/A
N/A
<200
N/A
<250
<250
<500
<10
7.0-10.5
N/A

Parameter

Unit

Groundwater

Iron
Manganese
Ammonium-N
Dissolved Organic
Carbon
Total Dissolved Solids
Hardness as CaCO3

mg/L
mg/L
mg/L

1.8
0.9
0.38

<0.05
0.453
0.183

mg/L

7.8

mg/L
mg/L

1040
652

Major ions
Calcium
Magnesium
Sodium
Potassium
Bicarbonate as HCO3
Chloride
Sulfate
Nitrate-N

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

175
52.1
146
6.8
526
323
80.4
<0.01

173
51.4
145
6.8
533
324
78.9
0.16
Others

pH
Conductivity
Total Alkalinity as
CaCO3

µS/cm

7.73
1890

7.57
1860

7.57
1850

7.29
461

mg/L

432

438

433

95
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N/A
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