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Outline: 

• Project Description & Partners
• Micro-system Evaluations
• Full-scale micro-systems
• Natural ammonia interferences with 

Chlorination
• Conclusions 
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Project Description Summer 2004

• First Nations Saskatchewan
– Engineered WTPs serve core communities
– About 130 clusters of homes are beyond the 

practical range of the main WTP
• INAC & First Nations options:

– To serve clusters of 3 to 15 homes
– Design flow rate 3 to 10 Lpm (micro-systems)

• Concept to Pilot Test:
– Vendors capacity to design small systems
– Small systems performance evaluations
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Partners

• INAC requested AAFC-PFRA  to help with 
applied R&D (in-kind)

• INAC provided capital funding

• HC provided analytical funding
• Mistawasis and Peepeekisis First Nations 

WTP operators and Saskatoon Tribal Council 
advisors 

• SAL Engineering for project management
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Vendors

• Pilot test period Sept-Nov/04

• Invited 18 companies
• Five submitted proposals for pilots

• Four Vendors were awarded:
– Anderson Pumphouse, North Battleford
– Mainstream Water Solutions, Regina
– Procesco Inc., Calgary
– WaterWise, Swift Current
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Ground Water Quality

(only selected parameters shown)

24060< 200Sodium

780420NG (< 200)Hardness

1,720620< 500TDS

800130< 500Sulfate

< 0.05

< 0.3

Guideline
mg/L

0.700.07Manganese

1.34.1Iron

Peepeekisis
mg/L

Mistawasis
mg/LParameter
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Existing Mistawasis Well and 
Water Treatment (chlorination)

69.5 m deep 152 mm dia. well 

in a buried valley aquifer
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Water Problems with Fe:

Impairs treatment devices & processes, 
colour, taste, odour, fixtures, etc.
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Anderson Pumphouse
North Battleford
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Mainstream Water Solutions 
Regina
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Water Wise
Swift Current
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Procesco
Calgary



VENDOR 1:  Aeration + Slow Sand FiltrationVENDOR 1:  Aeration + Slow Sand Filtration

Slow Sand FilterSlow Sand Filter

AerationAeration

Contact TankContact Tank

RAWRAW

GAC FilterGAC Filter RO MembraneRO Membrane

AntiAnti --ScalantScalant
DISTRIBUTIONDISTRIBUTION
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Ports
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VENDOR 2: Chlorine + Media FiltersVENDOR 2: Chlorine + Media Filters

MultiMulti --mediamedia

Depth FilterDepth Filter

Chlorine OxidantChlorine Oxidant

Contact TankContact Tank

RAWRAW

GAC Pressure FilterGAC Pressure Filter RO MembraneRO Membrane

DISTRIBUTIONDISTRIBUTION

23

4 5 6

PORTS

Softener
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VENDOR 3:  ClVENDOR 3:  Cl 22 + Lime + DAF + MnO+ Lime + DAF + MnO 22 FilterFilter

Dissolved Air FlotationDissolved Air Flotation

a) Chlorine; b) KMnOa) Chlorine; b) KMnO 44

RAWRAW

Manganese Manganese 
GreensandGreensand RO MembraneRO Membrane

DISTRIBUTIONDISTRIBUTION

3

4 5 6

PORTS
2

Lime Water

Softener
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Spikes caused by filter breakthrough

Best Pre-treatment: Air + SSF;  Cl 2 + Lime + MnO 2



Figure 2: Mn (mg/L)

Spikes caused by filter breakthrough

Best Pre-treatment: Cl 2 + Lime + MnO 2
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Biological Activity Reaction Tests™

• Water (67 m deep well) contained
– Bacteria:  Iron, Slime-forming, Sulphate-reducing & HAB
– 2 mg/L ammonia
– More than 4 mg/L Dissolved Organic Carbon

• Each of these issues are expected to impair the water 
treatment processes – effect not fully known
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Fe Oxidation Conclusions:

• Aeration oxidation
– Effective for Fe precipitation
– Turbidity increased from 0.2 NTU to 52 NTU
– Precipitate remained in 1 to 10 micron size range
– Ineffective for Mn precipitation

• Chlorine oxidation:
– Effective for Fe precipitation but did not form large Fe precipitate

– Precipitate remained in 1 to 10 micron size range (colloidal)
– Ineffective for Mn precipitate

• Potassium Permanganate:

– Insufficient experiments to draw conclusions
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Mn Removal Conclusions:

• Mn was not readily oxidized

• Mn removal effective with lime
– raised pH to near 10

• catalytic conversion process was best
– chlorine + lime + gravity manganese greensand 

filters
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TDS Removal Conclusions:

• TDS is not normally removed in pre-treatment
• Lime was used:

– As a coagulant to bind colloidal Fe
– To raise pH to near 10 improving Mn removal
– To provide TDS reduction (cold lime softening)

• TDS reduced from 520 to 400 mg/L 

• RO membranes: 
– Reduced TDS <50 mg/L and increased agressivity
– Required pH buffering post-treatment
– Required concentrate disposal facility



Filtration Performance:

82360 to 120Empty Bed 
Contact Time (minutes)

4222k – 100k286Post Total Particle Count 
(1-10 microns)

0.215 – 260.2Post Turbidity

(Average NTU)

7.02.10.3 – 0.6Filtration Rate (m/hr)

900810560Media Depth (mm)

0.30.65< 0.3Eff. Grain Size (mm dia.)

MnO2
Multi-media +  

GAC
SSFFilters
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Estimated Full-scale WTP Costs

$ 3.47$ 4.21$ 3.85Cost*/m3

9,80014,70011,300O&M*/yr

5,3004,7005,700Capital Cost 
per House

$ 80,000$ 70,000$ 85,000Capital

Vendor 3Vendor 2Vendor 1Cost

* Amortized @ 10%, 15 year life; serving 15 homes
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Vendor Support

• All Vendors provided professional services:
– Procesco Inc., Calgary
– Water Wise, Swift Current
– Anderson Pumphouse, North Battleford
– Mainstream Water Solutions, Regina

• Vendors
– Dedicated & experienced
– Extended knowledge
– Shared information, design approaches

• All Vendors contributed and learned from the pilot 
test evaluations and saw value in the work
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Full -scale Micro Plants 
Constructed Summer 2005

• Mistawasis Fe: 4 Mn:0.08 TDS:620

– Biological Slow Sand Filter
– Anti-scalant & UV lamp
– Reverse Osmosis
– Blended 65% SSF and 35% RO water

• Peepeekisis (Fe:2.2 Mn:0.82 TDS:1700)

– Anti-scalant
– Reverse Osmosis
– This process is experimental
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Mistawasis Full-Scale
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Full -scale Micro -systems
- Actual WTP Costs

$ 6 to $12$ 21.50$ 5.70Cost*/m3

4002,8902,730O&M*/yr

12,00018,10011,700
Capital Cost 
per House

$ 12,000$ 72,300$ 93,500Capital

Farm 
(1 house)

Peepeekisis
(4 houses)

Mistawasis
(8 houses)

Cost

* Amortized @ 5%, 20 year life; 8% capital interest
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Mistawasis Main WTP: 
Issues with Chlorination

Total Chlorine
2.2 to 10 mg/L

Free Chlorine
0.2 mg/L

Taste,Odour,
Fe,Mn plant 

problems

This chlorine
divergence

is the first sign
of a problem
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Total and Free Chlorine

• Chlorine Residual Testing

– 0.5 mg/L Total Cl2
• Best to keep Total Cl2 <4 mg/L

• no official guideline exists 

– 0.2 mg/L Free Cl2
• MAINTAINING FREE RESIDUAL ENSURES MORE 

EFFECTIVE DISINFECTION

• Chloramine Residual Testing
– Guideline < 3.0 mg/L as monochloramine
– Chloramines are a weaker disinfectant
– Chloramines: health risk to dialysis patients
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Chloramines: mono-, di-, tri-

• Chloramine Residual Testing
– Guideline < 3.0 mg/L, as monochloramine
– Chloramines are a weaker disinfectant
– Chloramines are formed in the presence of ammonia

• Chloramination Disinfection
– the purposeful addition of ammonia with chlorine 
– weaker, but forms less DBPs
– Requires higher dose, longer contact time
– Potential problems: biofilms in distribution and 

ammonia conversion to nitrite and nitrate
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Mistawasis :
our problem of strange Cl 2 values

• Total Cl2
– at times 5 to 10 mg/L
– BUT: plant records showed 2.2 mg/L

• Free Cl2 was only 0.1 mg/L
• Why were both values so different?
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Errant Chlorine Values?

• 1st Concern: Proper measurements
– 2.2 mg/L  was the instrument threshold

– Hach test required dilutions to get the correct 
value

• 2nd Concern: Test method interferences
– e.g. Mn - read the manual for a long list
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Errant Chlorine Values?

• The main issue: ammonia
– Mistawasis has 2 mg/L of ammonia in a 67 m 

deep well
– Contamination possibilities?

• Septic systems? 
• Horse Corrals?
• Fertilizers?
• BUT the raw water never had any positive tests for 

coliforms, E. Coli or other microbiological hits.
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Ammonia can be naturally 
occurring in some groundwater

• Mistawasis and Peepeekisis ammonia 
is believed to be natural to the aquifer, 
not septic

• Ammonia will interfere with Chorine 
Disinfection
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Ammonia and Chlorine



0.5 L JAR TEST sampled July 25; tested July 26
Mistawasis Main WTP Chlorine Demand, July 26, 2006
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10 L JUG TEST Aug 2, 2006 (sampled July 31)
Mistawasis Main WTP Chlorine Demand, July 31, 2006
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If you have natural ammonia, 
where is your actual Chlorine Residual?
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Does this matter to your WTP?
Reference: Saskatchewan Environment

Source: Source: SaskEnvSaskEnv EPB 311 Dec/04EPB 311 Dec/04
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Does this matter to your WTP?

• Strange values of 
Total/Free Cl2?

• Trouble 
maintaining 
residuals?

• Cl2 Taste/odour?

• Is ammonia is 
present?

• Check for ammonia

• Calculate your 
chlorine demand 
curve.

• Ensure you add 
sufficient chlorine 
to go past 
breakpoint.

Checklist Questions Action Checklist
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Does this matter to your WTP?

• Ammonia in ground water may be from 
sources of CONTAMINATION

• Test for microbiological contamination and 
assess if GUDI

• Still unsure about dosing to breakpoint?
• Some operators fear adding too much 

chlorine, but in reality, going to breakpoint 
give better control and safer water.
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Operational experiments:
are necessary for all WTPs

• Be sure to follow proper test kit methods; dilute only 
with distilled water

• Calculate your chlorine demand
– Try 1 mg/L increments, test Total, Free
– Check for ammonia

• Calculate your plant Feed Dose
– Do not only test Cl2 measurements
– Ensure the plant is at the dose you want
– Check this demand seasonally, or at least 4 times/year

• Conduct on-site experiments, and make operational 
adjustments



52

Protect your well from contamination

WTP operators and
Circuit Riders are

guardians of 
public health
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