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The new Winnipeg Water Treatment Plant has 
been delivering high quality water to the City of 
Winnipeg since it went online over a year ago. The 
facility was built to achieve water quality 
objectives set by the City, which were developed 
over 10 years of study and planning. The mandate 
was to reduce the risk of waterborne disease 
outbreak caused by chlorine-resistant micro-
organisms, to reduce the existing levels of 
chlorinated disinfection by-products and to 
improve the overall taste and odour of the water. 
These goals were accomplished by the new WTP.

Application of Technology

The green-�eld site where the WTP and ancillary 
buildings were constructed required substantial 
work prior to the major construction, including: 
City sewer/forcemain and redundant power feed; 
Highway 207 and railroad crossing upgrade; and 
construction of four aqueduct bridges. The 
construction of dedicated Bulk Chemical 
Storage, Sodium Hypochlorite Generation, and 
Standby Generator Buildings, as well as the 
Clearwell and Surge Tower structures built 
concurrently with the WTP, supplement the main 
functionality of the facility as a whole.  

The new processes housed in the WTP provide a 
level of safety and redundancy to the treatment 
process to ensure quality water is being 
produced at all times. Vertical turbine, Magna-
drive pumps supply raw water to the different 
stages of treatment. Chemical injection of 
sulphuric acid and ferric chloride allows for 

coagulation and �occulation to occur prior to the 
dissolved air �otation (DAF) process, where most 
solids are removed from the water. The eight 
�occulation and associated DAF tanks represent 
one of the largest systems of its kind in North 
America.

Water �ows through the DAF underdrains to 
contact tanks where ozone is injected through 
diffusers. Ozone is generated on site using liquid 
oxygen located external to the building. The 
ozone system can be supplemented with 
hydrogen peroxide (peroxone), allowing for 
advanced oxidation of organics and other taste 
and odour compounds in the water. Ozone is 
quenched with sodium bisulphite before entering 
the biologically activated carbon �lters.  

The eight �lters, representing some of the 
largest in North America, each have large 
�ltration surface areas and process the water at 
a very high rate. Water from the �lter 
underdrains �ows to a contact chamber where 
on-site generated sodium hypochlorite is 
injected for disinfection. Sodium hydroxide is 
injected at the end of the contact chamber for 
pH balancing before water �ows to the Clearwell. 
The Clearwell acts as a wet well for the Deacon 
Booster Pumping Station (DBPS) where low lift 
pumps supply the City with water. Just 
downstream of the DBPS pumps, the UV 
disinfection reactors, which are some of the 
largest in North America, further disinfect the 
water before distribution.
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Social/Economic/Environmental Impact

The new multi-barrier approach to water 
treatment provides improved drinking water 
quality and overall health bene�ts and safety to 
the City of Winnipeg water supply. Running 
parallel treatment trains within the WTP, with 
complete back up power, adds a level of 
redundancy that greatly reduces the possibility 
of complete shutdowns or service interruptions.

A water quality parameter comparison between 
results before and after the WTP going online 
show quantitatively how the drinking water has 
improved turbidity, disinfection by-products, and 
taste and odour numbers have all been reduced 
with the introduction of the new WTP processes.

The safety of operators and the public in general 
has been improved with the elimination of 
chlorine gas treatment.  The new, on-site 
generated, low concentration, sodium 
hypochlorite used for disinfection in the water 
has replaced the need for transporting chlorine 
railcars through the City and storing them 
outside of DBPS.

The design and construction of the WTP was a 
signi�cant boost to the local economy. The 
successful separation of the project into 56 
different contracts encouraged local contractors 
to bid on the jobs. A total of 4,300 worker safety 
orientations and approximately 1,900,000 site 
contractor man-hours were accumulated over 
the time of the project.

An effort was made during design to minimize 
the impact of the WTP on the environment. 
Housing all treatment processes within the same 
building reduced the footprint of the WTP. It is a 
highly ef�cient, zero environmental discharge 
facility that treats all residuals, including �lter 
backwash water and DAF �oat, on site.

Complexity

The design, construction and commissioning of 
the Winnipeg WTP required detailed coordination 

and communication between various groups over 
the many years of the project. Over 2,000 Issued-
For-Construction drawings were produced. As 
well, a total volume of 50,000 m3 of concrete was 
poured on the project site.  

The City required extensive training on unit 
processes and individual pieces of equipment to 
be able to run the plant upon completion. The 
transition to a plant with 8 treatment processes, 
containing 40 PLCs, 140 pumps, 2,300 valves and 
1,400 instruments required over a year of 
training.

Testing and start-up required individual 
equipment testing as well as unit process testing 
prior to the entire plant being ready to run. The 
28-day System Demonstration of the WTP began 
in December 2009 and supplied the City with new 
water for the �rst time, running in automatic. The 
plant was handed over to the City on January 6, 
2010 with the majority of contracts reaching �nal 
acceptance in January 2011.

Owner/Client Needs

Responsibility to the client through Value 
Engineering, Quality Management and Risk 
Analysis practices were followed throughout the 
duration of the project. Independent technical 
reviews, risk investigations, regular meetings 
and reporting were important to control the 
quality of work done at the WTP. An external 
audit on commissioning activities showed the 
effectiveness of procedures in place and gave 
accountability to those working on the project. 

Warranty and Operations support were also 
provided following commissioning and hand over.
The project and construction management 
methods brought the project in under budget in 
spite of the revised schedule due to a high 
demand on the construction industry at the time. 
These methods increased ef�ciency and ful�lled 
the expectations of the City and the consumers.
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Introduction
The Winnipeg Water Treatment Plant (WTP) is a 
state-of-the-art, green-�eld facility that 
provides exceptional quality drinking water to 
the citizens of Winnipeg. The new facility 
features water dissolved air �otation (DAF) 
units and drinking water Ultraviolet (UV) 
disinfection facilities, which were among the 
largest of their kind in North America at the 
time of construction.  It is also the largest 
capital project ever undertaken by the City of 
Winnipeg. The new, multi-barrier WTP was 
designed to produce 400 ML/d of treated water, 
with potential expansion up to 600 ML/d. The 
current annual average water demand in 
Winnipeg is approximately 256 ML/d.

The City of Winnipeg (pop. 680,000) obtains its 
drinking water from Shoal Lake, which borders 
the provinces of Manitoba and Ontario. The raw 
water supply is chlorinated at the intake for 
pathogen, slime, and zebra mussel control. 
Water �ows by gravity through a 159 km long 
aqueduct to the Deacon Reservoir east of 
Winnipeg. Prior to the January 2010 handover, 
water for distribution was treated by 
re-chlorination at the outlet of the Deacon 
reservoir, UV disinfection, dosing with �uoride 
and phosphoric acid, and sent to three covered 
in-city distribution reservoirs before being 
delivery to consumers. UV disinfection was 
designed under the Winnipeg WTP project but 
was accelerated for a more immediate 
improvement to public health. The UV 
disinfection process went online in 2005.

With over 10 years of study and planning, the 
City of Winnipeg developed water treatment 
objectives to reduce the risk of waterborne 
disease outbreaks caused by chlorine-resistant 
micro-organisms, to reduce the existing levels 
of chlorinated disinfection by-products, and to 
improve the overall taste and odour of water 
being distributed to the City.  The new WTP was 
designed to achieve these objectives and 
exceed federal and provincial drinking water 
quality regulations.

The Winnipeg WTP has complete standby 
capabilities and runs two parallel treatment 
trains. Raw water from the Deacon Reservoir 
enters the WTP by means of a pumping station 
which feeds the treatment trains, supplying 
eight, 3-stage �occulation tanks and 
corresponding DAF tanks. Ferric chloride is 
injected as a coagulant prior to �occulation and 
the DAF process in each train. Water then �ows 
through two contact tanks where on-site 
generated ozone is injected for taste and odour 
control. The addition of hydrogen peroxide at the 
start of the ozone contact tanks helps with 
advanced oxidation of organics. Sodium 
bisulphite removes residual ozone before water 
enters eight �lters �lled with biologically 
activated carbon (BAC). Water is polished as it 
�ows through the �lter media into a chlorine 
contact chamber where on-site generated 
sodium hypochlorite is injected as a disinfectant. 
Finished water moves through the Clearwell to 
the existing Deacon Booster Pumping Station 
(DBPS) and UV disinfection facility, supplying 
drinking water via the existing distribution 
system.

The Winnipeg WTP is a zero environmental 
discharge facility that treats all residuals 
removed from the water using four settling tanks 
and two gravity thickeners. Supernatant water is 
recycled back to Deacon Reservoir while sludge 
is pumped to freeze-thaw dewatering cells on 
site.  

The new WTP was constructed on an 
approximately 47,000 m2 site and included 
ancillary buildings to support the treatment 
facility, including standby generators and main 
switchgear, sodium hypochlorite generation, bulk 
chemical storage, surge tower and clearwell 
structures.
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Overcoming a number of challenges, the design 
team of AECOM (Winnipeg) and CH2MHill 
(Calgary), and the construction manager, AECOM 
(Winnipeg), delivered the completed WTP to the 
City under budget. Construction of the WTP and 
ancillary structures was completed over 60 
months and was divided into 56 contracts. The 
completed facility consists of 8 treatment 
processes containing approximately 40 PLC 

processors, 140 pumps, 2300 valves and 1400 
instruments. Beyond construction, training 
existing City operators and commissioning the 
facility in collaboration with the contractors and 
the City were critical to the overall success of 
the project and ability to transition from 
construction to operation for drinking water 
supply to the City of Winnipeg.
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1.	New Application of Existing Techniques, 
Originality, and Innovation

The drinking water treatment process was 
minimal prior to the new WTP going online, and 
consisted only of gas chlorination with the 
addition of �uoride and phosphoric acid. As seen 
in Figure 1, the new design includes multiple 
processes and advanced technologies that when 
combined into one system, exceed regulatory 
requirements. The system is divided into two 
process trains which can run together or 
independently and provide complete  
redundancy. The site has complete standby 
power capabilities with three diesel generators 
able to provide 6MW of power for 24 hours 
without re-fueling.

Raw water is supplied to the WTP from four cells 
at the Deacon Reservoir and located adjacent to 
the plant. Cells 1 and 2 are hydraulically 
connected, as are cells 3 and 4. The supply of 
water for treatment is cycled between cells 1 
and 3 to maintain the quality of the raw water 
and to maintain storage capacity in isolation of 
�ow from Shoal Lake.  The raw water pumping 
station (RWPS) houses four vertical turbine, 
Magna-driven pumps with space allowed for a 
future �fth pump, and supplies water from the 
Deacon Reservoir to the WTP process trains.

Figure 1

Coagulation, Flocculation and DAF
The coagulation process is critical to the WTP 
operation for large particulate, organics and 
algae removal. Sulphuric acid is �rst introduced 
to the raw water feed via injection lances to 
reduce the pH to 5.5-6.5 for optimum 
coagulation and organics removal. Ferric 
chloride is �ash mixed as a coagulant into the 
raw water stream using recycled raw water prior 
to the �occulation tanks. The three stage 
�occulation process uses six vertical mixers and 
baf�e walls per DAF tank, allowing the 
destabilized particles to collide and combine to 
form larger removable �oc particles. DAF is 
responsible for removal of the �oc particles. 
DAF recycled water is supersaturated with air in 
pressurized tanks prior to release via headers in 
the turbulent zone of the eight DAF tanks. The 
micro-bubbles released in the tanks attach to 
the �oc particles that are skimmed off the top, 
while treated water �ows out through a tank 
underdrain system. Though not considered a 
high rate DAF, the system installed at the 
Winnipeg WTP handles higher surface loading 
rates than a conventional system at 18m/h. In 
the DAF process stage, there is >95% algae, 
>50% TOC, and >60% TON removal, with turbidity 
post-DAF typically less than 1.0 NTU. At the time 
of construction, the Winnipeg WTP DAF tanks 
were the largest units for drinking water in North 
America.
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Ozone and Chemical Addition
The ozone process is primarily for taste and 
odour control however it also enhances �lter 
performance for particle removal, provides an 
additional disinfection barrier, and enables the 
oxidation of future potential contaminants. The 
ozone process is housed in a dedicated ozone 
room and consists of a number of ancillary 
systems. Three ozone generators use liquid 
oxygen, stored external to the WTP building, to 
produce ozone that is dosed directly into the 
water for treatment via a header and diffuser 
arrangement. A nitrogen boost system adds a 
small amount of nitrogen gas to the oxygen for 
more ef�cient ozone delivery.
  
A cooling water loop runs through the generators 
and power supply units for equipment 
protection. As well, each ozone generator has a 
dedicated ozone destruct unit for off gas that 
accumulates in the air space at the top of the 
ozone contact chamber. Hydrogen peroxide can 
be added to the water with ozone for advanced 
oxidation (peroxone process), providing more 
enhanced control of taste and odour than with 
ozone alone. The two serpentine ozone contact 
chambers allow for maximum chemical contact 
time and treatment.  At the end of the ozone 
contactors, sodium bisulphite is dosed to 
quench the ozone prior to the water entering the 
�lters.

Biologically Activated Carbon Filtration
Eight biologically activated carbon (BAC) �lters 
physically remove particles remaining after the 
DAF and ozone treatment stages, while also 
providing biological removal of taste and odour 
compounds, organic matter, and ozone 
byproducts.  The deep bed, high rate BAC �lters 
at the Winnipeg WTP are some of the largest in 
North America.  The effective �ltration area of 
80.5 m2 per �lter and media depth of 2.1 m allow 
for a maximum hydraulic loading rate of 30 m/h 
per �lter. Components in the �ltration system 
include �lter media, a nozzle-plenum type 
underdrain system, air scour blowers, backwash 
supply pumps, wash troughs and a media 
retention system. To assist in �ltration, a �lter 
aid polymer dosing system and dispersion mixers 
are also installed before the �lters. Filters are 
backwashed daily to maintain their cleanliness 
and treatment ef�ciency.
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Post Filtration Chemical Treatment
Chemicals dosed after the �ltration stage 
include both sodium hypochlorite and sodium 
hydroxide. Free chlorine is used for virus 
inactivation, and is sourced from an on-site 
sodium hypochlorite generation system.  Sodium  
hypochlorite is produced using a sodium 
chloride brine and is stored on site in a 0.8% 
solution. The on-site generation has eliminated 
the need for transportation and storage of 
potentially hazardous railcars of chlorine gas.  
Sodium hypochlorite at a minimum dose is 
applied at the beginning of the chlorine contact 
tank, which allows for approximately 15 minutes 
of contact time before entering the Clearwell. 
The minimum dose also minimizes disinfection 
by-product (DBP) formation. A second dosing 
point is located at the end of the chlorine 
contact tank for boosting to the desired �nal 
concentration. 

Sodium hydroxide is used for pH adjustment and 
control. By maintaining the pH at a steady level, 
the phosphoric acid used for distribution piping 
lead and corrosion control is more effective.  The 
sodium hydroxide is �ash mixed at the end of 
the chlorine contact tank to raise the pH to 
target levels of 7.5-7.8. Provisions were made 
during design and construction for the addition 
of aqua ammonia to the treatment process for 
further DBP reduction in the future. Current DBP 
levels are lower than expected following the WTP 
going online, without the addition of aqua 
ammonia. The dosing point for aqua ammonia is 
adjacent to where the sodium hydroxide is 
injected and storage tanks and pumps are 
located in the Bulk Chemical Building, along with 
sodium hydroxide, sulphuric acid and ferric 
chloride.

Deacon Booster Pumping Station (DBPS) 
and Ultraviolet Disinfection (UV)
The Clearwell is an underground concrete tank 
that has a storage capacity of 22.6 ML, and a 
hydraulic retention time of 1.36 hr at the 

maximum �ow of 400 ML/d. The structure acts 
as a wet well for the Deacon Booster Pump 
Station (DBPS) which provides low lift to the 
reservoirs within the City.  Prior to the WTP 
construction, water was normally supplied by 
gravity through two Branch Aqueducts to the 
City reservoirs and the DBPS pumps were only 
used to meet very high demands. Following 
construction of the new WTP, the new hydraulic 
gradeline necessitated the continuous use of 
the DBPS pumps. Two split-case centrifugal 
pumps with Magna-drive variable speed drives 
were added to supplement the three existing 
splitcase centrifugal pumps with two-speed 
drives. 

Piping con�guration changes introduced 
common intermediate and discharge headers 
allowing for greatly improved pumping and 
disinfection �exibility and redundancy.  The 
most signi�cant upgrade to DBPS was the 
addition of six UV reactors installed downstream 
of the booster pumps between the intermediate 
and discharge headers. The design and 
installation of the UV system was completed 
prior to the construction of the WTP to give 
immediate health bene�ts to the City of 
Winnipeg. The UV system at DBPS went online in 
March 2005 and is one of the largest potable 
water UV systems in North America.  
Signi�cantly, the UV disinfection was very 
effective both before and after �ltered water 
was introduced to the system.  The UV design 
dose of 28 mJ/cm2 achieves greater than 2-log 
reduction of cryptosporidium in the water.






















