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welcome
Welcome to the 2017 OWA Year in Review. While there never seems to be an
end to the work of representing the waterpower sector in Ontario, it’s important
periodically to take a pause and reflect on the accomplishments we’ve made
and the challenges we face. Ontario’s electricity sector is in a time of significant
transformation. The IESO’s “Market Renewal” initiative is expected to redefine value for many of the attributes
waterpower provides. The Long Term Energy Plan will set the course for the future, incorporating for the first time
explicit recognition of climate change targets.
The next provincial election is less than a year away and, as we saw at our annual Queen’s Park event and again at
the Power of Water Canada Conference, waterpower enjoys the support of all political parties. The opportunity, then,
is translating that support through policy platforms into public policy leading into and following the election in June. In
practical terms, this means continuing to work on the foundational issues including improving the value/cost equation
to better recognize the attributes of waterpower in future procurements and/or markets as well as enhancing the
brand recognition of waterpower in public opinion.
Looking back, 2017 was a year of mixed results. While more than thirty (30) waterpower projects were brought forward
under the last of the Feed-in Tariff procurements, none were successful in receiving a contract due, in large measure, to
the fact that waterpower was “disadvantaged by design”. For example, while the OWA has consistently recommended
to the IESO that public infrastructure (i.e. dams owned by MNRF, Parks Canada, Conservation Authorities) qualify
under the definition of “Public Sector Entity Host”, the program has excluded these structures. With almost one
hundred (100) of the available one hundred fifty (150) MW awarded to projects with Site Host points, it is clear that this
exclusion has directly negatively impacted waterpower projects. The failure to have any waterpower projects qualify
was ironic given the approval of the amendment to the Class Environmental Assessment to streamline the process
for precisely these types of projects. On a more positive note, the industry’s relationships with key agencies continue
to produce results. Through the New Business Relationship with Parks Canada, co-investment in four (4) projects on
the Trent-Severn Waterway has begun. On the cost side, the OWA and Hydro One are collaborating to identify and
address key cost and process considerations for upgrades and new developments. And with support from the IESO’s
Aboriginal Education and Capacity Building Program, OWA instructors again delivered a training program focused on
Remote First Nations Communities.
On a personal note, I want to take this opportunity to recognize the passing of one of my mentors and a beacon in this
industry. David Carter epitomized the waterpower industry in my mind. He was a passionate advocate, an imaginative
entrepreneur and, above all, a kind and caring person. His enthusiasm was truly infectious and he has helped define
what it is we do and why it is we do it – because, as he always reminded me – it’s the right thing to do.

Paul Norris, President
Ontario Waterpower Association
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Squaring the Circle – Market-based Procurement
in a Carbon Constrained Context
Most observers of or participants in Ontario’s electricity
sector would likely agree that the key driver of the future
to emerge in 2017 was “Market Renewal”. Described as
the single largest structural change since market opening
this undertaking is expected to save up to $5.2 billion
between 2021 and 2030 and forms a key component of
the government’s plan to bring down the cost of electricity.
Proposed changes to the energy, operability and capacity
functions of the market each have the potential to
significantly change how waterpower is valued.
As outlined in the 2017 Long Term Energy Plan (LTEP),
“Ontario is moving away from relying on long-term electricity
contracts and is enhancing its market-based approach
to reduce electricity supply costs and increase flexibility.
Electricity system operators in New England, New York and
the Pennsylvania-New Jersey-Maryland Interconnection
have successfully implemented this type of approach.”
If indeed the province plans to look to other markets for
successful approaches, it is necessary to assess those
market mechanisms within the Ontario context. For
example, as noted in the figure below taken from a recent
report on the Pennsylvania-New Jersey-Maryland (PJM)
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market, the results of their forward capacity auction clearly
demonstrate a preponderance of fossil generation.
The importance of context is recognized in the LTEP’s
statement that “In comparison to neighbouring states such
as Michigan, Minnesota, Ohio, Pennsylvania and New
York, which still rely heavily on fossil fuel-fired electricity
generation, Ontario has a much cleaner electricity system”.
Further, the LTEP confirms the government’s commitment
to having an electricity system where renewable energy
generation plays an essential role, supporting the goals of
the Climate Change Action Plan. The key question then
becomes one of how to adapt a market construct that favours
emitting resources to a policy framework which discourages
them. The answer is expected to come in large measure
from a “Non-Emitting Resources Subcommittee” (NERSC),
established by the IESO in October 2017 and scheduled to
submit recommendations on Market Renewal in 2018.
As outlined in its Terms of Reference, the NERSC is tasked
with investigating how non-emitting resources can efficiently
participate in Ontario’s future electricity market in order to meet
the province’s policy objectives for the electricity sector. These
policy objectives, as discussed in the LTEP, demonstrate

a commitment to a “made in Ontario” market solution that
also considers greenhouse gas emission targets set out
in the Climate Change Action Plan. The scope of the subcommittee is to identify how non-emitting resources could
participate in the future market, understand their potential
effects on market outcomes, as well as considering the
various incentive mechanisms available to non-emitting
resources in instances of clear policy direction. The focus of
the NERSC will be to explore the following three areas:
• Participation: future integration and barriers to
participation for non-emitting resources in the
proposed Market Renewal design scope;
• Market efficiencies: market impacts associated
with higher levels of non-emitting resources with
very low to zero marginal costs; and
• Commercial mechanisms: the potential need
for additional incentive mechanisms to value
environmental attributes and support net zero / low
carbon emission facilities.

w ww .m a v e l . c z

In short, the NERSC is tasked with squaring the circle
of developing market-based procurement mechanisms
in a carbon constrained policy context. For waterpower,
it will be important to recognize the differences between
“non-emitting” technologies. Development lead time and
asset lifespan are but two examples of differentiators with
potential market design considerations. A key lesson from
the last decade of renewable energy procurement is that
a “one size fits all” approach necessarily creates inequity
of opportunity and unintended consequences.
As outlined in the LTEP, there is an opportunity to
get more from existing waterpower assets, including
increasing their operational flexibility. And, with the
growing need for flexibility in our electricity system,
Ontario’s pumped storage potential could also play an
important role in the provision of services that ensure the
electricity system operates reliably. It will be imperative
that the key initiatives under Market Renewal enable the
participation of waterpower, including pumped storage,
by design.
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Redefining Sustainable

Power Generation
For the first time in more than 100 years, Chaudière Falls is
open to the public to enjoy.
Situated in Ottawa’s downtown core, less than 1.5 kilometres
from the Parliament of Canada, the historical significance of
Chaudière Falls’ predates Canada. In fact, it was Samuel de
Champlain who wrote about the power of the falls and its
sacredness to Indigenous Peoples in his journal on June 14,
1613. After colonization in 1800, the damming of the Ottawa
River and development of industry led to the shoreline being
populated with a vast complex of lumber mills, effectively
closing the falls off to all.
During that time, the site also became the birthplace
of electricity in Ottawa and home to Canada’s oldest
hydroelectric station still in operation – Energy Ottawa’s
heritage-designated Generating Station No. 2. Chaudière
was responsible for lighting Ottawa’s streets with electricity
and it fueled the industrial explosion of the mid-1800s
by providing waterpower to the mills. Ottawa prospered,
industrialists profited and the demand for electricity increased,
but something was lost.
When Energy Ottawa, an affiliate of Hydro Ottawa, took
steps to redevelop the site and increase its hydroelectric
generation, it recognized the opportunity to be a part of
something much bigger.
“Make no mistake about it – this entire project goes well
beyond an increase in generating capacity,” said Bryce
Conrad, President and CEO of Hydro Ottawa. “If we
were going to take on a project as culturally significant
as Chaudière Falls, it had to be done to the highest
standards and with the absolute right intentions. This
meant that we had to hear from everybody that had a
connection to the site.”
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Thanks to those consultations, it became a shared
vision for Chaudière Falls that recognizes its past and
propels hydroelectricity into an exciting, collaborative and
sustainable future.
Energy Ottawa’s vision for the Chaudière Falls expansion:
produce clean, renewable energy in an environmentally
responsible way; create a public space to be enjoyed by
all; and serve as a place of recognition and celebration of
First Nations culture and Ottawa’s industrialist past.
The list of collaborators shows that it’s been a concerted
effort executed with great care, trust and thoughtfulness on
behalf of all involved, several of whom were in attendance
at the site’s opening event in October where members of
the Pikwakanagan First Nations conducted a smudging
ceremony and water blessing.
It was here that Conrad thanked the Algonquins of Ontario
as well as representatives from the Independent Electricity
System Operator, Ministry of Energy, Ontario Waterpower
Association, Canadian Hydropower Association, the City of
Ottawa, National Capital Commission, Ottawa Riverkeeper,
and the Canadian Wildlife Federation, among others.

Pikwakanagan First Nation
at the Grand Opening Celebration

“In order for the future to happen, you have to tear down the
walls or barriers that prevent it,” says Conrad. “In the case
of Chaudière Falls, it was just as much about dismantling
an old mind set as it was the fences that have existed at
Chaudière since the days of the lumber mills. Opening up
the land for the people to enjoy is something I’m immensely
proud to see in my lifetime.”
The expansion of hydroelectric generation at the Chaudière
Falls was Energy Ottawa’s largest venture yet, solidifying its
position as Canada’s largest municipally-owned producer of
green power. Its 128 megawatts (MW) of installed generation
includes 16 run-of-the-river hydroelectric facilities, eight large
solar installations in partnership with the City of Ottawa and
majority shares in two landfill gas-to-energy plants.

When you have knowledge,
you have power.
CIMA+ delivers the full range of engineering services
for small and medium size hydropower and dams.
Our team of 100 engineers and technologists has
participated in over 350 hydropower development and
retrofit projects, most of which have capacities
ranging from 400 kW to 40 MW. Our expertise also
covers renewable energy in wind and solar power, as
well as transmission and distribution networks.

Energy Ottawa owns all six hydroelectric generating stations
at Chaudière Falls in both Ontario and Quebec, as well as
the Ring Dam. The company has increased its renewable
generation capacity by 500 per cent since 2012, both by
acquisition and redevelopment.
The company’s newest 29-megawatt state-of-the-art
hydroelectric facility is built entirely below ground and has
been feeding clean, renewable energy into the provincial grid
since its energization in July 2017. It exemplifies responsible
hydroelectric generation in the 21st Century with minimal-tozero impact on the visual, natural and aquatic environments.
The expansion presented a unique opportunity for Energy
Ottawa that would see it contributing to a more sustainable,
healthy river. As part of its environmental commitment, the
new facility includes screens to divert endangered American
Eel and other species into
bypass channels and past
the facility’s four EcoBulb
turbines. It is expected that
eel survival rates will increase
from 79.8 per cent to 99.3
per cent as a result.

Turbine installation

In addition to new viewing
platforms, a pedestrian
bridge across the intake
canal and a revitalized park
space that pays homage
to its Indigenous roots and
colonial past, the company
took a restorative approach
in refurbishing two of the

site’s oldest buildings that survived the Great Fire of 1900
and in its relationship with local Indigenous communities
by proposing that the site be used for ceremonies and
celebrations.
Everything was running smoothly until the spring of 2017.
Two months before hydroelectric production was scheduled
to begin at its new 29-megawatt facility, Ottawa experienced
one of its worst floods this century. It was May 2017 when
the annual spring melt intensified due to uncharacteristically
heavy rain causing water levels to rise to record levels in the
Ottawa River. An emergency team was convened to monitor
the situation 24/7 and oversee response efforts.
For Energy Ottawa, construction was temporarily delayed
while staff busily went to work building berms and pumping
water to protect the new facility as well as its historic
hydroelectric assets. It was the first time in the company’s
history that all of the generating facilities at Chaudière Falls
were shut down due to flooding and safety concerns, and
all the gates in the ring dam were opened to allow water to
flow downriver.
continued on next page

|
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Redefining Sustainable Power Generation continued
The irony of the project being underwater is not lost
on him, Conrad says that the experience helped the
company solidify emergency response plans for all of its
hydroelectric operations.
In spite of the unexpected flood and resulting clean-up,
the rest of construction went off smoothly and has been
a great success.
Chaudière has already hosted a staggering 45,000 visitors
during the month of October alone, thanks to the company’s
participation in Ottawa’s sesquicentennial celebrations.
The month-long sound and light show, known as Mìwàte,
honoured Indigenous Peoples and their relationship to the
land and the falls.
Given the site’s rich history and its proximity to the
downtown core, a long-term partnership with the National
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Capital Commission and Ottawa Tourism is in the works
to explore the possibility of making Chaudière Ottawa’s
newest tourist destination. Energy Ottawa is already at work
on an augmented reality app that visitors can use to overlay
historical information, photos and videos; some will show
footage of the new facility and how it works.
“We took this project on with the intention of honouring the
falls’ legacy, the First Nations’ people, and making a positive
difference for our environment and in our communities,” says
Conrad. “Opening up this beautiful site allows us to give back
on a scale we haven’t been able to before.”
Energy Ottawa knows that true sustainability requires
collaboration. By inviting a diverse group of voices to the
table, the company has adopted the proverb ‘it takes a
community’ when it comes to planning and adopting longterm sustainability.

Hydraulic Trash Rack Cleaning efficient fully-automated machines
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Power of Water Canada Conference Continues
to be the Premier Networking Event for the
Waterpower Industry
This year marked the 17th
annual Power of Water
Canada Conference (POWC).
With almost four hundred
(400) delegates and sixtyfive (65) exhibitors from
across Canada and beyond,
POWC continues to be the
primary networking and
educational event for the
waterpower industry. This year’s conference featured
several informative sessions highlighting some of the
major advancements and opportunities for the waterpower
sector.
Topics addressed included the electrification of economy
and the implications that electric vehicles may have on
energy demand and supply in the future, building in
urban landscapes and cultural heritage considerations,
communicating the waterpower brand, waterpower
development on Federal Lands and much more. A key
focus of this event continues to be new technological
advancements for the industry. Delegates heard from
experts in their field who discussed topics ranging from
low head and very low head hydro technologies, to plant
upgrades and efficiency options.
As with previous years, the Association held its annual
Gala dinner and awards ceremony to recognize the

Coral Rapids Power received
the Stewardship Award
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accomplishments of the leaders in the sector whose efforts
and vision have helped pave the way for future growth
of the industry. This year Coral Rapids Power (CRP), a
wholly-owned company of the Taykwa Tagamou Nation
(TTN), was recognized for the 28 MW Peter Sutherland
Senior (PSS) GS on New Post Creek. This project,
developed in partnership with Ontario Power Generation,
carefully incorporated several key environmental
considerations into the project design to preserve the
natural environment. In developing PSS GS, CRP has
also created a platform for future sustainable waterpower
development opportunities for TTN and other First Nation
communities in the Moose River Basin.
The evening also included
the presentation of the
annual R.R. Dodokin award.
This award recognizes the
outstanding contribution of an
individual to the advancement
of waterpower in Ontario. The
2017 Dodokin award was
presented to Kearon Bennett.
For virtually his entire
career, Kearon has been
involved in the development,
engineering, operation and
Kearon Bennett received
promotion of “small-hydro”
the 2017 R.R. Dodokin Award
and distributed generation,
primarily in Ontario, but also
nationally and internationally. He was directly involved in the
development planning and engineering of many small-hydro
stations through the “NUG” era and beyond, and for many
years was (along with partners) the builder-owner-operator
of 2 plants; one in Ontario and the other in Quebec.
The 2018 Power of Water Conference will be held from
October 29-31, 2018 again at the White Oaks Conference
resort in Niagara-on-the-Lake. Registration will be open
soon – save the date!

Service and rehabilitation
over the entire life cycle
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Elora Hydropower Project:
Redevelopment of a
century old power plant
Loïc Pétillon, Ossberger Hydro
History
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The Elora hydro generating station is located on the
Grand River in lovely downtown Elora, Ontario and was
developed and built by Shaman Power Corporation. The
village of Elora has a long history in power generation since
this area was the historic industrial hub of the community.
The factories on the south side of the river developed a
hydro generation facility in 1911 that fed their need for
power. The Elora grist mill built in 1860s functioned as a
sawmill, a distillery and a flour mill over the years. In the
1980s it was converted to a luxury hotel and high-end
dining establishment. This venture also saw the benefit
of generating their own hydro power and installed a small
144kW turbine at the Mill to supply their own needs. The Mill
ultimately encountered financial difficulty and closed down
in 2010. Pearle Hospitality bought the Mill shortly afterward
and is currently restoring the facility to its former glory as a
premier hotel, banqueting and restaurant experience.

The Elora hydro project had several site-specific design
constraints that were important to take into consideration.
Elora is a popular tourist destination fueling a large sector of
the local economy therefore the project had to be designed
with low visual impact, reduced operation noise and with a
view to maintaining aesthetic flows over the Drimmie dam.

Watershed management and site conditions

Appropriate technology

The Elora GS is located on the south bank of the river
generally occupying the footprint of the old plant. The
original canal was repurposed and the powerhouse was
built in the same location as the previous building. The
Grand River Conservation Authority (GRCA) manages the
entire Grand River watershed including the operation of the
Shand dam upstream which is used to regulate water flows

A crossflow type turbine was selected for this project for
different reasons. The main reason was its capability to
operate under a wide range of flows. Even though the
Grand River is somewhat regulated, the available hydrology
fluctuates. The crossflow turbine is able to operate efficiently
and safely from 5% to 100% of its total capacity (11 m3/s –
950 kW) and it was therefore possible to select a bigger

and mitigate storm events. The main weir of this project (the
Drimmie dam) was rebuilt by the GRCA in 2014. It is a fixed
crest weir with one sluice gate providing some additional
discharge capability. Close coordination with the GRCA
was a very important aspect for success during the design
and construction periods of the dam rebuild since the intake
of the hydro project is located immediately adjacent to the
Drimmie dam. The hydro project is operated as a run-ofthe-river power station and is therefore operating only with
available incoming flows.

turbine while still being able to operate during the lower
flows. The net result is a higher annual energy production.
Utilizing a crossflow turbine enabled Shaman to save on
rock excavation cost because it is installed well above the
tail water level, and therefore the tail race discharge can
have less depth compared to a conventional reaction type
turbine. Although the crossflow is in the impulse turbine
category it is also designed for low head projects such as
Elora with a draft tube and therefore operating under the full
available head down to the tail race water level.
The Elora hydro station will operate mostly unattended
and this requirement for minimal technical assistance was
reflected in its design, including the selection of an efficient,
but low maintenance type turbine. The counter weight failsafe turbine vanes closing system, the absence of thrust
bearings, the low runner velocity, the low number of moving
components and a simple hydraulic operating system are all
characteristics of the crossflow turbine, which all combined
significantly reduce the amount of maintenance work.

Project Construction and commissioning
The owner’s high level of expertise enabled them to open
the construction bid up to regional non-specialized hydro
contractors. This expertise paid off during the development
of the project as they were able to provide ideas of how to
re-design parts of the project to make it more cost effective.
The same collaboration with the contractor took place during
the construction phase which started in October 2015. Only
a few issues occurred during construction such as some
differences with the expected bedrock geology calling for
some re-design work. One of the important challenges of
this project during its construction was to deal with limited
access specifically for the power house building located
directly in the gorge of the river that had a very steep slope.
The final testing and commissioning took place in March,
2017. The coordination and collaboration with the GRCA
during the commissioning phase was very helpful. We
were also fortunate to count on a good mix of local and
outside crews, taking advantage of the high skill level of
each team. We would like to thank all the parties involved
in this project including:
• Grand River Conservation Authority
• Local municipality
• Centre Wellington Hydro
• Little’s Welding and Machine Shop (LWMS) –
Steal work and mechanical installation
• Hydro ECI - “Water to wire” electrical design
and commissioning
• Rockwood and Bellamy Electric –
project electrical contractor
• IBI Group – Engineering
• R&D Construction – Elora G.S. civil works
contractor
• Ossberger Hydro –Turbine, trash rack cleaner
and related equipment
• Hydro One – Ontario Transmission
and Distribution Utility

Construction

• Rodan Energy Services – metering service
provider and grounding grid design

|
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Hydraulic Design Approaches for Turbine
Upgrading Projects
Philippe Séguin and Bernd Nennemann, Andritz Hydro Canada Inc.
Andritz Hydro is a leading supplier in the field of rehabilitation
and upgrading of hydroelectric turbines and has more than
175 years of accumulated experience in turbine design. This
article discusses the hydraulic performance improvement
aspects of turbine upgrading work where typically old
existing runners are replaced with new ones with higher
efficiency, higher output, increased operating range and
improved cavitation behavior.
Project scope can vary from replacing a single runner as in
Figure 1 to multiple replacement runners with modifications
to stationary water passage components such as new guide
vanes and modifying the profile of stay vanes as shown in
Figure 2. Upgrading old runners with new state-of-the-art
hydraulic designs usually yields increased revenues due to
higher and flatter performance curves, higher full load output
limitations, wider flow and head operating ranges with less
cavitation damage and smoother operating characteristics.

Existing

Modified

Figure 2 – View of existing versus modified stay vanes

Today, CFD is an integral part of the design process of
hydraulic turbines. It provides invaluable guidance and
input both to the hydraulic design and the mechanical
analysis of the various turbine components. As a basic
method for analyzing single blade passages to provide
pressure distributions and velocity profiles, CFD has been
in use since the 1980’s. Since then the continued increase
in computational power and improvement of numerical
methods has allowed us, as turbine manufacturers, to go
much further with CFD. Bit by bit CFD supplements various
aspects of the development process and, in some cases,
can even replace experimental procedures.

Figure 1 – View of new versus original runner

In today’s turbine rehabilitation market, suppliers need
to adapt their hydraulic design process depending on
considerations such as the complexity of the hydraulic
design, project economics and schedule. Units built prior to
the 1980’s were designed with the knowledge and design
rules available at that time, which did not include todays
advanced CFD tools. Older units which have not been
upgraded recently therefore have a great potential for
improved performance and increased revenues.

Figure 3 – View of coupled components for CFD analysis

Figure 3 – View of coupled components for CFD analysis
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In terms of CFD for hydraulic design, it is now possible
and commonplace to couple any number and combination
of turbine components. This can go from a simple guide
vane-runner combination to the full turbine from the spiral
or semi-spiral case inlet to the draft tube outlet, and can
even include intake passages upstream of the casing. In
the case of full machine computations as shown in Figure
3, we obtain a high level of accuracy and reliability with
our results because the effect of all the components onto
each other is considered. Accurate predictions of power
output and relative efficiency gains in a project context
are the result. One aspect, where the design process still
relies on model measurements, is the absolute efficiency.
This can be measured in hydraulic labs with an accuracy
of about 0.2%. CFD achieves an accuracy that is about
twice that, 0.4%, near the best efficiency point only,
and is worse at part and full load. Whether this level of
accuracy is sufficient depends on the specific project. It
should be reiterated however, that CFD is very accurate
in terms of relative efficiency, i.e. when two geometries
are compared for the same operating condition; the
correct tendency between the two is generally obtained.
In addition to power and efficiency, cavitation behavior is
an essential aspect of modern hydraulic turbines. While
simple single-phase computations have long provided the
pressure distributions to assess cavitation risk, modern
two-phase flow approaches can also predict sigma break
curves accurately and in that way provide an important
quantitative measure for a turbine’s cavitation behavior
with different tailwater levels.
As already indicated above, in addition to the hydraulic
design, CFD has greatly served the mechanical design
and analysis of hydraulic turbines. For a long time static
hydraulic loads from CFD have been used to correctly size
turbine components. More recently, accurate dynamic
loads from unsteady CFD have allowed for machines
that can reliably be operated over a large operating
range if designed accordingly. Around the year 2005
CFD became reliable at predicting rotor-stator interaction
(RSI), one of the main causes of fatigue failure of mid
to high head Francis turbines in the standard operating
range around the best efficiency point. Since then RSI
computations are part of the standard procedure for
assessing a turbine runner. A few years later, it became

possible to predict von Karman vortex shedding and
the draft tube rope with sufficient accuracy to correctly
dimension turbine components. Combining unsteady
CFD with two-phase flow now allows us to tackle selfexcited phenomena such as the full load surge. When
looking at operating a machine from speed-no-load to
100% power it is important to master no-load and very
low part load operation. At these conditions the flow is
very unsteady and random, and consequently difficult to
predict with CFD. Since about 2014 good progress has
been made in the prediction of this operating zone, and
at Andritz Hydro we now have an approach available that
permits assessment of its effect on the fatigue life of a
turbine. As a result, turbines can be designed to withstand
such loads for specified lengths of time.
Typically there are three main approaches for the
hydraulic design and development of a new replacement
runner and modified water passage components, when
they are required; all hydraulic design work by CFD only,
all hydraulic design work by CFD and refine the runner
with the aid of semi-homologous model tests and finally
all hydraulic design work by CFD and all refinements
are done on a fully homologous model. Of course, the
most accurate approach to predict absolute performance
remains with fully homologous model testing. In the
case of semi homologous model tests, only some water
passage components are homologous to the prototype,
usually only the runner and draft tube.
Projects that are to be designed
by CFD only must be carefully
chosen by manufacturers. At
Andritz Hydro a CFD analysis
of the existing water passages
and preliminary design of the
new replacement runner and
possibly modified water passage
components, is usually performed
at the bid stage. Based on this
Figure 4 – View of physical model
advance work the Hydraulic
during laboratory testing
Engineers will assess whether
the final contractual hydraulic design work can be completed
by CFD only or if semi or fully homologous model testing
would also be required.
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Hydraulic Design Approaches continued
Table 1 includes a summary of the capabilities and
limitations of each approach. It can be seen that the
CFD only approach continues to advance and can now
generate sigma break curves for the entire operation
range of a new replacement runner in addition to providing
pressure distributions to predict cavitation behavior as it
was done in the past.

HOW TO AVOID CONDUCTIVE DUST CONTAMINATION?
USE MERSEN’S CARBON DUST COLLECTION SYSTEMS
Mersen DustCollector, a smart concept:
Brush-holders equipped with patented special design
collection shoes
Completely integrated and customized (Plug & Play concept)
Designed for new, retrofit and refurbished hydro generators
(up to 900 MW)
Long life time of components (> 3 years)

Monitoring (optional)

info.ptt@mersen.com

WWW.MERSEN.COM

Table 1

A further advancement that we can offer at Andritz Hydro
is the ability to predict the runaway speed of a new
runner design by CFD only. Absolute efficiency however
remains a performance parameter which cannot be
predicted by the CFD only approach, it rather remains
a relative parameter. For example, the efficiency of a
new replacement runner design can be compared to the
original design with a reasonable accuracy by the CFD
only approach.
Semi homologous model testing is a viable approach for
relatively low value projects where it is critical to ensure
that the new replacement runner is optimized to the
existing draft tube. This is typically the case for low head
projects where the existing draft tube is of poor hydraulic
design. For this approach, the efficiency prediction
is more accurate than for the CFD only approach,
but cannot be considered to demonstrate absolute
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efficiency since the turbine casing is not homologous
to the prototype.
Finally, it can be seen from Table 1 that fully homologous
model testing has no restrictions and is the preferred
approach for witnessing guaranteed model performance
as well as predicting prototype performance for large
multi-unit projects where performance is highly evaluated.
Choosing the right hydraulic design approach is critical
to the success of any project since this choice will impact
cost, schedule and technical risk. At Andritz Hydro, most
runner replacement projects are first designed with CFD
tools and optimized with the use of either semi or fully
homologous model tests, which are performed in our
hydraulic laboratory located in Montreal, Québec. The
number of projects however that we are executing with
the CFD only approach is growing and will likely continue
to grow due to the increased reliability and capabilities of
these tools.
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Ontario Waterpower Association
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The 18th annual Power of Water Canada Conference will take place from
October 29-31, 2018 in Niagara-on-the-Lake. Don’t miss out! Register early by contacting
Janelle Bates, Conference and Events Manager, jbates@owa.ca or 1-866-743-1500 ext. 23.
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Best Management
Practices for Waterpower
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OWA guides have been developed to provide practical
and current Best Management Practices (BMPs) that
will assist proponents in determining how best to
construct, rehabilitate or repair waterpower facilities
in an environmentally sustainable manner.

Mitigation of Impacts
of Waterpower Facility Construction
$59.95 CAN
Includes 38 BMPs outlining legislation,
environmental management, construction,
contingency plans and MUCH MORE!
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• Channel Darter
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To order OWA BMP guides, please call 1-866-743-1500. To be informed of new BMPs released, please email info@owa.ca
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Peter Sutherland Sr.
Generating Station:
Powering Northeast Ontario
At a Glance:
• Clean power partnership with the Taykwa Tagamou Nation
• Located about 80 kilometres north of the town of Smooth Rock Falls
• Created immediate and lasting economic opportunities in northeast Ontario
• Employed 220 workers at peak
• The two-unit, 28 MW station provides power for up to 25,000 homes and businesses at peak
On the Abitibi River in northeastern Ontario, almost two
years of construction and eight years of planning have
culminated in a new hydroelectric station capable of
powering 25,000 homes and businesses with clean,
renewable, and affordable power.
The 28-megawatt (MW) Peter Sutherland Sr. Generating
Station (GS), located about 80 kilometres north of the
town of Smooth Rock Falls on the New Post Creek, went
into service on April 2017, well ahead of its scheduled
2018 target. In addition, the $300-million project stayed
on budget.
That’s a testament to the solid planning and execution
between OPG and its partner in the development, Coral
Rapids Power, a wholly owned company of the Taykwa
Tagamou Nation (TTN). The development, which is named
after a respected elder in the TTN, has already had a positive
impact on the First Nation community.
“We had about 50 TTN members working on the project at
one point, which was significant for our First Nation partner,”
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said Paul Burroughs, Project Director at OPG. “They were
part of the project team working to help make this a success.”
As part of the project agreement, Coral Rapids Power has a
one-third ownership in the facility, meaning they will receive
a share of profits from the station and be a partner for life
over the 90 or so years the plant is expected to operate.
As the TTN’s first foray into hydro development, the project
took several decades to get off the ground before the First
Nation agreed to partner with OPG in 2007 as part of a past
grievances settlement. Construction of the station began
in 2015.
The project provides the TTN community with a long-term
investment opportunity and a sustainable economic base for
the community. Further, it provides spinoff benefits for the
entire northeast region.
“The relationship we’ve built with OPG is based on a
foundation of respect, trust, and all working toward a
common goal,” said Wayne Ross, President of Coral Rapids
Power. “There have been many benefits from this project

Peter Sutherland Sr. GS is the latest asset in OPG’s clean
energy portfolio, which includes other successful joint
ventures with other First Nations. In early 2015, OPG and
the Moose Cree First Nation celebrated the completion
of the Lower Mattagami Hydroelectric Project, northern
Ontario’s largest hydroelectric project in 50 years.
OPG’s northeastern hydroelectric stations provide a clean,
renewable, and reliable source of power to Ontarians yearround. Their combined capacity is over 1,000 MW. The
plant group’s annual production is in the range of four billion
kilowatt-hours.
The story behind the headlines....women of waterpower
for our community, including good-paying jobs, transferable
skills and a long-term revenue stream.”
In addition, approximately $53.5 million in subcontracts
were awarded to TTN joint-venture businesses during the
construction phase of the station.
“The partnership is about creating a lifelong relationship with
the First Nation,” said Burroughs.
The project has created skilled jobs and unique learning
opportunities benefitting TTN members who will pursue work
in a range of different career fields. Labour needs included
engineers, equipment operators, labourers, drillers, cement
workers, ironworkers, electricians, welders, carpenters, and
camp support services.
At the peak of construction, there were about 220 workers
employed on the project, many of whom reside in the local
community.
“Our partnership is about more than just megawatts,” said Mike
Martelli, Senior Vice President of Renewable Generation at
OPG, Hydro Thermal Operations. “It’s also about creating
skilled jobs and ongoing revenue that will benefit this
community for years to come.”

As is the case with almost every waterpower development,
there’s often a story behind the headline celebrating
reaching the milestone of commercial operation. There are
inevitably unsung heroes whose efforts and resolve were
instrumental to eventual success. This was certainly true
with the Peter Sutherland Sr. Development which began in
earnest in 2007 and, in this case, the “women of waterpower”
were a driving force. From OPG, Kath Hammond, Josie
Erzetic and Heather Ferguson all served as Project
Managers and subsequently Project Directors. Gillian
Macleod played a lead role throughout the development,
providing strategic environmental support. From Coral
Rapids Power, Sue Hartwig acted as First Nation Project
Manager and Freda Ouellette was the Employment and
Training Coordinator. Of critical importance too was then
Chief Linda Job who led the Taykwa Tagamou Nation and
provided overall leadership and support to the project as it
advanced through the development phase. So, the Peter
Sutherland Sr. Generating Station is not only an example of
a successful partnership, it is an illustration of the growing
diversity that is shaping the industry.

In addition to the direct employment opportunities, existing
local businesses and the regional economy benefitted from
contracting work, as well as local project purchasing and
expenditures. The estimated sales multiplier associated
with the project is $1.50 – that is for every dollar expended
an additional $0.50 will be spent in northern Ontario.
The new station is operated by OPG’s northeastern
operations control room in Timmins and is maintained
by the Abitibi Canyon work centre.
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Increasing Machine Availability while Reducing
Maintenance Costs using Digital Condition Monitoring
and Physical Inspections
David Auger-Habel and David Tessier, GE Renewable Energy, Canada
Introduction

Physical Assessment Guidelines

Asset performance management (APM) can detect
flaws before they create a functional failure, providing
time to prioritize, plan and execute the work in the most
efficient way. It provides information for Condition-Based
Maintenance (CBM) and allows to allocate resources to
maintain machines safely and economically. It also feeds
the Condition-Based Operation (CBO) program to increase
the unit’s flexibility and overall energy production.

The assessment of the turbine, generator, auxiliary equipment
and power transformers can generally be performed in
parallel within a one-week outage.

This article discusses how GE implements APM to unlock
CBM and CBO potential.
Failure Modes
To implement an APM program, the component’s probable
failure modes must be understood.
Ageing of a component is proportional to the stress exposure.
These stresses are inherent to machine operation. Their
effect can be measured accurately to monitor unit condition.
The stresses can either be continuous or transient in time.
Continuous factors affect the unit proportionally to the
number of operating hours. Transient stresses affect the
component proportionally to the number of occurrences.
The APM produces a cumulative damage chart by monitoring
stresses and exposure.

An assessment can detect imminent failure. When combined,
multiple standardized assessments can identify trends,
monitor wear and ultimately calculate remaining life.
Standardized assessments even allow to compare units
between themselves and build a significant knowledge base
to help decision making.
The advantage of the physical inspections includes a small
investment as no permanent instrumentation is needed. It
also gives a direct feel for the unit condition. The direct contact
and measurement of the components give information that
is otherwise hard to obtain. A complete physical assessment
is typically recommended every 3 to 5 years for base-load
units. This is sufficient to implement a CBM program on a
stable operating machine. Units operating outside of their
design range, having irregular operation scheme or requiring
important flexibility require more frequent inspections and
are best served with real-time monitoring.
Digital Assessment / Online Monitoring
Important unit parameters can be monitored in real-time.
Digital assessment measures different parameters than
physical condition assessment through different means
providing complementary information. The sensors gather
data. This is nothing new. The real breakthrough happens
when the information is used to interpret the physical
phenomena and feed the CBM-CBO program.
Correlating Data
To get actionable values from this data, a deep analysis must
be performed. Data must be filtered, treated, correlated and
put into perspective with similar units. In the past, a very low
fraction of the data available at the powerplant was used to
optimize operation and maintenance.

P21

ociation
”h

Using remote monitoring allows to perform machine to machine
statistics, historical trends and remote trouble shooting. From
there the data is available for advanced analytics. The analysis
possibilities are endless. The software system builds a digital
twin of the unit and compare the expected behavior with the
measured behavior. It informs of the discrepancy well before
an alarm level is reached. The APM provides more time for
part supply, maintenance and investment planning.
Information gathered by the APM can optimize operation. The
cumulative damage chart provides a clear understanding
on the wear afflicted to the unit; for any operation condition,
in real time. The operation team can take informed decisions

when head, flow or production requirements change.
CBO has the capacity to extend operating range, increase
flexibility, peak capacity and overall energy production.
An economical study can correlate the wear cost and the
production revenue to maximize profits.
Conclusion
CBO and CBM are great tools to increase production
revenue while decreasing maintenance cost. The key to
establish condition based operation and maintenance is to
accurately monitor unit condition. Different inspection methods
are complementary and each provides their benefits. GE
can identify the best solution for any unit.

1 GENERATOR CONDITION ASSESSMENT - AN EFFICIENT TOOL TO PREVENT UNSCHEDULED OUTAGES & MINIMIZE THEIR DURATION.

Nicolas Dehlinger, Ph.D., Electrical Design Engineer, Alstom, USA; Edson Alves, Specialist Engineer, Alstom, USA; Carl Messier, MSc., Chief Engineer Electrical Engineering, Alstom, Canada
2 Hydropower Asset Management. Using Condition Assessments and Risk-Based Economic Analyses. September 2006, “hydroAMP (Hydropower Asset Management Partnership) Guidebook.”
3 Evaluation of condition ad performance. TR-112350-Volume 2 Chapter 4, EPRI

4 The American Petroleum Institute and the American Society of Mechanical Engineers, “Fitness-For-Service,” Fitness-for-Service API 579-1/ASME FFS-1, p. 1129, June 2016.
5 http://www.maintworld.com/Applications/Maximizing-the-P-F-Interval-Through-Condition-Based-Maintenance, Dale R. Blann, Marshall Institute Inc.
6 Diagnostic Monitoring for Hydro Turbine Generators, GE Measurement & Control Available at: https://www.gemeasurement.com/sites/gemc.dev/files/gea15031d_hydrox_rulepak_diagnostic_monitoring_r2.pdf.
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A Look Ahead – Telling
the Waterpower “Story”
As Ontario pushes forward on the electrification of the
broader economy, with an emphasis on the transportation
sector (8TWh demand increase), a quote attributed
to Elon Musk is timely: “Brand is just a perception, and
perception will match reality over time. Sometimes it will be
ahead, other times it will be behind. But brand is simply a
collective impression some have about a product.” While
the waterpower industry is adept at speaking to the value
of its product in technical terms (efficiency ratings, asset
lifespan, operational flexibility), it has been less successful
in understanding the “collective impression” people have
about the product. It is precisely this recognition that has led
the OWA to design and implement a focused effort in 2018
to address the problem that “There is a lack of an industry
wide strategy to share the waterpower story”.
In addressing this challenge, the first and most important
step is to determine what the collective impression is. The
Canadian Hydropower Association (CHA) has been a leader
in this regard over a number of years and, as evidenced in
an excerpt from their most recent national poll, hydropower
(waterpower) continues to enjoy strong public support.

BUILDING A SUSTAINABLE
FUTURE BEGINS WITH
RESTORING OUR PAST.

Our modern world has ever increasing energy demands. For
more than a century, BASF has served the needs of owners,
developers, designer and contractors involved with power and
industrial projects. We are experts at solving the complexities
of power projects with proven products that meet specific
challenges. Partner with us to work towards a better and more
sustainable world. Now, that’s Chemistry at Work!
Master-Builders-Solutions.basf.ca
© 2017 BASF Corporation

to the industry. Consider, for example, that the Greater
Toronto Area holds half of the seats in the legislature but,
with the exception of the Niagara region, few waterpower
facilities. How then to reach the hearts and minds of the
breadth of the Ontario public?

But what does this translate into at a provincial and, more
importantly, a sub-provincial level? Anecdotally, as largely
informed by the OWA’s public outreach efforts over the
last five (5) years through “Doors Open” events, the public
generally supports waterpower in areas where waterpower
has a long history and a community connection. This is not
surprising given that dozens of towns and villages and entire
industries across the province were located based on access
to water for mechanical and/or electrical generation. But the
reality is that most Ontarians live in places far removed from
waterpower facilities and, hence, have no direct connection

For a start, the industry must drill down a level to determine
the opinion of waterpower as a product. Is there a northern/
southern difference? An urban/rural split? What are
perceptions based on? The ubiquitous nature of the term
“hydro”? Using the baseline of analysis, the industry must take
its very technical value proposition and ensure it resonates
with those forming the “collective opinion.” This is an exercise
of determining what matters to whom (low cost? clean air?)
and clearly and concisely explaining the role waterpower
plays in addressing that value – i.e. telling the story. Finally
is the process of closing the loop. Did the needle move? Has
the waterpower brand been strengthened as a result of the
effort? What needs to improve?
A brand to a product is like a reputation to a person. It has to
be earned, maintained and continually reinforced. It’s time to
ensure that the great story of waterpower in Ontario is told again.
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2018 Industry Events Listing
Canadian Biogas Association –
Value of Biogas West
January 16-17, 2018
Abbotsford, BC

Canadian Wind Energy Association
(CanWEA)
October 23-25, 2018
Calgary, AB

Canadian Biogas Association –
Value of Biogas East
March 22 -23, 2018
Gatineau, QC

Power of Water Canada
October 29-31, 2018
Niagara-on-the-Lake, ON

National Hydropower Association
April 30 - May 2, 2018
Washington, DC

Association of Power Producers
of Ontario (APPrO)
November 12-13, 2018
Toronto, ON

HydroVision International
June 26-28, 2018
Charlotte, NC

Canadian Hydropower Association
November 21-22, 2018
Ottawa, ON

Canadian Dam Association
October 13-18, 2018
Quebec City, QC
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