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EXECUTIVE SUMMARY

1 INTRODUCTION AND PURPOSE

On April 26, 2020, an ice jam formed during the breakup of the Athabasca River leading to widespread flooding in
various geographic areas of Fort McMurray: Lower Townsite and Longboat Landing, Waterways and Ptarmigan Trailer
Court, Draper, Taiga Nova. The Water Treatment Plant was also impacted, with untreated water contaminating the
drinking water system, leading to a Boil Water Order implemented for the entire Fort McMurray water service area.

This report is prepared by Associated Engineering for the Regional Municipality of Wood Buffalo, to provide an
independent assessment of how Municipal infrastructure performed during the 2020 Ice Jam Flood event. Key
findings and recommendations are provided for the Municipality to consider as part of the long-term flood protection
strategy.

2 BACKGROUND AND INFRASTRUCTURE STATUS

Previous studies have established the 1:100-year return period flood event for the Lower Townsite as the 250.0 m
elevation, and the 1:40-year return period as the 248.5 m elevation. The Trillium (2000) report identified a strategy for
establishing flood protection on an incremental basis, by constructing initially to the 1:40-year flood level, and
ultimately to the 1:100-year flood level. Trillium (2000) also recommended all storm outfalls be equipped with
automatic gates (i.e. flap gates), as well as a secondary line of defence in the form of manually-operated gates and
pumping to manage landside drainage when the flap gates are closed.

In general alignment with the Trillium (2000) report, the RMWB constructed the eastern half of Clearwater Drive to a
nominal elevation of 248.5m circa 2010 as the first phase of establishing a perimeter flood barrier around the Lower
Townsite. Following the Hangingstone River flooding event in 2013, the RMWB renewed their attention on flood
standards; the western half of Clearwater Drive was constructed to a nominal elevation of 250.5m, and was
substantially completed in 2019. As such, at the time of the 2020 flood, the flood mitigation infrastructure consisted
of some reaches built to the 1:40 year standard and some built to the 1:100 year standard, with various low points
along the alignment including a significant gap at Riedel Street.

Longboat Landing was developed in general conformance to the flood abatement clauses of Section 60 of the 1999
version of the Land Use Bylaw. In 2013, the Hangingstone River flood destroyed the outfall system for Longboat
Landing, including the storm pond and flap gate. At the time of the 2020 flood, there was no backflow preventer in
place on the storm system.

There was no completed flood infrastructure in place for Waterways, Ptarmigan Trailer Court or Draper.
Taiga Nova Eco Industrial Park was constructed with a perimeter dyke to the 1:40 year flood level. At the southeast

corner of the development, the dyke is connected to the perimeter berms around the lagoons at the Wastewater
Treatment Plant.
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The Water Treatment Plant was designed with a perimeter flood protection dyke of elevation 253.0 m. Ground
settlement over time has reduced the effective dyke elevation to be closer to 252.4 m a the time of the 2020 ice jam
flood.

The storm drainage system and reservoir overflow systems at the Water Treatment Plant discharges through an outlet
sluice gate chamber which controls drainage to the Athabasca River. The sluice gate inside of the chamber provides
the WTP operators the ability to isolate the plant piping from the river. From an operational perspective, this gate is
closed every year in advance of river breakup. As part of the underground piping system, the overflow line from each
clearwell is also fitted with a flap gate.

3 2020 ICE JAM FLOOD EVENT

As the Athabasca River broke in the morning of April 26, 2020, an ice jam formed along the river near the confluence
of the Clearwater River. According to gauges at the Athabasca River bridge, the ice jam was accompanied with an
initial rapid spike in water levels, up to approximately 250.25 m. The water levels then fluctuated for a number of
hours, before stabilizing at around 249.7 m.

On the Clearwater River, water levels rose quickly to flood levels on April 26, then gradually over the next two days
before peaking in the early morning hours of April 29 at 248.9m.

Water levels began to rapidly recede on May 1 as the ice jam broke up, and returned to normal water levels on May 2,
2020.

4 LOWER TOWNSITE

The Snye Dyke / MacDonald Drive causeway was successful at keeping the initial spike on the Athabasca River from
impacting the Lower Townsite. Localized flooding was reported at the intersection of Highway 63 and Morrison
Street, and is attributed to the fact the Alberta Transportation storm outfall does not have a flap gate.

As the maximum water level on the Clearwater River reached 248.9 m, Clearwater Drive was inundated at all locations
which were nominally constructed to only 248.5 m. Emergency clay dykes were constructed overnight on April 26
along Clearwater Drive in an attempt to mitigate the flood damage. In the vicinity of Riedel Street, the road elevation
was only 247.7 m, and by the time of construction, the water was too deep and too fast to place clay on the road. As
the emergency dyke could not be constructed at Riedel Street, this location became the primary route for overland
flooding to enter into the Lower Townsite.

In addition to overland flooding at Riedel Street, the Lower Townsite was impacted by water following underground
flow pathways. There is no evidence that the flap gates at the storm outfalls had failed. Rather, water was able to find
pathways that bypassed the flap gates and entered the storm system through catch basins, pipes and other openings
in the infrastructure between the flap gate and the dyke crest.

Identified locations for underground flow pathways include culvert inlet pipes at the Main Street outfall, catch basins
at the Hardin Street outfall, and the parking lot near Riverwalk Villas. The parkade at Riverwalk Villa was itself also a
pathway for water to enter into the Lower Townsite, via two large air vents facing the Clearwater River. These vents
allowed flood water to flow directly into the parkade, and into the storm sewer and spill onto the street.
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The ultimate flood level within the Lower Townsite matched the peak levels on the Clearwater River, at 248.9 m. Any
buildings or developments at or below this elevation were vulnerable to flood damage. Homes and other buildings
outside of the immediate inundation area were also vulnerable to flood damage, if their basement was near or below
the 248.9 m elevation, and their sanitary sewer service was not equipped with a back flow preventer.

The status of the infrastructure in place at the time, combined with the extreme water levels of the 2020 ice jam flood,
allowed the flood water to enter the Lower Townsite via both overland flow (at Riedel Street) and multiple
underground pathways. The maximum flood level reaching 248.9 within the Lower Townsite, and the associated flood
damage, cannot be attributed to the failure of any one particular infrastructure component, but rather that the system
as a whole was not prepared for a flood of this magnitude.

In Longboat Landing, the absence of the back flow preventer led to early observations of storm sewer backups in the
parking lots and other low points in the development. However, as the Clearwater River levels continued to rise, the
flood waters eventually breached Denholm Gate and Fontaine Crescent. At this level, the absence of the back flow
preventer was irrelevant, as the flood water levels within the development equalized with the Clearwater River to an
elevation of 248.9 m.

Locations where the flood infrastructure and other mitigation measures prevented flood damage include Reach 1 /
River Park Glen, Lift Station 1A and the Hospital. There was also no flood damage to any bridges, which allowed the
Municipality to re-open transportation corridors immediately after the flood event had passed.

5 WATER TREATMENT PLANT

At the Water Treatment Plant, the flood waters from the Athabasca River were able to bypass both the sluice gate at
the outfall chamber, and the two flap gates at the treated water reservoirs (i.e. clearwells). The untreated river water
mixed into the treated water and was pumped into the distribution system. Once the contamination was discovered, a
Boil Water Order was put into place for the entire Fort McMurray water system.

Following the recovery of the water system, a series of investigations was conducted to determine the failure
mechanisms. It was discovered that the mounting platform for the sluice gate was cracked, leading to the stem
bending and the gate not properly sealing. Deficiencies were also identified on the two flap gates leading to the
reservoir cells. All of the critical deficiencies identified during the inspection have since been repaired.

A follow-up study entitled “Short Term Flood Mitigation Recommendations” identified other improvements to the
operation and maintenance at the plant, including installation of additional barriers to prevent another contamination
event in the future.

6 TAIGA NOVA ECO INDUSTRIAL PARK

The Taiga Nova Eco Industrial Park was subjected to two flooding mechanisms. During the initial “spike” on the
Athabasca River, there is evidence that the floodwaters overtopped the dyke at the storm outfall, flooding the storm
pond and causing backup into the roads and properties. The river flood levels dropped below the crest of the dyke
before the water levels inside of the industrial park could equalize with the river. The elevated flood levels however
still caused water to backflow through the Wastewater Treatment Plant effluent pipeline, and spill out of three
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manholes. The water from these manholes then followed the ditches into the Taiga Nova storm pond, leading to
additional flooding within the industrial park.

7 KEY FINDINGS

A comprehensive Flood Protection System was not in place at the time of the 2020 ice jam flood.

The flood infrastructure that existed at the time of the 2020 flood consisted of a series of dykes constructed to
different design criteria, as opposed to a single comprehensive system. With a maximum flood water elevation of
248.9, the 2020 ice jam flood event was higher than what the flood infrastructure was designed to mitigate.

There was no evidence of flap gates failing in the Lower Townsite. However, in conjunction with the lack of a
comprehensive system, there was no process in place to identify potential underground pathways for water to bypass
the flap gates and backflow under the dykes, and to remedy such issues.

The flood mitigation program completed to date was constructed on an incremental basis over a lengthy time period,
in general conformance with the Trillium (2000) report. With respect to Clearwater Drive as a dyke around the Lower
Townsite, some infrastructure was constructed to the 1:40-year flood level, and some was constructed to the 1:100-
year flood level, with a significant gap between the two at Riedel Street. A dyke system is only as effective as the
elevation of the lowest point; the Lower Townsite was therefore vulnerable to any flood greater than 1:40-year flood
levels. The implementation of the incremental approach to flood mitigation was still underway at the time of the 2020
flood.

8 KEY RECOMMENDATIONS

The Key Findings noted above leads to Associated Engineering recommending the following as a strategy to mitigate
future flood damage.

1. Adopt a consistent flood protection standard in accordance with Provincial guidelines and best practices.
2. Once a flood standard has been adopted, implement a Comprehensive Flood Protection System to that
standard.
a. Accelerate the flood mitigation program for the design and construction of permanent dykes and

flood barriers, with consideration for top-lifting or raising to a consistent standard as required.

b. As part of the Comprehensive Flood Protection System, identify and resolve all underground flood
water pathways and other gaps in the dyke system

C. Apply a multi-barrier approach, including redundancy for critical community infrastructure (i.e. Water
Treatment Plant, Wastewater Treatment Plant, Hospital), and means of isolation to limit damage in
the event of a breach or single point of failure.

d. Implement pumping measures to manage drainage inside of the dykes, including rain events while the
flap gates are closed, or to address leakage water that may still pass through the dykes. As part of the
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pumping system, consider alternatives to having hoses running across the road, as these impede
emergency access and other vehicle movements.

3. Apply an Asset Management approach for the Flood Protection Infrastructure, including an inspection and
maintenance program to preserve the integrity of the system:

a. Establish key roles, responsibilities and tasks for pre-river break-up activities, during river break, and
post river break.

b. Actively review and monitor existing and proposed infrastructure, developments and other activities
that may compromise the Flood Protection System

C. Apply a multi-faceted approach to protect the integrity of the Flood Protection System. The approach
needs to consider public infrastructure, private developments, grading and landscaping activities,
third-party utilities, regulatory constraints, natural processes (including erosion), vegetation, and
nuisances such as burrowing animals.
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1 INTRODUCTION AND PURPOSE

On April 26, 2020, an ice jam formed during the breakup of the Athabasca River leading to widespread flooding in
various geographic areas of Fort McMurray. This included significant portions of Downtown (also known as the Lower
Townsite) including Longboat Landing, the community of Waterways including the Ptarmigan Trailer Court, and the
community of Draper. The Taiga Nova Eco-Industrial park was impacted, as well as other business industrial lots on
the east side of Highway 63 between the Thickwood interchange and the Wastewater Treatment Plant. The Water
Treatment Plant was also impacted, with untreated water contaminating the treated water reservoir, leading to a Boil
Water Order implemented for the entire Fort McMurray water service area.

This report is prepared by Associated Engineering for the Regional Municipality of Wood Buffalo, to provide an
independent assessment of how Municipal infrastructure performed during the 2020 Ice Jam Flood event,
substantiated by first-hand field observations and follow-up assessments by Associated Engineering staff.

Key findings and recommendations are provided for the Municipality to consider as part of the long-term flood
protection strategy.

2 BACKGROUND

2.1 Previous Studies

The incidence of river ice jam flooding affecting Fort McMurray has been well studied and documented over the past
number of decades. The recognition of the flood risks in the area is recorded as early as 1875. James H. Maoberly, the
Clerk with Hudson Bay Company, documented the sudden break-up of the ice on the Athabasca River, and the rapid
rise in water levels that significantly inundated the lands along the riverbanks, including the low-lying lands known
then as the Prairies, now the eastern half of the Lower Townsite. Through archival review, it has generally been
accepted that the approximate elevation of the flood waters reached during the 1875 corresponds to a geodetic
elevation of 253 m above sea level and is the largest flood event on record in Fort McMurray. In addition to the 1875
event, extreme ice jam flood events have also been recorded in the following years: 1885, 1925, 1928, 1936, the
back-to-back years of 1962 and 1963, 1977, 1979 and 1997.

Numerous studies have evaluated the flood risks and recommended assorted options for providing flood mitigation.
For the purpose of this report, the following three studies are deemed to provide the most relevant background
information:

° T. Blench & Associates, “Flood Protection Proposals for McMurray” (Prepared for Provincial Planning Board,
Province of Alberta), May 1964;
° Technical Services & Monitoring Division, Water Resources Services, Alberta Environmental Protection,

“Review of Flood Stage Frequency Estimates for the City of Fort McMurray - Final Report” (Prepared for
Technical Committee, Canada-Alberta Flood Damage Reduction Program), November 1993; and

° Trillium Engineering and Hydrographics Inc, “An Evaluation of Providing Flood Control at Fort McMurray by a
Staged Diking Approach”, (Prepared for Regional Municipal of Wood Buffalo), July 2000.

The Blench (1964) report recommended the construction of a dam across the southern mouth of the Clearwater River
at MacDonald Island to prevent both ice jam formation at that location and the river water backflow up the Clearwater
River. This work was undertaken in 1966 to construct the Snye dyke (i.e. the MacDonald Drive causeway), while
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simultaneously creating the Snye as a backwater channel off the Clearwater River. As discussed in both the Alberta
Environmental Protection (1993) study and the Trillium (2000) report, the construction of the Snye dyke did not have
the desired effect of eliminating ice jam flooding, but it did have the positive effect of effectively reducing the ice jam
flood levels on the Clearwater by approximately one meter. This is on account of moving the effective meeting point
of the two rivers 2 km downstream along the Athabasca River (i.e. to a lower point on the hydraulic grade line of the
river).

The Alberta Environmental Protection (1993) study is important, both in its statistical treatment of the historic 1875
event, and in its establishment of the benchmark for the 100-year flood. In performing flood-frequency analysis, the
1993 study recognized the benefit of the construction Snye dyke mentioned above, and therefore applied a correction
to all historic flood levels recorded prior to the construction of the dyke. The three main conclusions from this study
were as follows:

° Information available about the 1875 flood and other historic floods was sufficient to perform a flood-
frequency analysis;

° The elevation of 250.0 m is recommended to be adopted as the 1:100-year design flood level for Fort
McMurray; and

° The 1875 flood reached an elevation of 253.0 m at the current site of the Athabasca River Bridges and had an

estimated return period of approximately 350 years.

The Trillium (2000) report is important because it established a methodological approach of providing incremental
flood protection for the Lower Townsite of Fort McMurray and Waterways, and effectively shaped the Municipality’s
policies over the subsequent two decades. The report recommended that Fort McMurray be protected with dykes
constructed with a top elevation of 250.5 m as this provides protection against the 1:100-year flood, plus 0.5 m of
freeboard®. The report also identified that the construction of an interim dyke at the 1:40-year flood level (248.5 m)
would be a cost-effective strategy to provide a base level of flood protection around the Lower Townsite and
Waterways, as a phased approach toward eventually providing the 1:100-year flood protection.

In addition to the dyke program for flood protection, the Trillium (2000) report also recommended improvements to
the storm system. These include the installation of automatic gates that will close when the water reaches critical
levels on the Clearwater River, and a secondary manually-operated gate that can be closed to ensure closure of the
outfall and provide back-up to the automatic gate. The other recommended improvement was the implementation of
pumping, to remove accumulated stormwater from rainwater or snowmelt during the period when the river levels are
high (and the drainage gates are closed). The recommended course of action was the installation of a permanent sump
and pump intake line at each outfall, to which a mobile pump could be temporarily connected each year and operated
as required. To date, only the automatic gates have been installed in the form of flap gates.

Many other studies have been conducted on the topic of flooding in Fort McMurray. In general, these reports have
found relatively consistent results in terms of the flood risk, design flood standard levels, and return periods as the
reports identified above. Some reports have recommended alternative options for flood protection in lieu of dykes;
however, no alternative options have been found to be technically feasible. For this reason, the other studies and
alternative options are not considered relevant to this current report.

! Freeboard is vertical distance added to the design flood construction level to account for uncertainties in the flood-
frequency analysis, and to provide a factor of safety to the design to account for phenomenon such as wind and wave
action.
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Notwithstanding the above, two recent reports merit specific mention, as follows:

° Northwest Hydraulic Consultants Ltd “Fort McMurray Flood Protection Conceptual Design” (Prepared for
Regional Municipality of Wood Buffalo), August 2014; and

° Golder Associates Ltd “Fort McMurray River Hazard Study” (Prepared for Alberta Environment and Parks),
November 2018.

The Northwest Hydraulic Consultants Ltd (NHC) (2014) report provides a reach-by-reach breakdown of the flood
protection system. This report updates the concepts put forward in the Trillium (2000) report, including providing new
recommended alignments for the flood protection works. Much of the Municipality’s current flood mitigation program
including completed works (such as Reach 1) or are currently under design and construction (such as Reaches 7
through 9) are based on this report. Of note, the NHC (2014) report documents a direction by the Regional
Municipality of Wood Buffalo to not include the 0.5m freeboard in the establishment of the flood construction level?.
This standard was in effect for the design and construction of Reach 1 to an elevation of 250.0m. This decision was
eventually reversed, and the elevation of 250.5 became the standard for the design and construction of Clearwater
Drive west of Riedel Street, and remains the current standard for all other ongoing flood protection works in the
vicinity of the Lower Townsite.

The Golder (2018) report was undertaken at the direction of Alberta Environment and Parks (AEP) in part to update
the flood mapping for the Fort McMurray area. The report was made publicly available for the purpose of public
engagement and technical feedback over the period of July 20 to August 31, 2020. The report is expected to be
updated and finalized based on the feedback received.

It is noted that the version of the Golder (2018) report that was made publicly available included material adjustments
to the flood frequency analysis, including to the recommended 1:100-year flood level. While this may have some
bearing on updated flood standards and flood mapping adopted by AEP, it is noted that the overall report is still
considered draft, and the analysis does not include the 2020 flood as a data point. Therefore, the updated flood
frequency from Golder (2018) is not taken into consideration in this report, but rather identified for the reader’s
awareness, as it may change the future context of this current report.

As demonstrated above, ice jam flooding on the Athabasca and Clearwater Rivers is a complex issue that has been
studied for decades. The Municipality has also been developing and implementing a flood mitigation strategy over this
same extended period. The flood mitigation infrastructure that has been planned and constructed over this time
period has also reflected the evolving design standards.

2.2 Land Use Bylaw

The 1999 Consolidated Land Use Bylaw included many clauses to restrict development within the Athabasca and
Clearwater River floodplains. Some of these restrictions included the following:

° For residential development, the lowest habitable space must be a minimum of 250.0 m elevation;

° For commercial development, the main building floor slab must be a minimum of 249.0 m elevation; and

2 Cited in Northwest Hydraulic Consultants Ltd (2014) on page 12 as “A directive provided by the executive branch of
RMWB - John Buchko, personal communication”. No date given.
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° Critical utilities, including life-safety equipment, electrical panels, gas meters, etc. were to be mounted above
the 250.0 m threshold.

It is noted that many of these restrictions were repealed in 2013. This was done as part of the redevelopment plans in
place at the time, as a means to attract new development into the Lower Townsite.

2.3 Clearwater Drive

As mentioned, the Trillium (2000) report recommended the establishment of a perimeter dyke built to the 1:100-year

flood level. It also identified that the construction of a dyke built to the 1:40-year flood level was a prudent first phase
of providing flood protection in an incremental manner. The alignment identified in the Trillium report follows what is

present-day Clearwater Drive. This alignment had long been identified as a possible transportation corridor, dating as

far back as transportation studies conducted in 1983.

In the early 2000s, population growth in Fort McMurray put pressure for new development and redevelopment areas,
and in turn, new and updated infrastructure to accommodate the growth. The need for a loop road around the east
and north side of the Lower Townsite was identified in the various planning documents in place at the time, including
the Municipal Development Plan and the Lower Townsite Redevelopment Plan. The road was divided into two
segments: the East Loop Road from Highway 63 to Riedel Street, and the West Loop Road from Riedel Street to Main
Street with an optional extension to Morrison Street.

It is noted that the loop road has gone through various naming evolutions, including the East / West Loop Road,
Prairie Loop Boulevard, and Clearwater Drive. To maintain consistency, this report uses Clearwater Drive as the name
of the current road, and East Loop Road / West Loop Road in reference to the design and construction projects for the
eastern and western portions of the road, respectively.

Associated Engineering prepared the preliminary design for both the east and west sections of the loop road. These
preliminary designs are documented in the following reports:

° Associated Engineering “Lower Townsite East Loop Road and Connector Roads - Clearwater Drive Predesign
Report” (Prepared for Regional Municipality of Wood Buffalo), June 2005; and

° Associated Engineering “Prairie Loop Boulevard - Phase 2" (Prepared for Regional Municipality of Wood
Buffalo), December 2010.

As documented in the Associated Engineering (2005) report, the East Loop Road was designed in general conformance
with the recommendation from the Trillium (2000) report, with a nominal minimum road elevation of 248.5 m to
provide protection against the 1:40-year ice jam flood. The report also identified where storm sewers were required to
be extended past the road toward the river, and/or upgraded to meet the current design standards. The outfalls of all
storm sewers would also be fitted with a flap gate mounted to a concrete headwall. The flap gate would allow for
discharge of stormwater from the Lower Townsite, and then close to prevent backflow of river water into the storm
sewer when water levels in the river were high. Municipal Council accepted the preliminary design for the East Loop
Road in November 2005.

The preliminary design drawings for the East Loop Road show the road profile as meeting the proposed minimum

design elevation of 248.5 m along the entire alignment, with the exception of the western terminus of the project at
Riedel Street. At this location, the design was constrained by existing buildings on both sides of the road, including the
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Riverwalk Villas on the river side of the road. By design, the road ramped down from starting near Hospital Street, to
match the existing elevation of approximately 247.7 m at Riedel Street.

The East Loop Road was substantially completed in 2010. Following construction of the East Loop Road, the record
drawings show that the specified minimum elevation was not maintained along the final road profile, likely as a result
of adjustments to the design required to tie into existing grades. Including Riedel Street as discussed above, the
following intersections and approximate road elevation at locations that fell below the 248.5 m standard are noted

below:
Clearwater Drive Intersection Approximate Road Elevation

Mills Avenue / Saline Creek Drive 248.1 m
Franklin Avenue 247.9 m
Queen Street 248.3 m
Riedel Street 247.7 m

As documented in the Associated Engineering (2010) report, the original preliminary design report for the West Loop
Road was similarly based on providing a minimum road elevation of 248.5 m for a 1:40-year flood protection. At
locations where this could not be achieved, a berm with top elevation of 248.5 m was to be installed parallel to the
road to create a barrier between the road and the river. Such locations included the interface between the West Loop
Road and East Loop Road on either side of Riedel Street, and from Main Street to connect to the high ground at
Borealis Park.

In June of 2013, a flood event occurred on the Hangingstone River and Saline Creek. Downstream of Highway 63, the
Hangingstone River spilled its banks, causing flood damage to Heritage Park, Keyano College, and other properties.
The flood also caused significant bank erosion along the communities of Grayling Terrace, Ptarmigan Trailer Court, and
washed out the storm pond and outfall at Longboat Landing. While this was an open-water flood event, and not
related to ice jam flooding, the event raised the profile flood mitigation, and its importance for community
infrastructure.

In part as a result of the response to the 2013 flood, and in accordance with the recommendation of the NHC (2014)
report, the Municipality made the decision to raise the design standard for the West Loop Road to the 1:100-year
flood. The Municipality also made the decision to include freeboard in the design, thereby establishing the design
flood construction level to be 250.5 m. Construction of the West Loop Road was substantially completed in 2019.

As a result of the above factors, the status of Clearwater Drive as a flood barrier for the Lower Townsite consisted of
two sections constructed to two different design standards. The eastern portion was constructed to a nominal
standard of the 1:40-year flood level, and the western portion was constructed to the 1:100-year level including an
allowance for freeboard. A profile of the road surface along the entire length of Clearwater Drive as of 2020 is
presented in the following Figure 2-1.
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24 Infrastructure Status

As part of the Municipality’s implementation of the incremental approach to flood mitigation, different infrastructure
was constructed primarily to two different standards. The two standards were the 1:40-year flood level, and the
1:100-year flood level. In addition, some infrastructure elements considered freeboard, and some did not.

The following provides an overview of the status of various elements of the flood mitigation infrastructure in place at
the time of the 2020 ice jam flood.

2.4.1 Lower Townsite

The west side of the Lower Townsite along the Athabasca River is protected by the embankment of the Snye Dyke /
MacDonald Drive causeway. This was constructed in 1966 to the elevation of 252.0, to mitigate direct flooding
impacts from the Athabasca River. The dyke elevation of 252.0 m is not continuous; where the Athabasca River bridge
ramp passes underneath the overpass as it approaches the Franklin Avenue / Highway 63 interface, the elevation of
the road is approximately 251.4 m. Alberta Transportation also has a storm outfall immediately northwest of this
intersection, and there is no evidence of a flap gate or backflow preventer on this outfall.

Reach 1 was constructed circa 2014, from MacDonald Drive to Borealis Park, with a top elevation of 250.0 m.

Borealis Park is the former location of the water treatment plant, and the berm around the pond (i.e. the former raw
water reservoir) is approximately 252.0m. As such, the high ground of the park acts as part of the overall flood barrier.

As discussed previously, Clearwater Drive west of Riedel Street is constructed to a minimum elevation of 250.5m, and
east of Riedel Street to a nominal minimum elevation of 248.5m. Both sides contain localized low points, including a
significant gap at Riedel Street where the road elevation is 247.7m. As part of the Municipality’s flood mitigation
program, Reach 5 is intended to remedy this gap at Riedel Street; however, at the time of the 2020 flood there were
no works in place.

The southeastern boundary of the Lower Townsite is formed by the Hangingstone River. In 2013 this river flooded
over its banks, causing damage to Heritage Park and Keyano College. Following the 2013 flood, temporary berms
were constructed along the Heritage Park boundary. Starting in 2019, these temporary berms are being replaced with
a clay dyke constructed to the 250.5m elevation, as Reach 9 of the Municipality’'s flood program.

Other key infrastructure in the Lower Townsite includes sanitary lift stations and water pump stations. Most sanitary
lift stations in the Municipality are constructed with a wet well / dry well configuration, where sewage flows are
stored and pumped from the wet well, and much of the pumping equipment and related electrical gear is housed in the
dry well. The elevation of the main floor slab elevation is therefore critical in preventing water from entering the dry
well, where it could submerge and potentially damage the equipment.

Lift Station 1A is located at the north end of Father Mercredi Street. The main floor slab was designed with an
elevation of 249.0m. Works were undertaken in 2013 to construct an emergency dyke around the facility, with a top
elevation of 250.0m.

Lift Station 1B is located near the intersection of Franklin Avenue and Clearwater Drive. The main floor slab has an
elevation of 250.0m.
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The Mills Avenue water booster station is located near the intersection of Saline Creek Drive and Clearwater Drive.
The main flood slab has an elevation of 250.0m.

2.4.2 Longboat Landing

While still part of the Lower Townsite, Longboat Landing merits special consideration as it is located outside of the
Clearwater Drive flood barrier, and was a community developed specifically in accordance with the flood abatement
clauses of Section 60 of the 1999 version of the Land Use Bylaw.

As described in the NORR Architects Planners “Longboat Landing Outline Plan” (Prepared for Clearwater Village
Properties Inc) September 2010, the risk of flooding in Longboat Landing was acknowledged in the original design of
the community. As described in the Outline Plan and in alignment with the Land Use Bylaw, all residential habitable
space was specified to be above the 250.0m elevation, all roads above 249.0m, and all parking areas above the
248.0m. All key electrical installations such as power transformers or electrical panels for pumping systems were also
specified to be above the 250.0m elevation.

The philosophy of the design of Longboat Landing is that in the event of a flood, the parking lots and roads would
flood. In the residential buildings, the underground parkades or ground floor garages would also flood, but the
habitable space above the parking areas would not be flood impacted.

The storm sewer collection system in Longboat Landing was designed to be independent of the rest of the Lower
Townsite. Originally, the local collection system was routed to a new storm pond on the south side of the
neighbourhood, from where it discharged to the Hangingstone River. During the 2013 floods, the entire storm pond
and outfall system for Longboat Landing were destroyed when the Hangingstone River banks eroded. In 2016, the
Municipality approved a design submitted by the developer to reconstruct the storm outfall system, including a
duckbill-style backflow preventer to be installed in the upstream end of the outfall pipe, at the storm manhole in
Fontaine Crescent. A review conducted by RMWB Underground Services on November 30, 2020 identified the
absence of a flap gate or backflow preventer at this location, suggesting that no backflow preventer was in place at
the time of the 2020 flood.

As part of the Municipality’s most recent flood protection program, Longboat Landing is scheduled to be protected by
two dykes constructed to elevation 250.5m. Reach 7 will parallel the alignment of Franklin Avenue to the Clearwater
River. Reach 8 will parallel Fontaine Crescent to provide protection along the Clearwater River and Hangingstone
River. At the time of the 2020 flood, these dykes had not yet been constructed.

2.4.3 Waterways and Draper

The Trillium (2000) report identified a flood mitigation strategy for the community of Waterways, following
McCormick Street and Tolen Drive as high ground, with new dykes to be constructed along Railway Avenue and then
tying back to high ground. Saline Creek Drive was constructed circa 2013, providing a nominal minimum elevation of
248.5m from McCormick Street to Park Street. Southeast of the intersection of Park Street, Saline Creek Drive joins
with the original alignment and elevation of Draper Road, which is within the floodplain of the Clearwater River. As
such, there is currently no flood protection system in place to protect against flood waters coming into Waterways
from the south.

In the NHC (2014) report, Waterways is proposed to be protected with Reach 10 and Reach 11. At the time of the
2020 flood, these works were not in place.
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There is no flood protection infrastructure in place for Ptarmigan Trailer Court. The Trillium (2000) report identified
that there was no cost-effective solution to provide flood protection for this location, and this was reiterated in the
NHC (2014) report.

There is no flood protection infrastructure in place for the community of Draper.

2.4.4 Water Treatment Plant

The Water Treatment Plant was designed with a perimeter flood protection berm of elevation 253.0 m. The Thurber
Engineering Ltd. “Fort McMurray Water Treatment Plant Berm Slope Stability Assessment Geotechnical Investigation”
(Prepared for Associated Engineering Ltd on behalf of the Regional Municipality of Wood Buffalo), November 2019
identified that the perimeter berm at the Water Treatment Plant had settled between 0.4m and 0.5m, with local
extremes of up to 0.6m. The effective berm elevation at the time of the 2020 flood was therefore closer to 252.4 m.

The storm drainage system at the Water Treatment Plant discharges through an outlet sluice gate chamber which
controls drainage to the Athabasca River. The overflow pipelines from the treated water reservoirs (i.e. clearwells) also
run to the outlet sluice gate chamber. The sluice gate inside of the chamber provides the WTP operators the ability to
isolate the plant piping from the river. From an operational perspective, this gate is closed every year in advance of
river breakup. As part of the underground piping system, the overflow line from each clearwell is also fitted with a flap
gate.

2.4.5 Taiga Nova Eco Industrial Park

The Taiga Nova Eco Industrial Park was constructed circa 2010 on the west side of the Athabasca River, north of the
Wastewater Treatment Plant. The park was designed with a perimeter berm set to the 1:40-year flood level with an
elevation of 248.0m. This is 0.5m lower than the 1:40-year flood level established for the Lower Townsite, on account
of the site being downstream of the mouth of the Clearwater River along the hydraulic grade line of the Athabasca
River. The berm is tied into high ground of Highway 63 at the northwest corner, and the Wastewater Treatment Plant
lagoon perimeter berms at the southeast corner.

The design of the eco-park includes a series of bioswales to collect local runoff and convey to a storm pond. The storm
pond outlets into a manhole to the south, and then directly east to the Athabasca River via a storm outfall and flap
gate. This same outfall pipe also conveys flow from a ditch that runs from the Diversified bus yard, draining an area
that includes Highway 63 and the frontage road in front of the Wastewater Treatment Plant.

Of note, the Wastewater Treatment Plant effluent discharge outlet pipe is located approximately 150m to the south
of the Taiga Nova storm outfall. Unlike the Taiga Nova storm outfall, there is no flap gate or backflow preventer on
the effluent discharge pipeline from the Wastewater Treatment Plant.

3 2020 ICEJAM FLOOD EVENT

The ice on the Athabasca River began to break up in the morning of April 26, 2020, and nearly immediately formed an
ice jam near the confluence with the Clearwater River.
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The water level gauge at the Athabasca River Bridge identified a rapid water level rise of nearly 7m within minutes, to
a maximum elevation of 250.25m. The water levels at the bridge fluctuated for a few hours, before stabilizing at
around 249.7m, where it remained for two full days before the levels began to recede. Water levels returned to open
water normal flow conditions on May 1, 2020.

The following figure shows the plot of the water level over the period of the flood event, from April 26 to May 2,
2020.
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As with previous river breakup flood events, the ice jam on the Athabasca River caused backflow on the Clearwater
River accompanied with increasing water levels. The following figure depicts the water trend as was recorded by the
gauge at the NTCL docks on the Clearwater River in downtown Fort McMurray.
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Following a rapid rise in water level to 247m on April 26, the water level peaked at approximately 248.9m in the early
hours of April 29. The water levels then receded to normal ranges by May 2, 2020.

Based on the observed elevations on the Athabasca and Clearwater Rivers, the 2020 flood was an extreme event. In
the context of the historical flood events recorded in Fort McMurray, it is the third-highest flood on record, following
the 1875 flood and 1936. It is also the highest flood event since the construction of the Snye dyke in 1966.

4 LOWER TOWNSITE

4.1 Snye Dyke / MacDonald Drive Causeway

The Snye Dyke and MacDonald Drive Causeway was successful at preventing the initial “spike” of 250.25 m and the
sustained river flood levels of 249.7 m at the Athabasca River bridge from inundating the Lower Townsite.

During the morning of April 26, there were early reports of flooding on Highway 63 at the intersection with Morrison
Street. It is suspected that this is related to water that came up the Alberta Transportation storm outfall. It is
recommended that an investigation be undertaken in coordination with Alberta Transportation to determine if
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remediation works are required at this storm outfall to mitigate this as a potential pathway for future flooding into
downtown.

4.2 Clearwater Drive Overland Flooding and Emergency Dyke Construction

By 11pm on the night of April 26, 2020, the water level on the Clearwater River was approaching the 248.0 level.
Jason Vanderzwaag of Associated Engineering contacted the Regional Emergency Operations Center to review the
status of the 248.5m flood threshold. A site visit identified that the water was at or near breaching Clearwater Drive at
several locations. These are identified in the following table, including the approximate sag elevations identified in the
record drawings:

Clearwater Drive intersecting road Record Drawing Elevation (m)
Mills Avenue 248.1
Franklin Avenue 247.9
King Street 248.5
Queen Street 248.3

247.7 (already breached at the

Riedel Street time of the 11pm inspection)

With authorization from Keith Smith, Director of Public Works from the Regional Municipality of Wood Buffalo,
Associated Engineering arranged for the mobilization of local contractor CLH to commence the construction of
emergency dykes along Clearwater Drive.

The operation entailed the removal of clay from the existing stockpile at McCormick Drive, end-dumping directly on
the road surface of Clearwater Drive at locations where the water was on or approaching the road, and track-packing
with a dozer. Within two hours, CLH mobilized an excavator, two dozers, twenty dump trucks, and various light plants
to illuminate each work zone.

Two crews began working at approximately 1 am on April 27, 2020. The first crew was working at Clearwater Drive
and Franklin Avenue. At that location, the decision was made to quickly cut off the access to Longboat Landing, as the
community had already been evacuated, and there was no viable means to extend the emergency dyke construction
to include it at that time.

The second crew began working at Riedel Street. The initial stages of dyke construction at this location were able to
use the existing concrete barricades to start the dyke construction. However, once past the end of the row of
concrete barriers, the depth and velocity of water as it ran across Clearwater Drive at this location washed away the
clay immediately as it was placed. With the materials and resources immediately available to the crews, no viable
solution was found to construct the emergency dyke at this location. At 2:30am the decision was made to leave Riedel
Street, and re-deploy the second crew to Queen Street and other locations where the water began breaching.

At 4am on April 27, the dyke had been completed at Queen Street, and King Street was underway. The dyke at

Franklin Avenue was about 75% complete. At this time, the crews noticed that water was coming up out of the storm
sewers and catch basins on the land side of the works.

12
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At 5:15am the dykes were completed at Franklin Avenue (including the low point in the nearby curve), Queen Street
and King Street. Dyke construction was underway at Mills Avenue / Saline Creek Drive. At Saline Creek Drive, the
dykes were constructed along the curb returns of the road, to maintain open the haul route along Saline Creek Drive
to the McCormick Stockpile site.

The following photos show the status of the emergency dyke construction at Franklin Avenue and Clearwater Drive at
approximately 5:30am on the morning of April 27, 2020. As can be seen, the dykes were holding back approximately
1m of water. However, as can be seen in the second photo, water was continuing to rise on the land side of the dyke.

Through the morning and into the afternoon, CLH continued the operation of hauling clay, plugging new low points as
they were identified based on the rising water, and strengthening the existing dykes. However, by that afternoon, the
water levels inside of the dykes continued to rise, as the water was flowing in from other locations. It was clear that
the emergency dykes alone would not be sufficient to stop the flood waters. The rising waters inside of the dyke also
posed safety concerns for the hauling operation personnel. At approximately 1:30 pm, the decision was made to
suspend the emergency dyke construction operation.

The following photo taken by McMurray Aviation on April 29, 2020 shows the emergency clay dykes constructed on
Clearwater Drive. The series of dykes can be seen as the thin dark line running along Clearwater Drive.
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Once the water levels on the Clearwater receded, Associated Engineering coordinated again with CLH for the removal
of the clay dykes from the road surface. The removal started on Thursday April 30t and was completed on Sunday
May 3 2020.

An additional observation of note regarding the operation during the flood, is the impact of pump hoses across the
roadway and the impact on emergency vehicle access. While CLH was working on the east end of Clearwater Drive,
Inner City Diesel was providing pumping services on the west end of Clearwater Drive, attempting to pump water
from inside of the dyke back to the river. The pump hoses from Inner City Diesel were draped across Clearwater
Drive, effectively blocking access at that location. While for the most part this was not a problem for CLH due to the
different geographic work areas during this event, the potential for access conflicts needs to be considered in the
emergency planning for a future flood event.

4.3 Underground Flooding Pathways

The Stantec report “2020 Fort McMurray Flood Storm Sewer Assessment - Qutfalls” (Prepared for Regional

Municipality of Wood Buffalo), June 2020 included an inventory and assessment of all the storm outfalls in the Lower
Townsite and Waterways following the flood event. As indicated in the report, Stantec did not identify that any of the
flap gates in the Lower Townsite had failed. Stantec identified that an outfall west of Riedel Street did not have a flap

14
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gate. However, a review of the record drawings identified that this outfall only services the local parking lot at 100
Clearwater Drive, and the absence of a flap gate at this location was not a contributing factor to the 2020 flood event.

As indicated in the Stantec (2020) report, there is no evidence of failure of the flap gates. However, it is apparent that
flood water was able to find underground pathways, where water was able to bypass the flap gates and enter the
storm system. Any structure (such as a manhole, catch basin, inlet pipe) between the flap gate at the outfall and the
crest of the dyke is a potential pathway for water to get into the storm system. Once a hydraulic connection has been
established, water will equalize, flowing until the water levels inside of the dyke match the water levels outside of the
dyke.

The following figures display this concept. The figure on the left depicts a high-water event on the river (light blue)
with the flap gate (red line) closed, preventing back flow up into the storm system. During an extreme high-water
event, the river level rises to a point near, but not overtopping the road that forms the dyke. If the water is able to
enter the storm manhole located on the river side of the dyke, whether through vent holes in the manhole cover, or a
connected catch basin, or some other opening, then the water will flow into the connected storm pipe, and backflow
underneath the dyke, while completely bypassing the flap gate. Due to the hydraulic forces, water will naturally
equalize, by flowing from one side to the other until both reach the same elevation. In this case, the water levels on
the land side of the dyke will continue to rise until they equalize with the river, resulting in flooding on the land side.

Following the floods, Associated Engineering conducted a preliminary review of the storm infrastructure in the vicinity
of the Clearwater River and Clearwater Drive. Several instances of underground flooding pathways were identified
and are presented below.

4.3.1 Main Street

At the Main Street Outfall, there is a storm manhole on the south side of Morimoto Drive. This structure acts as a
vertical drop chamber to allow the storm sewer to pass overtop of the adjacent watermain, and then underneath the
adjacent sanitary sewer mains. The structure also includes two storm pipe inlets, to intercept the ditch drainage that is
flowing in from both directions on the south side of Morimoto Drive.
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During the 2020 flood, as the river levels began rising, water was able to flow into the two inlet pipes and bypass the
flap gate to backflow up the Main Street storm sewer.

4.3.2 Hardin Street

In the vicinity of the Hardin Street Qutfall, there are two catch basins in the green space near the entrance to Snye
Point Park. These catch basins are connected to the storm sewer. Similarly to the Main Street outfall, as the river
levels began to rise, water was able to flow into these catch basins, and bypass the flap gate to backflow up the Hardin
Street storm sewer.
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4.3.3 Franklin Avenue

The Franklin Avenue outfall discharges into a ditch that runs along Longboat Landing. There is a flap gate at the end of
the pipe. Immediately upstream of the flap gate, at the intersection of Franklin Avenue and Denholm Gate, are three
catch basins that are connected to the Franklin Avenue storm sewer.

During the operation for the construction of the emergency clay dykes, a consequence of placing the alignment of the
clay dyke on Clearwater Drive at this location was inadvertently stranding these catch basins on the river side of the
dyke. As the river waters rose and breached the intersection of Franklin Avenue and Denholm Gate, the water was
able to enter the catch basins, bypassing the flap gate, and back flow up the Franklin Avenue storm sewer into the
Lower Townsite.

It should be noted that this location was only problematic during the 2020 flood event on account of the alignment of
the emergency dyke on Clearwater Drive not protecting the catch basins at Denholm Gate. Depending on the
alignment of any future temporary or permanent flood structures, this location may not be problematic or require any
particular remedy. This is an example of how easy it is to inadvertently create underground flooding pathways
underneath the dyke.
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4.3.4 Riverwalk Villas

The Riverwalk Villas condominium complex is located on the river side of Clearwater Drive at Riedel Street. There are
two vents that face the Clearwater River, that provide direct connection into the parkade for the Riverwalk Villas
development. During a site visit on November 26, 2020, the property manager confirmed that these vents are part of
the make-up air system for the parkade. She also reported that during the 2020 flood event, she witnessed flood
waters entering the parkade via these vents. The site visit also confirmed that the parkade is a single level, with at-
grade access to the street near the intersection of Clearwater Drive and Riedel Street. A trench drain is located
immediately outside of the overhead garage door, and this drain is connected directly into the storm sewer.
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Make up Air unit inside parkade, connected to vents Trench drain in front of at-grade overhead door access
to parkade

Based on the review of the infrastructure at Riverwalk Villas, it is evident that the rising flood waters flowed freely
through the vents into the underground parkade. Once the floor drain sumps were filled, water then flowed out the
garage door, where it would have flowed into the trench drain, and directly into the storm sewer. Once the capacity of
the 75mm connection pipe to the storm sewer was exceeded, flood waters would have then flowed freely out to the
street, contributing to the overland flooding in the Lower Townsite via Riedel Street.

4.4 Longboat Landing

As discussed in Section 2.4.2, at the time of the 2020 flood, there was no backflow preventer on the storm outfall that
serves the Longboat Landing storm system. As the river levels began to rise, water started flowing up the storm sewer
in Longboat Landing, spilling from catch basins at the low points in the system. This is the explanation for why
residents of Longboat Landing reported seeing backups from the storm sewer within the community while the
Clearwater River levels were rising.

Over the course of the flood event as the Clearwater River continued to rise, both Denholm Gate and Fontaine
Crescent breached, resulting in the entire community flooding to the same elevation as the river, to a maximum of
248.9m. The absence of a backflow preventer on the storm outfall was irrelevant at that water level, as the water was
able to flow into the community over the roadways.

4,5 Reach 1/ River Park Glen

The Reach 1 dyke from MacDonald Drive to Borealis Park was successful at mitigating the overland flood waters at
the River Park Glen (formerly Syncrude Towers) development at the end of Richard Street. There was some sanitary
sewer back-up into the parking lot that needed to be pumped, on account of being interconnected to the rest of the
Lower Townsite system. However, there were no reports of damage to the development, which is in the floodplain
elevation range.

4.6 Lift Stations 1A and 1B

Lift Station 1A and Lift Station 1B avoided flood damage during the 2020 ice jam flood event. Lift Station 1B has a
flood slab above the floodplain and was not adversely impacted by the flood.

19

(1



Regional Municipality
of Wood Buffalo

For Lift Station 1A, the dykes constructed in 2013 were successful at keeping the floodwaters away from the
immediate vicinity of the facility. A temporary road was constructed over the dyke to connect to the high ground at
Father Mercredi Street so as to maintain operational access to the facility while the surrounding flood waters
remained elevated.

4.7 Bridges and Culverts

Immediately following the floods, Associated Engineering undertook an assessment of the flood-impacted bridges and
culverts, as documented in the technical memorandum: Associated Engineering “Post-Flood Inspections - Bridges and
Culverts” (Prepared for Regional Municipality of Wood Buffalo), May 2020.

Based on the inspection, there was no structural damage to any of the bridges as a result of the 2020 ice jam flood.
Three bridges were temporarily closed to pedestrians until accumulated debris could be cleaned.

4.8 Northern Lights Regional Health Centre

The basement of the Northern Lights Regional Health Centre (aka the Fort McMurray Hospital) is located within the
floodplain and is vulnerable to flooding from high water levels. During the 2020 flood, after water levels had breached
Clearwater Drive, the Hospital was identified as the next critical infrastructure requiring protection. Volunteers from
the community created a sandbag barrier around the northeast corner of the property to prevent overland flow.

Associated Engineering personnel worked directly with the maintenance personnel for Alberta Health Services at the
Hospital to review and identify other possible flood risks to the facility. The catch basin immediately outside of the bay
doors is directly connected to the storm sewer, which was backing up at the same rate as the flood waters were rising.
As a mitigation measure, the downstream manholes were plugged with sandbags. This slowed the water down
sufficiently that the catch basin at the bay doors could be pumped down, and thereby avoiding any flood damage to
the Hospital.

4.9 Infrastructure Performance Summary

The existing flood protection system that was in place to protect the Lower Townsite at the time of the 2020 flood
was not designed to withstand flood elevations greater than those associated with a 1:40-year return period. With a
peak water level of 248.9m, the 2020 ice jam flood inundated all the infrastructure that was only designed for 248.5m.
In spite of the construction of emergency clay dykes along most of the way along Clearwater Drive, flood water was
able to flow into the Lower Townsite, via overland at Riedel Street, and via the underground pathways discussed
above.

There is no evidence that any flap gates failed in the Lower Townsite. However, the underground flow pathways
identified in the previous sections provided a pathway for flood water to bypass the flap gate and back flow up the
storm sewer. Once water was able to get inside of the dyke, it would flow through and fill the low-lying areas including
ditches and sags in the road, and eventually into the sanitary sewers and the basements of impacted homes and other
buildings. Because the sanitary sewer system is interconnected across the entire Lower Townsite, the sewer pipes also
became a pathway for floodwaters to spread to multiple low-lying areas at the same time. This is the explanation for
the reports of residents seeing flood water in the vicinity of the low-lying areas including behind Hill Drive, while the
Clearwater River was still rising on April 26.
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As the Clearwater River continued to rise over the course of the ice jam flood event, the overland flow at Riedel Street
and the underground flow paths led the water level inside of the Lower Townsite to equalize with the river, and match
the maximum flood elevation of 248.9 m. Through the roads and sewers, all low-lying areas in the Lower Townsite at
the elevation of 248.9 m or lower were vulnerable to be impacted by flood waters. Dwelling units and other buildings
outside of the immediate inundation area were also vulnerable to flood waters, if their basement elevation was below
the 248.9m flood level and their sanitary service connection was not equipped with a functional backflow preventer.

Locations where the flood protection infrastructure or other applied flood mitigation measures were successful in
preventing flood damage include the Snye Dyke / MacDonald Drive causeway, Reach 1 / River Park Glen, Lift Station
1A, the various bridges and culverts within the Clearwater floodplain, and the Hospital.

5 WATER TREATMENT PLANT

During the 2020 Flood event, water levels on the Athabasca River reached an elevation of 250.25 at the Water
Treatment Plant. The perimeter dykes prevented overland flow of river water and ice from directly impacting the
plant. However, the high water levels caused river water to flow backward through the storm outfall chamber and
overflow piping, resulting in contamination of the treated water reservoirs (i.e. clearwells) with untreated and highly
turbid river water. A detailed description of the failure mechanism that led to the contamination is discussed in Section
6.2, below.

The high turbidity of the contaminated water entering the clearwells caused an alarm at the SCADA control panel. At
that time, the operations staff had approximately 300 simultaneous alarms, on account of the developing flood
conditions across the entire system. This resulted in a delayed response to the contamination event. Once the
contamination was discovered, operations staff attempted to isolate the affected clearwells, but were not able to close
the valves®. Due to the inability to quickly isolate the impacted clearwells, and the fact that the overflow chamber is in
close proximity to the pump chamber, contaminated water was pumped out to the distribution network almost
immediately. The most significantly impacted communities were Timberlea and Thickwood, although the entire system
was deemed compromised, on account of the interconnected water supply system leaving the Water Treatment Plant.

As a result of the contamination of the water system from the untreated river water, Alberta Health Services
implemented a Boil Water Order across the entire Fort McMurray service area.

5.1 Water System Recovery

A Water System Recovery Plan was developed and executed to lift the Boil Water Order in coordination with the
regulatory stakeholders at Alberta Environment and Parks (AEP) and Alberta Health Services (AHS). The water system
recovery plan was developed in part based on the expertise and lessons learned from a similar water recovery process
conducted following the 2016 Wildfire. The difference was that the primary concern following the Wildfire was

3 A thorough investigation conducted after the flood event identified build up of precipitate on the valve surfaces, that
was a likely contributing factor to the valves being inoperable during the 2020 flood event. This has been attributed to
increased usage of caustic soda in the treatment process following the 2016 Wildfire. See Emelko et al. “Drinking
Water Security after Severe Wildfire in Alberta: Initial Risks and Treatment Technology Resilience - Research Progress
Overview: Evaluation of 2016 Horse River Wildfire Impacts on Drinking Water Treatment in Fort McMurray”,
(Prepared for Alberta Innovates and Regional Municipality of Wood Buffalo), December 2020.
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physical contaminants that may have entered the water system, so that primary objective was volume displacement to
remove potential contaminants. For the 2020 water recovery works, the primary concern was bacteriological
contamination from the untreated river water, and the primary objective was therefore disinfection.

The first phase of the recovery plan was the restoration of normal operation at the Water Treatment Plant, including a
full cleaning and disinfection of the clearwells. The rest of the recovery plan entailed draining, cleaning, disinfecting
and filling all of the reservoirs across the distribution network. As each reservoir was disinfected and filled, this
cleaned water was then used for flushing and disinfecting each surrounding neighbourhood. This process of cleaning
and disinfection was repeated across the entire water supply system, with appropriate controls in place to prevent
recontamination of completed works.

The works were performed in accordance with standards published by the American Water and Wastewater
Association. Specifically, AWWA C651-14 Section 4.11.3.3 identified a dose of 4 mg/L of free chlorine for 16 hours
for disinfection of in-service pipelines. This dose of chlorine is akin to “pool water”, i.e. fit for human contact including
bathing and cleaning. Communications and social media were used to advise residents to boil the water (in accordance
with AHS guidelines) to reduce the unpleasant tastes and odours. To limit resident exposure, the 16-hour disinfection
period within each neighbourhood was followed with a flushing program to replace the disinfection dose water.

Bacteriological, chemical and physical (turbidity) water test samples were taken across the water distribution network
to confirm the water quality in support of lifting the Boil Water Order within each community as the work proceeded.
Based on the successful execution of the Water Recovery Plan, the last stage of the Boil Water Order was lifted on
June 22, 2020.

5.2 Failure Mechanisms

Following the successful recovery of the Fort McMurray water system, an investigation was undertaken into the
failure mechanisms that led to the contamination event. This included a detailed site inspection of the sluice gate, the
flap gates, the overflow pipelines, and the outfall pipeline to the river. The purpose of the investigation was to
understand the conditions and the root causes of the failure, and improve the infrastructure to prevent similar events
in the future. The following two reports (included as Appendix A and B respectively) identify the findings and
recommendations from the investigation, as well as preventative measures to provide additional barriers to failure.

° Associated Engineering “Fort McMurray Water Treatment Plant Failure Inspections” (Prepared for Regional
Municipality of Wood Buffalo), August 2020
° Associated Engineering “Fort McMurray Water Treatment Plant Flood Recovery Short Term Flood Mitigation

Recommendations” (Prepared for Regional Municipality of Wood Buffalo), November 2020
The key findings are summarized below:

5.2.1 Sluice Gate

The outfall sluice gate is operated using a manually controlled actuator at the surface of the chamber. The main issue
identified when attempting to close the gate was that when the gate was in its 100% closed position, there was still
approximately 65-75 mm of opening, which would have caused river water leakage through the gate. The gate
pedestal is partially bolted to a 600 mm thick solid concrete structure, and partially bolted to a 150 mm thick concrete
hatch, which is cracked. The pedestal takes all the operating thrust of the sluice gate, and therefore, must be
adequately secured and supported. When the gate was being closed, the cracked concrete hatch was being moved
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upward as more pressure was applied, bending the operating stem of the gate and likely contributing to the gate not
fully closing.

5.2.2 Clearwell 2 Flap Gate

The Clearwell 2 Flap Gate is on the overflow line that connects Clearwell 2 to the rest of the overflow piping. The gate
is attached to a circular frame, which is bolted to the concrete wall of the manhole. The installed pipe leading into this
manhole from the clearwell is a steel bare end pipe without a flange. In order to attach the gate to the pipe, a circular
plate was installed and bolted to the wall; however, it was not grouted to seal the gap between the manhole and pipe.
Thus, when water was entering the manhole, it was able to travel through this gap, bypassing the flap gate, resulting in
leakage into the overflow pipe and Clearwell. The gap was measured to be approximately 25 mm between the back of
the frame and the wall between each of the bolts. The gap was recommended to be grouted to ensure a proper seal.

During the inspection, the technician also noticed that the flap gate disc was not seated evenly on the lip seal, leaving
approximately a 2 mm gap. The inspector was able to adjust the frame by loosening the front nuts and straightening
the frame using the back nuts of the frame anchors on site to seal the gate. The inspector also noticed that a shipping
bracket was still attached to the gate. While there is no evidence that the bracket interfered with the gate opening and
closing operation, it was recommended that the bracket be removed.

5.2.3 Clearwell 1A Flap Gate

The Clearwell 1A Flap Gate is on the overflow line that connects Clearwell 1A to the overflow piping. The flap gate is
bolted directly to the manhole wall. During the inspection it was noted that the upper section of the sealing system is
damaged, creating leakage. In addition to this, some of the anchor nuts were loose and some washers were missing,
which may have caused leakage if the seal between the wall and frame was not fully compressed. Some corrosion was
also observed where carbon steel washers were used. The loose nuts were tightened on site; however, the washers
still need to be replaced. Some grout on the flap gate disc surface, that may have also cause water to bypass the valve,
was also recommended to be removed with a grinder and sandpaper.

524 Repairs and Operation and Maintenance

The following repairs have been completed at the Water Treatment Plant, based on the inspections described above

° A new design was developed for the support of the sluice gate pedestal at the outfall chamber. The works
have been completed, and the gate was confirmed to seal in its closed position.

° The two flap gates for Clearwell 2 and Clearwell 1A respectively have been repaired, in accordance with the
inspection recommendations. This work included grouting of the gap between the manhole and the steel pipe
at the flap gate for Clearwell 2.

° A dive team removed all the accumulated chemical precipitate on the valves in the clearwell.

Associated Engineering understands that the following initiatives are being planned to be in place in advance of the
2021 River Breakup, in general conformance with the recommendations from the inspection reports:

° Enhance Monitoring and alarm systems, including alarm rationalization;
° Automate shut down in the event of turbidity alarms;
° 6-month inspection cycle of valves and other critical infrastructure, to remove precipitate and other debris,

and verify operation;

° Install additional flap gates at the end of all outfall pipes, as an additional barrier against flooding; and

(/g
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° Have inflatable plugs on standby to be deployed in the overflow pipelines if required as a further barrier
against flooding.

6 TAIGA NOVA ECO-INDUSTRIAL PARK

The Taiga Nova Eco Industrial Park was one of the first locations to be impacted by flood waters, with a mandatory
evacuation order at approximately 10:30am on Sunday April 26". The source of floodwater into Taiga Nova was not
immediately clear. Accurate readings on the Athabasca River water levels in the vicinity of Taiga Nova are also not
available because the nearby Water Survey Canada Gauge 07DAOQ01 stopped recording at 4:40am that morning with a
final reading of 244.15m, while the water was still rapidly rising. Nonetheless, a review of the available evidence
suggests there were two floodwater pathways into Taiga Nova, discussed below.

The first floodwater pathway appears to be a breach overtop of the perimeter dyke near the Taiga Nova Storm outfall.
Unfortunately, there are no photos available that capture the actual flow. However, the below photo (taken April 28,
2020) shows signs of bank erosion on the inside of the dyke, as river water spilled over the dyke crest and drained
toward the storm pond.
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As stated above, accurate river water level at this location information is not known, but is estimated to have peaked
just below the 248.0m (say 247.9), as flow was constrained to the location where the ground had settled near the
storm outfall, and did not breach the entire berm. Fortuitously, the duration of this breach was relatively short, and
likely coincided with the early “spike” that was observed at the Athabasca River Bridge on April 26 as shown in Figure
3.1

The water that flowed overtop of the dyke caused the Taiga Nova storm pond to overflow and cause flooding in the
adjacent properties and roads, eventually reaching a maximum flood elevation inside the park of 245.7m. Once the
breach overtop of the dyke had stopped, the flood water inside Taiga Nova was trapped, unable to drain because the
flap gate at the Taiga Nova storm outfall was closed. The fact that the flood water elevation inside Taiga Nova never
equalized with the river elevation despite the 2 m difference is also evidence that the Taiga Nova dyke and the flap
gate did not fail.

Following the initial spike, it is believed that the Athabasca river level stabilized to an elevation of approximately
247.6m in the vicinity of Taiga Nova and the Wastewater Treatment Plant. While not high enough to cause another
breach over top of the dyke, this elevated river level led to the second water flooding pathway into Taiga Nova, which
was backflow of river water through the Wastewater Treatment Plant effluent discharge line. As indicated previously,
there is no flap gate or backflow preventer on this pipe. The outflow pipeline follows a ditch on the north side of the
wastewater treatment plant site, between the lagoon berms and the Municipal training yard. Municipal Underground
Services staff reported that the concrete slab tops on the manholes along this pipeline had been pushed off from the
hydraulic force of water backflowing and overflowing from these manholes. There was also visual evidence of grass
caught in the fence line that follows the ditch, approximately 1m up from ground level, as evidence of water flow.
Survey of the manhole rims and the grass caught on the fence suggest water was flowing in the ditch with a surface
elevation of 247.6m.

The following excerpt from the WWTP record drawings shows the schematic for the outfall pipeline. As a schematic,
not all structures are shown. The structure labeled as MH1 in the schematic is representative of the three manholes
that were overflowing.
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Once in the ditch, water was able to flow north to the Diversified site, then east into the junction manhole where it
connects to the Taiga Nova storm outfall. As the flap-gate was closed due to the river levels, the water was then
directed into the Taiga Nova storm pond. As the storm pond has already overflowed from the initial breach, this
additional water likely contributed to the flooding already occurring in the industrial park. The likely pathway is
indicated in the below figure.

TAIGANOVA OUTFALL
TAIGANOVA (FLAPGATE CLOSED)
STORM POND

£ o I

W i
SN0 EL R NN,
/@ ONERSIFIED WA A

WA

\ NN

OVERFLOWING
MANHOLES

TREATED WWTP OUTFALL
EFFLUENT (NO FLAPGATE)
FROM WWTP

One solution to prevent this line from overflowing and flooding into Taiga Nova in the future is to raise the three
manholes on the outfall pipe, such that the rim is above the maximum flood elevation. This can be achieved by
removing the concrete cover, installing concrete barrels to the required height, and then replacing the covers. The
grading and landscaping in the vicinity of the manholes will need to be designed, including possible adjustments to the
ditch line.

It should be noted that during the flood event, the wastewater treatment plant was still discharging treated effluent
water, at a rate of up to 85 MLD (1,000 L/s) during the period of April 26 through April 29. Based on the analysis
presented above, it is likely that the water that was discharging into Taiga Nova was a combination of treated effluent
water and river water. The fact that the wastewater treatment plant was able to discharge this volume into Taiga Nova
may have prevented the plant from flooding internally. If the overflow discharge pathway will no longer be available in
the future scenario, the Municipality will need to review and update the WWTP’s Emergency Response Plan in
consideration of the hydraulic impacts of the river flood waters on effluent discharge.
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7 KEY FINDINGS

A comprehensive Flood Protection System was not in place at the time of the 2020 ice jam flood.

The flood infrastructure that existed at the time of the 2020 flood consisted of a series of dykes constructed to
different design criteria, as opposed to a single comprehensive system. With a maximum flood water elevation of
248.9, the 2020 ice jam flood event was higher than what the flood infrastructure was designed to mitigate.

There was no evidence of flap gates failing in the Lower Townsite. However, in conjunction with the lack of a
comprehensive system, there was no process in place to identify potential underground pathways for water to bypass
the flap gates and backflow under the dykes, and to remedy such issues.

The flood mitigation program completed to date was constructed on an incremental basis over a lengthy time period,
in general conformance with the Trillium (2000) report. With respect to Clearwater Drive as a dyke around the Lower
Townsite, some infrastructure was constructed to the 1:40-year flood level, and some was constructed to the 1:100-
year flood level, with a significant gap between the two at Riedel Street. A dyke system is only as effective as the
elevation of the lowest point; the Lower Townsite was therefore vulnerable to any flood greater than 1:40-year flood
levels. The implementation of the incremental approach to flood mitigation was still underway at the time of the 2020
flood.

None of the recommendations for establishing a secondary line of flood defense in addition to flap gates, such as
manually-operated flow control valves and active pumping of trapped rainwater and snowmelt inside of the dykes as
identified in the Trillium (2000) report and other studies, have been implemented.

In recognition of the vulnerability of the system in the Lower Townsite, contractor crews were mobilized on the night
of April 26, 2020 as the flood levels were rising to construct emergency dykes along Clearwater Drive. These dykes
were constructed along much of the alignment of Clearwater Drive, blocking flood waters through the low points, and
were able to hold back approximately 1 m of water. Unfortunately, the construction of emergency dykes along
Clearwater Drive was not successful in preventing system wide flooding within the Lower Townsite, for the following
three reasons:

1. The crews were unable to successfully build clay dykes at Riedel Street, which is the lowest point along the
alignment of Clearwater Drive with an elevation of approximately 247.7m. By the time crews were mobilized,
water was already flowing across Clearwater Drive at Riedel Street, and was so deep and fast that any placed
clay was immediately washed away. As no emergency clay dyke could be constructed at Riedel Street, water
freely flowed overtop of Clearwater Drive and into the Lower Townsite.

2. Flood water was freely flowing through underground pathways beneath the flood protection system,
including the emergency clay dykes constructed on Clearwater Drive. These pathways include the outfall
pipes at Main Street and Hardin Street, and the parkade at Riverwalk Villas. Other locations that may have
contributed to underground pathways include the catch basins outside of Clearwater Drive at Riedel Street
and Franklin Avenue.
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3. The nature of the road network and the interconnected sanitary sewer system across the entire Lower
Townsite made all low-lying areas vulnerable to any single point of water passage through or over the dyke.

With multiple pathways for water to pass through and/or overtop of the dyke, water levels inside of the Lower
Townsite were able to equalize with the water levels on the Clearwater River. As the water filled and flowed through
the sanitary sewers, all low-lying areas in the Lower Townsite at the elevation of 248.9m or lower were vulnerable to
be impacted by flood waters. Homes and other buildings outside of the immediate inundation area were also
vulnerable, if their basement elevation was below the 248.9 m and their sanitary service connection was not equipped
with a functional backflow preventer.

As a result of the status of the infrastructure in place at the time, and the extreme water levels of the 2020 ice jam
flood, the flood water was able to enter the Lower Townsite via both overland flow (at Riedel Street) and multiple
underground pathways. Therefore, the maximum flood level reaching 248.9 within the Lower Townsite, and the
associated flood damage, cannot be attributed to the failure of any one particular infrastructure component, but rather
that the system as a whole was not prepared for a flood of this magnitude.

Flood infrastructure and related mitigation measures were successful in preventing flood damage at various locations,
including the Snye Dyke / MacDonald Drive causeway, Reach 1 / River Park Glen, Lift Station 1A, the various bridges
and culverts within the Clearwater floodplain, and the Hospital.

At the Water Treatment Plant, a series of infrastructure failures from the sluice gate, the flap gates, and the delayed
response led to contamination of the water system by untreated river water. The key repairs have been completed,
and additional measures are scheduled for implementation prior to the 2021 River Breakup to provide additional
barriers and prevent a repeat occurrence.

At Taiga Nova, there is evidence that the perimeter dyke was overtopped during the initial “spike” of water levels on
the Athabasca River. Following the initial spike, the existing dyke and flap gate were successful in holding back
approximately 2m of water, preventing significantly worse flooding in the eco industrial pack. Backflow from the
Wastewater Treatment Plant outfall line contributed to secondary flooding in Taiga Nova. This can be mitigated in the
future by raising the manholes in the ditch between the Wastewater Treatment Plant and the adjacent training yard.

8 KEY RECOMMENDATIONS

Based on the observations, assessments, and findings from the study, Associated Engineering recommends the
following as a strategy to mitigate future flood damage.

1. Adopt a consistent flood protection standard in accordance with Provincial guidelines and best practices.
2. Once a flood standard has been adopted, implement a Comprehensive Flood Protection System to that
standard.
a. Accelerate the flood mitigation program for the design and construction of permanent dykes and

flood barriers, with consideration for top-lifting or raising to a consistent standard as required.
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b. As part of the Comprehensive Flood Protection System, identify and resolve all underground flood
water pathways and other gaps in the dyke system

C. Apply a multi-barrier approach, including redundancy for critical community infrastructure (i.e. Water
Treatment Plant, Wastewater Treatment Plant, Hospital), and means of isolation to limit damage in
the event of a breach or single point of failure.

d. Implement pumping measures to manage drainage inside of the dykes, including rain events while the
flap gates are closed, or to address leakage water that may still pass through the dykes. As part of the
pumping system, consider alternatives to having hoses running across the road, as these impede
emergency access and other vehicle movements.

3. Apply an Asset Management approach for the Flood Protection Infrastructure, including an inspection and
maintenance program to preserve the integrity of the system:

a. Establish key roles, responsibilities and tasks for pre-river break-up activities, during river break, and
post river break.

b. Actively review and monitor existing and proposed infrastructure, developments and other activities
that may compromise the Flood Protection System

C. Apply a multi-faceted approach to protect the integrity of the Flood Protection System. The approach
needs to consider public infrastructure, private developments, grading and landscaping activities,
third-party utilities, regulatory constraints, natural processes (including erosion), vegetation, and
nuisances such as burrowing animals.
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CLOSURE

This report was prepared for the Regional Municipality of Wood Buffalo to provide an independent assessment of
how key Municipal infrastructure performed during the 2020 Ice Jam Flood event, substantiated by first-hand field
observations and follow-up analysis by Associated Engineering staff.

The services provided by Associated Engineering Alberta Ltd. in the preparation of this report were conducted in a
manner consistent with the level of skill ordinarily exercised by members of the profession currently practicing under
similar conditions. No other warranty expressed or implied is made.

Respectfully submitted,
Associated Engineering Alberta Ltd.
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Fort McMurray Water Treatment Plant

1 BACKGROUND

On April 26, 2020, ice jam flooding on the Athabasca River caused water levels to exceed the 1:100-year level in Fort
McMurray, AB. This flooding resulted in river water contamination at the Fort McMurray Water Treatment Plant
(FMWTP). The river water travelled back through the outfall chamber and piping, into the overflow piping and
Clearwells, contaminating the treated water in both Clearwell 1 and 2. Contaminated water was subsequently pumped
to the North and South distribution networks. A boil water order was placed on the water system by Alberta Heath
Services, as a result, until the water distribution network could be recovered. Full recovery of the distribution system
was lifted in various communities through a phased approach, with the final phase being completed on June 19, 2020.

On May 26, 2020, the members of the recovery team from the Regional Municipality of Wood Buffalo (RMWB) and
Associated Engineering (AE) met to discuss the various failure mechanisms that resulted in the contamination at the

FMWTP. After this meeting, AE was retained by the Municipality to lead the inspection of the points of isolation and
further investigate the potential failure modes of the event.

11 Description of FMWTP Points of Isolation

The overflow lines from the Clearwells, at the FMWTP, and the local on-site storm drainage lines collect in a single
chamber on the east side of the plant, known as the storm outfall chamber. There is a sluice gate mounted on the
inside of the chamber, which can isolate the overflow outlet pipe that discharges to the Athabasca River. During the
2020 flood, river water came up through the outfall chamber and sluice gate, as the gate did not appear to be properly
seated during the flood event.

Upstream of the sluice gate, the overflow lines connect to Clearwell 1A and 2. Where these lines branch to each
respective reservoir, there is a manhole chamber that includes a flap gate for isolation. It was suspected that both flap
gates failed, as there was evidence of river water in the overflow line of Clearwell 1A and turbidity alarms in
Clearwell 2.

The Clearwell 1A and 2 flap gates were manufactured and supplied by Fontaine, as part of the 2010-2014 upgrades.
AE engaged Vanex (Fontaine’s recommended service company) to complete an inspection of both flap gates, as well as
the sluice gate in the storm outfall chamber, to review the installation, determine potential cause of failure, if repairs
would be required, or if improvements could be made.

An inspection of the sluice gate and the flap gates was conducted by AE and Vanex on July 6 and 7, 2020. The
findings are described in the following section.

In addition to the items noted above, Valve Chamber #2 was also inspected, as it controls the flow from the raw water
pond to the WTP and is another potential pathway for flood waters to reach the WTP. The condition was reviewed to
determine if additional valves are required to establish isolation in a future flood event.
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2 INSPECTION FINDINGS

The detailed inspection findings and photos are captured in the following three reports included in Appendix A:

° Vanex Site Report;
° AE Mechanical Inspection Report; and
° AE Structural Inspection Report.

A summary of the findings is described in the sections below.

2.1 Storm Outfall Chamber

A mechanical and structural inspection were completed to review the condition of the outfall structure, sluice gate and
outfall pipe. AE engaged Vanex, a water control gate specialist and service technician, to visit the site and inspect the
sluice gate.

211 Sluice Gate Condition

The outfall sluice gate was manufactured by ARMCO and is operated using a manually controlled Rotork actuator at
the surface of the chamber. The main issue identified when attempting to close the gate was that when the gate was
in its 100% closed position, there was still approximately 65-75 mm of opening, which would have caused river water
leakage through the gate. It was identified that the limit switch was not properly adjusted.

In addition to this, the gate pedestal is partially bolted to a 600 mm thick solid concrete structure, and partially bolted
to a 150 mm thick concrete hatch, which is cracked. Since the gate is a rising stem type, the pedestal takes all the
operating thrust of the sluice gate, and therefore, must be adequately secured and supported. When the gate was
being closed, the cracked concrete cover was being moved upward as more pressure was applied, bending the
operating stem and likely contributing to the gate not fully closing.

2.1.2 Outfall Pipe Condition

The site inspection and review of the outfall pipe revealed that the connection between the outfall pipe and sluice
gate is compromised. The outfall structure contains a wall thimble, which is a frame embedded in the concrete wall to
connect to the sluice gate. The wall thimble appears to have a broken section where it is connected to the outfall pipe.
It is suspected that the outfall pipe has shifted down and the wall thimble has stayed in place resulted in a broken
section. The 1050 mm outfall pipe is pulled apart by approximately 600 mm behind the sluice gate with granular
material/backfill visible from inside the pipe between the two disjoint sections.

2.1.3 Outfall Chamber Flap Gates

While in the outfall chamber, the additional storm flap gates were inspected and determined to be in good working
condition. These are original ARMCO flap gates on the storm lines that come into the outfall chamber. The anchor
bolts were slightly corroded, and one anchor bolt was found to be loose.
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214 Repair Recommendations and Next Steps
The following repairs are recommended for the outfall chamber:

1) Re-calibrate the actuator to have the gate reach its full closed position and adjust wedges to compress the
slide sealing system against the frame seat.

2) Properly anchor gate pedestal to a fixed concrete surface. AE recommends completing a structural design to
fully address anchoring the Rotork actuator.

3) Verify the gate stem condition to determine if it requires replacement due to deformation.

4) Replace corroded anchor bolts on the middle storm flap gate.

5) Complete a full investigation of the broken outfall pipe and wall thimble connection to determine
rehabilitation requirements.

AE recommends that the RMWB proceed with a structural design for anchoring the gate pedestal, as well as re-
calibrating the actuator on the sluice gate and checking the gates stem condition to complete the repair of the sluice
gate.

Regarding item #5 listed above, AE recommends proceeding with a civil design review of the outfall pipe in order to
determine the extent of the pipe rehabilitation and proceed with the repair.

2.2 Clearwell 2 Flap Gate Manhole

The Clearwell 2 Flap Gate is located in MH09-04 (refer to Appendix B - Site Layout) and is a 1050 mm Fontaine gate
on the overflow line that connects Clearwell 2's overflow to the overflow pipe that goes to the river via the Storm
Outfall Chamber. The gate is attached to a circular frame, which is bolted to the concrete wall of the manhole. The
record drawings show the overflow pipe from Clearwell 2 to the manhole is a steel line and attached to the flap gate
with a 150 Ib flat face flange; however, the installed pipe is a steel bare end pipe without a flange. In order to attach
the gate to the pipe, a circular plate was installed and bolted to the wall; however, it was not grouted to seal the gap
between the manhole and pipe. Thus, when water was entering the manhole, it would have travelled through this gap,
bypassing the flap gate, resulting in leakage into the overflow pipe and Clearwell. The gap was measured to be
approximately 25 mm between the back of the frame and the wall between each of the bolts.

Another issue noted was the disc was not seated evenly on the lip seal, leaving approximately a 2 mm gap at two
sections on the seating circumference. Vanex was able to adjust the frame by loosening the front nuts and
straightening the frame using the back nuts of the frame anchors on site to seal the gate.

The third issue was that the shipping bracket on the gate appears to have been left in place during the installation of

the flap gate. There is no evidence to suggest that the gate is experiencing interference with the bracket; however, it
should be cut when the other repairs are carried out, to prevent potential interference with the frame nuts if the gate
is not perfectly centered in the fully closed position.

The manhole structure itself was inspected and found to be in overall good condition.




Regional Municipality of Wood Buffalo
Fort McMurray Water Treatment Plant

221 Repair Recommendations
The following repairs are recommended for the MHQ09-04 flap gate:

1) Apply non-shrink high performance grout between the flap gate frame and manhole wall to eliminate gap.
2) Cut shipping bracket to provide clearance from frame nuts, to ensure zero interference with gate closure.

2.3 Clearwell 1A Flap Gate Manhole

The Clearwell 1A Flap Gate is located in MHO9-03 (refer to Appendix B - Site Layout) and is a 600 mm Fontaine gate
on the overflow line that connects Clearwell 1A’s overflow to the overflow pipe that goes to the river via the Storm
Outfall Chamber. The flap gate is bolted directly to the manhole wall. During the inspection it was noted that the
upper section of the sealing system is damaged, creating leakage. In addition to this, some of the anchor nuts were
loose and some washers were missing, which may have caused leakage if the seal between the wall and frame was not
fully compressed. Some corrosion was also observed where carbon steel washers were used. The loose nuts were
tightened on site; however, the washers still need to be replaced.

There was grout material stuck on the flap gate disc surface, which should be cleaned in order to provide optimum
sealing. It was cleaned off using a scraper but is recommended to be completed again with a grinder and sandpaper at
the same time as completing the other repairs.

2.3.1 Repair Recommendations

1) Replace damaged lip seal and readjust flap gate once the new seal is replaced.
2) Replace carbon steel washers with stainless steel.
3) Clean flap gate disc surface with grinder and sandpaper.

2.4 Valve Chamber #2

The north side of Valve Chamber #2 has an approx. height of 6.0 m in the main areas with approx. 1.0 m of ground
cover over top. The area above the ceiling slab had been previously excavated and has yet to be backfilled, causing
water to collect in this depressed area. The area of the hatch / ladder extends the full height to top of grade for an
approx. height of 7.0 m. The south side of the chamber has an approx. overall height of 11.0 m with approx. 4.0 m
extending above grade and covered by structure with a gravel ballast roof with the access hatch/ladder at the top.

At the time of the assessment there was approx. 500mm of water noted covering the floor in both the north and
south side. This hindered access to and examination of some areas. Structurally, the interior concrete and wall
penetrations appeared to be in good condition with no significant areas of concern or significant groundwater
infiltration on both sides. It should be noted that pipe penetrations at the lower elevations, either partially of fully
submerged in water could not be accurately assessed for leakage at those penetrations. In order to determine where
the water is coming from, the chamber should be pumped out and inspected to try and identify where the leakage is
coming from. Regarding the surface drainage in the vicinity of Valve Chamber #2, the RMWB should proceed with the
recommendation made in the Fort McMurray Water Treatment Plant Drainage Project (Phase 1 - Assessment) Report,
completed by AE in 2020. During this assessment, AE was informed that the grade of the chamber was such that it sat
lower than the adjacent site and collected surface runoff. AE recommended raising the valve housing, vertically
extending the valve stems to suit and backfilling the area to provide positive drainage.
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The steel piping and valves observed were generally in fair to good condition with areas of surface corrosion / epoxy
coating failure of varying degrees. There was also sludge still adhered to the pipes passing through the wall at the
bottom of the space, which would seem to indicate that the water level inside had previously been much higher than
observed at the time of inspection. Tube and clamp scaffolding were in place on the north side in areas, which may
have been for recent maintenance work.

After review of drawings and on site, there is no isolation valve noted on the pond overflow piping. Adding an isolation
valve to prevent overflow into the chamber, if the pond levels rise above overflow is possible; however, it would not
provide protection to the chamber. The record drawings show the top of berm in this area is at 253.0 m and the pond
overflow pipe is at 253.1 m; therefore, if a flood event resulted in high water levels in the raw water pond, reaching
253.0 m or higher, the flood water would breach the berm. A closed valve on the overflow line might protect the
chamber itself for a short period; however, water would likely come in from the top of the chamber, since it would
breach the berm. Recommendations were made under the Fort McMurray Water Treatment Plant Drainage Project
(Phase 1 - Assessment) Report to raise the berms where they were found to be lower than designed.

3 ADDITIONAL IMPROVEMENTS

In addition to the required repairs on the current infrastructure, it is prudent to review the overflow and storm system
in its entirety to determine if other redundancies should be built into the system and if other improvements are
required to protect the WTP from future flood and rain events. Climate change is resulting in the frequency and
potential severity of these events; therefore, it is important for the RMWB to plan for them and be adequately
protected. The following list of items should be covered in a future study:

1) A functional review of the storm and overflow piping, to determine if the two systems should be separated
into separate outfall chambers to adequately protect the WTP, particularly in a rain and flood event occurring
simultaneously.

2) Areview of adding in another point of isolation on the overflow system, for example a manhole and sluice
gate between MHO09-05 and MHO09-06 (refer to the attached layout in Appendix B) to provide additional
redundancy.

3) Developing a maintenance plan for inspection of WTP assets, based on manufacturer’s recommendations.

a. The following tasks should be carried out at the recommended frequencies:

Table 3-1
Series 20 Sluice Gate

Maintenance Task Frequency

Clean gate with clear water to remove all deposits 6 months
Inspect the resilient seals and slides to make sure they are in good condition 6 months
Inspect stem threads and lift-nut threads for wear 6 months
Clean and lubricate the stem 6 months
Check all fasteners for correct tightening 6 months
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Table 3-2
Series 60 Flap Gate
Clean gate with clear water to remove all deposits 6 months
Remove any debris or obstacles preventing proper seating 6 months
Inspect hinges to detect premature wear of bearing 6 months
Inspect the seal. Door must seat evenly on the entire perimeter of 6 months

the EPDM gasket ring. Apply pressure by leaning on door.

Check all fasteners for correct tightening. 6 months

These tables are from Fontaine’s O&M manual for Sluice Gates and Flap Gates. If the RMWB has the original ARMCO
O&M manual for the outfall chamber sluice gate, this should be referenced and used.

4 REPAIR RECOMMENDATIONS SUMMARY

41 Repair Summary Table

The follow table outlines the various repair recommendations, timeline recommendation in terms of priority (low,
medium or high) and approximate cost for repairs:

Table 4-1
Repair Summary Table

Approximate

Location Repair Description Priority

Cost

1 Outfall Chamber Re-calibrate sluice gate actuator, re-seal gate High $35,000
2 QOutfall Chamber Anchor gate pedestal High $50,000
3 Outfall Chamber Review gate stem and replace if damaged High $15,000
4 Outfall Chamber Rehabilitate outfall pipe and gate connection Medium $150,000

5 Clearwell 2 Manhole Apply grout between the flap gate frame and High
manhole wall $40,000

Clearwell 2 Manhole Cut shipping bracket on flap gate High

7 Clearwell 1 Manhole Replace seal and readjust flap gate High
8 Clearwell 1 Manhole Replace carbon steel washers with stainless steel Medium $20,000

and clean flap gate

Additional Improvements: Review overflow piping
Outfall Chamber and . . .

9 Overflow Piping & storm system, make improvements to separate Medium $2,500,000
outfall chambers, & add another point of isolation

10 Valve Chamber #2 Pump out chamber to inspect source of leak Medium $20,000

*Cost includes detailed design to construction completion.

6
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5 FINAL RECOMMENDATIONS AND CONCLUSION

Associated Engineering recommends that the Regional Municipality of Wood Buffalo proceed with the repairs to the
flap gates and outfall sluice gate, as soon as possible, to protect the treated water supply in the Clearwells. As well,
further investigation into the outfall structure and pipe should be completed to review the condition and determine
the extent of rehabilitation required.

A review and study of the items listed under “Additional Improvements” should be completed to ensure the Fort
McMurray Water Treatment Plant is adequately protected from future natural disasters and to determine if the
current infrastructure still meets the plant’s requirements, or if future improvements should be implemented.
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CLOSURE

This report was prepared for the Regional Municipality of Wood Buffalo, Fort McMurray Water Treatment Plant to
provide inspection findings from the flood that occurred at the Water Treatment Plant and determine potential causes
of failure at each of the points of isolation, as well as to provide repair recommendations and next steps.

The services provided by Associated Engineering Alberta Ltd. in the preparation of this report were conducted in a
manner consistent with the level of skill ordinarily exercised by members of the profession currently practicing under
similar conditions. No other warranty expressed or implied is made.

Respectfully submitted,
Associated Engineering Alberta Ltd.

2020-Jul-30
2020-07-30

Steve Justus, P.Eng. Sarah Bruce, P.Eng.

Project Manager Project Engineer
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Vanex Inc.

2934 Ch.Montpetit
Magog, Quebec - Canada J1X 5R9
Tel: (819)-640-5490 Cell: (819)-640-5494

WWWwW.vanex.pro WWWw.vanex.pro

SITE REPORT

PROJECT: FORT MCMURRAY BUFFALO WOOD REGION Date: July 6 & 7", 2020
CLIENT REFERENCE: Outfall gate and flap gates

Direct customer: ASSOCIATED ENGINEERING AB Ltd

Contact(s): Sarah Bruce (Process Engineer, ASSOCIATED ENGINEERING Ltd)

Site contact(s): Troy McKinnon (Technician, ASSOCIATED ENGINEERING Ltd)
Paul St-Claire (Maintenance Manager, BUFFALO REGION)

Visit main goal(s):

To perform the inspection of two leaking flap gates and the “Outfall” sluice gate.

DETAILS:

We arrived at the WTP at 8:30h am on July 5" 2020 as previously agreed. After
the site meeting with all people involved, we have started with the 600mm diameter flap
gate inspection located inside the manhole 09-03 at the North-East of the water plant.
The 1050mm diameter flapgate was then inspected followed by the inspection of the
OUTFALL gate on the second day.

The following report will provide details of those equipment inspection.

: N
General view of Fort McMurray Drinking Water Facilities




EQUIPMENT IDENTIFICATION

CustomerID............... 09-03

Type of equipment...... Flap gate
Manufacturer............. FONTAINE
Dimensions............... 600mm diameter

b ———
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600mm flap gate Equipment manufacturer nameplate

1- SEAL DAMAGED

Situation: This flap gate is equipped with a neoprene lip seal secured onto the
equipment wall frame. However, the upper section of the sealing system is damage thus
creating leakage. Refer to pictures below.

Upper section of the frame Lip seal damaged

Recommendations: The damaged lip seal will need to be
replaced and the flap gate disc readjusted as per the new seal.
Refer to picture aside for a new seal view.




2- ANCHORS & FASTENERS

Situation : We have found several anchor nuts not properly tighten and without washers.
This can create some leakage between the wall and the frame if the wall gasket is not
properly compressed. Also, there was a rusted carbon steel washer that is
contaminating the stainless steel flap gate. Refer to pictures below.

600mm flapgate Loose nuts

Recommendations: We have retightened the loose nuts but we had no stainless steel
washers available of this size. New stainless steel washers will need to be installed
when replacing the flap gate lip seal and the nuts will need to be properly tighten in order
to make sure there is no leakage at the EPDM wall gasket.

3- GROUT ON THE DISC SEAT

Situation: The seat of the flap gate disc is a machined surface. This surface must be flat
and clean in order to achieve the expected sealing performance while seating onto the
frame lip seal. However, this machined surface had some kind of grout material stick on
it thus can create some leakage since the lip seal is not seating on a flat surface.

Recommendations: We have cleaned
most of the grout using a scraper.
However, it will be better to use a
grinder with sandpaper in order to get a
cleaner surface. Refer to picture aside.

Grout on the disc seat Grout cleaned




EQUIPMENT IDENTIFICATION

CustomerID............... 09-04

Type of equipment...... Flap gate
Manufacturer............. FONTAINE
Dimensions............... 1050mm diameter

1050mm flap gate

1- FRAME NOT GROUTED

Situation: The original flap gate installation works was not properly completed. The
frame was not grouted on the wall as it should be; leaving a couple inches gap all
around the frame circumference thus creating heavy leakage. Refer to pictures below.

Wall \ '.

Frame ——t

Gap not
grouted

Flap gate disc

Water is bypassing the flap gate View from inside the pipe

Recommendations: The flap gate frame must be properly grouted using high
performance none-shrink grout suitable for this application.




2- FLAP GATE ADJUSTMENT

Situation: The flap gate disc seating surface was not perfectly seating evenly onto the lip
seal on both sides. There was up to a +/-2mm gap at two sections of the seating
circumference.

Recommendations: Since the frame was not grouted yet, we have taken this
“opportunity” to perform our self the required frame adjustment during this inspection.
We loosen the front nuts and restraighten the frame using the backing nuts of the frame
anchors. We were able to closed the gaps between the disc and the seal fairly easily.
The frame is now ready to be poured. Refer to picture below.

g\ wiT [

+/-2mm gap sections Frame readjustment using
anchors back nuts

3- SHIPPING BRACKET INTERFERENCE

Situation: In order to avoid damage to the equipment during the shipping process, the
manufacturer welded a shipping bracket to secure the flap gate in full close position. We
noticed that this bracket could potentially interfere with the two frame nuts nearby.
Therefore, if the flap gate is closing slightly sideways, this bracket will sit on the nuts and
will prevent the disc to fully close. Refer to picture below.

Recommendations: We recommend to “zipcut” some of the
bracket material on both sides (red lines on the picture aside)
in order to get an acceptable clearance with the frame nuts.

Frame bottom section



EQUIPMENT IDENTIFICATION

Customer ID............... 15-SGV-6001 Outfall valve

Type of equipment...... Cast iron wedge-action sluice gate
Manufacturer............. ARMCO

Dimensions............... 427X42”

Motorization.............. ROTORK

Nameplate

1- ACTUATOR NOT PROPERLY ADJUSTED

Situation: The gate was automatically stopping at 75mm before reaching it full close
position. After looking deeper into the actuator settings, we noticed that the full close
limit switch was not properly adjusted. Therefore, this gate was heavily leaking due to
this situation. Otherwise, this sluice gate is generally in good condition. Refer to pictures
below.

ARMCO sluice gate Full close wedges at 76mm away

Recommendations: The actuator will need to be re-calibrated in order to have the sluice
gate reaching it full close position. Eventually, the wedges will also require some
adjustment to properly compress the slide sealing system against the frame seat.




2- PEDESTAL PARTIALLY BOLTED ON CONCRETE COVER

Situation: This gate is a rising stem type. With this operating arrangement, the pedestal
(along with the actuator) is the key component and it is taking the entire sluice gate
operating thrust. Therefore, it must be strongly secured onto a structural concrete floor
slab or proper supports. However, the pedestal of this “Outfall sluice gate” have only two
anchors bolted in the concrete slab and two anchors bolted inside a “mobile” concrete
cover which is not attached to the structure. When the gate is reaching near the full
close position, the concrete cover is moving upward thus bending the operating stem
and not closing the gate. This could be the reason why the full close setting of the
actuator was originally adjusted before the sluice gate is reaching it full close position.
Refer to pictures below.

Concretep
.' cove i
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s B B
B T o

The pedestal is moving to the left because the cover Operating stem and guides
is moving upward when closing the sluice gate view from underneath

Recommendations: The pedestal must be anchored onto a fix and structurally sound
surface. It could be possible to have a stainless steel bracket bolted on the thickness of
the concrete slab in order to bolt on the 2 anchors that are actually on the “mobile”
concrete cover. Another possibility is to extend the structural concrete slab underneath
the entire pedestal. This will require a structural engineer to determine the best solution
to solve this situation. We also recommend to have the operating stem straightness
verify to make sure there is no permanent bent since it will affect the sluice gate
operation. When all modifications and installation is completed the actuator switches will
need to be readjusted as well as the closing wedges to make sure the gate is reaching it
full close position and the actuator will stop before forcing/damaging any components.




3- SLUICE GATE WALL TIMBLE BROKEN

Situation: This ARMCO sluice gate is bolted directly against a “wall timble”. A wall timble
is a heavy-duty frame embedded in the concrete wall with the female thread bolt pattern
that is matching with the sluice gate. The gate itself has a square opening but the outfall
pipe is round. The downstream side of the wall timble is design to match with the outfall
pipe diameter. However, we noticed that the junction of the wall timble and the outfall
pipe is broken at the bottom section. We suspect that the outfall pipe has moved
downward but since the wall timble was strongly poured in the concrete wall it could not
follow so it has broken at the bottom section. Also, we can see that the soil is coming out
from erosion at the broken junction thus it may create supporting issues in the future.
Refer to pictures below.

View inside the outfall pipe Wall timble broken section

Recommendations: We recommend to have an engineer to investigate deeper into this
situation in order to avoid further issues.




4- OUTFALL CHAMBER FLAP GATES No.1, No.2 & No.3

Situation: Since we were inside the outfall chamber, we took a quick look at the 3
ARMCO flap gates installed inside it. Those are all in good working condition without
damages on the disc, hinges nor the frames. However, the anchor bolts are in steel and
slightly corroded. Also, one anchor is loose on the middle flap gate that will need to be
repaired or replaced. Refer to pictures below.

Upstream flap gate

Middle flap gate

Sluice gate river side
Downstream flap gate

Upstream side of river Middle flap gate Downstream

CONCLUSION

During this site visit we were able to safely and properly complete our scope of
work by inspecting the “outfall” ARMCO sluice gate and the two leaking FONTAINE flap
gates as described in this report. We had a very good collaboration and support from all
people involved at the jobsite.

Do not hesitate to contact us for further information or if precisions are needed
concerning this Buffalo Region water outfall project report.

Donald Coté,

Technical Service
VANEX INC.

Cell (819) 640-5490
donald@vanex.pro
www.vanex.pro
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OWNER: RMWB REPORT NO.: 2020-46

PROJECT: Fort McMurray WTP Flushing SHEET: 10F3

LOCATION: Fort McMurray, Alberta PROJECT NO.: 2020-3783

REPORT TO: Jeff DaSilva, RMWB FILE NO.: 2020-3783-00
CONTRACTOR: Vanex / Clean Harbours DATE: July 06 - 07, 2020
WEATHER: Varying Clouds (am) / Varying Clouds (pm) TEMPERATURE:  High: +27  Low: +16

Labour Force: Vanex: 1 - Inspector
Bravo Target Safety: 2 - Safety Personnel
Clean Harbors: 3 - Hydrovac Personnel

Equipment on Site: Vanex: 1 - Crew Vehicle
Bravo Target Safety: 2 - Crew Vehicles
Clean Harbors: 1 — Hydrovac Truck, 1 - Crew Truck

Overview:

Vanex (Donald Cote) was contracted to be on site with Associated Engineering (Troy McKinnon / Alyssa Fortin-
Paossi) Monday, July 6 and Tuesday, July 7th at FMWTP for condition assessments of the existing Flap Gates to
Clearwell 1 (in manhole MH09-03) and Clearwell 2 (in manhole MH09-04) as well as the existing Sluice Gate in the
Outfall Chamber. Associated Engineering was also to conduct a preliminary condition assessment of the valves and
piping in Valve Chamber 2.

Preliminary Summary/Schedule of Work to be Completed:

July 6:

* Inspection of Clearwell 1 Flap Gate by Vanex and AE.

* Inspection of Clearwell 2 Flap Gate by Vanex and AE.

* Bravo Target Safety on site to provide confined space entry and rescue services.
* Clean Harbors on site to dewater outfall chamber.

July 7:

* Inspection of Outfall Chamber by Vanex and AE.

* Inspection of Valve Chamber 2 by AE.

* Bravo Target Safety. to provide confined space entry and rescue services.
* Clean Harbors back on site if required for further dewatering.

Progress Report:

July 6:

Work planning meeting held from 8:30am - 9:30am with AE, RMWB, Vanex, Bravo Target Safety and Clean Harbors
to discuss logistics and plan work procedures for the day.

Clearwell 1 Flap Gate:

Inspection of 600mm Clearwell 1 Flap Gate (manufactured by Lafontaine) was completed by Vanex and AE at interior
of manhole MH09-03, with the bottom of the flap gate 500mm up from the bottom on the manhole. No major defects
were noted in the installation. However, minor (1-2mm) gapping was noted at the bottom half of the flap gate,
allowing for the small possibility of water seeping past should it rise slowly in the structure and not put enough
pressure on the flap gate to completely seal it closed. It was recommended by Vanex that the gasket be replaced.
Also, some frame bolts were missing washers at the bottom, these should be replaced and all bolts retorqued.

(If necessary, continue report on another sheet.)

ASSOCIATED ENGINEERING REPRESENTATIVE: Troy McKinnon
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Approximately 200mm of standing water was noted at the bottom of the manhole at the time of inspection. This is
level with the invert of the 1200mm concrete pipe out of the structure.

An assessment at the interior of the manhole was conducted by AE with the structure found to be in good overall
condition with no issues noted.

Clearwell 2 Flap Gate:

Inspection of 1050mm Clearwell 2 Flap Gate (manufactured by Lafontaine) was completed by Vanex and AE at
interior of manhole MH09-04, with the bottom of the flap gate 2000mm up from the bottom on the manhole. It was
noted immediately that grout was missing from around the levelling bolts around the backside of the frame where it is
mounted to the concrete wall around the steel pipe. Without this grout in place, water was able to leak in around
these bolts in the approx. 25mm space between the back of the frame and the wall. This is a deficiency in the
installation that was not noted. Also, a minor adjustment on the flap gate to slightly move it to a more centered
position in the frame opening was also recommended and able to be completed by Vanex.

An assessment at the interior of the manhole was conducted by AE with the structure found to be in good overall
condition with no issues noted.

Outfall Chamber:
Clean Harbors worked throughout the day to complete dewatering of the Outfall Chamber.

At end of day, Vanex entered the Outfall Chamber to conduct a preliminary inspection of the sluice gate. It was noted
that even with the Rotork Actuator showing that the gate was fully closed, these was still an approx. 65mm gap at the
bottom. This would have allowed rising river water to bypass this sluice gate and enter the overflow piping. It was
then attempted to manually close the sluice gate further, but in doing so it was noted that the stem down to the sluice
gate from the Rotork Actuator began to lean sideways to the north as more pressure was used in attempting to close
the gate. RMWB WTP (Paul Sinclair) on site to discuss and it was concluded that the two bolts to the left (north) side
of the mounting plate were securely anchored through 600mm thick concrete and could take the strain, the two to the
right (south) were only through the corner of the 150mm thick concrete hatch that was cracking/lifting as more
pressure was applied. Further discussion to be held next day with AE Structural Engineer on site.

July 7:
Work planning meeting held from 8:30am - 9:15am with AE, RMWB, Vanex and Bravo Target Safety to discuss
logistics and plan work procedures for the day.

Clearwell 1 Flap Gate:

No work completed here today as all was completed last day.

Clearwell 2 Flap Gate:

Today, Vanex re-entered the structure to complete work on minor adjustments to the flap gate to slightly move it to a
more centered position in the frame opening. The existing seal was lifted from the edges of the frame to allow it to
better expand to a less compressed state. The bolts at to top of the flap gate were also backed off slightly to allow it
to stick out more at the top and make a good seal all the way around the opening.

All that remains to be completed in the grouting around the around the levelling bolts around the backside of the
frame where it is mounted to the concrete wall around the steel pipe that was noted during entry last day.

Qutfall Chamber:

Clean Harbors worked throughout the day last day to complete dewatering of the Outfall Chamber.

Today, Vanex re-entered the Chamber to conduct a further inspection of the sluice gate as well as the flap gates into
the chamber from the existing storm lines. Last day, it was noted that even with the Rotork Actuator showing that the

(If necessary, continue report on another sheet.)

ASSOCIATED ENGINEERING REPRESENTATIVE: Troy McKinnon
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gate was fully closed, these was still an approx. 65mm gap at the bottom. This would have allowed rising river water
to bypass this sluice gate and enter the overflow piping. It was then attempted to manually close the sluice gate
further, but in doing so it was noted that the stem down to the sluice gate from the Rotork Actuator began to lean
sideways to the north as more pressure was used in attempting to close the gate. The existing flap gate were all
deemed to be in good working condition.

AE Structural Inspector on site and entered the structure to complete a structural assessment of the interior of the
structure and to discuss the issue noted last day regarding the anchoring of the Rotork Actuator. At the interior of the
chamber, it was noted that the 1050mm outfall pipe had completed pulled apart approx. 600mm behind the Sluice
Gate with granular material visible. At the exterior, she agreed with the observations made last day that the two bolts
to the left (north) side of the mounting plate were securely anchored through 600mm thick concrete and could take
the strain, the two to the right (south) were only through the corner of the 150mm thick concrete hatch that was
cracking/lifting as more pressure was applied.

A separate report to be completed containing any comments/observations from the interior of the chamber as well as
recommendation/options to be provided for either using structural steel to reinforce to area under these two bolts to
the south, or to remove the 150mm thick concrete hatch and replace this area with 600mm thick reinforced concrete
to match the north side.

Valve Chamber 2:

AE Inspector on site in the afternoon and entered both the north and then the south hatches to conduct a condition
assessment at the interiors.

The north side of the chamber has an approx. height of 6.0m in the main areas with approx.1.0m of ground cover
over top. The area above the ceiling slab had been previously excavated and has yet to be backfilled, causing water
to collect in this depressed area. The area of the hatch / ladder extends the full height to top of grade for an approx.
height of 7.0m. At the time of the assessment there was approx. 500mm of water noted covering the floor. This
hindered access to and examination of some areas. Structurally, the interior concrete appeared to be in generally
good condition with no significant areas of concern noted. The wall penetrations observed also were in generally
good condition with no strong indications of groundwater infiltration. It should be noted that pipe penetrations at the
lower elevations, either partially of fully submerged in water could not be accurately assessed for leakage at those
penetrations. The steel piping and valves observed were generally in fair to good condition with areas of surface
corrosion / epoxy coating failure of varying degrees noted throughout the space. There was also a sludge still
adhered to the pipes at approx. the lower 3.0m of the space which would seem to indicate that the water level inside
had previously been much higher than observed today. Tube and clamp scaffolding was also noted to still be erected
in multiple areas which may have been for recent maintenance work.

The south side of the chamber has an approx. overall height of 11.0m with approx. 4.0m extending above grade and
covered by structure with a gravel ballast roof with the access hatch / ladder at the top. Approx. 8.0m down there in
an access landing at the bottom of the ladder where the inspection was conducted from as there was also approx.
500mm of water noted to be covering the floor at this side as well. The observations here were very much as was
noted at the north side. Structurally, the interior concrete here also appeared to be in generally good condition with no
significant areas of concern noted. The wall penetrations observed were also in generally good condition with no
strong indications of groundwater infiltration. Again, the steel piping and valves observed were generally in fair to
good condition with areas of surface corrosion / epoxy coating failure of varying degrees noted throughout the space.
There was also a sludge still adhered to the pipes passing through the wall at the bottom of the space which would
seem to indicate that the water level inside had previously been much higher than observed today.

(If necessary, continue report on another sheet.)

ASSOCIATED ENGINEERING REPRESENTATIVE: Troy McKinnon
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AE Representative: Alyssa Fortin-Paossi, E.I.T. Project Manager: Steve Justus, P.Eng.

Troy McKinnon, AE

Owner Contact:  Paul Sinclair
Donald Cote, Vanex ul sl I

Others Present:

A visual structural inspection of the Outfall Chamber at the Water Treatment Plant was completed on July 7, 2020 by
Alyssa Fortin-Paossi, E.I.T. The following photo report includes images of the defects and issues identified.
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2. Looking at former concrete
outfall chamber gate

3. Deteriorated joint caulking
around former concrete
gate opening. Install new
caulking.
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4. Bolted plate bearing 110
mm on former gate opening
with cracking shown

5. Bolted plate not touching
concrete by 10 mm
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Cracking shown on former
concrete gate opening.

Looking at inside of outfall
chamber walls from top
platform. Concrete wall in
generally good condition.
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8. Pipe opening of overflow
line in Outfall Chamber to
WTP. No immediate
concern.

9. Section of outlet pipe to
river disconnected, 3 ft from
opening.
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10. Damaged bottom of pipe
with exposed backfill

11. Hairline cracking from pipe
penetration. No immediate
concern.
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12. Looking at pipe penetration
with surface corrosion on

pipe.

Written By: Alyssa Fortin-Paossi, E.I.T.
Reviewed By: Kevin Danyluk, P.Eng.
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EXECUTIVE SUMMARY

1 BACKGROUND

The Fort McMurray Water Treatment Plant (WTP) is owned and operated by the Regional Municipality of Wood
Buffalo (RMWAB). In April 2020, high water levels in the Athabasca River caused river water to flow back through the
storm outfall chamber and overflow piping at the WTP, resulting in contamination of the clearwells. A post-flood
inspection of the points of failure was completed and the outcome of the inspection provided in the Post-Flood
Failure Inspection Report (Associated Engineering, 2020). Proposed mitigations strategies were developed as part of
the post-flood recovery works and will be discussed in this report, with recommendations on immediate steps forward
to provide the WTP with improved flood protection. These strategies include:

° Repair of the sluice gate pedestal at the outfall chamber so that it can be fully sealed and provide isolation
from the river.,

° Confirmation that there are no existing cross connections between the clearwell overflow piping and the
storm sewer through camera inspection of the overflow piping.

° Review of the options and development of a solution to install a temporary plug for the overflow piping to the
river,

2 FLOOD MITIGATION STRATEGIES

2.1.1 Sluice Gate Repair and Further Recommendations

AE provided a design drawing to adequately support the sluice gate pedestal to allow the gate to close. This work was
completed, and the gate was confirmed to seal in its closed position. Associated also noted that sedimentation was
present at the bottom of the sluice gate at the time of testing. This will prevent a proper seal and was noted to the
RMWB personnel present at the time.

2.1.2 Overflow Pipe Inspection

Tristar completed a site-wide camera inspection of the overflow piping on October 13, 2020. In general, the pipe is in
good condition overall, however further cleaning is required to remove sticks and debris that are present as noted in
the report that follows. No cross connections between the storm and overflow piping were observed.

2.1.3 Temporary Plug Options

A review of two inflatable plug options for flood protection of the overflow piping was completed as requested. The
Lansas Multi-size Domehead plug and Oatey Cherne I-Series plug both are used for plugging storm sewer lines
temporarily and were evaluated based on technical requirements, cost, and delivery. The Oatey Cherne plug was able
to meet the required pressure requirements, is lighter weight, smaller when deflated, was quoted at a lower cost and
faster delivery time than the Lansas plug.

The possibility of installing a Tideflex check valve in the overflow piping was also considered. The Tideflex valve can
meet the pressure requirements and would be a permanent installation in the concrete overflow pipe. It would be a
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higher cost than the inflatable plugs requiring pipe modifications and civil work to install. Given this, along with a
longer delivery time, it would not be an immediate solution.

Based on the information presented above, the inflatable plugs are the most cost-efficient option for the short term.
The Tideflex check valve should be further investigated with the long-term options being considered.

3

CONCLUSION AND RECOMMENDATION

In conclusion,

The outfall sluice gate has been repaired and is functional.

The overflow pipe is in good condition, although more cleaning is recommended. Based on the camera
inspections of the overflow pipe, no cross connections with the storm system or other piping were observed.

The supply of three temporary plugs will cost $20,995 and will provide an additional level of protection for
the WTP.

The RMWB should continue to investigate the long-term solution for the Storm Outfall Chamber.

AE recommends the following steps for the short-term flood mitigation measures:

1.

Clean the build up of debris at the bottom of the outfall sluice gate seat and alignment pins and fully stroke
the valve to ensure proper seating as part of flood preparation.

Remove remaining debris from overflow pipe by flushing the line and manually removing debris as required.
Protect overflow pipe from nuisance animals by installing a trash grate.

Provide temporary additional flood mitigation by purchasing and installing two inflatable plugs on the
overflow pipe and one on the pipe from Valve Chamber #2 to the river.

Operate the clearwells at 85% to allow for extra room for error an overflowing occurrence while plugs are
installed.
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1 BACKGROUND

The Fort McMurray Water Treatment Plant (WTP) is owned and operated by the Regional Municipality of Wood
Buffalo (RMWB). It services the Fort McMurray area and surrounding communities of Anzac, Draper, Gregoire Lake
Estates and Saprae Creek Estates. In April 2020, high water levels in the Athabasca River caused river water to flow
back through the storm outfall chamber and overflow piping at the WTP, resulting in contamination of the clearwells.

The Municipality engaged Associated Engineering (AE) to provide engineering services to support them in developing
temporary flood mitigation strategies at the Water Treatment Plant. In July 2020, Associated Engineering carried out
inspections of the points of failure at the WTP and prepared the flood failures inspection report. From this report and
discussions with the Municipality, the proposed mitigation strategies were developed and include:

° Repair the sluice gate pedestal at the outfall chamber so that it can be fully sealed and provide isolation from
the river.

° Confirm there are no existing cross connections between the clearwell overflow piping and the storm sewer.

° Review options and develop a solution to install a temporary plug for the overflow piping that travels from the

WTP, through the Storm Outfall Chamber to the river and Valve Chamber 2’s pipe to the river.

This report summarizes findings from the three items above and provides recommendations for next steps.

2 STORM OUTFALL CHAMBER IMPROVEMENTS

21 Sluice Gate Pedestal Bracket

AE provided a design drawing to the RMWB to adequately support the sluice gate pedestal (Attachment 1
Appendix A). This has been installed by Chandos and the sluice gate was adjusted and confirmed to be sealing
correctly by Vanex. The final report provided by Vanex is included as an attachment to this report. (Attachment 2
Appendix A).

2.1.1 Sluice Gate Maintenance

During the inspection of the sluice gate after the pedestal was rehabilitated, an accumulation of sediment was found
at the bottom of the storm outfall chamber. The bottom of the gate sits close to the bottom of the chamber.
Furthermore, there is no sump within the storm outfall chamber, so accumulation builds up on the wall face where the
gate is installed and can impede sealing the gate fully. Sand/gravel was noted in the depression for the alignment pins
at the bottom of the sluice gate and had to be cleaned out in order to close the gate fully. For this reason, AE
recommends that prior to closing the sluice gate in preparation of flood season, the RMWB clean out the bottom of
the chamber to confirm the sluice gate is closed fully.

3 CAMERA INSPECTION OF OVERFLOW PIPE

The findings from the camera inspection of the overflow pipe are summarized in Table 3-1. On October 13, 2020,
Tristar was onsite to complete the camera inspection of the overflow pipe. Figure 3-1 shows the sections that were
inspected, as well as the areas that could not be accessed by the camera crawler due to debris buildup. On May 9,
2020, during the flood recovery work, Image Pipelines completed a camera inspection of the overflow piping from
MHO09-03 to MHQ9-06. In order to fill the gaps missed on October 13, 2020, AE reviewed the photos and videos from
the May 9, 2020 and have included this information in Table 3-1. Reports and videos for the CCTV inspections have
been passed over to the RMWB for their records.

@ - 1
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Generally, the overflow pipe is in good condition. It does not appear to have any cross connections with the storm
system or any other pipe. Below are two photos comparing the pipe section from MH09-04 to MH09-05:

Figure 3-2
Photo Comparison MH09-04 to MH09-05

M4 to MHS
D5/09/2020 10:20:35

It appears that in both cases, there was water and debris buildup in the pipe. The inspection shows that further
cleaning of the pipe is required to remove the remaining debris. This will require jet cleaning, followed by manual
removal of the debris at the end of the line through entering the pipe and shovelling out the debris.

It is also recommended that the RMWB install a trash grate on the end of the outfall pipe to prevent nuisance animals
from entering. After discussions with the RMWAB, this was completed around the beginning of October. An additional
grate could be placed on the 1200 mm overflow pipe where it enters the storm outfall chamber for further protection.

4 ISOLATION OPTIONS

AE reviewed short-term solutions for providing additional temporary flood protection to the WTP via the concrete
overflow and Valve Chamber #2 to the river. The options reviewed include: (1) Inflatable plugs and (2) Duckbill check
valves.

41 Hydraulic Pressure Requirements

The hydraulic pressure requirements were determined based on flood river levels and pipe elevation. This information
is provided below and was used to confirm whether the isolation options could meet the required hydraulic pressure.

1. 1200 mm concrete overflow pipe = 250.50 m - 244.37 m = 6.13 m of TDH = 8.70 PSI
2. 900 mm steel pipe at Valve Chamber #2 to the river = 250.50 m - 243.75 m = 6.75 m of TDH = 9.63 PSI
4




Regional Municipality of Wood Buffalo
Fort McMurray Water Treatment Plant Flood Recovery

4.2 Inflatable Plug Options

Two plugs were reviewed for the inflatable plug option and relevant technical data is captured in the table below. A
practical comparison of each follows.

Table 4-1
Inflatable Plug Comparison

Required Maximum Product Dimensions

AbmEse Ll A7 Inflation Back/Test

Location Manufacturer | Material for Diameter

Deflated Deflated

. . Pressure Pressure Weight
Plug Location n h ) ; g
ug i (in) (psi) (psi) Ler.1gth Dlar.neter (Ibs)
(in) (in)
Valve Lansas 900mm 22.00" - 15 8 84.0” 21.5” 107
Chamber 2 Multi-size (36") 48.25"
Domehead steel pipe
Valve Oatey 900mm 19.00” - 22 10.2 46.25" 18.5" 66
Chamber 2 Cherne (36" 40.00”
I-Series steel pipe
Overflow Lansas 1200mm (48”) 34.50" - 10 6 84.0" 29.5” 192
Pipe Multi-size concrete pipe 60.25”
Domehead
Overflow Oatey 1200mm (48") 20.50" - 22 10.1 68.0" 19.1” 125
Pipe Cherne concrete pipe 50.00”
I-Series

As shown in Table 4-1, the Lansas Multi-Side Domehead plugs cannot meet the required backpressure of 8.7 psi and
9.6 psi. The supplier notes that although the maximum back pressure for the plugs is 8 psi and 6 psi respectively,
additional reinforcement can increase the backpressure rating to upwards of 75 psi of head pressure. This can be
accomplished by attaching a 1.4" steel cable and securing it to a nearby structure. The Oatey Cherne I-Series plugs
meet the pressure requirement without additional reinforcement. Furthermore, the deflated diameter of the Lansas
plugs are larger, making it challenging to install into a standard manhole. Modifications to the manhole structure would
be required to install it at the overflow piping. The deflated diameter of the Oatey Cherne |-Series are 470 mm (18.5”")
and 485 mm (19.1") which will fit through a standard 600 mm manhole cover.

Both plug options come equipped with an inflation kit that has a pressure gauge with a hose, so the plug pressure can
be monitored at anytime without entering the manhole or pipe. Further installation details can be provided by the
supplier once the plugs are purchased. To provide double isolation of the overflow piping, one plug can be provided
upstream of MH09-05 and another upstream of MH09-06, as shown in the drawing (Attachment 3, Appendix A).
Technical datasheets are also provided for reference (Attachment 4 & 5, Appendix A).

Should the RMWB proceed with the inflatable plug, there is risk that the clearwells could overflow and backup in the
pipe without being able to overflow to the river. In order to reduce the risk of this occurring, AE recommends the
RMWSB keep the clearwell levels to a maximum of 85% while the plugs are installed to provide more room for error
during this time.

6 - 5
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43 Check Valve Options

AE reviewed the possibility of adding in a duck bill check valve to the overflow piping and Valve Chamber 2, as an
alternative to the inflatable plugs. The UltraFlex CheckMate Tideflex was recommended for this application and a
technical data sheet is provided as Attachment 6 in Appendix. A Tideflex valve is intended for use on overflow lines to
prevent unwanted backflow when river levels rise. They are typically used in combined sewer systems to prevent
wastewater from entering stormwater catchments. The Tideflex valve is a more permanent solution than the inflatable
plugs, as once they are installed, they are designed to last. The UltraFlex CheckMate can handle up to 30 psi of
backpressure. This would provide protection up to a river level of 265.5 m at the overflow piping and 264.9 m at Valve
Chamber #2. They are also a low headloss valve and will open and flow with as little as 1” of head pressure. Once the
head pressure reaches 50-75% of the pipe diameter, the bill will fully open into a concave shape, allowing flow to
increase up to the maximum flow capacity of the valve.

Significant effort would be required to install such a valve, as the valves are bigger than the manhole access and
cannot be disassembled for installation. A rectangular manhole structure would be required, or modifications to the
top portion of MH09-06 to fit the valve into the pipe.

4.4 Cost Comparison and Recommendations

Costs for both plug options and check valve are summarized in Table 4-2 below:

Table 4-2
Cost Comparison

Size

Manufacturer Cost Type Notes
(mm)
Lansas 900 $6,355 Plug ¢ Shipping from US is estimated at $2,000 for order.
e Protective sleeves are a $3,000 add on.
e Delivery is within 1-2 months.

Oatey Cherne 900 $3,802 Plug e Rental rate is $1,080/month and would be
discounted from purchase price if RMWB chooses
to purchase. (Under 30 days, 100% of paid rent is
discounted, within 90 - 120 days, 60% of paid rent
is discounted).

o Protective sleeves are a $1,925 add on.
e Delivery is 5-10 business days.
Tideflex 900 $16,734 + ($25,000 Check Valve e Installation costs and manhole modifications not
manhole addition) included.
e Deliveryis 12 - 14 weeks.

Lansas 1200 $10,980 Plug e Same comments as above.

Oatey Cherne 1200 $5,569 Plug e Same comments as above.

Tideflex 1200 $37,793 + ($25,000 Check Valve

= e Same comments as above.
manhole addition)

Based on the information presented above, the inflatable plugs are the most cost-efficient option for the short term
that will serve the purpose of providing additional isolation measures for the upcoming flood season. The plugs will
provide a third and fourth point of isolation on the overflow piping now that the sluice gate and flap gates are
functional.

/g
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Knowing the long-term plan for the storm outfall chamber will assist in determining how to proceed with further
permanent isolation. If the long-term plan is to keep the overflow and storm outfall chamber combined, the Tideflex
valve would provide the further isolation during flood events. Furthermore, it negates the concern for the possibility of
a major flood event and major storm event happening at the same time and both systems being overrun. The check
valves should be investigated further as part of the long-term solutions for the system.

Between the two plug options presented, AE recommends proceeding with purchasing and installing the Oatey
Cherne plugs for the following reasons:

° Ability to meet pressure requirements without reinforcement;
° Lighter and smaller when deflated;

° Lower cost; and

° Faster delivery time.

The total supply cost for the plugs, if two are purchased for the overflow piping and one is purchased for Valve
Chamber 2, is summarized below:

Table 4-3
Estimated Costs
Item Part # Description Qty Each Total
1 314408 Cherne 20"-40” Pipe Plug 1 $3,802.00 $3,802.00
2 314488 Cherne 24”-48" Pipe Plug 2 $5,569.00 $11,138.00
3 301028 Protective Sleeve 3 $1,925.00 $5,775.00
Shipping from Edmonton 280.00

TOTAL  $20,995.00

The cost for installation of the plugs has not been included in Table 4-2, The assumption is this will be done by the
RMWSB. The quote for the supply of the plugs is included as Attachment 7 in Appendix A.
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5

CONCLUSION AND RECOMMENDATION

In conclusion,

The outfall sluice gate has been repaired and is functional. It was proven to be fully closed after repairs were
complete. Cleaning the bottom of the outfall chamber should be completed prior to isolating.

The overflow pipe is in good condition, although more cleaning is recommended. Based on the camera
inspections of the overflow pipe, no cross connections with the storm system or other piping were observed.
A trash grate needs to be in place to prevent nuisance animals from entering and debris buildup.

The three temporary plugs will cost $20,995 for supply and will provide an additional level of protection for
the WTP.

AE recommends the following steps for the short-term flood mitigation measures:

1.

As part of flood preparation in April, clean the build up of debris at the bottom of the outfall sluice gate seat and
alignment pins and fully stroke the valve to ensure proper seating.

Remove remaining debris from overflow pipe. Tri-Star proposes sending a Sewer Flusher into the pipe and
removing as much material as they can with their hydrovac, and then sending a crew into the manholes to remove
the remaining debris. They have provided an estimated cost of $12,411.00 to complete this work (see Attachment
8 in the Appendix). This assumes three 10-hour days to clean the pipe and complete a post camera inspection. Tri-
Star developed this estimate based their inspection of the current state of the pipe. If additional days are required,
an hourly rate of $220.00 would apply, however they believe the pipe can be cleaned out in the three days
quoted.

Protect overflow pipe from nuisance animals by installing a trash grate. Additional measures could be provided by
installing a second trash grate at the storm outfall chamber on the 1200 overflow pipe as it enters the chamber.

Provide temporary additional flood mitigation by purchasing and installing two inflatable plugs on the overflow
pipe; One upstream of MH09-06 and another upstream of MHO9-05 and one plug for the pipe from Valve
Chamber #2 to the river. Further review the long-term plan for the storm outfall chamber to look at installing a
check valve in an existing or new manhole, or separating the storm and overflow chambers, as well as investigate
condition of outfall pipe from the outfall chamber to the river.

Operate clearwells at 85% to allow for extra room for error to prevent overflowing while plugs are installed.
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CLOSURE

This report was prepared for the Regional Municipality of Wood Buffalo Fort McMurray Water Treatment Plant Flood
Recovery to assist the Municipality with developing short term flood mitigation strategies for the WTP and provide
recommendations for immediate flood protection needs.

The services provided by Associated Engineering Alberta Ltd. in the preparation of this report were conducted in a
manner consistent with the level of skill ordinarily exercised by members of the profession currently practicing under
similar conditions. No other warranty expressed or implied is made.

Respectfully submitted,
Associated Engineering Alberta Ltd.

E
2020-11-09 2020-31-09
Sarah Bruce, P.Eng. Nelson Dos Santos, P.Eng. ENV SP
Process Engineer Civil Engineer

( PERMIT TO PRACTICE A
ASSOCIATED ENGINEERING ALBERTA LTD.

Signature <__&S, K
Jeff Fetter 2020-11-09

PERMIT NUMBER: P 03979

The Association of Professional Engineers
\ and Geoscientists of Alberta J
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APPENDIX A - ADDITIONAL INFORMATION

A-1
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A Attachment 2

Vanex Inc.
2934 Ch.Montpetit
Magog, Quebec - Canada J1X 5R9
Tel: (819)-640-5490 Cell: (819)-640-5494
WWW.vanex.pro www.vanex.pro
SITE REPORT

PROJECT: FORT MCMURRAY BUFFALO WOOD REGION Date: July 6 & 7", 2020
CLIENT REFERENCE: Outfall gate and flap gates

Direct customer: ASSOCIATED ENGINEERING AB Ltd

Contact(s): Sarah Bruce (Process Engineer, ASSOCIATED ENGINEERING Ltd)

Site contact(s): Troy McKinnon (Technician, ASSOCIATED ENGINEERING Ltd)
Paul St-Claire (Maintenance Manager, BUFFALO REGION)

Visit main goal(s):

To perform the inspection of two leaking flap gates and the “Outfall” sluice gate.

DETAILS:

We arrived at the WTP at 8:30h am on July 5" 2020 as previously agreed. After
the site meeting with all people involved, we have started with the 600mm diameter flap
gate inspection located inside the manhole 09-03 at the North-East of the water plant.
The 1050mm diameter flapgate was then inspected followed by the inspection of the
OUTFALL gate on the second day.

The following report will provide details of those equipment inspection.

General view of Fort McMurray Drinking Water Facilities



Support VANEX to repair flap gate. This is a confined space entry

EQUIPMENT IDENTIFICATION

All Repair

Customer ID............... 09-03 1

Type of equipment...... Flap gate PICtu res at end
Manufacturer............. FONTAINE

Dimensions............... 600mm diameter Of DOCU ment

o

=g A

1.D. Num® -

600mm flap gate Equipment manufacturer nameplate

1- SEAL DAMAGED VANEX

Situation: This flap gate is equipped with a neoprene lip seal secured onto the
equipment wall frame. However, the upper section of the sealing system is damage thus
creating leakage. Refer to pictures below.

Upper section of the frame Lip seal damaged

Recommendations: The damaged lip seal will need to be
replaced and the flap gate disc readjusted as per the new seal.

Seal repaired with Sika 1a By Donald of Vanex Monday
October 5th 2020



2- ANCHORS & FASTENERS VANEX/CHANDOS

Situation : We have found several anchor nuts not properly tighten and without washers.
This can create some leakage between the wall and the frame if the wall gasket is not
properly compressed. Also, there was a rusted carbon steel washer that is
contaminating the stainless steel flap gate. Refer to pictures below.

600mm flapgate Loose nuts

Recommendations: We have retightened the loose nuts but we had no stainless steel
washers available of this size. New stainless steel washers will need to be installed
when replacmg the flap gate lip seal and the nuts will need to be properly tighten in order

Situation: The seat of the flap gate disc is a machined surface. This surface must be flat
and clean in order to achieve the expected sealing performance while seating onto the
frame lip seal. However, this machined surface had some kind of grout material stick on
it thus can create some leakage since the lip seal is not seating on a flat surface.

Recommendations: We have cleaned
most of the grout using a scraper.
However, it will be better to use a
grinder with sandpaper in order to get a
cleaner surface. Refer to picture aside.

Grout on the disc seat Grout cleaned

Donald of Vanex used sandpaper Monday October 5 2020 to remove

remaining grout from disk seat




Support VANEX for misc adjustments. Provide
construction services to pour grout around flap gate
flange gap. This is a confined space entry with the
flap gate 2 meters above the floor.

EQUIPMENT IDENTIFICATION

CustomerID............... 09-04

Type of equipment...... Flap gate
Manufacturer............. FONTAINE
Dimensions............... 1050mm diameter

i

1050mm flap gate Equipment manufacturer nameplate

1- FRAME NOT GROUTED CHANDOS

Situation: The original flap gate installation works was not properly completed. The
frame was not grouted on the wall as it should be; leaving a couple inches gap all
around the frame circumference thus creating heavy leakage. Refer to pictures below.

Wall \ |

Frame ——

Gap not
grouted

Flap gate disc

Between Tuesday September 29 and Wednesday October 7 2020 Dave

Stout of Chandos formed , poured Sika 212 grout to gap between
1050mm flap gate and concrete wall and stripped forms .




2- FLAP GATE ADJUSTMENT  VANEX

Situation: The flap gate disc seating surface was not perfectly seating evenly onto the lip
seal on both sides. There was up to a +/-2mm gap at two sections of the seating
circumference.

Recommendations: Since the frame was not grouted yet, we have taken this
“opportunity” to perform our self the required frame adjustment during this inspection.
We loosen the front nuts and restraighten the frame using the backing nuts of the frame
anchors. We were able to closed the gaps between the disc and the seal fairly easily.
The frame is now ready to be poured. Refer to picture below.

ame readjustment using
anchors back nuts

Donald Cote of Vanex inspected proper seal
before and after placement_of grout by
Chandos

3- SHIPPING BRACKET INTERFERENCE CHANDOS

Situation: In order to avoid damage to the equipment during the shipping process, the
manufacturer welded a shipping bracket to secure the flap gate in full close position. We
noticed that this bracket could potentially interfere with the two frame nuts nearby.
Therefore, if the flap gate is closing slightly sideways, this bracket will sit on the nuts and
will prevent the disc to fully close. Refer to picture below.

Recommendations: We recommend to “zipcut” some of the
bracket material on both sides (red lines on the picture aside)
in order to get an acceptable clearance with the frame nuts.

Dave Stout of Chandos cut shipping bracket
off entirely (at weld) Wednesday September

30 2020

Frame bottom section



This is a confined space approximately 10 meters deep. VANEX will work on the sluice gate.
CHANDOS will install pedestal bracket and remove ladder cage from 1st level ladder
Confined space support is required for VANEX socpe of work.

EQUIPMENT IDENTIFICATION

Customer ID............... 15-SGV-6001 Outfall valve

Type of equipment...... Cast iron wedge-action sluice gate
Manufacturer............. ARMCO

Dimensions............... 427X42”

Motorization.............. ROTORK

1- ACTUATOR NOT PROPERLY ADJUSTED VANEX

Situation: The gate was automatically stopping at 75mm before reaching it full close
position. After looking deeper into the actuator settings, we noticed that the full close
limit switch was not properly adjusted. Therefore, this gate was heavily leaking due to
this situation. Otherwise, this sluice gate is generally in good condition. Refer to pictures
below.

mm away

ARMCO sluice gate Full close wedges at 75

Recommendations: The actuator will need to be re-calibrated in order to have the sluice
gate reaching it full close position. Eventually, the wedges will also require some
adjustment to properly compress the slide sealing system against the frame seat.

Donald Cote of Vanex with the assistance of Dave Stout of Chandos repaired these problems Tuesday
October 6 2020, it was found that there was-semesort-of-greut-as well as sand and gravel in the
depression for the alignment pins at the bottom of the sluice gate , this was the main reason the gate

would not fully close . The depression was chiseled/cleaned out, the sluice gate operating shaft was
removed and straightened and the fully closed depth was reset with in the Rotork motor. To egisure proper
closing in the future it is recommended the the depression at sluice gate bottom be cleaned regularly.




Install new pedestal bracket to secure pedestal to concrete base

2- PEDESTAL PARTIALLY BOLTED ON CONCRETE COVER CHANDOS

Situation: This gate is a rising stem type. With this operating arrangement, the pedestal
(along with the actuator) is the key component and it is taking the entire sluice gate
operating thrust. Therefore, it must be strongly secured onto a structural concrete floor
slab or proper supports. However, the pedestal of this “Outfall sluice gate” have only two
anchors bolted in the concrete slab and two anchors bolted inside a “mobile” concrete
cover which is not attached to the structure. When the gate is reaching near the full
close position, the concrete cover is moving upward thus bending the operating stem
and not closing the gate. This could be the reason why the full close setting of the
actuator was originally adjusted before the sluice gate is reaching it full close position.
Refer to pictures below.

:#:‘ "".:
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e ] cove i

“Solid structureffsy"
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- T - E 5 5 18
The pedestal is moving to the left because the cover Operating stem and guides
is moving upward when closing the sluice gate view from underneath

Recommendations: The pedestal must be anchored onto a fix and structurally sound
surface. It could be possible to have a stainless steel bracket bolted on the thickness of
the concrete slab in order to bolt on the 2 anchors that are actually on the “mobile”
concrete cover. Another possibility is to extend the structural concrete slab underneath
the entire pedestal. This will require a structural engineer to determine the best solution
to solve this situation. We also recommend to have the operating stem straightness
verify to make sure there is no permanent bent since it will affect the sluice gate
operation. When all modifications and installation is completed the actuator switches will
need to be readjusted as well as the closing wedges to make sure the gate is reaching it
full close position and the actuator will stop before forcing/damaging any components.

October 1 2020 Dave Stout of Chandos added 2 steel base plates
anchored to the concrete vault top with Hilti anchors and Hilti Hit,
October 2 Northweld welded steel brackets to new base plates and

existing sluice gate operating pedestal base plate,2 C channel were then
bolted across all there base plates. During sluice gate adjustments on
October 6 it was found that this completely fixed the problem of
unwanted movement in sluice gate operating shaft.




OUT OF SCOPE
3- SLUICE GATE WALL TIMBLE BROKEN

Situation: This ARMCO sluice gate is bolted directly against a “wall timble”. A wall timble
is a heavy-duty frame embedded in the concrete wall with the female thread bolt pattern
that is matching with the sluice gate. The gate itself has a square opening but the outfall
pipe is round. The downstream side of the wall timble is design to match with the outfall
pipe diameter. However, we noticed that the junction of the wall timble and the outfall
pipe is broken at the bottom section. We suspect that the outfall pipe has moved
downward but since the wall timble was strongly poured in the concrete wall it could not
follow so it has broken at the bottom section. Also, we can see that the soil is coming out
from erosion at the broken junction thus it may create supporting issues in the future.
Refer to pictures below.

View inside the outfall pipe Wall timble broken section

Recommendations: We recommend to have an engineer to investigate deeper into this
situation in order to avoid further issues.




4- OUTFALL CHAMBER FLAP GATES No.1, No.2 & No.3  C "/ NDOS/VANEX

Situation: Since we were inside the outfall chamber, we took a quick look at the 3
ARMCO flap gates installed inside it. Those are all in good working condition without
damages on the disc, hinges nor the frames. However, the anchor bolts are in steel and
slightly corroded. Also, one anchor is loose on the middle flap gate that will need to be
repaired or replaced. Refer to pictures below.

Upstream flap gate

Middle flap gate

Sluice gate river side
Downstream flap gate

Upstream side of river Middle flap gate Downstream

CONCLUSION

During this site visit we were able to safely and properly complete our scope of
work by inspecting the “outfall” ARMCO sluice gate and the two leaking FONTAINE flap
gates as described in this report. We had a very good collaboration and support from all
people involved at the jobsite.

Do not hesitate to contact us for further information or if precisions are needed
concerning this Buffalo Region water outfall project report.

Donald Coté,

Technical Service
VANEX INC.

Cell (819) 640-5490
donald@vanex.pro
www.vanex.pro
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_Attachment 5

Cherne’s |-Series plugs were:designed

to meet the needs of both the US and
internationial markets in terms of size and
expansion-range. Our i-Series plugs have
fult body-cording for added durability:

L]

“|-Series Plug Features:
o Sl]p'ér'idr expansion range
Smail deﬂated d;ameters

15-32" and Larger Plug Features;
e Ajuminum end plales — minimizes
rust/corrosion

3/4" eyebolis on plugs 15-32" and larger
- better holding strength

Patented field replaceable rupture discs or
pressure refief valves on pligs 15-32" and
larger — protects plug from over-inflation

—

3/4 o

19"-40"
(475~
1000

20"_40[&
(500-

1310408
i 1000 mimy)

£

2 psi ‘
1 5 bar) i

46.25"

(1175 mm) Ran

4IE
004500 (520—'

.1537 mmj)°

F20.6'-60.5"

i
- . k
R T 54" - 96" | 54"-96.25"
Protective sleeves availabie for i 310968 | (1400~ | (1400
12187 diameter amE largar L ;2400 mm} | 2450 mm}

3/4(2) _.

| B B e 20
092mm) 3/ {3)

- B,Ypffibar) } | 128 150" 1/2,, 2 ,3/ ‘@)

| (3200 mm) \ 27 mm)

‘elugs. See page 23,

RESSURE DATA: I-SERIES PLUGS

: 1"“ 32"

16.6 psi | 15.4 psi | 12.2 psi -

** Gonsult hacl pressure tabie below.

i 13.9psi | 128 psi 1.4

Gonsult page 69 for haf;k pressure conversion tofest of head prassure

m,w;ws\smcm;uas WHEN comn_u_cnma AR TESTS. '




Attachment 6

Red ~ alve The World’s Most Reliable Check Valve

Engineering Guide
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Red Valve Company, Inc.

Tide =0

Technologies

600 N. Bell Avenue
Carnegie, PA 15106

PHONE:
412/279-0044

FAX:
412/279-7878

www.redvalve.com

The Information presented in this catalog Is
provided in good faith. Red Valve Company,
Inc. and Tideflex® Technologles reserves the
right to modily or improve its design
specifications withou!l notice and does not
imply any guarantee or warranty for any of its
producis from reliance upon the information
contained herein. All orders are subject to
Red Valve Company, Inc. and Tidellex®
Technologies' standard terms and warranty
and are subject to final acceptance by Red
Valve Company. Inc. and Tideflex®
Technologies.

Viton is a registered trademark of DuPont
Dow Elastomers. Hypalon is a registered
trademark of DuPant Performance
Elastomers, Tideflex, Red Valve, and the
Red Valve “rv" logo are registered
trademarks of the Red Valve Company, Inc.

© 2016 Red Valve Company
All rights reserved.
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“Rely on Red” for a Total System Solution to Your Water
and Wastewater Treatment Challenges

No other company can match Red Valve’s “Total System Solution” for water and wastewater
treatment plants and municipal collection and distribution systems.

Since 1953, Red Valve has provided products for each phase of collection, distribution,
separation, aeration, treatment and final discharge. Our complete product line provides
customers with one source for on/off and control valves, check valves, pressure
measurement, expansion compensation, air diffusers and effluent diffusers. All Red
Valve products are designed to handle the rigors of handling raw sewage, sludge, scum
and grit with abrasion-resistant, non-clogging designs.

Contact us today for a free copy of our new “Total System Solution” brochure for Municipal
Collection and Distribution, or our comprehensive Valve Selection Guide for Wastewater
Treatment.
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mountainview systems *v*

Mountainview Systems Ltd. provides BC, AB, and SK contractors, surveyors and

municipalities with quality products and services designed to increase productivity and

lower costs, while maintaining the highest level of accuracy

EXPIRY DATE: Nov. 22/20

Prepared For: Sarah Bruce, Associated Engineering

Quote Number:
Date: Oct. 22/20

EDM-HOUSE PICKUP NET30

Item Part # Description (0]3% Each Total
1 310408 Cherne 20”-40” Pipe Plug, no Bypass (10.2 PSI Back Pressure at 36”) T $3,802.00 $7,604.00
2 310488 Cherne 24”-48” Pipe Plug, no Bypass (10.1 PSI Back Pressure at 48”) 2 $5,569.00 $11,138.00
3 314408 Cherne 20”-40” Pipe Plug w/ 4” NPT Bypass (10.2 PSI Back Pressure at 36”) 2 $4,598.00 $9,196.00
4 314488 Cherne 24”-48" Pipe Plug w/ 4” NPT Bypass (10.1 PSI Back Pressure at 48”) 2 $7,628.00 $15,256.00

Prices include 30" controller hose w/ 60 PSI gauge, valve & fittings for each

plug and freight from Brampton, Ontario to Edmonton

GST is extra

Protective sleeves are $1,925 each.
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TRISTAR

HYDROVACS J
Nm. Date: October 28th 2020

Associated Engineer
370 Falconer Cresent

Fort McMurray, AB

T9H OH9

Phone: 1-780-881-0997

Email: ryan@tristarcanada.net
Ryan Brenton

Requested By:  Sara Bruce

Worksite Location:  Fort McMurray Water Treatment Plant

Job Description: Supply Sewer Flusher and crew to clean storm lines at the Water Treatment Plant in Fort
McMurray. Upon completion of the flushing and debris removal, we will then camera the lines to confirm
that they are clean and check the condition of the pipe.

Hydrovac Hours 30/ S 220.00|58 6,600.00
Water Charges 9/S 40.00(S 360.00
Dumping Fees 6| $ 22000/ 1,320.00
Fuel Surcharge 2.5% S 165.00
Camera per meter 450 S§7.50| S 3,375.00
S -
3 B
Subtotal S 11,820.00
GST S 591.00
Total S 12,411.00

Operations Manageri™ # s §

Information is not an invoice and only an estimate of services described above. If You have any concerns you
can contact me anytime at 780-881-0997 or via email at ryan@tristarcanada.net.

Thank You and have great day.




