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Jeff Yip, P.Eng.

Deputy City Engineer
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2580 Shaughnessy Street
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Ken Wright, P.Eng.

General Manager, Operations
City of Coquitlam

3000 Guildford Way
Coquitlam BC V3B 7N2

Dear Jeff Yip and Ken Wright:

Re: Coquitlam River Flood Hazard and Dike Safety Studies — New Dike Design
' Criteria

Over the past four years, the Cities of Port Coquitlam and Coquitlam and the ministry have
Jjointly funded a series of flood hazard and dike safety studies of the Coquitlam River through the
Flood Protection Assistance Fund. The latest report, “Coquitlam River Flood Hazard Mitigation
Options”, by Water Management Consultants, August 2004, completes the comprehensive
technical review of hydrologic design criteria, flood level modeling and evaluation of mitigation
options. As Inspector of Dikes, I hereby confirm that the new dike design criteria as
recommended by this report would meet provincial standards and that the ministry concurs with
and accepts the findings of the report.

The studies have determined that the Coquitlam River dikes, which were re-constructed (starting
in 1989) under the Fraser River Flood Control Program, are generaily deficient in crest elevation
(typically 1 metre low). Immediately upstream of the CP Rail bridge, the dikes are up to 2.5
metres low as a result of the constriction of the bridge and probable debris jams. Overtopping
and failure of these dikes could cause extensive flood damage to development in the Coquitlam
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River floodplain and is a serious public safety concern. The extent of possible flooding is shown
on new floodplain mapping provided with the report.

The two primary mitigation options include:

1. increasing the low level outlet spill capacity at the Coquitlam Dam (constructing a high
flow bypass facility) to reduce the magnitude of the design flood; and

2. raising existing dikes to contain the design flood.

While order of magnitude costs for both options are similar (roughly $4 to $6 million) and both
options have a number of unresolved issues, Option 1 is recommended from a public safety
perspective. Reducing the magnitude of peak flows lessens the potential for debris jamming,
dike failure and flood damage.

The risk of flooding on the Coquitlam River is currently mitigated by BC Hydro’s temporary
operating procedures while the dam undergoes seismic upgrades. Until the upgrades are
completed (expected completion date in 2006) BC Hydro will maintain the reservoir level at
least 5 metres below the spillway elevation. This increased temporary storage will provide
effective flood control for at least the next two years until the work is completed, but thereafter
the flood risk will increase. '

~ BC Hydro’s recently completed Coquitlam-Buntzen Project Water Use Plan and a draft Water

Act Order have been referred by Land and Water BC to the Cities and to the ministry. This

' office will be requesting that the Comptroller of Water Rights redraft the Order to require BC

" Hydro to examine the feasibility of increasing the capacity of the low level outlet at the
“Coquitlam Dam.

I wish to thank both Cities for co-operation on the Flood Protection Assistance Fund projects and
for the continuing efforts to improve dike safety on the Coquitlam River.

Sincerely,

Neil Peters, M.A.Sc., P.Eng.
Inspector of Dikes

pc:  Christine Houghton, Assistant Director, Public Safety and Prevention Initiatives
Lynn Bailey, Director, Regional Operations
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City of Port Coquitlam
2580 Shaughnessy Street
Port Coquitlam, BC
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Attention: Allen Jensen, AScT
Re: Flood Hazard Mitigation Options —Coquitlam River

Dear Sir:

Water Management Consultants in association with Associated Engineering (BC) Ltd.
are pleased to enclose our Report on Coquitlam River Flood Hazard Mitigation Options.
Fioodplain maps have been submitted as a separate document.

Thanks you for this opportunity to provide services to the City of Port Coquitlam.

Sincerely,

CDN WATER MANAGEMENT CONSULTANTS INC.

C. David Sellars, P. Eng.
Project Manager

CDS:ws
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1. INTRODUCTION

1.1. Background

Flooding in the Coguitiam River Valley generally occurs following major rainfall events in the
winter months, typically between November and April. Flooding in the lower part of the valley
also occurs in the late spring and summer from backwater effacts from high Fraser River
levels.

The interim floodplain maps for the Coquitlam River were based on the hydrology studies
carried out for the Coquitiam River Water Management Study’ published in 1978. The 200-
year flood was derived using a unit hydrograph approach and flood routing was carried out in
the Coquitlam Reservoir to determine the attenuating effect of the reservoir. As expected, it
was found that the degree of attenuation depended mainly on the initial reservoir level, or the
amount of vacant storage prior to the inflow. In these studies it was assumed, conservatively
that the Coquitlam Reservoir was full to the spillway level at the start of flood routing.

Since 1978, there is considerably more data available for evaluating the magnitude of the
200-year flood. Furthermore, the Coquitlam Reservoir will be operated to meet the needs of
both power generation and increasing water supply o the Greater Vancouver Regional
District (GVRD). To provide flood reduction benefits, the reservoir will be operated to provide
one m of freeboard below the spillway crest. When the reservoir rises above this elevation,
the power tunnel and low level outlets will be operated at maximum capacity. The 200-year
flood outflow from the reservoir was recalculated in a report by Water Management
Consultants (March, 2003} using expected future Coquitlam Reservoir water levels prior to
the onset of the flood. Flood fevels along the Coguitlam River were calculated using water
surface profile analysis to determine the magnitude of the flood reduction effects of the
reservoir.

The scope of work for the study included the following key elements:

' Coquitlam River Water Management Study, Water Investigations Branch, British Columbia Ministry
of Environment, 1978
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» Review content of memo dated August 20, 2003 by Neil Peters, Inspector of
Dikes.

+ Carryout analyses of the sensitivity of the peak reserveoir outflow magnitude and
hydrograph shape to inflow hydrograph magnitude and shape.

e Perform additional hydrological analyses on tributary inflows below the dam.
These analyses should consider more complex, longer duration storms for the
determination of the inflow hydrographs and different approaches for combining
the outflows from the dam and the inflows from the tributaries below the dam.
The sensitivity of the design flow magnitude to various assumptions and
uncertainties should be addressed.

s Estimate the confidence limits for the recommended final design flow and the
sensitivity of the flood profile to various assumptions.

« Carryout additional hydraulic modeling, using the existing HEC RAS model, to
simulate a partial debris blockage at the Kingsway Bridge. Also, modify the
existing model to simulate the potential effects of sediment deposition in the
constricted reach adjacent to downtown Port Coquitlam.

» Make recommendations on the final dike design flow, flood profile and freeboard
allowance to be adopted for the Coquitlam River dikes.

s Update the floodplain maps based on the final flood profile for the Coquitlam
River.

s Carry out site survey and preliminary design of flood mitigation works.
e Prepare a detailed design for debris control at the CPR Bridge.

» Design erosion protection works

1.2, Coquitlam River Watershed

The Coquittam River watershed is located in the Coast Ranges of British Columbia, The
northern part of the watershed is mountainous while the southern part is located in the
jowlands of the Fraser River valley. The total catchment area is 292 km? of which 212 km?
(73%) is controlled by the Coquitiam Dam, which forms the 12.5 km? Coquitlam Lake. There
are two tributaries of note that enter the Coquitlam River downstream of Coguittam Dam.
The Larger of the two tributaries, Or Creek, has a catchment area of 21.5 km” and has a
mountainous watershed. Scoft Creek joins the Coquitlam River downstream of the
Lougheed Highway and has a mostly urban catchment area of 17 km?. The upper part of the
Cogquitlam River below the dam is steep and flood flows are generally confined to a narrow
valley. There is a rapid decrease in bed slope downstream of the Lougheed Highway where
the Coguitlam River flows onio its fan and the Fraser River floodplain (Northwest Hydraulics,
2002). This reach of the Coquitiam River is the most susceptible to flooding.

7095 City of Port Coquitlam
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Introduction

Urban development has occurred in the southern part of the watershed and therefore
floodplain mapping is required to guide appropriate land uses and to provide Flood
Construction Levels (FCLs).

Figure 1.1 is a map of the watershed showing the location of the Coquitlam Reservoir and
the two WSC gauges on the Coquitlam River:

« Coquittam River above Coquitlam Lake: Gauge # 08MH141
« Coquitlam River near Port Coquitlam: Gauge # 08MHO002

7095 City of Port Coquitlam
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2. PREVIOUS STUDIES

The hydrology of the Coquitiam River was analyzed as part of the Cogquitlam River Water
Management Study in 1978 (Water Investigations Branch, 1978). A 200-year flood
hydrograph was routed through Coquittam Lake and added to an estimated 200-year
downstream hydrograph. Alternative initial Coquitlam Reservoir starting elevations were
investigated as part of this analysis. However, the design condition used was based on the
initial reservoir level at the spiliway crest level.

The Coquitiam River hydrology was reviewed in 1988 as part of the design work for the
Coquitlam River Flood Control Works (Associated Engineering, 1988). That report relied
extensively on the 1978 report but peak daily flows were reported rather than 12-hour flows.
Instantaneous flood peaks were not addressed in either the 1978 or the 1988 report.

Water Management Consultants (March, 2003} carried out a hydrology review of the
Coquitlam River and incorporated the BC Hydro Coquitlam Reservoir operating rules in the
assessment. This resulted in significantly more reservoir routing effects and the design
downstream flood flow reduced to a peak instantaneous flow of 402 m¥s at the CP Rail
Bridge and 425 m%/s at the confluence with the Fraser River

The flood estimates from the 1978, 1988 and 2003 reports are presented in Table 2.1.

Table 2.1: 200-year peak flows in m*/s from previous studies

12- hour peak Peak daily Peak instantaneous
flows flows flows from March 2003
fom 1978 | from 1988 | o0o o0 S
report report epo
inflow to Coquitlam Lake 561 855
Cutflow from Coquitlam
Lake 386 314
infiow below dam 311 88
Flow at gauge 8MHO002 586 573 402
Flow downstream of Scotlt
Creek 640 425
7065 City of Port Coquitlam
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Previous Studies 5

The Coquitlam dyking system was designed based on the peak daily flows from the 1988
report listed in Table 2.1. The water levels were derived by water surface profile analysis
and 0.6 m of freeboard was added. The British Columbia provincial standard is to include
0.6 m of freeboard for analysis based on daily flows and 0.3 m of freeboard when the
analysis is based on instantaneous peak flows.

Cross sections of the Coquitlam River were re-surveyed by Bland (2001a). Hydraulic
modelling was carried out by Bland (2001b) and flood levels estimated in the vicinity of the
First Nation Lands downstream of Pitt River Road. Peak daily flows from the 1988 report
were used for the hydraulic modeliing.

Northwest Hydraulics (2002) re-assessed flooding and erosion hazards along the Coquittam
River and carried out a water surface profile analysis of the Coquitlam River from Hockaday
Street to the Fraser River. The peak daily flows from the 1988 report were again used for the
modetling.

7095 City of Port Coquitlam
Water Management Consultants



3. FLOOD FREQUENCY ANALYSES

3.1. Peak instantaneous flows

The Coquitlam River is regulated by Coquitlam Reservoir which impacts the magnitude of
downstream floods. To estimate the 200-year natural inflows to the reservoir and the
contributions of the downstream tributaries, a regional flood frequency analysis was
conducted.

Using the FFAME program developed by the former BC Ministry of Environment Lands and
Parks, a flood frequency analysis was carried out for several watersheds with similar
characteristics. All of the watersheds are in mountainous terrain with catchment areas
ranging from 2.6 km? for Noons Creek to 172 km? for Capilano River. Geographically they
extend from Norrish Creek near Mission to Capilano River near Vancouver, consistent with
the coastal hydrologic zone.

Four frequency distributions were considered in the analysis; three parameter log-

normal, Gumbel, Pearson Type llf, and Log Pearson Type lll. Pearson Type lil was the
distribution that best fits the data as a whole for all the stations.

Table 3.1: Estimates of peak instantaneous 200-year floods

Years of
Station 1D Station Name Area (km?)|instantaneous| 200 yr Flood (m*/s)
data

08GAQ65 | Noons Creek at Meridian Substation Road 2.58 15 17
08GAO61 | Mackay Creek at Montroyal Bivd 3.63 23 19
08MHO006 | North Alouetie River at 232nd Street 37.3 27 186
08MH141 ! Coquitlam R above Coguitlam Lake 54.7 15 200
08MHO76 Kanaka Creek near Webster Corners 47.7 33 279
08MHO058 iNorrish Creek Near Dewdney 117 28 479
08GAQ10 | Capilano Creek above Intake 172 40 716
7095 City of Port Coquitlam
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Flood Frequency Analysis 7

Table 3.1 lists the stations, sorted by catchment area, with the estimate of the 200-year
return period flood. The 200-year flood discharge generally increases with catchment area
with the smallest estimate of 17 m%s for Noons Creek and the largest 200-year fiood
estimate of 716 m°/s for Capilano River. Figure 3.1 illustrates the relationship between the
estimated 200-year flood discharges and the catchment area.

The line of best fit in Figure 3.1 has the equation:
ono =6.62 A 0.9076

where Q is the instantaneous flood peak in m%s and
A is the catchment area in km?,

The correlation coefficient R? is 0.99. The line passes through the 200-year estimate for the
Capilano River which has a similar watershed characteristics to the Coquitlam Watershed in
terms of aspect, elevailions and slope.

The line of best fit in Figure 3.1 was used to estimate the instantaneous 200-year flood peak
inflow to Coquitlam Reservoir. The value indicated in Figure 3.1 is 855 m/s for the 212 km?
watershed area.

Also shown in Figure 3.1 is the line representing the upper 95% confidence limit for the
regional flood frequency analysis. On average, the upper 95% confidence limit provides a
200-year discharge estimate about 25% larger than the average projected discharge
estimate.

3.2. Reservoir inflow Voiume

Inflow volume frequency analyses were carried out for periods ranging from 1 to 110 days.
Daily reservoir inflow data were provided by BC Hydro for a period of 44 years. These data
were compiled by back-calculating inflows from changes in reservoir levels and outflows.

The resuits of the frequency analyses are shown in Table 3.2 and Figure 3.2. The 200-year
peak daily inflow was found to be 615 m°/s. This is in reasonable agreement with the
estimated instantaneous peak 200-year inflow flood to the reservoir of 856 m®s. This results
in a ratio of 1.39 between the peak instantaneous flood and the daily flow. The ratio for the
Capilano River above the intake was found to be 1.51, consistent with the smaller catchment
area of 172 km? compared with 212 km? for the Coquitiam Reservoir.
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Flood Frequency Analysis

Table 3.2: Inflow volume frequency analysis

Days |[200-Year inflow Volume in
m* x 10°

1 53

2 71

3 86

5 104

7 124
10 149
15 179
30 261
60 376
80 442
90 469
100 494
110 518

33 Data from Water Investigations Branch 1961 report

‘Preliminary Report on Coquitiam River Flooding’ by R. A Pollard of the provincial Water
Rights Branch was issued in December 1961. The report contains data on the two largest
floods on record (1921 and 1961) and a complete series of maximum annual daily inflows to
the Coguitlam Reservoir from 1914 to 1961. BC Hydro used this data from the Pollard
Report to extend their 44 years of maximum annual daily inflows for analysis in their dam

safety studies for Coquitlam Dam.

The maximum annual peak daily inflow data set to Coquitlam Lake was extended back to
1914 using the data from the Pollard Report. This gave a total period of record of 86 years.
A frequency analysis was done on the extended period of record with the results shown in
Table 3.3 together with recorded data from the 1921 and 1961 fioods.

Table 3.3: Comparison of peak reservoir inflows in m/s

Peak daily inflow | Peak instantaneous inflow
200-year with 44 years of record 613 855"
200 year with 86 years of record 585
1921 recorded 508 822
1961 recorded 424 728

1. From regional flood frequency analysis

7095 City of Port Coquitlam
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Flood Frequency Analysis 9

Table 3.3 shows that extending the fiow record to 86 years results in a slight decrease of the
200-year peak daily inflow estimate. The recorded daily and peak instantaneous inflows for
the maximum recorded floods of 1921 and 1961 were both less than the 200-year flood
estimates. For this study the frequency analysis from the 44-years of data was used as the
data are quality controlled and the estimates provide slightly higher values..

Both the 1921 and the 1981 floods caused significant damages downstream because the
reservoir was full prior to the major inflows and thus had limited flood routing capacity. The
Pollard report contains reservoir water level data prior to these floods. In 1921, the reservoir
was above the spillway crest prior to the flood and was spilling about 50 m’/s at 8.00 am on
October 27. Over the next 24 hours, 192 mm of rain was recorded. On October 28, 206 mm
of rain fell and the peak runoff from the watershed occurred on October 28.

Coquitlam Reservoir was also full prior to the 1961 flood. The reservoir was spilling
intermittently throughout December and early January 1961. The peak daily inflow occurred
on January 15.

As mentioned in Section 1.1, the current Coquitlam Reservoir operation policy is to maintain
a maximum reservoir level one metre below the spillway crest for flood relief storage.
Furthermore the reservoir is currently operated at lower levels to minimize spilling, a strategy
that is feasible with the larger current power demands and additional power sources
providing flexibility. Had such practices been applied in 1921 and 1961 the flood damages
from these storms would likely have been greatly reduced.
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4. DEVELOPMENT OF DESIGN FLOOD HYDROGRAPHS

There are three key issues in the development of the design 200-year flow for the Coquitiam
River.

1. The shape of the 200-year inflow hydrograph 1o the reservoir.
2. The magnitude of the concurrent downstream tributary flows
3. The starting reservoir levels.

This section of the report addresses the shape of the 200-year inflow hydrograph and the
magnitude of the concurrent downstream flows. Starting reservoir levels are addressed in
Section 5.

4.1. Analysis of the timing of reservoir inflows and downstream tributary flows

To investigate the timing of reservoir inflow hydrographs and concurrent downstream flows,
hourly flow data for the ten largest floods of record were obtained from Water Survey of
Canada. The gauge 08MH141 is upstream of the reservoir and is indicative of reservoir
inflows. The gauge 08MHOO02 is located at the CP Rail Bridge and records the combined
flows from the downstream tributaries, including Or Creek, and any releases from the
Coquitlam Dam.

Figures 4.1 to 4.5 show the concurrent flows for the upstream and downstream gauges
during the floods of 1989, 1990, 1995, 2002, and 2003. Coquitlam Dam releases were
removed from the recorded downstream hydrographs in 1995 and 2002 to reflect natural
flows in the tributaries below the dam. It can be seen in Figures 4.1 to 4.5 that the peak
flows to the reservoir and from the downstream tributaries generally occur within one or two
hours of each other. The coincident timing of peak discharges occur because the
downstream discharges are dominated by the flows from Or Creek which has a similar
hydrologic regime as the tributaries upstream of the reservoir.

When a storm hydrograph is routed through the reservoir the outflow peak is reduced and,
depending on the initial reservoir levels and hydrograph shape, can be delayed up to 15
hours after the peak inflow occurs. The delay in peak flow from the reservoir alleviates
downstream flooding since the high downstream flows have essentially passed prior to the
peak reservoir outflow. However, a second storm peak, such as occurred in 2003, couid
increase flows in downstream tributaries at the same time peak reservoir outflow is occurring.
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Development of design flood hydrographs 11

On the other hand, storms with large discharges after the peak normally have lower flows
prior to the peak resulting in more available reservoir storage that is able to absorb the storm
volume and thus lower spillway discharges during the second wave of the storm. This trade-
off in volume before and after the peak is discussed further in the following sections.

4.2, Development of multi-day inflow hydrographs

in general, significant storms occur consecutively about 2 to 4 days apart. There are very
few occurrences of second peaks occurring within 24 hours of a major peak flow. The hourly
flow records were examined and the hydrograph of November 22 to 26, 1995 was selected
as the base storm for consecutive peak events., The storm of 2003, with major peak
discharges 29 hours apart, was also investigated.

The key issue for flood routing in reservoirs is the antecedent conditions. The appropriate
inflow conditions prior to the 200-year flood peak have to be defined together with the
appropriate starting reservoir water level. This is particularly important for the Coquitlam
Reservoir which was not originally designed as a flood control reservoir and has limited outlet
capacity for maintaining reservoir elevations for flood control during high inflow periods.

To determine the most conservative reservoir outflow condition, 200-year storms of various
durations were developed and routed through the reservoir. The multi-day hydrographs were
developed such that larger durations 200-year storms contained each of the shorter duration
events nested within the storm.

The above procedure is in accordance with standard practices that are followed by dam
engineers that were originally developed by the US Bureau of Reclamation for flood control
dams in the United States and have been adopted around the world. Operation of flood
control reservoirs in the United States is now primarily the responsibility of the US Army
Corps of Engineers. In the US Army Corps Engineering Manual Hydrolegic Engineering
Design Requirements for Reservoirs Chapter 10, Flood Control Storage, (1997) It is noted in
Section 10-4 b that:

"A hypothetical flood corresponding to a specified frequency should contain runoff
volumes for all pertinent durations corresponding to that specified frequency.”

The 200-year 1990 and 1995 synthetic multi-day hydrographs (2 to 15 days) were developed
by modifying recorded flows around the peak ensuring that incremental inflow volumes from
Table 3.2 are incorporated. The storm peak for the 2 to 15 day events was arbitrarily located
at the tail end of the time period. For longer duration events, 15 to 110 days, the shorter
periods containing the 200-year instantaneous flood peak were inserted in the middle of the
longer duration events. The middle of the period on longer events was selected so that the
synthetic storms would not be overly biased toward having the majority of volume either
before or after the peak period.
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4.3. Approach using the 1990 flood and unit peak runoff for tributaries

in the WMC (March 2003) report, a seven-day hydrograph was developed based on hourly
flow data for the flood of November 9-13 1990 from the flow gauge on the Coquitlam River
above Coquitlam Lake (08MH141). This was the largest flood for the period of record for the
gauge. Using the hourly data from the highest 24-hour inflow period (November 10 to
November 11), flows were scaled such that the peak matched the 200-year instantaneous
peak of 855 m°/s and the 24-hour volume was equal to the 200-year daily volume of 53 Mm®.
The 2, 3, 5, and 7-day 200-year synthetic storm hydrographs were then developed such that
the flow volumes were consistent with the values in Table 3.2 with shorter events nested
within the longer durations. The 200-year daily flow and instantaneous peak were located on
the second day of the two-day event, the middle of the three-day storm, and near the end of
the five and seven-day periods.

The catchment boundaries for the areas downstream of Coquitlam Dam are shown in Figure
4.6. To generate hydrographs for these catchment areas, the synthetic 1990 200-year inflow
hydrograph to Coquitlam lLake was scaled to match the expected 200-year instantaneous
peak flow for the respective catchment area. The relationship between peak flows and
catchment area is shown in Figure 3.1. For the 50 km® Or Creek catchment and downstream
area (Area A and C on Figure 4.6}, the 200-year instantaneous peak discharge is 231 m¥s.
Section 5 discusses routing the upstream hydrograph through the Coquitlam reservoir and
combining the resulting spill with downstream flows.

4.4, Approach using the 1995 flood event and concurrent downstream flows

The storm of November 22 to 26 was selected as it provided a scenario for consecutive
peaks and high-sustained flows. The inflow hydrographs from the hourly records for this
storm at gauge 08MH141 were adjusted to account for the entire catchment above the
Coquitlam Dam and then scaled further to match the 200-year instantaneous peak and
volumes from Table 3.2, As was done with the 1990 event, the 2 to 15 day hydrographs
were developed such that the volumes are consistent with Table 3.2. The majority of the
volume for the various durations was inserted before the maximum one-day volume requiring
considerable distortion of the 1995 hydrograph as the actual 1995 event had very little flow
volume immediately prior to the peak inflow.

The synthetic 200-year storms developed for 1990 and 1995 are similar regarding the timing
of the peak daily flow, but the arbitrary allocation of volume surrounding the peak was
different. As shown in Table 4.1, the synthetic 1995 storm consistently has the majority of
volume prior to the peak as compared to the 1990 event that has a more even distribution of
volume on either side of the peak for periods from one to three days. Figure 4.7 is a plot of
cumulative volumes for the 1990 and 1995 storms that illustrates the large difference in flow
volume at the time of the peak; 97 Mm? for 1995 versus 78 Mm® for 1990. The distribution of
volume is critical to reservoir response and is discussed further in Section 5.

The actual 1990 and 1995 hydrographs both recorded about 50% of the 7-day volume prior
{o the peak flow. The synthetic 1990 hydrograph was more conservative than the recorded
event with 64% of the 7-day inflow prior to the peak. The synthetic 1995 hydrograph was
even more conservative with 78% of the 7-day inflow prior to the peak.
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Table 4.1 —~ Volume Distributions
Event Durations
1-Day 2-Day 3-Day 5-Day 7-Day
Q,
1980 Synthetic Storm % of Volume Before Peak 48 61 50 58 64
% of Volume After Peak 52 39 50 42 36
. % of Volume Before Peak 72 79 79 76 78
199 thetic St
5 Synthetic Storm % of Volume After Peak 28 21 21 24 22

The downstream flows were calculated by scaling up the recorded 1995 hydrograph from
gauge 08MH0002 to match the 200-year flood peak. As mentioned, Figure 3.1 provides a
200-year instantaneous peak flow of 231 m%s for catchments A and C {Figure 4.6). Section
5 discusses reservoir routing and calculating the resulting downstream 200-year water

surface profile for the Coguitlam River.
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5. COQUITLAM RESERVOIR MODELLING

5.1. Reservoir Operation Modelling

BC Hydro has carried out reservoir operation modelling as part of the work on the Coquitlam
River Water Use Plan. BC Hydro's optimization model (AMPL) was used to investigate
future operation of the Coquitiam Reservoir under GVRD maximized withdrawals and target
fish flows. The AMPL model is integrated with the other operations of BC Hydro and
therefore provides an overall picture of how the Coquitlam Reservoir fits into the BC Hydro
operating system. Target elevations for power generation were established in the model
runs that optimize operations, minimize spill and meet the GVRD water supply requirements.
However, the model uses a “perfect” five-day forecast and is therefore somewhat idealistic.

Following discussions with BC Hydro and inspection of the AMPL modet outputs, it was
concluded that the model outputs of water levels provide the most realistic simulation
available of future reservoir operations under the assumed working scenarios. BC Hydro
agreed to permit use of these model runs for establishing initial design water levels in the
reservoir for flood routing.

Following a review of the model outputs and design criteria, it was concluded that the STP5
simulation would be used for this study. The STP5 simulation assumes maximum projected
GVRD withdrawals in the summer months that are not expected to occur for at least another
20 years. In order that these demands can be met, the reservoir operating plan cuts back on
power generation in the late winter and spring to ensure that the reservoir is full at the
beginning of the summer period. This simulation resulted in the highest reservoir water
jevels in the winter and thus could be considered a “worst-case” operating scenario. We
considered this appropriate to counter the potential concern that the operation scenario is
idealistic. Output water levels from the STPS runs are shown in Figure 5.1.

The reservoir elevations are influenced significantly by the monthly target elevations for
power, which are listed in Table 5.1. When the reservoir reaches these elevations, BC Hydro
increases the power flows to maintain the reservoir at the target elevation. If the reservoir
continues to increase, power flows are set to maximum until the reservoir level drops to the
target elevation. It can be seen in Table 5.1 that the target reservoir elevation is relatively
low from October to January and then allowed to rise to a maximum in June.
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Table 5.1: Monthly target elevations for power generation

Month | Target elevation (m)
Oct 145
Nov 145.5
Dec 147.5
Jan 148
Feb 148.5
Mar 149
Apr 150
May 150.5
Jun 153
Jul 152
Aug 151
Sep 149

The output water levels in Figure 5.1 were analyzed for high inflow periods to determine
reservoir level duration curves prior to high inflow periods. A number of high inflow pericds
were examined including 1-day, 2-day, 3-day, 5-day, 7-day, 15-day, 30-day, 60-day, 80, day,
90-day, 100-day and 110-day periods. Using the 7-day period as an exampie, the
methodology was as follows:

1. The highest 7-day inflow periods for each year of the 39 years of record were
identified.

2. The reservoir water level on the day before each 7-day high inflow period was
tabulated producing 39 water levels.

3. The water levels were analyzed using a statistical histogram program to produce the
probability of exceedance for any given water level.

4. Duration curves showing the percent of time the reservoir water level is equalled or
exceeded were plotted. The duration curves are shown in Figure 5.2.

5.2. Reservoir Flood Modelling

A reservoir simulation model was developed using VBA (Visual Basic Applications) for Excel.
The model incorporates the operating rules for flood operation provided by BC Hydro, which
are as follows:

1. Above 153 m the power tunnel should be operating at capacity.
2. Above 153.86 m (the buffer) the low level outlet should be opened to return the

reservoir elevation below the buffer, if possible. If the reservoir is rapidly approaching
the buffer elevation the low level outlet would be opened one day prior.
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3. Above 154.86 m - the weir crest - the reservoir will start free spilling and the
discharge of the low level outlet is fransferred to the spiliway.

The Coquitlam-Buntzen Project Water Use Plan (BC Hydro, 2004) indicates that the
reservoir may be operated above the fiood buffer elevation during the period Aprit 1 to
September 30. Nevertheless it is understood that the target elevations for power generation
(Table 5.1) will be maintained and therefore the reservoir level duration curves {Figure 5.2)
will remain valid. However, in the event that the reservoir rises above the buffer elevation in
the spring/summer, a contingency plan should be put in pface by BC Hydro to restore the
flood buffer if a summer storm is forecast.

BC Hydro provided rating curves for the key reservoir operating components including the
power tunnel, low level outlet and fisheries release valves. The GVRD water supply outflow
was conservatively assumed to be zero for modelling during a very wet period.

The flood inflow hydrographs for durations of 1 to 110 days were routed through the reservoir
using the reservoir flood routing model. The operating rules listed above were followed for
each duration flood modelled. In addition, for the long duration floods, the power tunnel was
turned on at elevation 148 m in accordance with the target power elevations established by
BC Hydro in mid-winter for model run STP5 as shown in Table 5.1.

The initial reservoir elevation prior to the onset of each flood period was derived from the
reservoir level duration curves (Figure 5.2), which were developed to represent the
conditions prior to high inflow periods. For a given flood period, the 200-year multi-day flood
hydrograph was combined with the initial reservoir elevation corresponding to a 50%
exceedance level. By combining the 200-year inflow flood with the average initial reservoir
level that has occurred prior to major inflows, the outflow probability of the flood for the
200-year return period is maintained. Figure 5.3 shows the 50% probability values for flood
durations from one to 110 days for reservoir levels prior to high inflow periods.

It was determined from the reservoir modelling that the 110-day event provides the most
conservative estimate on reservoir outflows and was therefore used for further downstream

flood analysis.
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6. SENSITIVITY ANALYSIS

6.1.  Analysis using synthetic 1290 flood

The synthetic 1990 reservoir inflow hydrograph, as described in Section 4.3, was routed
through the Coquitiam Reservoir using the operating rules as described in Section 5.2.
Figure 6.1 displays the reservoir inflow, outflow, and water level series for the peak period of
the 110-day storm event using the 50% probability value of 143.3 m for the starting reservoir
water level. The reservoir spillway hydrograph was combined with the downstream
hydrograph for areas A and C as shown in Figure 6.2. 1t was assumed that the peak of the
downstream hydrograph occurred simultaneously with the peak of the reservoir inflow
hydrograph.

The combined flows result in a 200-year instantaneous peak flow of 453 m®/s at the CP rail
bridge and a peak daily flow of 377 m*/s. These values are slightly higher than the
discharges derived in the WMC March 2003 report because opening of the low level outiet
one day prior to reaching the buffer level (based on forecasting) was not included.

6.2. Analysis using synthetic 18935 event

The inflow hydrograph derived for the 1995 event was routed through the reservoir using the
110-day period and 50% probability reservoir starting level of 143.3 m. The peak period of
the reservoir routing is shown in Figure 6.3. The spillway outflow hydrograph was combined
with the concurrent 200-year downsiream flows derived in Section 4.4, as shown in
Figure 6.4.

The combined flows produce a 200-year instantaneous peak flow of 632 m°®/s at the CP rail
bridge and a peak daily flow of 448 m°/s. These values are higher than the analysis using
the 1990 flood event because of the much higher spillway outflows and reduced delay in the
peak of the spillway outflow. It was found that adopting a more conservative shape for the
inflow hydrograph, specifically distributing more flow prior to the one-day peak, raised
reservoir levels above the spillway crest prior to onset of the peak daily inflow. As discussed
in Section 4.4 and illustrated in Figure 4.7, the synthetic 1995 200-year storm has 19 Mm?®
(24%) more inflow volume prior to the peak than the 1990 synthetic 200-year storm.

in the synthetic 1990 event the reservoir level is only just above the buffer level prior to the
onset of the peak daily inflow. In the synthetic 1995 event the reservoir is above the spillway
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crest level prior to the onset of the peak daily inflow. The contribution of the downstream
tributaries for the 1995 event was about 230m*/s at the peak of the downstream flood, which
occwrs at a spillway outflow of about 400 m?/s, prior to the peak spiliway outflow of 425 ms.

6.3. Analysis of the October 2003 flood event.

Preliminary data for the October 2003 event were available from the real-time data output on
the Water Survey Canada website. The gauged discharge upstream of the reservoir was
scaled to represent the inflow from the entire Coquitiam watershed above the dam. The
flood was routed though the reservoir using a starting reservoir level at the buffer elevation of
153.86 metres. The routed outflow hydrograph was combined with the downstream flows
and the results are shown in Figure 6.5. The combined flows indicate a peak instantaneous
flow of 317 m%s at the CP rail bridge and a peak daily flow of 231 m/s. The calculated
instantaneous flow estimate is higher than the recorded discharge (180 m¥/s) because there
was no spill from the Coquitlam Dam during the actual event.

To investigate this flood as a potential 200-year event, the upstream and downstream
hydrographs were scaled-up to represent 200-year instantaneous peaks. The same starting
elevation of 153.86 metres was used for reservoir routing. The resulting discharges were
407 mfs for the reservoir spillway and 541 m%s at the CP Rail Bridge, as shown in
Figure 6.6. The contribution from the downstream tributaries at the peak was about 60 m*/s
larger than the contribution for the synthetic 1990 and 1995 events. The synthetic 2003
200-year event included a one-day volume that is 81% of the 200-year one-day volume and
a two-day volume that is 111% of the 200-year two-day volume. The calculated discharge at
the CP Rail Bridge of 541 m¥/s results in an event that is larger than the synthetic 1990 200-
year event but smaller than the synthetic 1995 200-year storm.

A starting reservoir level at 153.86 metres is very conservative. For a two-day storm event,
Figure 5.2 suggests the average reservoir level prior to a two-day event is just less than
146 metres and a maximum starting level of 150 metres 90% of the time. Lowering the
reservoir starting elevation would both delay and reduce the spillway outflow and
subsequently reduce downstream discharges.

6.4, Effect of using upper bound estimates

The analyses described in sections 6.1 and 6.2 were repeated using the upper value from
the 95% confidence limits for the peak daily inflow to the Coquitlam Reservoir.

The analyses were also repeated using a Coquitiam Reservoir starting level of 146.3m for
the 110-day event corresponding to the level that would only be exceeded 10% of the time
{(Figure 5.2).

It was found that using the 95% confidence limits increased the peak downstream flows
about 25%. However, the analyses were found to be not very sensitive to the starting water
level elevations as shown in Figures 6.7 and 6.8. This is because the power tunnel flows
start earlier with the higher starting reservoir elevation and are sufficiently large to prevent
the reservoir rising at the early stages of the 110-day hydrograph.
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6.5. Water surface profile sensitivity

The HEC-RAS model developed by Northwest Hydraulics, 2002 was used for modelling the
Coquitlam River. The 12 km long study reach extended from the mouth of the Coquitlam

" River to approximately 5 km below the Coquitiam Dam. The modet was based on 53 cross-
ey sections provided by BC Hydro surveyed between October and December 2000 (Bland,
PR 2000). The model was originally run in steady-state mode using the peak daily flows from

. 7., the 1988 report listed in Table 2.1.

HEC-RAS version 3.1 was released by the US Army Corps of Engineers in January 2003
and was used for this study.

A survey of high water marks was carried out for this study for the peak flow of October 16
2003. The high water marks were flagged on October 17 and surveyed the following week.
Appendix A summarizes the data. There is some uncertainty regarding the magnitude of the
peak flow on October 16, 2003. The highest flow that has actually been measured at the
WSC gauge was 132 m’/s on August 30 1991 at a gauge height of 6.76 m geodetic. The
current rating curve used by WSC is dependent on this value for flows above 60 mY/s.
Recent bed aggradation documented in Northwest Hydraulics 2002 has resulted in higher
water levels for the same flow but the WSC rating curve has not been updated to reflect this.
No measurements were made by WSC during the October 2003 flood event.

We used the HEC-RAS model to extend the rating curve and concluded that the peak flow

- on October 16 2003 was about 130 m¥s. The HEC-RAS model was calibrated using this
flow value and an excellent fit was found for most of the Coquitlam River recorded high water
marks. Higher Manning's n values would be required to match the recorded water surface
profile upstream of the Lougheed Highway Bridge and it was concluded that aggradation
during the 2003 flood event had resulted in higher bed levels. The Manning's n vaiues were
set so that they were consistent for the entire model reach.

Northwest Hydraulics had increased roughness coefficients in the floodplain from 0.08 to
0.12 to reflect the presence of dense bank and floodplain vegetation observed at the
beginning of November, However, the analysis presented in Section 5 shows that the
reservoir is drawn down in the summer and refills in the winter. The reservoir is therefore
unlikely to spill in November as the reservoir is still filling and the reservoir is being used for
maximum power generation as there is still plenty of time to refill the reservoir before next
summer. Furthermoare, the critical inflow flood duration is 110 days of high inflows which
means that the reservoir peak outflow would occur, at the earliest in December. Therefore
the roughness factors were not increased fo reflect dense summer-type growth.

The roughness factors used for the HEC-RAS model were based on values used in the
literature, the model calibration and experience on other rivers. The reference, US Army
Corps of Engineers (1994) provides a composite of information drawn from a number of
references on selection of Manning’s n.

The roughness factors used for the modelling were:
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« Channel 0.032 0.048
» QOverbank 0.08

Sections upstream and downstream of the CP Rail Bridge were selected for comparison of
water surface profile elevations. Section 13.25 is about 600 m downstream of the CP Rail
Bridge and Section 15.5 is about 200 m upstream of the bridge. Water surface profile
elevations for peak instantaneous and peak daily flows were computed for all developed
scenarios. For this comparison, the model included a biockage at the CP Rail Bridge that
extended across the channel below the bottom of the bridge deck and no blockages at the
Kingsway Bridge. The results are presented in Table 6.1. For the dyke elevations freeboard
of 0.3 m was added to the peak instantaneous flow elevations and 0.6 m to the peak daily
flow elevations.

it is apparent from Table 6.1 that the peak instantaneous flows govern the dyke elevations as
these discharges contribute more than 0.3 m of increased elevation compared with the peak
daily flows.

The increase in discharge using the 95% confidence limits raised water levels significantly
upstream of the bridge from 0.7 m to 1.1 m and only slightly downstream from 0.3 mtoc 0.5
m.

The sensitivity to increases in bed levels following sediment aggradation was also
investigated. It was found that an increase in bed levels increased the water surface profile
by about 0.25 m. Figure 6.9 summarizes the results of the water surface profile sensitivity
analysis in the critical reach near downtown Port Cogquitlam.
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7. HYDROLOGIC DESIGN CRITERIA

7.1, Summary of hydrologic analysis

The sensitivity of the peak reservoir outflow magnitude and shape to the inflow magnitude
and shape has been investigated by creation of synthetic 200-year hydrographs based on
the recorded inflow events in 1990 and 1995. Each hydrograph included the 200-year inflow
volumes for all durations from one to 110 days. It was found that the key variable is the
proportion of flow volume allocated prior to the occurrence of the peak inflow.

The actual 1990 and 1995 hydrographs both recorded about 50% of the 7-day volume prior
to the peak flow. The synthetic 1990 hydrograph was more conservative than the recorded
event with 64% of the 7-day inflow prior to the peak. The synthetic 1995 hydrograph was
even more conservative with 78% of the 7-day inflow prior to the peak.

The timing of the occurrence of downstream tributary flows with reservoir inflows was
investigated by comparing recorded hydrographs upstream and downstream of the reservoir.
It was found that the reservoir inflow peaks essentially occurred at the same time as the
downstream tributary peaks. This is largely because the major downstream tributary of Or
Creek has similar watershed characteristics as the reservoir tributary watersheds.

The 200-year downstream flows were derived by scaling up recorded hydrographs. For the
synthetic 1990 event the downstream hydrographs peaks were set at the same time as the
reservoir inflow peaks. For the synthetic 1995 and 2003 events the timing was based on
recorded flows.

The synthetic 1990 event produced a peak flow at the CP rail bridge of 453 m¥s and the
synthetic 1995 event produced a peak flow of 632 m¥s. In the synthetic 1990 event the
reservoir level was just above the buffer level at the onset of the peak daily inflow. In the
synthetic 1995 event the reservoir was already spilling prior to the onset of the peak daily
inflow.

The 2003 flood event was also investigated using the recorded inflows and recorded
downstream flows. It was found that if the reservoir had been at the buffer elevation prior to
the event the peak flow in the Coguitlam River at the CP rail bridge would have been
317 m*s rather than the 180 m%/s recorded. The 2003 hydrographs were also scaled up to
represent a 200-year flood event for both upstream and downstream. With a starting
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resew?ir elevation at the buffer elevation the peak flow at the CP rail bridge would have been
541 m¥s.

Using the 95% confidence upper limit for the peak daily flow volume the peak instantaneous
flow at the CP rail bridge would be 572 m¥s for the synthetic 1990 event and 786 ms for the
1995 synthetic event. The additional data used in this study from the Poltard report indicated
that the extended 86 years of record did not result in an increase in the 200-year daily flow
estimates. Furthermore the recorded values for the instantaneous and peak daily flows for
the 1921 and 1961 floods were both less than the 200-year flood estimate from the original
44 years of record and the regional analysis. Therefore using the upper 95% confidence limit
for the design is not recommended, as the frequency analysis using the 44-year period of
quality controlled data appears reasonable.

it was found that the peak reservoir outflows were not sensitive to reservoir starting levels for
the 110-day hydrographs. This was because the power oufflows can maintain reservoir
levels at the relatively low inflows at the initiaf stages of the 110-day hydrographs.

7.2. Recommended hydrologic design criteria

It is recommended that the synthetic 1995 hydrograph be used to generate the design flows
in the Coquitlam River. This synthetic hydrograph is more conservative than the synthetic
1990 event used in the Water Management Consultants March 2003 report. The volume
distribution is significantly more conservative than the recorded event.

it is recommended that the 50% probability starting water level be used with the 1995
synthetic hydrograph to maintain a 200-year probability event criterion.

it is recommended that the peak instantaneous flows be used for dike design and floodplain
mapping with 0.3 m of freeboard. This gives a higher dike design level than using the peak
daily flow and a freeboard of 0.6 m. Where levels are higher using daily flows plus 0.6 m of
freeboard it is recommended to use the higher vaiue.

The reaacommended peak instantaneous design flow at the CP Rail Bridge is therefore
632 m’/s.

For tributary inflows from Scott Creek and downstream of Scott Creek, it is recommended t0
use the 200-year peak flows from the regional analysis and the shape of the recorded
hydrographs from the gauge at the CP Rail Bridge. The timing of these tributary inflow peaks
would coincide with the other inflow hydrographs as discussed in this report.
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8. DESIGN FLOOD LEVELS

8.1, Boundary Conditions

Table 8.1 shows the peak daily flows from the 1988 report and the peak flows derived for this

study.

Table 8.1: 200-year peak flows in the Coquitiam River in m%/s

Peak daily flow

Peak daily flow

Peak instantaneous

Fraser River

from 1988 . . fiow used in this
report used in this report report
At gauge 08MHG02 573 448 632
At confluence with 640 577 777

The key assumptions used in deriving the flows for this study are described in previous
sections of this report and are summarized as follows:

e Peak instantaneous 200-year reservoir inflow were embedded in multi-day
hydrograph up to 110 days with inflow volumes for all durations corresponding to 200-

year events

e The starting reservoir level was based on future Coquitlam Reservoir operations
using the BC Hydro STP5 run and reservoir fevel corresponding to 50% probability of

occurfence

o A synthetic 1995 hydrograph was used for the inflow volume sequence and to
synchronize inflows from downstream tributaries

« Downstream hydrographs were based on scaling up the 1995 hydrograph recorded at
the CP Rail bridge using estimated 200-year flow peaks from the regional analysis.
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The peak daily fiows from the 1988 report were derived on the basis of the analysis carried
out for the Water Investigations Branch (1976) as part of the technical studies for the
Coquitlam River Water Management Plan. The 1976 report used a unit hydrograph
technique based on the records from the July 1972 storm event. In that storm the recorded
unit peak runoff from the downstream areas, including Or Creek, was twice as high as the
unit peak runoff over the Coquitlam Watershed above the dam. The highest rainfall
intensities were centred on the downstream areas. The hydrological analysis in the 1976
report was based on factoring up the 1972 hydrographs using a ratio of the 200-year rainfall
to the rainfall recorded at the Coquitlam Lake station. This resulted in a very high 200-year
unit peak runoff estimate for the downstream area of 5.7 m¥fstkm® compared with
2.7 m*fs/km? upstream of the dam.

The downstream boundary condition for winter flows was that used in Associated
Engineering Services (1988) and Northwest Hydraulics (2002). The level of 2.13 m roughly
represents a five to 10-year return period maximum October to January water level on the
Fraser River.

The downstream boundary used for the summer flows was a 200-year Fraser River level of
4.37 m (0.1 m higher than the level used in Northwest Hydraulics (2002). The summer flows
used were 228 m’/s above Scott Creek and 255 m°/s below Scott Creek, which were the
flows, used in Northwest Hydraulics (2002) and Associated Engineering (1988).

Northwest Hydraulics included a log jam at the CP Rail bridge which increased water levels
by about 0.36 m. The potential log jam at the CP Rail bridge is well-supported in Northwest
Hydraulics (2002). The 200-year peak flow intersects the soffit of the bridge causing
pressure flow. The log jam was assumed to be formed across the whole section about a
metre below the bridge soffit.

We included the log jam at the CP Rail bridge in the model for this study for defining FCL. A
second log jam at the Kingsway Bridge is less likely to form because of the higher localized
velocities through this confined section and the material being collected at the upstream jam.
Nevertheless, a partial log jam at the Kingsway Bridge could occur and a log jam was
included in the model by blocking one span of the bridge between piers.

8.2 Design Water Surface Profile

The modelled winter and summer profiles are illustrated in Figure 8.1. The resulting peak
water surface profile was slightly lower than the profile calculated by Northwest Hydraulics in
2002. Near the Fraser River, up to about 1500 m upstream of the Mary Hill Bypass Bridge,
the summer FCL governs.

Flood Construction Levels (FCL) were derived by adding freeboard to modelled peak water
levels depending on the method used to generate the inflow boundary condition to the
modet. As discussed in Section 3, the winter flood flows were developed from a regional
flood frequency analysis using instantaneous peaks requiring the provincial standard of
adding 0.3 m of freeboard to the estimated peak water surface profile. The summer flood
flows were derived from daily peaks requiring, by provincial standards, 0.6 m of freeboard.
The winter peak daily flood was also modelled and if the flood level plus 0.6 m was greater
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than the instantaneous level plus 0.3 m, the higher level governed. In general the
instantaneous flow peak plus 0.3 m provided the higher FCL vaiue.

The calculated FCL values are listed in Table 8.2 together with the resulis from previous
studies. Table 8.2 includes the elevations of the right and left bank dikes based on
information from the Northwest Hydraulics Report (2002). The table shows that the dikes are
up to 1.61 m low in the Colony Farm area and up to 1.5 m low between Pitt River Road and
the CP Rail bridge. Immediately upstream of the CP Rail bridge, the dikes are up to 2.52 m
too low as a result of the constriction at the bridge and the debris jams.

The base mapping used for this study was supplied in AutoCAD format by the City of
Coquitlam and the City of Port Coquitlam with a contour interval of 2 m. Flood Construction
Levels (FCL) were determined as described above. These water levels assume that the
existing FRFCP Dikes, the left and right dikes upstream of Lougheed Highway and the
Colony Farm Dikes contain the design flood. Floodplain limits were then determined by
extending the FCL to high ground.

The set of floodplain maps are submitted as a separate document.
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Tabie 8.2 - Comparison of Flood Construclion Levels

Rivar

Previous 1976’

Previous 2002"

Revised 2003

Rewvised 2004

Lef (sast) dike
crestbank elevation

Right (west) dike
crestibank

tef (easl) dike

Right (west} dike

Cross-Section | Bridge Location FCL {m) FCL (m) FCL (m) FOL® (my iy etevation " (M) | oy coss freeboard | excess froeboand

0.5 50 5.0 5.0 1.5

1 Macyhill 8y-pass 4.87 50 50 48
1.25 5.0 5.9 4.8

1.5 X 5.0 .0 0.1
1.78 50 5.0 .0 0.5 03

3 50 5.0 0 -0.5 -1

4 4.0 5.0 5.0 0.7 -

5 502 a.1 5.1 5.1 -1.1 -
8.5 58 5.2 5.5 -14 -

5 5.9 .3 58 1.6
6.3 5.1 8.1 .3 6.1 .2
6.5 8.2 4 5.2 0.2

7 5.83 8.6 55 8.4 0.3
7.2 5.7 57 6.5 0.2

8 6.08 6.7 57 8.5 04

[] Pill River Road 6.24 67 &7 54
9.1 6.8 57 6.7
9.5 7.1 5.9 71 -08

10 6.54 73 .3 7. £.5

i1 7 7.7 6.9 7. 0.7
11.1 76 6.9 7. 0.3
11.25 5.1 7. 79 £.4

12 715 8.4 7. 8.2 0.8 4.2
12.5 8.5 7.2 v B3 £0.7 0.4

13 751 8.8 76 87 0.8 3.0
13.25 9.8 8.5 96 -1.0 1.3
13.58 106 9.3 104 0.8 1.0
13.75 107 9.4 10.5 1.3 1.5

14 8.83 10.3 95 10.5
141 10.8 9.7 114
14.9 12.2 9.8 11.7

15 CP Rail 8.83 174 a.8 120 11.5 11.8
151 129 9.9 126
15.25 130 101 12.7 2.5
158 13.1 0z 128 -2.5

16 10.05 131 2.3 12.8 1.

16.1 13.1 03 128 Q.
16.9 131 103 12.8 L.

17 Lougheed Hwy 0.2 13.1 103 13.1 1.2 1.1
17.25 133 11.2 133 0.4 0.0
17.5 138 12,1 138 .6 0.8
17.75 142 12.8 142 0.2 1.1

18 15.23 15.2 146 15.2
18.5 ird 158 7.2

19 214 206 212

20 4.8 239 247

21 283 274 28.3

22 30.0 287 29.8

23 30.1 29.0 289

24 31.2 30.2 311

25 35.1 348 349 R

26 383 375 376 42.5 45.3

27 39.8 385 386 42.1 381

28 414 413 412 44.0 41.0

29 434 42.7 433 44.0 431

30 461 45.7 459 50.0 44,

31 481 473 47.9 500 48.

32 503 493 50.1 488 49

33 523 513 517 55.7 55.0

34 549 53.2 548 55.0 56.0

35 570 562 568 57.% 62.3

36 58.0 513 57.7 60.0 0.0

*From Northwest Hydraufics (2002)
*Based on partial biockage al Kingway Bridge and without raising bed level

Highes! of Instantaneous peak +0.3 and Daily Peak +0.6
Rl Dyke orest




9. FLOOD MITIGATION ALTERNATIVES

The flood mitigation alternatives that were considered included:

¢ Channel excavation/sediment removal

+ Modifying the CP Rail and Kingsway bridges

+ Raising existing dikes

» Allocating additional fiood storage in Coquitlam Reservoir

» Increasing the low level outlet spill capacity at Coquitlam Reservoir

2.1. Channel excavation / sediment removal

Sediment removal was considered as a flood control alternative. From the modelling
analysis it was found that a major excavation would be required to make a significant
difference to the dike design crest level,

For example, an excavation of about one metre below the lowest point of the existing
channel was modelled including the removal of gravel bars. The excavation analysis
extended from the bridge at Pitt River Road to the Kingsway Bridge with an average depth of
excavation of 2.4 m. The HEC-RAS analysis indicated that the dike design levels would be
reduced from the Pitt River Road Bridge to the Lougheed Highway Bridge by an average of
0.46 m with the greatest reduction of 0.76 m just downstream of the Kingsway Bridge.
Therefore the model analysis indicates that for an average 2.4 m excavation, the dike system
would still require significant raising to meet the required flood protection level. The total
quantity of excavated material would be about 175,000 m®. The unit costs for excavation
include potential cost recovery by seiling material. Details of the cost breakdown are
provided in Appendix B. The capital costs for the channel excavation option were found to
be $3.4 million higher than the option that only included dike raising for the | km of dikes
considered in this study. When all the dikes are considered the difference in costs would be
less.
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In addition to the capital costs, there would be environmental {i.e. assessment, mitigation,
compensation) and annual channel maintenance and monitoring costs.

Fisheries and Oceans Canada (DFQ) has commented on the channel excavation option as
follows:

“Pyrsuant to ihe federal Fisheries Act, DFO has developed a policy that applies to all projects
and activities, large and small, in or near the water, that could "alter, disrupt or destroy” fish
habitats, by chemical, physical or biological means; thereby potentially undermining the
economic, employment and other benefits that flow from Canada's fisheries resources. More
details of the policy may be seen on the web, at htip://www.dfo-mpo.gc.ca/canwaters-
eauxcan/infocenireflegisiation-lois/policies/thm-policy/index_e.asp

The federal Fisheries Act defines "fish habitats” as those parts of the environment "on which
fish depend, directly or indirectly, in order to carry out their life processes”. The Act also
defines "fish" to include all the life stages of "fish, shelifish, crustaceans, marine animals and
marine plants®.

DFO considers that sediment removal, and associated activilies, can "alter, disrupt or destroy"
fish habitat. Works that “alter, disrupt or destroy" fish habitat cannot be legally undertaken
without an authorization pursuant to subsection 35(2) of the federal Fisheries Act.
Assessments of such projects follow the "Policy for the management of fish habitat" ({the
policy), and DFQ's fish habitat conservation and protection guidelines; and must also adhere
to the Canadian Environmental Assessment Act (CEAA) and the Species at Risk Act (SARA}.
For works authorized pursuant to subsection 35(2) of the Fisheries Act, compensation or
mitigation would likely be required fo satisfy DFO's requirements for no net-loss of fish habitat.

DFO supports works, including sediment management, that address public safety issues.
Following the policy, and no net loss of habitat guidelines, it has been DFO practice to support
the removal of sediment from river channels, if such works address flood, erosion, or
navigation safety issues; and if other solutions are not available. Some other long-term
solutions that should be investigated in the case of the Coquitlam River may include:

providing a floodway through Colony Farm or reactivating other side channels
providing an early flow release capability at & new BC Hydro dam

ensuring that bridges do not unreasonably restrict flood flows

vegetation management within the floodway"

As channel excavation does not appear to be cost-effective and environmental approvals
would be difficult to obtain, it is recommended that no further analysis be undertaken with this
alternative.

9.2. Modifying the CP Rail and Kingsway bridges

The CP Rail and Kingsway bridges form a significant constriction in the Coquitlam River
which raise upstream water levels during the design flood event. The feasibility of modifying
the bridges was investigated using the HEC-RAS model. The bridges were widened in the
mode! fo the full width of the Coquitlam River channe! upstream of the CP Rail bridge. This
represents an increased span of 40 m which is 160% of the existing span width. The
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channel immediately upstream and downstream of the bridges was also w;dened and
excavated in the model. The total quantity of excavation would be about 45,000 m®.

Even with these modifications the 200-year instantaneous peak water surface profile was

-.0.3 m above the soffit of the CP Rail bridge. For debris clearance under design conditions,

at least one met?e of freeboard should be allocated. Therefore, the bridges would have to be
raised about 1.3 m in addition to being widened. As maximum rail grades are about 2%, it
would require extensive raising of the CP rail bed east and west of the bridge possibly
including part of a large railway marshalling yard east of the bridge.

The following comments were forwarded by Jan Kubik of CP Rail:

The CPR Coquitlam yard is saucer shaped with the high points of the saucer rim located at the bridges
at the Pitt & Coquitlam rivers. When switching railway cars at the west end of the yard up to and over
the Coquitlam River Bridge our switching locomotives are moving the maximum tonnage of cars that
the grade leading up to the bridge permits. Raising the CPR Coguitlam River Bridge would adversely
impact our operations by reducing the tonnage our switching locomotives are able to move, This would
be unacceptable to CPR. Mitigation would require either more yard engines or raising the elevation of
the yard so that the grade up to the Coquitlam River Bridge is no more than it is at present. The
elevation of the frack at the Coquitlam River Bridge is about 20 ft higher than the middle of the yard
(the bottom of the saucer) and this elevation difference occurs over 6000 fi. To put a monetary value
to the mitigation required if the CPR Coguitiam River Bridge were to be raised would require a fot of
study. it is likely a detailed study would rule out raising the CPR bridge as an economic option.

Since the modifications to the railway bridge and Kingsway Bridge would entail significant
costs, it is recommended that no further analysis be undertaken with this alternative.

9.3. Raising existing dikes

Compared with the above alternatives, raising the existing dikes provides a cost-effective
flood mitigation alternative with less environmental impact. Preliminary designs for dike
raising for one kilometre of dikes are presented in the next section together with estimates for
raising all FRFCP Dikes on the Coquitlam River.

9.4, Allocating additional flood storage in Coquitlam Reservoir

The potential for enhancing the flood control operation of Coquitlam Reservoir was
considered as a flood mitigation alternative. Currently a flood control buffer of 1 m below
spillway level is allocated in the reservoir. When the reservoir elevation is above the buffer
elevation, the power flows and the flows from the low level outlet are increased to maximum.

One alternative would be to lower the flood control buffer elevation and thereby provide
increased storage for flood control. However, the analysis presented in Section 5 of this
report demonstrates that in the design condition, the buffer is largely ineffective. There is
insufficient spill capacity in the reservoir to maintain reservoir levels at the buffer elevation
when large multi-day inflow events occur.
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if the flood control potential of the reservoir were to be increased, the reservoir would have to
be operated at lower levels throughout the winter and spring by decreasing the power target
elevations (Table 5.1). However, future plans (10 to 20 years) for Coquitiam Reservoir are to
increase the water supply use of the reservoir and decrease the power use. Target
elevations for future water supply would be similar to current target power elevations.
Allocating additional flood control storage would significantly constrain this potential future
use and compensation would likely have to be paid annually to BC Hydro/GVRD for the loss
of storage capacity. Operating the reservoir at lower levels would mean that refill in the
spring might be compromised leaving inadequate storage for water supply over the criticai
summer months, Based on the constraints with the physical characteristics of the current
dam and future water supply needs it is recommended that no further analysis be undertaken
with this alternative.

9.5. Increasing the iow level outiet capacity

As noted in Section 4.2, the Coquitlam Reservoir was not originally designed as a flood
control reservoir and has limited outlet capacity, compared with flood inflows, for maintaining
the buffer elevation. Increasing the outlet capacity has been considered at a conceptuat
design level by BC Hydro.

A flow control valve with capacity for 200 m%s could be instalted at the inlet to the existing
diversion tunnel that was constructed at the time of construction of Coquitlam Dam. The inlet
currently comprises three large diameter (3 m wide by 5 m high) concrete diversion culverts
that were plugged with concrete after dam construction. The current low-level outlets are
located on top of the concrete diversion culverts with a control tower above the outlets, The
conceptual design scheme would involve strengthening the middle concrete diversion
culvert, removing the concrete plug and installing a permanent maintenance gate and a
control valve. According to BC Hydro an initial rough estimate suggests that the approximate
construction cost may be in the range of $3 to $5 million. However this figure would need to
be confirmed through a preliminary design study.

BC Hydro has advised that:

We concluded that the concept appears to be feasible but further work during a preliminary design
study is required to develop a cost estimate suitable for financial authorization. However, we noted
that the reliability of our preliminary design estimate would be affected by the limited information that is
available for this 80 year old structure and by our inability to fully inspect its condition during
preliminary design because of reservoir operation requirements, fish water releases and the
accumulated sediment that has partially buried the upstream side of the tower. Engineering expects
preliminary design will cost about $170,000 in engineering fees. This estimate does not include costs
that may be required or incurred directly by BC Hydro's Generation, Legal, Aboriginal Relations,
Community Relations or for environmental assessments. At the end of the preliminary design phase
we would provide a brief report summarizing our assessment, the cost estimate to construct the
modifications to the jow-level outlets and proposed construction schedule, together with an
assessment of the engineering risks involved in implementing the modifications to the low-level
ouflets.

This cost estimate and work scope does not include the work necessary o confirm that 200 m®/s can
be safely passed downsiream nor the costs required for reviewing and confirming the feasibility of
providing the 200 m°/s discharge with respect to:
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Reservoir operations, including any associated economic impacts

First Nations cemetery inundation/impacts

Downstream property impacts, erosion

Downstream debris management

Downstream flood impacts

Increased risk o public safety

Emergency communications/preparedness during high flow events

Liability issues and concerns

More detailed engineering and social costs for dike upgrades

Review of BC Hydro's water use plan if, or when, 200 m°/s discharge can be implemented safely

We repeated the Coquitlam Reservoir routing with the 200-year design storm based on the
synthetic 1995 hydrograph using an increased low leve! outlet capacity of 200 m®/s using the
existing BC Hydro reservoir operating rule that provides a buffer of 1 m below the spiliway
crest. As shown in Figure 9.1, the increased outlet capacity provides the capability to hoid
the reservoir at the buffer elevation for a longer duration so the peak spiliway outflow is only
239 m%s compared with 425 m®s without the increased low-level outlet capacity. The peak
instantaneous flow at the CP Rail Bridge was found to be 376 m*/s compared with 632 m*/s
without the increased capacity. The peak instantaneous flow was used in the HEC-RAS
model to derive a water surface profile. The corresponding FCL values are shown in Table
9.1, which indicate that this option would only require relatively minor raising of the FRFCP
Dikes. However, the Colony Farm dikes, downstream of Section 6.0, would still require
raising. Costs for dike raising for this option are discussed in Section 10.7.

This option significantly reduces the required dike upgrading and in some locations
gliminates the need for dike upgrading. The Equipment Landing Area for debris control at
the CP Rail bridge would still be recommended as the water surface profile intersects the
soffit of the bridge. However the extent of the required works would be reduced as the FCL
would be fower. This option also reduces the FCL in the floodplain area behind the dikes
which would reduce the floodproofing requirement.

This alternative would require no changes to the current reservoir operating rules. The
existing operating rule to maintain the buffer elevation would remain in place. When the
reservoir is being held at the buffer elevation, the policy is to “pass inflows” and the releases
are equal to or less than the natural inflows. The increased low level outlet capacity would
allow BC Hydro to maintain the reservoir at the buffer elevation more effectively. It would
also increase the safety of operating the reservoir above the buffer elevation in the
spring/summer period. If a'major storm is forecast, the buffer elevation could be more easily
restored with an increased low level outlet capacity.

in view of the advantages of this option, it is recommended that further analysis be
undertaken. The assessment should include the sensitivity of the peak outflows to changes
in the buffer elevation. A small increase in the size of the flood buffer could reduce the
magnitude and frequency of flood outflows without significantly compromising power and
water supply benefits.
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10.DIKE RAISING

10.1. Introduction

Prior to 1989, the Coquitlam River fiood control works were comprised of a series of informal
dikes constructed to various standards. In 1988, construction started on a formal diking
system that extended from the southern end of Kwikwetlem |.R, No.2 to the Lougheed
Highway Bridge. The dike construction was completed in 1994, This work was completed
under the Canada-British Columbia Fraser River Fiood Control Program (FRFCP) 1968
Agreement.

The locations of the FRFCP Dikes are shown on the floodplain maps. FRFCP Dikes exist on
the left bank from Lougheed Highway (XS 16) downstream to the southern boundary of LR.
No.2 (XS 6.3). FRFCP Dikes exist on the right bank from Kingsway Avenue (XS 14)
downstream to Scott Creek (XS 12), and continuing upstream on the left bank of Scott Creek
to (XS 56.0).

The increased flood levels described in Section 8 result in approximately 6 km of the FRFCP
Dikes being deficient in elevation. This section describes design work on 1 km of the FRFCP
Dikes and provides an extrapolation of costs to the entire 6 km length of FRFCP Dikes.
Upgrades to the Colony Farm dikes and other informal dikes are not included in the cost
estimates.

The project team completed fieid survey, base mapping compilation, and design work on the
flood mitigation projects in January 2004.

Monitoring of future sediment aggradation is recommended as the dikes may require raising

again in the future untif an equilibrium condition is reached between the sediment loading
and river flushing.

10.2.  Left Bank Through Lions Park

Existing Conditions

The existing dike through Lions Park follows the river bank for the north half of the park, then
follows a set-back alignment for the southern portion. This set-back alignment takes the form
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of one of the park elevated pathways and the access road paralleling the existing parking lot.
The dike ties in to high ground in the CPR right-of-way at the south end of the park. This
original set-back alignment was selected due to concerns that the river bank immediately
upstream of the CPR bridge would be susceptible to bank erosion. The existing river bank
along the southern half of the park has an informal dike, which includes the Traboulay Poco
Trail along its crest. This informal dike is at a higher elevation than the official dike.
However, the construction is not to Fraser River Flood Control Standards and there is a iow
point in the informal dike, where the Traboulay Poco Trail dips under the CPR bridge.

fssues and Constrainis

Upgrading the dike system through Lions Park presents many challenges. These challenges
are largely the result of the significant increase in dike crest elevation required to meet the
latest approved Flood Construction Level (FCL). The dike crest elevation must be increased
more than 2.5 m at the southern end of Lions Park, immediately upstream of the CPR bridge.
Maintaining the existing Traboulay Poco Trail system along the river bank and through the
CPR and Kingsway bridge openings will require modification due to the change in dike crest
elavation.

Survey of the CPR railway embankment confirms that the railway grade is below the FCL.
Although not specifically included as a design upgrade in this preliminary dike upgrade
submission, a continuous tie-in will be required. Conceptually, this may entail constructing a
vertical barrier wall parallel to the railway tracks that could be tied to the upstream face of the
railway bridge. This is a significant outstanding issue that must be addressed prior to
detailed design of the adjacent dike sections.

Recommended Upgrade

We recommend the upgraded dike through Lions Park follow the river bank alignment for its
entire length. Upgrading the official dike through the southern half of Lions Park would
require raising the existing pathway over 3 m from its existing elevation. This would have a
significant negative impact on the aesthetics of the park. Upgrading the dike to foliow the
river bank allows us to take advantage of the increased elevation of the river bank, and
results in less disruption to the park setting. The new dike cross section will include a
continuous impervious blanket on the riverside face and a sand and gravel drainage layer as
per the drawings 032502-0-104, -109 and -110.

Cost Estimate
The estimated cost for the flood mitigation works through Lions Park is approximately

$249,000 excluding engineering, contingencies and taxes. A detailed breakdown of the
costs is provided in Appendix B
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10.3. Left Bank between Kingsway Bridge and McAllister Pedestrian Bridge
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Existing Conditions

The existing dike downstream of the Kingsway bridge is composed of a riprap armoured
slope as per the design from 1990. The Traboulay Poco Trail follows the wide dike crest and
joins with the pedestrian bridge at McAllister Avenue.

Issues and Constraints

The significant issues considered along this section of dike involve integrating the Traboulay
Poco Trail with the upgraded dike crest,

Recommended Upgrade

We recommend extending the riprap armouring to the new Qqq elevation, and extending the
dike to the new FCL using the same location and configuration of the existing dike. The new
dike cross section will include a continuous impervious blanket on the riverside face and a
sand and gravel drainage layer as per drawings 032502-0-103, -107 and —-108. At the
northern end the dike will tie into the Kingsway bridge approach fill.

Cost Estimate

The estimated cost for the fiood mitigation works on the left bank between the Kingsway
bridge and the McAllister pedestrian bridge is approximately $141,000 excluding
engineering, contingencies and taxes. A detailed breakdown of the costs is provided in
Appendix B.

10.4. Right Bank between Kingsway Bridge and McAllister Pedestrian Bridge

Existing Conditions

The existing dike system downstream of the Kingsway bridge is composed of a riprap
armoured slope as per the design from 1980. In addition, a 100-m long section of Lock Block
wall exists along the top of the river bank in this area. The wall, also part of the 1990 design,
is located in an area where a garage on private property is located too close to the river to
aliow for a standard dike cross section.

Issues and Constraints

The existing dike/floodwall must be raised by up fo 1.5 m along this section. This results in a
fonger section of floodwall being required to meet the FCL without disrupting the trail system
near the Kingsway bridge. The increased height of the Lock Block wall, up to four blocks
high, requires a wider cross section due to the backfill required to stabilize the wall. This
wider cross section may result in property impacts along portions of this alignment.
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Recommended Upgrade

We recommend extending the riprap armouring to the new Quy elevation, and extending the
dike to the new FCL using the same alignment as of the existing dike. The new dike cross
section will include a continuous impervious blanket on the riverside face and a sand and
gravel drainage layer as per drawings 032502-102, -106, -107, -301, -302 and -303 . In
addition, we recommend constructing approximately 150 m of floodwall extending from
approximately 40 m upstream of the McAllister pedestrian bridge and tying in to high ground
at Kingsway. The floodwall will consist of both a Lock Block wall and a section of cast-in-
place concrete wall to tie in to the new dike cross section. The structural design of the
floodwall has been completed using the limited geotechnical information available. Further
geotechnical investigation is required to confirm our design assumptions prior to
construction.

Cost Lstimate
The estimated cost for the flood mitigation works on the right bank between the Kingsway
bridge and the McAllister pedestrian bridge is approximately $255,000 excluding

engineering, contingencies and taxes. A detailed breakdown of the costs is provided in
Appendix B.

10.5. Right Bank Downstream of McAllister Pedestrian Bridge

Existing Conditions

The existing dike system downstream of the McAllister pedestrian bridge is a composed
standard 3H:1V side slopes as per the design from 1880.

Issues and Constrainis

The significant issues considered along this section of dike involve integrating the trail
system with the McAllister pedestrian bridge.

Recommended Upgrade

We recommend increasing the elevation of the dike crest by extending the 3H:1V side slopes
to meet the new FCL. The new dike cross section will include a continuous impervious
blanket on the riverside face and a sand and gravel drainage layer as per drawings 032502~
0-102, -105 and -1086.

Cost Estimate

The estimated cost for the flood mitigation works on the right bank downstream of the
McAllister pedestrian bridge is approximately $172,000 excluding engineering, contingencies
and taxes. A detailed breakdown of the costs is provided in Appendix B.
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10.6. Cost Summary for Dike Raising

The cost estimate for raising the 1 km of dike included in this project is approximately
$1,351,000, as described in the previous sections. A detailed breakdown of the 4 different
sections of dike upgrade is provided in Appendix B. Each of these sections has unique
characteristics and site specific works are required at each location.

We considered a variety of factors to develop a unit cost for dike upgrades to the formal
dikes outside of the 1 km designed as part of this project. This information included the

following:

« The difference in elevation between the existing dike crest and the new FCL.

s The existing cross-sections of the dikes included in the 1 km of design for this project.

+ The existing cross-sections of the dikes based on design drawings from 1988-1990
for dikes outside of the 1 km included in this project.

Based on a review of these cross-sections and the differences in the existing dike crest and
the new FCLs, we consider a unit cost of $1330/m suitable estimate for dike upgrades to the
formal dikes on the left bank of the Coquitlam River between XS 8 and XS 13.5.

Significant dike upgrades are required on the left bank from XS 8 to XS 13.5 (2310 m in
length} and 140 m of dike on the right bank from the beginning of our design downstream fo
XS 13.25. Minor dike upgrades are required along the southern boundary of L.R. No.2 (850
m in length) and along the left bank from X8 6.3 to XS 8 (1230 m in length).

Therefore, we applied a unit cost of $1330/m fo the 2450 m requiring significant dike
upgrades and a unit cost of $345/m for the 2080 m of dike requiring only minor upgrades.
This results in a total estimated cost of approximately $3,976,000 for upgrading the formal
dikes outside of the 1 km designed as part of this project. Combining this cost with the
estimated cost for the 1 km of dike ($1,351,000) gives a total estimated cost of approximately
$5,327,000 to upgrade all of the deficient FRFCP Dikes on the Coquitlam River. Scott Creek
is not included in this estimate.

Additional areas where dike construction or upgrading would be required include:
e Colony Farm area
« On the west bank between Lougheed Highway and the CP Rail bridge

« Near Hockaday Street

10.7. Cost Summary for Dike Raising with Increased Capacity at the Coquitiam Dam
Low-Level Outiet

We completed a cost estimate for dike raising based on reduced FCLs obtained from
modeling the design flood with increased low-level outlet capacity at the Coquitlam Dam.
The estimated cost for flood mitigation works for the 1 km of dike upgrades included in this
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project is approximately $302,000. A detailed breakdown of the costs is provided in
Appendix B,

We considered the same information as we did for the original 2004 FCLs to develop a unit
cost based on the FCLs from the low-level outlet alternative. This unit cost was used for dike
upgrades to the formal dikes outside of the 1 km designed as part of this project.

We consider a unit cost of $345/m a suitable estimate for these type of minor dike upgrades
o the FRFCP Dikes on the Coquitlam River.

Minor dike upgrades are required on the left bank from XS 9.1 to XS 11.1 (1030 m in length)
and 140 m of dike on the right bank from the beginning of our design downstream to X3S
13.25.

Therefore, we applied a unit cost of $345/m for the 1170 m of dike requiring these minor
upgrades. This resuits in a total estimated cost of approximatety $404,000 for upgrading the
formal dikes outside of the 1 km designed as part of this project. Combining this cost with
the estimated cost presented earlier, $302,000, gives a total estimated cost of approximately
$706,000 to upgrade all of the deficient FRFCP Dikes on the Coquitlam River. Scott Creek is
not included in this estimate.
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11.EQUIPMENT LANDING AREA FOR DEBRIS CONTROL

Significant floating debris accumulation at the CPR bridge is considered likely during a Qaoo
flood event. The CPR bridge, and the Kingsway bridge immediately downstream, are
located on a channel bend and constrict the Coquitlam River at this location. in addition to
the narrowed channel width, the bridge soffit elevations are both lower than the Qg peak
water surface elevation. The constricted channel opening, along with the channel bend will
likely cause debris to accumulate upstream of the CPR bridge and be directed toward the left
river bank.

Issues and Constraints

The most feasible location from which to remove floating debris from the upstream side of
the CPR bridge is the left bank, which is located in Lions Park. The right bank at this location
is extremely flat and will not permit equipment to operate close enough to the river during a
Quqo flood event. The left bank of the Coguitlam River at Lions Park would be upgraded as
part of the flood mitigation works described eartier. Therefore, the dike upgrades through
Lions Park will be integrated into the layout of the Equipment Landing Area. Other significant
design considerations involve maintaining the integrity of the Traboulay Poco Trail through
Lions Park and limiting the overall footprint of the Equipment Landing Area.

We recently became aware of the Port Coquitiam Parks Department intention to develop a
Youth Park within Lions Park. Our understanding is that this Youth Park will encompass the
entire existing parking lot, and possibly extend a small distance beyond the parking lot
towards the Coquittam River. The Equipment Landing Area and the equipment access
required, must be able to co-exist with the planned Youth Park. Resolving this potential
conflict will require coordination with the planning of both projects.

Recommended Upgrade
In December 2003, we investigated 7 different debris removal alternatives. These

alternatives were as follows:

« A cable system with a grapple or ciamshell.
e A crane on high rails working from the CPR bridge.
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®« & & & &

A long-reach excavator with a hydraulic thumb working from a structural platform.
A series of piles driven into the riverbed upstream of the CPR bridge.

A system involving a cable and baffles across the river.

A long-reach excavator with a hydraulic thumb working from the top of bank.

A mobile crane with grapple working from the top of bank.

Use of the CP Rail bridge as the major component of the floating debris removal system has
the following concerns:

The estimated Q200 water surface elevation is approximately 600 mm above the
existing railway grade (the CPR bridge wifi be submerged during a Q200 flood event).

Operator safety would be a concern when working from the bridge during a significant
flood event.

Forcing jammed floating debris under the bridge structure would likely only be
possible during the smaller flood events.

There would still be a major impact on Lions Park without the elevated Equipment
Landing Area, as the dike would still be required at the same elevation (FCL = 12.6
m). However, with due consideration for other infrastructure and land use activities, a
set-back alignment is possible.

A staging area (on land) would still be required, albeit at a possibly reduced elevation
from the FCL.

Site access would still be required for debris handling and removal.

The rate of material removal will be much slower than that achieved by a land-based
crane. Each piece of debris, regardless of shape, will need to be placed on a flatbed
railcar. Conceptually, an excavator equipped with a hydraulic thumb would be
positioned between two flatbed railcars. The debris could be placed on the two
adjacent railcars until capacity is reached. Capacity is expected to be reached
quickly due to the awkward shape of the unprocessed debris. Operators would then
trim overhanging branches. The railcars would be powered to the adjacent land-
based staging area for further processing and disposal. This process is expected to
be slow and would not be efficient at removing the large volumes of debris expected
during the design flood event.

An agreement with CPR is required. As a minimum, the agreement must include
access to the tracks, operator certification, access to equipment (flatbed railcars,
excavator, and engine), and indemnity issues.

The mobile crane with grapple alternative located on a landing area on the east bank was
selected at the December 17, 2003 Advisory Committee Meeting. This alternative was
selected mainly because it minimizes long-term maintenance, does not further constrict the
bridge opening, and provides a long reach across the river.
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We designed the Equipment Landing Area to have an elevation matching the new FCL and
to have a working area large enough to accommodate the required equipment. A Lock Block
retaining wall will serve both as a floodwall and support for the Equipment Landing Area.
The walt follows a staggered alignment, as shown on the drawings, to allow for integration
with the existing Traboulay Poco Trail that passes under the CPR and Kingsway bridges.
The re-aligned Traboulay Poco Trail will follow the base of wall as it transitions from the low
elevation under the bridges until it reaches the dike crest. The structural design of the wall
has been completed using the limited geotechnical information available.  Further
geotechnical investigation is required to confirm our design assumptions prior 10
construction.

The proposed Equipment Landing Area is split into 2 levels, and covers an area
approximately 40 m x 40 m. The top level includes the crane platform and integration with
the dike crest. The lower level, 1 m below crane platform, sits behind the dike crest and
includes a working area with allowances for truck turnarounds. We designed the working
area to be lower than the crane platform and dike crest to decrease the overall footprint of
the Equipment Landing Area in Lions Park. Access to the working area and crane platform
will need to originate from Lions Way and follow an access road through the park. Drawing
032502-0-112 shows a detailed layout of the Equipment Landing Area.

We recommend using a conventional truck crane with a minimum capacity of 60 tons and a
minimum boom length of 150 ft. Accordingly, we designed the crane platform with an area of
10 m wide by 20 m long to provide sufficient area for the crane to be stabilized in position
with the outriggers extended and set. The size of the crane platform wil also accommodate
larger cranes or other equipment if desired.

Cost Estimate

The estimated cost for the Equipment Landing Area is approximately $421,000. A detailed
breakdown of the costs is provided in Appendix B.
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12.EROSION PROTECTION WORKS

Existing Condifions

An erosion area had been identified on the right bank of the Coquitlam River approximately
500 m upstream of Lougheed Highway. This erosion area currently extends for a length of
20 m, with a maximum height of 2.5 m. Rock riprap slope armouring exists afong the river
bank immediately downstream of the erosion area. However, the existing riprap slope is
over-steepened to approximately 1.2H:1V with loose rock in places.

Issues and Constraints

The most direct access to the site is to follow the existing dike crest from Lougheed Highway.
There is an existing access ramp down the river bank immediately upstream of the erosion
area. This access ramp will allow construction equipment to access the toe of the erosion
area without significant disruption to the river bank and existing vegetation.

Recommended Upgrade

We recommend placing rock riprap slope protection through the erosion area as shown on
drawing 032502-0-115. Our design indicates that the new riprap must be keyed in to the
native ground and form a smooth transition with the existing riprap downstream of the
erosion area. The new riprap will be placed up to the elevation of the existing downstream
riprap, with vegetative planting undertaken from the top of the riprap to the new Qao
elevation. The new riprap slope protection must transition between a bank slope of 1.2H:1V
at the downstream side to 2.5H:1V at the upstream side.

Cost Estimate

The estimated cost for the Erosion Protection Works is approximately $63,000. A detailed
breakdown of the costs is provided in Appendix B.
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13.CONCLUSIONS, OUTSTANDING ISSUES AND RECOMMENDATIONS

13.1. Conclusions

Flood flows in the Coquitlam River are sensitive to the assumptions made regarding the
volume distribution of the reservoir flood inflow hydrograph and the timing of downstream
tributary flows. Coquitlam River flood flows are not sensitive to initial reservoir conditions
when multi-day inflow design hydrographs are used for periods of 110 days.

The selected design flood in the Coquitiam River has an instantaneous peak flow of 632 m*/s
at the CP Rail bridge and a mean daily flow of 448 m*/s. Previous studies had used a higher
peak daily flow of 573 m’/s but had not considered peak instantaneous flow. When
freeboard is considered for defining the Flood Construction Level (FCL), the FCL using the
peak instantaneous flow was found to be higher than the FCL using the peak daily flow at
most river sections. The FCL values defined in this report were the higher of the two sets of
values.

A partial debris jam for 1 m below the soffit of the CP Rail bridge was included in the
modelling because of the historical evidence of floating debris in the river during flood events
and the fact that the water surface profile is higher than the bridge soffit. A partial debris jam
was also included at the Kingsway Bridge, which blocked the right bank opening between the
bank and the first bridge pier.

The existing dikes were found to be generally deficient in crest elevation by up to 1.61 m.
Immediately upstream of the CP Rail bridge, the dikes are up to 2.52 m too low as a result of
the constriction of the bridge and the debris jams.

Alternative flood mitigation alternatives were considered including allocating additional flood
storage in the Coquitlam Reservoir, increasing the low level outlet capacity at Coquitiam
Darmn, channe! excavation, modifying bridges and raising existing dikes. It was concluded
that two options would provide cost-effective feasible alternatives with the least
environmental impact:

1. Dike raising in combination with increasing the capacity of the Coquitlam Dam low
level outlet would cost about $4 to 6 million. There would be no requirement for
additional diking except for upgrading the Colony Farm dikes; however, it is noted
that the dikes for Colony Farm were designed and built with a lower left bank
elevation to reduce flood levels on the right bank by allowing high flood flows behind
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Coniclusions, cutstanding issues and recommendations

13.2.

the left dike. Flood Construction Levels in floodplain areas would be reduced with
this option, which would reduce the costs of development in the floodplain.

Raising the FRFCP Dikes without increasing the low level outlet capacity at
Coquitlam Dam would cost a total of about $5.3 million. In addition there would be
new areas requiring diking, for example on the right bank of the Coquitlam River
between the Lougheed Highway Bridge and the CP Rail Bridge, and near Hockaday
Street.

Qutstanding Issues

As a result of the rapid survey and design schedule, several outstanding issues remain to be
resolved as listed below:

Further consideration of the alternative to increase the low-level outlet capacity at
Coquitlam Dam will require an engineering preliminary design study and a process to
address several operational, social and economic key issues to ensure that 200 m'/s
can be passed safely downstream.

The increased flood profiles based on the dike raising option result in significant dike
raising. As well, high retaining walls are required adjacent to the debris landing area
in Lions Park and on the right bank downstream of the Kingsway Bridge. The project
team has designed these structures based on limited geotechnical information and
conservative soils assumptions. We recommend that specialist geotechnical reviews
and/or investigations be completed prior to detailed design.

Survey of the CPR railway embankment confirms that the railway grade is below the
FCL. Although not specifically included as a design upgrade in this preliminary dike
upgrade submission, a continuous tie-in will be required if the dike raising option is
selected. Conceptually, this may entail constructing a vertical barrier wall parallel to
the railway tracks that could be tied to the upstream face of the railway bridge. This is
a significant outstanding issue that must be addressed prior to detailed design of the
adjacent dike sections.

The debris landing area and dike upgrades will have a significant impact on Lions
Park. It is noted that the dike upgrades for the dike raising option would be more
significant than for the low level outlet option. Other planning initiatives, including a
planned Youth Park at the southern end of the park must be coordinated with the
proposed flood control works.

Private infrastructure is impacted, particularly on the right bank downstream of the
Kingsway Bridge. A garage must be removed based on the current design. As well,
dike fills extend into a private housing complex. Additional property impacts should
be assessed at the detailed design stage.

During the course of the study, another erosion area was identified on the left bank,
upstream of the right bank erosion area. No action has been taken under this
assignment to address the newly identified erosion area.
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Conclusions, outstanding issues and recommendations

13.3.

The revised flood profiles confirm that approximately 6 km of FRFCP Dikes are
deficient in elevation. As well, there are areas where no FRFCP Dikes exist that are
deficient including;

» Colony Farm area
» On the west bank between Lougheed Highway and the CP Rail bridge

» Near Hockaday Street

Recommendations

That further consideration be given to design investigations to increase the capacity
of the low level outlet at the Coquitlam Dam. This would reduce the 200-year design
flow, significantly reduce dike raising costs and impacts, and resuit in lower Flood
Construction Levels throughout the floodplain area. It would also increase the safety
of operating the reservoir above the flood buffer in the spring/summer., To ensure
that 200 m%/s can be safely passed downstream, operational and downstream issues
must be addressed.

That raising the FRFCP Dikes be considered as a fallback flood mitigation alternative
if the low level outlet option is not achievable.

That the floodplain maps provided in this report be used for the designation of Ficod
Construction Levels in the Coquitlam River floodplain until the final design flood flow
is selected.

That the final design of the dikes include geotechnical investigations.

That an equipment landing area be developed on the east bank of the Coquitiam
River at Lions Park so that a mobile crane with grapple can be used for debris
removal during flood events.

That erosion protection works be constructed on the right bank of the Coquitlam River
about 500 m upstream of the Lougheed Highway based on the design presented in
this report.

That sediment monitoring be continued by periodic cross section surveys every five
years and the design capacity of the channei verified.
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APPENDIX B
COST ESTIMATES

70895 City of Port Coquitlam
Water Management Consultants



CITY OF PORT COQUITLAM

FLOOD HAZARD MITIGATION OPTIONS - COQUITLAM RI.VER
COST ESTIMATE

Unit Unit Price Quantity Total Cost

FLOOD MITIGATION ALTERNATIVES

General
Mcbh/Demob LS $10,000
Fences/Gates LS $11,250
Utilities LS $15,000
Asphalt Removal m? $4.00 2800 $11,200
Stripping of Topsoil m’ $8.50 1532 $13.018
Seeding me $1.00 12000 $12,000
Miscellaneous LS $18,750
Subtotal $91,218
Left Bank Through Lions Park
Impervious Fili Materiat m’ $20.00 2267 $45,344
imported Bulk Dyke Fill m® $20.00 7149 $142,977
Sand and Gravel Drainage Material m® $30.00 1200 $36,012
Topsoll m’ $0.80 767 $614
Surface Gravel m® $40.00 207 $8,205
Excavation m° $10.00 1534 $15,340
Subtotal $248 581
Left Bank - Kingsway to McAllister
. Impervious Fifl Material m* $20.00 803 $16,066
Imported Bulk Dyke Fill m $20.00 2414 $48,273
Sand and Gravel Drainage Material m® $30.00 638 $19,131 -
Topsoil m $0.80 192 $163
Surface Gravel m $40.00 112 $4 465
Rock Riprap m? $50.00 740 $36,089
Rock Filter me $50.00 247 $12,355
Excavation m® $10.00 383 $3,831
Subtotal $141,263
Right Bank - Kingsway to McAllister
Impervious Fill Material m $20.00 188 $3,756
Imported Bulk Dyke Fill m® $20.00 538 $10,756
Sand and Gravel Drainage Material m® $30.00 125 $3,750
Topsoil m’ $0.80 38 330
Surface Gravel m® $40.00 24 $052
Rock Riprap m® $50.00 180 $8,990
Rock Filter m? £50.00 57 $2,837
Excavation m® $10.00 75 $753
Lock Block Wall LS $43,000
Cast-in-Place Concrete Wall LS $180,000
Subtotal $254,823
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Right Bank - Downstream of McAllister -
$20.00 1422 $28,435

Impervious Fili Material m®
imported Bulk Dyke Filt m? $20.00 4979 $99,570
Sand and Gravel Drainage Material m* $30.00 919 $27.584
Topsoil m® $0.80 535 $428
Surface Gravel m® $40.00 133 $5,307
Excavation m’ $10.00 1071 $10,707
Subtotal $172,032
Subtotal Flood Mitigation Works $907.918
Enginearing (15%) $136,188
Subtotal Consteuction of Flood Mitigation Works $1,044,105
Contingency (25%} $226,979
GST (7%) $70,443
Total Cost Estimate for Flood Mitigation Works $1,350,527

Note: ‘The Equipment Landing Area includes costs for Flood Mitigation Works (Left Bank Through Lions Park) for Cross Sections 7+479E to 7+503L.
Note: The Mob/Demob cost may be reduced if all 3 projects components are completed concurrently.

Page 2 of 2



CITY OF PORT COQUITLAM
FLOOD HAZARD MITIGATION OPTIONS - COQUITLAM RIVER
COST ESTIMATE

Unit Unit Price Quantity Total Cost

EQUIPMENT LANDING AREA

Impervious Fili Material m $20.00 280 $5,602
Imported Bulk Dyke Fill m’ $20.00 7148 $142,964
Sand and Gravel Drainage Material m’ $30.00 478 $14,320
Topsoil m® $0.80 45 $36
Surface Gravel m’ $40.00 330 $13,106
Excavation m’ $10.00 91 $907
Lock Block Wall LS $75,650
Mob/Demob LS $10,000
Fences/Gates 1.3 $3,750
Utilities LS $4.600
Asphait Removal e $4.00 400 $1,600
Stripping of Topsoil m* $8.50 45 $386
Seading m* $1.00 4000 $4,000
Miscellaneous LS $5,750
Subtotal $282,770
Subtotal Equipment Landing Area _ $282,770
Engineering {15%} $42,416
Subtotal Construction of Equipment Landing Area $325,186
Contingency (25%) $70,603
GST (7%} $24,742
Total Cost Estimate for Equipment Landing Area $420,621

Note: The Equipment Landing Afea includes costs for Fiood Mitigation Works {Left Bank Through Lions Park) for Cross Seciions 7+479L to 7+503L.
Note: The Mob/Demob cost may be reduced if ali 3 projects components are completed concurrently.
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CITY OF PORT COQUITLAM

FLOOD HAZARD MITIGATION OPTIONS - COQUITLAM RIVER

COST ESTIMATE :

Lnit Unit Price Quantity  Total Cost
EROQSION PROTECTION WORKS
Sandy Organic Fill Material m® $30.00 3 3923
Vegetative Planting m? $20.00 125 $2,500
Rock Riprap m’ $50.00 335 $16,750
Rock Filter m® $50.00 100 $5,013
Mob/Demob LS $10,000
Miscelianeous LS $600
Subtotal $35,685
Subtotal Erosion Protection Works $35,685
Engineering (15%) $5,353
Subtotal Construction of Erosion Protection Works $41,038
Contingency (25%) $8,921
GST (7%) $3,122
Total Cost Estimate for Erosion Protection Works $53,081

Note: The Mob/Demcb cost may be reduced if at 3 projects components are compieled cancumently.
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CITY OF PORT COQUITLAM

FLOOD HAZARD MITIGATION OPTIONS - COQUITLAM RIVER

COST ESTIMATE - CHANNEL EXCAVATION OPTION

FLOOD MITIGATION ALTERNATIVES

Left Bank Through Lions Park
Impervious Fill Material
imported Bulk Dyke Fill
Sand and Grave! Drainage Material
Topsoil
Surface Gravel
Excavation
Subtotal

Left Bank - Kingsway to McAllister
impervious Fill Material
Imported Bulk Dyke Fill
Sand and Gravel Drainage Material
Topsoil
Surface Gravel
Rock Riprap
Rock Fiiter
Excavation
Subtotal

Right Bank - Kingsway to McAlister
Impervious Fill Material
Imported Bulk Dyke Fill
Sand and Grave! Drainage Material
Topsoil
Surface Gravel
Rock Riprap
Rock Filter
Excavation
{ ock Block Wall
Cast-in-Place Concrete Wall
Subtotal

Right Bank - Bownstream of McAllister
Impervious Fill Material
Imported Bulk Dyke Fill
Sand and Gravel Drainage Material
Topseil
Surface Gravel

Excavation
Subtotal

Unit Price  Quantity  Total Cost
m’ $20.00 1859 $37,182
m’ $20.00 4933 $98,654
m’ $30.00 1044 $31,330
m $0.80 660 $528
' $40.00 207 $8,2095
m $10.00 1319 $13,193
$189,181
m $20.00 659 $13,174
m $20.00 1665 $33,308
m $30.00 555 $16,644
m $0.80 165 3132
m $40.00 142 $4,465
m $50.00 614 $30,701
e $50.00 203 $10,131
m’ $10.00 329 $3,295
$111,850
m° $20.00 154 $3,080
m® $20.00 371 $7.422
“m’ $30.00 109 $3,262
m? $0.80 32 $26
me $40.00 24 $052
m° $50.00 149 $7.461
m° $50.00 47 $2,327
me $10.00 65 $647
LS $43,000
LS $180,000
$248,176
e $20.00 1166 $23,317
m° $20.00 3435 $68,704
m’ $30.00 800 $23,908
m’ $0.80 480 $368
e $40.00 133 $5,307
m3 $10.00 921 $9,208
$130,002 -



CITY OF PORT COQUITLAM

FLOOD HAZARD MITIGATION OPTIONS - COQUITLAM RIVER

COST ESTIMATE - CHANNEL EXCAVATION OPTION

EQUIPMENT LANDING AREA

impervious Fill Material

Imported Bulk Dyke Fill

Sand and Gravel Drainage Material
Topsoil

Surface Gravel

Excavation

{ock Block Wail

Subtotal

EROSION PROTECTION WORKS

Sandy Organic Fill Material
Vegetative Planting

Rock Riprap

Rock Filter

Subtotal

GENERAL
Mob/Demob
Fences/Gates
Ulilities
Asphali Removal
Stripping of Topsoil
Seeding
Miscellaneous
Subtotal

CHANNEL EXCAVATION
Channel Excavation

Subtotal Coguitlam River Works
Enginesring (15%}

Subtotal Construction
Contingency (25%)
GST (7%)

Total Cost Estimate

Unit Unit Price  Quantity  Total Cost
m $20.00 230 $4,504
m® $20.00 4932 $98,645
m® $30.00 416 $12.466
m® $0.80 39 $31
m® $40.00 330 $13,196
m° $10.00 78 $780
LS $75,650

$205,363
m $30.00 31 $923
m? $20.00 125 $2,500
m’ $50.00 335 $16,750
m? $50.00 100 $5,013
$25,185
1S $10,000
LS $15,000
LS $20,000
m? $4.00 3200 $12,800 .
m® $8.50 1577 $13,404
m $1.00 15000 $15,000
LS $25,000
TT8111,204
m® $15.00 175000 $2,625,000
$3,646,861
$547,029
$4,193,890
$911,715
$319,100
$5,424,706

Note: The Equipment Landing Area includes costs for Flood Mitigation Works {L.eft Bank Through Lions Park) for Cross Seclions 7+479L to 7+503L.
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CITY OF PORT COQUITLAM
FLOOD HAZARD MITIGATION OPTIONS - COQUITLAM RIVER

COST ESTIMATE - 200 m*/s LOW-LEVEL OUTLET IN DAM ALTERNATIVE
Unit Unit Price  Quantity  Total Cost

FLOOD MITIGATION ALTERNATIVES

General
Mob/Demob LS $10,000
Fences/Gates Ls $11,250
Utilities LS $15,000
Asphalt Removal m? $4.60 2800 $12,880
Stripping of Topsoil m $0.78 368 $3,593
Seeding m? $1.15 4000 $4,600
Miscellaneous LS $18,750
Subtotal $76,073

'Left Bank Through Lions Park

impervious Fill Material m® $23.00 : $0
imported Bulk Dyke Fill m® $23.00 848 $19,404
Sand and Grave! Drainage Material m® $34.50 $0
Topsoil m’ $0.92 114 $105
Surface Gravel m? $46.00 207 $9,539
Excavation m $11.50 498 $5,702
Subtotal $34,839
{.eft Bank - Kingsway to McAllister
Impervious Fill Material m? $23.00 $0
Imported Bulk Dyke Fill m $23.00 430 $9,801
Sand and Gravel Drainage Material m $34.50 %0
Topsoil m° $0.92 81 $74
Surface Gravel m? $46.00 112 $5,135
Rock Riprap m° $57.50 106 $11,250
Rack Filter m® $57.50 51 $2,946
Excavation m® $11.50 303 $4 525
Subtotal $33,830
Right Bank - Kingsway to McAllister

impervious Fill Material m’ $23.00 $0
Imported Bulk Dyke Fill m’ $23.00 273 $6,279
Sand and Gravel Drainage Material m° $34.50 $0
Topsoil m® $0.92 23 $22
Surface Gravel m® $46.00 24 $1,094
Rock Riprap m® $57.50 49 $2,803
Rock Filter m° $57.50 17 $987
Excavation m® $11.50 g7 $1.112
Lock Block Wall LS $15,000
Castin-Place Concrete Wall LS

Sublotal $27,297
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Right Bank - Downstream of McAllister
Impeyvious Fili Material
Imported Bulk Dyke Fill
Sand and Gravel Drainage Material
Topsoil
Surface Gravel
Excavation
Subtotal

Subtotal Flood Mitigation Works
Engineering (15%)

Subtotal Construction of Flood Mitigation Works
Contingency (25%)

GST (7%)

Total Cost Estimate for Fiood Mitigation Works

433333
WoWw ww W W

$23.00
$23.00
$34.50
$0.92
$46.00
$11.50

918

150
133
302

$0
$21,115
$0

$138
$6,103
$3,470

$30,8286

$202,866
$30,430

$233,296
$50,717
$17,751

$301,763

Note: The Equipment Landing Area indudes costs for Flood Miligation Works {Left Bank Through Lions Park) for Cross Sections 7-+4791. to 7+503L.

Note: The Mob/Demab cost may be reduced if all 3 projects components are completed concurrently.

Note: The Unit Prices for dike works in this Cost Estimale have been increased by 15% over the original Cost Estimate to account for small quaniities.
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CITY OF PORT COQUITLAM :
FLOOD HAZARD MITIGATION OPTIONS - COQUITLAM RIVER

COST ESTIMATE - 200 m°/s LOW-LEVEL QUTLET IN DAM ALTERNATIVE
) Unit Unit Price  Quantity Total Cost

EQUIPMENT LANDING AREA

impervious Filt Material m° $23.00 $0

imported Bulk Dyke Fill m® $23.00 1538 $35,363

Sand and Gravel Drainage Material m* $34.50 $0

Topsoil m® $0.92 22 $20

Surface Gravel m° $46.00 330 $15,176
Excavation m® $11.50 302 $3,473

t.ock Block Wall s © $50,600
Mob/Demob LS $10,000
Fences/Gates LS $3,750

Ltilities LS $4,600

Asphalt Removal m* $4.60 400 $1,840

Stripping of Topsoil m’ $9.78 22 $211

Seeding m* $1.15 1000 $1,150
Miscellanecus LS $5,750

Subtotal $131,332

Subtotai Equipment Landing Area $131,332
Engineering (15%]) } $19,700
Subtotal Construction of Equipment Landing Area $151,032
"~ Contingency (25%} $32,833
GST (7%) $11,492
Total Cost Estimate for Equipment Landing Area $185,357

Note: The Equipment Landing Area includes costs for Flood Mitigation Works (Left Bank Through Lions Park) for Cross Sections 7+4791 to 7+503L.

Mate: The Mob/Demob cost may be reduced if ail 3 projects components are completed concurrantly.
Note: The Unit Prices for dike works in this Cost Estimate have been increased by 15% over the original Cost Estimate to account for small quantities.
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CITY OF PORT COQUITLAM
FLLOOD HAZARD MITIGATION OPTIONS - COQUITLAM RIVER

COST ESTIMATE - 200 m®/s LOW-LEVEL OUTLET IN DAM ALTERNATIVE
Linit Unit Price Quantity  Total Cost

EROSION PROTECTION WORKS

Sandy Organic Fill Material m® $30.00 31 $923
Vegetative Planting m° $20.00 126 $2,500
Rock Riprap m $50.00 335 $16,750
Rock Filter m $50.00 100 $5,013
Mob/Demob LS $10,000
Miscellaneous LS $500
Subtotal $35,685
Subtotal Erosion Protection Works $35,685
Engineering (15%) $5,353
Subtotal Construction of Erosion Protection Works $41,038
Contingency (25%) $8,821
GST (7%) $3,122
Total Cost Estimate for Erosion Protection Works $53,081

Note: The Mob/Demob cost may be reduced if all 3 projecis components are completed concurrently.
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FIGURES



| -  “”"  Figure 1.1 Coquitlam River

Watershed

Coquitlam River
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