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Introduction

1.1 Overview

The City of Maple Ridge has an estimated population of 79,142 residents according to 2013 BC Stats. The City's
sanitary sewage collection system, which serves the majority of the City, is composed of 22 catchments, with 31
pump stations and over 290 km of pipes. In 2002, AECOM developed a Sanitary Master Plan for the City that
focused on assessing the capacity of the sanitary trunk sewers. The model for the 2002 Master Plan was developed
using HYDRA software, which was widely used at the time for sewer assessment. The City has experienced
significant growth since the last master plan and there was a need to develop a more comprehensive hydro-dynamic
(flow hydrology and hydraulics) model of the sewer system as part of the continuing stewardship of these assets.

The City retained AECOM to develop a new hydro-dynamic using Inovyze’s InfoSWMM software package. The new
model includes the City’s entire sanitary sewer system excluding service laterals and private systems, up to Metro
Vancouver’'s Katzie Pump Station. Figure 1.1 shows the City’s existing sanitary sewer system up to the Katzie Pump
Station. As illustrated in Figure 1.1, a large percentage of the City’'s total land area is not currently serviced by a
municipal sewer system; however, these areas are primarily agricultural properties that make up approximately 15%
of the total population.

With exception to the lands within the Agricultural Land Reserve (ALR), most of the City is within Metro Vancouver's
Fraser Sewerage Area (FSA); this implies that most properties in the City are permitted to connect to the municipal
sewer system and drain to Metro Vancouver’s regional system and treatment facilities. There will be an ongoing
demand to expand the City’s sewer system to service the area’s ultimate development potential, mainly in the
Albion, Silver Valley, and Thornhill areas.
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1.2 Key Objectives

The report constitutes the Final Report for the development of the City’s Sanitary Master Plan. The City's key
objectives for this project and report are:

1. Develop a new hydraulic model of the City’s entire sanitary sewer system;

2. Calibrate the model to “existing conditions/populations” using historical dry and wet weather flow data, then
validate pump station inflow/outflows;

3. Develop sanitary flow projections for various planning level horizons including: (i) Current Zoning (ii) 2018
(iii) 2023; and (iv) OCP;

4. Characterize 1&I (and RDII) in specific catchments;
5. CCTV database review and recommendations;
6. Assess the hydraulic capacity of the sewer system under various planning level time horizons; and

7. Provide City Staff with InfoSWMM model / software training(optional), focused on attributes of their new
model.

1.3 Past Technical Memorandums

Over the course of this project, a series of Technical Memoranda have been prepared at the conclusion of milestone
activities. Key information from each Technical Memorandum has been extracted, updated, summarized, and
incorporated into this report; however a full copy of each Technical Memorandum and their associated tables, figures
and appendices has not been included herein.

The following three Technical Memoranda are fundamental deliverables in the development and calibration of the
model. These memoranda form part of our overall report and are included by reference. For each milestone
activity, refer to the appropriate sections in this report for updated synopsis/results and then subsequently, any
background information included in the following memoranda:

e Technical Memorandum #01 —Model Development and Calibration, dated August 30, 2013.

e Technical Memorandum #02 —River Road and Town Center Sewer Capacity Analysis,
dated October 08, 2013.

e Technical Memorandum #03 —Albion Flats & North Albion Sanitary Servicing Strategy,
dated January 27, 2014.

e Technical Memorandum #05 —Inflow & Infiltration Assessment,
dated October 20, 2014.

e Technical Memorandum #06 —Thornhill Urban Reserve Assessment Sanitary Servicing Strategy,
dated October 22, 2014.
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14 Key Terms and Abbreviations

A list of key terms and abbreviations along with their definitions is presented in Table 1.1.

Table 1.1 — Key Terms/Abbreviations

Average Dry Weather Flow
(ADWF)

The lowest 24-hour average sanitary flow value during a 7-day period of dry weather. The
sanitary flow is composed of base sanitary flow plus groundwater infiltration (ADWF = BSF +
GWI).

Base Sanitary Flow
(BSF)

All wastewater flow from residential, commercial, industrial and institutional sources that the
sanitary sewer system is intended to carry. (BSF = ADWF — GWI)

Diurnal Pattern

Pattern describing the variance in sewage flows over a day

Fraser Sewer Area (FSA)

Metro Vancouver's catchment area / boundary that identifies all properties that are permitted
to discharge sewage to the Regional System. Areas outside the FSA are assumed to not be
permitted to connect to a municipal sewer.

Groundwater Infiltration
(GW1)

Groundwater infiltration that enters the sanitary sewer system during dry weather periods;
through breaks, cracks, misaligned joints, tree root punctures and manhole joints and
covers. In general, GWI = 70 - 85% of minimum night-time flow.

Greater Vancouver Regional
City (GVRD)

Regional City whose trunk system collects all sewage from the City, and neighbouring
municipalities, and conveys it to a treatment facility

Hydraulic Grade Line (HGL)

The maximum level of water in the pipe system, calculated as the height that liquid will rise
in a piezometer using the Bernoulli’s Equation

Inflow

Stormwater that enters the sewer through direct connections (i.e. CB leads or roof drains
connected to the sanitary sewer)

Inflow and Infiltration (1&I)

The total inflow and infiltration that enters the sanitary sewer system from all sources, equal
to GWI + RDII

Metro Vancouver (MV)

Same entity as GVRD (Regional City)

Peak Dry Weather Flow
(PDWF)

Peak instantaneous sanitary flow value during dry weather conditions (peak of the diurnally
varying BSF plus normal GWI).

Peak Wet Weather Flow
(PWWF)

Maximum instantaneous sanitary flow value. It represents all flow contributions carried by
the sanitary sewer system (equals PDWF + RDII).

Rain Dependent Inflow and
Infiltration (RDII)

All stormwater inflow (see above) into the sanitary sewer system plus increase in GWI that
occurs directly due to the influence of rainfall

RTK

A synthetic unit hydrograph technique used by InfoSWMM and SSOAP to quantity and
simulate RDIIl. The R parameter is the fraction of rainfall volume entering the sewer system
as RDII, T is the time to peak, and K is the recession time/ratio

Sanitary Sewer Overflow
(SSO)

Non-frequent occurrence when sewage backs-up, surcharges and overflows from the
municipal sewer system.

Sanitary Sewer Overflow
Analysis and Planning
(SSOAP)

A software program / toolbox developed by the US EPA. The software is used to quantify
RDII using a hydraulic approach and RTK method.
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Model Development & Calibration

2.1 GIS Integration

Prior to importing the sewer data into the model, a review of the GIS network data was completed to identify all “data
gaps”. We were able to reconcile the majority of the GIS data gaps using information provided by the City.

Model connectivity gaps were reviewed using connectivity tools available in InfoSWMM to ensure all pipes connect
to manholes. Pipe slopes were reviewed in GIS prior to importing into the model to make sure pipes have positive
slopes, particularly at those manholes where inverts were originally missing in GIS. Common connectivity gaps
found, and corrected, include the missing upstream or downstream pipe inverts, isolated manholes with no
connecting pipes, pipes with no assigned upstream/downstream manhole 1D, manhole inverts above the pipe invert,
and the manhole missing invert or ground elevations.

In order to incorporate the data gaps found during model development, AECOM will provide shape files showing
updated invert and rim elevations for all the manholes and pipes in the model. The shape files will only be for those
elevations that were changed, and not a reiteration of the entire sewer system, so that the City can review the data.

2.2 Model Development

2.2.1 Sewer Network

Once the GIS data gaps were resolved, the sewer network attributes were imported into InfoSWMM. Data imported
into the model included pipe ID, diameter, pipe inverts, length and material type (Manning’s roughness coefficient),
manhole ID, inverts, ground elevations and “X-Y” coordinates. Pipe offsets (i.e. inverts at drop manholes) were
inserted in the model using the corresponding pipe and manhole inverts.

2.2.2 Pump Stations

In total, 28 City operated pump stations (out of total 31) were incorporated into the model. The S232, S236, and
Nelson Peak pump stations were not included in the model because these stations are located in very new
developments and/or are not in use yet (sewer network information was not available for these areas).
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2.2.3 Boundary Conditions

Sewage from the City eventually discharges into Metro Vancouver’'s (MV) Katzie Pump Station. The Katzie Pump
Station also receives wastewater from areas of Pitt Meadows. The station is comprised of 4 centrifugal pumps
installed in a parallel configuration. Three of the pumps are powered by 250 hp electric motors, and one by a 100hp
electric motor. The Katzie PS discharges to Metro Vancouver’'s Maple Ridge Forcemain (MRFM), which in turn,
discharges to the North Surrey Interceptor. The Katzie Pump Station Pump and Piping Upgrade Study (AECOM,
2013) estimated the current firm capacity of the pump station to be 700 L/s. Basic Service Flow according to Metro
Vancouver’s criteria is the peak dry weather flow plus the standard 1&I allowance of 11,200 L/ha/day. According to
MV, Katzie's 2011 Basic Service Flow (BSF) is 977 L/s, and the 2061 BSF is projected to be 1660 L/s; therefore, a
station capacity upgrade is already required. MV is in the process of upgrading the North Surrey Interceptor,
however the timing of other future upgrades (including the pump station) is unknown at this time. Modelling of the
Katzie Pump Station collection and discharge system is beyond the scope of this study.

Due to capacity constraints further downstream of Katzie, surcharging of the North Surrey Interceptor (Port Mann
Section) can occur during wet weather. In order to avoid sanitary sewer overflows (SSO) to Bon Accord Creek, MV
reduces the discharge from the Katzie Pump Station during significant storms (which can be less than the 1:5yr
storm). This reduced pumping results in sanitary flows backing up in Maple Ridge’s North Slope and South Slope
Interceptors.

MV is currently designing plans for construction of an SSO containment tank, with the aim of preventing SSOs from
rainfall events with a return period of less than 5 years, as well as allowing the 225 Street Pump Station to operate
normally. However, currently the MV'’s Katzie Pump Station operating procedures dictate that flows at the station are
controlled by operators during significant storm events. When the sewage level at Katzie reaches a depth 4.57m

(- 0.66m elevation) MV operators at Katzie coordinate with operators at the City’s 225 Street Pump Station to reduce
flows into the Katzie Pump Station. This is done to prevent overflows to the Katzie Slough as well as overland SSOs
to Bon Accord Creek in Surrey, which is accomplished by turning off some of the pumps at the 225 Street station. If
the levels continue to rise at Katzie, then the 225 Street PS is shut down, resulting in an overflow to the Fraser River.
Several parties are notified by Metro Vancouver via e-mail as soon as a sewage overflow begins and again when it
ends. They are also provided a summary report which includes an environmental assessment. Notified parties
include Emergency Management BC (EMBC), Environment Canada, BC Ministry of Environment, BC Ministry of
Agriculture and the Fraser Health Authority.

For modelling purposes, three boundary conditions were used:

e Scenario 1- Katzie Pump Station modelled at current capacity: In this scenario the station outflow is set
to the maximum rated capacity of the station (700 L/s), with on/off levels matching MV settings. Under this
condition there is regular sewage backups into the upstream interceptor sewers. This scenario is used for
the model capacity assessments under current, and interim scenarios (2013, 2018, 2023).
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e Scenario 2- Katzie Pump Station modelled as an Ideal Pump: In this scenario modelled outflow from the
pump station is the same as inflow. Under this condition there is no backup into the upstream network. This
scenario is used to assess the ultimate OCP capacity of the upstream sewer network.

e Scenario 3- Katzie/225 Street Pumps Station turned off, Sanitary Sewer Overflow (SSO): To study the
impact of a worst case scenario, upstream HGL will be reviewed during the design storm when the Katzie
and 225 Street pump stations are shut down

2.3 Existing Sewage Flow Generation

This section describes the process used to generate sewage flows for the calibration scenarios, which was
translated into the flow rates for the “existing land-use, actual flows” scenario. Planning level scenarios such as:
2018, 2023, and OCP are discussed further in this report under Section 3.

2.3.1 Flow Allocation

Sanitary flow allocation was determined on a parcel by parcel basis (i.e. each parcel/lot is its own sanitary
catchment). The City provided the existing land use information at the lot level in the form of a shape file. Each
parcel has a unique Identification number (Oracle PIN) which was used to identify & assign flows in the model. The
shape file also contained information about the number of units within a particular parcel, and all units within a parcel
have the same Oracle PIN. The existing residential population was based off the 2011 census data. The census
population is available in the form of “dissemination blocks”, for which the City is divided into 527 blocks. Population
was assigned to each parcel/unit based on existing land use. To compare the AECOM assigned population with the
census block data, parcels were grouped into the same boundaries. The difference between total estimated
population and the census population was less than 1%.

Once flows were generated in GIS, the catchment (or parcel) was then automatically allocated to the nearest fronting
sewer manhole using tools within INfoSWMM.

2.3.2 Residential Land-Use

Residential unit flow rates were then determined based on observed flows from the 2013 flow monitoring data
supplied by SFE Global. Average DWF (ADWF) was first determined based on the dry weather week of May 4" to
11™ 2013. Residential flow component of ADWF was then determined by subtracting ICl and GWI flows from
ADWEF. Serviced residential population for each flow monitoring catchment was determined from the City’s land use
shape file using GIS tools. All houses with fronting sewer are assumed to be serviced.

Sites 8, 9 and 10 (see Figure 1.1) are the three primary locations that represent 94% of the total serviced population
in Maple Ridge (approximately 66,200 people). The total serviced population of Sites 8, 9 and 10 catchments is
estimated at 62,000 people. Table 2.1 shows the calculated residential sewage flow rates on a unit rate basis
(L/cap/day) for the above three catchments. The weighted average base sanitary flow across the above flow
monitoring sites is 191 L/capita/day.

10
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Table 2.1 — Observed Sewage Flow for Three Primary Sites

Site 8 83.0 20.0 7.6 55.4 25,761 186
Site 9 11.1 1.6 3.0 6.5 3,258 172
Site 10 118.2 13.6 29.0 75.6 33,010 198
Site 1 7.6 2.2 0.7 4.6 2,716 147
Site 2 18.5 3.7 0.8 14 7,967 152
Site 3 12.2 1.6 4.6 6.0 3,135 166
Site 4 144 2.6 1.2 10.7 5,110 180
Site 5 4.6 0.1 2.7 1.7 596 252
Site 6 215 7.8 4.7 7.1 5,284 146
Site 7 11.3 3.4 0.7 7.1 3,224 191

Table 2.1 also shows the summary of sanitary flows and populations for the remaining 7 flow meter catchments.
These catchments are smaller in size as compared to the above three locations and are located upstream of them.
Results show the residential base sanitary flow rate varies from 147 to 252 L/capita/day in these catchments.
Variations in per capita flow rates are more noticeable in catchments with smaller populations since they are more
sensitive to fluctuations in monitored flow. These 7 flow monitoring sites are captured in the three (3) primary flow
monitoring sites (8, 9, and 10)

2.3.3 ICl Land Use

ICI flow rates were calculated from water consumption records provided by the City. The average sanitary flow was
assumed to be 100% of average water consumption during the winter (based on January to March, 2012 water
meter records). This period was selected to factor out irrigation, which is not typically done during winter months.

11
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2.3.4 Groundwater Infiltration

Groundwater infiltration (GWI) is the non-rainfall dependent flow that enters the sewer system through holes in the
sewers and manholes, misaligned joints and service laterals. Determining the rate of GWI can be complicated and
highly variable across the City because GW!|I varies with:

e pipe age because as pipes age they deteriorate;
e pipe conditions such as cracks, joint dislocations etc;

e material type because some pipe materials are brittle (AC and concrete), and some pipes have gasketted
joints to minimize infiltration;

e amount of pipe in the catchment (diameter and length), because the more pipe and surface area in contact
with groundwater will result in more infiltration;

e depth of groundwater table relative to sewer pipe;
e number of service connections, with the more connections resulting in a higher rate of infiltration; and

e subsurface soil type and location of pipe relative to till/clay layers. If a pipe is at deeper depths and installed
above an impermeable layer, the groundwater table is most likely elevated and can cause infiltration
whereas a pipe installed at shallower depths in sandy soils will tend to have a lower groundwater table since

the material is free draining.

In addition to the sanitary flow, Ground Water Infiltration (GWI) was added based on parcel areas and unit rates
determined from each flow meter catchment. Groundwater infiltration (GWI) estimates were determined using the
night-time flow monitoring data during dry weather period for each flow meter catchment. Table 2.2 shows the
observed GWI rate for each flow meter, which have been applied to the model. The location and the catchment area
(sum of serviced lot areas excluding roads & green space) is also included. For catchments with no flow monitoring
data, the GW!I rate of the adjacent metered area was applied. Figure 2.1 shows the observed dry weather GWI
variation across the City, and the location of the 10 temporary flow monitoring sites.

12
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Table 2.2 — Measured GWI Rates

Site 1 River Rd. 38.8 2.2 4,989 4,989
Site 2 Kanaka Way 276.2 3.7 1,151 1,151
Site 3 Haney Bypass 44.4 1.6 3,117 3,117
Site 4 232 St. 163.8 2.6 1,350 1,870
Site 5 Royal Cres. 22.4 0.1 555 555
Site 6 212 St. 127.9 7.8 5,294 6,649
Site 7 Powell Ave. 119.6 3.4 2,484 2,484
Site 81" 203 St. 668.5" 19.1 2,466 3,763
Site 9 Stewart Cres. 86.9 1.6 1,590 1,590
(u/s of 225(;1s)t PS)
. w 285.8 4.1 1,228 2,750
Site 10 Lorne Ave. (d/s of 2255t PS)
142.3% 4.1 2,481 5,486
Not Metered Varies 165.8 -- 2,476 2,476

(
(

2 Catchment area shown is downstream of other flow meter locations
2 Refer to Wet Weather Calibration Section 4.2

GWI of metered areas range from 555 to 5,294 L/ha/day, with a weighted average of 2,342 L/ha/day. For the three
major catchment areas (Sites 8, 9, 10) the average GWI was calibrated to be 2,201 L/ha/day. The detailed results of

GWI rates for each metered catchment are presented in our Technical Memorandum #01.

During wet-weather, saturated soil conditions result in a shallower groundwater table, which in turn can increase

GWI compared to dry weather. Therefore, we made further adjustments to GWI rates where required based on

observed flow during wet weather weeks in March and April 2013. Analysis of observed flow showed that there was

a significant increase in the ground water infiltration rate (GWI) from dry months to wet winter months at two

monitoring sites (Site 6 and Site 8). As a result, a separate Wet Weather GWI data set was created for the sites

affected during wet months and applied for wet weather calibration to simulate increased infiltration that results from
saturated soil conditions. As listed in Table 2.2, Sites 4, 6, 8, & 10 have separate Wet Weather GWI values.
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2.3.5 Diurnal Curve

Diurnal curves for sanitary flows, for each land use, were determined from the 2013 flow monitoring data. For single
family and multi-family land-use, the typical diurnal pattern was developed using a 5 day average of the flow
monitoring at Site 2 which has a residential population of approximately 8,000(mostly single family), and limited flows
from ICI. The 5 day period selected was in May, 2013 and no rainfall was observed for at least one week before this
period. The residential diurnal curve shown in Figure 2.2 was then incorporated into the model. The results revealed
a peaking factor of 2.0 for base residential sanitary flows. Overall, this factor is slightly lower than, but in-line with
residential sanitary peaking factors we have observed in other master planning assignments in Surrey, Township of
Langley and Richmond. The peaking factor of 2.0 is reasonable for moderately sized catchments, but non-
conservative for small catchments and local sewers. It is recommended that the peaking factor should be reviewed
in greater detail for local sewers (defined as having a total capacity less than 40 L/s) as part of the development

permitting process for future developments.

Figure 2.2 Residential Diurnal Curves
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For commercial land-use, the typical diurnal pattern was developed using a 5-day average of the flow monitoring at
Site 5. There were no flow meters available to represent 100% institutional land-use; therefore, the institutional
pattern was assumed to be the same as the commercial pattern and was applied to all schools, government
buildings, senior care facilities, and hospitals. The temporary flow monitoring program in the City did not isolate any
catchments that were solely industrial land-use. For industrial areas in Maple Ridge, we applied the diurnal patterns
that we recently developed for the City of Surrey. For industrial land-use, the curve was developed from 10 days of
flow monitoring data from a meter in North-Surrey. The monitored area was of primarily industrial land use, similar to
the Hammond industrial park in south-western Maple Ridge. Figure 2.3 shows the industrial, commercial &

institutional diurnal curves incorporated into the model.



A MAPLE RIDGE Sanitary Master Plan

S - ot Final Report

Figure 2.3 ICI Diurnal Curve
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2.4 Dry Weather Calibration Results

This section summarizes the calibration and validation results for dry-weather conditions. The model was calibrated
at 10 flow monitoring sites throughout Maple Ridge. The site locations are shown in Figure 1.1. Calibration was
completed using a full hydrograph approach (i.e. not just peak flows). Model parameters such as pump discharge,
diversion structures, diurnal factors and groundwater rate were adjusted to match night time flows, peak flows,
hydrograph shape and time to peak.

A comparison of model predicted flows against the observed flow for dry weather periods was completed at all flow
monitoring sites for a 7 day period (May 4 to May 11, 2013). Sites 8, 9 and 10 are the three major flow monitoring
locations that represent approximately 94% of the total serviced population in Maple Ridge. Hydrograph plots
comparing the model predictions with the measured flows from the above 3 benchmark locations are shown in
Figure 2.4 through Figure 2.6.

Please refer to Technical Memorandum #01 for dry weather calibration plots for the remaining 7 sites and tables
summarizing the peak flows and volumes . A good correlation was achieved between the observed flow hydrographs
and model predicted results, in terms of peak flows, night time flows and daily volumes.
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Figure 2.5 Dry Weather Calibration Results — Site 9
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Figure 2.6 Dry Weather Calibration Results — Site 10
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Note: Measured peak flows are affected by 225 Street PS which has four different sized pumps cycling, where model flow cannot vary the pump
capacity for each cycle.

2.5 Pump Station Inflow and Outflow
2.5.1 225 Street Pump Station

The 225 Street Pump Station is the City’s largest pumping station, and was the most difficult to model. The station
conveys flow from the River Road and Cotton Wood trunk sewers , along with the majority of the Town Centre area.
The 225 Street PS discharges into a 500mm diameter forcemain which is approximately 1.2km long. This forcemain
then ties into a 1050mm diameter gravity sewer on River Road. The station consists of 4 different sized pumps
ranging from 100 hp to 250 hp. Pump curves were obtained from Flygt and input into the model. As-Built drawings
were provided by the City, and used to generate the wet-well volume.

A pump test was conducted on December 9, 2013 to observe actual flow rates from the stations duty pumps P1, P3,
and P4; the results are summarized in Table 2.3. The maximum flow of 509.5 L/s was observed with all three pumps
in operation. The observed firm capacity of the station, measured with largest pump (P4) not in operation, was 505
L/s.

18
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Table 2.3 — Observed 225 Street Pump Station Flow

P1 214 380 11 298.5
P2 100 450 -- --

P3 250 425 13 301.2
P4 250 425 12 442.8
P1&P3 -- -- 11 505.0
P1&P4 -- -- 11 510.9
P3 & P4 -- -- 12 499.4
P1,P3 & P4 -- - 13 509.5

The 225 Street pumps are operated in rotating cycles in order to distribute the runtime more evenly over the duty
pumps. The InfoSWMM model simulates pump on-off cycles based on simple fixed water levels; activating each
pump when the wet-well water level reaches the ‘start-up depth’, and shutting down when it lowers to the ‘shutoff
depth’. Due to the variations in pump usage, actual and simulated pump cycles were different. To validate the results
of the model calibration a volume comparison of the downstream Site 10 was used. The total difference during the
dry weather calibration period was within 6%, and 1%for the wet weather validation period. The wet weather
calibration period had a volume difference of 8%, which was affected by a sewage overflow at the station.

2.5.2 Minor Pump Stations

Out of 28 City operated pump stations modelled- three pump stations had no as built drawings; four pump stations
had only pump on-off data, but no level data; and one pump station was missing both level and as-built information.
For pump stations with missing as-builts, the wet well size was assumed. For pump stations with missing level data,
the as-builts were used (if available) for determining the on-off levels.

We validated the model using average inflows and pump discharge rates developed using SCADA records provided
by the City. All of the pump stations have average dry weather inflow of less than 5 I/s, with the exception of the 225
Street Pump Station. Most of the stations have pump run times in the range of 1- 5 minutes during dry weather. One
minute interval SCADA data was available for all pump stations. One station had varying pump run times of 2 to 4
minutes which affected the calculated outflow. In this case the pump was modeled to the middle range , and the
pump station and downstream pipe capacity were reviewed to ensure both the low and high estimate could be
serviced . Table 2.4 summarizes the observed and modelled outflow at each pump station.
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Table 2.4 - Pump Station Calibration Summary

Katzie PS01 - - - - PS not modelled

Wharf St 20208 Wharf St PS02 4 4 0.1 0.1

S207 St 20686 - 120B Ave PS03 8t0 18" 14 2.0 2.0 No SCADA Level data

S208 St 20810 Dewdney Trunk Rd PS04 14 15 2.2 2.2 Missing As-Built Drawing

Steeves St 20937 River Rd PS05 - 38 - 1.8 Mo ounDil level data, Missing As-Bult Drawing. Assumed
Golf Lane 20975 Golf Lane PS06 3 55 2.3 2.2

Cutler PI 21198 Cutler PI PS07 9 12 0.2 0.3

Anderson PI 11583 Anderson PI PS09 7 11 0.3 0.2

Meadow Brook P! 12463 Meadow Brook PI PS10 10 9 1.0 0.9 No SCADA Level data

Cliff Ave 22010 Cliff Ave PS11 6 6 0.2 0.2

River Bend 22197 River Rd PS12 12 11 1.8 1.5 No SCADA Level data, cycle depth of 700mm is assumed
S225 11555 - 225 St PS13 299 266 @ - - Observed Firm Capacity = 505 L/s (P1&P3)
Leachate 11589 Cottonwood Dr PS14 16 15 1.4 1.4 Model Inflow set from ADW Inflow from SCADA.
Cottonwood 11335 - 234A St PS15 10 8 0.7 0.6

Tamarack Lane 23527 Tamarack Lane PS16 26 30 5.0 4.0

Fairgrounds 23588 - 105 Ave PS17 11 15 0.8 0.9

Tamarack Loop 23680 - 108 Loop PS18 8 5 0.3 0.4

S$239 St 11600 - 238A St PS20 16 18 1.6 1.5

S240 11320 - 240 St PS21 4 6 0.6 0.4

S113 24195 - 113 Ave PS22 6 7 0.2 0.2

S249 St 11804 - 249 St PS23 8 8 0.8 0.7

S250 24927 Dewdney Trunk Rd PS24 30 29 3.8 3.1

S$251St / Maple Creek 11881 - 250 St PS25 7 8 0.5 0.4

S243 St/ McClure 24300 McClure Drive PS26a 9 10 0.9 0.8 Very small catchment Area

S245 24483 - 106B Ave PS27A 9 9 0.3 0.2

Fern Crescent 23291 - 132 Ave PS29A 25 25 1.8 2.3

S136 Ave 22620 - 136 Avenue PS30 67 71 3.9 5.0

Trails Edge 24185 - 106 B Ave PS31A 11 17 1.0 0.7

S241 12510 - 241 St (Academy Pk.) PS32 12 11 1.0 0.9

(1)
()

SCADA data resolution of +/- 1min coupled with short pump cycle affect calculated pump discharge rate
Average model outflow of P1. Pump flow ranges from 250 - 281 L/s based on pump curve. Volume of flow is within 6% of observed
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2.6 Wet Weather Calibration Results

The first steps for wet weather calibration were to analyze the rainfall data, compare periods of rain with flow data
available, and then select the appropriate calibration sites and events. Rainfall data from February to May 2013 was
analyzed for long-duration events proceeded by rainfall to ensure wet antecedent conditions existed. As a result, the
two most significant rainfall events during the monitoring period were selected for model calibration/validation:

e March 11-15, 2013
e April9-11, 2013

Figure 2.7 shows the IDF curves for above two rainfall events overlaid on the IDF curve of DM44 rain gauge (Katzie
Pump Station). The storm events were close to the order of a 6-month return period storm in the 1-6 hour duration,
and the March storm approached a 1 year event for 12 hour durations. It is preferred to calibrate to events on the
order of a 2 to 10-year return period because RDII analysis are often simulated for a 5-year return period. However,
these events were the largest storms observed during the monitoring period.

Figure 2.7 Katzie IDF Curve with Calibration Events Overlaid
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Wet weather calibration was completed using a full hydrograph approach (i.e. not just peak flows) for a minimum
5-day period including at least 2 days before and after the major storm event. The rainfall-derived infiltration/inflow
(RDII) into a sewer system was modelled using the Unit Hydrographs (UHs) approach. A UH set contains up to three
such hydrographs, one for a short-term response, one for an intermediate-term response, and one for a long-term
response. Each UH group is considered as a separate object by INfoSWMM and is assigned its own unique name
along with the name of the rain gauge that supplies the rainfall data. The rainfall data for each inflow node was
supplied by the nearest gauge to the node.
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Each unit hydrograph is defined by three parameters :

¢ R:the fraction of rainfall volume that enters the sewer system
e T:the time from the onset of rainfall to the peak of the UH in hours
e K: the ratio of time to recession of the UH to the time to peak

Each inflow node in the model is assigned a UH group based on the flow meter catchment in which it is located. To
generate RDII into a node, the model applies the assigned UH to the sewershed area draining to that node.
Separate RTK parameters for each flow meter were applied based on observed flows during the calibration events.
Table 2.5 summarizes the calibrated RTK values used for each location. Appendix A provides hydrograph plots of
the wet weather calibration results, comparing model vs observed flows over during the calibration event (March
2013).

Table 2.5 — RTK Parameters Used for Calibration

Site 1 0.4% 2 1 0.4% 5 2.5 0.5% 10 4 1.3%
Site 2 0.4% 2 1 0.4% 5 2.5 0.4% 10 4 1.2%
Site 3 6.0% 2 1 1.0% 5 2.5 1.0% 10 4 8.0%
Site 4 1.3% 2 1 1.0% 5 2.5 0.5% 10 4 3.1%
Site 5 1.5% 2 1 3.0% 5 2.5 1.0% 10 4 5.5%
Site 6 0.4% 2 1 0.5% 5 2.5 2.0% 10 4 2.9%
Site 7 1.6% 2 1 1.0% 5 2.5 0.5% 10 4 3.1%
Site 8 0.3% 2 1 0.4% 5 2.5 0.9% 10 4 1.6%
Site 9 0.6% 2 1 0.4% 5 2.5 0.5% 10 4 1.5%
Site 10 0.8% 2 1 0.6% 5 2.5 0.5% 10 4 1.9%

2.7 Model Validation

In addition to calibrating the model at above mentioned sites, the model was also validated using the April 2013
storm. Appendix B shows the detailed plots for all validation results at temporary monitoring sites. The model was
also validated using average inflows and pump discharge rates developed using SCADA records provided by the
City.

Please refer to Technical Memorandum #01 for a more detailed analysis of the wet weather calibration and
validation.
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Future Scenarios

3.1 Land-Use/Planning Scenario Overview

Land-use, zoning, and OCP information was collected from the City in GlS/hardcopy format. The following is a
summary of key information obtained from the City:

e GVRD'’s Traffic Zone population projections in shapefile format. The shapefile updated by City’s planning
staff was used as a basis for the OCP population projections for most areas except Albion and Albion Flats.
Please refer to Technical Memorandum #03 for more details regarding future population projections for the
Albion and Albion Flats area;

e Existing zoning and existing land-use shape files;

e Land use shape file of the various growth areas. Figure 3.1 shows the location for each area within the City;
and

e OCP shape file.

Various land-use and/or zoning scenarios were developed in the InfoSWMM model. Each scenarios include
different flow generation data sets. The scenarios include:

e “EXisting Actual” — Represents current land-use and flow conditions based on calibration results. Only
includes lots currently serviced by the City. Populations based on the latest census data, sewage flows
based on population, water meter records and observed GWI rates. Infrastructure is existing infrastructure
as per the City’'s GIS;

e ‘“Intermediate 2018 and 2023” — Population for the interim scenarios (2018 & 2023) were interpolated from
current and OCP scenarios, with emphasis from the Planning department on what is expected in the next 5
to 10 years in terms of growth. Two meetings were held with the City’s planning staff to better understand
the staging of expected growth in the areas outlined in Figure 3.1.

e ‘“OCP Scenario” — Represents the ultimate future development scenario (2041).

There is significant growth planned for the Albion area, Town Center, Silver Valley, Thornhill, and Albion Flats.
Limited growth is also expected along major transportation corridors. AECOM met with the City’s Planning
department to develop future population estimates that accurately reflect the OCP and planned developments.
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The OCP scenario also reflects the amendment approved by Council in July 2013 which permits an increase in
development density in the Albion area. Finally, land use assumptions for the Albion Flats neighbourhood were
based on November 2013 plans made available by the City. The OCP Scenario does not include development in the
urban reserve, however that area is reviewed in Section 4.7.

The population increases were estimated using community growth areas instead of a “City-wide” blanket approach;
this better captures the different rates of growth expected throughout Maple Ridge. The Traffic Zone populations
maintained by the City were used as the starting base, but in several instances did not reflect the full amount of
growth expected from the Area Plans. Future populations for the Town Centre and Silver Valley were developed
using the OCP land use and estimated density values. Intermediate (2018 and 2023) year populations were
interpolated between the current and ultimate population estimates. This was accomplished using a linear regression
from the expected build-out year to the desired scenario year.

3.2 Future Flow Generation

In order to input dry weather flows in model on a parcel-by-parcel basis, a separate shape file was created for each
scenario containing land-use, residential populations, and industrial, commercial and institutional (ICI) flows for each
property in the City. AECOM consulted with City staff to develop the unit-rates that were used to generate future
flows for assessment. The average dry weather flow (ADWF) was calculated using a unit rate of 300 L/Capita/Day.
This rate was applied to all residential and ICI equivalent populations (PE).
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3.2.1 Commercial Flows

The average commercial rate of 80 PE/ha was determined using winter water meter records from a sample of
existing neighbourhood and community commercial lots in the calibrated model. This rate was used for all future
neighbourhood and community commercial areas. For future big box commercial developments 120 PE/ha was
used as per MMCD design criteria. To account for re-development of existing neighbourhood and community
commercial lots in the future, the following criteria was used:

o If existing flows were less than or equal to average plus one standard deviation: the average flow rate of 80
PE/ha was used

e If existing flows were greater than the average plus one standard deviation: flow rate was based on the
existing winter water meter data.

3.2.2 Industrial and Institutional Flows

Flows from existing industrial and institutional lots were calculated using the winter water meter data. For future
industrial areas, 200PE/ha was used as per MMCD design criteria.

3.2.3 GWI and I&l

The ground water infiltration (GWI) and RDII rates for existing areas are based on the calibrated model. For details
please refer to AECOM'’s Technical Memorandum #01 —Model Development and Calibration. For future
developments (greenfields), Inflow & Infiltration (I&l) was estimated using the Metro Vancouver unit rate of 11,200
L/ha/day (equivalent to 5-year I&I level).

For future developments (greenfields) in Albion Flats and North Albion, average dry weather flows (ADWF) was input
into the model along with the diurnal pattern to model the peak dry weather flow. The diurnal pattern established in
the model was used to create the peak flows. After discussing with City staff we decided not to use the Harmon
Peaking Factor since the diurnal pattern is based on a calibrated model, and is more accurate for estimating peak
flows in trunk sewers and inflows to the pump stations.
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Sewer System Assessment

4.1 Hydraulic Capacity Criteria

Sections 2 and 3 of this report described the approach to developing the sewer model, and the subsequent
scenarios that were developed to assist the City with planning for capital works required to service increased
development. The model scenarios were simulated to identify hydraulic constraints such as undersized sewers and
pump stations. The OCP boundary condition does not reflect any backwater conditions at the Katzie Pump Station,
as discussed in Section 2. The capacity assessment was completed for the four scenarios including current, 2018,
2023 and OCP. All scenarios were simulated under a 5-year 24-hour design storm condition.

The following criteria were used to assess the sanitary sewer system:

e Local sewers (PWWF<40 L/s) running more than 70% full (Qpeak/Qfull > 0.7) were recommended for
upgrade.

e Trunk sewers (PWWF>40 L/s) running more than 83.5% full (Qpeak/Qfull > 0.835) were recommended for
upgrade. This is equivalent to approximately 70% of the full pipe depth.

e Pump stations should have capacity to convey the PWWF using only the duty pump. Stand-by pumps were
deactivated for the assessment.

4.2 Gravity Sewer Assessment

The results of each scenario are summarized in Figures 4.1 to 4.4. Sewers with a Qpeak/Qfull greater than the
threshold criteria have been flagged, and are shown in bold red. Manholes are colour-coded based on the maximum
surcharge level experienced in the simulation. Surcharging is defined when the HGL is above the pipe crown, but
below the ground surface, where flooding is when the HGL exceeds the ground elevation.

As an important reminder, the calibration of model results was based on a tolerance of +/- 15% and some of the
highlighted sewers may fluctuate on the design criteria threshold. The sewers highlighted as exceeding the design
criteria and/or surcharging are not necessarily considered undersized sewers and in need of immediate upsizing
because they are based on theoretical population horizons. These highlighted sewers should be examined in more
detail on a case by case basis in order to confirm if and when capital upgrades and upsizing are warranted. The
detailed examination should consider diversion options to alleviate peak flows, alternate routing / twinning options,
risk of property damage upstream and potentially flow/level monitoring to confirm model results in these localized
areas.
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Tables 4.1 and 4.2 provide a summary of the total length of sewers in each category of capacity (PWWF vs full) for
the various population scenarios The tables are separated respectively for local and trunk sewers.

Table 4.1 — Local / Collector Sewer Capacity Summary (Q <40 L/s)

~ LengthofUndersizedsanitarysewerskm)
ocwen s ;o

0-05 248.7 241.8 240.0 236.5
0.5-0.70 4.7 3.5 3.6 4.3
0.70-1.00 1.7 2.4 3.1 3.0

>=1.0 0.6 0.4 0.5 0.9

Table 4.2 — Trunk Sewer Capacity Summary (Q > 40 L/s)

0-05 20.3 18.7 17.6 16.7
0.5-0.835 2.2 8.7 11.2 141
0.835-1.00 0.1 0.6 0.9 1.1

>=1.0 0.3 2.2 25 2.8

Full size hardcopies of Figures 4.1 through 4.4 showing model results of the various scenarios are provided in
Appendix C. Plots of Maximum HGL in the major trunk sewers are provided in Appendix D.

Under the current scenario several manholes are flagged as surcharging during the design storm, but in all instances
the HGL remains within the MH depth. The surcharging MH’s are mainly limited to the interceptor sewers adjacent
to the Katzie PS, and the River Road trunk sewer immediately upstream of the 225 Street PS. Along with the model
results, corroborating evidence from City staff indicates that the River Road trunk does not cause any flooding under
existing surcharged conditions, which are present when the 225 Street Pump Station is shut down. The area of
Skillen Street and 123 Avenue has several pipes flagged as under capacity, with the connecting MHs experiencing
some surcharging.
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In the interim and OCP scenarios, the list of surcharging manholes increases; mostly in the areas upstream of the
225 Street PS. Several MH’s on the River Road trunk sewer are surcharged, and approximately 8 are shown to
flood. The flooding is related to the 225 Street PS, which is shown to be under capacity beginning in the 2018
scenario (see Section 4.4). The inadequate capacity at the pump station leads to HGL rising in the River Road trunk
sewer, which is also under capacity for the scenario.

When the River Road trunk sewer is surcharged, several upstream MHs flood under peak flow conditions in the area
of Makay Avenue and Fisherman Road. While the River Road trunk sewer is estimated to be over capacity
(Qpeak/Qfull > 0.835) for the 2018 scenario, actual peak flows will be dependent on the rate of upstream
development. The 2018 scenario has assumed rapid development in Albion Flats, including the diversion of flows
from the Fairgrounds PS to River Road, and further development in south Albion. As such, recommended
improvements on the trunk sewer could likely be delayed beyond 2018, and the area is recommended for further
study as development progresses.

Two MHSs located at the rear of residential lots on Tamarack Lane, R044 and R045, were also flagged as flooding in
the interim and OCP scenarios. 