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Statement of Qualifications and Limitations
The attached Report (the “Report”) has been prepared by AECOM Canada Ltd. (“AECOM”) for the benefit of the
client (“Client”) in accordance with the agreement between AECOM and Client, including the scope of work detailed
therein (the “Agreement”).
The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”):
•
•
•
•
•
•
•

is subject to the scope, schedule, and other constraints and limitations in the Agreement and the
qualifications contained in the Report (the “Limitations”);
represents AECOM’s professional judgement in light of the Limitations and industry standards for the
preparation of similar reports;
may be based on information provided to AECOM which has not been independently verified;
has not been updated since the date of issuance of the Report and its accuracy is limited to the time
period and circumstances in which it was collected, processed, made or issued;
must be read as a whole and sections thereof should not be read out of such context;
was prepared for the specific purposes described in the Report and the Agreement; and
in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and
on the assumption that such conditions are uniform and not variable either geographically or over time.

AECOM shall be entitled to rely upon the accuracy and completeness of information that was provided to it and has
no obligation to update such information. AECOM accepts no responsibility for any events or circumstances that
may have occurred since the date on which the Report was prepared and, in the case of subsurface, environmental
or geotechnical conditions, is not responsible for any variability in such conditions, geographically or over time.
AECOM agrees that the Report represents its professional judgement as described above and that the Information
has been prepared for the specific purpose and use described in the Report and the Agreement, but AECOM makes
no other representations, or any guarantees or warranties whatsoever, whether express or implied, with respect to
the Report, the Information or any part thereof.
Without in any way limiting the generality of the foregoing, any estimates or opinions regarding probable construction
costs or construction schedule provided by AECOM represent AECOM’s professional judgement in light of its
experience and the knowledge and information available to it at the time of preparation. Since AECOM has no
control over market or economic conditions, prices for construction labour, equipment or materials or bidding
procedures, AECOM, its directors, officers and employees are not able to, nor do they, make any representations,
warranties or guarantees whatsoever, whether express or implied, with respect to such estimates or opinions, or
their variance from actual construction costs or schedules, and accept no responsibility for any loss or damage
arising therefrom or in any way related thereto. Persons relying on such estimates or opinions do so at their own
risk.
Except (1) as agreed to in writing by AECOM and Client; (2) as required by law; or (3) to the extent used by
governmental reviewing agencies for the purpose of obtaining permits or approvals, the Report and the Information
may be used and relied upon only by Client.
AECOM accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain
access to the Report or the Information for any injury, loss or damage suffered by such parties arising from their use
of, reliance upon, or decisions or actions based on the Report or any of the Information (“improper use of the
Report”), except to the extent those parties have obtained the prior written consent of AECOM to use and rely upon
the Report and the Information. Any injury, loss or damages arising from improper use of the Report shall be borne
by the party making such use.
This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the
Report is subject to the terms hereof.
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Executive Summary
AECOM was commissioned by the City of North Battleford to complete the Fairview Heights Neighbourhood Master
Plan Study. The purpose of the study is to guide the development of the future Fairview Heights neighbourhood,
hereafter called Fairview Heights II, with considerations for optimal urban planning, traffic impacts and upgrades, site
grading, municipal servicing, and development staging.
The Fairview Heights II study area is located on the northeast edge of the City of North Battleford and encompasses
an area of approximately 107.7 ha. The Fairview Heights II neighbourhood will contain a blend of residential land
uses, including single family attached, single family detached, multi-family parcels, and apartment sites. There are
also commercial sites, a community plaza, a school site, and a large municipal reserve. The Fairview Heights II
neighbourhood is planned to house a population of 3627 people at full build-out.
A traffic impact assessment was completed for the Fairview Heights II neighbourhood (submitted as a separate
report). The study reviewed the capacity of the existing transportation system with Fairview Heights II at full buildout and provided recommendations for intersection improvements.
A design for the Fairview Heights II water distribution system was completed, and the sizing of the future water
distribution system was assessed to satisfy peak demand and fireflow scenarios. The future long term servicing of
this neighbourhood was derived from the Water Distribution Master Plan, completed by AECOM in August 2016.
The performance of the existing downstream storm sewer system was investigated. This allowed for identifying
locations where the Fairview Heights II storm sewer system could be directly connected. While some Fairview
Heights II area could be directly connected to the existing storm sewer system, a large proportion of the area
requires runoff attenuation in a stormwater pond before draining to the existing storm sewer system. A conceptual
design for the stormwater pond and Fairview Heights II storm sewer system was completed.
The performance of the present downstream sanitary sewer system was assessed. The entire City-wide system
was simulated and capacity restrictions identified. The Fairview Heights II sanitary sewer system was then designed
and added to the existing downstream sanitary sewer system. To convey this flow, upgrades to the existing system
were identified. In the present report, discussion focussed on impacts caused specifically by the addition of the
Fairview Heights II sanitary flow. The simulation results for the City-wide system were presented as they pertained
to the development of Fairview Heights II and the results and analysis were derived from the Sanitary Sewer System
Master Plan completed by AECOM in 2016.
A phasing plan was completed to provide an orderly sequence to all aspects of the development of the Fairview
Heights II neighbourhood (including transportation, neighbourhood access, municipal servicing, and site grading). In
total, there are 12 stages proposed. The staging sequence allows the City to defer major capital utility projects,
specifically the large diameter storm sewer trunks, stormwater pond, and upgrades to the existing sanitary sewer
system until required. In addition, the staging plan provides details on triggers for off-site upgrades required for the
municipal servicing.
Finally, a capital cost plan was completed for each of the 12 neighbourhood stages. The cost of both the off-site
upgrades as well as the capital cost for each development stage was provided in terms of present value and future
value. An annual inflation rate of 2.0% was assumed for future construction.
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Introduction

The City of North Battleford has seen increased demand for new housing as it has continued to experience strong
growth in recent years. New residential development has mostly occurred in the Fairview Heights neighbourhood.
To allow for a seamless extension of future development, AECOM has prepared the Fairview Heights
Neighbourhood Master Plan.
The future Fairview Heights Neighbourhood study area, hereafter called Fairview Heights II, is located in the
th
northeast edge of the City and contains approximately 107.7 ha. The study area is bound by 100 Street to the
th
west, 29 Avenue to the north, Miller Road to the east, and the existing Fairview Heights neighbourhood to the
south.
The Fairview Heights Neighbourhood Master Plan Study is intended to provide a document to guide the
development of the future phases of the Fairview Heights II neighbourhood in an orderly and economical manner.
The objectives of this study, as outlined in AECOM’s engineering proposal, address a number of key issues related
to the development of the Fairview Heights II Neighbourhood. The objectives are as follows:
•

Consider the present context of the Fairview Heights II Neighbourhood study area, in relation to
nearby land-use, roads, topography, and natural environment

•

Determine sound urban planning to provide the optimum scale, density, and servicing, and prepare
a Neighbourhood Concept Plan to provide a range of land uses, neighbourhood amenities, housing
densities, and lots sizes to accommodate a variety of housing types and incomes

•

Complete a traffic planning study and evaluate the impacts to the transportation system from the
neighbourhood development (provided in a separate report)

•

Assess the capacity of the existing municipal infrastructure (water distribution, storm sewer, and
sanitary sewer) and identify possible upgrades to permit full development of the Fairview Heights II
Neighbourhood

•

Complete design of the municipal infrastructure (water distribution, storm sewer, and sanitary sewer)
for the Fairview Heights II Neighbourhood

•

Prepare a staging plan to guide efficient development of the Fairview Heights II Neighbourhood

•

Develop an opinion of cost for the neighbourhood development

The subsequent report sections are ordered to address each of the objectives listed above.
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Present Context

The Neighbourhood Master Plan study is meant to guide the development of the future neighbourhood in a
seamless and orderly manner and to complement the surrounding areas. To enable this approach, the present
context of the surrounding land and its uses was assessed and is described below.

2.1

Site Analysis

2.1.1

Existing and Surrounding Land Use

The Fairview Heights II Neighbourhood study area is located on the northeast edge of the City of North Battleford
(Figure 1) and contains an area of approximately 107.7 ha. The study area is bound on the south by the existing
Fairview Heights neighbourhood. This neighbourhood was first developed in the late 1970’s in the southwest corner
th
(near Territorial Drive and 99 Street/Highway 4), and development has proceeded north and east. Development
has continued through to recent years, with the Buhler Avenue extension east of Scott Drive completed in 2013.
The existing Fairview Heights neighbourhood is predominately single family detached residential.
The land north and east of the study area is presently agricultural land. The land west of the study area contains
th
highway commercial along 99 Street/Highway 4 and the Killdeer neighbourhood beyond this.
2.1.2

Roadways and Access
th

The existing arterial roads (Scott Drive, Clements Drive, and 27 Avenue) will provide access into the new
neighbourhood from Territorial Drive and 99th Street/Highway 4. A future perimeter road around the new
neighbourhood will be built by upgrading Miller Road and 29th Avenue. The local roadways within the existing
Fairview Heights neighbourhood should be kept mostly separate from the new neighbourhood to prevent an
increased traffic load as the development progresses.
2.1.3

Topography and Drainage

The study area generally slopes south and west from an elevation of approximately 552 m at the northeast corner
(Figure 2). There is a ridge that crosses at an angle through a portion of the study area that has an elevation of
approximately 550 m and separates the study area into three catchments. The South Catchment drains south from
the ridge to Scott Drive at elevation of approximately 544 m elevation. The Central Catchment drains south from the
ridge to Henderson Drive at elevation of approximately 540 m. The North Catchment drains from the northeast
corner of the study area and the north side of the ridge to Clements Drive at elevation of approximately 540 m.
Runoff from the three catchments is intercepted by the City’s storm sewer system.
The slope of the land in the study area has an average slope of approximately 2 to 4%. Nearly the entire study area
sheds to the existing Fairview Heights neighbourhood and there are few existing sloughs and wetlands within the
study area.
2.1.4

Soils and Vegetation

The soil within the study area is characterised as of the Cutknife-Mayfair formation, which is described as a black
soil formed in a mixture of shallow, silty lacustrine (Cutknife) materials and slightly stony, loamy glacial till (Mayfair).
Most of the study area is presently under cultivation. There are stands of trees along the southeast and northwest
portions, which may indicate cultivation limitations, possibly due to the presence of excessive stones or other factors.
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Concept Plan

In developing the Fairview Heights II Neighbourhood Concept Plan, the following guidelines were considered:
•

Encourage a variety of housing types, densities, and lot sizes to meet the needs of a range of
household types and incomes

•

Complement the local context, particularly the adjacent low density development

•

Provide local neighbourhood services for both the future neighbourhood and existing
neighbourhood, including park and recreation amenities, local commercial, and a school site

•

Allow for safe and efficient access in and out of the future neighbourhood

The neighbourhood plan is presented in Figure 3 and provides for a number of land uses, including residential of
varying densities, neighbourhood commercial, mixed use, community plaza, school, and municipal reserve. The
neighbourhood is bound on the north and east by a buffer strip.
The residential land use contains the following types of lots: single family detached, single family detached (narrow
lot), single family attached (duplex), single family attached (street townhome), multi-family parcel, and multi-family
apartment. The single family lots allow for 3.0 ppu (people per unit), the multi-family parcel sites allow for 2.8 ppu,
and the multi-family apartment sites allow for 1.5 ppu.
The neighbourhood concept plan was divided into development parcels. The details of the development parcels are
shown in Table 3-1 and Figure 4.
Table 3-1: Development Parcel Details
Parcel

Area

A

1.54 ha

B

4.82 ha

C

7.23 ha

Single Family
Lots

Population

31

93

Multi-Family
Units

Apartment
Units

Population

Total
Population
93

73
85

Population

204

220

330

255

534
255

D

5.87 ha

70

210

E

8.11 ha

80

240

62

174

210
414

F

9.59 ha

107

321

28

78

399

G

12.81 ha

148

444

41

115

559

H

8.48 ha

70

196

141

211

407

I

7.81 ha

95

285

36

101

386

J

7.10 ha

58

174

70

196

370

Total

73.36 ha

674

2022

380

1064

361

541

3627

The neighbourhood will center around a large municipal reserve, which contains a stormwater retention pond that is
intended to be implemented as a main feature of the park. The area of the stormwater pond is typically designated
as stormwater utility, and the area above the 5 year water level is designated as municipal reserve.
Along the main road north of the municipal reserve, a school and community centre (part of Development Parcel H)
is located in the approximate midpoint of the neighbourhood. The community centre contains local commercial, a
community plaza, and higher density residential land use (multi-family and apartment parcels).
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A summary of the land use is provided in Table 3-2.
Table 3-2: Land Use Summary
Area

Proportion

Single Family Detached

30.13 ha

27.9%

Single Family Detached
(Narrow Lot)

0.76 ha

0.7%

Single Family Attached
(Duplex)

5.27 ha

4.9%

Single Family Attached
(Townhome)

1.17 ha

1.1%

Multi-Family Parcel

10.40 ha

9.7%

Multi-Family Apartment

3.63 ha

3.3%

Neighbourhood Commercial

9.56 ha

8.9%

Mixed Use

1.70 ha

1.6%

Community Plaza

0.39 ha

0.4%

School

2.00 ha

1.9%

Municipal Reserve

17.84 ha

16.6%

Stormwater Pond

2.39 ha

2.3%

Road

17.54 ha

16.2%

Buffer Strip

4.92 ha

4.6%

107.70 ha

100.0%

Total
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Transportation Planning and Traffic Impact Assessment

The reader is referred to the separate report prepared by AECOM for the transportation planning and traffic impact
assessment component of the Fairview Heights Neighbourhood Master Plan Study:
City of North Battleford
Fairview Heights Traffic Impact Assessment (TIA) Report
June 2013
(AECOM)
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The North Battleford Water Distribution System draws water from both the North Saskatchewan River and the North
Battleford Aquifer and includes two water treatment plants. The oldest part of Water Treatment Plant No. 1 (WTP
No. 1) that is currently being used was constructed in 1977 and treats groundwater from a well field which spans
northwest from the WTP. A major expansion was completed in 2011 that increased the treatment capacity of WTP
No. 1 by 133%. This plant provides water mainly for the west side of the south pressure zone (Pressure Zone 1) and
the water tower. The F.E. Holliday Water Treatment Plant (WTP No. 2) was originally constructed in 1950, expanded
in 1980, and then received several significant upgrades in 1989. This plant treats surface water and primarily
services the east side of the City as well as the north pressure zone (Pressure Zone 2).
There are two pressure zones within the water distribution system. Flow is regulated between the two zones by three
pressure sustaining valves (PSV’s). Pressure Zone 1 is situated northeast of the two water treatment plants and the
th
North Saskatchewan River. It is the larger of the two pressure zones and is serviced by the 114 Street Reservoir,
the water tower, and the two water treatment plants. Pressure Zone 2 is located northeast of Pressure Zone 1 and
has an average elevation 18 m higher. Pressure Zone 2 is serviced by the booster station and Fairview Heights
Reservoir.

5.2

Fairview Heights Water System

The Fairview Heights II water distribution system consists of a 300 mm diameter primary water main loop and
smaller (150 mm and 200 mm diameter) local distribution loops, shown in Figure 5. The primary water main will
connect to the City’s existing distribution system at key locations and is meant to supply the overall neighbourhood
as well as provide redundancy. Redundancy in the primary water main loop benefits both the new and existing
neighbourhoods, by improving supply pressure at large flows (including fireflows) and reducing the consequence of
a disruption in supply caused by a water main break. The local water distribution system supplies water service to
the minor streets within the neighbourhood and is also looped to provide redundancy.
The Fairview Heights II water distribution system benefits from being within close proximity to the existing Fairview
Heights Reservoir, located at the intersection of Clements Drive and Campbell Crescent. The reservoir is a square
3
34.0 m x 34.0 m reservoir with a reservoir depth of 4.0 m for a maximum capacity of 4540 m (4.54 ML). The
reservoir connects to the system though a 300 mm AC water main at the intersection of Clements Drive and Maher
Drive. This is a common fill/service main which means that the reservoir cannot service Pressure Zone 2 and be
filled at the same time. The pumphouse contains two distribution pumps (both rated at 18.9 L/s at 35.4 m head) and
two fire pumps (both rated at 133.3 L/s at 38.1 m head). The pumps are set to maintain a pressure between 53 and
64 psi. The rate at which the reservoir fills is dependent on the flow control valve (FCV) which is controlled through
the SCADA system by the WTP operators. The FCV is normally fully open as the fill rate into the reservoir is
relatively low. The Fairview Heights Reservoir typically fills at a rate of 11.1 L/s (0.96 ML/day) during the day and can
fill at a rate as high as 15.3 L/s (1.32 ML/day) at night. The reservoir is normally cycled on an 8 hour timer; it fills for
4 hours or until it reaches a full service level of 3.6 m (541.1) and then is pumped out for 4 hours or until it reaches
level of 2.8 m (540.30). The fill/pump-out cycle is determined by the water tower levels. When the water tower level
is low, the Booster Pumping Station will be used only to service Pressure Zone 2. Once the water tower level has
recovered, the Booster Pumping Station can be used to both service Pressure Zone 2 and to fill Fairview Heights
Reservoir.
The Fairview Heights II water distribution system connects to the existing water distribution system at four locations:
th

1.

A 200 mm diameter water main at the intersection of 27 Avenue and Campbell Crescent

2.

A 300 mm diameter water main at the intersection of 27 Avenue and Clements Drive
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3.

A 300 mm diameter water main at the intersection of Maher Drive and Henderson Drive

4.

A 250 mm diameter water main at the intersection of Buhler Avenue and Scott Drive
th

The 300 mm diameter primary water main loop was extended in the intersections along 29 Avenue and Miller Road
(the boundary of the study area) to allow for future servicing beyond the Fairview Heights II neighbourhood.

5.3

WaterCAD Model Setup

The Average Day Demand (ADD) was based on a per capita demand of 415 lpcd (litres per capita per day).
Population densities and fire flows for the different land use types was then used to calculate ADD, as shown below
in Table 5-1. Municipal reserve and park areas, which are likely to have an irrigation system, were assigned a
demand of 0.30 L/s/ha.
Table 5-1: Population Densities and Fire Flows by Land Use Type
Population
Density

Fire Flow

Single Family Detached

48 p/ha

90 L/s

Single Family Attached

84 p/ha

90 L/s

Multi-Family Parcel

100 p/ha

150 L/s

Multi-Family Apartment

150 p/ha

220 L/s

Commercial, Mixed Use,
Community Plaza, School

65 p/ha

220 L/s

Land Use Type

The MDD and PHD flows for the Fairview Heights II neighbourhood were calculated with Peaking Factors. The
Peaking Factor for MDD was 2.1ADD and the Peaking Factor for PHD was 1.5MDD. The total ADD, MDD, and PHD
for the Fairview Heights neighbourhood is 21.45 L/s, 45.04 L/s, and 67.57 L/s, respectively.
The Fairview Heights II water distribution system was modelled in WaterCAD to determine the watermain pipe sizes
required to meet water demand and fireflows. The water distribution infrastructure is required to satisfy two demand
scenarios:
Scenario 1 – Peak Hour Demand (PHD) with a minimum residual pressure of 40 psi
Scenario 2 – Maximum Day Demand (MDD) plus Fire Flow (FF) with a minimum residual pressure of 20 psi
The Fairview Heights II water distribution system satisfies the minimum pressure constraints for the two demand
scenarios.

5.4

Storage Capacity Analysis

Reservoir storage was previously investigated in the Waterworks System Assessment report (KGS Group,
th
December 2011). The City of North Battleford operates three storage reservoirs: the 114 Street Reservoir, the
Water Tower, and the Fairview Heights Reservoir. The combined storage capacity of the three reservoirs is
3
11,500 m . The clearwells at the water treatment plants and the Saskatchewan Hospital Reservoir have not been
included in the distribution storage summary as they are not considered as useable storage.
As outlined in the Water Security Agency Waterworks Design Standard (EPB 501), the City is required to provide
treated water storage capacity equal to 48 hours of average day demand (2 x ADD). The existing Fairview Heights
3
neighbourhood has an ADD of 6.23 L/s, which requires a storage volume of 1077 m . The Fairview Heights II
3
neighbourhood has an ADD of 21.45 L/s, which requires a storage volume of 3706 m . The combined storage
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3

capacity requirement for the Fairview Heights neighbourhood is 4783 m , which is slightly above the storage
3
capacity of the Fairview Heights reservoir (4540 m ).
3

The city-wide ADD is approximately 62.6 L/s, which equates to a required storage volume of 10,800 m . Including
the storage requirement for the Fairview Heights II neighbourhood, the required city-wide storage volume is
3
14,500 m .
As identified in the Water Distribution Master Plan-August 2016 (AECOM), additional storage is required in the City
of North Battleford for future growth to occur. The WDMP recommends adding storage as follows:
•

Acquisition of Sask Hospital Reservoir (2,270 m )

•

114 Street Reservoir Expansion (3,600 m )

3

th

3

With the implementation of the above additional storage the total storage for the City’s water system would be
3
17,370 m . This would exceed the additional storage required for expansion in the Fairview Heights II
neighbourhood. As a medium term solution, the addition of the Sask Hospital Reservoir would add significant
capacity to the system. As development continues in the Fairview Heights II neighbourhood, the expansion of the
th
th
114 Street Reservoir Expansion would be required. The 114 Street Reservoir expansion would also provide
additional storage capacity to the Killdeer Neighbourhood development. AECOM recommends that the potable water
storage capacity be increased prior to the development of Fairview Heights II Neighbourhood Stage 4 (discussed
later in Section 8).

5.5

Water Distribution System – Proposed Upgrades

The analysis of the water distribution system identified that the existing linear infrastructure was unable to
accommodate the full build out of Fairview Heights II neighbourhood without constructing additional infrastructure.
The challenge in servicing Fairview Heights II neighbourhood, along with the rest of Pressure Zone 2, involves filling
of the Fairview Heights Reservoir. AECOM recommends constructing a dedicated fill main for Fairview Heights
Reservoir to eliminate future scenarios where the Booster Pumping Station is relied upon to simultaneously fill
Fairview Heights Reservoir and service Pressure Zone 2.
th

The alignment for the proposed 300 mm diameter fill main, which spans from 114 Street Reservoir to Fairview
Heights Reservoir (length of approximately 4,600 m) is shown on Figure 6 in Appendix A. The analysis determined
that the Fairview Heights Reservoir Fill Main would be required during development of Fairview Heights II
Neighbourhood Stage 4 (discussed later in Section 8).
The storage capacity analysis concluded that that additional storage capacity would be required for the development
of Fairview Heights II Neighbourhood. The City can add potable storage by acquiring the Sask Hospital Reservoir,
th
expanding the 114 Street Reservoir, or by other means. Analysis determined that the City would be required to
increase their potable water storage capacity prior to the development of Fairview Heights II Neighbourhood Stage 4
(discussed later in Section 8).
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Stormwater Management

Prior to developing the stormwater management system design, a surface grading plan was completed to determine
the future runoff patterns. To minimize the extent of surface grading, it is desired to closely follow the existing
topography and modify where required. A surface grading plan for the study area was developed, complete with
finished grade elevations, and is presented in Figure 7.
The development of the stormwater management system was completed in two steps. First, the existing
downstream storm sewer system was assessed to determine if there was capacity available to service the Fairview
Heights II neighbourhood. This establishes the allowable flow that can be routed to the existing storm sewer system.
Secondly, the Fairview Heights II stormwater management system was developed to satisfy the flow capacity
constraints of the existing downstream storm sewer system.
The stormwater management system for both the existing downstream storm sewer system and the Fairview
Heights II neighbourhood was modelled in XPSWMM. A description of the XPSWMM model setup is provided
below.

6.1

Stormwater Model Setup (XPSWMM)

The XPSWMM software represents a stormwater system as a model of nodes and links. The nodes correspond to
both subcatchments and manholes or other junctions in the system. The links join the nodes and correspond to
storm sewer pipe, culverts, ditches, and other types of conduits.
The XPSWMM modelling software simulates both the hydrology of the subcatchments and the hydraulics of the
storm sewer system; each set of computations is solved on two separate layers in the software. To simulate the
hydrology, the Runoff layer first loads the subcatchment with a rainfall distribution, routes the resulting runoff flow
over the subcatchment (allowing for losses due to depression storage, evaporation, and infiltration), and generates a
hydrograph of the runoff flow at the outlet of the subcatchment. The Hydraulics layer then inputs the flow
hydrograph from the Runoff layer into each of the corresponding nodes and routes the flow through the conveyance
system. Each layer requires its own specific set of input data, as described below.
6.1.1

Runoff Layer Input Parameters

The Runoff layer requires rainfall data, soil infiltration parameters, and subcatchment properties as input parameters.
Rainfall data, in the form of design storms, were derived from Intensity-Duration-Frequency (IDF) data collected by
Environment Canada at the North Battleford Airport for the period of 1975 to 2004. Equations to fit data to the IDF
curves were developed and were of the form:

i: is the average rainfall intensity (mm/h)

𝑖𝑖 =

𝑎𝑎
(𝑡𝑡 + 𝑏𝑏)𝑐𝑐

t: is time (minutes)
a, b, and c: are coefficients to fit the equation to the IDF data. These coefficients are unique to the return period of
the storm, and are shown below in Table 6-1.
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Table 6-1: North Battleford IDF Coefficients (1975-2004)
Return Period

a

b

c

2 year

570.47

5.0

0.812

5 year

873.26

5.6

0.840

10 year

1120.1

6.2

0.859

25 year

1360.8

6.2

0.866

50 year

1614.3

6.6

0.879

100 year

1784.8

6.6

0.879

The return period is defined as the probability of a storm of a specified severity occurring in any given year; the
probability is the inverse of the return period (ie a 2 year return period has a 50% probability of occurring in any
given year). Components of a stormwater management system are usually designed for the flow or volume from a
storm of a defined return period. The 2 year return period was used for the storm sewer system and the 100 year
return period was used for stormwater ponds.
Another element of the design rainfall is the storm duration. A shorter duration storm (less than 4 hours) typically
follows a Chicago distribution, which is characterised by a short-lasting, high intensity peak and produces a high
runoff flow but relatively small runoff volume. For longer duration storms (more than 4 hours), the distribution follows
a Huff distribution, which has a lower peak intensity spread over a longer duration of time. This type of distribution
produces a lower runoff flow but larger runoff volume.
For storm sewer systems, the shorter duration produces the critical flow, and the 2 year 1 hour design storm was
used in the simulations. A storage pond’s response to a design storm is highly sensitive to a number of parameters
and the critical duration is difficult to predict. The 100 year return period was selected for the storage pond, and the
1 hour, 12 hour, and 24 hour durations were simulated. The duration that produced the largest storage volume was
selected as the governing design storm. The design storm distributions are provided below in Table 6-2.
Table 6-2: North Battleford Design Storm Distributions
2 year 1 hour
Storm

100 year 1 hour
Storm

100 year 12 hour
Storm

100 year 24 hour Storm

Time
(min)

Intensity
(mm/h)

Time
(min)

Intensity
(mm/h)

Time
(h)

Intensity
(mm/h)

Time
(h)

Intensity
(mm/h)

Time
(h)

Intensity
(mm/h)

0

0

0

0

0

0

0

0

13

6.05

5

7.12

5

14.74

1

2.07

1

1.14

14

4.54

10

11.19

10

24.93

2

4.14

2

1.2

15

3.48

15

25.37

15

61.69

3

8.28

3

2.26

16

2.73

20

99.82

20

234.35

4

11.73

4

3.43

17

2.1

25

31.36

25

77.02

5

12.42

5

4.58

18

1.38

30

17.45

30

41.12

6

11.04

6

6.27

19

1.07

35

11.91

35

26.8

7

8.28

7

7.33

20

0.95

40

9.02

40

19.45

8

5.52

8

8.42

21

0.88

45

7.26

45

15.09

9

2.76

9

8.22

22

0.76

50

6.09

50

12.24

10

1.38

10

7.92

23

0.6

55

5.25

55

10.26

11

1.38

11

7.77

24

0

60

0

60

0

12

0

12

7.17

Rainfall Depth
19.3 mm

Rainfall Depth
44.8 mm
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The Saskatchewan Soil Survey describes the soil in the study area as a loam to sandy loam texture. Infiltration and
runoff parameters were developed for an urban setting with this soil texture type, as shown in Table 6-3.
Table 6-3: Infiltration and Runoff Parameters
Pervious Depression Storage

2.5 mm

Impervious Depression Storage

0.55 mm

Pervious Mannings n

0.30

Impervious Mannings n

0.013

Zero Detention Storage

30%

Maximum Infiltration Rate

75 mm/h

Minimum Infiltration Rate

7.5 mm/h

Decay Rate of Infiltration

0.00115/s

Maximum Infiltration Volume

0 mm

For the downstream existing storm sewer system, subcatchment boundaries were delineated using street grades
shown in the as-built plan/profile drawings. The subcatchment boundaries for the Fairview Heights II neighbourhood
were determined from the surface grading design.
The imperviousness for the existing storm sewer system was determined using aerial images. For subcatchments
containing only single-family residential lots, typical impervious values were determined and applied. For
catchments that contained other land-uses, the imperviousness was calculated manually. In the Fairview Heights II
neighbourhood, standard design impervious values were used. Table 6-4 presents the impervious values used in
the existing and future areas.
Table 6-4: Impervious Values

Single
Family
Lots

Land Use Type

Percent Impervious

Full Lot

33%

Front Half of Lot

49%

Back Half of Lot

12%

Multi-Family

60%

Apartment

80%

Commercial

80%

Pond

100%

Park

5%

Streets

100%

The subcatchment width was calculated based on the area and shape of the subcatchment. Subcatchment slope
was set at 2%.
6.1.2

Hydraulics Layer Input Parameters

In the Hydraulics Layer of XPSWMM, the nodes are used to join links and represent manholes, storage ponds, and
other junctions in the system. The links are the flow conduits in the system and can be storm sewer pipe, ditches,
culverts, pumps, forcemains, and other types of conduits.
For the existing downstream storm sewer system, manhole and pipe data was determined from as-built plan/profile
drawings. In the Fairview Heights II neighbourhood, the surface grading plan was used to design the pipe system.
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Existing Downstream Storm Sewer System

The Fairview Heights II neighbourhood is located north of the existing Fairview Heights neighbourhood. The existing
Fairview Heights neighbourhood is part of Catchment 2, which also includes the Killdeer neighbourhood, and was
previously studied in the City-wide storm sewer analysis (AECOM, September 2012).
The existing neighbourhood is serviced with a storm sewer system that drains west along Territorial Drive in a
1650 mm diameter trunk and outfalls into the Territorial Drive ditch west of Killdeer Drive. The ditch drains
southwest along Territorial Drive and then southeast along Railway Avenue where it joins the flow from Catchment 1
th
near the intersection of Railway Avenue and 15 Avenue. From this point, the ditch drains south the Territorial Drive
and is intercepted in an 1800 mm diameter storm trunk draining southeast. At the intersection of Territorial Drive
and Highways 4 and 16, the 1800 mm storm trunk intercepts Catchment 4 and heads southwest along the highway
for a distance of approximately 500 m. At this location, the storm trunk outlets into a ditch that follows alongside the
highway and drains to the North Saskatchewan River, a distance of approximately 1100 m. The reader is referred to
the City-Wide Storm Sewer Analysis report (AECOM, September 2012) for the catchment locations.
It is readily apparent that the existing Fairview Heights storm sewer system was designed to allow for additional
catchment area. There are storm sewer trunks throughout the neighbourhood that are presently flowing only
partially full under the 2 year 1 hour design storm (shown in Table 6-5).
Table 6-5: Present Flow in Existing Fairview Heights Storm Sewer Trunks
Diameter

Flow
Capacity

Present
Flow

Percent
Full

Excess
Capacity
Available

Ross Crescent (West Leg)

1200 mm

4.24 cms

0.43 cms

10%

3.81 cms

Campbell Crescent (West Leg)

600 mm

0.39 cms

0.01 cms

3%

0.38 cms

Clements Drive at 27th Avenue

1050 mm

1.89 cms

0.01 cms

1%

1.88 cms

Maher Drive at Henderson Drive

750 mm

0.96 cms

0.17 cms

18%

0.79 cms

Location

6.3

Fairview Heights II Stormwater Management System

The Fairview Heights II neighbourhood would be serviced with a conventional storm sewer system. The storm
sewer system is designed for the 2 year design storm, which is typical in neighbouring municipalities. It is
acknowledged and accepted that storms of greater magnitude would result in temporary surface ponding in street
intersections and other low points; however, this volume is usually drained in a reasonably short time once the storm
has receded and pipe capacity is restored.
The design of the Fairview Heights II stormwater management system is guided by both the surface grading plan
and the capacity available in the existing downstream storm sewer system. Because of the additional downstream
capacity available, a sizeable catchment area can be directly connected to the existing storm sewers on the west leg
of Campbell Crescent (6.4 ha) and Clements Drive (9.3 ha). A limited catchment area (5.2 ha) can be connected to
the storm sewer along Buhler Avenue at Scott Drive. The remainder of the Fairview Heights II catchment area
(86.87 ha) yields a runoff flow that would overwhelm the existing downstream storm sewer system unless the flow is
attenuated in a stormwater pond upstream of the connection. The Fairview Heights II stormwater management
system is shown in Figure 8.
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th

A stormwater storage pond is planned for the large municipal reserve between Maher Drive and 27 Avenue. The
Fairview Heights II catchment area would drain into the pond through three separate storm sewer systems, and the
pond would then drain to the existing storm sewer at the intersection of Maher Drive and Henderson Drive. The
allowable outflow from the pond is set to 0.60 cms, which is within the capacity available in this storm sewer in the 2
year 1 hour storm.
The pond would function as a wet pond such that it permanently contains a pool of water; the elevation of the
permanent water level is defined as the Normal Water Level (NWL). The permanent pool of water is typically in the
range of 2.0 to 3.0 m deep. In a severe storm, the water level in the pond would rise and slowly drain back to NWL
following the storm. The elevation of the maximum water level is called the High Water Level (HWL) and was set to
1.5 m above the NWL. Above HWL, a 1.0 m freeboard depth is allowed for. The sideslopes of the ponds were
assumed to be an average 6H:1V (Horizontal:Vertical).
A wet pond is typically incorporated into a park as a main aesthetic feature. As such, the area above the 5 year
water level is designated as municipal reserve. The area of the pond below the 5 year water level is typically
designated as stormwater utility.
The storage volume of the pond is designed for the critical duration of the 100 year return period; in this specific
case, the 1 hour duration governs. The 100 year 1 hour flow into the pond is 10.35 cms. To reduce the flow out of
3
the pond to the allowable 0.60 cms, a storage volume of 30,000 m is required. With a 1.5 m active storage depth,
the required area for the pond is 1.55 ha at NWL.
It may be desired to allow for additional storage volume to service a future area north of the Fairview Heights II
3
neighbourhood. Considering this, the pond was increased in size to provide a storage volume 38,000 m , which has
a NWL area of 1.74 ha. The increased pond volume would be able to service 21 ha of single family residential
directly connected to the Fairview Heights II storm sewer system. Alternatively, a larger area may be serviced and
runoff directed to a future pond that attenuates the flow and then connects to the Fairview Heights II storm sewer.
The storage pond was modelled for a range of design storms. The results of simulations are presented below in
Table 6-6. The volume reported is the active storage volume (above NWL), which excludes the volume of the
3
permanent pool (47,000 m ).
Table 6-6: Pond Design Characteristics and Model Results
Design Storm

Elevation

Floor

536.00 m

NWL

538.50 m

HWL
Freeboard
2 year 1 hour

Inflow

Outflow

Volume

Area

Time to Drain

1.54 ha
2.24 ha
38,000 m

3

2.86 ha

541.00 m

69,000 m

3

3.36 ha

538.86 m

3

540.00 m
7.19 cms

0.23 cms

8,200 m

2.38 ha

18 hours

5 year 1 hour

539.12 m

10.93 cms

0.33 cms

14,700 m

3

2.49 ha

23 hours

100 year 24 hour

539.52 m

1.14 cms

0.44 cms

24,900 m

3

2.65 ha

32 hours

26,400 m

3

2.68 ha

32 hours

37,600 m

3

2.85 ha

36 hours

100 year 12 hour
100 year 1 hour

539.58 m
539.98 m

2.22 cms
15.58 cms

0.46 cms
0.60 cms

th

The existing 1050 mm diameter storm sewer at Clements Drive and 27 Avenue has a considerable amount of
additional capacity available, even with servicing its respective portion of the Fairview Heights II neighbourhood.
This excess capacity is present in the entire section of downstream storm sewer trunk to the outfall in the Territorial
Drive ditch south of the Killdeer neighbourhood. The excess capacity amounts to approximately 1.3 cms, which
th
could service approximately 25 ha of single family residential north of 29 Avenue. This would require the
downstream storm sewer in the Fairview Heights II neighbourhood to be larger and deeper. This concept has been
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included in Figure 6.1. The Hydraulic Grade Line (HGL) in the existing Fairview Heights storm sewer trunk for the
present-day flow, addition of the Fairview Heights II neighbourhood, and the addition of the future area mentioned
above is shown below in Figure 6—1.

Figure 6—1: Fairview Heights Storm Sewer Trunk HGL’s (2 year 1 hour Storm)
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Sanitary Sewer Collection

The development of the Fairview Heights II sanitary sewer collection system was completed in three steps. First, the
existing downstream sanitary sewer collection system was investigated to identify any system constraints. Then, the
sanitary sewer collection system in the future Fairview Heights II neighbourhood was designed. Lastly, the future
collection system was routed to the existing downstream system. The impact of conveying this additional flow to the
existing sanitary sewer system was assessed and required upgrades to the existing system are presented.
The sanitary sewer collection system for both the existing system and the future Fairview Heights II neighbourhood
was modelled in XPSWMM. The development of the sanitary model is similar to the stormwater model (described in
the previous section), with some notable differences described below. AECOM completed a complete review and
analysis of the sanitary collection system which was presented in City of North Battleford – Sanitary Sewer System
Master Plan – January 2016 (AECOM).
An overview of the existing sanitary system is presented below, followed by discussion of the model development.
Then, the performance of the existing sanitary sewer system, design of the future Fairview Heights II sanitary sewer
system, and the required upgrades are investigated.

7.1

Sanitary Sewer System Overview

AECOM developed a model of the entire City-wide sanitary sewer system in order to assess the potential impacts of
the future additional flow. Although this approach encompasses a much wider scope than needed to assess the
impacts from only the Fairview Heights II neighbourhood, the City-wide model proved to be a valuable tool in the
future.
The City-wide model enabled AECOM to identify other locations in the City with conveyance and flooding issues and
to assess the performance of the main 675 mm diameter sanitary trunk, headworks pumpstation at the Wastewater
Treatment Plant (WWTP), and the WWTP surge pond. The performance of the existing sanitary sewer system
outside the present scope will be discussed on a cursory level.
The City’s sanitary sewer system services a developed area of approximately 661 ha. The system is predominately
gravity pipe (628 ha) that drains to a main 675 mm diameter sanitary trunk. There are two areas that are serviced by
pumpstations, the Riverview Heights pumpstation (19.07 ha) and the Southeast pumpstation (13.15 ha). In 2013, a
new gravity sewer under Highway 16 was constructed to divert nearly all the flow away from the Southeast
pumpstation to the main sanitary trunk, so that only the Gold Eagle Lodge is serviced by the pumpstation. This
diversion across Highway 16 was necessary due to the requirements from the Multiplex facilities.
th

The main 675 mm diameter sanitary trunk begins at the intersection of Railway Avenue and 99 Street, and runs
roughly southeast for a distance of approximately 7.5 km to the WWTP. The sanitary trunk intercepts collection
sewers along its alignment and conveys sanitary sewer from the entire city. At the WWTP, the trunk connects to the
headworks pumpstation that lifts the flow to the plant headworks where the treatment process begins. The
3
headworks pumpstation is presently rated for a flow of 498 m /h (138 L/s). During severe wet weather events that
overwhelm the headworks pumpstation, the sanitary flow backs up into a nearby surge pond, where the flow is
stored until the wet weather flow subsides and pumpstation capacity becomes available. When the surge pond
3
reaches its full storage capacity of 13,000 m , flow enters a 675 mm sewer that bypasses the WWTP and connects
to the 675 mm diameter outfall pipe. This allows for an emergency overflow directly to the North Saskatchewan
River. As this flow is untreated sewage, the bypass sewer is intended to operate as an emergency measure in only
very severe wet weather events.
The existing Fairview Heights neighbourhood drains to a 328 mm diameter sanitary trunk along Territorial Drive at
th
100 Street. The sanitary trunk drains west along Territorial Drive, and increases in size to 450 mm diameter at the
th
intersection of Killdeer Drive/95 Street, where it is joined by the sanitary sewer system from the Killdeer
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neighbourhood. The 450 mm diameter sanitary trunk follows along Territorial Drive in a southeasterly direction, and
then crosses Territorial Drive and connects to the existing 375 mm diameter sanitary trunk at the southwest bulb of
th
Gregory Drive. The section of 328 mm and 450 mm diameter sanitary trunk from 100 Street to Gregory Drive was
installed in 2011.
th

The 375 mm diameter sanitary trunk follows southeasterly from the bulb along Gregory Drive and 16 Avenue, south
st
th
nd
along 91 Street, and east along 15 Avenue to 92 Street. The section of pipe installed along Gregory Drive to
th
nd
16 Avenue was installed in 1969 and the remainder to 92 Street was installed in 1959.
th

nd

At the intersection of 15 Avenue and 92 Street, the sanitary trunk increases in size to 525 mm diameter (installed
nd
in 2009) and heads south to Railway Avenue. The sanitary trunk then runs along Railway Avenue, from 92 Street
th
th
to 99 Street, and increases in size from 525 mm to 600 mm diameter at 95 Street. This section of sanitary trunk
nd
was installed in the years 2005 to 2007. At the intersection of Railway Avenue and 99 Street, the 600 mm
diameter sanitary trunk connects to the main 675 mm diameter sanitary trunk. At this location, the 600 mm diameter
th
sanitary trunk services nearly all the city west of 100 Street as well as the existing Fairview Heights and Killdeer
neighbourhoods.

7.2

Sanitary Sewer Model Setup (XPSWMM)

In a sanitary sewer model, the flow consists of two components: Dry Weather Flow (DWF) and Wet Weather Flow
(WWF). The DWF is made up of groundwater infiltration and domestic sewage flow. Groundwater infiltration is a
relatively constant flow and varies on a seasonal time scale. The domestic sewage flow follows a regular and
repetitive pattern throughout a 24 hour period, with a maximum peak occurring at 7:00 am, a second smaller peak at
7:00 pm, and a minimum flow at 3:00 am.
The sanitary collection areas draining to each section of pipe were delineated and transferred to the upstream
manhole. The composition of the individual collection areas, which include single family homes, multi-family parcels,
commercial and industrial businesses, schools, and other contributors, were determined from aerial imagery and
Google Street View. The Average Dry Weather Flow (ADWF) was calculated for each individual collection area
based on City of Saskatoon and City of Edmonton design standards for different land uses.
The City of North Battleford provided DWF data measured at the WWTP for June 3 to 6, 2013. The flow data
3
showed the ADWF to the WWTP was 81.68 L/s (7057 m /day), with a Peak Dry Weather Flow (PDWF) of 110.2 L/s.
The design Average DWF was then calibrated with WWTP flow data provided by the City of North Battleford.
Following this, a diurnal pattern was developed to match the regular variation in flow throughout the day (Table 7-1).
Table 7-1: Sanitary Flow – Diurnal Pattern
Time

Relative Flow

Time

Relative Flow

12 am

0.65

12 pm

1.05

1 am

0.58

1 pm

0.98

2 am

0.54

2 pm

0.97

3 am

0.62

3 pm

0.96

4 am

0.72

4 pm

0.98

5 am

1.00

5 pm

1.05

6 am

1.25

6 pm

1.10

7 am

1.85

7 pm

1.16

8 am

1.40

8 pm

1.10

9 am

1.25

9 pm

1.00

10 am

1.20

10 pm

0.85

11 am

1.10

11 pm

0.75
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Once the DWF component of the flow was loaded into the model and reasonably calibrated with the WWTP flow
data, the WWF parameters were developed. The WWF is composed of inflow and infiltration to the sanitary sewer
during a rainfall event, and a severe WWF event is nearly always the cause of the sanitary sewer becoming
overwhelmed and backing up into basements.
The WWF component was added to the XPSWMM model using the sum of three unit hydrographs, representing the
fast, medium, and slow response of the RDII to the sanitary sewer system. The fast response may indicate direct
inflows to the system through low-lying manhole lids and direct drainage connections. The medium response may
be composed of slower flows to the system, such as weeping tile flows. Finally, the slow response may be
representative of longer-lasting inflows such as increased infiltration (above the relatively constant groundwater
inflow) through pipe and manhole joints. The slow-response hydrograph is not typically a critical flow for a sanitary
collection system and was not used in the model.
Each of the three unit hydrographs are drawn based on the R, T, and K parameters. The R value represents the
proportion of the rainfall that enters the sanitary sewer, T is the time of the peak in the hydrograph, and K describes
the recession limb of the hydrograph. The flow rate at a given time interval is calculated by the multiplying the R
value by the rainfall intensity and the collection area of the node.
The R, T, K parameters are highly variable and sensitive to a large number of factors, including the physical
characteristics of the collection system, antecedent moisture conditions, and rainfall distribution. Typically, the
parameters are calibrated with a real, historical event that captured a significant rainfall event and accompanying
flow monitoring data. In this case, the R, T, K parameters are fit to this historical event and, unlike stormwater
simulations, are not amenable to simulations with theoretical design storms that have a wide range of magnitude.
Considering the above, a review of past Environment Canada rainfall data was completed to identify a historical
storm of reasonable magnitude in order to prompt a notable response in the sanitary sewer system. The
June 21, 2009 event was selected as a good candidate for model calibration. The event yielded 55.1 mm of rainfall
over 9.5 hours, which is estimated as nearly a 25 year return period. This storm was selected to establish the level
of service for the sanitary sewer system (no basement flooding in the June 21, 2009 storm).
Once the storm event was chosen, an initial calibration exercise was completed to develop the R, T, K parameters
(Table 7-2). Note that the model estimates 4% of the total rainfall volume enters the sanitary sewer collection
3
system, which equates to an inflow volume of 14,500 m .
Table 7-2: Wet Weather Flow – R, T, K Parameters
Parameter

Fast
Hydrograph

Medium
Hydrograph

Slow
Hydrograph

R

2.0%

2.0%

0%

T

0.5 h

2.0 h

0h

K

3

2

0

A sanitary collection system is typically considered to be overwhelmed when basement flooding occurs. Assuming
that depths of basements are 1.8 m to 2.4 m in depth, basement flooding would occur when the Hydraulic Grade
Line (HGL) in the pipes rises to less than this depth. The XPSWMM model was set up to identify nodes based on
the following criteria:
•

Basement flooding unlikely (HGL more than 2.4 m below surface)

•

Basement flooding possible (HGL between 1.8 m and 2.4 m below surface)

•

Basement flooding likely (HGL less than 1.8 m below surface)
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Existing Sanitary Sewer System – Model Results

As described above, the section below focusses on the model results of the existing infrastructure that will service
the future Fairview Heights II neighbourhood, specifically the sanitary trunks along Territorial Drive, Gregory Drive,
th
16 Avenue, and Railway Avenue. The model results for the remainder of the city is reviewed on a cursory level and
more detailed discussion is presented in the Sanitary Sewer System Master Plan – January 2016 (AECOM).
The existing sanitary sewer system was modelled in XPSWMM with the June 21, 2009 storm, which is estimated as
nearly a 25 year storm. The storm began at 12:00 pm and lasted for 9.5 hours. The model was set to simulate a
four day period, from June 20 to 24, 2009.
The sanitary sewer system in the existing Fairview Heights neighbourhood is shown to perform reasonably well.
There were no sections of pipe where flow capacity was overwhelmed and no locations of possible or likely
basement flooding. The 328 mm and 450 mm diameter trunks along Territorial Drive were shown to be flowing
th
partially full. The 375 mm diameter trunk along Gregory Drive and 16 Avenue was shown to be surcharged, but the
HGL was below the depth of the basements. The 525 mm and 600 mm diameter trunk along Railway Avenue was
shown to be flowing partially full.
th

The collection system upstream of these trunks (the portion of the city west of 100 Street and the existing Killdeer
and Fairview Heights neighbourhoods) performed quite well, with only isolated locations where basement flooding
was possible (HGL between 1.8 m and 2.4 m below surface). There were no nodes that showed likely basement
flooding. The upstream collection system showed the no pipes were overcapacity, except for the section of 375 mm
th
diameter trunk along Gregory Drive and 16 Avenue.
In the remainder of the city, widespread areas of basement flooding was identified as likely. The most severe
locations are:
•

101 Street between 20 Avenue and McDonald Drive

•

Borden Crescent

•

Laurier Crescent

•

110 Street between 13 Avenue and Thompson Crescent

•

An area approximately bound by 13 Avenue, 112 Street, 10 Avenue, and 103 Street

st

th

th

th

th

th

th

rd

The main 675 mm diameter sanitary trunk was shown to be overwhelmed in a number of locations along its length.
th
The WWF model simulation showed the trunk to flood to surface at a number of manholes; most notably along 99
3
Street between Railway Avenue and South Railway Avenue (volume of 2750 m flooded to surface).
The peak WWF at the WWTP was 417 L/s. The headworks pumpstation, with a capacity of 138 L/s, became
overwhelmed 3 hours following the onset of the storm. The pumpstation was running at full capacity for a period of
40 hours. The surge pond began to fill shortly after the headworks pumpstation was overwhelmed and stored a
3
volume of 8,293 m with a peak inflow into the surge pond of 283 L/s. The surge pond provided adequate storage of
the peak WWF that is experienced at the WWTP and there was no bypass of untreated sewage to the North
Saskatchewan River.

7.4

Fairview Heights II Sanitary System – Model Results

For the Fairview Heights II neighbourhood, the ADWF was determined using City of Edmonton Design Standards.
The average per capita flow was 300 lpcd. The flow generated from the commercial, mixed use, and school site was
3
assumed to be 65 m /ha/day. The diurnal pattern and WWF parameters presented in the previous section was
applied to the future neighbourhood model.
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The Fairview Heights II sanitary sewer system design was guided by the surface grading design and the modelling
results from the existing downstream system. The Fairview Heights II sanitary sewer system was divided into five
collection areas, based on the locations that it will connect to the existing Fairview Heights system.
The locations where the future sanitary sewer system will connect to the existing system, collection areas, and
modelled flows are presented below in Table 7-3. The Fairview Heights II sanitary sewer system is presented in
Figure 9.
Table 7-3: Sanitary Sewer Design Summary
Pipe
Diameter

Collection
Area

Average
DWF

Peak
DWF

Peak WWF

27th Avenue/Campbell Crescent

200 mm

7.67 ha

2.95 L/s

5.24 L/s

11.31 L/s

27th Avenue/Clements Drive

250 mm

24.52 ha

18.95 L/s

34.49 L/s

47.02 L/s

Buhler Avenue/Amos Drive

200 mm

1.49 ha

0.42 L/s

0.77 L/s

2.05 L/s

Connection

7.5

Buhler Avenue/Buhler Bay

200 mm

1.13 ha

0.30 L/s

0.57 L/s

1.54 L/s

Buhler Avenue/Scott Drive (North Side)

250 mm

26.96 ha

8.83 L/s

15.89 L/s

38.20 L/s

Buhler Avenue/Scott Drive (East Side)

200 mm

12.14 ha

5.78 L/s

10.56 L/s

19.30 L/s

Existing Downstream Sanitary System – Proposed Upgrades

The loading from the future Fairview Heights II neighbourhood was brought into the existing system model. The
existing downstream system was able to convey the additional flow (full buildout) reasonably well, except for two
locations where basement flooding was likely to occur. The first location was in the southwest corner of the existing
th
Fairview Heights neighbourhood. The second location was along Gregory Drive and 16 Avenue.
To mitigate flooding in the first location, a new bypass sewer and sewer replacement is proposed, shown in
Figure 10. A new 375 mm diameter sewer would be installed from the intersection of Clements Drive and
Henderson Drive, drain south to the south ditch of Territorial Drive and then connect to the existing manhole south of
the southwest bulb of Ross Crescent (a length of approximately 300 m). Between this existing manhole and the
th
manhole at the intersection of Territorial Drive and 100 Street, the existing 250 mm diameter sewer would be
replaced with a new 375 mm diameter sewer (a length of approximately 102 m). The 328 mm diameter trunk begins
at this manhole, and is shown to be in a high amount of surcharge with the HGL approximately 0.76 m below
surface. This is deemed to be acceptable because there are no basements connected to the trunk along this length,
however the City may want to consider this for replacement in the future if additional development occurs in this
quadrant (Highway 4 Commercial). The trunk then transitions to a 450 mm diameter section along Territorial Drive
(west of Killdeer Drive) and conveys the flow with no surcharge. Future Development within the Killdeer
neighbourhood may impact the available capacity in the 450 mm diameter trunk. A long term servicing plan for the
Killdeer Neighbourhood should be completed and integrated into the Fairview Heights Master plan with specific
attention given to the 450 mm diameter sanitary trunk along Territorial Drive. The HGL profile for the Territorial Drive
sanitary trunk, from the existing Fairview Heights neighbourhood to the connection at Gregory Drive, is shown in
Figure 7—1.
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Figure 7—1: Territorial Drive Sanitary Trunk (Existing Fairview Heights Neighbourhood to Gregory Drive HGL’s
th

In the second location of concern, the existing 375 mm diameter trunk along Gregory Drive and 16 Avenue is
shown to be under surcharge, leading to localized basement flooding. This should be readily apparent as this
section of the sewer system is located between the 450 mm diameter trunk on Territorial Drive and the 525 mm
diameter trunk along Railway Avenue. To mitigate the occurrence of basement flooding, the existing 375 mm
th
st
diameter trunk is proposed to be replaced with a 525 mm diameter trunk along Gregory Drive, 16 Avenue, 91
th
th
Street, and 15 Avenue to the connection to the existing 525 mm diameter trunk at the intersection of 15 Avenue
nd
and 92 Street (a length of approximately 1,060 m). The proposed upgrade is shown in Figure 10. The HGL profile
th
for the sanitary trunk along Gregory Drive, 16 Avenue, and Railway Avenue, ending at the connection to the main
675 mm diameter sanitary trunk, is shown in Figure 7—2.
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Figure 7—2: Sanitary Trunk along Gregory Drive, 16th Avenue, and Railway Avenue HGL’s (June 21, 2009 Storm)

The performance of the main 675 mm sanitary trunk, which was previously described as having capacity issues for
the present-day flow, is worsened with the additional flow from the Fairview Heights II neighbourhood. There is
widespread flooding to surface where this trunk is unable to convey the flow and in upstream areas around the trunk
th
connection near 11 Avenue. During the long term (full buildout) Peak DWF (185 L/s), which happens on a daily
basis, the capacity of the headworks pumpstation is exceeded and sewage is diverted the surge pond.
In the June 21, 2009 storm, the capacity of the headworks pumpstation is exceeded and sewage is stored in the
surge pond for a period of 91 hours. The surge pond fills to its full capacity and then flows to the emergency bypass
pipe that spills to the North Saskatchewan River. The volume of the unregulated discharge is approximately
3
4870 m and lasts for 21 hours. The HGL profile for the main 675 mm diameter sanitary trunk from the intersection
th
th
of 99 Street and 11 Avenue to the WWTP headworks pumpstation is shown in Figure 7—3.
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Figure 7—3: Main 675 mm Diameter Sanitary Trunk HGL’s (June 21, 2009 Storm)

It is recognized that there are a number of issues in the existing sanitary collection system that are caused by
present-day flows. Although these issues are exacerbated with the addition of the Fairview Heights II
neighbourhood, the addition of this flow is not the only cause.
For the scope of the present study, the upgrades required for the Fairview Heights II neighbourhood are:
•

Install a new 375 mm diameter sewer between Clements Drive/Henderson Drive to Territorial
th
Drive/100 Street (402 m)

•

Install a new 450 mm/525 mm diameter sewer along Gregory Drive/16 Avenue/91 Street/15
Avenue (1060 m)
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Neighbourhood Staging

The Fairview Heights II neighbourhood will take a number of years to build out in its entirety. To provide an orderly
sequence to all aspects of development (including transportation, neighbourhood access, municipal servicing, and
site grading), a phasing plan was completed.
The Fairview Heights II neighbourhood is proposed to be constructed in 12 phases, as shown in Figure 11.
Phase 1, which was constructed in 2013, is an extension of the east end of Buhler Avenue. Phase 2 is located north
th
off Buhler Avenue. The development then proceeds north of 27 Avenue for Phases 3 to 6, to allow for a more
th
efficient use of municipal servicing. The sanitary sewer upgrades along Gregory Drive and 16 Avenue as well as
increasing the potable water storage capacity of the water distribution system are required as part of Phase 3. The
water distribution system requires the construction of Fairview Heights Reservoir Fill Main as a part of Phase 4. The
sanitary sewer upgrades along Clements Drive/Territorial Drive and the stormwater pond are required as part of
Phase 5. For the remainder of the neighbourhood (Phases 6 to 12), the development proceeds north from Buhler
Avenue along the east portion of the study area.
As each phase is constructed, the municipal services (water, sanitary, storm sewer) will be extended from the
preceding phase. This staging sequence allows the City to defer major capital utility projects, specifically the large
diameter storm sewer trunks, stormwater pond, and upgrades to the existing sanitary sewer system until required.
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Opinion of Cost

A construction capital cost plan was developed for each phase of the Fairview Heights II neighbourhood
development. AECOM prepared the cost estimates by applying the Association for the Advancement of Cost
Engineering (AACE) International Recommended Practice No. 18R-97 “Cost Estimate Classification System – As
Applied in Engineering, Procurement and Construction for Process Industries” Cost Estimate Classification Matrix.
The estimates were based on a Class 5 Estimate Class as described below in Table 9-1.
Table 9-1: Construction Capital Cost Plan
Primary Characteristic

Secondary Characteristics

Maturity Level of
Project Definition
Deliverables
Expressed as % of
complete definition

End Usage
Typical purpose of
estimate

Methodology
Typical estimating method

Class 5

0% to 2%

Functional area or
concept screening

SF or m factoring,
parametric models,
judgment, or analogy

Low: -20% to -30%
High: +30% to +50%

Class 4

1% to 15%

Schematic design or
concept study

Parametric models,
assembly driven models

Low: -10% to -20%
High: +20% to +30%

Class 3

10% to 40%

Design development,
budget authorization,
feasibility

Semi-detailed unit costs
with assembly level line
items

Low: -5% to -15%
High: +10% to +20%

Class 2

30% to 75%

Control or bid/tender,
semi-detailed

Detailed unit cost with
forced detailed take-off

Low: -5% to -10%
High: +5% to +15%

Class 1

65% to 100%

Check estimate or prebid/tender, change order

Detailed unit cost with
detailed take-off

Low: -3% to -5%
High: +3% to +10%

Estimate
Class

Expected Accuracy
Range
Typical variation in low
(1)
and high ranges

2

(1)

The state of construction complexity and availability of applicable reference cost data affect the range markedly. The +/- value represents typical
percentage variation of actual cost from the cost estimate after application of contingency (typically at a 50% level of confidence) for given
scope.

Adapted from AACE International Recommended Practice No. 56R-08 “Cost Estimate Classification System – As
Applied For the Building and General Construction Industries” (2012)
Any estimates or opinions regarding probable construction costs provided by AECOM represent AECOM's
professional judgement in light of its experience and the knowledge and information available to it at the time of
preparation. Since AECOM has no control over market or economic conditions, prices for construction labour,
equipment or materials or bidding procedures, AECOM, its directors, officers and employees are not able to, nor do
they, make any representations, warranties or guarantees whatsoever, whether express or implied, with respect to
such estimates or opinions, or their variance from actual construction costs, and accept no responsibility for any loss
or damage arising therefrom or in any way related thereto. Persons relying on such estimates or opinions do so at
their own risk.
The cost estimates were developed based on historical construction costs in the City of North Battleford and
AECOM’s past experience in the installation of underground utilities in North Battleford and other municipalities.
As mentioned previously, consideration was made for off-site upgrades to the existing sanitary sewer, storm sewer,
and water distribution systems. The on-site servicing, which includes the local utilities for the Fairview Heights II
development were also included in the cost estimates. The estimates do not, however, include project
administration, engineering or land acquisition costs.
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A contingency of 30% was included in the Class 5 cost estimates as well as a 20% allowance for general
requirements, which includes contract insurance and bonding, material testing, mobilization/demobilization.
Consideration was made in the cost estimates for utility installation through existing streets, along rail right-of-way,
and open field, as construction along existing streets and rail right-of-way would require more stringent backfill and
trench requirements and increased handling of excavation and backfill material.
A cost estimate was completed for the Fairview Heights II neighbourhood. The reader is referred to Appendix B for a
detailed breakdown of the estimated cost of each stage of development.
As detailed in sections 5 and 7, there are several off-site water distribution and sanitary sewer system upgrades
which are required at various development stages to facilitate the full build-out of Fairview Heights II neighbourhood:
•

Stage 3: Replace existing 375 mm diameter sewer with new 525 mm diameter sewer along Gregory
th
st
th
Drive/16 Avenue/91 Street/15 Avenue (1060 m). Add additional potable storage capacity to the
water distribution system

•

Stage 4: Install new 300 mm diameter fill main from 114 Street Reservoir along east Territorial
Drive to Fairview Heights Reservoir (4600 m)

•

Stage 5: Install a new 375 mm diameter sewer between Clements Drive/Henderson Drive to
th
Territorial Drive/100 Street (402 m)

th

Table 9-2 summarizes the capital cost plan for each of the 12 neighbourhood stages. The cost of both the off-site
upgrades as well as the capital cost for each development stage is provided in terms of present value and future
value. The year of development is provided in the left column and is based on a projected growth rate of 1.0% as
stated in the Official Community Plan completed by Crosby Hanna & Associates (2013). The opinion of cost number
presented in Table 9-2 is in 2016 dollars and annual inflation was taken into account to estimate the future cost of
each stage. An annual inflation rate of 2.0% was assumed for future construction.
Table 9-2: Capital Cost Summary
Off-Site
Upgrades *

Development
Cost

Total
(2016 Value)

Total
(Future Value)

Stage 2 (2018)

$

0

$

786,000

$

786,000

$

817,000

Stage 3 (2019)

$

2,543,000

$

5,053,000

$

7,596,000

$

8,052,000

Stage 4 (2021)

$

3,491,000

$

6,645,000

$

10,136,000

$

11,150,000

Stage 5 (2023)

$

258,000

$

7,011,000

$

7,269,000

$

8,286,055

Stage 6 (2027)

$

0

$

3,856,000

$

3,856,000

$

4,704,000

Stage 7 (2029)

$

0

$

3,936,000

$

3,936,000

$

4,959,000

Stage 8 (2030)

$

0

$

3,876,000

$

3,876,000

$

4,961,000

Stage 9 (2032)

$

0

$

6,134,000

$

6,134,000

$

8,097,000

Stage 10 (2034)

$

0

$

4,147,000

$

4,147,000

$

5,641,000

Stage 11 (2036)

$

0

$

6,672,000

$

6,672,000

$

9,341,000

Stage 12 (2038)

$

0

$

2,815,000

$

2,815,000

$

4,054,000

Total

$

6,292,000

$

50,931,000

$

57,223,000

$

70,062,000

* Does not include off-site upgrade cost of additional potable water storage
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Summary and Conclusions

The Fairview Heights Master Plan was prepared to provide a document to guide the development of the 107.7 ha
area of the future Fairview Heights II neighbourhood in an orderly and economical manner. The study made
considerations for optimal urban planning, traffic impacts and upgrades, site grading, municipal servicing,
development staging as well as development cost. The Fairview Heights II neighbourhood is planned to house a
population of 3,627 people and will contain a blend of residential land uses, including single family attached, single
family detached, multi-family parcels, and apartment sites. There are also commercial sites, a community plaza, a
school site, and a large municipal reserve.
A traffic impact assessment was completed for the Fairview Heights II neighbourhood (submitted as a separate
report). The study reviewed the capacity of the existing transportation system with Fairview Heights II at full buildout and provided recommendations for intersection improvements.
A design for the Fairview Heights II water distribution system was completed to satisfy peak demand and fireflow
scenarios. The Water Distribution Master Plan and the City’s WaterCAD model, completed by AECOM in
August 2016, provided the basis for future servicing of this neighbourhood. The analysis of the water distribution
system identified that the existing linear infrastructure was unable to accommodate the full build out of Fairview
Heights II neighbourhood without constructing additional infrastructure. AECOM recommends constructing a 300
mm diameter dedicated fill main for Fairview Heights Reservoir to eliminate future scenarios where the Booster
Pumping Station is relied upon to simultaneously fill Fairview Heights Reservoir and service Pressure Zone 2. A
potable water storage capacity analysis also determined that the City would be required to increase its water storage
prior to the development of Fairview Heights II Neighbourhood Stage 4.
A surface grading plan was completed to determine the future runoff patterns before developing the stormwater
management system design. The existing downstream storm sewer system was assessed using XPSWMM
modeling software to determine if there was capacity available to service the Fairview Heights II neighbourhood.
th
The analysis identified that the existing 1050 mm diameter storm sewer at Clements Drive and 27 Avenue has a
considerable amount of additional capacity available, even with servicing its respective portion of the Fairview
Heights II neighbourhood. While some Fairview Heights II area could be directly connected to the existing storm
sewer system, a large proportion of the area requires runoff attenuation in a stormwater pond before draining to the
existing storm sewer system. A conceptual design for the stormwater pond and Fairview Heights II storm sewer
system was completed.
The Fairview Heights II sanitary sewer system was designed and then added to the XPSWMM model of the existing
downstream sanitary sewer system that was assembled for the 2016 Sanitary Sewer System Master Plan. The
entire system was analysed using the WWF of a 25 year rain event and the addition of the Fairview Heights II
sanitary flow required upgrades to the existing system. AECOM recommends upgrading the sanitary sewer along
th
Gregory Drive and 16 Avenue as part of Phase 3. There are also upgrades required along Clements
Drive/Territorial Drive as part of Phase 5.
A phasing plan was completed to provide an orderly sequence to all aspects of the development of the Fairview
Heights II neighbourhood (including transportation, neighbourhood access, municipal servicing, and site grading). In
total, there are 12 stages proposed. The staging sequence allows the City to defer major capital utility projects,
specifically the large diameter storm sewer trunks, stormwater pond, and upgrades to the existing sanitary sewer
system until required. In addition, the staging plan provides details on triggers for off-site upgrades required for the
municipal servicing.
A capital cost estimate was completed for each of the 12 neighbourhood stages. The cost of both the off-site
upgrades as well as the capital cost for each development stage was estimated in terms of present value and future
value. An annual inflation rate of 2.0% was assumed for future construction.
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NO.

DESCRIPTION

AMOUNT

SCHEDULE "A" - STAGE 2
0.1 General Requirements

$100,708

0.2 Site Grading

$180,050

0.3 Sanitary Sewers

$30,780

0.4 Water Mains

$35,500

0.5 Building Services

$64,530

0.6 Miscellaneous Items

$16,050

0.7 Sidewalk, Curb and Gutter

$83,810

0.8 Roadways

$92,818

SUB-TOTAL

$604,245

Contingency (30%)

$181,274

TOTAL

$785,519

SCHEDULE "B" - STAGE 3
0.1 General Requirements

$647,795

0.2 Site Grading

$608,800

0.3 Sanitary Sewers

$296,475

0.4 Water Mains

$232,150

0.5 Storm Sewers

$251,740

0.6 Building Services

$230,265

0.7 Miscellaneous Items
0.8 Sidewalk, Curb and Gutter
0.9 Roadways

$95,440
$437,230
$1,086,875

SUB-TOTAL

$3,886,770

Contingency (30%)

$1,166,031

TOTAL

$5,052,801

SCHEDULE "B" - Off-Site Upgrades - Railway Avenue East
0.1 General Requirements
0.2 Sanitary Sewer Replacement
0.3 Building Services Replacement
0.4 Roadways Repair
SUB-TOTAL
Contingency (30%)
TOTAL

$326,032
$1,381,000
$178,760
$70,400
$1,956,192
$586,858
$2,543,050

NO.

DESCRIPTION

AMOUNT

SCHEDULE "C" - STAGE 4
0.1 General Requirements

$851,941

0.2 Site Grading

$402,200

0.3 Sanitary Sewers

$191,020

0.4 Water Mains

$557,200

0.5 Storm Sewers

$831,580

0.6 Building Services

$372,340

0.7 Miscellaneous Items
0.8 Sidewalk, Curb and Gutter
0.9 Roadways

$36,900
$797,450
$1,071,013

SUB-TOTAL

$5,111,643

Contingency (30%)

$1,533,493

TOTAL

$6,645,136

SCHEDULE "C" - Off-Site Upgrades - Fairview Heights Reservoir Fillmain
0.1 General Requirements
0.2 Water Mains
0.3 Roadways Repair
SUB-TOTAL
Contingency (30%)
TOTAL

$447,592
$2,201,400
$36,560
$2,685,552
$805,666
$3,491,218

SCHEDULE "D" - STAGE 5
0.1 General Requirements
0.2 Site Grading

$898,817
$1,271,150

0.3 Sanitary Sewers

$327,305

0.4 Water Mains

$500,175

0.5 Storm Sewers
0.6 Miscellaneous Items

$1,063,050
$31,120

0.7 Sidewalk, Curb and Gutter

$463,800

0.8 Roadways

$837,485

SUB-TOTAL

$5,392,902

Contingency (30%)

$1,617,871

TOTAL

$7,010,773

SCHEDULE "D" - Off-Site Upgrades - Territorial Drive
0.1 General Requirements
0.2 Sanitary Sewers
0.3 Sanitary Sewer Replacement
SUB-TOTAL
Contingency (30%)
TOTAL

$33,038
$117,100
$48,090
$198,228
$59,468
$257,696

NO.

DESCRIPTION

AMOUNT

SCHEDULE "E" - STAGE 6
0.1 General Requirements

$494,315

0.2 Site Grading

$226,700

0.3 Sanitary Sewers

$267,615

0.4 Water Mains

$373,550

0.5 Storm Sewers

$537,050

0.6 Building Services

$335,355

0.7 Miscellaneous Items

$24,875

0.8 Sidewalk, Curb and Gutter

$310,155

0.9 Roadways

$396,273

SUB-TOTAL
Contingency (30%)
TOTAL

$2,965,887
$889,766
$3,855,653

SCHEDULE "F" - STAGE 7
0.1 General Requirements

$504,587

0.2 Site Grading

$280,195

0.3 Sanitary Sewers

$228,630

0.4 Water Mains

$224,150

0.5 Storm Sewers

$704,975

0.6 Building Services

$213,430

0.7 Miscellaneous Items

$26,100

0.8 Sidewalk, Curb and Gutter

$336,905

0.9 Roadways

$508,550

SUB-TOTAL
Contingency (30%)
TOTAL

$3,027,522
$908,257
$3,935,779

SCHEDULE "G" - STAGE 8
0.1 General Requirements

$496,976

0.2 Site Grading

$832,200

0.3 Sanitary Sewers

$170,405

0.4 Water Mains

$263,795

0.5 Storm Sewers

$343,540

0.6 Building Services

$121,620

0.7 Miscellaneous Items

$23,950

0.8 Sidewalk, Curb and Gutter

$325,720

0.9 Roadways

$403,650

SUB-TOTAL
Contingency (30%)
TOTAL

$2,981,856
$894,557
$3,876,413

NO.

DESCRIPTION

AMOUNT

SCHEDULE "H" - STAGE 9
0.1 General Requirements

$786,432

0.2 Site Grading

$716,600

0.3 Sanitary Sewers

$349,690

0.4 Water Mains

$468,850

0.5 Storm Sewers

$431,390

0.6 Building Services

$276,365

0.7 Miscellaneous Items

$24,875

0.8 Sidewalk, Curb and Gutter

$668,150

0.9 Roadways

$996,240

SUB-TOTAL

$4,718,592

Contingency (30%)

$1,415,578

TOTAL

$6,134,170

SCHEDULE "I" - STAGE 10
0.1 General Requirements

$531,696

0.2 Site Grading

$229,900

0.3 Sanitary Sewers

$243,275

0.4 Water Mains

$285,250

0.5 Storm Sewers

$348,940

0.6 Building Services

$234,005

0.7 Miscellaneous Items

$31,500

0.8 Sidewalk, Curb and Gutter

$497,150

0.9 Roadways

$788,460

SUB-TOTAL
Contingency (30%)
TOTAL

$3,190,176
$957,053
$4,147,229

SCHEDULE "J" - STAGE 11
0.1 General Requirements

$855,431

0.2 Site Grading

$348,400

0.3 Sanitary Sewers

$301,435

0.4 Water Mains

$602,425

0.5 Storm Sewers

$705,430

0.6 Building Services

$324,220

0.7 Miscellaneous Items
0.8 Sidewalk, Curb and Gutter
0.9 Roadways

$39,400
$828,350
$1,127,493

SUB-TOTAL

$5,132,583

Contingency (30%)

$1,539,775

TOTAL

$6,672,358

NO.

DESCRIPTION

AMOUNT

SCHEDULE "K" - STAGE 12
0.1 General Requirements

$360,935

0.2 Site Grading

$260,000

0.3 Sanitary Sewers

$161,560

0.4 Water Mains

$259,050

0.5 Storm Sewers
0.6 Building Services
0.7 Miscellaneous Items
0.8 Sidewalk, Curb and Gutter
0.9 Roadways
SUB-TOTAL
Contingency (30%)
TOTAL

$69,360
$265,615
$36,900
$341,100
$411,090
$2,165,610
$649,683
$2,815,293

